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NATIONAL INSTITUTE FOR HEALTH AND CARE 
EXCELLENCE 


Highly Specialised Technology Evaluation 


Premeeting briefing 


Eculizumab for the treatment of atypical haemolytic 
uraemic syndrome (aHUS) 


This premeeting briefing is a short summary of: 
• the evidence and views submitted by the manufacturer, the consultees, and 


their nominated clinical specialists and patient experts and 
• the Evidence Review Group (ERG) report. 


It highlights key issues for discussion at the first Evaluation Committee 
meeting and should be read with the full supporting documents for this 
evaluation. 


Key issues for consideration 
Clinical issues 


• Is the Committee satisfied that all clinical evidence on the efficacy of 


eculizumab and comparator treatments has been identified? 


• Is there sufficient clinical evidence provided to make recommendations 


on the use of eculizumab in children? 


• Are there any differences between the clinical subtypes of aHUS in 


terms of the likely response to eculizimab? 


• What is the likely dosing regimen and duration of treatment with 


eculizumab in clinical practice? 


• Do the data provide sufficient information to anticipate the likely             


long-term effects of eculizumab therapy? 


Value issues 


• What are the preferred values for likely net cost/patient, net benefit/ 


patient and total cost of the technology? 
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• How do these values compare with values for other technologies 


currently provided under Specialised Commissioning (and therefore 


potentially could be displaced)? 


• How do changes in non-NHS/PSS costs with the technology compare 


with those for other Specialised Commissioning Technologies? 


• Is the preferred "total cost" reasonable in the context of R&D and 


manufacturing costs for this technology? 


• Are there any significant benefits of treatment, other than health-related 


outcomes, which have not been taken into account in the economic 


analysis? 


1 Nature of the condition 


1.1 Patients with aHUS have chronic uncontrolled complement 


activation causing on-going platelet, endothelial and white blood 


cell activation, leading to inflammation and thromboses (blood 


clots) in small blood vessels throughout the body, a process known 


as systemic thrombotic microangiopathy (TMA). As a result of 


ongoing complement-mediated TMA, patients with aHUS are at 


constant risk of sudden and progressive damage and failure of 


multiple vital organs. aHUS can occur at any age, from the 


neonatal period to adult age. Onset during childhood (≤ 18 years) 


appears slightly more frequently than during adulthood 


(approximately 60% and 40% of all cases respectively). The 


majority of children who develop aHUS (70%) will experience the 


disease for the first time before the age of two years and 


approximately 25% before the age of 6 months. 


1.2 There is uncertainty with respect to the number of patients with 


aHUS in the UK. The manufacturer’s submission quotes an 


incidence estimate of 5.5 persons per million based on the 
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estimated prevalence in NHS North East, and a prevalence 


estimate of 0.60 persons per million.  


1.3 Mortality rates for aHUS range from up to 10 to 15% during the 


acute phase and up to 50% in later stages with progression to end 


stage renal disease (ESRD). The prognosis for patients with aHUS 


is partly determined by the underlying complement abnormality. 


Mutations in the genes coding for CFH, CFI, C3 or thrombomodulin 


are associated with a worse prognosis. Recent data from the 


French aHUS registry indicates a better outlook in terms of 


mortality, with reported rates of 7% and 0.8% at 5-years for children 


and adults respectively. Rates of ESRD are however high in 


children and adults. aHUS and its treatment may severely impair 


health-related quality of life (HRQoL).  


1.4 Traditionally, plasma therapy (plasma exchange and/or plasma 


infusion) has been the first-line treatment for aHUS based largely 


upon consensus, as no controlled studies have been performed. 


Guidelines for the initial therapy of aHUS have been published by 


the British Transplantation Society and the European Paediatric 


Study Group for HUS. These guidelines recommend that 


plasmapheresis should be initiated within 24 hours of diagnosis of 


aHUS, and that all patients with aHUS should be offered a trial of 


plasma exchange and/or plasma infusion. The manufacturer’s 


submission suggests that current treatments for aHUS are 


ineffective in reducing morbidity and mortality. The manufacturer’s 


submission recognises that transplantation (kidney or liver-kidney) 


is generally not recommended due to the high risks of graft loss in 


these patients. 


1.5 In 2013, aHUS UK sponsored a UK survey with the intention of 


better understanding the impact of aHUS on patients and their 
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families. Thirty seven patients completed all or part of the survey. 


which highlights the following main points: 


• aHUS has a substantial impact upon patients' productivity and may 


impact upon patients' education.  


• aHUS may have a substantial impact upon patients' day-to-day 


activities and participation in leisure activities. 


• A proportion of aHUS patients have to move house as a 


consequence of their disease. Reasons provided included being 


closer to a specialist centre, being closer to a relative or carer, or 


moving into a more suitable type of accommodation. 


• Patients may require around four hours of travel time per week for 


activities associated with their aHUS (such as hospital visits). 


• Several aHUS patients require formal or informal care; this may 


cause psychological distress for those providing care. 


2 The technology 


2.1 Eculizumab (Soliris) is a human monoclonal antibody to 


complement C5, which blocks pro-thrombotic and pro-inflammatory 


processes. It is produced from murine myeloma cells by 


recombinant DNA technology. Eculizumab received a UK 


marketing authorisation in September 2011 “in adults and children 


for the treatment of patients with atypical haemolytic uraemic 


syndrome (aHUS)”. It is also licenced for use in patients with 


paroxysmal nocturnal haemoglobinuria. 


2.2 Eculizumab is administered intravenously in adults as initial 


treatment for 4 weeks, then as maintenance treatment as shown in 


the table below. The Summary of Product Characteristics (SmPC) 
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for eculizumab states that “treatment is recommended to continue 


for a patient’s lifetime, unless the discontinuation of treatment is 


clinically indicated.” 


Method of 
administration 


Intravenous (IV) infusion at a final concentration of 5 
mg/ml 


Dosing (Adults) Initial phase: 900mg eculizumab administered via IV 
infusion every week for the first 4 weeks 
Maintenance phase: 1200mg eculizumab administered 
via IV infusion on the fifth week, followed by 1200mg IV 
infusion every 14 ± 2 days 


Dosing (Children) Patients with a body weight ≥40kg are treated in line 
with the adult dosing recommendations. 
Paediatric patients with a body weight below 40kg have 
their dose adjusted according to body weight. See 
SmPC. 


 


2.3 Following the launch of eculizumab in the UK in November 2011, 


use was restricted to individual patient funding through the primary 


care trust individual funding request process until April 2013. NHS 


England then implemented an interim policy whereby eculizumab 


was funded for all newly diagnosed patients with aHUS. This policy 


was subsequently extended to all patients with aHUS after a review 


was conducted by the Clinical Priorities Advisory Group, who 


recommended that funding should also be made available to 


patients on dialysis to enable a successful renal transplant to be 


undertaken. Eculizumab is currently commissioned by NHS 


England in line with the Clinical Commissioning Policy Statement 


(published in September 2013) for: 


• New patients with atypical haemolytic uraemic syndrome 


(defined to include those with a functioning kidney); and 


• Existing patients who are on dialysis and are suitable for a 


kidney transplant. 
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A commissioning for evaluation scheme will be developed for 


patients who are not suitable for transplant.  


The commissioning policy is considered interim until NICE is able 


to offer definitive advice. The policy is currently administered 


through an interim national aHUS service in Newcastle, and 


statements from professional consultees confirm that all of the 


components necessary to deliver eculizumab within a national 


specialised service are already in place and functioning.   


2.4 The summary of product characteristics lists the most common 


adverse reactions of eculizumab in adults as headache and 


leukopenia. The safety profile in adolescents (patients aged 12-17 


years) is consistent with that observed in adults. The most common 


adverse reactions reported in paediatric patients (aged 2 months to 


11 years) are diarrhoea, vomiting, pyrexia, upper respiratory tract 


infection and headache. Due to its mechanism of action, the use of 


eculizumab increases the patient’s susceptibility to meningococcal 


infection. To reduce the risk of infection, all patients must be 


vaccinated at least 2 weeks prior to receiving eculizumab. All 


patients in the UK receiving eculizumab should receive long-term 


prophylactic antibiotics with penicillin (or erythromycin if they are 


allergic to penicillin). Statements from clinical consultees indicated 


that they have seen very few adverse reactions that affect either 


the management of the condition or the quality of life of the patient 


since using eculizumab. For full details of adverse reactions and 


contraindications, see the summary of product characteristics. 


2.5 Patient experts consider that the impact of eculizumab is influenced 


by the severity of the disease and the stage of life when a patient 


becomes affected. For patients with aHUS who have kidney failure, 


eculizumab offers them the potential for a kidney transplant and 
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therefore an opportunity to restore their health and have a life free 


from the restrictions of treatment. For patients with active disease, 


eculizumab offers them the possibility of avoiding end stage renal 


failure, dialysis and kidney transplants as well as other organ 


damage. It also offers patients the chance to restore kidney 


function or retain their residual kidney function without the need for 


further treatment.   


3 Remit and decision problem 


3.1 The remit from the Department of Health for this evaluation was: 


“To evaluate the benefits and costs of eculizumab within its 


licensed indication for the treatment of atypical haemolytic uraemic 


syndrome for national commissioning by NHS England.” 
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 Final scope issued by NICE Decision problem addressed in the 
submission  


Population  Children and adults with atypical 
haemolytic uraemic syndrome 


Clinical evidence relates to children and 
adults with aHUS. 
Economic model from manufacturer 
relates only to the costs and health 
outcomes for an adult population. 


Intervention  Eculizumab Eculizumab 
Comparators  Newly diagnosed people who 


have not received prior 
treatment:  
• plasma infusion and/or 


exchange 
Previously treated people with 
kidney impairment: 
• kidney dialysis 
• kidney or kidney/liver 


transplantation 


Standard care – assumed by 
manufacturer to include plasma therapy. 
Kidney dialysis and transplantation are 
assumed to reflect part of the treatment 
pathway and are not evaluated as 
individual comparators. 
Kidney-liver transplantation is not 
considered in model. 
 


Outcomes  • overall survival 
• time to disease recurrence 
• response to treatment 
• avoidance of dialysis 
• avoidance of plasma therapy 
• maintenance or 


improvement in kidney 
function 


• other major non-renal clinical 
outcomes 


• eligible for/success of 
transplantation 


• development of antibodies 
and resistance 


• adverse effects of treatment 
• health related quality of life 


(for patients and carers) 


Data not available for: 
• time to disease recurrence and 
• eligible for/success of 


transplantation. 


 


4 Impact of the new technology 


4.1 The manufacturer performed a review of clinical evidence for 


eculizumab and identified two published (C08-002A/B, C08-


003A/B) and two unpublished (interim data from C10-003 and C10-


004) prospective studies and one retrospective observational study 


(C09-001r). No randomised controlled trials were identified.  


4.2 All prospective studies were phase 2, open-label, non–randomised, 


single-arm studies that included a diverse range of patients. Study 







National Institute for Health and Care Excellence  Page 9 of 21 


HST Premeeting briefing – Eculizumab for the treatment of atypical haemolytic uraemic syndrome 
(aHUS) 


Issue date: December 2013 


 


C08-002A/B included aHUS patients (aged ≥12 years) who were 


resistant to plasma therapy (n=17), whereas study C08-003A/B 


included aHUS patients (aged ≥12 years) that were plasma therapy 


sensitive (n=20). The unpublished C10-003 study included children 


(aged between 1 month to 18 years) with aHUS exhibiting 


thrombocytopenia, haemolysis and elevated serum creatinine 


(n=22). In contrast, the C10-004 study included adult patients 


(aged over 18 years) with aHUS exhibiting thrombocytopenia, 


haemolysis and elevated serum creatinine (n=41). In this study 


there was no requirement for the patients to be undergoing plasma 


therapy. The retrospective observational study included 30 patients 


(paediatrics, adolescents, and adults) who had been diagnosed 


with aHUS who received at least one dose of eculizumab between 


2007 and 2009 outside of a manufacturer sponsored study. A 


summary of the studies is shown in the table below. 


Study Design Number 
treated 
(enrolled) 


Intervention Primary 
Outcome 


Study Duration 


C08-002 
A/B 
Published 
(Legendre 
et al 2013) 


Phase II, 
open-label 
non-
randomised, 
prospective, 
single arm 
study 


17 (17) 
Adults and 
adolescents 


Eculizumab 
(900mg IV 
once weekly 
(wks 1-4), 
then 
1200mg IV 
once every 
2wks (wk 5 
and after) 


Reduction of 
TMA 
measured by 
change in 
platelet count 
from baseline 
and 
haematologic 
normalisation 


26 weeks. All 
patients allowed 
to continue in 
long-term 
extension trial 
until product 
registered and 
available 


C08-003 
A/B 
Published 
(Legendre 
et al 2013) 


Phase II, 
open-label 
non-
randomised, 
prospective, 
single arm 
study 


20 (23) 
Adults and 
adolescents 


Eculizumab 
(900mg IV 
once weekly 
(wks 1-4), 
then 
1200mg IV 
once every 
2wks (wk 5 
and after) 


Reduction of 
TMA 
measured by 
TMA-event 
free status 
and 
haematologic 
normalisation 


26 weeks. All 
patients allowed 
to continue in 
long-term 
extension trial 
until product 
registered and 
available 


C10-003 
Unpublished 


Phase II, 
open-label 
non-
randomised, 
prospective, 


22 (NR)  
Children 


Eculizumab 
fixed dose, 
multiple 
weight-
based 


Complete 
TMA response 
confirmed by 2 
consecutive 
measurements  


26 weeks. All 
patients allowed 
to continue in 
long-term 
extension trial 
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single arm 
study 


dosing 
regimens 


until product 
registered and 
available 


C10-004 
Unpublished 


Phase II, 
open-label 
non-
randomised, 
prospective, 
single arm 
study 


41 (NR) 
Adults 


Eculizumab 
(900mg IV 
once weekly 
(wks 1-4), 
then 
1200mg IV 
once every 
2wks (wk 5 
and after) 


Complete 
TMA response 
confirmed by 2 
consecutive 
measurements  


26 weeks. All 
patients allowed 
to continue in 
long-term 
extension trial 
until product 
registered and 
available 


C09-001r 
Published 
as abstract 
and results 
in EPAR 


Retrospective, 
chart review 


30 (30) 
Adults,  
adolescents 
and 
children 


Adults and 
adolescents: 
Eculizumab 
(900mg IV 
once weekly 
(wks 1-4), 
then 
1200mg IV 
once every 
2wks (wk 5 
and after) 
Children: 
dosing in 
weight 
bands 


Reduction in 
TMA as 
measured by 
change in 
platelet count 
from baseline, 
TMA-event 
free status 
and difference 
in TMA 
intervention 
rates (pre- and 
during 
treatment) 


Variable. 


4.3 The two prospective clinical studies (C08-002A/B and C08-003A/B) 


were conducted in two distinct populations of aHUS patients with 


clinically different baseline characteristics and different expected 


clinical outcomes. Study C08-002A/B accrued patients in the early 


phase of aHUS with evidence of severe TMA manifestations with 


acute worsening of renal function. In these patients eculizumab is 


expected to control the TMA process, prevent further severe TMA 


manifestations, and reverse kidney damage. Study C08-003A/B 


accrued patients with long term aHUS with apparent control of the 


TMA process due to chronic plasma therapy. Those patients had a 


long, sustained renal impairment prior to entering the trial. In this 


population eculizumab is expected to control the TMA process 


despite discontinuation of plasma therapy and also maintain kidney 


function. The prospective efficacy data generally indicate that 
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eculizumab is effective in a diverse range of patients with aHUS. 


Compared with baseline, improvements were observed in 


normalisation of platelet count, TMA activity, renal function and 


quality of life by 26 weeks. Study extension results (median 114 


weeks in study C08-002A/B, C08-003A/B; xxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx) found that the benefits of 


treatment were sustained. Similar effects were observed by 26 


weeks in the retrospective study. A summary of the results are 


shown in the tables below (adapted from ERG report pages 43, 45 


and 48). 


Study Efficacy variables Thrombotic microangiography 
Change in  
platelet 
count  
(x 109/L)  
from 
baseline,  
mean 
(95%CI) 


Normalisatio
n  
of platelet 
count, n (%) 


TMA 
event-  
free 
status, 
n (%) 


Haematologic  
Normalization,
n (%) 


TMA intervention rate Complete 
TMA 
response, 
n (%) 


Change 
in Hb > 
20g/L, 
n (%) 


Pre-
eculizumab 
rate, 
median 
(min; max) 


Post-
eculizumab 
rate, 
median 
(min; max) 
  


C08-002A/B (n=17) 
26 weeks 73 (40 to 


105); 
 p=0.0001  


14/17 (82%) 15/17 
(88%) 


13/17 (76%) 0.88  
(0.04; 
1.59) 


0 (0; 0.31); 
p<0.0001  


11/17 
(65%) 


11/17 
(65%) 


64 weeks 91 (67 to 
116); 
p<0.0001 


15/17 (88%) 15/17 
(88%) 


15/17 (88%) - 0 (0; 0.31); 
p<0.0001  


13/17 
(76%) 


13/17 
(76%) 


114 weeks 88 (63 to 
112);  
p <0.0001 


15/17 (88%) 15/17 
(88%) 


15/17 (88%) - 0 (0; 0.31); 
p<0.0001 


13/17 
(76%) 


13/17 
(76%) 


C08-003A/B (n=20) 
26 weeks 5 (-17 to 


28);  
p=NS 


18/20 (90%) 16/20 
(80%) 


18/20 (90%) 0.23  
(0.05; 
1.09) 


0 (0; 0); 
p<0.0001 


5/20 
(25%) 


9/20 
(45%) 


62 weeks NR 19/20 (95%) 17/20 
(85%) 


18/20 (90%) - 0 (0; 0); 
p<0.0001 


7/20 
(35%) 


10/20 
(50%) 


114 weeks 
  


NR 18/20 (90%) 19/20 
(95%) 


18/20 (90%) - 0 (0; 0); 
p<0.0001 


11/20 
(55%) 


13/20 
(65%) 


 
Study Efficacy variables Thrombotic microangiography Renal function 


Normalisation of 
platelet count, n 
(%) 


TMA 
event-free 
status, n 
(%) 


TMA intervention rate Complete 
TMA 
response, 
 n (%) 


Change in 
Hb > 
20g/L, n 
(%) 


eGFR 
improvement ≥15 
mL/min/1.73 m2 , 
n (%) 


Pre-
eculizumab 
rate, median 
(min; max) 


Post-
eculizumab 
rate, 
median 
(min; max) 


C09-001r (n=30)  
26 weeks 25/30 (83%) 20/30 


(67%) 
0.34 (0.00; 
2.38) 


0 (0; 0.41); 
p<0.0001  


10/30 
(33%) 


13/30 
(43%) 


11/30 (37%) 
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Study Efficacy variables Thrombotic microangiography 


Normalisation 
of platelet 
count, n (%) 


TMA 
event- 
free 
status,    
n (%) 


Complete 
TMA 
response,   
n (%) 


Complete 
TMA 
response 


with 
preservation 
of renal 
function 


Modified 
complete 
TMA 
response 


with 
improvement 
of renal 
function 


Complete 
hematologic 
response 


LDH 
normalisation 


Change in 
Hb > 20g/L, 
n (%) 


C10-003 (n= 22)      


26 
weeks 


21/22 (96%) NR 14/22 
(64%) 


NR NR 18/22 (82%) xxxxxxxxx xxxxxxxxx 


Xxxxxxx 
Xxxxxxx 
Xxxxxxx 
xxxxxxx 


xxxxxxxxx xxxxx xxxxxxxx xxxxxxxxxx xxxxxxxxx xxxxxxxxx xxxxxxxxx xxxxxxxxx 


C10-004 (n=41)      


26 
weeks 


40/41 (98%) Xxxxx 
xxxxx 


NR 30/41 (73%) xxxxxxxxx 36/41 (88%) xxxxxxxxx xxxxxxxxxx 


Xxxxxxx 
Xxxxxxx 
Xxxxxxx 
xxxxxxx 


xxxxxxxxxx Xxxxx 
xxxxxx 


xxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx 


Redacted text is academic in confidence. 


Study Renal function Quality of life 


CKD 
improvement 
by ≥1 stage, 
n (%) 


eGFR  change 
from baseline 
(mL/min/1.73 
m2), mean 
(95% CI)  


eGFR 
improvement 
≥15 mL/min 
/1.73 m2, 
n (%) 


Decrease in 
proteinuria by 
≥ 1 grade  


HRQoL change (mean 
point) from baseline 
(95% CI) 


HRQoL, 
evaluable 
patients 
achieving MID of 
0.06 


C08-002A/B (n=17)  
26 weeks 10/17 (59%) 31 (17 to 45); 


p<0.0001 
8/17 (47%) 12/15 (80%) 0.32 (0.27 to 0.38); 


p<0.0001 
12/15 (80%) 


64 weeks 11/17 (65%) 31 (15 to 46); 
p<0.0001 


9/17 (53%) 9/11 (82%) 0.32 (0.27 to 0.38); 
p<0.0001 


13/15 (87%) 


114 weeks 12/17 (71%) 32 (15 to 49); 
p<0.0008 


10/17 (59%) 7/9 (78%) 0.33 (0.30 to 0.36); 
p=0.001 


13/15 (87%) 


C08-003A/B (n=20)   
26 weeks 7/20 (35%) 6.1 (3.3 to 


8.8); p<0.0001 
1/20   (5%) 8/16 (50%) 0.12 (0.07 to 0.17); 


p<0.0001 
12/15 (80%) 


62 weeks 9/20 (45%)h 8.3 (4.8 to 
11.7); 
p<0.0001 


3/20 (15%) 7/9 (78%) 0.13 (0.08 to 0.18); 
p<0.0001 


13/15 (87%) 


114 weeks 12/20 (60%) 7.1 (-0.30 to 
14); p<0.05 


8/20 (40%) NR 0.14 (0.10 to 0.18; 
p<0.0001 


13/15 (87%) 


 


4.4 In the two published prospective studies, five patients discontinued 


eculizumab therapy (C08-002A/B, n=4 and C08-003A/B, n=1) 


following completion of the 26-week treatment period. The reasons 


for discontinuation included the following: one due to meeting an 


exclusion criterion (Systemic Lupus Erythematosus [SLE] 
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diagnosis), one due to an adverse event unrelated to eculizumab 


treatment (pancytopenia), and three patients chose not to continue 


treatment in the extension phase (one patient discontinued due to 


personal reasons but restarted eculizumab outside of the study due 


to declining clinical condition, one patient was lost to follow up and 


one patient became dialysis-free during the study and had no loss 


of kidney function as of last follow-up 8 weeks post 


discontinuation). During the extension study period, two patients 


discontinued eculizumab treatment in study C08-002A/B (due to 


worsening and decreased renal function that were deemed 


unrelated to study treatment) and one patient in study C08-003A/B 


(due to gastrointestinal haemorrhage leading to death that was 


deemed unrelated to study drug). 


4.5 An interim analysis of the C10-003 prospective study (paediatric 


aHUS patients) reported three discontinuations before completion 


of the 26-week treatment period. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


4.6 Three adult patients were withdrawn from the C10-004 study prior 


to the completion of the 26-week treatment period. xxxxxxxxxxxxx . 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxx In retrospective study C9-001r, 13 patients 


discontinued eculizumab therapy. Reasons for discontinuation 


included severe TMA complications (n=6), death (n=2, unrelated to 


study drug) and chronic dialysis before and after eculizumab (n=2). 


In the remaining three patients, there was no evidence of TMA 


complications and no reasons for discontinuation were provided. 


4.7 The adverse events data in the manufacturer’s submission (pages 


102-107) were limited to treatment-related adverse events. 


Although nearly all patients reported one adverse event in study 


C08-002A/B (n=17; median duration of eculizumab treatment, 38 


weeks) and C08-003A/B (n=20; median duration of eculizumab 


treatment, 40 weeks), only 43% (16/37) of patients had an adverse 


event that was considered by the study investigators to be study 


drug-related (reported as definite, probable or possible). Treatment-


related adverse events occurred in 59% (n=10) of patients (who 


were plasma therapy resistant) in study C08-002A/B and 30% 


(n=6) of patients (who were plasma therapy sensitive) in study 


C08-003A/B. Serious adverse events were reported more 


frequently in study C08-002A/B (n=15, 88%) than in study C08-


003A/B (n=5, 25%). However, only five patients were considered to 


have had a treatment-related serious adverse events (C08-002A/B: 


n=3; C08-003A/B: n=2). Leucopoenia, nausea, vomiting and 


accelerated hypertension were the most common treatment-related 


adverse events in study C08-002A/B, whereas headache, 


leucopoenia and lymphopenia were the most common treatment-


related adverse events in study C08-003A/B.  


4.8 Additional data from the extension study period (C08-002A/B: 


median duration of eculizumab treatment, 100 weeks; C08-003A/B: 


median duration of eculizumab treatment, 114 weeks) provided a 
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similar adverse event profile for treatment related adverse events. 


The most notable difference was that the number of patients who 


reported drug-related ‘infections and infestations’ increased from 


four patients to eight patients at update. The number of severe 


treatment-related adverse events did not increase between the 


original study and extension period. Only one severe adverse event 


(influenza) which had not been previously reported was observed in 


the extension period of study C008-003A/B.  There were no 


reported meningococcal infections with eculizumab treatment of 


aHUS patients in the prospective studies (C08-002A/B) or C08-


003A/B). However, there was a single meningococcal infection 


reported in an aHUS patient recruited into study C09-001r, which 


occurred after the data cut-off and was captured as a post-


marketing report. This patient fully recovered without sequelae and 


remained on eculizumab. In the ongoing C10-004 study, two 


meningococcal infections have been reported (see manufacturer’s 


submission page 107). Both infections resolved with appropriate 


treatment, although one led to permanent discontinuation of 


eculizumab treatment and withdrawal from the study. 


4.9 Five registry sources for patients with aHUS on standard care are 


mentioned in the manufacturer’s submission and were described in 


more detail in the ERG report, as summarised in the table below.  


Outcomes are reported at different time points therefore 


comparison between the registries at individual time points is not 


possible. However the information is useful to provide an insight 


into the prognosis of patients receiving standard care.  
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Registry Patient 
population 


Treatments Duration 
of 
follow-
up 


Survival ESRD Relapse Remission Successful 
transplant 


Child Adult Child Adult Child Adult 
 


Child Adult 


Coppo et al 
(2010) 


Adult patients 
experiencing 
TMA  
N=241 
54 detectable 
ADAMTS13 
activity 


Plasma 
infusion, 
steroids, 
rituximab, 
vincristine, 
splenectomy 


Mean 
follow-up 
17.8 
months 


 87%  21%  14%    


Hovinga et 
al (2010) 


TTP registry – 
adult and 
paediatric 
patients  
N = 261 
(patients who 
had 
ADAMTS13 
activity 
measured at 
initial 
diagnosis) 
201 -  
ADAMTS13 
≥10% 


Plasma 
exchange 


Median 
follow-up 
4.6 years 


68% NR 4%    


Fremeaux-
Bacchi et al 
(2013) 


aHUS 
diagnosed 
adult and 
paediatric 
patients– 
excluded 
secondary 
aHUS (except 
in pregnancy) 
N= 214 
89 child; 125 
adults 


High and low 
frequency 
plasma 
exchange 


1 month 87/89 
(98%) 


125 
(100%) 


13 (15% 57 
(46
%) 


- -   


1 year  83/89 
(93%) 


124/125 
(99%) 


20 
(23%) 


69 
(55
%) 


16/65 (25%) 19/65 (29%) 


5 years 83/89 
(93%) 


124/125 
(99%) 


26 
(29%) 


79 
(63
%) 


12/65 (18%) 3/65 (3%) 


Last follow 
up  


82/89 
(92%) – 
14yrs 


123/125 
(98%) – 
7yrs 


28 
(32%) 


87 
(70
%) 


- - 


Noris et al 
(2010) 


aHUS 
diagnosed 
adult and 
paediatric 
patients 
N=273 


Plasma 
exchange, 
transplant 


Up to 10 
years – 
outcomes 
reported 
after initial 
episode 
and 3 
years 


92% (outcome of 
initial episode); 
89% at 3 years 


36% 
(outcome of 
initial episode); 
45% at 3 years 


 60% 
(outcome of 
initial 
episode);  
46% at 3 
years 


33% (1-yr 
post 
transplant) 


45% (1-
yr post 
transpla
nt 


 


5 Cost to the NHS and personal social services 
and Value for money 


5.1 The manufacturer developed a de novo quality-adjusted life year 


(QALY) based cost-consequence model to assess eculizumab 


versus standard care for the treatment of patients with aHUS from 


the perspective of the NHS. The model uses a Markov structure to 


estimate the costs and consequences for a 28-year old aHUS 


population over a lifetime horizon, discounted at a rate of 1.5%. 


The model simulates the experience of patients with aHUS 


receiving eculizumab or standard care principally in terms of the 
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progression of kidney damage (defined as severity of chronic 


kidney disease) and its impact in terms of costs, HRQoL and 


survival. Chronic kidney disease transition probabilities were 


derived from the treatment phase and pre-treatment phase of two 


prospective eculizumab studies (C08-002A/B and C08-003A/B). 


Other parameter values were derived from registry reports, 


standard costing sources and the wider literature. The 


manufacturer's economic analysis includes a number of sensitivity 


analyses and probabilistic sensitivity analysis. 


5.2 The manufacturer's model suggests that given a discount rate of 


1.5%, eculizumab produces an estimated 24.08 additional years of 


life and 25.22 additional QALYs compared to standard care per 


patient. The discounted incremental cost of eculizumab versus 


standard care is estimated to be approximately xxxxxxxxxxxxx per 


patient (see table below).  


Outcome Eculizumab Standard care Incremental 


Undiscounted results 


LYGs 47.62 9.97 37.65 
QALYs 45.06 6.59 38.47 
Cost £xxxxxxxxxx £xxxxxxxx £xxxxxxxx 


Discounted results (at a rate of 1.5%) 
LYGs 32.82 8.73 24.08 
QALYs 30.99 5.77 25.22 
Cost £xxxxxxxxxx £xxxxxxxx £xxxxxxxx 


Redacted text is Commercial in Confidence 
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5.3 The manufacturer's sensitivity analyses indicate that the estimates 


of incremental health benefit and incremental cost are particularly 


sensitive to assumptions about patient age and the discount rate. 


The probabilistic sensitivity analyses are shown below, and indicate 


that given the characterisation of uncertainty within the model, 


eculizumab is consistently expected to produce large incremental 


QALY gains and considerably higher incremental costs compared 


to standard care. 


 


Outcome Eculizumab Lower 
95% crI 


Upper 
 95% crI 


Standard 
care 


Lower 
95% crI 


Upper 
 95% crI 


QALYs 31  28.4 32.7 5.9 2.6 8.7 
Cost xxxxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxxx xxxxxxxx xxxxxxxxxx 


Redacted text is Commercial in Confidence 
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5.4 The ERG raised several concerns about the manufacturer's 


economic analysis regarding the suitability of the model structure, 


the integrity of the pre-model analysis and the robustness of the 


manufacturer's model results.  


5.5 To explore these issues, the ERG developed a new exploratory 


model which resolves the errors identified in the manufacturer's 


model and allows for the inclusion of registry data to model 


prognosis and outcomes for patients receiving standard care. 


Results from the ERG model suggest that given a discount rate of 


3.5% for costs and health outcomes, eculizumab is expected to 


produce 10.14 additional QALYs compared against standard care 


at an additional discounted cost of xxxxxxxxxx; this estimated 


discounted cost is higher than the equivalent value generated by 


the manufacturer’s model (xxxxxxxxx). The incremental QALY 


gained is markedly lower than the estimate submitted by the 


manufacturer; this difference is driven principally by the use of 


aHUS registry data to model the prognosis and outcomes of 


patients receiving standard care within the ERG model. 


 


5.6 The manufacturer also developed a budget impact model to 


estimate the total costs of eculizumab to the NHS for the period 


2013 to 2017. The analysis presented by the manufacturer 


Outcome Eculizumab Standard care Incremental 
Undiscounted results 
Life years gained   53.80   35.47   18.33  
QALYs gained   48.97   23.40   25.57  
Total costs  xxxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 


Health outcomes and costs discounted at 3.5% 
Life years gained   23.99   17.71   6.28  


QALYs gained   21.83   11.69   10.14  
Total costs  xxxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 


Redacted text is Commercial in Confidence 







National Institute for Health and Care Excellence  Page 20 of 21 


HST Premeeting briefing – Eculizumab for the treatment of atypical haemolytic uraemic syndrome 
(aHUS) 


Issue date: December 2013 


 


suggests that without eculizumab, the absolute cost of treating 


patients with aHUS is between xxxxxxxxxxxxxxxxxxxxxxx each 


year. Based on the manufacturer's analysis, the net budget impact 


of recommending eculizumab is estimated to be approximately 


xxxxxxxxx in 2013, xxxxxxxxxxxxxxxxxxxxx  in 2017. The overall 5-


year predicted net budget impact will be xxxxxxxxxxxxxxxxx over 


the period 2013-2017. 


5.7 The ERG noted that the estimates of uptake for eculizumab within 


the budget impact analysis appear to be low. Assuming 100% 


uptake, the manufacturer’s budget impact model predicts a 5-year 


net budget impact of in excess of xxxxxxxxxxxxxx over the period 


2013 to 2017. 


6 Impact of the technology beyond direct health 
benefits and on the delivery of the specialised 
service 


6.1 The manufacturer included in its submission estimates of the 


impact of eculizumab on (i) lost productivity, government benefits 


and tax revenues for patients and current/ex carers of aHUS 


patients, (ii) estimates of cost savings associated with out-of-pocket 


expenditures for patients and carers including, transportation, 


housing and other costs; and (iii) other carer costs. Based on the 


analysis undertaken by the manufacturer, the largest cost-saving is 


expected to result from lost productivity avoided. 


6.2 The ERG considered that the manufacturer's estimates of non-


health benefits are over-estimated due to the inclusion of 


inappropriate resource items (e.g. transfer payments) and the use 


of what they considered to be unrealistic assumptions within the 


analysis. Furthermore, since the manufacturer's societal analysis 
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does not consider the non-health benefits forgone associated with 


curtailing existing treatments and services to fund eculizumab, the 


ERG questioned the usefulness of this analysis. 


7 Equalities issues 


7.1 No equality issues were raised during scoping or in the evidence 


submissions. 


8 Authors 


Xxxxx xxxxxx 
Technical Advisor 


with input from the Lead Team and Committee Chair: 


Anthony Wierzbicki (clinical lead), Ron Akehurst (value lead), Mark Sheehan 


(lay lead), and Peter Jackson (Chair of HST Evaluation Committee). 
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Instructions for manufacturers and sponsors  
 
This is the template for submission of evidence to the National Institute for Health 
and Care Excellence (NICE) as part of the Highly Specialised Technologies 
Evaluation Programme. It shows manufacturers and sponsors what information NICE 
requires and the format in which it should be presented. Use of the submission 
template is mandatory. Sections that are not considered relevant should be marked 
‘N/A’ and a reason given for this response.  
 
The purpose of the submission is for the manufacturer or sponsor to collate, analyse 
and present all relevant evidence that supports the case for national commissioning 
of the technology by NHS England, within the scope defined by NICE. Failure to 
comply with the submission template and instructions could mean that the NICE 
cannot issue recommendations on use of the technology. 
 
The submission should be completed after reading the ‘Interim Process and Methods 
of the Highly Specialised Technologies Programme’ available at: 
(http://www.nice.org.uk/media/188/49/HST_combined_Interim_Process_and_Method
s_FINAL_31_May_2013.pdf).  After submission to, and acceptance by NICE, the 
submission will be critically appraised by an independent Evidence Review Group 
appointed by NICE, before being evaluated by the Highly Specialised Technology 
Evaluation Committee. 
 
The submission should be concise and informative. The main body of the submission 
should not exceed 100 pages (excluding the pages covered by the template and 
appendices). The submission should be sent to NICE electronically in Word or a 
compatible format, and not as a PDF file. 
 
The submission must be a stand-alone document. Additional appendices may only 
be used for supplementary explanatory information that exceeds the level of detail 
requested, but that is considered to be relevant to the Highly Specialised Technology 
Evaluation Committee’s decision-making. Appendices will not normally be presented 
to the Highly Specialised Technology Evaluation Committee when developing its 
recommendations. Any additional appendices should be clearly referenced in the 
body of the submission. Appendices should not be used for core information that has 
been requested in the specification. For example, it is not acceptable to attach a key 
study as an appendix and to complete the clinical evidence section with ‘see 
appendix X’. Clinical trial reports and protocols should not form part of the 
submission, but must be made available on request. 
 
All studies and data included in the submission must be referenced. Studies should 
be identified by the first author or trial ID, rather than by relying on numerical 
referencing alone (for example, ‘Trial 123/Jones et al.126, rather than ‘one trial126’).  
The sponsor should provide a PDF copy of all studies included in the submission. For 
unpublished studies for which a manuscript is not available, provide a structured 
abstract about future journal publication. If a structured abstract is not available, the 
sponsor must provide a statement from the authors to verify the data provided. 
If a submission is based on preliminary regulatory recommendations, the sponsor 
must advise NICE immediately of any variation between the preliminary and final 
approval.  
 
Unpublished evidence is accepted under agreement of confidentiality. Such evidence 
includes ‘commercial in confidence’ information and data that are awaiting publication 
(‘academic in confidence’). When data are ‘commercial in confidence’ or ‘academic in 



http://www.nice.org.uk/media/188/49/HST_combined_Interim_Process_and_Methods_FINAL_31_May_2013.pdf

http://www.nice.org.uk/media/188/49/HST_combined_Interim_Process_and_Methods_FINAL_31_May_2013.pdf
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confidence’, it is the sponsor’s responsibility to highlight such data clearly. For further 
information on disclosure of information, submitting cost models and equality issues, 
users should see section 18 of this document ‘Related procedures for evidence 
submission’.  


Document key  
Boxed text with a grey background provides specific and/or important guidance for 
that section. This should not be removed. 
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Glossary of terms 
Term Definition 
ADAMTS13 A Disintegrin And Metalloproteinase with 


ThromboSpondin-1 motifs [13th member of the family] 
AE Adverse Event 
AGNSS Advisory Group for National Specialised Services 
aHUS atypical Haemolytic Uraemic Syndrome 
aHUSUK UK aHUS Patients and Families Support Group 
ANOVA Analysis of variance 
ATC Anatomical Therapeutic Chemical 
AWMSG All Wales Medicines Strategy Group 
BIM Budget Impact Model 
CASP Critical Appraisal Skills Programme 
CDC Centers for Disease Control 
CFH Complement Factor H 
CI Confidence Interval 
CKD Chronic Kidney Disease 
CNS Central Nervous System 
CPAG Clinical Priorities Advisory Group 
CRD Centre for Reviews and Dissemination 
CSR Clinical Study Report 
CVD Cardiovascular Disease 
DGKε Epsilon isoform of diacylglycerol kinase 
eGFR estimated Glomerular Filtration Rate 
EHA European Haematology Association 
EMA European Medicines Agency 
EPAR European Public Assessment Report 
EQ-5D European Quality of Life  Group 5 Dimensions Self-Report 


Questionnaire  
ESRF End-Stage Renal Failure 
FACIT-F Functional Assessment of Chronic Illness Therapy-Fatigue 
FACS Fluorescence-Activated Cell Sorting 
FDA United States Food and Drug Association 
GI Gastrointestinal 
GLS Generalised Least Squares 
GRADE Grading Recommendations Assessment, Development, 


and Evaluation 
HELLP Hemolysis, Elevated Liver Enzymes, Low Platelets 
HIV Human Immunodeficiency Virus 
HRG Healthcare Resource Groups 
HRQL Health-Related Quality of Life 
HS Health State 
HSTP Highly Specialised Technology Policy 
HU Health Utility 
HUS Haemolytic Uraemic Syndrome 
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Term Definition 
ICER Incremental Cost-Effectiveness Ratio 
IFR Individual Funding Request 
IQR Interquartile Range 
ITT Intent-To-Treat 
IVIG Intravenous Immunoglobulin 
LB Lower Bound of confidence interval 
LDH Lactate Dehydrogenase 
LLN Lower Limit of Normal 
LOCF Last Observation Carried Forward 
LOWESS Locally Weighted Scatterplot Smoothing 
LY Life Years 
LYG Life Years Gained 
MAVE Major Adverse Vascular Events 
MID Minimally Improved Difference 
MRI Magnetic Resonance Imaging 
N/A Not Applicable 
NHS National Health Service 
NICE National Institute for Health and Care Excellence 
NNH Number Needed to Harm 
NNT Number Needed to Treat 
NR Not Reported 
OLS Ordinary Least-Squares 
PbR Payment By Results 
PCR Polymerase Chain Reaction 
PCT Primary Care Trust 
PD Pharmacodynamics 
PE Plasma Exchange 
PI Plasma Infusion 
PLEX Plasma Exchange 
PK Pharmacokinetics 
PNH Paroxysmal Nocturnal Haemoglobinuria 
PP Per-Protocol 
PRISMA Preferred Reporting Items of Systematic reviews and 


Meta-Analyses 
PSA Probabilistic Sensitivity Analysis 
PSS Personal Social Services 
PSSRU Personal Social Services Research Unit 
QALY Quality-Adjusted Life Year 
QoL Quality of Llife 
RaDaR UK Registry for Rare Kidney Diseases 
RCT Randomised Controlled Trial 
RRT Renal Replacement Therapy 
SD Standard Deviation 
SE Standard Error 
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Term Definition 
SF-36 Short Form-36 Questionnaire 
SLE Systemic Lupus Erythematosus 
SMC Scottish Medicines Consortium 
SmPC Summary of Product Characteristics 
SOC Standard of Care 
STEC Shiga-Toxin producing enterohaemorrhagic Escherichia 


coli 
STEC-HUS Shiga-Toxin producing enterohaemorrhagic Escherichia 


coli-induced HUS 
TEAE Treatment-Emergent Adverse Events 
TMA Thrombotic Microangiopathy 
TTO Time Trade Off 
TTP Thrombotic Thrombocytopenic Purpura 
UB Upper Bound 
UK United Kingdom 
ULN Upper Limit of Normal 
USRDS United States Renal Data System 







Specification for manufacturer/sponsor submission of evidence 11 of 276 


Executive Summary 


 
 
Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) was 
launched in the United Kingdom (UK) at the time of the marketing authorization 
approval in November 2011.  The Advisory Group for National Specialized Services 
(AGNSS) recommended to Health Ministers in June 2012 that eculizumab be 
nationally commissioned for all patients with aHUS, taking into account the severity 
of aHUS and the significant clinical benefits provided by this lifesaving therapy.  
Similarly, the Clinical Priorities Advisory Group (CPAG) recommended in July 2013 
that eculizumab be routinely funded for: (1) new patients with atypical haemolytic 
uraemic syndrome (defined to include those with a functioning kidney); and (2) 
existing patients who are on dialysis and are suitable for a kidney transplant. This 
recommendation was ratified by National Health Service (NHS) England and the 
policy entitled “Clinical Commissioning Policy Statement Eculizumab for atypical 
haemolytic uraemic syndrome” was published on 11th September 2013.  As such, 
Alexion respectfully requests that the National Institute for Health and Care 
Excellence (NICE) follow the recommendations made by both the AGNSS and the 
CPAG, and commission the use of eculizumab in aHUS for patients in England 
desperately in need of treatment to avoid the well-documented, poor prognosis 
associated with aHUS.   
 
Alexion is well aware that the factors affecting reimbursement for the very limited 
number of therapies available for ultra-rare diseases are complex.  As a result, we 
have partnered closely and effectively with multiple countries worldwide to recognise 
the life-saving and life-improving value of eculizumab for their citizens, resulting in 
effective and broad access to the treatment that is also consistent with varied 
affordability and cost containment objectives.  These countries have considered such 
issues as: (1) the devastating and life-threatening nature of aHUS; (2) the 
overwhelming clinical and life-saving benefits of eculizumab; (3) the very small 
number of patients with aHUS; (4) the clear lack of available and effective treatment 
alternatives; and, (5) the ethical imperative to provide hope to the sickest citizens and 
to ensure that this hope does not discriminate between patients with the rarest 
diseases and patients with more common diseases.  Alexion seeks the same 
partnership and dialogue with the NHS, and is confident that after examining the 
clinical benefits associated with eculizumab treatment, NICE will also recommend to 
the NHS that aHUS patients be given access to eculizumab.  
 


Please include a brief summary of the key points in the submission addressing: 


• Nature of the condition 


• Impact of the new technology 


• Cost to the NHS and Personal Social Services 


• Value for money 


• Impact of the technology beyond direct health benefits 


• Impact of the technology on the delivery of specialised services 
All statements should be directly relevant to the decision problem, be evidence-


based when possible and clearly reference the relevant section of the 


submission. The summary should cover the following items. 
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Product Characteristics (Sections: 2.3, 12.3.4, and Summary of Product 
Characteristics (SmPC)) 
 
Eculizumab (Soliris®) received European Medicines Agency (EMA) approval on 
November 24, 2011 for the treatment of atypical haemolytic uraemic syndrome 
(aHUS).  An overview of details about eculizumab, as outlined in the SmPC, for 
aHUS is provided in the Table 1:  
 
Table 1: Summary of Eculizumab for aHUS Product Characteristics 
Pharmaceutical 
Formulation 


30 mg/mL concentrate (300 mg per 10 mL vial); Clear, colourless, pH 
7.0 


Mechanism of 
Action 


Terminal complement inhibitor that specifically binds to the terminal 
complement protein C5 with high affinity, thereby inhibiting its 
cleavage to pro inflammatory and pro thrombotic C5a and C5b 
molecules and preventing the generation of the lytic as well as pro-
inflammatory and pro-thrombotic terminal complement complex C5b-9. 


Method of 
Administration 


Intravenous (IV) infusion at final concentration of 5 mg/mL 


Doses The aHUS dosing regimen for adult patients (≥18 years of age) 
consists of a 4 week initial phase followed by a maintenance phase:  
• Initial phase: 900 mg of Soliris administered via a 25 – 45 minute IV 


infusion every week for the first 4 weeks. 
• Maintenance phase: 1,200 mg of Soliris administered via a 25 – 45 


minute intravenous infusion for the fifth week, followed by 1,200 mg 
of Soliris administered via a 25 – 45 minute IV infusion every 14 ± 2 
days  


• Paediatric Paroxysmal Nocturnal Haemoglobinuria (PNH) and 
aHUS patients with body weight ≥ 40kg are treated with the adult 
dosing recommendations, respectively.  


• In paediatric PNH and aHUS patients with body weight below 40  
kg, dose is adjusted according to body weight  


Dosing 
Frequency 


• Initial phase: every week for the first 4 weeks. 
• Maintenance phase: infusion for the fifth week, followed by infusion 


every 14 days ± 2 days 
Repeat Courses 
of Treatment 


Eculizumab for aHUS is recommended by the EMA to continue for the 
patient’s lifetime 


Product 
Restrictions 


Eculizumab is contraindicated in aHUS patients: 
• With unresolved Neisseria meningitidis infection; and 
• Who are not currently vaccinated against Neisseria meningitidis or 


do not receive prophylactic treatment with appropriate antibiotics 
until 2 weeks after vaccination. 


Acquisition Cost One 300 mg vial of eculizumab is currently priced at £3,150 (excluding 
value added tax (VAT)).  


 
Nature of the Condition 
 
About Complement System (Section 6.1) 
 
Patients with aHUS  have chronic uncontrolled complement activation causing on-
going platelet, endothelial and white blood cell activation, leading to inflammation and 
thromboses (blood clots) in small blood vessels throughout the body, a process 
known as systemic thrombotic microangiopathy (TMA).(Noris and Remuzzi, 2009; 
Karpman et al, 2006; Stahl et al, 2008; Stahl et al, 2011)  As a result of ongoing 
complement-mediated TMA, aHUS patients are at constant risk of sudden and 
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progressive damage and failure of multiple vital organs.(Noris et al, 2010; Sellier-
Leclerc et al, 2007; Neuhaus et al, 1997; Noris and Remuzzi, 2009)  
 
aHUS Morbidity and Disability with Current Standard of Care (Section 6.1) 
 
Historical management of aHUS has been limited to supportive care only, including 
plasma exchange/plasma infusion (PE/PI), chronic dialysis, or kidney transplantation, 
none of which target chronic uncontrolled complement activation nor positively 
impact the morbidities or mortality of aHUS.  These supportive care options are 
clinically inadequate, life-disrupting, and pose significant safety risks.(Michon et al, 
2007; George et al, 2008; Noris and Remuzzi, 2009)  aHUS affects both children and 
adults and has a very poor prognosis, demonstrated by the fact that 33% to 40% of 
aHUS patients die or progress to end stage renal failure (ESRF) requiring dialysis 
with the first aHUS clinical manifestation.(Caprioli et al, 2006; Noris et al, 2010)  The 
chronic nature of aHUS results in progressive, on-going morbidity as 65% of all 
patients die, require dialysis, or have permanent renal damage within the first year of 
diagnosis while on PE/PI or dialysis and a progressive increased mortality rate 
thereafter.   
 
Quality of Life for aHUS Patients and Caretakers (Section 7.1) 
 
aHUS is associated with significant impairment of quality of life for patients through 
the frequent and severe morbidities, including renal impairment and the impact of 
aHUS on other vital organs.  The lives of aHUS patients also are impacted 
significantly by ineffective supportive care measures, specifically PE/PI and dialysis.  
As described in Section 7, feedback from interviews with aHUS patients in the UK 
highlights the frequency and nature of side effects of PE/PI sessions, and the burden 
of dialysis as drivers for their poor quality of life.  Specifically, patients are usually 
unable to perform normal daily activities after treatment.  In addition to the physical 
debilitations from PE, some patients experience psychological trauma for fear of 
relapsing and reinitiating treatment.  
 
Both PE/PI and dialysis result in a substantial burden being placed on informal carers 
and families of aHUS patients.  In a survey of UK aHUS caretakers, informal carers 
(spouse or relative) reported spending on average 68 hours per week supporting 
their aHUS relative.  As a result, a majority of these carers reported they had to 
reduce their work activities in order to provide the necessary care often causing 
physical, emotional and financial hardship on their entire family.  
 
Extent and Nature of Current Treatment Options (Section 8.1) 
 
Clinical guidelines released in 2009 by the Renal Association, the British Committee 
for Standards in Haematology and the British Transplantation Society included 
recommendations for the investigation and management of aHUS patients in the UK 
prior to the availability of eculizumab for aHUS.(Taylor et al. 2009)  The 
recommendations highlight that PE/PI is only considered an empirical treatment for 
aHUS with limited therapeutic value, receiving a weak recommendation.  Transplant 
avoidance was given a strong recommendation as the risk of allograft loss post-
transplantation is high in all aHUS patients, regardless of identified complement 
mutation.(Taylor et al. 2009)  The ineffectiveness of current treatment options is 
demonstrated by the documented on-going morbidity and mortality, whereby 33% to 
40% of aHUS patients die or progress to ESRF requiring dialysis with the first aHUS 
clinical manifestation, despite the use of PE/PI in the vast majority of these 
patients.(Caprioli et al, 2006; Noris et al, 2010) 
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Impact of the New Technology 
 
Clinical Effectiveness of Eculizumab (Sections 9.6 and 9.9) 
 
Eculizumab is designed to block activation of the terminal stage of the complement 
system directly and potently.(Rother et al, 2007)  As a result, use of eculizumab 
reduces the underlying systemic complement-mediated TMA process and 
subsequently can reverse or prevent further kidney damage, which has been shown 
to lead to a discontinuation or avoidance of dialysis.  Eculizumab has also been 
shown to prevent progression of other organ damage in aHUS patients, and has 
demonstrated a reduction or elimination in the need for PE/PI as well as a significant 
improvement in patients’ quality of life.(Legendre et al, 2010; Muus P et al, 2010; 
Licht et al, 2011; Greenbaum et al, 2011; Alexion, 2012; Legendre et al, 2013)  
 
Overall Magnitude of Health Benefits to Patients and Carers (Section 7.2)  
 
In the two prospective controlled clinical trials assessed for product registration (C08-
002 and C08-003), eculizumab demonstrated the ability to:  
 


• Inhibit complement activation in all treated aHUS patients;  
• Inhibit complement-mediated TMA;  
• Significantly improve renal function (including discontinuation of dialysis);  
• Prevent disease progression (including avoidance of dialysis);  
• Significantly reduce or eliminate requirements for burdensome PE/PI;  
• Improve systemic organ function (including neurologic and gastrointestinal 


complications);  
• Significantly improve health-related quality of life; and  
• Demonstrate long-term safety and tolerability. 


 
For carers, eculizumab reduces the emotional stress and burden (both physical and 
financial) of caring for an aHUS family member, bringing normality back to everyday 
life.  
 
Health Benefits across aHUS Populations (Sections 9.6 and 9.9) 
 
Medical evidence demonstrates that eculizumab has significant clinical benefits 
regardless of aHUS disease history, previous renal transplant or genetic background.  
The eculizumab prospective and retrospective registration trials (C08-002, C08-003, 
and C09-001r) were comprised of a diverse patient population expected to be seen in 
the medical practice setting including: 
 


• Patients with short disease duration, haematologic evidence of TMA, and 
progressive renal impairment;  


• Patients with  long duration of aHUS, chronic renal impairment, and long-term 
PE/PI; 


• Patients with and without history of renal transplant; and, 
• Patients with and without identifiable genetic mutation. 


 
Clinical efficacy was demonstrated across all patient populations.  No significant 
differences in efficacy were identified by presence or absence of complement system 
abnormality (i.e., identified genetic mutation) or in patients with native or transplanted 
kidneys.(Goodship et al, 2012; Legendre et al, 2013) 
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It is recognized that approximately 50% to 70% of patients with aHUS do not have an 
identifiable mutation.(Noris and Remuzzi, 2009; Noris et al, 2010; Fremeaux-Bacchi 
et al, 2013)  Therefore, lack of an identifiable mutation is not in itself a cause to rule 
out the diagnosis of aHUS or use of eculizumab.  Genetic testing is also time 
consuming, taking weeks to months to perform, making it inappropriate to inform 
treatment decisions in a disease that can, and does, rapidly advance to ESRF, other 
organ damage, and mortality following diagnosis.  
 
Robustness of the Current Evidence and the Contribution the Guidance Will Have 
(Sections 8.4 and 9.9.3) 
 
The clinical trials of eculizumab are the only prospective clinical trials performed in 
aHUS and the first and only studies to demonstrate a well-tolerated and efficacious 
treatment designed to specifically inhibit complement-mediated TMA in aHUS 
patients.  The clinical trial programme included a broad range of aHUS patients in 
both prospective and retrospective medical practice settings.  Owing to the rarity, 
severe and life-threatening nature of the disease, as well as the already available 
evidence of efficacy and positive outcomes with eculizumab treatment reported in 
several published case studies, it was not ethically possible to perform a randomised 
placebo controlled trial, excluding critically ill patients from receiving therapy. 
 
Eculizumab therapy resulted in significant inhibition of TMA, improved or stabilised 
renal function, elimination of or avoidance of progression to dialysis, and improved 
patient quality of life in patients immediately after presentation of TMA, as well as 
those with a longer duration of disease from time of diagnosis.  These benefits were 
similar in patients with milder renal impairment compared to those with severe renal 
impairment; and patients with native kidneys compared with one or multiple prior 
transplants.(Legendre et al, 2013)  Interim analyses from more recent unpublished 
prospective studies demonstrate similar clinical benefit in paediatric and adult aHUS 
populations including patients treated without prior use of PE/PI (prospective studies 
C10-003 and C10-004, respectively).  Investigators in the clinical trials report that 
earlier intervention with eculizumab results in greater improvement in renal function 
but clearly note that all patients benefit.(Legendre et al, 2013)  Therefore, clear 
evidence from prospective trials, numerous published case studies, and data from 
the medical practice setting, demonstrate that eculizumab is now the SOC in the 
treatment of aHUS.  Eculizumab is considered first-line treatment, and one which 
should be rapidly used in all patients diagnosed with aHUS. 
 
Treatment Continuation Rules (Section 10.1.16) 
 
Eculizumab is recommended and approved as chronic lifetime therapy.(SmPC, 2013)  
Medical evidence demonstrates that despite the use of supportive care there is a 
progression of the deleterious effects of aHUS with continued on-going risk of TMA 
and subsequent life threatening complications.(Noris and Remuzzi, 2009; Noris et al, 
2010; Hovinga et al, 2010; Legendre et al, 2013; SmPC, 2013)  Prospective trial data 
demonstrate that chronic treatment with eculizumab can improve and continue to 
improve renal function and patient quality of life even after two years of chronic 
treatment.  In contrast, reports of recurrence of TMA and on-going evidence of 
complement-mediated TMA following discontinuation of eculizumab treatment have 
been observed, strengthening the evidence for the need to continue chronic 
eculizumab treatment.  
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Costs to the National Health Service and Personal Social Services (PSS) 
 
Budget Impact in the NHS and PSS (Section 13.7) 
 
Due to the ultra-rare nature of aHUS, and therefore the limited number of patients 
who will benefit from this life-saving therapy, eculizumab is expected to have an 
overall limited five-year budget impact in England as follows:  
 


• Year 1 (2013): £5.6 million 
• Year 2 (2014): £17.2 million 
• Year 3 (2015): £30.0 million 
• Year 4 (2016): £40.0 million 
• Year 5 (2017): £47.0 million 


 
Robustness of Costing and Budget Impact Information (Section 13.8) 
 
The availability of eculizumab for aHUS has been shown to significantly reduce the 
morbidities suffered by patients with aHUS, as seen in the cost-effectiveness model 
in Section 12; however, the cost-effectiveness model excluded indirect costs, which 
would likely be greatly reduced as a result of eculizumab therapy.  Also, health utility 
and non-direct medical costs (i.e., indirect costs) are excluded from the budget 
impact model (BIM), which therefore then fails to illustrate adequately the extensive 
value of treatment for these patients both individually and in terms of societal impact.  
Moreover, due to the abbreviated time horizon of the BIM, the total life-years lost by 
standard of care (SOC) are not included from a budget perspective.  Indirect costs 
also would likely be reduced by eculizumab given its substantial improvement in 
patients’ quality of life; however, there are no published studies which quantify these 
effects in a form that could be included in the BIM.  Consequently, these collective 
effects are not included in the current analysis, and the budget impact of the 
eculizumab scenario is likely to underestimate the impact of eculizumab therapy as a 
result. 
 
Value for Money 
 
Two analyses were conducted to assess the “Value for Money” of eculizumab in the 
treatment of aHUS: (1) incremental clinical benefit of eculizumab vs. SOC; and; (2) 
cost comparison of eculizumab vs. SOC.  Modelling and extrapolation beyond the 
eculizumab clinical data were required to complete these two analyses.  Importantly, 
“value for money” must be appropriately weighted to support positive clinical 
outcomes, not just lower overall expenditures. 
 
Technical Efficiency (Section 12.5.7 and 12.8.1)  
 
The incremental benefits of eculizumab compared to current treatment (SOC) are 
(discounted) 25.22 quality-adjusted life years (QALYs).  In summary, the model 
predicts very large benefit increases for eculizumab patients, in QALYs, life-years 
and reduced time in the ESRF health state.  These predicted benefit gains were 
robust in univariate, multi-way, and probabilistic sensitivity analysis.  The relative size 
of the gains is very large compared to other healthcare innovations, as demonstrated 
through data at the Tufts University’s Cost-effectiveness Registry.  The source of the 
gains is an increase in quality-of-life as observed in the eculizumab trials (Legendre 
et al, 2013), and a predicted increase in lifespan. 
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Productive Efficiency (Section 12) 
 
The nature and extent of the other resources needed to enable eculizumab to be 
used is very limited within the current structure of the NHS.  Eculizumab is simple to 
administer, can be delivered via a homecare provider (funded by Alexion via the 
aHUS homecare initiative), and should be administered under the supervision of a 
physician experienced in the management of patients with haematological and/or 
renal disorders if administered in the hospital setting.  Early and accurate diagnosis 
and treatment of aHUS is an important element which could be supported by centre/s 
of expertise within England, as is currently the case with the adult and paediatric 
centres based in Newcastle and led by Professor Tim Goodship, MD and Dr. Sally 
Johnson, respectively. 
 
Allocative Efficiency (Section 12.5.7) 
 
The impact of eculizumab on the budget available for specialised commissioning 
ranges from £5.6 million in the first model year to £47.0 million in the fifth model year.  
These amounts are consistent with budget allocated for the treatment of other 
commissioned services to treat very rare conditions, for example lysosomal storage 
disorders.  Additionally, eculizumab for the treatment of aHUS represents good value 
for money as a result of demonstrated efficacy in several key factors, including: 
 


• The high response rate in treated patients; 
• The compelling clinical benefit which may completely alter the disease course 


of aHUS; 
• The ability to positively impact on the quantity and quality of life of aHUS 


patients, and; 
• The high tolerability of eculizumab therapy and minimal impediment to patient 


or family/carer quality of life, particularly when compared to prior supportive 
care options.  


 
The difference in the cost between eculizumab-treated and SOC-treated patients 
(i.e., incremental costs) is £10,235,887 per patient over the patient’s lifetime, 
assuming lifetime chronic eculizumab therapy.  The economic model submitted 
estimates that conditional on being alive, eculizumab reduces non-biologic direct 
medical costs by 80%.  These costs are based on eculizumab-treated patients 
spending less time in more costly health states like ESRF, transplant, and chronic 
kidney disease (CKD) stages 3a-4, and more time in CKD stages 0-2. 
 
Impact of Eculizumab Beyond Direct Health Benefits 
 
Significant Benefits beyond Health Outcomes (Section 7.1) 
 
The emotional and physical stress currently experienced by aHUS patients and their 
carers would be largely mitigated if not resolved should the NHS commission 
eculizumab for the treatment of aHUS.  In the aHUS patient and carer survey 
conducted, many family members of patients with aHUS reported particularly 
distressing experiences of caring for—and in some cases losing— children and other 
family members with aHUS, and also how multiple members of their family had been 
negatively affected by the disease over several generations. Additionally, as aHUS is 
such a debilitating disease, patients are unable to work while suffering severe TMA 
manifestations of aHUS. As a result many family members have had to give up their 
own work to care for them, crippling their family’s’ finances.   
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Proportion of Costs Incurred Outside of the NHS and PSS (Sections 14.1 - 14.4) 
 
The impact of aHUS has been quantified by estimating societal costs and out-of-
pocket expenditures for patients and carers, and estimate cost savings that might be 
possible with eculizumab.  For example, Alexion estimates total annual savings for 
government (non-NHS) and societal costs associated with aHUS by eculizumab as 
follows: 
 


• Patient lost productivity: £784,400 
• Current carer lost productivity: £1,597,729 
• Ex-carer lost productivity: £804,010 
• Patient receipt of government benefits: £904,280 
• Carer receipt of government benefits: £248,411 
• Lost tax revenues for patients: £279,246 
• Lost tax revenues for carers: £284,396 


 
Alexion also quantifies the savings that might be possible as a result of eculizumab 
therapy with respect to: (1) societal costs including, productivity loss, foregone tax 
revenue, and government benefits; (2) out-of-pocket expenditures for patients and 
carers including, transportation, housing and other costs; and, (3) other carer costs 
including informal care, average health care service use, and social opportunity cost.   
 
Long-term Benefits to NHS of Research and Innovation (Sections 14.6-14.7) 
 
In terms of innovation to the NHS specifically, the aetiology of aHUS was unknown 
15 years ago.  In 1998, the Newcastle group led by Professor Tim Goodship was the 
first to identify a mutation in the gene encoding the complement regulator factor 
H.(Warwicker et al, 1998)  Since then, a series of studies have established that 
approximately 50% to 70% of aHUS patients have either an inherited or acquired 
abnormality of complement that is associated with over-activity of the complement 
system.(Noris and Remuzzi, 2009; Noris et al, 2010; Fremeaux-Bacchi et al, 2013)  
These findings provided the logic for the recent clinical trials of eculizumab to inhibit 
complement-mediated TMA in aHUS. 
 
Establishing the routine use of eculizumab for the management of aHUS within 
England will maintain and enhance the international reputation that the UK has in the 
field of aHUS.  The proposed commissioning of eculizumab and potential 
development of a service based on centre/s of expertise for aHUS will have an 
impact on the development of disease-specific working groups, care pathways, and 
the UK Registry for Rare Kidney Diseases (RaDaR).  With NHS Kidney Care, care 
pathways are also being developed for aHUS which will become an integral part of 
the service.  Alexion is also sponsoring an international aHUS registry that will 
capture and continue to follow aHUS patients irrespective of treatment status.  The 
objectives of the aHUS registry are three-fold: (1) to better characterize the natural 
history of aHUS in patients not treated with eculizumab, (2) to better characterize 
how eculizumab will impact aHUS disease progression and the safety of eculizumab, 
and (3) to better characterize how eculizumab will contribute to the current 
understanding of the role of complement-mediated TMA in aHUS disease 
progression. 
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Impact of Eculizumab on the Delivery of a Specialised Service 
 
Staffing and Infrastructure Requirements, Including Training and Planning for 
Expertise (Sections 15.1-15.2) 
 
Eculizumab is simple to administer via intravenous (IV) infusion and is generally well-
tolerated.  It is therefore suitable for administration at appropriate centres throughout 
England and should be administered by a healthcare professional and under the 
supervision of a physician experienced in the management of patients with 
haematological and/or renal disorders.  In addition, world-renowned aHUS experts in 
the UK currently offer support and advice to renal and haematology colleagues 
across England as part of an informal referral service for the diagnosis and 
management of aHUS including a national prescription management service for 
eculizumab.  
 
Infrastructure requirements are limited to the additional resource requirements within 
centre/s of expertise which might be designated by NHS England to run a national 
aHUS service, whereby such centres would need full-time equivalent (FTE) 
resources to ensure adequate and immediate support of local centres on a constant 
basis (24 hours a day, 7 days a week).  
 
No additional staffing and infrastructure requirements will be needed in local centres 
where aHUS patients may present. 
 
Conclusion 
 
The significant morbidities and mortality associated with aHUS, despite best 
available supportive care, represents an unmet medical need for patients with this 
ultra-rare and life-threatening disorder.  As the only EMA-approved and proven 
treatment for aHUS, eculizumab fulfills this critical clinical need and dramatically 
improves the quality of life for patients and their families devastated by this disease.  
Therefore, Alexion urges NICE to recommend national commissioning for use of 
eculizumab in aHUS for patients in England in need of treatment with this novel 
biologic therapy to avoid the well-documented very poor prognosis associated with 
the disease. 
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Section A – Decision problem 
Section A describes the decision problem, the technology, on-going studies, 
regulatory information and equality issues. A (draft) summary of product 
characteristics (SPC), a (draft) assessment report produced by the regulatory 
authorities (for example, the European Public Assessment Report [EPAR] should be 
provided. 


 
1 Statement of the decision problem 
The decision problem is specified in the final scope issued by NICE. The decision 
problem states the key parameters that should be addressed by the information in 
the evidence submission. All statements should be evidence based and directly 
relevant to the decision problem. 


 
Table A1: Statement of the decision problem 
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 Final scope issued 
by NICE 


Variation from scope 
in the submission 


Rationale for variation 
from scope 


Population  Children and adults with 
atypical haemolytic 
uraemic syndrome 
(aHUS) 


No variation from final 
scoping document. 


N/A 


Intervention Eculizumab (Soliris®) No variation from final 
scoping document. 


N/A 


Comparator(s) Newly diagnosed people 
who have not received 
prior treatment: 
• plasma infusion 


and/or exchange 
Previously treated 
people with kidney 
impairment: 
• kidney dialysis  
• kidney or kidney/liver 


transplantation 


No variation in the content 
has occurred from the 
final scoping document, 
only in the way the 
information is presented; 
the available data in 
aHUS related to plasma 
infusions/exchange, 
dialysis, kidney 
transplantation and 
kidney/liver 
transplantation are all 
contained within the 
submission (mostly under 
Section 6.1).  


Current data available, and 
actual clinical practice, do 
not allow this information to 
be presented in the distinct 
groups/format described in 
the final scoping document, 
especially with regards to 
newly diagnosed patients 
who have not received prior 
treatment. 


Outcomes The outcome measures 
to be considered 
include: 
• overall survival 
• time to disease 


recurrence 
• response to treatment 
• avoidance of dialysis 
• avoidance of plasma 


therapy 
• maintenance or 


improvement of 
kidney function 


• other major non-renal 
clinical outcomes 


• eligible for/success of 
transplantation  


• development of 
antibodies and 
resistance 


Data are not available for 
some of the outcomes 
measures outlined in the 
scoping document 
including time to disease 
recurrence, and eligible 
for/success of 
transplantation.  These 
outcomes measures are 
discussed in context of 
the data available and 
addressed specifically in 
section 9.9.3.   


Current data available, and 
actual clinical practice, do 
not allow this information to 
be presented in the distinct 
groups described in the final 
scoping document, 
especially with regards to 
disease recurrence, 
avoidance of PE/PI when 
eculizumab is used as first-
line treatment, and non-renal 
clinical outcomes as they are 
not available in the limited 
data for standard of care or 
were not included as the 
primary or secondary 
endpoints in the eculizumab 
clinical trials. 


Subgroups to be 
considered 


N/A N/A N/A 


Nature of the 
condition 


• disease morbidity and 
patient clinical 
disability with current 
standard of care  


• impact of the disease 
on carers’ quality of 
life 


• extent and nature of 
current treatment 
options 


No variation from final 
scoping document. 


N/A 


Cost to the NHS 
and PSS, and 
Value for Money 


• budget impact in the 
NHS and PSS, 
including patient 
access agreements (if 


No variation from final 
scoping document. 


N/A 
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2 Description of technology under assessment  
 


2.1 Give the brand name, approved name and when appropriate, 
therapeutic class. 


Soliris® (eculizumab) 


Therapeutic class: Complement inhibitor 


Anatomical Therapeutic Chemical (ATC) Classification: 
 


applicable)  
• robustness of costing 


and budget impact 
information  


• technical efficiency 
(the incremental 
benefit of the new 
technology compared 
to current treatment)  


• productive efficiency 
(the nature and extent 
of the other resources 
needed to enable the 
new technology to be 
used) 


• allocative efficiency 
(the impact of the new 
technology on the 
budget available for 
specialised 
commissioning) 


Impact of the 
technology 
beyond direct 
health benefits, 
and on the 
delivery of the 
specialised 
service 


• whether there are 
significant benefits 
other than health  


• whether a substantial 
proportion of the costs 
(savings) or benefits 
are incurred outside 
of the NHS and 
personal and social 
services 


• the potential for long-
term benefits to the 
NHS of research and 
innovation 


• staffing and 
infrastructure 
requirements, 
including training and 
planning for expertise. 


No variation from final 
scoping document. 


N/A 


Special 
considerations, 
including issues 
related to 
equality 


N/A N/A N/A 
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L04AA25 
L  Antineoplastic and immunomodulating agent  
L04   Immunosupressants 
L04A  Immunosupressants 
L04AA  Selective immunosuppressants  
L04AA25  Eculizumab 
 


2.2 What is the principal mechanism of action of the technology? 


Eculizumab is a first-in-class human monoclonal antibody that selectively and 
potently arrests terminal complement activation.  In aHUS, impairment of the 
regulation of complement activity leads to uncontrolled terminal complement 
activation, resulting in chronic platelet activation, endothelial cell damage and 
thrombotic microangiopathy (TMA).  In aHUS patients, uncontrolled terminal 
complement activation and the resulting complement mediated TMA are blocked with 
eculizumab treatment. 
 
Eculizumab is a terminal complement inhibitor that specifically binds to the terminal 
complement protein C5 with high affinity, thereby inhibiting its cleavage to pro 
inflammatory and pro thrombotic C5a and C5b molecules and preventing the 
generation of the lytic terminal complement complex C5b-9.  By targeting the terminal 
C5 protein, eculizumab preserves the early components of complement activation 
that are essential for opsonisation of microorganisms and clearance of immune 
complexes. 
 
On September 23, 2011, the United States Food and Drug Association (FDA) 
approved eculizumab for the treatment of children and adults with aHUS to inhibit 
complement-mediated TMA. Approval by the European Medicines Agency (EMA) 
was obtained shortly thereafter on November 24, 2011, stating “Soliris (eculizumab) 
is indicated for the treatment of patients with atypical haemolytic  uraemic syndrome 
(aHUS)”.(SmPC, 2013)  In recognition of the chronic nature of aHUS and the on-
going substantial risk of mortality and significant morbidities, the Soliris Summary of 
Product Characteristics (SmPC) states that eculizumab treatment is recommended to 
continue for the patient’s lifetime. 
 


2.3 Please complete the table below. 


Table A2: Dosing information of technology being evaluated 
Pharmaceutical formulation 30 mg/mL concentrate (300 mg per 10 mL 


vial); Clear, colourless, pH 7.0 


Method of administration IV infusion at final concentration of 5 mg/mL 
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Doses The aHUS dosing regimen for adult patients 
(≥18 years of age) consists of a 4 week initial 
phase followed by a maintenance phase: 


• Initial phase: 900 mg of Soliris 
administered via a 25 – 45 minute 
intravenous infusion every week for the 
first 4 weeks. 


• Maintenance phase: 1,200 mg of Soliris 
administered via a 25 – 45 minute 
intravenous infusion for the fifth week, 
followed by 1,200 mg of Soliris 
administered via a 25 – 45 minute 
intravenous infusion every 14 ± 2 days 
(see section 5.1) 


Paediatric PNH and aHUS patients with body 
weight ≥ 40kg are treated with the adult 
dosing recommendations, respectively.  


In paediatric PNH and aHUS patients with 
body weight below 40  kg, dose is adjusted 
according to body weight (See dosing table 
below) 


Dosing frequency • Initial phase: every week for the first 4 
weeks. 


• Maintenance phase: infusion for the fifth 
week, followed by infusion every 14 ± 2  


Average length of a course of treatment Eculizumab for aHUS is recommended by the 
EMA to continue for the patient’s lifetime 


Anticipated average interval between 
courses of treatments 


N/A 


Anticipated number of repeat courses of 
treatments 


N/A 


Dose adjustments See dosing table below for paediatric weight-
based dose. 


Supplemental dosing is required  


 
Table A3: EMA-approved dosing recommendations for aHUS 


Body Weight Induction Dosing Maintenance Dosing 
For Patients Less Than 18 Years of Age 


40 kg and over 900 mg weekly x 4 doses 
1200 mg at week 5; 


then 1200 mg every 2 weeks 


30 kg to less than 40 kg 600 mg weekly x 2 doses 
900 mg at week 3; 


then 900 mg every 2 weeks 


20 kg to less than 30 kg 600 mg weekly x 2 doses 
600 mg at week 3; 


then 600 mg every 2 weeks 


10 kg to less than 20 kg 600 mg weekly x 1 dose 
300 mg at week 2; 


then 300 mg every 2 weeks 


5 kg to less than 10 kg 300 mg weekly x 1 dose 
300 mg at week 2; 


then 300 mg every 3 weeks 
For Patients 18 Years of Age and Older 
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Body Weight Induction Dosing Maintenance Dosing 


All body weights 900 mg weekly x 4 doses 1200 mg at week 5; then 1200 mg 
every 2 weeks 


 
3 Regulatory information  
 


3.1 Does the technology have a UK marketing authorisation for the 
indication detailed in the submission? If so, give the date on which 
authorisation was received. If not, state the currently regulatory 
status, with relevant dates (for example, date of application and/or 
expected approval dates). 


Approval from the EMA for use of eculizumab in aHUS was granted on November 
24, 2011. 
 


3.2 If the technology has not been launched, please supply the 
anticipated date of availability in the UK. 


Not applicable as eculizumab for aHUS is already in use in the UK. 
 


3.3 Does the technology have regulatory approval outside the UK? If 
so, please provide details. 


Yes. In addition to approval by the EMA on November 24, 2011, regulatory approval 
has been granted for use of eculizumab for aHUS in the countries listed below.  The 
date of regulatory approval in each country is also listed. 
 


• United States (September 23, 2011) 
• Israel (December 29, 2011) 
• Switzerland (May 25, 2012) 
• Australia (November 22, 2012) 
• Canada (March 1, 2013) 
• Colombia (June 17, 2013) 


 
3.4 If the technology has been launched in the UK provide information 


on the use in England. 


Eculizumab for the treatment of aHUS was launched in the UK at the time of the 
marketing authorization approval in November 2011.  The Advisory Group for 
National Specialised Services (AGNSS) received a full submission in January 2012 
and completed a full evaluation of eculizumab for the treatment of aHUS which was 
announced in January 2013.  The AGNSS evaluation concluded that eculizumab 
should be routinely commissioned by the NHS; however, a Ministerial decision was 
made to pass eculizumab to NICE for additional evaluation at the same time.  Since 
the launch of eculizumab for aHUS in November 2011, eculizumab use has been 
restricted to individual patient funding via the primary care trust (PCT) individual 
funding request (IFR) process up until April 2013.  In April 2013, NHS England 
became the responsible authority under the terms of the new Health and Social Care 
Act to review IFRs for use of eculizumab in aHUS patients in England.   
 
NHS England reviewed its position regarding the funding of eculizumab over a period 
of three months before the Clinical Priorities Advisory Group (CPAG) provided a 
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recommendation, similar to that already proposed by AGNSS, to the Directly 
Commissioned Services Group that eculizumab should be routinely funded for: 
 


• New patients with atypical haemolytic uraemic syndrome (defined to include 
those with a functioning kidney); and  


• Existing patients who are on dialysis and are suitable for a kidney transplant. 
 
A commissioning for evaluation scheme will be developed for patients who are not 
suitable for transplant. 
 
The policy of NHS England entitled “Clinical Commissioning Policy Statement: 
Eculizumab for atypical haemolytic uraemic syndrome” was published on 11th 
September 2013. 
 
Given that the policy is extremely recent, the impact on uptake of eculizumab within 
NHS England has yet to be fully seen. 
 
The Budget Impact Model provided with this submission provides projected data on 
anticipated uptake within England and contains a projection for year end 2013 
whereby 44 aHUS patients will have received treatment with eculizumab since 
November 2011. 
 
4 Ongoing studies 
 


4.1 Provide details of all completed and on-going studies on the 
technology from which additional evidence relevant to the decision 
problem is likely to be available in the next 12 months. 


Overview of Eculizumab aHUS Clinical Studies 
 
Alexion conducted two controlled, prospective, open-label, Phase II, multi-centre 
clinical trials (C08-003A/B and C08-002A/B) to demonstrate the safety and efficacy of 
eculizumab in 37 patients with aHUS.(Legendre et al, 2010; Muus P et al, 2010; Licht 
et al, 2011; Greenbaum et al, 2011; Alexion, 2012; Legendre et al, 2013)  These 
studies were the only controlled and prospective studies to be undertaken for any 
treatment approach in aHUS.  These trials were designed collaboratively with aHUS 
experts in the field and were based on the extremely rare prevalence of aHUS, the 
challenge of recruiting patients with this ultra-rare disease, and the prior publication 
of several case reports strongly indicating a therapeutic benefit of eculizumab in a 
small number of aHUS patients.  Both trials were conducted in adult and adolescent 
(≥12 years old) patients who had a diagnosis of aHUS, with or without identifiable 
genetic complement regulatory factor mutations or auto-antibodies to Factor H.  
Observational long-term follow-up data collection is on-going (C11-003).  A 
retrospective study was also conducted to analyse data for both adults and children 
with aHUS who were treated with eculizumab outside these prospective trials. 
 
In the two prospective aHUS eculizumab registration clinical trials and in the 
retrospective trial, eculizumab has shown considerable benefits in patients with 
aHUS.  Interim data analysis in additional prospectively treated adult and paediatric 
aHUS patients demonstrates consistent efficacy and safety (C10-003 and C10-004); 
final data are not yet available for inclusion within this submission.   
 
The eculizumab clinical trails have consistently shown that eculizumab causes 
significant gain of health for treated patients and has been demonstrated to: 
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• Inhibit complement activation in all treated patients; 
• Inhibit complement-mediated TMA; 
• Significantly improve renal function (including removal of dialysis); 
• Prevent disease progression (including avoidance of dialysis); 
• Eliminate need for burdensome PE/PI; 
• Improve systemic organ function (including brain, gastrointestinal tract as 


described in the case reports below); 
• Significantly improve Health-Related Quality of Life (HRQL); and 
• Be well-tolerated (including experience in PNH patients for almost 10 years). 


A multi-national registry has also been initiated to assess the long term 
manifestations of TMA complications and other clinical outcomes in aHUS patients, 
including eculizumab-treated or untreated patients.  This aHUS Registry is active in 
the UK and has begun to recruit patients and will provide long-term follow-up data.  
All patients enrolled thus far in eculizumab clinical trials are eligible to enrol in a long-
term, observational follow-up study (C11-003), after which time they will also be 
eligible to enter the aHUS registry. 
 
Table A4 summarises the aHUS open-label studies performed to date and on-going 
studies. Studies are discussed in detail in Section C9. 
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Table A4: Summary of Eculizumab in aHUS Clinical Studies 


Type of 
Study 


Study 
Identifier 


Study 
Objective 


Study 
Design 


and Type 
of Control 


Dosage Regimen, 
Route of 


Administration 


Number 
of 


Treated 
Patients 


Diagnosis Duration of 
Treatment 


Study Status Type of 
Report 


Phase 2 C08-
002A/B 


Assess the 
safety and 
efficacy of 
eculizumab in 
patients with 
short-duration 
aHUS 


Open-label, 
single arm 


Eculizumab: 900 mg 
IV once weekly 
(Weeks 1-4); 
followed by 1200 mg 
IV once every 2 
weeks (week 5 and 
after) 


17 aHUS 26 weeks; patients 
allowed to 
continue in long-
term extension 
until product 
registered and 
available 


Enrolment and primary 
endpoint complete; Clinical 
Study report complete; 
extension trial on-going; 
published report Legendre 
2013 


Phase 2 C08-
003A/B 


Assess the 
safety and 
efficacy of 
eculizumab in 
patients with  a 
long duration of 
aHUS and 
chronic renal 
impairment  


Open-label, 
single arm 


Eculizumab: 900 mg 
IV once weekly 
(Weeks 1-4); 
followed by 1200 mg 
IV once every 2 
weeks (week 5 and 
after) 


20 aHUS 26 weeks; patients 
allowed to 
continue in long-
term extension 
until product 
registered and 
available 


Enrolment and primary 
endpoint complete; Clinical 
Study report complete; 
extension trial on-going; 
published report Legendre 
2013 


Retrosp
ective 


C09-001r Assess the 
efficacy and 
safety of 
eculizumab in 
aHUS patients 
treated outside 
of an Alexion-
sponsored 
clinical trial 


Retrospecti
ve, 
observation
al, non-
intervention
al 


Eculizumab; 
Variable dosing 
schedule 


30 aHUS Variable Study complete; Clinical 
Study Report Complete 
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Type of 
Study 


Study 
Identifier 


Study 
Objective 


Study 
Design 


and Type 
of Control 


Dosage Regimen, 
Route of 


Administration 


Number 
of 


Treated 
Patients 


Diagnosis Duration of 
Treatment 


Study Status Type of 
Report 


Phase 2 C10-003 Assess safety 
and efficacy of 
eculizumab in 
paediatric 
aHUS patients 


Open-label, 
single arm 


Eculizumab; Multiple 
weight-based dosing 
regimens. 


22 aHUS 26 weeks; patients 
allowed to 
continue in 
extension until 
product registered 
and available 


Enrolment and primary 
endpoint complete; interim 
report complete; extension 
trial on-going 


Phase 2 C10-004 Assess safety 
and efficacy of 
eculizumab in 
adult aHUS 
patients 


Open-label, 
single arm 


Eculizumab: 900 mg 
IV once weekly 
(Weeks 1-4); 
followed by 1200 mg 
IV once every 2 
weeks (week 5 and 
after) 


41 aHUS 26 weeks; patients 
allowed to 
continue in 
extension until 
product registered 
and available 


Enrolment and primary 
endpoint complete; interim 
report complete; extension 
trial on-going 


Observa
tional 


C11-003 Assess long 
term safety and 
efficacy in 
aHUS patients 
who previously 
participated in 
clinical 
studies (C08-
0032A/B, C08-
002A/B) 


Observatio
nal 


Eculizumab: 900 mg 
IV once weekly 
(Weeks 1-4); 
followed by 1200 mg 
IV once every 2 
weeks (week 5 and 
after) 


Data not 
yet 


available 


aHUS On-going On-going 


Registry M11-001 Observational, 
non-
interventional, 
multi-centre, 
multi-national 
study of 
patients with 
aHUS 


Observatio
nal 


Adolescent and 
Adults same as 
above; Paediatric 
dosing in weight 
band; Patients not 
treated with 
eculizumab 


Data not 
yet 


available 


aHUS On-going; no 
analysis available 


On-going; baseline abstract 
submitted 
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4.2 If the technology is, or is planned to be, subject to any other form of 
assessment in the UK, please give details of the assessment, 
organisation and expected timescale. 


It is anticipated that the All Wales Medicines Strategy Group (AWMSG) will require a 
submission for eculizumab in aHUS despite NICE evaluation and guidance.  The 
timing for this submission is not yet clear; however, we would expect an outcome in a 
timeframe similar to the NICE outcome. 
 
The Scottish Medicines Consortium (SMC) also has requested a submission be 
made following grant of Marketing Authorisation. 
 
5 Equality  
 
NICE is committed to promoting equality of opportunity and eliminating unlawful 
discrimination on the grounds of age, disability, gender reassignment, race, religion 
or belief, sex, and sexual orientation, and to comply fully with legal obligations on 
equality and human rights.  


Equality issues require special attention because of NICE’s duties to have due regard 
to the need to eliminate unlawful discrimination, promote equality and foster good 
relations between people with a characteristic protected by the equalities legislation 
and others.  


Any issues relating to equality that are relevant to the technology under evaluation 
should be described.  


Further details on equality may be found on the NICE website 
(http://www.nice.org.uk/aboutnice/howwework/niceequalityscheme.jsp). 


5.1 Please let us know if you think that this evaluation: 


• could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which [the treatment(s)] 
is/are/will be licensed; 


• could lead to recommendations that have a different impact on people 
protected by the equality legislation than on the wider population, e.g. by 
making it more difficult in practice for a specific group to access the 
technology; 


• could lead to recommendations that have any adverse impact on people with 
a particular disability or disabilities 


Nothing in this submission would have an impact on equality issues. 


5.2 How will the submission address these issues and any equality 
issues raised in the scope? 


N/A because the submission will not have an impact on equality issues. 



http://www.nice.org.uk/aboutnice/howwework/niceequalityscheme.jsp
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Section B – Nature of the condition 
6 Disease morbidity 
 


6.1 Provide a brief overview of the disease or condition for which the 
technology is being considered in the scope issued by NICE. 
Include details of the underlying course of the disease, the disease 
morbidity and mortality, and the specific patients’ need the 
technology addresses. 


Overview of atypical Haemolytic Uraemic Syndrome (aHUS)  
 
Atypical Haemolytic Uraemic Syndrome (aHUS) is a devastating, progressive, life-
threatening, and ultra-rare disease caused by chronic uncontrolled complement 
activation.  The disease affects both children and adults and has a very poor 
prognosis, demonstrated by the fact that 33% to 40% of aHUS patients die or 
progress to end-stage renal failure (ESRF) requiring dialysis with the first clinical 
manifestation.(Caprioli et al, 2006; Noris et al, 2010)  The chronic nature of aHUS 
results in progressive, on-going morbidity as 65% of all patients die, require dialysis, 
or have permanent renal damage within the first year of diagnosis while on plasma 
exchange or plasma infusion (PE/PI) or dialysis and a progressive increased 
mortality rate thereafter.  Long-term data have shown a mortality rate of 32% at 4.4 
years median follow-up.(Hovinga et al, 2010)  The significant morbidity and mortality 
associated with aHUS represents an unmet medical need for patients with an ultra-
rare and life-threatening disorder. 
 
The complement system normally functions to defend against infections and is tightly 
regulated in order to limit excessive inflammation and organ damage.(Zipfel and 
Skerka, 2009)  Patients with aHUS have one or more genetic mutations (although the 
mutation(s) are frequently not identifiable), causing deficiency in complement 
inhibitors or regulators.  Chronic uncontrolled complement activation causes on-going 
platelet, endothelial, and white blood cell activation, leading to inflammation and 
thromboses (blood clots) in small blood vessels throughout the body, a process 
known as systemic thrombotic microangiopathy or systemic thrombotic 
microangiopathy (TMA).(Noris and Remuzzi, 2009; Karpman et al, 2006; Stahl et al, 
2008; Stahl et al, 2011)  Due to this on-going systemic TMA, aHUS patients are at 
constant risk of sudden and progressive damage and failure of multiple vital organs 
including the kidneys, brain, heart, lungs and organs of the gastrointestinal system, 
any and all of the failure of which can ultimately lead to severe morbidity and 
premature death.(Noris et al, 2010; Sellier-Leclerc et al, 2007; Neuhaus et al, 1997; 
Noris and Remuzzi, 2009)  In studies that closely reviewed patient medical histories, 
TMA has been shown to result in a wide spectrum of extra renal complications, with 
reports of up to 53% of patients with neurological complications, 48% with cerebral 
convulsions, 43% with cardiomyopathy, 71% with hypertension, 12% with heart 
failure and 25% with clinical evidence of pancreatitis or diabetes.(Neuhaus et al, 
1997; Vesely et al, 2003; Constantinescu et al, 2004)  Of course, this does not take 
into account the total number of patients affected by any complication or with multiple 
complications. 
 
Historical management of aHUS has been limited to supportive care including 
plasma exchange/ plasma infusion (PE/PI), chronic dialysis, or kidney 
transplantation, none of which positively impact the mortality of morbidity of aHUS or 
target chronic uncontrolled complement activation.  These supportive care options for 
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aHUS patients are clinically inadequate, life-disrupting, and also pose significant 
safety risks for patients, with particular safety issues arising in children.(Michon et al, 
2007; George et al, 2008; Noris and Remuzzi, 2009) 
 
Dialysis does not address the underlying complement activation or systemic organ 
damage observed in aHUS patients, including those who are receiving dialysis; 
evidence of on-going TMA is observed in aHUS patients receiving dialysis.(Donne et 
al, 2002; Larakeb et al, 2007; Davin et al, 2010)  Prior to eculizumab, few aHUS 
patients were offered the opportunity of kidney transplantation due to the extremely 
high rate of early graft loss, meaning they were effectively confined to long-term 
dialysis and its associated high mortality and morbidity. Following kidney 
transplantation, the on-going nature of the life-long uncontrolled chronic complement 
activation in aHUS causes graft loss in 66% of children and 55% in adults, as well as 
continued inflammatory and TMA insult to other organs.(Loirat et al, 2008; Noris et al, 
2010) 
 
Eculizumab directly and potently blocks activation of the terminal stage of the 
complement system, thereby inhibiting chronic uncontrolled complement activity, 
inflammation, and resulting systemic TMA, effectively reducing the underlying TMA 
process in aHUS patients, and allowing for clinically significant reversal or prevention 
of further kidney damage.  As a result, some aHUS patients are able to discontinue 
dialysis and the majority of others treated early are able to avoid dialysis, kidney 
transplantation, and exposure to PE/PI. Eculizumab also prevents progression of 
other organ damage in aHUS patients and dramatically improves patients’ quality of 
life.(Legendre et al, 2010; Muus P et al, 2010; Licht et al, 2011; Greenbaum et al, 
2011)  The clinical benefits of eculizumab treatment reduce the public burden of 
disease, highlighting the value to society, as demonstrated further throughout the 
document. 
 
Consequences of Chronic Uncontrolled Complement Activation in aHUS 
 
The chronic uncontrolled complement activation present in all patients with aHUS 
directly leads to on-going systemic endothelial damage, platelet and leukocyte 
activation, micro-vascular damage, and ischemia in multiple organs.  The 
consequences include sudden and progressive renal impairment and eventual ESRF 
as well as severe neurological, cardiovascular, and gastrointestinal 
complications.(Noris and Remuzzi, 2009; Noris et al, 2010)  Overall, these 
manifestations can lead to a markedly shortened life-span for aHUS patients as well 
as a markedly impaired quality of life. 
 
Although aHUS patients may not overtly exhibit clinical symptoms at all times, 
continuous and on-going damage to small vessels throughout the body due to the 
unremitting uncontrolled complement activation leads to chronic platelet and 
endothelial activation, which causes aHUS patients to be at constant risk of 
developing the more obvious and threatening clinical complications of the 
disease.(Holers, 2008; Noris and Remuzzi, 2009; Zipfel and Skerka, 2009)  The 
more severe complications of aHUS often present with a suddenness that belies the 
underlying chronicity of the disease. 
 
Renal Complications: Renal Damage and End-Stage Renal Failure (ESRF) 
 
In a large cohort of aHUS patients, 32% were shown to progress to ESRF requiring 
dialysis within the first year of diagnosis.(Noris et al, 2010; Caprioli et al, 2006)  
Within three years of clinical manifestation, 65% of aHUS patients experienced 
permanent renal impairment or ESRF.(Noris et al, 2010; Caprioli et al, 2006)  aHUS 
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patients who reach ESRF are consigned to life-long dialysis, which is associated with 
significant morbidity and mortality, since renal transplantation is rarely performed in 
these patients due to a 60% failure rate within one year, stemming from continuation 
of the underlying disease process.(Noris et al, 2010)  Furthermore, in aHUS patients, 
dialysis does not reduce, and in fact has no impact on complement activation and its 
clinical sequelae.(Donne et al, 2002; Larakeb et al, 2007; Davin et al, 2010)  
 
The risk of on-going complement-mediated TMA in patients with aHUS undergoing 
dialysis is in addition to the generally poor survival rates observed in dialysis patients.  
The overall five-year survival rate for dialysis patients (both those with aHUS and 
with other diseases) in 2004 in the United States and Europe was only 35% to 39%, 
illustrating the poor long-term outcomes associated with dialysis.(Collins et al, 2010)  
 
Non-Renal End-Organ Complications 
 
Chronic, uncontrolled complement activation leads to thrombotic events in the 
microvasculature throughout the body.(Benz and Amann, 2010)  While renal 
impairment and ESRF are most commonly recognised as severe complications in 
aHUS patients, significant non-renal morbidity also occurs, affecting other vital 
organs, including the brain, heart, lungs, and gastrointestinal organs.(Hosler et al, 
2003; Noris et al, 2010)   
 
Specifically, in the retrospective eculizumab study C09-001r (described in detail 
below), 63% of patients had evidence of extra-renal organ involvement.(Langman, 
2012; Alexion, 2012)  While 100% of patients with aHUS have evidence of 
microvascular thrombosis as indicated by TMA, the highly pro-thrombotic nature of 
aHUS was further underscored by 37% of patients (11/30) experiencing extra-renal 
large vessel thromboses in addition to the renal impairment.  Major large vessel 
thromboses noted in this study included stroke, transient ischaemic attack, 
myocardial infarction, splenic vein occlusion, pulmonary embolism, and deep vein 
thrombosis. 
 
Neurological Complications 
 
Neurologic complications have been reported in the literature in up to 48% of aHUS 
patients.(Neuhaus et al, 1997; Hosler et al, 2003)  Complications reported include 
cerebral convulsion, cerebral infarction, stroke, confusion, impaired consciousness, 
and seizure, as well as fluctuating focal signs, such as motor deficits, diplopia, or 
aphasia.(Neuhaus et al, 1997; Hosler et al, 2003; Constantinescu et al, 2004; Noris 
et al, 2010) 
 
Cardiac Complications 
 
Cardiac complications in up to 43% of aHUS patients have been reported in the 
literature.  These include cardiomyopathy, myocarditis, myocardial infarction, severe 
hypertension, and diffuse atherosclerosis.(Neuhaus et al, 1997; Sallee et al, 2010; 
Kose et al, 2010; Davin et al, 2010; Noris et al, 2010) 
 
Gastrointestinal Complications 
 
aHUS patients have also been reported in the literature to demonstrate signs or 
pathological evidence of pancreatitis, adrenal involvement, gastroenteritis, pancolitis, 
ischaemic colitis, hepatitis, and/or hepatic impairment.(Neuhaus et al, 1997; Noris et 
al, 2005; Davin et al, 2010)  Diarrhoea is a presenting symptom in 30% of aHUS 
patients.(Zuber et al, 2011) 
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Impaired Quality of Life 
 
aHUS patients suffer from multiple morbidities due to lifelong uncontrolled 
complement activation.  These morbidities lead to an impaired quality of life as a 
result of the following symptoms: 
 


• Central Nervous System (CNS) symptoms including as confusion, seizures, 
motor weakness, and focal signs;(Neuhaus et al, 1997; Vesely et al, 2003; 
Noris et al, 2010) 


• Gastrointestinal (GI) symptoms including nausea, vomiting, diarrhoea, and 
pain;(Neuhaus et al, 1997) 


• Cardiac symptoms including chest pain, dyspnoea;(Neuhaus et al, 1997; 
Constantinescu et al, 2004) 


• Pulmonary symptoms including dyspnoea;(Loirat et al, 2010) and 
• Impaired activities of daily living and quality of life.(Legendre et al, 2010; 


Muus P et al, 2010; Greenbaum et al, 2011; Licht et al, 2011) 
 
aHUS patients are further burdened with cumbersome supportive care measures 
such as PE/PI and dialysis.  Overall, patients on dialysis can expect shorter life 
expectancy and poor quality of life.(United States Renal Data System, 2011; 
European Renal Association, 2011)  
 


6.2 Please provide the number of patients in England who will be 
covered by this particular therapeutic indication in the marketing 
authorisation each year, and provide the source of data. 


As expected with an ultra-rare disease, data on the prevalence of aHUS are 
extremely limited.  An estimate of the prevalence of aHUS in England is 5.5 persons 
per million, which is based on the prevalence of aHUS reported in NHS North East, 
specifically in the Newcastle area as reported by Professor Tim Goodship in a 
previous submission to the Advisory Group for National Specialised Services 
(AGNSS) in 2012.  Additionally, no published data exist on the breakdown of adult 
vs. paediatric prevalence of aHUS.  Based on our current market knowledge, and the 
wide age spread of patients with aHUS observed in the eculizumab clinical trials, we 
assume the probability of an aHUS clinical manifestation is equally likely to occur in 
children and adults.   
 
Our base case incidence estimate for persons with aHUS is 0.6 persons per million, 
which is an assumption based on data received from the paediatric and adult renal 
units in the UK for prevalent and incident patients in 2009 to 2010 (data provided by 
Professor Tim Goodship, 2012), and projected to reflect recent data from English 
aHUS cases newly diagnosed in 2013.  According to aHUS clinical experts in the UK, 
there is still some uncertainty that all cases of aHUS have been identified and 
diagnosed within England. 
 


6.3 Please provide information about the life expectancy of people with 
the disease in England and provide the source of data. 


Data specific to the life expectancy of people with aHUS in England do not exist.  
However, information is available about the life expectancy, and likelihood of 
progression to ESRF, of people with aHUS from international cohorts.   
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Prior to the availability of eculizumab, the evidence from multicentre international 
HUS/TTP registry (including 73% from European countries), indicates that aHUS 
patients lose kidney function and progress to ESRF at high rates.  Specifically, aHUS 
is a progressive and life-threatening disease with 33% to 40% of patients, the 
majority of whom received plasma exchange/infusion, reaching ESRF or death 
following the diagnosis of aHUS.(Caprioli et al, 2006; Noris et al, 2010)   
 
Caprioli et al (2006) reported approximately 33% of patients reach ESRF or die 
following the first clinical presentation of TMA, and Noris et al (CJASN 2010) reported 
approximately 56% of patients reach ESRF or die at 3 years. (Caprioli et al, 2006; 
Noris et al, 2010)  Fremeaux-Bacchi et al (2013) report 56% of adults and 29% of 
children require renal replacement or die within 1 year of follow-up.(Fremeaux-Bacchi 
et al, 2013)  They report the Kaplan-Meier estimate of 5-year survival without ESRF 
was 64% in children compared with 36% in adults.  Additionally, the survival of all 
patients who progress to ESRF and require dialysis is very poor.    As reported in the 
UK Renal Registry 15th Annual Report (2012) Chapter 5 entitled “Survival and 
Causes of Death of UK Adult Patients on Renal Replacement Therapy in 2011”, one-
year age-adjusted survival for prevalent dialysis patients in the UK is 
89.8%.(Steenkamp et al, 2012)    
 
7 Impact of the disease on quality of life 
 


7.1 Describe the impact of the condition on the quality of life of 
patients, their families and carers. This should include any 
information on the impact of the condition on physical health, 
emotional wellbeing and everyday life (including ability to work, 
schooling, relationships and social functioning). 


Drivers of Quality of Life (QoL) Impairment in aHUS 
 
Disease morbidity 
 
As described in Section 6, patients with aHUS suffer multiple morbidities that have a 
detrimental effect on their lives, and on the lives of those who love and care for them.  
The primary manifestation of the disease is on patient kidney function, such that up 
to 65% of all patients have been shown to die, require dialysis or have permanent 
renal damage within the first year of the diagnosis.(Caprioli et al, 2006) 
 
Even in the absence of the other morbidities inflicted by aHUS, kidney disease is 
known to have a significant negative impact on patient quality of life.(Soni et al, 2010) 
This impact is associated with worsening kidney functioning.  A Swedish study of 
chronic kidney disease (CKD) patients which assessed quality of life using the Short 
Form-36 (SF-36) questionnaire, found that all instrument domains deteriorated with 
CKD stage, with the lowest scores in CKD 5 (Figure B1).  Role physical and General 
Health domains were particularly affected in CKD patients.(Pagels et al, 2012) 
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Figure B1: SF-36 Domains and Summary Scores in Different Stages of Chronic 
Kidney Disease 


 
PF = Physical functioning, RP = Role physical, BP = Bodily pain, GH = General health, VT = Vitality, SF 
= Social functioning, RE = Role emotional, MH = Mental health, PCS = Physical summary scores, MCS 
= Mental summary scores. 
Source: Pagels et al. 2012. 
 
While kidney damage is the most recognised form of organ injury caused by aHUS, 
the disease causes multiple morbidities due to uncontrolled complement activation. 
These morbidities also lead to an impaired quality of life including the following 
symptoms: 
 


• Central Nervous System (CNS) symptoms including confusion, seizures, 
motor weakness, and focal signs;(Neuhaus et al, 1997; Vesely et al, 2003; 
Noris et al, 2010)  


• Gastrointestinal (GI) symptoms including nausea, vomiting, diarrhoea and 
pain;(Neuhaus et al, 1997),  


• Cardiac symptoms including chest pain, dyspnoea;(Neuhaus et al, 1997; 
Constantinescu et al, 2004).  


• Pulmonary symptoms including dyspnoea;(Loirat et al, 2010)  
 
These symptoms are recognised to be associated with significant impact on patient 
quality of life and impairment in daily activities.(Legendre et al, 2010; Muus P et al, 
2010; Greenbaum et al, 2011; Licht et al, 2011; Legendre et al, 2013)  Whilst there is 
no aHUS specific data on the quality of life impairment associated with these 
morbidities, they have been shown to have a negative effect on quality of life among 
patients in other diseases. 
 
Gastrointestinal symptoms significantly lower quality of life, with a linear relationship 
between the severity of the symptoms and the magnitude of the quality of life 
impairment.(Bovenschen et al, 2004) Cardiovascular disease has well recognised 
effects on quality of life.  For example, the incidence of angina is predictive of a 
significantly worse emotional, physical, and social quality of life and a higher level of 
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depression.(Gravely-Witte et al, 2007) Dyspnea is strongly associated with impaired 
quality of life in conditions such as coronary artery disease and systemic sclerosis 
and affects patient sleep, appetite, communication and mood.(Khanna et al, 2005; 
Mohangoo et al, 2005; Arnold et al, 2009) 
 
Standard of Care Treatment Impact on QoL 
 
In addition to the quality of life impairment associated with the grievous symptoms of 
the disease, aHUS patients’ lives are also impacted significantly by the misery 
related to ineffective supportive care measures, and specifically, PE/PI and dialysis. 
 
Feedback from interviews with UK aHUS experts suggests that one of the major 
drivers of low quality of life in patients with aHUS is the requirement for frequent 
sessions of PE/PI.  Patients may receive PE/PI as frequently as daily, and each 
session can last up to three hours.  Patients are usually unable to perform normal 
daily activities after treatment.(Macmillan Cancer Support, 2013) 
 
The side effects associated with PE/PI are described in Section 6 of this submission.  
Even in the absence of side effects, PE is physically gruelling and patients 
experience numbness, faintness, and post treatment.(Macmillan Cancer Support, 
2013)  As well as the physical burden, patients can also experience psychological 
trauma.  A UK aHUS expert interviewed as part of this submission described a 
teenage aHUS patient who had previously been undergoing PE before receiving 
eculizumab.  The expert said the patients biggest fear about his disease relapsing 
was the resumption of PE, about which he had extremely negative memories. 
 
In interviews, UK aHUS experts thought that the large improvement in quality of life 
seen in the eculizumab trials could partly be explained by the removal of the need for 
patients to undergo plasma exchange.(Muus et al, 2011) 
 
In the absence of treatment with eculizumab, many patients with aHUS will ultimately 
suffer from ESRF and require dialysis.  Haemodialysis treatment requires patients to 
undergo three sessions per week, each lasting four hours.  Both the process of 
receiving dialysis and the physical impact have negative implications for patient 
quality of life, not least the constrained potential for work or study due to the time 
requirements of dialysis.  A meta-analysis of utility based quality of life measures in 
CKD found that dialysis patients had lower quality of life vs. pre-dialysis patients and 
patients who had received transplants.(Wyld et al, 2012) 
 
In aHUS, dialysis can be expected to have a greater negative impact on patients’ 
quality of life because the patient population is considerably younger than a normal 
dialysis population and they are less likely to have the co-morbidities that constrain 
activities a non-aHUS population.  Accordingly, the restrictions imposed by dialysis 
are likely to be more burdensome in an aHUS population.  This has been observed in 
the non aHUS literature, where significantly lower quality of life scores have been 
observed in patients receiving dialysis who are under the age of 65 versus older 
patients.(Avramovic and Stefanovic, 2012)  
 
Both PE/PI and dialysis result in a substantial burden on informal carers and families 
of aHUS patients, particularly parents of children with aHUS. This burden is 
described in more detail in the following section. 
 
UK aHUS Patient Survey 
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Results from the systematic literature review identified no observational studies 
reporting quality of life data in aHUS cohorts not treated with eculizumab.  Therefore, 
in order to better understand the impact of aHUS on patients and their families, 
Alexion sponsored a survey of UK aHUS patients facilitated by the UK aHUS 
Patients and Families Support Group (aHUSUK).  Members of the UK aHUS patient 
association were invited to complete an online questionnaire between August 7th and 
21st, 2013.  The survey contained questions concerning the impact of aHUS on the 
lives of patients and carers. 
 
The surveys were completed by the patients themselves, except where the patient 
was a child, in which case responses were completed on their behalf by a parent or 
carer.  In addition, some questions concerned the impact of aHUS on informal 
carers/caregivers which were to be answered by the primary carer, or, if not 
available, on their behalf by the patient.  Respondents and their carers were asked to 
score how much aHUS impacted their daily activities including school or work, non-
work, and leisure activities. 
 
Please note: respondents to the questionnaire did not have to answer every question 
if they did not wish.  Therefore, the sample size varies between items.  Sometimes 
patients answered one question in a certain domain, but not another, and therefore 
for some domains (such as support from carers), the denominators for statistics 
might vary. 
 
Thirty-seven patients with aHUS completed the survey.  Sixty-two percent of 
respondents were female (n=23) and 34% were under the age of 18 (n=12). The 
average age of patients was 29 years (n=37).  Most respondents (n=14) had been 
diagnosed within two to five years and had last attended hospital for aHUS treatment 
within the month prior to responding to the survey (n=18).  Of those respondents 
aware of their kidney disease staging (n=18), 50% were in an advanced stage/ESRF 
(n=9). 
 
It is important to note that nearly half of the patients in the sample (17/37) were 
already receiving eculizumab, and therefore the quality of life reported is not 
reflective of a population only receiving standard of care treatment. 
 
Patient QoL impact 
 
Patients were asked to score the extent that aHUS impacts their day-to-day activities 
on a scale of 0 (no effect on activities) to 10 (activities completely prevented). 
Activities were defined as work/school, non-work (i.e. housework, shopping, 
childcare, exercising, studying, etc.), and leisure activities. 
 
Impact on Productivity and Education 
 
Patients reported a significant impact of aHUS on productivity, with a mean score of 
6.7 (range 2-10; n=21).  Patients under 18 years of age (n=7) reported a greater 
impact on productivity with an average score of 7.3 (range 2-10).  Furthermore, 83% 
(5/6) of patients under 18 (n=6) reported that aHUS had negatively impacted their 
education. 
 
Forty percent (9/23) of adults with aHUS (n=23) reported that they were not currently 
in employment (average age 29 years), with 50% (4/8) of these either on sick leave 
(n=2) or unable to work because of their disease (n=2).  The remaining 50% (4/8) 
were either retired (n=3) or job seeking (n=1). Fifty percent (10/19) of adult patients 
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with aHUS reported that their income had been reduced as a result of their disease 
(n=10). 
 
Impact on Day-to-Day Activities 
 
Patients were asked to score how much aHUS impacted their regular non-work 
activities (defined as housework, shopping, childcare, exercising, studying, etc.), how 
they were limited in the amount or kind of activities they could usually do, and how 
many times they had accomplished less than they would like due to aHUS. 
 
Patients (n=27) reported a substantial impact on daily activities, with a mean score of 
5.1, (where 0 indicated “no effect on activities” and 10 indicated “activities completely 
prevented) with similar scores for children (score 4.7; n-9) and adults (score 5.3; 
n=18). 
 
Impact on Leisure Activities 
 
A similar level of impact (mean 5.0) was seen when patients (n=27) were asked 
about the impact of their disease on leisure activities.  Amongst adults (n=18), 23% 
(4/18) of respondents reported that aHUS had completely prevented participation in 
leisure activities (n=4). 
 
Lifestyle Adaptation 
 
Twenty-nine percent (8/28) of patients stated that they had had to move house as a 
result of their disease (n=8).  Reasons provided for moving included being closer to a 
specialist centre (n=1), closer to a relative or carer (n=1), or in a more suitable type of 
accommodation (n=4).  On average, patients with aHUS have to spend 4 hours 
travelling each week for activities associated with their aHUS (such as hospital visits) 
(n=5).  When the patient is a child, then a parent or carer usually must provide 
transportation and accompany them, adding to the burden.   
 
Overall Patient Quality of Life  
 
Patients were asked to score their overall quality of life on a numerical rating scale 
using a question similar to that used in the European Quality of Life - Group 5 
Dimensions Self-Report Questionnaire (EQ-5D) (“Please indicate how you assess 
your overall health status by circling a number on the scale below, where 0 equals 
the worst imaginable health state and 10 equals the best imaginable health state”). 
 
Patients (n=25) reported an overall score of 6.4, with patients under 18 years (n=10) 
having a slightly better quality of life (6.7 in adults vs. 6.2 in patients under 18 years). 
 
Families and Carer QoL impact 
 
Fifty four percent of patients (20/37) reported that they received help from an informal 
carer.  In response to a separate question answered by the carers,  (n=9), the 
average time spent looking after a patient with aHUS was 44 hours.  Where care was 
provided informally the relationship between the carer and patient was that of spouse 
in 31% (5/16) of cases, other relatives in 69% (11/16) of cases (note: not all patients 
with informal carers answered this question). 
 
Seventy-five percent (15/20) of informal carers (n=20) reported that they had to 
reduce their work activities in order to provide care, with an average reduction in 
working hours of 17.9 hours per week (n=13). 
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Almost all informal carers (19/20) reported feelings of tiredness and stress 
associated with their responsibilities.  The proportion of carers responding ‘a lot of 
the time’ or ‘always’ to the following questions were: 
 


• “I feel worn out as a result of caring”: 32% (6/19) (n=1 “always” and n=5 “a lot 
of the time”); 


• “I feel stressed as a result of caring”: 44% (8/18) (n=3 “always” and n=5 “a lot 
of the time”); and 


• “I feel mentally exhausted by caring”: 32% (6/19) (n=0 “always” and n=6 “a lot 
of the time”). 


 
Direct statements about aHUS burden from patients and their families 
 
The findings from the aHUS patients’ survey are illustrated below by quotes from 
patients and families of patients with aHUS: 
 


• “A devastating and terrifying experience...it took a while to gather strength to 
fight it.”  


 
• “Shocking! The whole illness came without warning and was life threatening 


within a few days. The greatest problem was not knowing what was wrong.” 
 


• “aHUS changed my life irrevocably.” 
 


• “It has been the hardest thing I have ever had to deal with.” 
 


• “The condition has not only affected us as her parents, but also her 
grandparents and aunts and uncles, it really does change your life forever. 
When we decided to have children, we did not ever imagine having to see our 
child so sick.” 


 
• “We have been devastated by this condition. The way it has affected our 


family is quite frightening.” 
 


• “It has taken over our life.” 
 
Many family members of patients with aHUS shared particularly distressing 
experiences of caring for – and in some cases losing – children with aHUS, and how 
multiple members of their family had been affected by the disease over several 
generations. The following quotes were captured during the survey: 


 
• “Our child became sick when he was just five months old in 1974 and he was 


eventually diagnosed. He died at seven months. Two years later we 
experienced the same again and we lost another little boy. We had 
questioned the hereditary factor but at that time no one knew anything. In the 
1990s I was one that was tested to identify the gene. We had a great niece 
diagnosed in 2005 and her younger brother a couple of years later. We have 
had our grandson diagnosed this year. These young children have had on-
going therapy with plasma exchange. Over the years, we have lost an uncle 
and cousins, which on reflection were from aHUS.” 
 


• “aHUS was diagnosed in our son when he was 13 months following a cold-
like infection.  His older brother had died from the disease so we recognised 
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the symptoms and insisted on a referral to a paediatrician. [Patient] died 
during his third relapse when he was 17 months.” 


 
• “Having a child with aHUS in the family is overwhelming and a constant 


worry.  The whole family is affected due to long hospital stays and the 
pressure of not knowing when the disease will strike next.” 


 
• “Our baby died when he was only four months of age. He had cold-like 


symptoms for 48 hours previous to being treated at the hospital where he 
died within a few hours.”  


 
The Financial Implications of aHUS  
 
aHUS can cause severe financial problems for patients and their families.  As aHUS 
is such a serious disease, and patients are unable to work during its acute stages, 
many family members give up work to care for them.  Giving up work to provide care 
had a crippling effect on their finances.  Below are some of the quotes related to the 
financial aspect of this disease: 
 


• “It affected us financially to the point where we nearly lost our home because 
my husband was the only person earning money and we had a mortgage to 
pay.” 


 
• “I had to give up work as my employer was not very supportive.” 


 
• “aHUS has totally changed our family. I had to give up work to care for our 


daughter. As her condition is so unpredictable I was being called away from 
work so often to take her to hospital, where we have open access, I felt I 
could no longer commit to my employer. This has obviously had a huge 
financial impact on my family.”  


 
Recent Newspaper Articles Summarising Experiences for Patients with aHUS 
 
Two recent newspaper articles were published in the UK that provides further 
insights about patients living with aHUS: 
 


• Article entitled “Newcastle breakthrough over kidney disease”.  Published in 
the Evening Chronicle on January 10, 2012.  Available online 
at http://www.chroniclelive.co.uk/north-east-news/evening-chronicle-
news/2012/01/10/newcastle-breakthrough-over-kidney-disease-72703-
30092531/; 
 


• Article entitled “Patient with deadly kidney disease hails wonder drug that 
could halt disease which killed seven family members”  Published in the 
Daily Mail on January 10, 2012.  Available online 
at http://www.dailymail.co.uk/health/article-2084750/aHUS-Patient-deadly-
kidney-disease-hails-wonder-drug-halt-disease.html?ito=feeds-newsxml.  


 
7.2 Describe the impact that the technology will have on patients, their 


families and carers. This should include both short-term and long-
term effects and any wider societal benefits (including productivity 
and contribution to society). Please also include any available 
information on a potential disproportionate impact on the quality or 



http://www.chroniclelive.co.uk/north-east-news/evening-chronicle-news/2012/01/10/newcastle-breakthrough-over-kidney-disease-72703-30092531/

http://www.chroniclelive.co.uk/north-east-news/evening-chronicle-news/2012/01/10/newcastle-breakthrough-over-kidney-disease-72703-30092531/

http://www.chroniclelive.co.uk/north-east-news/evening-chronicle-news/2012/01/10/newcastle-breakthrough-over-kidney-disease-72703-30092531/

http://www.dailymail.co.uk/health/article-2084750/aHUS-Patient-deadly-kidney-disease-hails-wonder-drug-halt-disease.html?ito=feeds-newsxml

http://www.dailymail.co.uk/health/article-2084750/aHUS-Patient-deadly-kidney-disease-hails-wonder-drug-halt-disease.html?ito=feeds-newsxml
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quantity of life of particular group(s) of patients, and their families 
or carers. 


In the two prospective aHUS eculizumab clinical trials and a retrospective trial, 
eculizumab has shown considerable benefits in patients with aHUS. Specifically, 
eculizumab has been demonstrated to: 
 


• Inhibit complement activation in all treated patients; 
• Inhibit complement-mediated TMA; 
• Significantly improve renal function (including removal of dialysis); 
• Prevent disease progression (including avoidance of dialysis); 
• Eliminate need for burdensome PE/PI; 
• Improve systemic organ function (including brain, gastrointestinal tract as 


described in the case reports below); 
• Significantly improve HRQL; and 
• Be well-tolerated (including experience in paroxysmal nocturnal 


haemoglobinuria (PNH) patients for almost 10 years). 
 
The eculizumab clinical trial data are discussed in detail in Section 6 of this 
submission.  
 
To further illustrate the impact providing eculizumab has on patients with aHUS, the 
following illustrative information is provided below: 
 


• References to published case reports; 
• Quotes from patients and their families on the benefit of having access to 


eculizumab 
 
aHUS Case Reports  
 
Short summaries of four published aHUS cases are described below.  Case 1 
illustrates the progressive course of aHUS and eventual development of organ failure 
(neurological, renal, and widespread arterial disease) that most frequently results 
despite the use of PE/PI, but without eculizumab intervention.  Cases 2 through 4 
highlight the significant benefit of eculizumab in reversing systemic organ damage 
and preventing disease recurrence. 
 
Case 1: Loirat 2010 
Reference: Loirat C, Macher M-A, Elmaleh-Berges M et al (2010) NDT25 (10): 3421-
3425. 
 
A female patient was diagnosed with aHUS at one month of age and began 
haemodialysis at four months.  She underwent bilateral nephrectomy at one year due 
to hypertension, persistent haemolysis and thrombocytopaenia (evidence of 
complement-mediated TMA).  She received a cadaveric transplant at age 19 months.  
Evidence of TMA and graft failure was seen 15 days post-transplant and despite the 
use of plasma exchange no clinical improvement was noted.  With on-going plasma 
exchange and IV immunoglobulin, kidney function was lost.  The patient resumed 
dialysis at age 6 years and nephrectomy of the graft was performed.  At age 10 
years, the patient began to have spontaneous episodes of hemiparesis bilaterally 
associated with losses of consciousness.  Vascular imaging revealed bilateral 
stenosis of the carotid and cerebral arteries.  At age 12 years CT thorax, cardiac 
catheterisation and angiogram showed stenosis of all branches of the pulmonary 
arteries as well as pulmonary hypertension and coronary artery stenosis.  At age 13 
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years the patient developed visuo-spatial apraxia.  She was placed on the kidney 
transplant list, which was planned to be conducted with eculizumab treatment.  Pre-
operatively it was necessary to perform recanalisation of the right internal carotid 
artery to restore cerebral blood flow.  The attempt to perform angioplasty was 
complicated by dissection which led to massive hemispheric infarction and cerebral 
oedema resistant to craniotomy.  The patient died four days later. 
 
Case 2: Davin 2010 
Reference: Davin JC, Butler N, Grootnoff J et al (2009) Pediatr Nephrol 24: 1757-
1760 
 
A child presented with features of aHUS at the age of three years.  Renal function 
was rapidly lost and she commenced peritoneal dialysis. She received a cadaveric 
renal allograft at age five years.  Three days post-operatively, TMA was observed. A 
graft nephrectomy was undertaken.  At age 12, the patient received a second renal 
transplant.  She received pre- and post-operatively plasma exchange and the initial 
post-operative course appeared uncomplicated.  Good graft function was established 
and continued until eight weeks post-operatively when frequency of PE was reduced 
from weekly to every two weeks.  Ten weeks post-transplant, serum creatinine 
increased.  Due to the high clinical suspicion of graft rejection, she received 
methylprednisolone.  Creatinine continued to increase.  Transplant biopsy was 
performed and revealed thrombotic microangiopathy.  Intensive PE did not prevent 
loss of the graft several days later.  Haemodialysis was re-initiated.  At age 15 years, 
the patient developed neurological symptoms.  Magnetic Resonance Imaging (MRI) 
showed severe cerebral artery stenosis.  At the age of 17 years, a third transplant 
was performed using pre- and post-operative PE. Post-operatively the patient 
developed right frontal infarcts manifesting as left-sided hemiparesis, focal seizures 
and impaired consciousness.  She made a progressive recovery.  PE was 
administered regularly but four months post-transplant an increase in serum 
creatinine was observed, accompanied by haemolysis and thrombocytopaenia.  Daily 
PE was administered.  Ten months post-transplant, serum creatinine levels were 
elevated but stable.  At this time, the patient began to develop increasingly frequent 
allergic reactions of considerable severity to plasma exchange.  Despite prophylactic 
steroids and anti-histamines prior to PE, hypotension and respiratory distress 
induced by PE necessitated the use of adrenaline.  PE was eventually discontinued 
in view of the potential cerebrovascular risk associated with the procedure.  At this 
time, eculizumab was started and continued as a chronic therapy.  No adverse 
reactions were noted and six months after starting treatment (at the time of 
publication of this case report), creatinine levels were stable, there was no significant 
change in haemoglobin, lactate dehydrogenase (LDH), haptoglobin levels and 
platelet count were normal. 
 
This case illustrates the progressive and systemic nature of aHUS and the loss of 
kidney transplant function that will inevitably occur due to on-going complement-
mediated TMA, despite the use of PE.  It also illustrates the burden and safety issues 
associated with PE.  Eculizumab use, even in this advanced disease setting, was 
able to prevent TMA and preserve remaining organ function. 
 
Case 3: Ohanian 2011 
Reference: Ohanian, M. Clin Pharm Adv and Applications; 2011; 3-5. 
 
A 50 year-old female patient was admitted to intensive care with sepsis, acute renal 
failure, pancolitis and thrombocytopaenia.  Laboratory investigations showed an 
elevated creatinine, low platelet count, increased LDH and low haptoglobin; all 
consistent with TMA.  The severe gastrointestinal symptoms necessitated total 
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colectomy with end ileostomy on admission.  The pathology report showed damage 
consistent with microangiopathy.  Mental and respiratory decline ensued; the patient 
remained intubated and became unresponsive and developed seizures.  Renal 
failure worsened and haemodialysis was initiated on day 4.  The patient was 
diagnosed with aHUS.  On day six, eculizumab treatment was started and continued 
weekly for four weeks after which chronic therapy was maintained on a two-weekly 
basis.  Four days after eculizumab initiation a reduction in LDH levels was observed.  
At seven days post-initiation of eculizumab the patient became responsive and at day 
10, dialysis frequency was reduced to 3 times/week.  At 11 days, the patient was 
weaned off the ventilator and within a few days no longer required oxygen.  Just over 
three weeks after starting eculizumab therapy, renal improvement was noted and 
urinary output increased and dialysis was discontinued.  The patient has remained off 
dialysis since. Two months post-first dose of eculizumab, LDH and haptoglobin levels 
were normal.  MRI performed 26 days post-eculizumab treatment revealed a sub 
acute parietal infarction, however neurological stability was achieved and the patient 
had remained neurologically stable at the time of publication.  She has remained off 
dialysis on long-term therapy and creatinine levels have continued to fall.  This case 
illustrates that the use of chronic eculizumab therapy led to a reversal of neurological 
impairment and elimination of the need for dialysis. 
 
Case 4: Duran 2011 
Reference: Duran CE, Maduell F and Campistol JM (2012) NTD plus (with 
permission from authors). 
 
A 28-year old man presented to the emergency department with renal insufficiency, 
elevated LDH, low platelets and low haptoglobin, and was diagnosed with aHUS.  
Intensive plasma exchange was initiated every two days for one month however no 
clinical improvement was observed.  Chronic haemodialysis was then started.  The 
patient experienced significant systemic symptoms, including severe dilated 
cardiomyopathy, alveolar haemorrhage, and thrombosis in the retina.  Four years 
later the patient received a kidney transplant however required haemodialysis for 20 
days due to delayed graft function.  One month later, deterioration in renal function 
was noted by a markedly elevated serum creatinine. Blood tests and renal biopsy 
confirmed active TMA and intensive plasma exchange was initiated (every other day 
times eight sessions).  Some improvement in haemolysis markers was observed 
however one month later, the patient was re-admitted with a markedly elevated 
serum creatinine, low haemoglobin, low platelet count and renal biopsy confirmed 
severe TMA.  Chronic dialysis was started and eculizumab treatment was initiated.  
Two months post-initiation of eculizumab there was a marked improvement in renal 
function and a gradual reduction in need for dialysis.  At 3.5 months after starting 
eculizumab therapy, dialysis was discontinued.  The patient remained in good health 
over a 10-month follow-up period with on-going eculizumab treatment and no 
evidence of clinical manifestations of TMA was observed. 
 
Quotes from patients and their families in support of a National Specialised 
Service for eculizumab in aHUS 
 
The patients and families who responded to the aHUSUK patient survey were 
unanimous in their strong support for a national specialised service for aHUS, and 
were clear how much it would mean to them.  The following quotes were captured 
describing their specific thoughts: 
 


• “Receiving treatment from a specialised aHUS service would mean that an 
illness that had such a devastating effect on my life would finally be dealt with 
instead of just the consequences of the illness.”  







Specification for manufacturer/sponsor submission of evidence 46 of 276 


 
• “It would mean knowing the best possible care was being given by world 


experts.” 
 


• “It would give confidence that the right treatment is being given and also that 
new advances in the understanding and treatment would be readily 
available.” 


 
• “We are in no doubt that earlier diagnosis of aHUS and referral to a centre of 


excellence will make a significant difference to recovery rates.”  
 
They were also unanimous in calling for the provision of eculizumab for all patients 
who need it, which some regarded as their only hope for the future, and expressed 
their grave concerns that the Government might choose not to make it available in 
the NHS. 
 


• “There is no current treatment for my wife’s aHUS unless the drug eculizumab 
becomes available.” 


 
• “The future on eculizumab is so much brighter for me and will be for our sons 


if eculizumab becomes available on NHS.” 
 


• “It is hugely disturbing to know that a tested new drug can be used for the 
effective treatment of this condition but might not be available solely because 
of the expense of it.” 


 
Two patients who had received eculizumab in a clinical trial outlined how it has 
significantly transformed their lives: 
 


• “My initial treatment was plasma exchange. In the beginning, I found daily 
plasma exchange very intrusive and exhausting. I suffered a variety of 
adverse reactions to the treatment, including sickness, sudden drop in blood 
pressure, anaphylactic shock, itching and hives. As I got stronger, I began to 
cope better but the adverse reactions continued and I needed to take an anti-
histamine and another drug before every session. These made me very 
drowsy for the following 24 hours. In addition to this inconvenience there was 
always the risk of infection from the central line needed for plasma exchange. 
All this changed in August 2011 when I joined the clinical trial for eculizumab. 
I cannot believe the difference it has made in my life. The central line has 
been removed and infection risk reduced. The administration of the drug is by 
infusion once a fortnight and this lasts 35 minutes. The drug started to work 
almost immediately and there have been no side effects. I have become so 
much stronger and can now do much more. The incidents of fatigue have 
almost disappeared. My enthusiasm for life has returned. Every day I feel 
lucky that I am able to receive eculizumab.”  


 
• “My husband has been able to resume his retirement activities and I have 


returned to a more independent life. Our lives are nearly back to normal 
thanks to eculizumab and the team at [hospital].”  


 
One of the many goals of the specialised service will be to enable successful kidney 
transplants in aHUS patients who already have kidney failure and are on dialysis.  In 
most cases, without treatment with eculizumab, patients were told that they are not 
recommended to receive an organ transplant because a 50% to 80% risk exists of 
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the transplanted organ being lost within two years.  Three patients’ experiences of 
how TMA from aHUS had attacked their newly transplanted kidneys are shared 
below: 
 


• “I was very ill and at one point was given 24 hours to live. Luckily I pulled 
through with dialysis and plasma exchange.  I was told my kidneys may start 
to work again within three months but if they didn’t then I would be looking at 
a transplant.  After my kidneys did not work again I was donated a 
kidney…unfortunately the aHUS came straight back and attacked the kidney.” 


 
• “In 2005 I had a transplant….everything was OK for four months then the 


aHUS began attacking the transplanted kidney.” 
 


• “I had a transplant in 2006 which failed after two weeks due to the return of 
the aHUS so that was very sad as the donor who was my fiancé at the time 
left me due to the failure.” 


 
The proposed service and treatment with eculizumab would ensure that this does not 
happen in the future. 
 
Impact of aHUS on Access to Kidney Transplants 
 
With the availability of eculizumab these patients would be able to receive a life-
changing organ transplant.  The possibility of an organ transplant gives them hope, 
and would change their lives by freeing them from dialysis.  Below are some thoughts 
on this issue from patients: 
 


• “When I first heard about eculizumab I could hardly dare to dream it could be 
true. I spent 10 years thinking that I would be on dialysis for the rest of my life. 
I left Professor Goodship’s office thinking there was a glimmer of light at the 
end of a very dark tunnel. That light is getting brighter so funding for a 
specialised service would make it shine through.” 
 


• “If a drug was available it would change our lives. My wife would be able to go back 
on the transplant list. We would love to have another baby and look to the future 
whilst my wife is still well but this is not an option without a specialist aHUS service 
where we can access new trials, medications, etc.” 
 


• “I would like to maintain my health on dialysis in order to return to the 
transplant list someday but this can only happen if the drug eculizumab is 
available to me.” 
 


• “Being unable to have a transplant for the last decade has led to awkward 
conversations because a transplant is seen as the ultimate cure. I have had 
to explain many times that a transplant was not an option and each time it 
hurts as much as before to feel so hopeless.” 
 


• “If I could receive eculizumab it would mean a chance of a transplant which 
could equal a new lease on life for me.” 
 


The compelling clinical outcomes, the patient testimonies and benefits of availability 
of a homecare service for patients demonstrate the positive health and non-health 
benefits for patients on eculizumab treatment. 
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8 Extent and nature of current treatment options 
 


8.1 Give details of any relevant NICE, NHS England or other national 
guidance or expert guidelines for the condition for which the 
technology is being used. Specify whether the guidance identifies 
any subgroups and make any recommendations for their treatment. 


NHS England has provided guidance through the Clinical Priorities Advisory Group 
(CPAG) evaluation of eculizumab that routine commissioning will be provided for: 
 


• New patients with atypical haemolytic syndrome (defined to include those with 
a functioning kidney); and  


• Existing patients who are on dialysis and are suitable for a kidney transplant.  
 
A commissioning for evaluation scheme will be developed for patients who are not 
suitable for transplant.   
 
the NHS England policy entitled “Clinical Commissioning Policy Statement: 
Eculizumab for atypical haemolytic uraemic syndrome was published on 11th 
September 2013. has not been made public and will be provided to the National 
Institute for Health and Care Excellence (NICE) once published.  The policy itself 
provides for commissioning all aHUS patients with no separation of sub-groups, 
genotypes or age ranges.  The commissioning for evaluation scheme provides 
coverage of patients on dialysis who may not be suitable for transplant yet suffer 
non-renal TMA events which could be treated with eculizumab.  Thus, all diagnosed 
aHUS patients could have access to eculizumab treatment.  Importantly, there is no 
restriction on the length of therapy, recognizing the fact that, per the Summary of 
Product Characteristics (SmPC) and European Medicines Agency (EMA) approval, 
treatment with eculizumab is recommended to continue for the patient’s lifetime, 
unless the discontinuation of eculizumab is clinically indicated. 
 
In 2009, clinical practice guidelines for aHUS were published on behalf of the Renal 
Association, the British Committee for Standards in Haematology, and the British 
Transplantation Society.(Taylor et al, 2010) These guidelines included 
recommendations for the investigation and management of aHUS patients in the UK 
prior to the availability of eculizumab for aHUS, for which clinical trials were 
underway at that time.  These guidelines used the Grading Recommendations 
Assessment, Development, and Evaluation (GRADE) system to classify the strength 
of the recommendations as strong or weak and the quality of the evidence as high, 
moderate, low, or very low.(Gordon et al, 2008)(Table B1). 
 
Table B1: GRADE system ratings for 2009 aHUS clinical practice guidelines 


Investigation Recommendation 
Grading 
(Strength of recommendation, 
quality of evidence) 


Measurement of serum 
complement 


Serum levels of C3, C4, factor 
H, factor I 


Strong, moderate 


FACS analysis Assessment of CD46 (MCP) 
expression on PBMC’s 


Strong, moderate 


Genetic analysis Mutation screening of 
Complement Factor H (CFH), 
CD46, CFI, CFB, and C3 


Strong, moderate 


Autoantibody screening Screening for autoantibodies 
against factor H 


Strong, moderate 
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Investigation Recommendation 
Grading 
(Strength of recommendation, 
quality of evidence) 


Rare causes of aHUS Consider rare forms and 
undertake appropriate 
investigations 


Strong, moderate 


A disintegrin and 
metalloproteinase with 
thrombospondin-1 motifs 
[13th member of the 
family] (ADAMTS13) 
activity 


Measurement of ADAMTS13 
activity; include assay for anti-
ADAMTS13 antibodies if 
activity lower than 10% 


Weak, low 


Management Recommendation Grading 
PE/PI Trial of PE/PI Weak, low 
Kidney transplantation Not recommended due to risk 


of aHUS after transplantation 
Strong, moderate 


Liver transplantation, 
combined liver/kidney 
transplantation 


Considered in patients with 
known mutation in CFH or CFI 


Weak, low 


 
Investigation of aHUS 
 
Although some of the investigations evaluated by Taylor et al received strong 
recommendations, it was not proven that the implementation of these investigations 
would result in improved outcomes for aHUS patients.  Several limitations to these 
investigations were also noted in these guidelines.  First, with regard to genetic 
analysis, the evidence cited by Taylor et al state that 40% of patients will not have a 
recognised mutation or antibody to the complement system.  Additionally a significant 
proportion of aHUS patients do not have low C3 levels. The poor morbidity and 
mortality outcomes described in Taylor et al, 25% mortality and 50% progression to 
renal failure, and in other sources cited within this submission, are in cohorts 
including patients with and without genetic mutations and with and without altered 
complement protein levels. Therefore, genetic analysis as recommended by Taylor et 
al may not positively identify all patients that would appropriately be diagnosed with 
aHUS. Nor would genetic analysis have an impact on the assessment of patient 
management as follows: 
 


• Despite the emphasis on identifying complement dysregulation, Taylor et al. 
2010 acknowledges that genetic screening cannot be utilised to inform 
treatment decisions due to lengthy turnaround time of months.  This is critical 
as 33% to 40% of patients die or have ESRF following diagnosis.(Caprioli 
2006, Noris 2010)  This conclusion is supported by clinical trials in which 
eculizumab was shown to have similar clinical benefit in aHUS patients 
regardless of identified mutation or no mutation.(Legendre et al, 2013) 
 


• In the case of serum complement measurement, Taylor et al. state that C4 
levels are normal in most cases, C3 levels may be normal or low in patients 
with identified mutations, and some patients without identified mutations may 
have low C3.(Caprioli et al, 2006; Kavanagh et al, 2006) Interpretation of 
factor H and factor I concentrations can be complicated by wide variability in 
the normal population.  These limitations demonstrate that measurement of 
serum complement concentrations can lead to false-negatives and should not 
be used to diagnose or make treatment decisions in aHUS.  
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Measurement of ADAMTS13 activity should be undertaken in all patients with a 
clinical diagnosis of aHUS.  As noted by Taylor et al., the understanding of the 
molecular mechanisms of thrombotic thrombocytopenic purpura (TTP) vs. aHUS 
mediated by severe ADAMTS13 deficiency and complement dysfunction respectively 
has greatly improved diagnostic differentiation compared to historic differentiation by 
clinical characteristics alone.  While these guidelines characterised the evidence for 
ADAMTS13 measurement as weak, evidence linking TTP pathology to severe 
ADAMTS13 deficiency has continued to evolve since the publication of these 
guidelines.  It is now clear that the von Willebrand factor-mediated platelet 
aggregation which mediates TMA in TTP cannot occur without severe deficiency of 
ADAMTS13 activity.(Tsai, 2013b)  Recent guidelines from the British Committee for 
Standards in Haematology conclude that ADAMTS13 activity <5%, with or without 
the presences of inhibitor or IgG antibodies, confirms TTP diagnosis.(Scully et al, 
2012)  Accordingly, all patients included in eculizumab clinical trials had ADAMTS13 
> 5%, as noted in both the SmPC and US Food and Drug Administration (FDA) 
prescribing information.  Therefore, medical evidence demonstrates that patients with 
signs and symptoms of TMA but with ADAMTS13 activity ≥5% are diagnosed with 
aHUS. In absence of rapidly available ADAMTS13 activity test results, laboratory 
parameters can be used to identify patients with high suspicion of aHUS.  When 
serum creatinine ≤200 µmol/L or platelet count ≤ 30,000/mm3 are present, it is highly 
associated with absence of severe ADAMTS13 deficiency with a negative predictive 
value of 93.3% (95% CI 85.2-100%) minimizing false negative diagnosis.(Coppo et 
al, 2010; Zuber et al, 2012a) 
 
Management of aHUS 
 
The guidelines highlight the weak evidence around current supportive care including 
PE/PI to manage aHUS.  At the time of this recommendation, it is highlighted that 
there is currently no specific therapy for aHUS.   
 
The recommendations highlight that the use of PE/PI for aHUS is only empirical  with 
limited therapeutic value or strategy.  The use of PE/PI received weak 
recommendations with low quality of evidence to demonstrate utility or efficacy in the 
management of aHUS.  Taylor et al 2009 also cite poor outcomes remaining in 
patients receiving PE/PI as supportive care, with an initial mortality of 25% and 50% 
renal failure rate in surviving patients and as cited by larger aHUS registries of 33-
40% of patients progress to ESRF or die within 1 year of TMA prestation.(Schieppati 
et al, 1992; Taylor et al, 2004; Caprioli et al, 2006)  
 
Lastly, although reported kidney or combined liver/kidney transplantation outcomes 
vary, risk of graft loss occurs in all aHUS patients regardless of identified 
complement mutation. Recommendations to avoid transplantation and inform 
patients of risks were graded as strong by Taylor et al 2009. 
 


8.2 Describe the clinical pathway of care that includes the proposed 
use of the technology. 


No published NICE clinical pathway exists that is specific for aHUS.  The following 
pathway might have some relevance in terms of early identification of kidney disease, 
but it is not specific to aHUS: Chronic Kidney Disease (CKD) pathway available 
at http://pathways.nice.org.uk/pathways/chronic-kidney-disease.  This pathway 
covers the early identification and management of CKD in adults in primary and 
secondary care.  It also includes a quality standard that covers the identification, 
assessment, and clinical management of CKD in adults including the management of 



http://pathways.nice.org.uk/pathways/chronic-kidney-disease
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established renal failure, and other guidance produced on renal replacement therapy 
including transplantation and dialysis. 
 
Overview of evidence for use of eculizumab in aHUS 
 
Eculizumab is designed to directly and potently block activation of the terminal stage 
of the complement system.(Rother et al, 2007)  As a result, use of eculizumab 
reduces the underlying systemic complemented-mediated TMA process and 
subsequently can reverse or prevent further kidney damage, which in turn has been 
shown to lead to a discontinuation or avoidance of dialysis.  Eculizumab has also 
been shown to prevent progression of other organ damage in aHUS patients, and 
has demonstrated a reduction in the need for PE/PI and a significant improvement in 
patients’ quality of life.(Legendre et al, 2010; Muus P et al, 2010; Licht et al, 2011; 
Greenbaum et al, 2011; Alexion, 2012; Legendre et al, 2013) These benefits were 
demonstrated in two prospective controlled clinical trials and a retrospective analysis 
involving a broad range of aHUS patients of all ages. 
 
When compared to the natural progression of the disease and historically poor 
outcomes at one year, these trials are the first to demonstrate the efficacy of a 
definitive, targeted treatment for aHUS patients.(Legendre et al, 2013; (Gruppo and 
Rother, 2009; Legendre et al, 2010; Muus P et al, 2010; Davin et al, 2010; 
Lapeyraque et al, 2011)  Eculizumab treatment in aHUS patients was shown to 
change the course of the disease and to lead to substantial and demonstrable gains 
in patient health.  In recognition of the chronic nature of aHUS and the on-going 
substantial risk of mortality and significant morbidities, the Soliris Summary of 
Product Characteristics (SmPC) states that eculizumab treatment is recommended to 
continue for the patient’s lifetime. 
 
Diagnosis and management of aHUS with eculizumab in England 
 
aHUS patients present with signs of TMA, including one or more of the following: 
evidence of platelet consumption [as measured by low platelets (thrombocytopenia), 
or declining platelet count] and microangiopathic haemolysis [as measured by 
elevated LDH, low haptoglobin, or schistocytes], or biopsy-confirmed TMA.  In 
addition to laboratory evidence, patients may develop clinical signs and symptoms of 
renal, gastrointestinal, neurological, and/or other organ complications.  Patients 
presenting with acute renal failure (with or without evidence of other organ damage) 
are to be managed with renal replacement therapy as appropriate according to NICE 
pathways for acute kidney injury (http://pathways.nice.org.uk/pathways/acute-kidney-
injury) or CKD (http://pathways.nice.org.uk/pathways/chronic-kidney-disease). 
 
Clinical manifestation of aHUS can present with signs and symptoms similar to those 
of Shiga-toxin producing enterohaemorrhagic Escherichia coli-induced HUS (STEC-
HUS) and severe ADAMTS13 deficiency (TTP).  In patients presenting with the 
above signs of TMA and where there is suspicion of the differential diagnosis of 
either STEC-HUS or TTP, diagnostic tests should be rapidly undertaken to exclude 
these disorders.  If patients present with bloody diarrhea and TMA, tests for shiga-
toxin producing enterohaemorrhagic Escherichia coli-induced HUS (STEC-HUS) 
include assays for shiga toxin (Polymerase Chain Reaction (PCR) or immunoblot) or 
E.  coli stool culture.  Congenital or acquired TTP is defined by severe ADAMTS13 
activity deficiency (<5% activity) with or without ADAMTS13 autoantibodies.  In adult 
patients, serum creatinine > 150-200 µmol/L or platelet count > 30,000/mm3 is highly 
indicative of aHUS, and exclusion of severe ADAMTS13 deficiency, when rapid 
confirmation by lack of severe ADAMTS13 deficiency cannot be obtained.(Coppo et 
al, 2010; Zuber et al, 2012a) 



http://pathways.nice.org.uk/pathways/acute-kidney-injury

http://pathways.nice.org.uk/pathways/acute-kidney-injury

http://pathways.nice.org.uk/pathways/chronic-kidney-disease
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Patients with aHUS can present in the setting of other conditions or diseases that 
unmask aHUS including malignant hypertension, systemic lupus erythematosus, 
drug-induced TMA, Haemolysis, Elevated Liver Enzymes, Low Platelets (HELLP), or 
preeclampsia.  These conditions can lead to increased complement activation, and 
unmask the underlying uncontrolled complement activation, in aHUS patients. Thus 
aHUS should not be ruled out in patients with these conditions.(Campistol et al, 
2013) Presence of persistent or progressing TMA in these co-existing conditions 
should not rule out the diagnosis of aHUS or the need for eculizumab therapy to 
inhibit complement-mediated TMA. 
 
Considering the medical evidence for efficacy of eculizumab to inhibit complement-
mediated TMA and stabilise or improve organ function as described in Section 9, 
eculizumab should be utilised for first-line treatment in patients diagnosed with 
aHUS.(Zuber et al, 2012)  PE/PI should not be utilised as first-line supportive care in 
these patients due to the lack of medical evidence demonstrating effect of PE/PI on 
complement-mediated TMA, renal survival or other outcomes in aHUS and due to the 
fact that delay in treatment with eculizumab may lead to permanent renal damage or 
on-going organ damage.(Zuber et al, 2012a; Legendre et al, 2013)  
 
All patients diagnosed with aHUS as described above, with native or transplanted 
kidneys, should be treated with eculizumab therapy as follows to inhibit on-going and 
destructive complement-mediated TMA and resulting end-organ damage: 
 


• First line treatment in all patients with aHUS at first presentation or 
subsequent admission. 


• Patients on short-term dialysis or long-term dialysis who have evidence of 
TMA (e.g. including low or declining platelets, evidence of haemolysis such as 
elevated LDH, low haptoglobin, or presence of schistocytes) or extra-renal 
organ damage. 


• Patients with aHUS-induced renal failure who are listed for renal transplant 
should be treated with eculizumab to prevent post-transplant complement-
mediated damage and graft loss.(Zuber et al, 2012b; Zuber et al, 2013)  


 
8.3 Describe any issues relating to current clinical practice, including 


any uncertainty about best practice. 


 
Prior to eculizumab, there have been no approved drug therapies, and otherwise 
very limited supportive care options for patients with aHUS.  Supportive care options 
used in clinical practice do not address the underlying complement dysregulation, 
and therefore do not substantially reduce complement-mediated TMA or reverse 
kidney dysfunction; nor do they eliminate the need for dialysis. 
 
Plasma Exchange/Plasma Infusion 
 
The lack of positive evidence is highlighted by the fact that despite the use of PE/PI, 
33% to 40% of patients have been shown to either die or require dialysis following 
their first presentation with aHUS.(Caprioli et al. 2006; Noris et al. 2010; Sellier-
Leclerc et al. 2007)  At one year from diagnosis, 65% of all patients were shown to 
have died, to require dialysis, or to have permanent renal damage.(Caprioli et al, 
2006)  An analysis of 116 aHUS patients from the HUSnet Registry reported that 
patients treated with PE/PI showed comparably poor outcomes at one year 
compared with patients not treated with PE/PI as measured by the incidence of 
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hypertension, impaired kidney function, and neurological sequelae.(Riedl et al, 2011)  
Further, a multinational group of aHUS investigators recently concluded, “The data 
highlight the inadequate efficacy of management with plasma exchange or infusion 
and confirm the clinically relevant treatment effect of eculizumab on thrombotic 
microangiopathy and organ outcomes.”(Legendre et al, 2013) 
 
PE/PI does not address the uncontrolled complement activation in aHUS patients.  
Studies demonstrate that platelet activation and TMA persist during PE/PI in aHUS 
patients, indicating that PE/PI does not target the underlying disease process.(Stahl 
et al, 2008; Licht et al, 2009).  In the eculizumab international clinical trials, patients 
continued to demonstrate TMA prior to eculizumab despite being on PE as measured 
by on-going platelet consumption.   
 
In addition to the lack of efficacy of PE/PI, the procedure is also associated with 
significant safety concerns.  In a cohort of 249 adult TMA patients treated with 
plasma exchange, 26% of patients experienced major complications including: 
 


• death in 3% of patients,  
• systemic infection in 12% of patients,  
• non-fatal cardiac arrest in 1% of patients,  
• hypotension requiring vasopressor treatment in 3% of patients, and 
• thrombosis in 2% of patients.(George, 2010) 


 
The rate of significant safety concerns is also strikingly high in children receiving 
apheresis.(Michon et al, 2007)  Adverse events experienced by children included 
hypotension requiring fluid resuscitation (48%), hypocalcaemia (64%), severe 
anaemia (48%), and allergic reactions (24%).  Additional safety concerns due to 
venous access have been reported in children receiving apheresis, including 
catheter-related infections (16%), catheter-related thrombosis (12%), and central 
venous obstruction (20%).(Michon et al, 2007) 
 
Prior to the availability of eculizumab, two advisory groups provided guidance for 
clinicians on the use of PE/PI in aHUS.  Documents published in 2009 provide non-
evidence-based recommendations on use of PE/PI as the initial supportive care 
option for aHUS patients.  Importantly, however, the authors of one guideline 
consider the strength of their recommendation as “weak” and the quality of evidence 
supporting the recommendation as “low”.(Taylor et al, 2010)  Meanwhile, the authors 
of the second guideline state that: “This guideline for the investigation and initial 
treatment of atypical haemolytic uraemic syndrome [using PE/PI] is intended to offer 
an approach based on opinion, as evidence is lacking”.(Ariceta et al, 2009) 
 
Dialysis 
 
Dialysis (both peritoneal and haemodialysis) is a standard supportive measure for 
patients with acute or irreversible kidney damage.  However, in aHUS, dialysis has 
no impact on the underlying complement dysregulation and consequently, on-going 
evidence of TMA is observed in aHUS patients receiving dialysis.(Donne et al, 2002; 
Larakeb et al, 2007; Davin et al, 2010) One year survival after TMA on dialysis is 
poor at only 58%.(Perkins et al, 2006) 
 
In addition, a significantly decreased survival rate has been reported generally in all 
patients undergoing dialysis.  The overall five-year survival rate of dialysis patients in 
2004 in the United States and Europe was only 35% to 39%, indicating generally 
poor long-term outcomes. (United States Renal Data System, 2011; European Renal 
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Association, 2011)  Together, this evidence demonstrates that high mortality in 
dialysis patients is compound in aHUS by on-going complement-mediated TMA in 
patients receiving supportive care alone. 
 
Kidney Transplantation 
 
Kidney transplantation does not rectify the continued and uncontrolled complement 
activation leading to progressive disease and premature mortality in aHUS patients. 
Renal transplantation is rarely performed in these patients due to a 60% graft loss by 
one year which stems from chronic uncontrolled complement activation and the 
resulting on-going systemic TMA, making kidney transplantation generally 
contraindicated prior to the availability of eculizumab.(Noris et al, 2010)  Combined 
liver-kidney transplantation is only available for very few patients, due to the limited 
supply of solid organs, and the substantial near-term risk of mortality which is 
deemed to be too high by many physicians and patients.(Loirat et al, 2008)  Given 
the poor outcomes, isolated renal transplantation is often contraindicated in aHUS 
patients.(Zuber et al, 2011) 
 
Published clinical data on the use of eculizumab in patients with aHUS have 
demonstrated significant clinical benefits.  The authors concluded that eculizumab 
has the potential to become the standard of care in aHUS.(Licht et al 2011). 
 


8.4 Describe the new pathway of care incorporating the new technology 
that would exist following national commissioning by NHS England. 


The pathway of care for patients with aHUS will be relatively unchanged save for the 
introduction of eculizumab as the primary targeted therapy once the diagnosis of 
aHUS has been established since supportive care such as PE/PI has no evidence of 
positive benefit in aHUS patients.  
 
aHUS is a chronic and life-threatening disease.  Eculizumab is indicated as a chronic 
therapy in all patients with a diagnosis of aHUS and in line with the licensed 
indication and clinical trials, eculizumab is recommended for the treatment of all 
patients with a clinical diagnosis of aHUS.  Clinical diagnosis of aHUS is based on 
presence of the following signs and symptoms of complement-mediated TMA, for 
example: 
 


• Decreased platelet count 
• Evidence of microangiopathic haemolysis (e.g., raised LDH or presence of 


schistocytes) 
• Evidence of organ impairment/damage [e.g., serum creatinine > Upper Limit 


of Normal (ULN)] 
 
Where clinically suspected, aHUS can be differentiated from other TMA diseases. 
ADAMTS13 activity greater than 5% excludes severe ADAMTS13 deficiency 
(congenital or acquired TTP) as a cause of TMA.  The absence of positive Shiga-
Toxin producing enterohaemorrhagic Escherichia coli (STEC) test excludes STEC-
HUS as the sole cause of TMA. 
 
Importantly, positive identification of complement gene mutations or auto-antibodies 
present in aHUS patients is not needed for diagnosis or initiation of eculizumab.  
Genetic mutation cannot be identified in 30% to 50% of patients clinically diagnosed 
with aHUS and who still have an equally poor outlook to those with identifiable 
complement mutations.(Noris et al, 2010) 
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Further, genetic screening cannot determine resistance to eculizumab 
treatment.  First, the prospective clinical trials demonstrate that all patients benefit 
from eculizumab treatment independent of an identified complement 
mutation.  Second, identification of the newly discovered mutation in the gene 
encoding for  DGKe presenting in aHUS patients less than one year of age does not 
exclude the use of eculizumab.  Lemaire et al reported seven DGKe patients being 
treated with eculizumab with one patient showing signs of TMA during eculizumab 
treatment.  The other six patients were managed successfully with eculizumab.  The 
investigators speculate on the potential role for DGKe in accelerating endothelial 
damage through PKC, which can lead to uncontrolled chronic complement activation 
and unmask aHUS.  Therefore, based on the current evidence of the benefit of 
eculizumab in aHUS patients, the acceleration of disease in DGKe and six patients 
with a DGKe mutation reportedly responding to eculizumab, it is too early to assume 
that these high risk aHUS patients would need to be discontinued from eculizumab 
treatment until further investigation has been made.   
 
Third and more broadly, a single nucleotide polymorphism in the gene encoding C5 
has been reported in 2% of the Japanese population.  The polymorphism is restricted 
to the Japanese population.  All PNH patients treated with eculizumab in the UK and 
Western Europe have responded to eculizumab as measured by decline in 
LDH.  Therefore, based on the large number of PNH-treated patients responding well 
to eculizumab, the likelihood of C5 polymorphism in UK patients receiving 
eculizumab is extremely low. 
 
Clinical trials data have shown that early intervention with eculizumab is associated 
with optimal patient outcomes; therefore, eculizumab is intended for immediate 
primary treatment  following diagnosis of aHUS.  Published recommendations have 
advised that eculizumab should be commenced within 24 hours of aHUS disease 
onset.(Zuber et al, 2012a)  The SmPC recommends that eculizumab treatment be 
continued for the patient’s lifetime.  Severe TMA complications were observed in 
patients who discontinued therapy with eculizumab.(SmPC, 2013) 
 
Presently, no approved drug therapies, and otherwise very limited supportive care 
options, exist for patients with aHUS.  Currently available supportive care options that 
are utilised in the clinical care pathway are aimed at trying to stabilise haematological 
parameters, defined as normalisation of platelet count and reduction in 
haemolysis.(Loirat et al, 2008; Ariceta et al, 2009)  These supportive care options do 
not address uncontrolled complement activation, do not substantially reduce 
complement-mediated TMA or reverse kidney dysfunction, nor do they eliminate the 
need for new dialysis or positively impact patient survival.  Moreover, the available 
supportive care options likely contribute to a further debilitating quality of life for 
surviving aHUS patients. 
 
It is recognised that an aHUS patient may present at any time and hospital location 
across England.  It will therefore be important to ensure that any suspected diagnosis 
of aHUS be confirmed as soon as possible in order to try to prevent significant and 
life-long renal impairment or other irreversible organ damage.  Such diagnosis could 
be supported by centre/s of expertise working a part of a “national aHUS service” 
whereby local centres would have immediate access to expert advice relating to 
diagnosis and early appropriate management of aHUS cases.  Once diagnosis has 
been confirmed, management of the patient would continue within the local setting 
supported by on-going monitoring and evaluation provided in conjunction with the 
centre/s of expertise.  Clearly, the establishment of a national aHUS service will be 
the remit of NHS England following a national commissioning direction. 
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8.5 Discuss whether and how you consider the technology to be 


innovative in its potential to make a significant and substantial 
impact on health-related benefits, and whether and how the 
technology is a ‘step-change’ in the management of the condition. 


 
aHUS is a devastating, life-threatening, and ultra-rare disease in which excessive, 
chronic, uncontrolled complement activation in all patients causes a life-long risk for 
catastrophic outcomes: in the pre-eculizumab era, 65% of all patients have died, 
require dialysis, or have permanent renal damage within the first year after diagnosis 
despite plasma exchange or plasma infusion.(Neuhaus et al, 1997; Caprioli et al, 
2006; Noris et al, 2010) 
 
Eculizumab is the first and only complement inhibitor available worldwide and the 
innovative nature of the drug has been recognised in both the US and France as a 
winner of the prestigious Prix Galien award for technology innovation.  Eculizumab is 
also the first and only targeted therapy approved for the treatment of aHUS.  Prior to 
regulatory approval of eculizumab for the treatment of aHUS in 2011, the only 
management options for this devastating disease were supportive in nature and 
therefore did not address the underlying cause of the condition.  In contrast, 
eculizumab directly addresses the underlying cause of aHUS by inhibiting chronic, 
uncontrolled complement activation, thereby providing significant clinical benefit to 
patients with aHUS.  As highlighted in recent peer-reviewed publications, notably the 
New England Journal of Medicine (Legendre et al 2013) and in various case study 
reports and case series, eculizumab alters immediate and long-term outcomes for 
patients with aHUS including inhibition of complement-mediated TMA, a significant 
time-dependent and continuous improvement in renal function, opportunity for 
cessation of dialysis, ability to prevent patients progressing to dialysis, improvement 
in extra-renal consequences, and significant improvement in patient reported quality 
of life.  As such, eculizumab is a major technological and innovative breakthrough in 
the treatment of patients with a life-threatening, chronic, and ultra-rare disease. 
 


8.6 Describe any changes to the way current services are organised or 
delivered as a result of introducing the technology. 


 
Infrastructure requirements are limited to the additional resource requirements within 
the current centres of adult and paediatric expertise in Newcastle.  No additional 
infrastructure will be required in local centres where aHUS patients may present. 
 


8.7 Describe any additional tests or investigations needed for selecting 
or monitoring patients, or particular administration requirements, 
associated with using this technology that are over and above usual 
clinical practice. 


Basic haematological parameters (haemoglobin, platelet count, lactate 
dehydrogenase, renal function (creatinine)) support the clinical diagnosis of aHUS.  
In patients where other causes of TMA are suspected, ADAMTS13 activity and 
shiga-toxin testing support the differentiation of TMAs and diagnosis of aHUS.  
Genetic testing and complement levels are not required for diagnosis of aHUS or 
eculizumab initiation.  Patients should be monitored for TMA on a regular basis.  
These investigations are not particular to eculizumab use and are undertaken in all 
aHUS patients. 
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• TTP is caused by severe ADAMTS13 deficiency (<5% activity).  Confirmation 


of activity > 5% supports the diagnosis of aHUS if TTP is clinically considered 
as a possible diagnosis.(Tsai, 2010; Tsai, 2013a) 


• Testing for Shiga-toxin can help identify STEC-HUS patients, but these 
patients should also be evaluated for aHUS as STEC can be a triggering 
factor for first presentation of aHUS.(Ariceta et al, 2009) 


• Genetic testing is not required for aHUS diagnosis or eculizumab initiation: Up 
to 50% of aHUS patients do not have an identifiable genetic mutation.(SmPC, 
Noris et al 2010) 


 
Eculizumab (Soliris) should only be administered via intravenous infusion.  The 
diluted solution of Soliris should be administered by intravenous infusion over 25 to 
45 minutes via gravity feed, a syringe-type pump, or an infusion pump. It is not 
necessary to protect the diluted solution of Soliris from light during administration to 
the patient. 
 
Patients should be monitored for one hour following infusion. If an adverse event 
occurs during the administration of Soliris, the infusion may be slowed or stopped at 
the discretion of the physician. If the infusion is slowed, the total infusion time may 
not exceed two hours in adults and adolescents and four hours in children aged less 
than 12 years.(SmPC, 2013) 
 
The blockade of terminal complement activation and the generation of C5b-9 
increase the risk of meningococcal infection; therefore, use of eculizumab increases 
an unvaccinated patient’s susceptibility to serious meningococcal infections 
(Neisseria meningitides).  As indicated in the FDA-approved label and EMA SmPC, 
all patients must be vaccinated at least two weeks prior to receiving Soliris to reduce 
the risk of infection.  Patients below the age of two years and those who are treated 
with eculizumab less than two weeks after receiving a meningococcal vaccine must 
receive treatment with appropriate prophylactic antibiotics until two weeks after 
vaccination.  Patients must be re-vaccinated according to current medical guidelines 
for vaccination use.  Tetravalent vaccines against serotypes A, C, Y and W135 are 
strongly recommended, preferably conjugated ones. 
 
Eculizumab should not be administered to patients with unresolved Neisseria 
meningitides infection or to patients who have not been vaccinated against Neisseria 
meningitides unless they are being treated with appropriate antibiotic prophylaxis. 
 
It is recommended that patients being treated with eculizumab be monitored for early 
signs of meningococcal infection. Patients should carry a safety card with them at all 
times. 
 
There were no meningococcal-related deaths in the aHUS clinical studies.   There 
were three patients in the trial that had meningococcal infections; all three patients 
recovered and two patients continued in the trial.  Furthermore, there did not appear 
to be evidence for an increased risk of other serious infections with eculizumab 
treatment in the aHUS studies.  Adverse events reported to the aHUS clinical studies 
are described in more detail below.  All patients on eculizumab should be monitored 
for early signs of meningococcal infection, evaluated immediately if infection is 
suspected, and treated with antibiotics if necessary. 
 
Patients on eculizumab therapy should also be monitored routinely for TMA by 
measurement of platelet count, serum LDH, and serum creatinine. 
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Other than meningococcal vaccination and antibiotic prophylaxis mentioned above, 
no other therapies are required or recommended to be administered concomitantly 
with eculizumab. 
 
In terms of administration itself, Alexion funds the aHUS homecare service, which will 
be available to all aHUS patients undergoing treatment with eculizumab in England. 
 


8.8 Describe any additional facilities, technologies or infrastructure that 
need to be used alongside the technology under evaluation for the 
claimed benefits to be realised. 


 
Eculizumab is simple to administer via intravenous infusion and is generally well-
tolerated.  Therefore, it is suitable for administration at appropriate centres 
throughout England. 
 
Due to the urgency of treatment, eculizumab will be initiated in local centres with the 
support of centre/s of expertise.  It is envisaged that most patients will transition to 
home care, whereby on-going follow-up will be provided by centre/s of expertise as 
defined and agreed by NHS England. 
 
Given that expertise in the field is very limited owing to the low number of aHUS 
patients presenting annually it is envisaged that centres of expertise will be drawn 
from existing renal unit/s across England.  Currently, the management of aHUS and 
prescription of eculizumab is led by Professor Tim Goodship, an adult nephrologist 
with an international reputation in the field of aHUS.  His research group was the first 
to identify that mutations in complement regulators led to the development of the 
disease and subsequently many of the landmark papers in the field have emanated 
from his laboratory. Professor Goodship currently devotes much of his time 
supporting physicians from around the UK (and outside of the UK) with diagnostic 
and management queries.  The group in Newcastle, including Professor Neil Sheerin, 
who is an expert in renal transplantation and complement, and Dr David Kavanagh, 
who has recently been awarded a Wellcome Trust Intermediate Clinical Fellowship 
for a project titled “The convergence of complement and coagulation in atypical 
haemolytic uraemic syndrome’, provide a referral service for all renal and 
haematology centres in England for assessment and management of patients with a 
diagnosis aHUS, including recommendation regarding the use of eculizumab for both 
incident and prevalent cases.   
 
The paediatric referral service is being led by Dr Sally Johnson, a paediatric 
nephrologist with considerable experience in the management of aHUS in children.  
Working with her adult colleagues in Newcastle, Dr Johnson provides support to all 
paediatric units in England regarding the assessment and management of patients 
with aHUS, including the use of eculizumab in both incident and prevalent cases. 
 


8.9 Describe any tests, investigations, interventions, facilities or 
technologies that would no longer be needed with using this 
technology. 


It is envisaged that with prompt and accurate diagnosis on first presentation of aHUS, 
use of Plasma exchange/plasma infusion will be reduced or eliminated.  Subsequent 
dependence upon dialysis for support of patients in end stage renal disease as a 
result of aHUS will be reduced or eliminated. 
 







Specification for manufacturer/sponsor submission of evidence 59 of 276 


Implementation of a ‘centre/s of expertise’ network and disease education 
programmes will improve speed of diagnosis and diagnostic accuracy thus alleviating 
the ‘diagnostic odyssey’ of patients.  This will reduce the need for repeated 
investigations and tests and potential interventions which impact significantly on NHS 
resources and patient outcomes. 
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Section C – Impact of the new technology 
9 Published and unpublished clinical evidence 
 
Section C requires sponsors to present published and unpublished clinical evidence 
for their technology.  


All statements should be evidence-based and directly relevant to the scope. Reasons 
for deviating from the scope should be clearly stated and explained.  


This section should be read in conjunction with NICE’s ‘Guide to the methods of 
technology appraisal’ section 5.2 available from www.nice.org.uk/guidance/ta. 


9.1 Identification of studies 


Published studies 
9.1.1 Describe the strategies used to retrieve relevant clinical data from the 


published literature.  Exact details of the search strategy used should 
be provided in the appendix. 


 
A comprehensive search was conducted to identify all studies on the clinical 
effectiveness of eculizumab.  Three strategic approaches were used: 
 


• A search of the published literature (EMBASE and MEDLINE); 
• A search of registers of randomised trials; and 
• Manual checking of reference lists of all relevant articles. 


 
Before conducting the literature searches, entry criteria were defined for the inclusion 
and exclusion of papers.  To be included, a reference had to report a clinical trial that 
met all the following criteria: 
 


• A randomisation procedure in the trial design; 
• Comparison of eculizumab versus supportive care, or alternatively was a 


placebo controlled eculizumab trial; and 
• Participant characteristics consistent with atypical Haemolytic Uraemic 


Syndrome (aHUS). 
 
The term ‘atypical’ was first used to describe non-diarrhoeal associated Haemolytic 
Uraemic Syndrome (HUS) as long ago as 1965.  HUS is characterised by a 
combination of microangiopathic haemolytic anaemia, thrombocytopenia, and acute 
kidney injury.  Since then, aHUS has been described as non-diarrhoeal HUS and 
non-shiga-toxin HUS (non- Shiga-Toxin producing enterohaemorrhagic Escherichia 
coli (STEC) HUS), but increasingly over the past decade, aHUS has become 
recognised as a disease process readily differentiated from HUS.  For this reason, 
searching the literature for appropriate trials required a complex process.  There are 
no reliable terms that apply to the majority of the literature on aHUS.  Terminology 
that surrounds and sometimes refers to the disease that is aHUS includes: 
thrombotic microangiopathy (TMA), thrombotic thrombocytopaenic purpura (TTP), 
ADAMTS13, complement mutation, non-STEC-HUS and non-diarrhoeal HUS.  This 
resulted in a relatively large number of publications (over 1,000), which needed to be 
assessed using either abstract or full text.  Hand searching reference lists of 
important publications was necessary in order to identify relevant publications and to 
prevent overlap of study populations under different authors. 



http://www.nice.org.uk/guidance/ta
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The following primary selection criteria were used: 
 


• Children and adults with atypical haemolytic uraemic syndrome (aHUS); and 
• Patients with typical or acquired haemolytic uraemic syndrome or without 


atypical haemolytic uraemic syndrome were excluded from the assessment. 
 
Secondary journal level search criteria included the following requirements: 
 


• The initial selection include human, English-language only; and 
• The highest level of available evidence to be included. 


 
Seven reviews were identified in the search.  However, all were reviewed and none 
were relevant to the Final Scope as outlined by NICE.  Two results for ‘aHUS’ were 
incomplete at the time of the search (one project record and another structured 
abstract), and the remaining five were not relevant to aHUS treatment. 
 
Details of the search strategies used to identify relevant studies for the indirect 
comparison are presented in Appendix 17.1 along with search results annotated with 
the reasons for inclusion or exclusion of trials.  
 
Full citation details and abstracts of all studies identified in the searches were 
downloaded and reviewed.  If a paper could not be excluded on the basis of the 
information in the title or abstract, the full paper was retrieved before any decision 
was made.  Duplicate citations were removed and all relevant papers retrieved. 
 
Unpublished studies 
 


9.1.2 Describe the strategies used to retrieve relevant clinical data from 
unpublished sources. 


 
Unpublished studies were identified from Alexion-sponsored clinical trials as well as 
clinical trial registries.  Only Alexion-sponsored trials were included in the 
assessment as having sufficient data available for assessment. 
 


9.2 Study selection  


Published studies 
9.2.1 Complete Table C1 to describe the inclusion and exclusion criteria used 


to select studies from the published literature.  Suggested headings 
are listed in the table below. Other headings should be used if 
necessary. 


 
Table C1: Selection criteria used for published studies 


Search location Search strategy 
(eculizumab focus) Citations retrieved 


Total 
citations 


for 
RCTs 


Total 
citations 
for non-


RCTs 


Medline 
19 June 2013 
(human, English 
language) 


#1: atypical haemolytic 
uremic syndrome or atypical 
HUS or aHUS or non-
diarrheal HUS or non Stx 
HUS (mp) 


394   


# 2: complement and 
allotransplantation 27   
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Search location Search strategy 
(eculizumab focus) Citations retrieved 


Total 
citations 


for 
RCTs 


Total 
citations 
for non-


RCTs 


#3: Complement C5 320   
#4: haemolysis and 
complement 416   


#5: eculizumab 264   
# 6: randomized controlled 
trial.mp. OR Randomized 
Controlled Trial 


197217   


#7: #1 OR #2 OR #3 OR #4 
OR #5   1221  1013 


#8: #6 AND #7 25 25 0 


Embase 
4 July 2013 


#1: atypical haemolytic 
uremic syndrome or atypical 
HUS or aHUS or non-
diarrheal HUS or non Stx 
HUS (mp) 


594   


# 2: complement and 
allotransplantation (mp) 126   


#3: Complement C5 (mp)  103   
#4: haemolysis and 
complement 986   


#5: eculizumab 1127   
#6: randomized controlled 
trial.mp. OR Randomized 
Controlled Trial 


250408   


#7: #1 OR #2 OR #3 OR #4 
OR #5   2609  2552 


#8: #7 AND #6 (limited to 
RCTs) 57 57 0 


Cochrane Library 
Review & CCTR 


#1: Eculizumab  9 4 5 
#2: Atypical haemolytic-
uremic syndrome 2 0 2 


Clinicaltrials.gov 
#1: Eculizumab AND 
Atypical haemolytic-uremic 
syndrome  


6 0 6 


mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, 
drug manufacturer, device trade name, keyword] 
 


9.2.2 Report the numbers of published studies included and excluded at each 
stage in an appropriate format. 


 
9.2.2.1. Published RCT studies included and exclude at each stage of search 
 
The below PRISMA flow diagram (Figure C1) and summary table (Table C2) 
describe the number of published RCT studies identified then included or excluded in 
the analysis. 
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Figure C1: PRISMA diagram, included and excluded RCT studies 


Records identified through 
database searching 


(n = 61) 


Additional records identified 
through other sources 


(n = 0 ) 


Records after duplicates removed 
(n = 1) 


Records screened 
(n = 60) 


Records excluded 
(n = 0) 


Full-text articles 
assessed for eligibility 


(n = 60) 


Full-text articles 
excluded, with reasons 


(n = 60) 


Consolidated number of 
included studies 


(n = 0) 







Specification for manufacturer/sponsor submission of evidence 64 of 276 


 
 Table C2: Summary of search output exclusions (RCT Search) 


 Citations retrieved 


Eculizumab Search  
EMBASE 
including 
Medline 


Cochrane 
CCTR NIH 


Number of citations retrieved by search 57 4 0 
Identical Duplicate 1   
Number Reviewed 56 4 0 
Number of citations excluded after title/abstract 
review: 
A: not a randomised trial 


   


21   
B: randomised trial does not include the 
proposed drug and the main comparator in 
separate arms 


1   


C: characteristics of the recruited participants 
do not overlap with the main indication 34 4  


Consolidated number of citations of direct 
randomized trials  0 0 0 


Number of multiple (additional) citations of 
direct randomised trials identified 
Number of citations of direct randomized trials  


0 0 0 


0 0 0 
 
9.2.2.2.  Published non-RCT studies included and exclude at each stage of search 
 
Due to the lack of high level evidence in the form of randomised controlled trials, the 
term ‘trial’ was extended to include case series, retrospective trials, registries, cohort 
and case studies.  The below PRISMA flow diagram (Figure C2) and summary table 
(Table C3) describe the number of published non-RCT studies identified then 
included or excluded in the analysis. 
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Figure C2: PRISMA diagram, included and excluded non-RCT studies
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Table C3: Summary of search output exclusions (Non-Randomised Trials Search) 


 Citations retrieved 


Search 
EMBASE 
including 
Medline 


Cochrane 
CCTR NIH 


Number of citations retrieved by search 3425 7 19 
Identical Duplicates 217 0 0 
Number Reviewed 3208 7 19 
Number of citations excluded after 
title/abstract review: 
A: Did not include eculizumab or 
comparative interventions 
B: characteristics of the recruited 
participants do not overlap with the main 
indication 
C: Not a trial but other type of papers, e.g. 
commentary 
D: Studies were in-vitro 


3153 7 19 


Consolidated number of citations of 
included studies 55 0 0 


Number of multiple (additional) citations of 
trials identified 0 0 0 


Number of citations of studies 55 0 0 
 
Unpublished studies 
 


9.2.3 Complete the table below to describe the inclusion and exclusion criteria 
used to select studies from the unpublished literature.  Suggested 
headings are listed in the table below.  Other headings should be used 
if necessary. 


 
Unpublished studies were identified from the above described search strategy (see 
Table C1), including search of clinical trial registries and sponsored clinical 
development program.  The relevant studies included two prospective, single-arm, 
controlled trials in paediatric and adult patients with aHUS (C10-003 and C10-004, 
respectively).  One observational long-term extension study (C11-003) and one 
observational registry study (M11-001) were also identified. 
 


9.2.4 Report the numbers of unpublished studies included and excluded at 
each stage in an appropriate format. 


 
No unpublished studies relevant to the scope as described above were excluded. 
 


9.3 Complete list of relevant studies 


The sponsor should provide a PDF copy of all studies included in the submission.  
For unpublished studies for which a manuscript is not available, provide a structured 
abstract about future journal publication.  If a structured abstract is not available, the 
sponsor must provide a statement from the authors to verify the data provided. 
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9.3.1 Provide details of all published and unpublished studies identified using 
the selection criteria described in tablesTable C1. 


 
No studies were identified that compare the intervention with relevant comparators. 
The list of published and unpublished studies includes four prospective, controlled, 
single-arm studies (registration trials C08-002 and C08-003, and additional 
prospective trials C10-003 and C10-004).  The first two trials have been published as 
a full manuscript (Legendre et al, 2013) as well as multiple abstracts.  The latter two 
trials are presented as unpublished interim data analysis.  Two additional 
observational studies (C11-003, long-term extension of prospective trials and M11-
001, international aHUS registry) are also included.  
 
As described in Section 9.2.2.2, the term ‘trial’ was extended to include case series, 
retrospective trials, registries, cohort and case studies due to the lack of high level 
evidence in the form of randomised controlled trials.  The search identified 60 case 
reports and 2 case series describing the use of eculizumab in patients with aHUS 
(Table C4, Table C5). 
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Table C4: List of relevant published studies 
Primary study 


reference 
Study name 
(acronym) 


Population Intervention Comparator 


Alexion-sponsored trials 
Al-Akash 2012 C09-001r Adult, 


adolescent, and 
paediatric 
patients with 
clinical 
diagnosis of 
aHUS 


Eculizumab n/a 


Legendre  
2013, Trial 1  


C08-002A/B Adult and 
adolescent 
patients with 
clinical 
diagnosis of 
aHUS and 
progressing 
TMA 


Eculizumab n/a 


Legendre 
2013, Trial 2 


C08-003A/B Adult and 
adolescent 
patients with 
clinical 
diagnosis of 
aHUS and long 
duration of 
disease 


Eculizumab n/a 


Case reports and case series 
Alachkar 2012  Case report Eculizumab n/a 
Al-Akash 2011  Case report Eculizumab n/a 
Alberti 2013  Case series Eculizumab n/a 
Ariceta 2012  Case report Eculizumab n/a 
Besbas 2013  Case report Eculizumab n/a 
Brown 2012  Case report Eculizumab n/a 
Carr 2013  Case report Eculizumab n/a 
Cayci 2012  Case report Eculizumab n/a 
Chao 2012   Case report Eculizumab n/a 
Chatelet 2010  Case report Eculizumab n/a 
David 2013  Case report Eculizumab n/a 
Davin 2009  Case report Eculizumab n/a 
Davin 2010  Case report Eculizumab n/a 
De 2010   Case report Eculizumab n/a 
De Latour 
2013 


 Case report Eculizumab n/a 


Delmas 2013  Case report Eculizumab n/a 
Dorresteijn 
2012 


 Case report Eculizumab n/a 


Durán 2012  Case report Eculizumab n/a 
Garjau 2012  Case report Eculizumab n/a 
Giordano 2012  Case report Eculizumab n/a 
Gnappi 2012  Case report Eculizumab n/a 
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Primary study 
reference 


Study name 
(acronym) 


Population Intervention Comparator 


Gruppo 2009  Case report Eculizumab n/a 
Gulleroglu 
2013 


 Case report Eculizumab n/a 


Gupta 2011  Case report Eculizumab n/a 
Heinen 2013  Case report Eculizumab n/a 
Hepgur 2012   Case report Eculizumab n/a 
Hodgkins 2012  Case report Eculizumab n/a 
Kalmanovich 
2012 


 Case report Eculizumab n/a 


Kim 2012  Case report Eculizumab n/a 
Kose  Case report Eculizumab n/a 
Kourouklaris 
2013 


 Case report Eculizumab n/a 


Krid 2012  Case report Eculizumab n/a 
Lapeyraque 
2011 


 Case report Eculizumab n/a 


Larrea 2011  Case report Eculizumab n/a 
Loirat 2010  Case report Eculizumab n/a 
Mache 2009  Case report Eculizumab n/a 
Malina 2012  Case report Eculizumab n/a 
Nester 2011  Case report Eculizumab n/a 
Nürnberger 
2009 


 Case report Eculizumab n/a 


Ohanian 
2011a 


 Case report Eculizumab n/a 


Ohanian 
2011b 


 Case report Eculizumab n/a 


Pabst 2013  Case report Eculizumab n/a 
Pelicano 2013  Case report Eculizumab n/a 
Povey 2013  Case report Eculizumab n/a 
Prescott 2010  Case report Eculizumab n/a 
Salem 2013  Case report Eculizumab n/a 
Sallee 2010  Case report Eculizumab n/a 
Sethy 2012  Case report Eculizumab n/a 
Totina 2013  Case report Eculizumab n/a 
Totina 2011  Case report Eculizumab n/a 
Tsai 2013  Case report Eculizumab n/a 
Tschumi 2011  Case report Eculizumab n/a 
Uslu-
Gokceoglu 
2013 


 Case report Eculizumab n/a 


Vilalta 2012  Case report Eculizumab n/a 
Weitz 2011  Case report Eculizumab n/a 
Xie 2012  Case report Eculizumab n/a 
Yasuda 2013  Case report Eculizumab n/a 
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Primary study 
reference 


Study name 
(acronym) 


Population Intervention Comparator 


Zimmerhackl 
2010 


 Case report Eculizumab n/a 


Zlamy 2012  Case report Eculizumab n/a 
Zschiedrich 
2013 


 Case report Eculizumab n/a 


Zuber 2012a  Case series Eculizumab n/a 
Zuber 2012b  Case series Eculizumab n/a 
 
Table C5: List of relevant unpublished studies 


Data source 
Study name 
(acronym) 


Population Intervention Comparator 


Interim Clinical 
Study Report 


C10-003 Paediatric aHUS 
patients 


Eculizumab n/a 


Interim Clinical 
Study report 


C10-004 Adult aHUS 
patients 


Eculizumab n/a 


Clinical study 
protocol; 
analysis not 
yet available 


C11-003 Paediatric and 
adult aHUS 
patients 


Observational n/a 


Clinical study 
protocol; 
analysis not 
yet available 


M11-001 aHUS patients Observational Observational 


 
9.3.2 State the rationale behind excluding any of the published studies listed in 


tables Table C4 and Table C5. 
 
All published and unpublished clinical trials that are relevant to the scope of the 
application have been included.  Individual published case studies and case series 
have been excluded as level of relevant data is not available or they fall outside the 
scope of this submission due to population or dosing variability.     
 


9.4 Summary of methodology of relevant studies 


9.4.1 Describe the study design and methodology for each of the published and 
unpublished studies using tables Table C6 and Table C7 as 
appropriate.  A separate table should be completed for each study. 


 
Table C6 includes methodology of four controlled, prospective, open-label, Phase II, 
multi-centre clinical trials (C08-002, C08-003, C10-003, and C10-004).  
 
Table C6 Summary of methodology for controlled trials 
Study name Legendre 2013 Trial 1 (C08-002 A/B) 


Objectives Objectives: The following trial objectives for adolescent 
patients (from 12 and up to 18 years of age) with aHUS that 
have evidence of progressive TMA after four or more 
sessions of plasma exchange or infusion in the prior week are 
to:  
Primary:  
− Assess the effect of eculizumab to reduce TMA as 


indicated by thrombocytopenia as measured by platelet 
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Study name Legendre 2013 Trial 1 (C08-002 A/B) 


count change from baseline through the treatment period  
Secondary:  
− Evaluate additional efficacy endpoints such as the effect 


of eculizumab on:  
− TMA Intervention Rate (# Plasma exchange/ Plasma 


infusion (PE/PI) and # Dialysis Events/Patient/Day) 
during the Treatment Period compared with the TMA 
Intervention Rate prior to the first dose  


− TMA-Event Free status defined as the absence of [1] 
decrease in platelet count of > 25% from the Platelet 
Count Pre-PT Baseline Set-Point; [2] PE/PI while the 
patient is receiving eculizumab, and [3] new dialysis for at 
least 12 weeks.  


− Key Haemolytic measures.  
− Quality of Life measures.  
− Renal function measures.  
− TMA Remission.  
• Characterise the overall safety and tolerability of 


eculizumab.  
• Describe the pharmacokinetics (PK) and 


pharmacodynamics (PD) of eculizumab in patients with 
aHUS.  


• Perform a series of exploratory efficacy analyses such as 
the effect of eculizumab on:  
− Platelet count measures.  
− Thrombotic measures.  
− Pro-inflammatory markers.  
− Major Adverse Vascular Events (MAVE).  
− Systemic hypertension and anti-hypertensive 


medication.  
− Additional haemolytic measures.  
− Additional measures of renal function. 


Location 30 centres in North America (Canada, US) and Europe   
(Austria, France, Germany, Italy, Netherlands, Spain, 
Sweden, UK) 


Design  Open-label, non-randomised, single-arm multi-centre 
controlled trial including the following study periods: 


1. Screening (max 3 days) 
2. Treatment (26 weeks) 
3. Follow-up if eculizumab was discontinued (8 weeks) 


Duration of study  26 weeks; patients allowed to continue in long-term 
extension until product registered and available 


Sample size  17 (16 adults, 1 adolescent) 
Inclusion criteria  • Male/female; age ≥12 years 


• Weight ≥ 40kg  
• Clinical diagnosis aHUS (newly diagnosed, existing 


diagnosis, or post-transplant)  
• LDH > Upper Limit of Normal (ULN) 
• PE/PI: ≥ 4 sessions in the week prior to screening 
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Study name Legendre 2013 Trial 1 (C08-002 A/B) 


• Platelet count <150 x 109/L and at least 25% lower than 
average of 3 platelet counts obtained during most recent 
TMA admission at least 1 month apart prior to screening 


• Serum creatinine ≥ ULN for age (acute dialysis for acute 
renal failure eligible; chronic dialysis not permitted) 


• No requirement for an identified complement mutation 
Exclusion criteria • Acquired or congenital TTP (ADAMTS13) deficiency, 


<5% activity) 
• History of malignancy within 5 years of screening  
• Typical HUS (shiga toxin positive) 
• Known HIV infection 
• Identified drug-exposure-related HUS 
• HUS-related bone marrow transplant 
• Confirmed sepsis (positive blood cultures within 7 days 


of screening and not treated with organism-sensitive 
antibiotic) 


• Active, untreated systemic bacterial infection that 
confounds diagnosis of aHUS or affects ability to 
manage aHUS 


• Pregnancy or lactation 
• Unresolved meningococcal disease 
• Known systemic lupus erythematous (SLE) 
• Previous treatment with eculizumab 
• Treatment with IVIG within 8 weeks or rituximab within 


12 weeks of screening 
• Treatment with other immunosuppressive therapies 
• Treatment with erythrocyte-stimulating agents unless 


already on a stable dose for 4 weeks prior to screening. 
Method of randomisation   N/A (non-randomised) 


Method of blinding   N/A (single-arm) 
Intervention(s) (n = ) and 
comparator(s) (n = ) 


 N/A (single-arm) 


Baseline differences N/A (single-arm) 
Duration of follow-up, lost to 
follow-up information 


 8 weeks, if discontinued 


Statistical tests All primary analyses were performed in the intention-to-treat 
population. Means [±Standard Error (SE)], medians and 
ranges, least-squares means, and 95% confidence intervals 
were determined for all continuous variables. All 26-week 
results presented from models based on only the first 26 
weeks of data 


Primary outcomes (including 
scoring methods and timings of 
assessments) 


• Reduction in TMA as measured by change in platelet 
count from baseline 
− Baseline set-point calculated as the average of two 


platelet counts collected immediately prior to the 
qualifying PE/PI 


− Platelet counts collected at each weekly visit 
thereafter 
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Study name Legendre 2013 Trial 1 (C08-002 A/B) 


Secondary outcomes 
(including scoring methods and 
timings of assessments) 


• Reduction in TMA as measured by TMA event-free 
status (defined as no decrease in platelet count of > 
25% AND no PE/PI AND no new dialysis for ≥12 
consecutive weeks) 


• TMA intervention rate (defined as the number of PE/PI 
interventions and the number of dialysis events per 
patient per day) 


• Improvement in or preservation of renal function: 
− Improvement in kidney function eGFR; CKD stage) 
− Reduction in ongoing kidney damage (Proteinuria) 


• Reduction in Burden of Disease  
• Improvement in Anemia 
• Improvement in Quality of life 


 
Study name Legendre 2013 Trial 2 (C08-003A/B) 


Objectives Objectives: The following trial objectives for adult and 
adolescent (from 12 and up to 18 years of age) patients with 
plasma therapy-sensitive aHUS are to:  
Primary:  
• Assess the effect of eculizumab on TMA-Event Free status 


defined as the absence of [1] decrease in platelet count of 
> 25% from the Platelet Count Pre-PT Baseline Set-Point; 
[2] PT while the patient is receiving eculizumab, and [3] 
new dialysis for at least 12 weeks in adult and adolescent 
patients with aHUS with long duration of disease and renal 
impairment.  


Secondary:  
• Evaluate additional efficacy endpoints such as the effect of 


eculizumab on:  
− TMA Intervention Rate (# PT and # Dialysis 


Events/Patient/Day) during the Treatment Period 
compared with the TMA Intervention Rate prior to the 
first dose of eculizumab.  


− Reduction of TMA as indicated by thrombocytopenia as 
measured by platelet count change from baseline 
through the treatment period.  


− Key Haemolytic measures.  
− Quality of Life measures.  
− Renal function measures.  
− TMA Remission. 


• Characterise the overall safety and tolerability of 
eculizumab.  


• Describe the PK and PD of eculizumab in patients with 
aHUS.  


− Perform a series of exploratory efficacy analyses such as 
the effect of eculizumab on:  
− Platelet count measures.  
− Thrombotic measures.  
− Pro-inflammatory markers.  
− Major Adverse Vascular Event (MAVE).  
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Study name Legendre 2013 Trial 2 (C08-003A/B) 


− Systemic hypertension and anti-hypertensive 
medication.  


− Additional haemolytic measures.  
− Additional measures of renal function. 


Location 30 centres in North America (Canada, US) and Europe 
(Austria, France, Germany, Italy, Netherlands, Spain, Sweden, 
UK) 


Design  Open-label, non-randomised, single-arm multi-centre controlled 
trial including the following study periods: 


1. Screening (max 2 days) 
2. Treatment (26 weeks) 
3. Follow-up if eculizumab was discontinued (8 weeks) 


Duration of study  26 weeks; patients allowed to continue in long-term extension 
until product registered and available 


Sample size  20 (15 adults, 5 adolescent) 
Inclusion criteria  • Male/female; age ≥ 12 years 


• Weight ≥ 40kg  
• Clinical diagnosis aHUS (newly diagnosed, existing 


diagnosis, or post-transplant)  
• LDH and creatinine > ULN 
• PE/PI: ≥1 session / 2 weeks and ≤3 sessions/week for ≥8 w


eeks before first dose of eculizumab 
• No platelet decrease > 25% during 8 weeks prior to first 


dose of eculizumab 
• Serum creatinine ≥ ULN for age (chronic dialysis permitted) 
• No requirement for an identified complement mutation 


Exclusion criteria • Acquired or congenital TTP (Severe ADAMTS13 
deficiency, <5% activity) 


• History of malignancy within 5 years of screening  
• Typical HUS (shiga toxin positive) 
• Known HIV infection 
• Identified drug-exposure-related HUS 
• HUS-related bone marrow transplant 
• Confirmed sepsis (positive blood cultures within 7 days of 


screening and not treated with organism-sensitive 
antibiotic) 


• Active, untreated systemic bacterial infection that 
confounds diagnosis of aHUS or affects ability to manage 
aHUS 


• Pregnancy or lactation 
• Unresolved meningococcal disease 
• Known systemic lupus erythematous (SLE) 
• Previous treatment with eculizumab 
• Treatment with IVIG within 8 weeks or rituximab within 12 


weeks of screening 
• Treatment with other immunosuppressive therapies 
• Treatment with erythrocyte-stimulating agents unless 


already on a stable dose for 4 weeks prior to screening. 
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Study name Legendre 2013 Trial 2 (C08-003A/B) 


Method of randomisation   N/A (non-randomised) 


Method of blinding   N/A (single-arm) 
Intervention(s) (n = ) and 
comparator(s) (n = ) 


 N/A (single-arm) 


Baseline differences  N/A (single-arm) 
Duration of follow-up, lost to 
follow-up information 


 8 weeks, if discontinued 


Statistical tests All primary analyses were performed in the intention-to-treat 
population. Means (±SE), medians and ranges, least-squares 
means, and 95% confidence intervals were determined for all 
continuous variables. All 26-week results presented from 
models based on only the first 26 weeks of data 


Primary outcomes 
(including scoring methods 
and timings of 
assessments) 


• Reduction in TMA as measured by TMA event–free status 
(defined as no decrease in platelet count of > 25% AND no 
PE/PI AND no new dialysis for ≥12 consecutive weeks) 


Secondary outcomes 
(including scoring methods 
and timings of 
assessments) 


• Reduction in TMA as measured by change in platelet count 
from baseline 
− Baseline set-point calculated as the average of two 


platelet counts collected immediately prior to the 
qualifying PE/PI 


− Platelet counts collected at each weekly visit thereafter 
• TMA intervention rate (defined as the number of PE/PI 


interventions and the number of dialysis events per patient 
per day) 


• Improvement in or preservation of renal function: 
− Improvement in kidney function (eGFR; CKD stage) 
− Reduction in ongoing kidney damage (Proteinuria) 


• Reduction in Burden of Disease  
• Improvement in Anemia 
• Improvement in Quality of life 


 
Study name C10-003, “An open-label multi-centre clinical trial of eculizumab 


in paediatric patients with aHUS” (Unpublished) 
Objectives Assess the safety and efficacy of eculizumab in paediatric 


patients to control TMA as characterised by thrombocytopenia, 
haemolysis, and renal impairment 


Location US, Canada, Australia, EU (Belgium, France, Germany, Italy, 
Netherlands, UK) 


Design  Controlled, single-arm, open-label 
Duration of study 26 weeks 
Sample size 22 
Inclusion criteria  • Paediatric patients diagnosed with aHUS 


• Age 1 month to 18 years, ≥ 5 kg 
• Platelet count < Lower Limits of Normal  (LLN) at screening 


and baseline 
• Evidence of haemolysis (LDH ≥ 1.5 x ULN and haemoglobin 


< LLN) at start of current aHUS event 
• Serum creatinine ≥ 97 percentile for age at screening 
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Study name C10-003, “An open-label multi-centre clinical trial of eculizumab 
in paediatric patients with aHUS” (Unpublished) 
• Vaccinated against N. meningitides, pneumococcus and 


haemopholis at least 14 days prior to study or protected by 
prophylactic antibiotics 


• No requirement for identified complement mutation or 
antibody 


Exclusion criteria • ADAMTS13 activity < 5% 
• Positive shiga toxin test 
• > 5 weeks PE/PI prior to enrolment 


Method of randomisation  Non-randomised 


Method of blinding  Open-label 
Intervention(s) (n = ) and 
comparator(s) (n = ) 


Eculizumab (n=22) 


Baseline differences n/a 
Duration of follow-up, lost 
to follow-up information 


If discontinued, safety parameters assessed for 12 weeks and 
patients followed at three month intervals for up to one year to 
assess aHUS disease status and outcome. 


Statistical tests All statistical tests were assessed at the two-sided α= 5% level 
without adjusting for multiplicity. The primary analysis was 
assessed at the one-sided α= 5% level. Unless otherwise 
stated, all efficacy analyses were performed on the intent-to-
treat (ITT) population.  
A sensitivity analysis was performed on the primary efficacy 
analysis using the PP population, if it was different from the ITT 
population. All safety analyses were conducted on the safety 
population. 


Primary outcomes 
(including scoring methods 
and timings of 
assessments) 


• Complete TMA response confirmed by two consecutive 
measurements obtained at least four weeks apart 
− Haematologic normalisation (platelet count and LDH) 
− ≥ 25% improvement in serum creatinine from baseline 


Secondary outcomes 
(including scoring methods 
and timings of 
assessments) 


• Complete haematologic response (platelet count and LDH) 
sustained by two consecutive measurements obtained at 
least four weeks apart 


• Platelet count improvement: 
− Platelet count ≥ 150 x 109/L  
− Platelet count change from baseline 


• Renal function measures: 
− CKD stage 
− Decrease of serum creatinine 


• PE/PI event-free status 
• New dialysis event-free status 
• Change in quality of life measures (Paediatric Functional 


Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) 
fatigue) 


• Safety and tolerability 
• PK/PD 


 
Study name C10-004, “An open-label multi-centre clinical trial of eculizumab 


in adult patients with aHUS” (Unpublished) 
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Study name C10-004, “An open-label multi-centre clinical trial of eculizumab 
in adult patients with aHUS” (Unpublished) 


Objectives Assess the safety and efficacy of eculizumab in paediatric 
patients to control TMA as characterised by thrombocytopenia, 
haemolysis, and renal impairment 


Location US, Canada, Australia, EU (Belgium, France, Germany, Italy, 
Netherlands, UK) 


Design  Controlled, single-arm, open-label 
Duration of study 26 weeks 
Sample size 41 
Inclusion criteria  • Adult patients (age ≥ 18 years) diagnosed with aHUS 


• Platelet count < LLN at screening and baseline 
• Evidence of haemolysis (LDH ≥ 1.5 x ULN and haemoglobin 


< LLN) at start of current aHUS event 
• Serum creatinine ≥ 97 percentile for age at screening 
• Vaccinated against N. meningitides, pneumococcus and 


haemopholis at least 14 days prior to study or protected by 
prophylactic antibiotics 


• No requirement for identified complement mutation or 
antibody 


Exclusion criteria • ADAMTS13 activity < 5% 
• Positive shiga toxin test 


Method of randomisation  Non-randomised 


Method of blinding  Open-label 
Intervention(s) (n = ) and 
comparator(s) (n = ) 


Eculizumab (n=41) 


Baseline differences n/a 
Duration of follow-up, lost 
to follow-up information 


If discontinued, safety parameters assessed for 8 weeks and 
patients followed at three month intervals for up to one year to 
assess aHUS disease status and outcome. 


Statistical tests All efficacy analyses were performed on the ITT population, and 
all statistical tests were assessed at the two-sided α= 5% level 
without adjusting for multiplicity. The primary analysis was 
assessed at the one-sided α= 5% level.  
A sensitivity analysis was performed on the primary efficacy 
analysis using the Per-Protocol (PP) population.  
All safety analyses were conducted on the safety population. 


Primary outcomes 
(including scoring methods 
and timings of 
assessments) 


• Complete TMA response confirmed by two consecutive 
measurements obtained at least four weeks apart 
− Haematologic normalisation (platelet count and LDH) 
− < 25% worsening in serum creatinine from baseline 


Secondary outcomes 
(including scoring methods 
and timings of 
assessments) 


• Complete haematologic response (platelet count and LDH) 
sustained by two consecutive measurements obtained at 
least four weeks apart 


• Platelet count improvement: 
− Platelet count ≥ 150 x 109/L  
− Platelet count change from baseline 


• Renal function measures: 
− CKD stage 
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Study name C10-004, “An open-label multi-centre clinical trial of eculizumab 
in adult patients with aHUS” (Unpublished) 


− Decrease of serum creatinine 
• PE/PI event-free status 
• New dialysis event-free status 
• Change in quality of life measures (Paediatric FACIT-F 


fatigue) 
• Safety and tolerability 
• PK/PD 


 
Table C7 describe methodology of three retrospective and/or observational studies 
(C09-001r, C11-003, and M11-001). 
 
Table C7: Summary of methodology for observational studies 
Study name C09-001r, A retrospective, observational, non-interventional 


trial to assess eculizumab treatment effect in patients with 
aHUS (Unpublished) 


Objective To assess safety and efficacy of eculizumab in aHUS patients 
treated outside of Alexion-sponsored controlled clinical trials 


Location Multi-national 


Design  Retrospective, observational, non-interventional chart review 
Duration of study Variable 
Patient population Paediatric and adult patients with aHUS 
Sample size 30 
Inclusion criteria • Male or female patients of any age who had been 


diagnosed with aHUS.  
• Received at least one dose of eculizumab for the treatment 


of aHUS between 2007 and Dec 2009 outside of an 
Alexion-sponsored controlled clinical trial. 


Exclusion criteria • Patients who had participated or who were concurrently 
participating in a controlled clinical trial of eculizumab 


Intervention(s) (n = ) and 
comparator(s) (n = )  


Eculizumab (n=30); variable dosing schedule and treatment 
duration 


Baseline differences n/a 


How were participants 
followed-up (for example, 
through pro-active follow-up 
or passively). Duration of 
follow-up, participants lost to 
follow-up  


n/a 


Statistical tests • Descriptive statistics of efficacy parameters were 
presented for 30 Day-Pre-treatment and during the 
Treatment period (whenever data were available). 
Changes in parameters occurring during treatment were 
compared to the baseline value. 


• The difference in the pre- and during treatment TMA 
intervention rates was calculated for each patient using a 
five-step algorithm. The P-value for this test came from a 
two-sided signed rank test. 


• Renal function parameters, creatinine and eGFR, 
haemoglobin, and LDH were assessed by frequency 
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Study name C09-001r, A retrospective, observational, non-interventional 
trial to assess eculizumab treatment effect in patients with 
aHUS (Unpublished) 


counts, proportions, and exact 95% confidence interval’s 
(CI) for obtained pre-treatment and during treatment and 
change from baseline to the end of study were produced. 


Primary outcomes (including 
scoring methods and timings 
of assessments) 


• Platelet count change from baseline and platelet count 
normalisation  


• Difference in TMA Intervention Rates (Pre- and During 
Treatment)  


• TMA Event-Free status 
Secondary outcomes 
(including scoring methods 
and timings of assessments) 


• Changes in Haemoglobin  
• Changes in LDH 
• Renal Function  
• Intravascular Haemolysis  
• PK and PD measures (as available)  
• MAVE 
• ponsor Assessment of Haematological Normalisation and 


Complete TMA Response (analysis requested by 
regulatory authorities) 


 
Study name C11-003, aHUS Observational Long Term Follow-up 


(Unpublished) 
Objective Assess the long term safety and efficacy of eculizumab in 


patients with aHUS who have previously participated in an 
eculizumab study 


Location Multinational 


Design  Phase IV observational, long term follow-up  
Duration of study 5 years 
Patient population Paediatric and adult aHUS patients previously enrolled in 


eculizumab clinical trials 
Sample size Data not yet available 
Inclusion criteria aHUS patients who participated in any aHUS-eculizumab 


clinical studies 
Exclusion criteria  
Intervention(s) (n = ) and 
comparator(s) (n = )  


Eculizumab (n=data not yet available) 


Baseline differences n/a 


How were participants 
followed-up (for example, 
through pro-active follow-up 
or passively). Duration of 
follow-up, participants lost to 
follow-up  


Pro-active follow-up; information to be collected every 3 
months; duration and participants lost to follow-up duration not 
yet available 


Statistical tests • Kaplan-Meier analysis of time to TMA complication or 
death (primary efficacy endpoint) 


• Repeated measures analysis of change over time of 
laboratory parameters 


• Data not to be pooled across studies due to differences 
in patient populations 
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Study name C11-003, aHUS Observational Long Term Follow-up 
(Unpublished) 
Additional statistical methods described in clinical study 
protocol 


Primary outcomes (including 
scoring methods and timings 
of assessments) 


• TMA complication-free survival defined as time to TMA 
complication or death. TMA complication defined as: 


− Change in mental status 
− Seizure 
− Angina 
− Dyspnoea 
− Thrombosis 
Or: 
− Occurrence of two, or repeated measures of any 


one of the following that are considered related to 
aHUS 


o Decrease in platelet count ≥ 25% from 
baseline 


o Increase in serum creatinine ≥ 25% from 
baseline 


o Increase in LDH ≥ 25% from baseline 
Secondary outcomes 
(including scoring methods 
and timings of assessments) 


• Duration of response as defined in parent study 
• Change in value over time and proportion of patients 


achieving normalisation of: 
− Platelet count 
− LDH 
− eGFR 
− serum haemoglobin 
− TMA intervention rate 


 
Study name M11-001, aHUS registry (Unpublished) 


Objective To capture post-marketing safety data on patients treated 
with eculizumab and collect information on the progression of 
disease in all aHUS patients receiving eculizumab or other 
disease management 


Location Multinational 


Design  Observational, non-interventional 
Duration of study Estimated completion December 2017 
Patient population Data not yet available 
Sample size Data not yet available 
Inclusion criteria Any patient with a diagnosis of aHUS, including: 


− Clinical diagnosis of aHUS 
− Patients with or without identified complement 


regulatory factor genetic abnormality or anti-
complement factor antibody 


− ADAMTS13 > 5% (if performed) 
Exclusion criteria HUS only due to shiga toxin 
Intervention(s) (n = ) and 
comparator(s) (n = )  


Eculizumab = Data not available 


Baseline differences Data not available 
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Study name M11-001, aHUS registry (Unpublished) 


How were participants 
followed-up (for example, 
through pro-active follow-up 
or passively). Duration of 
follow-up, participants lost to 
follow-up  


Data collected at study enrolment and every six months 
thereafter. 


Statistical tests • As data accrue, individual analysis plans will be 
developed to guide secondary analyses including: 


− descriptive statistics of the patient population,  
− aHUS-specific treatments and pre-specified 


concomitant medications used in this patient 
population and changes to these treatments, the 
progression of disease (e.g., number of TMA 
complications of aHUS),  


− and clinical outcomes (e.g., laboratory 
parameters and status of kidney).  


• Additional analysis plans may be developed based on 
clinical considerations. 


• Categorical variables will be described using 
frequencies and percentages and modelled using 
logistic regression, while continuous variables will be 
described using means, standard deviations, medians, 
and inter-quartile ranges with modelling accomplished 
through generalized linear models.  


• Survival analysis techniques (Kaplan-Meier graphs and 
Cox proportional hazards modelling) will be used for 
time to event outcomes.  


• Propensity scores may also be used to control for 
differences between groups. 


Primary outcomes (including 
scoring methods and timings 
of assessments) 


The proportion of patients who experience and the time to 
first and subsequent occurrence of the following events:  


− meningococcal infection,  
− sepsis, and other serious infection,  
− infusion reactions,  
− immunogenicity/HAHA response,  
− hepatic and renal impairment,  
− malignancy, 
− death,  
− pregnancy,  
− TMA complications of aHUS 


Secondary outcomes 
(including scoring methods 
and timings of assessments) 


n/a 


 
9.4.2 Provide details on data from any single study that have been drawn from 


more than one source (for example a poster and unpublished report) 
and/or when trials are linked this should be made clear (for example, 
an open-label extension to randomised controlled trial). 


 
The main registration trials for eculizumab in aHUS included two phase II 
prospective, controlled single-arm trials (C08-002A/B and C08-003A/B) and a 
retrospective chart review (09-001r). Overlapping data from these trials have been 
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analysed in clinical study reports, published in multiple abstracts, and in a full 
manuscript as follows: 
 
C08-002A/B: 


− Clinical study report: An open-label, multi-centre  controlled clinical trial of 
eculizumab in adult/adolescent patients with plasma therapy-resistant atypical 
haemolytic-uremic syndrome (aHUS) 


− Meeting abstracts: 


o Legendre et al 2010. Safety & Efficacy of Eculizumab in aHUS 
Patients Resistant to Plasma Therapy: Interim Analysis from a Phase 
II Trial. American Society of Nephrology, abstract SA-FC406.  


o Greenbaum et al 2011. Continued Improvements in Renal Function 
with Sustained Eculizumab in Patients aHUS Resistant PE/PI; 
American Society of Nephrology, abstract TH-PO367. 


o Legendre et al 2012. Eculizumab in aHUS Patients with Progressing 
TMA: Continued Improvements at 2-year Follow-Up; American Society 
of Nephrology, abstract SA-OR101 


o Greenbaum et al 2012. Eculizumab in aHUS patients with Progressing 
TMA: 2-year Data. American Society of Hematology, abstract 2084. 


o Goodship et al 2012. Eculizumab is effective in Patients with aHUS 
Regardless of Underlying Genetic Mutations or CFH Auto-antibodies. 
American Society of Nephrology, abstract TH-PO442. 


o Gaber et al 2013. Eculizumab Maintains Efficacy in aHUS Patients 
with Progressing TMA: 3-year Update. American Society of 
Nephrology; accepted abstract to be presented November, 2013.   


− Legendre et al 2013, ‘Terminal complement inhibitor eculizumab in atypical 
haemolytic uremic syndrome’, New England Journal of Medicine, vol 368 
(23), 2169-2181. 


o Study described as Trial 1 


C08-003A/B: 


− Clinical study report: An open-label, multi-centre controlled clinical trial of 
eculizumab in adult/adolescent patients with plasma therapy-sensitive 
atypical haemolytic-uremic syndrome (aHUS) 


− Meeting abstracts: 


o Muus et al 2010. Safety & Efficacy of Eculizumab in aHUS Patients on 
Chronic Plasma Therapy: Interim Analysis of a Phase II Trial. 
American Society of Nephrology, abstract SA-PO157. 


o Licht et al 2011. Ph II Study of Eculizumab in Patients with aHUS 
Receiving Chronic PE/PI; American Society of Nephrology, abstract 
TH-PO366. 
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o Licht et al 2012. Eculizumab is Effective in aHUS Patients with a Long 
Disease Duration and CKD: 2-year Data; American Society of 
Nephrology, abstract SA-OR103. 


o Licht et al 2012. Eculizumab in is Effective in aHUS patients with Long 
Duration of Disease and CKD: 2-year Data. American Society of 
Hematology, abstract 985. 


o Goodship et al 2012. Eculizumab is effective in Patients with aHUS 
Regardless of Underlying Genetic Mutations or CFH Auto-antibodies. 
American Society of Nephrology, abstract TH-PO442. 


o Delmas et al 2013. Eculizumab in aHUS Patients with Long Disease 
Duration and CKD: Sustained Efficacy at 3 Years. American Society of 
Nephrology; accepted abstract to be presented November, 2013 


− Legendre et al 2013, ‘Terminal complement inhibitor eculizumab in atypical 
haemolytic uremic syndrome’, New England Journal of Medicine, vol 368 
(23), 2169-2181. 


o Study described as Trial 2 


C09-001r: 


− Meeting abstracts: 


o Vilalta et al 2012. Eculizumab Therapy for Pediatric Patients with 
aHUS: Efficacy and Safety Outcomes of a Retrospective Study. 
European Society of Hematology, abstract 115. 


o Langman 2012. Systemic Multi-Organ Complications in aHUS: 
Retrospective Study in a Medical Practice Setting.  European 
Hematology Association, abstract 490. 


o Goodship et al 2012. Eculizumab is effective in Patients with aHUS 
Regardless of Underlying Genetic Mutations or CFH Auto-antibodies. 
American Society of Nephrology, abstract TH-PO442. 


C10-003: 


− Meeting abstracts: 


o Greenbaum et al 2013. Eculizumab Inhibits TMA and Improves Renal 
Function in Pediatric aHUS Patients. American Society of Nephrology; 
accepted abstract to be presented November, 2013 


C10-004: 


− Meeting abstracts: 


o Fakhouri et al 2013. Eculizumab Inhibits TMA and Improves Renal 
Function in Pediatric aHUS Patients. American Society of Nephrology; 
accepted abstract to be presented November, 2013 


C11-003: 
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− Meeting abstracts: 


o Licht et al, 2013. An observational, non-interventional, multicentre, 
multinational registry of patients with aHUS: Initial patient 
characteristics. Accepted abstract to be presented at American 
Society of Nephrology, November, 2013 


Data from unpublished studies, including C10-003, C10-004, C11-003 and M11-001, 
have been extracted from interim clinical study reports or clinical trial protocols 
(Appendices 17.7).  The long-term extension study, C11-003, includes patients that 
have participated in any previous controlled trial, including trials C08-002, C08-003, 
C09-001r C10-003, or C10-004. 
 


9.4.3 Highlight any differences between patient populations and methodology 
in all included studies. 


 
Differences in patient populations include age, duration of disease, number of 
patients receiving PE/PI at screening, number of PE/PI sessions during current 
aHUS event, number of patients on dialysis, platelet count, and LDH at baseline 
(Table C8).  Methodology was similar across prospective studies, while varying in 
observational studies, as described in Table C6 and Table C7.. 
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Table C8: Summary of patient populations and study characteristics for key eculizumab clinical trials 


Trial N (ITT) 
Age (years), 
Median (min; 


max) 


Age Category 


Time (mo.) 
from dx to 
screening, 


Median (min; 
max) 


PE/PI 
sessions 


during 
current aHUS 


event, 
Median (min; 


max) 


Dialysis at 
screening, n 


(%) 


Platelet 
count 


(x109/L) at 
baseline, 
Median 


(min; max) 


LDH at 
baseline, 
Median 


(min; max) 


In
fa


nt
 (<


2 
ye


ar
s)


 


C
hi


ld
re


n 
(≥


2-
12


) 


A
do


le
sc


en
t 


(≥
12


-
≤1


8)
 


A
du


lt 
(≥


18
) 


C08-002 17 28 (17; 68) 0 0 1 16 9.7 (0.26; 236) 17 (2; 37)a 6 (35) 118 (62; 161) 269 (134; 
634) 


C08-003 20 28 (13; 63) 0 0 5 23 48 (0.66; 286) 62 (20-230) 2 (10) 218 (105; 
421) 


200 (151; 
391) 


C09-001r 30 12 (0.17; 51.4) 5 10 4 11 10.9 (0.23; 
175.9)b 8 (0; 29) 11 (37)c 159 (25; 381) 453 (158; 


1859) 


C10-003 22 6.5 (0.0; 17.5) 5 13 4 0 0.56 (0.03; 
191.3)d 0.50 (0; 17)e 11 (50) 91 (19; 146) 1243.5 (282; 


7164) 


C10-004 41 35 (18; 80) 0 0 0 41 0.79 (0.03; 
311.26) 9 (0; 81)f 24 (59) 125 (16; 336) 375 (131; 


3318) 
a Within 56 days of first dose  
b At first dose  
c Patients with at least one dialysis session  
d duration of confirmed disease 
e 12 (55%) patients had not received PE/PI during current aHUS event  
f 6 (14.6%) patients had not received PE/PI during current aHUS event 
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9.4.4 Provide details of any subgroup analyses that were undertaken in the studies 
included in section 9.4.1.  Specify the rationale and state whether these 
analyses were pre-planned or post-hoc. 


 
In prospective studies C08-002, C08-003, and in the retrospective study C09-001r, primary 
and secondary endpoints were analysed by presence or absence of complement factor 
mutations and auto-antibodies and prior kidney transplant or naïve kidney, history of clinical 
TMA manifestations.  No significant differences in haematological normalization, avoidance 
of PE/PI or new dialysis, as well as improvement in renal function or quality of life was 
observed based on presence or absence of complement mutations or auto-antibodies and 
history of renal transplant.  There was no assessment of safety or efficacy by demographic 
characteristics. 
 
In prospective study C10-003 (paediatric), the primary endpoint was complete TMA 
response (Haematologic normalisation (platelet count and LDH) and ≥ 25% improvement in 
serum creatinine from baseline) confirmed by two consecutive measurements obtained at 
least four weeks apart.  The primary endpoint was achieved with significance.  Specifically, 
14/22 patients (64%; 95% CI: 41 - 83) achieved the high hurdle of a complete TMA response 
from baseline through 26 weeks.  There were no appreciable differences in the results for 
complete TMA response between demographic subpopulations (i.e., gender and race).  
Whether a patient was on dialysis or not on dialysis at baseline did not have an apparent 
effect on the proportion of patients who achieved complete TMA response.  The median time 
to the first occurrence of complete TMA response was longer (103 days) for patients on 
dialysis at baseline compared to those who were not on dialysis (37 days). The median 
duration of response at data cut-off was similar; eight months for patients on dialysis 
compared to nine months without dialysis.   
 
The proportion of patients who achieved complete TMA response was comparable between 
patients who were having their first clinical TMA manifestation (63%) or had at least one 
previous (multiple) clinical TMA manifestation (80%).  The median time to complete TMA 
response from baseline to 26 weeks was 74 days for patients having their first clinical TMA 
manifestation compared to 28 days for patients having had multiple clinical TMA 
manifestations.  Platelet count normalization (achieved in 21/22 patients (95%;), complete 
haematological normalization (achieved in 18/22 patients (82%; 95% CI: 60 - 95)), and 
improvement in eGFR of at least 15 ml/min/1.73m2 (achieved by 19/22 patients (86%; 95% 
CI: 65.1% - 97.1%)) was further analysed by age cohorts, PE/PI duration, complement 
regulatory factor mutations or anti-antibodies, kidney transplant status, dialysis, and clinical 
TMA manifestations.  There were no differences that could be determined across 
subpopulations.  
  
In C10-004 (adult), the primary endpoint, TMA response (haematologic normalisation 
(platelet count and LDH) and less than 25% worsening in serum creatinine from baseline), 
confirmed by two consecutive measurements obtained at least four weeks apart, was 
achieved with significance in 30/41 patients (73%; 95% CI: 57.1-85.8). There were no major 
differences in the proportion of patients achieving complete TMA response for the majority of 
subpopulations through 26 weeks of treatment or at data cut-off.  Although approximately 
twice as many female patients were enrolled in the study compared to male patients, the 
majority (92%) of male adult aHUS patients achieved complete TMA response while 64% of 
female patients achieved the response through 26 weeks. Platelet count normalization 
(achieved in 40/41 patients 98%; 95% CI: 87.1-99.9)), complete haematological 
normalization (achieved in 36/41 patients (88%; 95% CI:)), and improvement in eGFR of at 
least 15 ml/min/1.73m2 (achieved by 22/41 patients (54%; 95% CI), was further analysed by 
age cohorts, PE/PI duration, complement regulatory factor mutations or anti-antibodies, 
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kidney transplant status, dialysis, and clinical TMA manifestations.  There were no major 
differences in the results obtained within each subpopulation for platelet count normalization 
and complete hematologic response through data cut-off. For the majority of subpopulations 
evaluated, the proportion of patients with improvement in eGFR from baseline was similar, 
including patients with a prior kidney transplant (44%) who may be less likely to demonstrate 
a clinically meaningful improvement in kidney function compared to patients without a prior 
history of kidney transplant (56%). 
 


9.4.5 If applicable, provide details of the numbers of patients who were eligible to enter 
the study(s), randomised, and allocated to each treatment in an appropriate 
format. 


 
Not applicable because patients did not enter the study randomised.  
 


9.4.6 If applicable provide details of and the rationale for, patients that were lost to 
follow-up or withdrew from the studies. 


 
C08-002 (Legendre et al, 2013; Trial 1)  


Four patients discontinued during the 26 week study or did not continue to the extension 
study period as follows: 
 


1. Protocol violation: patient diagnosed with SLE approximately one week after the first 
dose of eculizumab. 


2. Discontinued due to an adverse event deemed not related to study drug. 
3. Completed treatment period, and the investigator elected not to enrol patient in 


extension period.  
4. Completed treatment period, and investigator elected not to enrol patient in extension 


period. Data were not collected during follow-up period as patient refused to continue 
participation. 


 
Two patients discontinued during the extension study period as follows: 
 


1. Adverse event (“decrease in renal function” per investigator) deemed not related to 
study drug. 


2. Adverse event (worsening of renal function) deemed not related to study drug. 
 
C08-003 (Legendre et al 2013; Trial 2) 


One patient who completed the 26 week study period did not continue into the extension 
study period due to personal reasons (this patient subsequently restarted eculizumab due to 
declining clinical condition but this was outside of the clinical trial).  One patient discontinued 
during the extension study period due to an AE (gastrointestinal haemorrhage leading to 
death) deemed not related to study drug. 
 
C10-003, Eculizumab in Paediatric Patients with aHUS 


Three patients discontinued during the 26-week study period as follows: 
 


1. Protocol violation- positive laboratory test confirming diagnosis of STEC HUS. 
2. Adverse event (agitation) leading to withdrawal per parental decision. 
3. Withdrawn by parents due to travels. 
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Two patients discontinued during the extension period as follows: 
 


1. Patient discontinued after completion of the 26-week study period, due to worsening 
renal function per investigator. This patient experienced signs and symptoms 
including anaemia, haemolysis, and worsening of renal function approximately 3 
months after discontinuation and was later started on commercially available 
eculizumab to treat on-going aHUS manifestations. 


2. Patient discontinued after completion of the 26-week study period, for reasons not 
provided. 


 
C10-004, Eculizumab in Adult Patients with aHUS 


Three patients discontinued during the 26-week study period as follows: 
 


1. Adverse event, meningococcal infection. 
2. Lack of efficacy per investigator’s assessment. Patient had experienced decrease 


platelet count, although had achieved platelet count normalization. 
3. Pregnancy. Patient restarted on commercially available eculizumab after study 


withdrawal 
 
Eight patients who completed the 26-week study period have not continued to the extension 
period or transitioned to commercially available drug.  Details on the reasons for 
discontinuation are not yet available at the time of this submission. 
 


9.5 Critical appraisal of relevant studies 


9.5.1 Complete a separate quality assessment table for each study. A suggested 
format for the quality assessment results is shown in Table C9 and Table 
C10. 


 
Table C9 and Table C10 include critical appraisal for studies C08-002, C08-003, C09-001r, 
C10-003, and C10-004.  Critical appraisal has not been completed for studies C11-003 
(long-term extension) or M11-001 (aHUS registry) because enrolment is on-going and 
outcome analysis is not yet available. 
 
Table C9 Critical appraisal of controlled trials 
Study name C08-002, Legendre 2013, Trial 1 
Study question Response 


(yes/no/not 
clear/N/A) 


How is the question addressed in the study? 


Was randomisation  
carried out 
appropriately? 


N/A Single-arm, open-label study 


Was the concealment of 
treatment allocation 
adequate? 


N/A Single-arm, open-label study 


Were the groups similar 
at the outset of the 
study in terms of 
prognostic factors, for 
example, severity of 
disease?  


N/A Single-arm, open-label study 


Were the care providers, N/A Single-arm, open-label study 
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Study name C08-002, Legendre 2013, Trial 1 
participants and 
outcome assessors 
blind to treatment 
allocation? If any of 
these people were not 
blinded, what might be 
the likely impact on the 
risk of bias (for each 
outcome)? 
Were there any 
unexpected imbalances 
in drop-outs between 
groups? If so, were they 
explained or adjusted 
for? 


N/A Single-arm, open-label study 


Is there any evidence to 
suggest that the authors 
measured more 
outcomes than they 
reported? 


Yes Exploratory endpoints as described in the clinical study 
report. 


Did the analysis include 
an intention-to-treat 
analysis? If so, was this 
appropriate and were 
appropriate methods 
used to account for 
missing data? 


Yes For all efficacy endpoints, the primary analysis was 
based on the ITT population. Missing data were 
imputed by last observation carried forward method. 


 
Study name C08-003, Legendre 2013, Trial 2 
Study question Response 


(yes/no/not 
clear/N/A) 


How is the question addressed in the study? 


Was randomisation  
carried out 
appropriately? 


N/A Single-arm, open-label study 


Was the concealment of 
treatment allocation 
adequate? 


N/A Single-arm, open-label study 


Were the groups similar 
at the outset of the 
study in terms of 
prognostic factors, for 
example, severity of 
disease?  


N/A Single-arm, open-label study 


Were the care providers, 
participants and 
outcome assessors 
blind to treatment 
allocation? If any of 
these people were not 
blinded, what might be 
the likely impact on the 
risk of bias (for each 
outcome)? 


N/A Single-arm, open-label study 
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Study name C08-003, Legendre 2013, Trial 2 
Were there any 
unexpected imbalances 
in drop-outs between 
groups? If so, were they 
explained or adjusted 
for? 


N/A Single-arm, open-label study 


Is there any evidence to 
suggest that the authors 
measured more 
outcomes than they 
reported? 


Yes Exploratory endpoints as described in the clinical study 
report. 


Did the analysis include 
an intention-to-treat 
analysis? If so, was this 
appropriate and were 
appropriate methods 
used to account for 
missing data? 


Yes For all efficacy endpoints, the primary analysis was 
based on the ITT population. Missing data were 
imputed by last observation carried forward method. 


Adapted from Centre for Reviews and Dissemination (CRD) (2008) Systematic reviews. CRD’s 
guidance for undertaking reviews in health care. York: Centre for Reviews and Dissemination 
 
Study name C10-003, Eculizumab in paediatric aHUS patients 
Study question Response 


(yes/no/not 
clear/N/A) 


How is the question addressed in the study? 


Was randomisation  
carried out 
appropriately? 


N/A Single-arm, open-label study 


Was the concealment of 
treatment allocation 
adequate? 


N/A Single-arm, open-label study 


Were the groups similar 
at the outset of the 
study in terms of 
prognostic factors, for 
example, severity of 
disease?  


N/A Single-arm, open-label study 


Were the care providers, 
participants and 
outcome assessors 
blind to treatment 
allocation? If any of 
these people were not 
blinded, what might be 
the likely impact on the 
risk of bias (for each 
outcome)? 


N/A Single-arm, open-label study 


Were there any 
unexpected imbalances 
in drop-outs between 
groups? If so, were they 
explained or adjusted 
for? 


N/A Single-arm, open-label study 







 


Specification for manufacturer/sponsor submission of evidence 91 of 276 


Study name C10-003, Eculizumab in paediatric aHUS patients 
Is there any evidence to 
suggest that the authors 
measured more 
outcomes than they 
reported? 


Yes Exploratory endpoints as described in the clinical study 
report. 


Did the analysis include 
an intention-to-treat 
analysis? If so, was this 
appropriate and were 
appropriate methods 
used to account for 
missing data? 


Yes For all efficacy endpoints, the primary analysis was 
based on the ITT population. Missing data were 
imputed by last observation carried forward method. 


Adapted from Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for 
undertaking reviews in health care. York: Centre for Reviews and Dissemination 
 
Study name C10-004, Eculizumab in adult aHUS patients 
Study question Response 


(yes/no/not 
clear/N/A) 


How is the question addressed in the study? 


Was randomisation  
carried out 
appropriately? 


N/A Single-arm, open-label study 


Was the concealment of 
treatment allocation 
adequate? 


N/A Single-arm, open-label study 


Were the groups similar 
at the outset of the 
study in terms of 
prognostic factors, for 
example, severity of 
disease?  


N/A Single-arm, open-label study 


Were the care providers, 
participants and 
outcome assessors 
blind to treatment 
allocation? If any of 
these people were not 
blinded, what might be 
the likely impact on the 
risk of bias (for each 
outcome)? 


N/A Single-arm, open-label study 


Were there any 
unexpected imbalances 
in drop-outs between 
groups? If so, were they 
explained or adjusted 
for? 


N/A Single-arm, open-label study 


Is there any evidence to 
suggest that the authors 
measured more 
outcomes than they 
reported? 


Yes Exploratory endpoints as described in the clinical study 
report. 


Did the analysis include 
an intention-to-treat 


Yes For all efficacy endpoints, the primary analysis was 
based on the ITT population. Missing data were 
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Study name C10-004, Eculizumab in adult aHUS patients 
analysis? If so, was this 
appropriate and were 
appropriate methods 
used to account for 
missing data? 


imputed by last observation carried forward method. 


Adapted from Centre for Reviews and Dissemination (2008) Systematic reviews. CRD’s guidance for 
undertaking reviews in health care. York: Centre for Reviews and Dissemination 
 
Table C10: Critical appraisal of observational studies 
Study name C09-001r 
Study question Response 


yes/no/not 
clear/N/A) 


How is the question addressed in the study? 


Was the cohort recruited 
in an acceptable way? 


Yes Cohort included male or female patients of any age 
who had been diagnosed with aHUS and received at 
least one dose of eculizumab between 2007 and 2009 
outside of clinical trials. 


Was the exposure 
accurately measured to 
minimise bias? 


Yes Dose levels were provided to physicians by Alexion 
based on recommendations according to PK-PD 
modelling. Treatment duration were reported by the 
physician investigators. 


Was the outcome 
accurately measured to 
minimise bias? 


Yes Outcomes included objectively measured laboratory 
parameters of validated indicators of disease activity 
including TMA, renal impairment, and quality of life.  


Have the authors 
identified all important 
confounding factors? 


Yes Disease history was thoroughly assessed and 
confounding factors taken into account. Subgroup 
analysis based on differences in patient demographics 
or baseline characteristics would not have been 
available in this study due to differences in patient 
treatment, including dosing and duration. 


Have the authors taken 
account of the 
confounding factors in 
the design and/or 
analysis?  


Yes Disease history, patient demographics, and baseline 
characteristics were thoroughly assessed.  


Was the follow-up of 
patients complete? 


N/A Follow-up was not included in this retrospective chart 
review. 


How precise (for 
example, in terms of 
confidence interval and 
p values) are the 
results?  


Yes Results were precise relative to the size of study that is 
practical to conduct for a rare disease. 


Adapted from Critical Appraisal Skills Programme (CASP): Making sense of evidence  
12 questions to help you make sense of a cohort study  
 


9.6 Results of the relevant studies  


9.6.1 Complete a results table for each study with all relevant outcome measures 
pertinent to the decision problem.  A suggested format is given in Table C11. 


 







 


Specification for manufacturer/sponsor submission of evidence 93 of 276 


Table C11: Outcomes from published and unpublished studies 
Study name  C08-002, Legendre 2013 Trial 1 
Size of study 
groups 


Treatment 17 
Control n/a 


Type of 
analysis 


Intention-to -
treat/per 
protocol 


ITT for all analyses 


Study 
duration Time unit 26 weeks 64 weeksa 114 weeksa 


 Outcome Name Change in platelet count from baseline (primary endpoint) 
Unit x 109/L 


Effect size Value 73 91 88 
95% CI 40-105 67-116b 63-112 


Statistical 
test 


Type Repeated measures ANOVA 
p value =0.0001 <0.0001 <0.0001 


Other 
outcome 


Name Normalization of platelet count 
Unit n (%) 


Effect size Value 14 (82) 15 (88) 15 (88) 
95% CI 57-96 64-99 64-99 


Other 
outcome 


Name TMA event-free statusc 


Unit n (%) 
Effect size Value 15 (88) 15 (88) 15 (88) 


95% CI 64-99 64-99 64-99 


Other 
outcome 


Name TMA intervention rate, pre-eculizumab 
Unit Events/patient/day 


 median 0.88 
range (0.04-1.59) 


Other 
outcome 


Name TMA intervention rate, during eculizumab 
Unit Events/patient/day 


 median 0 0 0 
range 0-0.31 0-0.31 0-0.31 


Statistical 
test 


Type Repeated measures ANOVA 
p value p<0.0001 p<0.0001 p<0.0001 


Other 
outcome 


Name CKD improvement by ≥ staged 


Unit n (%) 
Effect size Value 10 (59) 11 (65) 12 (71) 


95% CI 33-82 38-86 44-90 


Other 
outcome 


Name eGFR, change from baseline 
Unit Mean mL/min/1.73m2 


Effect size Value 31 31 32d 


95% CI 17-45 15-46 15-49 
Statistical 
test 


Type Repeated measures ANOVA 
p value p<0.0001 p<0.0001 P<0.0008 


Other Name eGFR improvement ≥ 15 mL/min/1.73m2 e 
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Study name  C08-002, Legendre 2013 Trial 1 
outcome Unit n (%) 
Effect size Value 8 (47) 9 (53) 10 (59) 


95% CI 23-72 28-77 33-82 


Other 
outcome 


Name Decrease in proteinuria by ≥ 1 gradef 


Unit n/N (%) 
 Value 12/15 (80) 9/11 (82)g 7/9 (78)d 


Other 
outcome 


Name HRQoL change from baseline 
Unit Mean point change 


Effect size Value 0.32 0.32 0.33 
95% CI (0.27-0.38) (0.27-0.38) (0.30-0.36) 


Statistical 
test 


Type Repeated measures ANOVA 
p value p<0.0001 p<0.0001 p=0.001 


Other 
outcome 


Name HRQoL, evaluable patients achieving MID of 0.06e 


Unit n/N (%) 
Effect size Value 12/15 (80) 13/15 (76) 13/15 (76) 


95% CI 52-96 59-98 59-98 


Other 
outcome 


Name Hb improvement > 20 g/Le 


Unit n (%) 
Effect size Value 11 (65) 13 (76) 13 (76) 


95% CI 38-86 50-93 50-93 


Other 
outcome 


Name Hematologic normalizationh 


Unit n (%) 
Effect size Value 13 (76) 15 (88) 15 (88) 


95% CI 50-93 64-99 64-99 


Other 
outcome 


Name Complete TMA responsei 


Unit N (%) 
Effect size Value 11 (65) 13 (76) 13 (76) 


95% CI 38-68 50-93 50-93 
Comments a. Median duration except where noted 


b. Data at 60 weeks  
c. TMA event-free status defined as no decrease in platelet count of > 25% 


AND no PE/PI AND no new dialysis for ≥12 consecutive weeks 
d. Data at 96 weeks 
e. Sustained effect defined as ≥ 2 measurements over ≥ 4 weeks 
f. Evaluable patients 
g. Data at 52 weeks 
h. Hematologic Normalization is defined as the normalization of platelet 


counts and LDH levels sustained for ≥ 2 measurements over ≥ 4 weeks 
i. Complete TMA Response was defined as Hematologic Normalization 


plus improvement in renal function (25% reduction from baseline in 
serum creatinine, which was sustained for ≥ 2 measurements over ≥ 4 
weeks). 


 
Study name C08-003, Legendre 2013 Trial 2 
Size of study Treatment 20 
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groups Control n/a 
Type of 
analysis 


Intention-to -
treat/per 
protocol 


ITT for all analyses 


Study 
duration Time unit 26 weeks 62 weeksa 114 weeksa 


Outcome Name TMA event-free status (primary endpoint)b 


Unit n (%) 
Effect size Value 16 (80) 17 (85) 19 (95) 


95% CI 59-94   


Other 
outcome 


Name Normalization of platelet count 
Unit n (%) 


Effect size Value 18 (90) 19 (95) 18 (90) 
95% CI 68-99 75-100 68-99 


Other 
outcome 


Name TMA intervention rate, pre-eculizumab 
Unit Events/patient/day 


 median 0.23 
range 0.05-1.09 


Other 
outcome 


Name TMA intervention rate, during eculizumab 
Unit Events/patient/day 


 median 0 0 0 
range 0-0 0-0 0-0 


Statistical 
test 


Type Repeated measures ANOVA 
p value p<0.0001 p<0.0001 p<0.0001 


Other 
outcome 


Name CKD improvement by ≥ stagec 


Unit n (%) 
Effect size Value 7 (35) 4 (45) 12 (60) 


95% CI 15-59 23-68 36-81 


Other 
outcome 


Name eGFR, change from baseline 
Unit Mean mL/min/1.73m2 


Effect size Value 6.1 8.3  7.1d 


95% CI 3.3-8.8 4.8-11.7 -0.30-14 
Statistical 
test 


Type Repeated measures ANOVA 
p value p<0.0001 p<0.0001 p<0.05 


Other 
outcome 


Name eGFR improvement ≥ 15 mL/min/1.73m2 c 
Unit n (%) 


Effect size Value 1 (5) 3 (15) 8 (40) 
95% CI 0-25 3-38 19-64 


Other 
outcome 


Name Decrease in proteinuria by ≥ 1 gradee 


Unit n/N (%) 
 Value 8/16 (50) 7/9 (78)f  
Other 
outcome 


Name HRQoL change from baseline 
Unit Mean point change 


Effect size Value 0.12 0.13 0.14d 
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Study name C08-003, Legendre 2013 Trial 2 
Size of study 
groups 


Treatment 20 
Control n/a 


Type of 
analysis 


Intention-to -
treat/per 
protocol 


ITT for all analyses 


Study 
duration Time unit 26 weeks 62 weeksa 114 weeksa 


95% CI 0.07-0.17 0.08-0.18 0.10-0.18 
Statistical 
test 


Type Repeated measures ANOVA 
p value p<0.0001 p<0.0001 p<0.0001 


Other 
outcome 


Name HRQoL, evaluable patients achieving MID of 0.06c 


Unit n/N (%) 
Effect size Value 12/15 (80) 13/15 (87) 13/15 (87) 


95% CI 52-96 59-98 59-98 


Other 
outcome 


Name Hb improvement > 20 g/Lc 


Unit n (%) 
Effect size Value 9 (45) 10 (50) 13 (65) 


95% CI 23-68 27-73 41-84 


Other 
outcome 


Name Hematologic normalizationg 


Unit n (%) 
Effect size Value 18 (90) 18 (90) 18 (90) 


95% CI 68-99 68-99 68-99 


Other 
outcome 


Name Complete TMA responseh 


Unit N (%) 
Effect size Value 5 (25) 7 (35) 11 (55) 


95% CI 9-49 15-59 32-77 
Comments a. Median duration except where noted 


b. TMA event-free status defined as no decrease in platelet count of > 25% 
AND no PE/PI AND no new dialysis for ≥12 consecutive weeks 


c. Sustained effect defined as ≥ 2 measurements over ≥ 4 weeks 
d. Data at 96 weeks 
e. Evaluable patients 
f. Data at 52 weeks  
g. Hematologic Normalization is defined as the normalization of platelet 


counts and LDH levels sustained for ≥ 2 measurements over ≥ 4 weeks  
h. Complete TMA Response was defined as Hematologic Normalization 


plus improvement in renal function (25% reduction from baseline in 
serum creatinine, which was sustained for ≥ 2 measurements over ≥ 4 
weeks). 


 
Study name C09-001r, Retrospective Observational study 
Size of study 
groups 


Treatment 30 (paediatric and adult patients) 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


Descriptive statistics unless otherwise noted (non-
interventional study) 
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Study 
duration Time unit 26 weeks 


Outcome Name Platelet count normalization 


Unit N (%) 
Effect size Value 25 (83) 


Other 
outcome 


Name TMA event-free statusa 


Unit N (%) 
Effect size Value 20 (67) 


Other 
outcome 


Name TMA intervention rate, pre-eculizumab 
Unit Events/patient/day 


 median 0.34 
range 0.00; 2.38 


Other 
outcome 


Name TMA intervention rate, during eculizumab 
Unit Events/patient/day 


 median 0 
range 0.00; 0.41 


Statistical 
test 


Type Signed-rank test 
p value p<0.0001 


Other 
outcome 


Name eGFR improvement ≥ 15 mL/min/1.73m2 
Unit N (%) 


Effect size Value 11 (37) 


Other 
outcome 


Name Hb improvement > 20 g/L 
Unit N (%) 


Effect size Value 13 (43) 


Other 
outcome 


Name Complete TMA responseb 


Unit N (%) 
Effect size Value 10 (33.3) 


Comments a. TMA event-free status defined as no decrease in platelet count of > 25% 
AND no PE/PI AND no new dialysis for ≥12 consecutive weeks 


b. Sponsor assessment. 
− Complete TMA response defined as hematologic normalization 


and improvement in renal function defined as ≥ 25% decrease in 
serum creatinine from baseline. 


− Hematologic normalization defined as normalization of platelet 
count and LDH in patients who had abnormal platelet counts at 
or immediately prior to baseline (LDH criterion waved if not 
reported during eculizumab treatment)  


 
Study name C10-003, Eculizumab in Paediatric Patients with aHUS; *INTERIM 


ANALYSIS* 
Size of study 
groups 


Treatment 22a unless otherwise noted 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


ITTa or PP as noted 
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Study 
duration Time unit 26 weeks unless otherwise noted Data cut-off; 


Median 10.2 months 
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Study name C10-003, Eculizumab in Paediatric Patients with aHUS; *INTERIM 
ANALYSIS* 


Size of study 
groups 


Treatment 22a unless otherwise noted 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


ITTa or PP as noted 


Study 
duration Time unit 26 weeks unless otherwise noted Data cut-off; 


Median 10.2 months 
 Outcome Name Complete TMA responseb 


Unit n (%) 
Effect size Value 14 (64) 15 (68) 


95% CI 41-83 45-86 


Other 
outcome 


Name Complete hematologic responsec 


Unit n (%) 
Effect size Value 18 (82) 20 (91) 


95% CI 60-95 71-99 


Other 
outcome 


Name eGFR improvement ≥ 15 mL/min/1.73m2 d 
Unit N (%) 


Effect size Value 19 (86) 19 (86) 


95% CI 65-97 65-97 


Other 
outcome 


Name Serum creatinine decrease ≥ 25% from baselined 


Unit N (%) 
Effect size Value 16 (73) n/a 


95% CI 50-89 n/a 


Other 
outcome 


Name CKD stage improvement by at least one stage after initial dose 
(target day 7)e 


Unit n/N (%)e 
Effect size Value 7/17 (41) n/a 


95% CI 18-67 n/a 


Other 
outcome 


Name New dialysis event-free statusf 


Unit N (%) 
Effect size Value 22 (100) 22 (100) 


95% CI 85-100 85-100 


Other 
outcome 


Name PE/PI event-free statusg 


Unit N (%) 
Effect size Value 20 (91) 20 (91) 


95% CI 71-99 71-99 


Other 
outcome 


Name Platelet count normalizationd 


Unit n (%) 
Effect size Value 21 (96) 21 (96) 


95% CI 11-100 11-100 


Other Name LDH normalisationd 
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Study name C10-003, Eculizumab in Paediatric Patients with aHUS; *INTERIM 
ANALYSIS* 


Size of study 
groups 


Treatment 22a unless otherwise noted 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


ITTa or PP as noted 


Study 
duration Time unit 26 weeks unless otherwise noted Data cut-off; 


Median 10.2 months 
outcome Unit N (%) 
Effect size Value 18 (82) 20 (91) 


95% CI 60-95 71-99 


Other 
outcome 


Name Hb improvement > 20 g/Ld 


Unit N (%) 
Effect size Value 15 (68) 15 (68) 


95% CI 45-86 45-86 


Comments a. ITT includes one patient withdrawn after a single dose of eculizumab 
due to a positive shiga toxin test 


b. Complete TMA Response was defined as Hematologic Normalization 
(platelet count and LDH) plus improvement in renal function (25% 
reduction from baseline in serum creatinine, which was sustained for ≥ 2 
measurements over ≥ 4 weeks). 


c. Complete hematologic response defined as normalization of platelet 
count (> 150 x 109/L) and LDH (> ULN) for ≥ 2 measurements over ≥ 4 
weeks. 


d. Sustained effect defined as ≥ 2 measurements over ≥ 4 weeks. 
e. Per protocol evaluation excluding two patients at CKD stage 1 at 


baseline and one patient withdrawn after first eculizumab dose due 
positive shiga toxin test. 


• 14/22 (64%) were CKD stage 4 or 5 at baseline, with 10/14 CKD 
stage 5 


f. New dialysis event defined as newly required dialysis during the 
treatment period ≥ 14 days after the first infusion. 


• 9/11 (82%) of patients on dialysis at baseline discontinued 
dialysis through data cut-off. 


• PE/PI event-free status defined as absence of PE/PI while 
receiving eculizumab. 


 
Study name C10-004, Eculizumab in Adult Patients with aHUS; *INTERIM ANALYSIS* 
Size of study 
groups 


Treatment 41a unless otherwise noted 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


ITTa or PP as noted 


Study 
duration Time unit 26 weeks unless otherwise noted Data cut-off; 


Median 11.5 months 
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Study name C10-004, Eculizumab in Adult Patients with aHUS; *INTERIM ANALYSIS* 
Size of study 
groups 


Treatment 41a unless otherwise noted 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


ITTa or PP as noted 


Study 
duration Time unit 26 weeks unless otherwise noted Data cut-off; 


Median 11.5 months 
 Outcome Name Complete TMA responseb with  


preservation of renal function 
Unit n (%) 


Effect size Value 30 (73) 33 (76) 
95% CI 57.1-85.8 65-91 


Outcome Name Modified complete TMA responsec with  
improvement of renal function 


Unit n (%) 
Effect size Value 23 (56%) 26 (63) 


95% CI 39.7-71.5 46-9-77.9 


Other 
outcome 


Name Complete hematologic responsed 


Unit n (%) 
Effect size Value 36 (88) 40 (98) 


95% CI 73.8-95.9 87.1-99.9 


Other 
outcome 


Name eGFR improvement ≥ 15 mL/min/1.73m2 e 
Unit N (%) 


Effect size Value 22 (54) 24 (59) 


95% CI 37.4-69.3 42.1-73.7 


Other 
outcome 


Name CKD stage improvement by at least one stage at 4 weeks 
(target day 28)f 


Unit n/N (%)e 
Effect size Value 17 (45) n/a 


95% CI 28.6-61.7 n/a 


Other 
outcome 


Name TMA event-free statusf 


Unit N (%) 
Effect size Value 37 (90) 37 (90) 


95% CI 76.9-97.3 76.9-97.3 


Other 
outcome 


Name New dialysis event-free statusg 


Unit N (%) 
Effect size Value 36 (88) 36 (88) 


95% CI 73.8-95.9 73.8-95.9 


Other 
outcome 


Name PE/PI event-free statush 


Unit N (%) 
Effect size Value 29 (71) 29 (71) 
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Study name C10-004, Eculizumab in Adult Patients with aHUS; *INTERIM ANALYSIS* 
Size of study 
groups 


Treatment 41a unless otherwise noted 
Control n/a 


Type of 
analysis 


Intention-
to -treat/ 
per 
protocol 


ITTa or PP as noted 


Study 
duration Time unit 26 weeks unless otherwise noted Data cut-off; 


Median 11.5 months 
95% CI 54.5-83.9 54.5-83.9 


Other 
outcome 


Name Platelet count normalisatione 


Unit n (%) 
Effect size Value 40 (98) 41 (100) 


95% CI 87.1-99.9 91.4-100 


Other 
outcome 


Name LDH normalisatione 


Unit N (%) 
Effect size Value 37 (90) 40 (98) 


95% CI 76.9-97.3 87.1-99.9 


Other 
outcome 


Name Hb improvement > 20 g/Le 


Unit N (%) 
Effect size Value 25 (61) 27 (66) 


95% CI 44.5-75.8) 49.4-79.9 


Comments a. ITT includes one patient withdrawn after a single dose of eculizumab 
due to a positive shiga toxin test 


b. Complete TMA Response was defined as Hematologic Normalization 
(platelet count and LDH) plus preservation of renal function (<25% 
increase in serum creatinine from baseline sustained for ≥ 2 
measurements over ≥ 4 weeks). 


c. Modified complete TMA response defined as hematologic normalization 
(platelet count and LDH) and improvement of renal function (≥ 25% 
decrease in serum creatinine from baseline). 


d. Complete hematologic response defined as normalization of platelet 
count (> 150 x 109/L) and LDH (> ULN) for ≥ 2 measurements over ≥ 4 
weeks. 


e. Sustained effect defined as ≥ 2 measurements over ≥ 4 weeks. 
f. TMA event-free status defined as no > 25% decrease in platelet count 


from baseline, AND no PE/PI, AND no new dialysis for ≥ 12 weeks. 
g. New dialysis event defined as newly required dialysis during the 


treatment period ≥ 14 days after the first infusion. 
• 24/41 patients were on dialysis at baseline 
• 15/24 (62.5%) of patients on dialysis at baseline discontinued 


during eculizumab treatment 
• One patient initiated dialysis on day 11 after the first dose and 


was counted as new dialysis 
h. PE/PI event-free status defined as absence of PE/PI while receiving 


eculizumab. 
 


9.6.2 Justify the inclusion of outcomes in Table C11 from any analyses other than 
intention-to-treat. 
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All analyses in Table C11 included the respective intention-to-treat populations with the 
exception of: 
 


• C08-002 and C08-003:  
− improvement in proteinuria by ≥ 1 grade was analysed in evaluable patients 


with ≥ grade 1 proteinuria at baseline 
− Improvement of HRQoL by MID (minimally improved difference) was 


analysed in evaluable patients with score ≥ 0.06 at baseline 
• C10-003:  


− Improvement of ≥ 1 CKD stage was analysed in evaluable patients with ≥ 
CKD stage 1 at baseline 


 
9.7 Adverse events 


In section 9.7 the sponsor is required to provide information on the adverse events 
experienced with the technology being evaluated in relation to the scope.   


For example, post-marketing surveillance data may demonstrate that the technology shows 
a relative lack of adverse events commonly associated with the comparator.  


9.7.1 Using the previous instructions in sections 9.1 to 9.6, provide details of the 
identification of studies on adverse events, study selection, study 
methodologies, critical appraisal and results. 


 
Adverse event data from relevant and appraised studies were identified using the search 
strategy for clinical evidence as described in Appendices 17.1 and 17.2.  Safety data for 
studies appraised in Sections 9.5 and 9.6 have been extracted from clinical study reports for 
the respective studies.    
 


9.7.2 Provide details of all important adverse events reported for each study. 
 
Adverse events (AEs) are reported as extracted from the respective clinical study report. 
Due to lack of RCT trials, AEs are reported in eculizumab-treated patients only treatment. 
Tables include treatment emergent adverse events (TEAEs) occurring in at least one patient 
by system organ class and by preferred term, that are deemed related to eculizumab. 
Complete AE listings are available in the respective clinical study report. 
 
Study C08-002 (Legendre 2013, Trial 1) 
 
Of the 10 patients (59%) who reported TEAEs that were judged to be related to eculizumab, 
at least 1 TEAE of moderate severity was reported in 6 patients (35%) and at least 1 TEAE 
of mild severity was reported in 3 patients (18%) (Table C12). A severe eculizumab-related 
TEAE was reported in one patient (hypertension) between Days 45 and 48 of the study that 
was possibly related to eculizumab and resolved. No deaths were reported during the 26-
week study. 
 
Table C12: TEAEs related to eculizumab by system organ class and preferred term and by 
severity, Study C08-002 (Legendre 2013, Trial 1) 
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Fifteen patients (88%) reported having at least one serious AE. The most common system 
organ classes reported for SAEs were vascular disorders (35%), renal and urinary disorders 
(24%), infection and infestations (24%). With the exception of vascular disorders, these 
SAEs were all unrelated to eculizumab administration. The most frequently reported SAE by 
preferred term was renal impairment, which was unrelated to eculizumab. There were no 
SAEs considered by the Investigator to be probably or definitely related to eculizumab.  
 
There was only one adolescent patient in the study. This patient reported two SAEs that 
were moderate and severe (back pain and cholelithiasis, respectively) and were not related 
to eculizumab. Overall, the AEs for this patient were mostly mild (sore throat, skin irritation, 


System Organ Class 
Preferred Term 


Total 
(N=17) 


N (%) 


Mild Moderate Severe 
Number of Patients with at Least 1 
Relationship Adverse Event 10 (59) 3 (18) 6 (35) 1 (6) 


Number of Patients with No 
Relationship Adverse Event 7 (41)    


Blood and Lymphatic System 
Disorders 2 (12) 2(12) 0 (0) 0 (0) 


Leukopenia 2 (12) 2(12) 0 (0) 0 (0) 
Gastrointestinal Disorders 2 (12) 2(12) 0 (0) 0 (0) 


Diarrhoea 1 (6) 1 (6) 0 (0) 0 (0) 
Nausea 2 (12) 2(12) 0 (0) 0 (0) 
Vomiting 2 (12) 2(12) 0 (0) 0 (0) 


General Disorders and Administration 
Site Conditions 2 (12) 1 (6) 1 (6) 0 (0) 


Asthenia 1 (6) 0 (0) 1 (6) 0 (0) 
Pyrexia 1 (6) 1 (6) 0 (0) 0 (0) 


Infections and Infestations 3 (18) 2 (12) 1 (6) 0 (0) 
Herpes zoster 1 (6) 1 (6) 0 (0) 0 (0) 
Impetigo 1 (6) 0 (0) 1 (6) 0 (0) 
Urinary tract infection 1 (6) 1 (6) 0 (0) 0 (0) 


Investigations 2 (12) 2 (12) 0 (0) 0 (0) 
Haematocrit decreased 1 (6) 1 (6) 0 (0) 0 (0) 
Haemoglobin decreased 1 (6) 1 (6) 0 (0) 0 (0) 


Nervous System Disorders 2 (12) 1 (6) 1 (6) 0 (0) 
Headache 1 (6) 1 (6) 0 (0) 0 (0) 
Tremor 1 (6) 0 (0) 1 (6) 0 (0) 


Skin and Subcutaneous Tissue 
Disorder  2 (12) 1 (6) 1 (6) 0 (0) 


Dermatitis 1 (6) 1 (6) 0 (0) 0 (0) 
Erythema 1 (6) 0 (0) 1 (6) 0 (0) 


Vascular Disorders 3 (18) 0 (0) 2 (12) 1 (6) 
Accelerated Hypertension 2 (12) 0 (0) 2 (12) 0 (0) 
Hypertension 1 (6) 0 (0) 0 (0) 1 (6) 


Adverse events classified according to MedDRA Version 11.0 dictionary 
Only the most severe occurrence per patient counted for each term for each category 
Adverse events contributed to the summary table if they occurred on the same day as the first 
eculizumab dose or after 
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nasal congestion and insomnia). Only a moderate AE oferythema to bilateral hand cuticles 
was judged to be possibly related to the study drug by the PI. 
 
As of the 2-year data update (2012 Safety and Efficacy Update, C08-002, C08-003) drug-
related AEs reported by ≥5% of patients at submission were similar to those reported at 
update, with no new drug-related AEs reported by ≥5% of patients. 
 
Study C08-003 (Legendre 2013, Trial 2) 
 
TEAEs that were deemed related to eculizumab were uncommon and reported by 6 patients 
(30%) (Table C13). Headache, leucopoenia and lymphopenia were the most common 
treatment-related AEs (2 patients, 10%) and one patient had a BK infection that was deemed 
possibly related to study drug and mild in severity.  No deaths were reported during the 26-
week study. 
 
Table C13: TEAEs related to eculizumab by system organ class and preferred term and by 
severity, Study C08-003 (Legendre 2013, Trial 2) 


System Organ Class 
Number of Patients N (%) 


Total 
N = 20 Mild Moderate Severe 


Number of Patients With at Least 1 
Treatment Emergent Adverse Event 
Related to Eculizumab  


6 (30) 1 (5) 3 (15) 2 (10) 


Number of Patients Without a Treatment 
Emergent Adverse Event Related to 
Eculizumab 


14 (70)    


Blood and Lymphatic System Disorders 3 (15) 2 (10) 1 (5) 0 


Abnormal clotting factor 1 (5) 1 (5) 0 0 


Anaemia 1 (5) 0 1 (5) 0 
Leukopenia 2 (10) 2 (10) 0 0 
Lymphopenia 2 (10) 1 (5) 1 (5) 0 


Ear and Labyrinth Disorders 1 (5) 0 1 (5) 0 
Vertigo 1 (5) 0 1 (5) 0 
Gastrointestinal Disorders 1 (5) 0 0 1 (5) 
Peritonitis 1 (5) 0 0 1 (5) 


General Disorders and Administration  
Site Conditions 1 (5) 0 1 (5) 0 


Extravasation 1 (5) 0 1 (5) 0 
Infection and Infestations 1 (5) 1 (5) 0 0 
BK virus infection 1 (5) 1 (5) 0 0 


Nervous System Disorders 2 (10) 1 (5) 1 (5) 0 
Headache 2 (10) 1 (5) 1 (5) 0 


Respiratory, Thoracic and Mediastinal 
Disorders 1 (5) 0 1 (5) 0 


Cough 1 (5) 1 (5) 0 0 
Rhinorrhoea 1 (5) 0 1 (5) 0 


Skin and Subcutaneous Tissue 
Disorders 1 (5) 1 (5) 0 0 


Alopecia 1 (5) 1 (5) 0 0 
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System Organ Class 
Number of Patients N (%) 


Total 
N = 20 Mild Moderate Severe 


Pruritus 1 (5) 1 (5) 0 0 


Vascular Disorders 1 (5) 0 0 1 (5) 
Vein disorder 1 (5) 0 0 1 (5) 


 
There were no occurrences of meningococcal infection or pregnancy during the study. Five 
patients (25%) reported having at least one SAE. Two of these SAEs (peritonitis and vein 
disorder) were deemed related to eculizumab treatment, had resolved by the data cut-off 
date, and both patients were continuing eculizumab treatment. All other SAEs were not 
related to eculizumab and had resolved by the data cut-off date. 
 
As of the 2-year data update (2012 Safety and Efficacy Update, C08-002, C08-003) drug-
related AEs reported by ≥5% of patients at submission were similar to those reported at 
update, with no new drug-related AEs reported by ≥5% of patients. 
 
Study C09-001r, Retrospective trial  
 
A total of 22 (73%) patients reported at least one AE in this retrospective trial (Table C14). 
None of the 30 patients discontinued the retrospective trial due to drug-related AEs. In 
addition, none of the patients experienced meningococcal infections during the eculizumab 
treatment period. 
 
There were two (7%) deaths in this retrospective trial related to cerebrovascular accident 
(stroke) and fatal carotid artery dissection determined by the investigator to be unrelated to 
eculizumab. 
 
Table C14: Summary of AEs reported by ≥10% of patients in study C09-001r 


Adverse Events  
Number of 
Patients 


N = 30 (%) 
Number of Patients With at Least 1 Adverse Event 22 (73) 


Number of Patients with No Adverse Event 8 (27) 


Infection and Infestations 18 (60) 


Upper respiratory tract infection 6 (20) 


Influenza 3 (10) 


Nasopharyngitis 3 (10) 


Gastrointestinal Disorders 13 (43) 
Diarrhoea 8 (27) 
Vomiting 7 (23) 
Nausea 3 (10) 
Abdominal pain 3 (10) 


General Disorders and Administration  Site Conditions 12 (40) 
Pyrexia 9 (30) 
Respiratory, Thoracic and Mediastinal Disorders 11 (37) 
Cough 7 (23) 
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Adverse Events  
Number of 
Patients 


N = 30 (%) 
Nasal congestion 4 (13) 


Nervous System Disorders 11 (37) 
Headache 5 (17) 


Psychiatric Disorder 7 (23) 
Insomnia 3 (10) 


Cardiac Disorders 6 (20) 


Tachycardia 4 (13) 


Blood and Lymphatic System Disorder 6 (20) 
Anaemia 3 (10) 
(%) Percentages are based on the total number of patients.  Only one occurrence per patient was counted for 
each preferred term. 
 
Study C10-003, Eculizumab in paediatric aHUS patients  
 
Twenty (91%) of 22 patients reported at least one TEAE during the study, and 13 (59%) of 
22 patients experienced SAEs. Generally, TEAEs were mild and moderate in severity (> 
75% of patients), and three (14%) patients reported severe TEAEs. A total of 11 (50%) 
patients reported TEAEs not related to eculizumab. Eight (36%) patients reported TEAEs 
that were possibly related to eculizumab, and one (5%) patient reported TEAEs that were 
probably related to eculizumab. No TEAE was judged definitely related to eculizumab. There 
were no deaths in this study. 
 
Most of the drug-related TEAEs reported in this study were judged possibly related to  
eculizumab, and generally mild inseverity. No TEAE was considered definitely related to 
eculizumab. Additional details regarding AEs are available in the clinical study report. 
 
Study C10-004, Eculizumab in adult aHUS patients  
 
All patients enrolled in this study reported at least one TEAE after dosing with eculizumab 
and 18 (44%) of 41 patients experienced SAEs. Twenty-six (63%) patients reported TEAEs 
that were mild and moderate in severity, and 15 (37%) patients reported severe TEAEs. Two 
(5%) of 41 patients in this study reported one meningococcal infection, for which one of 
these patients led to permanent discontinuation of eculizumab and withdrawal from the 
study, and the other continued on eculizumab treatment.  Both SAEs resolved with 
treatment.  There were no deaths in this study. 
 
Four patients reported severe TEAEs related to eculizumab, of which three (7%) were 
possibly related to eculizumab (pyelonephritis, dyspnea, and venous thrombosis), and one 
(2%) was probably related to eculizumab (meningococcal meningitis).  Additional details 
regarding AEs are available in the clinical study report. 
 


9.7.3 Provide a brief overview of the safety of the technology in relation to the scope. 
 
Safety Overview 
 
Eculizumab is generally very well tolerated.  Although almost all patients reported adverse 
events (AEs) in the aHUS studies, few were considered drug-related by the investigators.  In 
the two prospective studies, there was only one AE which led to treatment discontinuation, 
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and this AE was deemed unrelated to study drug.  Although there were two deaths in the 
aHUS retrospective study, neither was considered drug-related. 
 
The AE profile with eculizumab treatment of aHUS patients is consistent with the safety 
profile with eculizumab previously reported in PNH patients.  Most AEs with eculizumab in 
aHUS were not considered drug-related and most were mild in severity.  There were no 
identifiable trends in AE reporting among different age groups, including paediatric patients, 
or other subpopulations identified for analysis. 
 
There were no reported meningococcal infections with eculizumab treatment of aHUS 
patients in the prospective controlled studies (C08-002 or C08-003), or in the retrospective 
study (C09-001r).  There was a single meningococcal infection reported in an aHUS patient, 
which occurred in a patient included in study C09-001r after the data cut-off and was 
captured as a post-marketing report.  This patient fully recovered without sequelae and 
remained on eculizumab.  Two meningococcal infections have been reported in on-going 
trial C10-004.  Both infections resolved with appropriate treatment, although one led to study 
withdrawal. There did not appear to be evidence for an increased risk of other serious 
infections with eculizumab treatment, similar to observations in PNH.   
 
Longer-term eculizumab treatment was well tolerated and the number of AEs decreased with 
on-going treatment.  No cumulative toxicity of therapy or serious infection-related AEs, 
including meningococcal infections, were observed through the extension periods in the 
studies described.(Legendre et al, 2013)  As expected, during longer exposure, the number 
of patient reports of the most commonly reported AEs appears to increase, particularly in the 
C08-003A/B study population with long duration of aHUS, although it is noted that the 
majority of AEs described in the updated report are non-serious, and easily managed in 
clinical practice. The relationship with eculizumab is difficult to establish, as no direct 
comparison exists. Some of the AEs may be influenced by other baseline concomitant 
medications such as immunosuppressants. 
 
Discontinuation of eculizumab 
 
Study observations indicate that discontinuation of chronic complement inhibition therapy in 
a disease characterized by life-long uncontrolled complement activation and subsequent 
systemic TMA exposes patients to the risk of severe and life-threatening TMA complications.  
Severe TMA complications were observed after eculizumab discontinuation in the aHUS 
clinical studies.  Because of the life-long uncontrolled complement activation in patients with 
aHUS and the role of eculizumab treatment to inhibit this otherwise uncontrolled complement 
activation, it is important to understand the identified risk of severe TMA complications in 
aHUS patients discontinuing eculizumab. 
 
In the 67 patients recruited within the registration prospective and retrospective trials, there 
were 18 instances of eculizumab discontinuation.  Importantly, 13 occurred within the non-
controlled treatment setting of the retrospective trial.  Following discontinuation of 
eculizumab treatment, there were seven severe TMA complications.  Reported medical 
complications associated with these severe TMA complications included graft failure 
requiring haemodialysis, renal insufficiency, ESRF, respiratory distress requiring intubation, 
diarrhea and increased renal insufficiency, and nephrotic syndrome and renal insufficiency.   
 
As highlighted in Table C15 below, in the two prospective studies, five patients discontinued 
eculizumab—one due to meeting an exclusion criterion, one due to an adverse event 
unrelated to eculizumab treatment, and three patients chose not to continue treatment in the 
extension phase following completion of the 26-week treatment period.  In the prospective 
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studies, 32 of 37 patients (87%) continued to receive long-term treatment during the 
extension phase.  
 
Table C15: Severe TMA Complications in Patients Discontinuing Eculizumab 


 Reason for Discontinuation No. of Patients 
No. of Patients 


with Severe TMA 
Complications 


Eculizumab stopped by investigator due to perceived lack of 
quick response of renal improvement (regardless  of impact 
on TMA) 


5 2 


Eculizumab stopped early following normalized renal and/or 
hematologic function 4 2 


Patient chose not to participate in extension of prospective 
study 3 1 


Death unrelated to drug* 2 - 
Severe TMA complication concomitant with viral infection 1 - 
Administrative reason 1 - 
Met study exclusion criteria 1 - 
Adverse event unrelated to drug 1 - 


*Both deaths were reported in patients enrolled in the retrospective study.  One patient died following carotid 
artery surgery, which had been undertaken due to severe diffuse arterial stenosis reported to be due to TMA. The 
other death occurred due to Graft versus Host Disease in a patient who had undergone bone marrow 
transplantation for a concomitant disease. 
 
It is important to note that the median duration of follow-up of these 18 patients who 
discontinued therapy was 27 days and only 3 patients had longer than 8 weeks follow-up.  
From the available follow-up period, the following information was observed:  
  


• Five patients (28%) experienced severe TMA complications:  
- Four of the five patients subsequently re-initiated eculizumab treatment 


• Four patients (22%) did not have follow-up:  
- Of these, two patients died, one was lost to follow up, and one was excluded fro


m the study.  
• Five patients (28%) were on dialysis before and after eculizumab treatment: 


- The maximum follow-up for these patients was 24 days, and  
- Occurrence of TMA and extra-renal symptoms is not known.  


• Four patients (22%) had no complications reported by the end of data collection:   
- The median follow-up for these patients is 50 days, ranging from 42 to 241 days


. 
Interim analysis of prospective trial C10-003 in paediatric aHUS patients reports three 
discontinuations before completion of the 26-week treatment period. One patient 
discontinued after the first dose due protocol violation (STEC-HUS diagnosis). Two 
additional patients did not continue in the extension study or transition to commercial drug. 
Of these patients, one experienced signs and symptoms of TMA within 2 months of 
eculizumab withdrawal. 
 
Three patients were withdrawn from trial C10-004 (adult patients) prior to the completion of 
the 26-week treatment period.  No evidence of TMA was reported for two of these patients at 
the time of the interim data analysis, while the third patient who was withdrawn due to 
pregnancy continued to receive commercial eculizumab. Eight patients who completed the 
26-week treatment period did not continue to the extension study or transition to commercial 
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drug. Follow-up information on these patients was not available at the time of the interim 
data report. 
 
Collectively, these observations indicate that discontinuation of complement inhibition in a 
disease characterized by life-long, uncontrolled complement activation and subsequent TMA 
with life-threatening organ complications can lead to a loss of inhibition of the TMA process 
and life-threatening medical complications.  Moreover, the European Commission, in the 
eculizumab SmPC, has concluded that eculizumab treatment is recommended to continue 
for the patient’s lifetime, unless the discontinuation of eculizumab is clinically indicated for 
safety considerations. 
 


9.8 Evidence synthesis and meta-analysis 


When more than one study is available and the methodology is comparable, a meta-analysis 
should be considered. 


Section 9.8 should be read in conjunction with the ‘Guide to the Methods of Technology 
Appraisal’, available from www.nice.org.uk/guidance/ta 


9.8.1 Describe the technique used for evidence synthesis and/or meta-analysis. 
Include a rationale for the studies selected, details of the methodology used 
and the results of the analysis. 


 
Studies C08-003 and C08-002, described in detail within this submission, enrolled patients 
with different clinical characteristics.  Study C08-003 included patients with long duration of 
aHUS, prolonged PE/PI exposure and substantial kidney damage, whereas C08-002 
included patients with progressing TMA and shorter disease duration.  These trials 
demonstrated the efficacy of eculizumab in a broad range of aHUS patients, reflective of the 
addressable population.  However, this does not lend itself to metaanalysis and would not 
provide results which are more informative than those included within the submission 
document.  Due to the lack of RCTs and the heterogeneity of patients included in the non-
randomised prospective and observational trials included in this submission, evidence 
synthesis or meta-analysis were not performed. 
 


9.8.2 If evidence synthesis is not considered appropriate, give a rationale and provide 
a qualitative review.  The review should summarise the overall results of the 
individual studies with reference to their critical appraisal. 


 
As detailed above, a metaanalysis is not considered to be appropriate.  Studies C08-003 
and C08-002 demonstrated the efficacy of eculizumab across a broad range of aHUS 
patients to: 
 


• Inhibit complement activation in all treated patients; 
• Inhibit complement-mediated TMA; 
• Significantly improve renal function (including removal of dialysis in C08-002); 
• Prevent disease progression (including avoidance of dialysis); 
• Eliminate need for burdensome PE/PI; 
• Improve systemic organ function (including brain, gastrointestinal tract as described 


in the case reports below); 
• Significantly improve HRQL; and 
• Be well-tolerated  


 



http://www.nice.org.uk/guidance/ta
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The studies recruited patients diagnosed with aHUS and utilised a range of endpoints 
designed to capture the impact of eculizumab on the clinical course of aHUS.  A single arm 
design was utilised due to the extremely rare prevalence of aHUS, the challenge of recruiting 
patients with this ultra-rare disease, and the prior publication of several case reports strongly 
indicating a therapeutic benefit of eculizumab in a small number of aHUS patients.   
 
Legendre et al. 2013 undertook an analysis to confirm the treatment effect utilising pre-
treatment data as within patient controls.  In both trials, the rate of intervention for thrombotic 
microangiopathy, comprising plasma exchange/infusion and dialysis was significantly lower 
during the period of eculizumab treatment than during the period before treatment.  The 
authors noted that this highlighted the inadequate efficacy of management with plasma 
exchange or infusion and confirmed the clinically relevant treatment effect of eculizumab on 
thrombotic microangiopathy and organ outcomes (Legendre et al, 2013).  Similar analysis of 
renal function before and during eculizumab treatment shows a striking improvement in renal 
function upon discontinuation of PE/PI and initiation of eculizumab in both studies.  
 


9.9 Interpretation of clinical evidence  


9.9.1 Provide a statement of principal findings from the clinical evidence highlighting 
the clinical benefit and any risks relating to adverse events from the 
technology. Please also include the Number Needed to Treat (NNT) and 
Number Needed to Harm (NNH) and how these results were calculated. 


 
Use of Eculizumab in aHUS 
 
In contrast to PE/PI, eculizumab is designed to directly and potently block activation of the 
terminal stage of the complement system and inhibit chronic uncontrolled complement 
activity, inflammation, and systemic complement-mediated TMA in patients with 
aHUS.(Rother et al, 2007)  As a result, use of eculizumab reduces the underlying TMA 
process and subsequently can reverse or prevent further kidney damage, allowing aHUS 
patients to discontinue or avoid dialysis.  Eculizumab also prevents progression of other 
organ damage in aHUS patients, removes the need for PE/PI, and dramatically improves 
patients’ quality of life.(Legendre et al, 2010; Muus P et al, 2010; Licht et al, 2011; 
Greenbaum et al, 2011)  These benefits were demonstrated in two prospective controlled 
clinical trials and a retrospective analysis involving a broad range of aHUS patients, 
including patients of all ages.  When compared to the natural progression of the disease and 
historically poor outcomes at one year, these trials provide for the first time a proven, 
effective, and safe first-line treatment for aHUS patients.(Gruppo and Rother, 2009; 
Legendre et al, 2010; Muus P et al, 2010; Davin et al, 2010; Lapeyraque et al, 2011)  Put 
simply, eculizumab treatment in aHUS patients changes the course of the disease and leads 
to substantial and demonstrable gains in patient outcomes. 
 
On September 23, 2011, the United States Food and Drug Association (FDA) approved 
eculizumab for the treatment of children and adults with aHUS to inhibit systemic 
complement-mediated TMA.  Approval by the European Commission was obtained on 
November 24, 2011.  In recognition of the chronic nature of aHUS and the on-going 
substantial risk of mortality and significant morbidities, the Soliris Summary of Product 
Characteristics (SmPC) states that eculizumab treatment is recommended to continue for 
the patient’s lifetime. 
 
In addition to aHUS, eculizumab also has been demonstrated to provide long-term safety 
and efficacy in the treatment of paroxysmal nocturnal haemoglobinuria (PNH), an ultra-rare 
and life-threatening disease that also results from chronic uncontrolled complement 
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activation.(FDA Prescribing Information, 2012; SmPC, 2013)  Long-term inhibition of chronic 
uncontrolled complement activity with eculizumab in PNH patients decreases platelet 
consumption and thromboembolism, improves kidney function and pulmonary hypertension, 
and ultimately increases the overall survival from the historical rate of only 65% at five years 
to a survival rate that is indistinguishable from a normal age and sex-matched 
population.(Hillmen et al, 2007; Socie G et al, 2009; Hillmen et al, 2010; Brodsky R et al, 
2010; Kelly R et al, 2011) 
 
Results of aHUS Clinical Studies 
 
Chronic eculizumab treatment in aHUS has been investigated in two prospective open-label, 
single-arm, multi-national clinical trials, and a single retrospective open-label, single-arm, 
multi-national clinical trial, in 37 and 30 (including 19 paediatric) aHUS patients, respectively.  
Two additional prospective single-arm trials are underway in adult and paediatric patients.  
These trials demonstrate that early and sustained blockade of chronic, uncontrolled 
complement activation with eculizumab stops systemic TMA and results in statistically and 
clinically significant restoration of kidney function and gains in health, while eliminating the 
need for PE/PI in patients with aHUS.(Legendre et al, 2010; Muus P et al, 2010; Greenbaum 
et al, 2011; Licht et al, 2011) 
 
Prospective Study C08-003 
 
In the prospective study C08-003 that included patients with a long duration of aHUS, 
chronic renal impairment, and long-term PE/PI, 100% of patients treated with eculizumab 
reduced their TMA intervention rate, eliminated PE/PI, and prevented the need for new 
dialysis.  In this cohort of patients who had a long history of aHUS, substantial long-term 
expected permanent renal complications (50% of patients with Stage 4-5 CKD, eGFR ≤60 
ml/min/1.73m2, including chronic dialysis) and long-term supportive care (median 10 months 
of PE/PI prior to receiving eculizumab), it could have been anticipated that no therapeutic 
intervention would be able to change the course of this severe disorder.  However, 
intervention with chronic eculizumab treatment in these patients did in fact change the 
course of their disease.  Chronic eculizumab treatment resulted in a significant time-
dependent improvement in renal function and a significant decrease in proteinuria (a 
measure of on-going renal impairment) at two years.  Importantly, 82% of patients achieved 
a significant gain of health.(Legendre et al, 2013) Together, these results demonstrate the 
beneficial effects of eculizumab in aHUS patients with any level of organ damage and at any 
point of disease duration. 
 
Prospective Study C08-002 
 
In the prospective study C08-002, in patients with aHUS and continued platelet consumption 
and renal damage while receiving PE/PI, chronic eculizumab therapy normalised platelet 
counts in 92.3% of aHUS patients who had low platelet counts at baseline.  Similarly, 100% 
of patients treated chronically with eculizumab achieved TMA event-free status with no new 
dialysis required, no need for PE/PI, and patients maintained their platelet counts through 26 
weeks.  In addition, 100% of patients improved or maintained their eGFR, a measure of 
kidney function, through 26 weeks.  With long-term eculizumab therapy (median 100 weeks), 
59% of patients achieved a significant improvement in eGFR (≥15 ml/min/1.73m2).  
Additionally, 71% of aHUS patients (95% CI 44-90) experienced clinically important 
improvement in chronic kidney disease by at least one stage.(Canaud et al, 2013)  
 
Illustrating the dramatic positive effect of eculizumab treatment in reversing failed renal 
function in aHUS patients, chronic eculizumab treatment allowed four of five patients who 
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required dialysis at study entry to permanently discontinue and eliminate dialysis.  In 
addition, chronic eculizumab treatment also resulted in clear gains in overall health with 80% 
of patients (95% CI 52-96) treated with eculizumab achieving clinically meaningful 
improvement in quality of life at week 26 compared to baseline and increasing long-term to 
87% of patients (95% CI 59-98; median 100 weeks).(Legendre et al, 2010; Alexion, 2011)   
 
In addition to achieving clinically important endpoints, results from both prospective trials 
with eculizumab further demonstrate the disease-causing role of chronic uncontrolled 
complement activation in aHUS.  This is demonstrated by the observation of significant 
efficacy of eculizumab treatment in patients with or without an identifiable genetic 
abnormality leading to complement dysregulation.  In patients with short or long history of 
disease, overtly progressing clinical TMA or apparently irreversible organ damage, further 
uncontrolled complement-mediated TMA activity leads to progressive organ damage with all 
available supportive care.  Delay in complement intervention during presentation of overtly 
progressing clinical TMA, or during longer-term supportive care with PE/PI, leads to 
progressive organ damage and reduces the ability of eculizumab to reverse organ function.  
Chronic inhibition of complement-mediated TMA with eculizumab treatment is recommended 
by the European Commission to continue for the patient’s lifetime. 
 
Retrospective Study C09-001r 
 
This retrospective open-label, single-arm, multi-national clinical trial included 19 patients 
under 18 years of age (as young as two months) and 11 adult patients who received 
eculizumab outside of clinical trials between 2007 and 2009. The data indicate that safety 
and efficacy results with eculizumab in the clinical practice setting are consistent with those 
reported for adults and adolescents in the prospective controlled studies.(Alexion, 2011; 
Simonetti et al, 2011)   
 
Due to the small number of patients <18 years old in the prospective C08 studies (Legendre 
et al, 2013) particular focus was given to the paediatric patients in this population. In the 
retrospective study, 100% of paediatric patients were receiving supportive care prior to 
initiation of eculizumab  and reduced their TMA intervention rate from a median of 0.31 to 0 
interventions per patient per day (P<0.0001).  Treatment with eculizumab stopped 
complement-mediated TMA and enabled almost all paediatric aHUS patients (17/19, 89%) to 
achieve normalisation of platelets.  Nine of the 19 paediatric patients (47%) also experienced 
a clinically meaningful improvement in renal function as demonstrated by an improvement in 
eGFR ≥15 mL/min/1.73m2.  Importantly, four of eight (50%) paediatric patients who 
previously required dialysis were able to discontinue dialysis once on eculizumab treatment.  
Further, no paediatric patient required new dialysis during treatment with eculizumab. 
 
Prospective Study C10-003- Interim Results 
 
This trial was an open-label, non-randomized, single-arm, multi-centre clinical trial of 
eculizumab in paediatric patients (one month up to 18 years) with aHUS. The study was 
designed to assess efficacy and safety of eculizumab in paediatric patients with aHUS to 
control TMA as characterized by thrombocytopenia, haemolysis and renal impairment.    
 
The median age of the paediatric population was 6.5 years, and ranged between one month 
to 17 years.  The time from current clinical TMA complications to first dose was a median of 
six days, ranging from one day to four months and 12/22 (55%) of patients received 
eculizumab first line, without exposure to PE/PI.  The primary endpoint of complete TMA 
response was achieved with significance, 14/22 patients (64%; 95% CI: 41-83) from baseline 
through 26 weeks. This high threshold of response included normalization of haematological 
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parameters (platelet count and LDH) and ≥ 25% improvement in serum creatinine from 
baseline.  Inhibition of TMA by eculizumab as measured by platelet count normalization was 
achieved in 21/22 patients (96%; 95% CI: 77-100), and as measured by complete 
hematologic response in 18/22 patients (82%; 95% CI: 60-95).    
 
Reduction or elimination of supportive care was achieved as measured by 20/22 patients 
(91%; 95% CI: 71-99) avoiding PE/PI. TMA intervention rate was reduced from a median of 
0.38 events per patient per day to 0 events per patient per day (P <0.0001). Improvement of 
organ function with eculizumab treatment was achieved in 16/22 patients (73%) as 
measured by a reduction in serum creatinine of at least 25% compared to baseline through 
26 weeks of treatment. Improvement in eGFR ≥15 mL/min/1.73m2 from baseline through 26 
weeks of treatment was achieved by 19 out of 22 patients (86%; 95% CI: 65.1%-97.1%).   
 
Most significantly, all 22 paediatric patients (100%; 95% CI: 85-100) did not require new 
dialysis at 26 weeks of treatment with eculizumab. Eighty-two percent (9/11) of patients who 
were on dialysis at baseline no longer required dialysis during eculizumab treatment, while 
two patients remained on dialysis through the 26-week Treatment Period and at data cut-off 
date.   
 
There were no significant differences in efficacy results across age cohorts and other sub-
populations investigated for the endpoints including complete TMA response, platelet count 
normalization, complete hematologic response, and improvement in eGFR and serum 
creatinine from baseline through 26 weeks of eculizumab treatment and through data cut-off 
date. The majority of patients in this study reported Treatment Emergent Adverse Event 
(TEAEs) deemed not related to eculizumab and one patient reported a TEAE probably 
related to eculizumab.  No TEAE was deemed definitely related to eculizumab.  Overall, 
patients reported TEAEs that were mild and moderate in severity (> 75% of patients).  
 
We note that this is the first prospective trial in paediatric patients diagnosed with aHUS.  
The results show dramatic improvement in inhibition of TMA and improvement in organ 
damage.  Most significantly 55% of patients were treated with eculizumab without use of 
PE/PI, demonstrating the physician decision that PE/PI is not an effective support care 
regiment to treat aHUS.  Additionally, when treatment is initiated early, 9/11 patients were 
able to come off dialysis.  
 
Prospective Study C10-004- Interim Results 
 
This is an open-label, non-randomized, single-arm, multi-centre clinical trial of eculizumab in 
patients with aHUS that were at least 18 years of age or older. The study was designed to 
assess efficacy and safety of eculizumab to control TMA as characterized by 
thrombocytopenia, haemolysis and renal impairment.   The median age was 35 years, and 
ranged between 18 to 80 years.  The median time from current clinical TMA complications to 
first dose was 0.5 months.    
 
The primary endpoint was achieved with significance, 30/41 patients (73%; 95% CI: 57.1-
85.8) achieved the high hurdle of a modified complete TMA response from baseline through 
26 weeks (normalization of haematological parameters [platelet count and LDH] and ≥ 25% 
improvement in serum creatinine from baseline).  The proportion of patients achieving a 
complete TMA response was similar in patients with or without identifiable complement 
mutations or auto-antibodies (76% vs. 70%, respectively). Inhibition of TMA by eculizumab 
was measured in 40/ 41 patients (98%; 95% CI: 87.1-99.9) achieving platelet count 
normalization and 36/41 patients (88%; 95% CI: 73.8-95.9) achieving a complete 
hematologic response.  Reduction or elimination of supportive care was achieved as 
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measured by 71% (95% CI: 54.5-83.9) avoiding PE/PI and a reduction the TMA intervention 
rate was reduced from a median of 0.63 events per patient per day to 0 events per patient 
per day (P<0.0001).   
 
Improvement of organ function with eculizumab treatment was achieved as measured by 
improvement in eGFR ≥15 mL/min/1.73m2 from baseline through 26 weeks of treatment 
achieved by 22/41 patients (54%; 95% CI: 37.4-69.3).  Through data cut-off, two additional 
patients (24/41 patients; 59%; 95% CI: 42.1-73.7) achieved eGFR improvement.  Fifteen of 
24 patients (63%) who were on dialysis at baseline no longer required dialysis during 
eculizumab treatment.  Thirteen of 23 patients (57%) attained a clinically meaningful MID of 
at least 0.06 on the US TTO index in the EuroQol 5D measurements through 26 weeks of 
eculizumab treatment.   
 
There were no major differences in the results obtained within each subpopulation for 
platelet count normalization and complete hematologic response through data cut-off. For 
the majority of subpopulations evaluated, the proportion of patients with improvement in 
eGFR from baseline was similar, including patients with a prior kidney transplant (44%) who 
may be less likely to demonstrate a clinically meaningful improvement in kidney function 
compared to patients without a prior history of kidney transplant (56%).  
 
Two (5%) of 41 patients in this study reported meningococcal infection. One patient 
permanently discontinued eculizumab while the other continued on eculizumab (both SAEs 
resolved). xty-three percent of patients reported TEAEs were mild and moderate in severity, 
and 15 (37%) patients reported severe TEAEs.  The most common TEAE reported was 
headache with 15 (37%) of 41 patients reporting this TEAE, followed by diarrhea (32% of 
patients), peripheral edaema (22% of patients), and cough reported by eight (20%) of 41 
patients. 
 
Risks Related to Adverse Events 
 
The blockade of terminal complement activation and the generation of C5b-9 increase the 
risk of meningococcal infection; therefore, use of eculizumab increases an unvaccinated 
patient’s susceptibility to serious meningococcal infections (Neisseria meningitides).  As 
indicated in the FDA-approved label and EMA SmPC, all patients must be vaccinated at 
least two weeks prior to receiving Soliris to reduce the risk of infection.(FDA Prescribing 
Information, 2012; SmPC, 2013)  Patients below the age of two years and those who are 
treated with eculizumab less than two weeks after receiving a meningococcal vaccine must 
receive treatment with appropriate prophylactic antibiotics until two weeks after vaccination.  
Patients must be re-vaccinated according to current medical guidelines for vaccination use.  
Tetravalent vaccines against serotypes A, C, Y and W135 are strongly recommended, 
preferably conjugated ones. 
 
Eculizumab should not be administered to patients with unresolved Neisseria meningitides 
infection or to patients who have not been vaccinated against Neisseria meningitides unless 
they are being treated with appropriate antibiotic prophylaxis. 
 
It is recommended that patients being treated with eculizumab be monitored for early signs 
of meningococcal infection. Patients should carry a safety card with them at all times. 
 
Number Needed to Treat (NNT) 
 
The eculizumab clinical studies were single arm studies, necessitated by the significant 
ethical concerns with utilizing placebo when the benefits of eculizumab had been 
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demonstrated in multiple case reports and the infeasibility of a randomized study in such a 
rare disease.  Additionally, the natural history data does not report outcomes in sufficient 
detail to enable calculation of a number needed to treat (NNT) or number needed to harm 
(NNH), which is the case in any ultra-orphan disease. 
 
An informative NNT can be generated utilizing the pre-eculizumab treatment data and 
endpoints during the eculizumab clinical trials.  aHUS is defined by chronic uncontrolled 
complement activation and therefore a targeted therapy should inhibit complement 
activation, in order to prevent TMA.  The strict composite endpoint of the effect of 
eculizumab to inhibit TMA and its consequences was TMA event free status which required 
patients to maintain their platelet count (a measure of TMA), avoid plasma exchange and not 
progress to require dialysis (which is the result in most patients with aHUS prior to 
eculizumab). 
 
In eculizumab clinical studies C08-002 and C-08-003—in the period prior to eculizumab 
treatment, no patient had evidence of complement inhibition, utilizing a sensitive haemolysis 
assay whilst receiving plasma exchange.  Across the two studies 35/37 patients had 
complete inhibition of complement at the primary endpoint analysis at 26 weeks.  The two 
patients who did not achieve this by 26 weeks were the two patients who discontinued 
eculizumab treatment.  This provides an NNT to achieve complement inhibition of 1.06, as 
detailed in Table C16 below:  
 
Table C16: NNT to Inhibit Complement 
 Achieved Outcome Did Not Achieve Outcome 
Treatment Group 35 2 
Pretreatment Period 0 37 
   
Control Event Rate 0  
Treatment Event Rate 0.95  
Absolute Risk Reduction 0.95  
NNT 1.06  
 
TMA event free status was the primary endpoint in study C08-003 and secondary endpoint 
in study C08-002.  It is a stringent composite endpoint which measures haematological 
evidence of TMA (via platelet count), intervention with PE/PI, and the avoidance of the 
common consequence, in patients not treated with eculizumab, of reaching ESRF and 
dialysis.  In studies C08-002 and C-08-003—in the period prior to eculizumab treatment, no 
patient achieved TMA event-free status.  After 26 weeks of eculizumab treatment, 15/17 
patients in study C08-002 had achieved TMA event-free status (the two who did not were 
those who discontinued treatment early), and in study C08-003 16/20 had achieved TMA 
event-free status (the 4 who did not had only experienced transient decreases in platelet 
count, but did not receive plasma exchange and did not progress to requiring dialysis.  
These data provide an NNT to achieve TMA event free status of 1.19, as detailed in Table 
C17 below: 
 
Table C17: NNT to Achieve TMA Event Free Status 
 Achieved Outcome Did Not Achieve Outcome 
Treatment Group 31 6 
Pretreatment Period 0 37 
   
Control Event Rate 0  
Treatment Event Rate 0.84  
Absolute Risk Reduction 0.84  
NNT 1.19  
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The major safety consideration for eculizumab is the risk of meningococcal infection; 
however, no cases of meningococcal infection were reported in studies C08-002 and C08-
003. 
 
Number Needed to Harm (NNH) 
 
The major safety consideration for eculizumab is the risk of meningococcal infection and 
these are observed to occur.  However, no cases of meningococcal infection were reported 
in studies C08-002 and C08-003 and therefore an NNH has not been calculated based on 
the aHUS data. 
 
Conclusion 
 
In summary, aHUS is a devastating and life-threatening ultra-rare disease in which 
excessive, chronic, uncontrolled complement activation in all patients causes a life-long risk 
for catastrophic outcomes.  Sixty-five percent of all patients die, require dialysis, or have 
permanent renal damage within the first year after diagnosis even when treated with any 
previously available supportive care including PE/PI plasma exchange and/or plasma 
infusion.(Neuhaus et al, 1997; Caprioli et al, 2006; Noris et al, 2010) 
 
Chronic eculizumab therapy is the first and only proven treatment for aHUS that stops 
chronic uncontrolled complement activation in every treated patient and, as a result, blocks 
systemic TMA, reverses and prevents further kidney dysfunction, eliminates the need for 
new dialysis after treatment initiation, and dramatically improves patients’ quality of life, all 
while eliminating the need for invasive and high-risk PE/PI. 


9.9.2 Provide a summary of the strengths and limitations of the clinical-evidence base 
of the technology. 


 
The clinical trials of eculizumab are the only prospective clinical trials performed in aHUS 
and the first to demonstrate a well-tolerated and efficacious treatment designed to 
specifically inhibit complement-mediated TMA in aHUS patients.  The clinical trial 
programme included a broad range of aHUS patients in both a prospective and medical 
practice setting.  Patients presented with early or chronic disease, range of renal 
dysfunction, multiple organ damage, and PE/PI which varied in frequency and therefore 
represent the aHUS patient population under consideration in this appraisal. 
 
Owing to the severe, life-threatening nature of the disease, and the evidence of efficacy from 
eculizumab reported in several published case studies, it is not possible to perform a 
randomised controlled trial, excluding critically ill patients from receiving therapy.  As a 
result, the prospective studies are open-label, non-randomised trials.  Legendre et al 
assessed pre-treatment data as within patient control and demonstrated in both prospective 
studies that the rate of plasma exchange and new dialysis was significantly lower in the pre-
treatment period demonstrating the ineffectiveness of plasma exchange and the clinical 
efficacy of eculizumab.(Legendre et al, 2013)  This was accompanied by rapid and sustained 
improvements in platelet count (study C08-002) and renal functions (studies C08-002 and 
C08-003) upon initiation of eculizumab. 
 


9.9.3 Provide a brief statement on the relevance of the evidence base to the scope.  
This should focus on the claimed patient- and specialised service-benefits 
described in the scope. 


 
The clinical trials of eculizumab are the first prospective studies in aHUS and therefore the 
most relevant evidence, clearly demonstrating the efficacy and safety of eculizumab in a 
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broad range of aHUS patients.  Eculizumab resulted in significant clinical benefit in patients 
immediately after presentation, as well as those with a long duration since diagnosis; 
patients with milder renal impairment and those with severe renal impairment; and patients 
with native kidney or with one or multiple prior transplants.(Legendre et al, 2013) Interim 
analysis demonstrates similar clinical benefit in paediatric and adult aHUS populations 
including patients treated without prior use of PE/PI (prospective studies C10-003 and C10-
004, respectively).  Meanwhile, earlier intervention with eculizumab results in greater 
improvement in renal function.(Legendre et al, 2013) Therefore, clear evidence has been 
presented demonstrating that eculizumab is the standard of care, first line treatment which 
should be rapidly employed in all patients diagnosed with aHUS. 
 
Importantly, the establishment of a national specialised service utilising centre/s of expertise 
will serve to rapidly provide the benefit of eculizumab to all aHUS patients in England by 
providing fast diagnostic and management advice, including advice about the treatment of 
incident and prevalent cases with eculizumab. 
 
The outcomes relative to the scope have been addressed by the clinical evidence presented 
(sections 9.6 and 9.9.1) as follows: 
 


“Overall survival” 
 
Patients with aHUS are at constant risk of premature mortality and severe morbidities due to 
sudden and progressive systemic complement-mediated TMA complications.(Noris et al, 
2010; Taylor et al, 2010) The severity of the disease is apparent as, in the pre-eculizumab 
era, 33% to 40% of aHUS patients die or progress to ESRD with the first clinical 
manifestation.  Further, 65% of all patients died, required dialysis, or had permanent renal 
damage within the first year of the diagnosis with all available supportive care, including 
PE/PI, prior to the availability of eculizumab.(Caprioli et al, 2006) 
 
In contrast to these unacceptably high rates of death or ESRD with previously available best 
supportive care including PE/PI, chronic eculizumab leads to a clinically important 
maintenance of survival. Of 37 patients in both trials, one death (2.7%) occurred, and only 
two patients (5.4%) experienced worsening renal function leading to discontinuation, in all 
cases deemed unrelated to study drug.   
 


“Time to disease recurrence” 
 
Due to the underlying mechanism of disease in aHUS resulting in chronic, uncontrolled 
complement activation, patients are at constant risk of progressive, on-going morbidity as 
65% of all patients die, require dialysis, or have permanent renal damage within the first year 
of diagnosis while on plasma exchange or plasma infusion (PE/PI) or dialysis and a 
progressive increased mortality rate thereafter. Eculizumab is the only treatment that 
specifically blocks complement-mediated TMA and has been demonstrated in controlled, 
prospective trials to consistently inhibit TMA and have a positive impact on morbidity and 
disease progression in aHUS.   
 
Medical evidence demonstrates that discontinuation of eculizumab or extension of dosing 
intervals can result in risk of TMA complications, disease progression, and end-organ 
damage. (Mache et al, 2009; Larrea et al, 2010; Zuber et al, 2011; Legendre et al, 2013)  In 
prospective clinical trials (C08-002 and C08-003, Legendre 2013), 5/18 patients (28%) 
experienced severe TMA complications.(Legendre et al, 2013)  This is evidence of the life-
long risk of chronic complement activation in aHUS patients that results in risk of TMA 
without complement inhibition. 
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“Response to treatment; avoidance of dialysis; avoidance of plasma therapy; 
maintenance or improvement of kidney function; other major non-renal outcomes” 


 
Prior to the availability of eculizumab 33% to 40% of aHUS patients died or progressed to 
ESRD with the first clinical manifestation despite the administration of PE/PI to the vast 
majority of these patients.(Noris et al, 2010)  Further, 65% of all patients died, required 
dialysis, or had permanent renal damage within the first year of the diagnosis with all 
available supportive care, including PE/PI, prior to the availability of eculizumab.(Caprioli et 
al, 2006) 
 
The clinical evidence presented demonstrates that consistently inhibits complement and 
TMA in a broad aHUS patient population which have been included in prospective clinical 
trials (C08-002, C08-003, Legendre 2013; C10-003, C10-004, Interim data analysis), 
regardless of age, presence of identifiable genetic complement mutation, prior or ongoing 
use of supportive care (dialysis or PE/PI), or history of kidney transplant.  Eculizumab 
inhibits complement-mediated TMA similarly across patient populations, resulting in 
elimination of PE/PI in all patients in studies C08-002 and C08-003, with only two patients 
receiving any PE during the eculizumab treatment period. This demonstrates that 
eculizumab allows the avoidance of ineffective PE/PI.  Eculizumab also improved or 
maintained kidney function, including removal of dialysis in some patients.(Legendre et al, 
2013)  Long-term eculizumab treatment is also associated with significant gains in HRQoL. 
 
 “Eligible for/success of transplantation” 
 
Eligibility for or success of transplantation was not specifically addressed in the clinical trials 
presented. It is worth noting, however, that one patient in C08-003 with a history of five TMA 
clinical manifestations and chronic dialysis, received a successful kidney transplant while 
receiving eculizumab.  This is consistent with a detailed case series reporting the 
effectiveness of eculizumab in preventing post-transplant TMA in aHUS and recommending 
eculizumab use to allow transplantation. This demonstrates eculizumab allows aHUS 
patients who are in ESRF to undergo kidney transplantation, in contrast to the relative 
contraindication to transplantation that existed prior to the availability of eculizumab (due to 
the unacceptably high rate of graft loss)  (Zuber et al, 2012) 
 


“Development of antibodies and resistance” 
 
No patients in the aHUS clinical trials developed neutralizing antibodies to eculizumab. This 
is consistent with the significant clinical experience in PNH including the use of eculizumab 
for as long as 10 years. As noted in the SPC, placebo-controlled studies in PNH 
demonstrate that infrequent low titre antibody responses occur at similar frequencies in 
placebo- or eculizumab-treated patients.(SmPC, 2013)  There has been no evidence of 
decreased efficacy and eculizumab continues to block complement activation and its 
consequences with long-term use.(Hillmen et al, 2013)  
 
 


9.9.4 Identify any factors that may influence the external validity of study results to 
patients in routine clinical practice. 


 
We have not identified any factors which might influence the external validity of the data 
provided.  On-going experience since the marketing authorisation in 2011 through additional 
clinical trials, the aHUS registry, and anecdotal experience demonstrate that the significant 
efficacy and tolerability of eculizumab is reproduced in routine clinical practice. 
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9.9.5 Based on external validity factors identified in 9.9.4, describe any criteria that 


would be used in clinical practice to select patients for whom the technology 
would be suitable. 


 
The eculizumab clinical trials included a broad range of aHUS patients which is considered 
representative of the general population of patients in England.  No criteria, beyond the 
clinical diagnosis of aHUS, are required to select patients who will benefit from eculizumab. 
 
10 Measurement and valuation of health effects 
 
Patient experience  


10.1.1 Please outline the aspects of the condition that most affect patients’ quality of 
life. 


 
Minimal information exists in the published literature that formally describes quality of life in 
aHUS patients.  Information in this section is based upon feedback sought on this topic from 
clinical experts during the survey undertaken for this submission, along with morbidity and 
quality of life information described in Sections 6 and 7. 
 
As described in Section 7, the principle aspects of aHUS that affect patients’ quality of life 
are: 
 
Premature death 
 


 


Disease symptoms impairing 
quality of life  


• Kidney disease 
• Central nervous system symptoms 
• Gastrointestinal symptoms 
• Cardiovascular symptoms 
• Pulmonary symptoms 


Standard of care treatment 
related causes of quality of life 
impairment 


• Plasma exchange or plasma infusion 
• Dialysis  
• Transplantation  
• Transplantation failure 


 
While there are no published data on which to weight the relative importance of each of 
these elements to the total quality of life impairment, the clinical experts interviewed felt that 
the majority of quality of life burden was explained by three elements: the worsening of 
patients kidney status and associated morbidity; the common patient need for dialysis; and 
the burden of plasma exchange (these are discussed in more detail in Section 7). 
 


10.1.2 Please describe how a patient’s health-related quality of life (HRQL) is likely to 
change over the course of the condition. 


 
Little information in the published literature exists that describes the lifetime trajectory of 
aHUS patient quality of life for individuals.  The paucity of information that does exist relates 
to the course of treatment with the current standard of care, prior to the availability of 
eculizumab.  The pattern described in this section reflects feedback sought on this question 
from clinical experts during the survey undertaken for this submission, along with morbidity 
and quality of life information described in Sections 6 and 7. 
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At the point of presentation, patients are usually seriously ill, potentially with renal failure, 
symptoms of TMA (e.g., thrombocytopenia, declining platelet count, microangiopathic 
haemolysis), and sometimes with other serious morbidities such as a stroke.  Patients 
managed with current standard of care undergo daily plasma exchange, including 3 to 4 
litres of whole plasma exchanged in adults or 1.5 times the entire body supply of plasma in 
children.  Plasma exchange is associated with very poor quality of life, for reasons described 
in Section 7, as well as common and severe adverse events.  Daily sessions are routine for 
two weeks, followed by several times per week.(Ariceta et al, 2009) 
 
In the presentation phase, patients receive intensive plasma exchange.  Patients are likely to 
require on-going plasma exchange in an attempt to slow the disease course.  Chronic 
plasma exchange therapy may include multiple sessions per week for months or years.  
Despite this, patients’ renal function is likely to deteriorate further over time, with the 
associated reduction in quality of life seen in patients in worse CKD stages (see Section 7). 
 
According to expert feedback, approximately 60% of patients will be in ESRF after 2 years, 
despite receiving plasma exchange.  In the literature, Caprioli et al (2006) reported 
approximately 33% of patients reach ESRF or die following the first clinical presentation of 
TMA (assumed to be within one 1 year) and Noris et al (CJASN 2010) reported 
approximately 56% reach ESRF or die at 3 years.(Caprioli et al, 2006; Noris et al, 2010)  
Fremeaux-Bacchi et al. (2013) report 56% of adults and 29% of children require renal 
replacement or died within 1 year of follow-up.(Fremeaux-Bacchi et al, 2013)  The 
requirement to undergo dialysis three times per week is highly deleterious to quality of life for 
aHUS patients, preventing them from undertaking education or employment, and potentially 
infringing on their ability to create a family or enjoy leisure time.  
 
Transplantation is an option for some patients, but the graft failure rate is high.(Legendre et 
al, 2013) Patients who have a successful transplant are likely to experience an improvement 
in quality of life as long as the graft survives.  Experts noted that a ‘good’ outcome from 
transplantation might be 10 years of graft survival; therefore, even for the small proportion of 
aHUS patients who achieve that outcome, it is unlikely to result in a lifelong improvement in 
quality of life given the relatively young patient population.  Patients who have an 
unsuccessful transplant are likely to experience worse quality of life than similar patients on 
dialysis who have not been transplanted. 
 
HRQL data derived from clinical trials  


10.1.3 If HRQL data were collected in the clinical trials identified in section 9 (Impact of 
the new technology), please comment on whether the HRQL data are 
consistent with the reference case. The following are suggested elements for 
consideration, but the list is not exhaustive. 


 
• Method of elicitation. 
• Method of valuation. 
• Point when measurements were made. 
• Consistency with reference case. 
• Appropriateness for cost-consequences analysis. 
• Results with confidence intervals. 


Health-related quality of life (HRQL) was measured in the two prospective studies of 
eculizumab in aHUS (C08-002 and C08-003), which are detailed in this submission. HRQL 
was measured using the EuroQoL Group 5-Dimension Self-Report Questionnaire [EQ-5D].  
Patients completed the EQ-5D questionnaires frequently included at baseline, Day 182, and 
Day 364. 
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Eculizumab was associated with a significant improvement in HRQL.  In study C08-002 the 
mean increase in the EQ-5D score at week 26 was 0.32 (95% CI, 0.24 to 0.39; P<0.001) 
and in C08-003, it was 0.10 (95% CI, 0.05 to 0.15; P<0.001) (See Figure C1 below). 
 
The clinically meaningful threshold of 0.06 was exceeded in 87% of patients in C08-002 and 
in 73% of patients in C08-003 throughout the treatment period.  
 
In C08-002, effect sizes were large (1.1 at week 26 and 0.8 through a median duration of 64 
weeks).  In C08-003, effect sizes were moderate (0.6 through week 26 and a median 
duration of 62 weeks, respectively) (See Figure C2 below). 
  
The quality of life data collected in studies C08-002 and C08-003 adhered closely with 
requirements of the Reference Case.  Measurement of changes in health-related quality of 
life were reported directly from patients using the EQ-5D, the preferred measure of health-
related quality of life specified in the Reference Case.  The utility scores derived from these 
changes (summarised in Legendre 2013 and above) were based societal preferences 
estimated from a US population using the time trade-off (TTO) methodology.  These have 
subsequently been recalculated using the UK tariff for the purpose of the NICE submission 
(revised numbers are presented in Section 10.1.9). 
 
HRQL measurements versus baseline at each observation period appear in Figure C3 and 
Figure C4 below.  The statistical difference versus baseline is apparent within the first 
month, despite the small sample sizes.  The approximately maximal effect is apparent as 
early as the end of month three in the C08-003 trial and before the end of month one in the 
002 trial, and is sustained through the measurement period. 
 
Figure C3: EQ-5D scores (US Tariff) from baseline to day 364 in C08-002 
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Figure C4: EQ-5D scores (US Tariff) from baseline to day 364 in C08-003 


 
 
These HRQL results are relevant for the cost consequences analysis given that the analysis 
uses the trial populations to measure effects, which is the source of the HRQL data.   
 
Mapping  


10.1.4 If mapping was used to transform any of the utilities or quality-of-life data in 
clinical trials, please provide the following information. 


 
• Which tool was mapped from and onto what other tool? For example, SF-36 


to EQ-5D.  
• Details of the methodology used. 
• Details of validation of the mapping technique. 


No mapping was used to transform utility or quality of life data from the eculizumab clinical 
trials.  EQ-5D utilities were originally estimated using the US societal tariff, but these were 
recalculated using the UK tariff for the purpose of the NICE submission. 
 
HRQL studies  


10.1.5 Please provide a systematic search of HRQL data. Consider published and 
unpublished studies, including any original research commissioned for this 
technology. Provide the rationale for terms used in the search strategy and 
any inclusion and exclusion criteria used. The search strategy used should be 
provided in appendix 17.1.  


 
A systematic review was undertaken to support the creation of the model described in 
Section 12.  The literature review was specific to aHUS.  Given the very small body of 
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published evidence in this disease, a broad search was undertaken to obtain the following 
information: 
 


• Information on resource use and costs in aHUS,  
• Economic studies in aHUS, and 
• Quality of life data in aHUS. 


 
The search strategy and study extraction tables are listed in Appendix 17.3. 
 
The only studies found that reported quality of life data in aHUS were those reporting results 
from the C08-002 and C08-003 trials.(Muus et al. 2011; Legendre et al. 2013)  The quality of 
life results presented in these papers are described in Section 10.1.3 
 


10.1.6 Provide details of the studies in which HRQL is measured. Include the 
following, but note that the list is not exhaustive. 


  
• Population in which health effects were measured.  
• Information on recruitment.  
• Interventions and comparators. 
• Sample size. 
• Response rates.  
• Description of health states. 
• Adverse events. 
• Appropriateness of health states given condition and treatment pathway. 
• Method of elicitation. 
• Method of valuation. 
• Mapping. 
• Uncertainty around values. 
• Consistency with reference case. 
• Results with confidence intervals. 


 
The only quality of life data identified in the literature review was that reported from the 
eculizumab clinical trials C08-002 and C08-003.  Details of these studies are described in 
Section 9. 
 


10.1.7 Please highlight any key differences between the values derived from the 
literature search and those reported in or mapped from the clinical trials. 


 
The only quality of life data identified in the literature review was that reported from the 
eculizumab clinical trials, and as such there are no differences between the values derived 
from the clinical trials and those in the literature. 
 
Adverse events 


10.1.8 Please describe how adverse events have an impact on HRQL. 
 
As detailed in section 8.3 plasma exchange/infusion is associated with significant safety 
concerns. In a cohort of 249 adult TMA patients treated with plasma exchange, 26% of 
patients experienced major complications including: 
 


• death in 3% of patients,  
• systemic infection in 12% of patients,  
• non-fatal cardiac arrest in 1% of patients,  
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• hypotension requiring vasopressor treatment in 3% of patients, and 
• thrombosis in 2% of patients.(George, 2010) 


 
The rate of significant safety concerns is also strikingly high in children receiving 
apheresis.(Michon et al, 2007)  Adverse events (AEs) experienced by children included 
hypotension requiring fluid resuscitation (48%), hypocalcaemia (64%), severe anaemia 
(48%), and allergic reactions (24%). Additional safety concerns due to venous access have 
been reported in children receiving apheresis, including catheter-related infections (16%), 
catheter-related thrombosis (12%), and central venous obstruction (20%).(Michon et al, 
2007) 
 
The extensive and common AEs associated with plasma exchange significantly impair 
HRQL.  No data have been identified exploring the impact of plasma exchange on quality of 
life in aHUS patients, however clinical experts interviewed for this submission consistently 
felt that the improvement in EQ-5D utility seen from baseline in the eculizumab clinical trials 
is partly explained by patients no longer needing plasma exchange, which experts felt 
serious impacted quality of life.  
 
Eculizumab has been demonstrated to be well-tolerated with long-term administration in both 
PNH and aHUS.  The principal safety concern is an increased risk of meningococcal 
infection and steps are taken in all patients to minimise this risk.  As indicated in the SmPC, 
all patients must be vaccinated at least two weeks prior to receiving eculizumab to reduce 
the risk of infection.  Patients below the age of two years, and those who are treated with 
eculizumab less than two weeks after receiving a meningococcal vaccine must receive 
treatment with appropriate prophylactic antibiotics until two weeks after vaccination.  Patients 
must be re-vaccinated according to current medical guidelines for vaccination use.  
Tetravalent vaccines against serotypes A, C, Y and W135 are strongly recommended, 
preferably conjugated ones. 
 
In the aHUS clinical trials most AEs were considered to be mild to moderate in severity, as 
described in Section 9.7.   
 
The demonstrated good tolerability profile of eculizumab is anticipated to have minimal 
impact on HRQL, as evidenced by the high quality of life scores for patients on eculizumab 
in C08-002 and C08-003.  Furthermore, no patient in the either studies discontinued 
treatment due to an AE considered related to eculizumab.  
 
Quality-of-life data used in cost-consequences analysis  


10.1.9 Please summarise the values you have chosen for your cost-consequences 
analysis in the following table. Justify the choice of utility values, giving 
consideration to the reference case. 


 
Table C18: Summary of quality-of-life values for cost-consequences analysis 
State Utility value Sample size, 


Std Dev 
Reference in 
submission 


Justification 


Eculizumab Health State Utility 
ecu + CKD 0, 1, 2 1 0 Derived from 


studies C08-
002 and C08-
003 


Weighted (by sample 
size) mean utility score 
at day 364 across both 
studies. These utility 
values represent the 
quality of life of aHUS 
patients on eculizumab 


ecu + CKD 3, 4 0.870 0.189 


ecu + ESRF 0.867 0.18 
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State Utility value Sample size, 
Std Dev 


Reference in 
submission 


Justification 


at the last time point at 
which data was 
collected. 


Eculizumab utility benefit 
Health utility 
increase from Ecu 
across all CKD 
states 


0.208 N=37 Legendre et al. 
2013 


Weighted (by sample 
size) improvement in 
mean utility score from 
baseline to week 64 
across both studies. This 
is the improvement seen 
from eculizumab over 
the course of treatment, 
from baseline (when 
patients were receiving 
standard of care). 


aHUS (SOC) Health Utility  
CKD 0, 1, 2 0.792 0.22 Derived from 


studies C08-
002 and C08-
003 


Eculizumab health state 
utility scores minus 
eculizumab utility benefit. 


CKD 3, 4 0.662 0.345 
ESRD 0.659 0.343 


 Other states 
Post-transplant 0.662 0.345 Assumed to be 


equivalent to 
CKD 3a.  See 
section 12.2.1, 
and Marcen et 
al NDT 2010. 


In one large study 
evaluating 4,488 graft 
recipients with no aHUS, 
the mean eGFR was 
51.2 ml/min/1.73m2 at 3 
months following 
transplantation and 60% 
of patients had CKD 
stage 3 at 12 months 
following transplantation. 


 
10.1.10 If clinical experts assessed the applicability of values available or estimated 


any values, please provide the following details1: 
 


• the criteria for selecting the experts 
• the number of experts approached 
• the number of experts who participated 
• declaration of potential conflict(s) of interest from each expert or medical 


speciality whose opinion was sought 
• the background information provided and its consistency with the totality of 


the evidence provided in the submission 
• the method used to collect the opinions 
• the medium used to collect opinions (for example, was information gathered 


by direct interview, telephone interview or self-administered questionnaire?)  
• the questions asked 
• whether iteration was used in the collation of opinions and if so, how it was 


used (for example, the Delphi technique).  


                                                
1 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing 
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: 
Pharmaceutical Benefits Advisory Committee. 
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Utility values used in the model were derived wherever possible from the EQ-5D data 
collected in the eculizumab clinical trial programme.  Experts were therefore not used for the 
purpose of utility value estimation; however, experts did provide general qualitative feedback 
on the quality of life of patients with aHUS both on SOC and eculizumab.   
 
The process by which expert involvement was obtained is described in Section 12.2.5. 
 


10.1.11 Please define what a patient experiences in the health states in terms of 
HRQL. Is it constant or does it cover potential variances? 


 
In aHUS, quality of life is expected to deteriorate over time for patients treated with SOC 
prior to eculizumab.  This deterioration is reflected in the model by deterioration in patient 
eGFR status and the subsequent transition to more serious CKD stages, including ESRF, 
which in turn are associated with lower quality of life.  However, quality of life is assumed to 
stay constant within individual health states for patients in SOC and eculizumab.  The 
difference in SOC and eculizumab health state health utility is based on the trial 
observations and assumed to be due to SOC patients continuing to have a complement 
disorder, TMAs, and to be undergoing SOC treatment including plasma exchange. 
 


10.1.12 Were any health effects identified in the literature or clinical trials excluded 
from the analysis? If so, why were they excluded?  


 
As described in Section 6, the manifestation of aHUS is heterogeneous with many organ 
systems involved.  A primary driver of morbidity is through kidney disease, as reflected in the 
model.  However, other manifestations occur due to TMAs including neurological 
complications, cardiovascular disease, thrombosis, gastrointestinal disorders and pulmonary 
symptoms.  These were excluded from the model due to the lack of published data on the 
frequency and impact of these events, and based upon feedback from clinical experts.  
These symptoms are most likely associated with TMA incidence which was significantly 
reduced from baseline in patients treated with eculizumab in C08-002 and C08-003 trials.  
Excluding the quality of life impact of TMA events in the model therefore represents a 
conservative assumption. 
 


10.1.13 If appropriate, what was the baseline quality of life assumed in the analysis if 
different from health states? Were quality-of-life events taken from this 
baseline?  


 
Patients are allocated to CKD states at the beginning of the model based upon the 
distribution of patient CKD stages in studies C08-002 and C08-003.  Each CKD state is 
associated with its own health utility.  
 


10.1.14 Please clarify whether HRQL is assumed to be constant over time. If not, 
provide details of how HRQL changes with time. 


 
Quality of life is assumed to remain constant over time within health states, although patients 
treated with SOC will experience deterioration in eGFR that translates to more serious CKD 
stages and subsequently lower quality of life.  Quality of life is assumed to stay constant 
within individual health states for patients in SOC and eculizumab.  Please see Section 
10.1.11 for more detail.   
 


10.1.15 Have the values been amended? If so, please describe how and why they 
have been altered and the methodology.  
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Utility values have been taken directly from either the eculizumab clinical trials or from 
estimates from published literature.  
 
For the health states CKD 0-1-2, CKD 3a-3b-4, and ESRF, EQ-5D estimates from C08-002 
and C08-003 were used corresponding to those states.  Eculizumab values are those at 
week 52 in the trial.  We use the published difference in baseline and week 64 from 
Legendre et al. 2013 (0.208) to parameterize the utility difference for SOC patients.  Please 
see section 12.5.3 for more detail. 
 
Other health utilities are taken directly from the literature. 
 
Treatment continuation rules 
 


10.1.16 Please note that the following question refers to clinical continuation rules and 
not patient access schemes. Has a treatment continuation rule been 
assumed? If the rule is not stated in the (draft) SPC/IFU, this should be 
presented as a separate scenario by considering it as an additional treatment 
strategy alongside the base-case interventions and comparators. 
Consideration should be given to the following. 


 
• The costs and health consequences of factors as a result of implementing the 


continuation rule (for example, any additional monitoring required). 
• The robustness and plausibility of the endpoint on which the rule is based. 
• Whether the ‘response’ criteria defined in the rule can be reasonably 


achieved. 
• The appropriateness and robustness of the time at which response is 


measured. 
• Whether the rule can be incorporated into routine clinical practice. 
• Whether the rule is likely to predict those patients for whom the technology 


constitutes particular value for money. 
• Issues with respect to withdrawal of treatment from non-responders and other 


equity considerations.  


Medical evidence demonstrates that despite the use of supportive care, there is a 
progression of aHUS, continued on-going risk of TMA, and life threatening complications for 
aHUS patients.(Noris and Remuzzi, 2009; Noris et al, 2010; Hovinga et al, 2010; Legendre 
et al, 2013; SmPC, 2013)  Eculizumab is recommended and approved to continue as a 
chronic treatment for this chronic disease.(SmPC, 2013)  The prospective clinical trials 
demonstrate that chronic treatment with eculizumab can continue to improve renal function 
and patients’ quality of life even after one year of chronic treatment.  Indeed, several patients 
report recurrence of continued evidence of complement-mediated TMA after discontinuing 
eculizumab treatment, which further strengthens the evidence for the need of chronic 
eculizumab treatment. 
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Section D – Value for Money and cost to the NHS and 
personal social services 
 
Section D requires sponsors to present economic evidence for their technology. All 
statements should be evidence-based and directly relevant to the decision problem. 


11 Existing economic studies  
 


11.1 Identification of studies 


A systematic review was undertaken to support the creation of the model described in 
Section 12.  The literature review was specific to aHUS.  Given the extremely small body of 
published evidence in this disease, a broad search was undertaken to obtain the following 
information: 
 


• Information on resource use and costs in aHUS 
• Economic studies in aHUS 
• Quality of life data in aHUS 


 
11.1.1 Describe the strategies used to retrieve relevant health economics studies from 


the published literature and to identify all unpublished data. The search 
strategy used should be provided as in section 17.3. 


 
The following electronic databases were searched: 
 


• PubMed 
• EMBASE 
• Web of Knowledge 
• Scopus 
• CINAHL 
• 'Biological Abstracts':  
• EconLit 
• NHS EED 
• NHS HTA 


 
11.1.2 Describe the inclusion and exclusion criteria used to select studies from the 


published and unpublished literature.  Suggested headings are listed in table 
D1 below.  Other headings should be used if necessary.  


 
As noted in Section 11.1 above, systematic review was undertaken to support the creation of 
the eculizumab submission.  The literature review was specific to aHUS. Given the 
extremely small body of published evidence in this disease, a broad search was undertaken 
to obtain the following information: 
 


• Information on resource use and costs in aHUS, 
• Economic studies in aHUS, and 
• Quality of life data in aHUS. 


 
The search criteria, search results and extraction tables are included in Appendix 17.3, while 
the search criteria can be found in Table D1. 
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Table D1: Selection criteria used for health economic studies 
Inclusion criteria 
Population aHUS patients 


Interventions Any 
Outcomes Any economic, quality of life or resource use outcomes 
Study design Any 
Language 
restrictions 


English 


Search dates From database inception to 1 August 2013 
Exclusion criteria 
Population  Non-aHUS populations 
Interventions None 
Outcomes None 
Study design None 
Language 
restrictions 


Non-English 


Search dates None 
 


11.1.3 Report the numbers of published studies included and excluded at each stage 
in an appropriate format. 


 
No economic evaluations in aHUS patients were identified through the systematic search. 
 


11.2 Description of identified studies 


11.2.1 Provide a brief review of each study, stating the methods, results and relevance 
to the scope. A suggested format is provided in table D2. 


 
The PRISMA diagram describing the results from the search is presented in Appendix 17.3.  
No economic evaluations in aHUS were identified through the search. 
 


11.2.2 Provide a complete quality assessment for each health economic study 
identified. A suggested format is shown in table D3. 


 
No economic evaluations in aHUS patients were identified through the systematic search. 
 
12 De novo cost-consequences analysis 
 
Section 12 requires the sponsor to provide information on the de novo cost-
consequences analysis.  


The de novo cost-consequences analysis developed should be relevant to the scope. 


All costs resulting from or associated with the use of the technology should be 
estimated using processes relevant to the NHS and personal social services. 


 
As required by NICE, Alexion presents analyses estimating the long-term benefits of 
treatment with eculizumab, and a cost comparison of use of eculizumab in atypical 
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Haemolytic Uraemic Syndrome (aHUS) patients vs. current standard of care (SOC).  In 
undertaking these analyses, Alexion has sought to reflect the decision criteria specified by 
NICE in the document entitled Interim Process and Methods of the Highly Specialised 
Technologies Programme.2  In the Interim Methods document, NICE explicitly recognises 
the unique nature of ultra-orphan diseases and the importance of deviating from the 
appraisal criteria used in conventional technology appraisals when evaluating drugs to treat 
ultra-orphan diseases: 
 


“Given the very small numbers of patients living with these very rare 
conditions a simple utilitarian approach, in which the greatest gain for the 
greatest number is valued highly, is unlikely to produce guidance which 
would recognise the particular circumstances of these vary rare conditions.  
These circumstances include the vulnerability of very small patient groups 
with limited treatment options, the nature and extent of the evidence, and the 
challenge for manufacturers in making a reasonable return on their research 
and development investment because of the very small populations treated.” 
(Page 8, Interim Methods document.) 


 
Specifically, the National Institute for Health and Care Excellence (NICE) has stipulated that 
decisions will not be based upon a single measure of cost-effectiveness; unlike in standard 
technology appraisals where incremental cost effectiveness ratios (ICERs) are judged 
against cost effectiveness thresholds to determine appraisal decisions.  Instead, NICE has 
stated in the Interim Methods document that the Appraisal Committee will make its decision 
based upon six criteria: 
 


• Nature of the condition (disease burden and unmet need); 
• Impact of the new technology (clinical effectiveness and health benefit); 
• Cost to the National Health Service (NHS) and Personal Social Services (PSS) 


(budget impact); 
• Value for money (technical, productive and allocative efficiency); 
• Impact beyond direct health benefits; and 
• Impact of the technology on the delivery of the specialised service. 


 
The information presented in this section of Alexion’s submission relates to the “Value for 
Money” criterion.  In the Interim Methods document, NICE describes the domains of 
relevance when assessing value for money: 
 


• Technical efficiency (the incremental benefit of the new technology compared to 
current treatment);  


• Productive efficiency (the nature and extent of the other resources needed to enable 
the new technology to be used); and 


• Allocative efficiency (the impact of the new technology on the budget available for 
specialised commissioning). 


 
Therefore, in order to allow NICE to assess the “Value for Money” of eculizumab in the 
treatment for aHUS, Alexion presents the following analyses: 
 


1) Incremental clinical benefit of eculizumab vs. SOC; and 
2) Cost comparison of eculizumab vs. SOC. 


                                                
2www.nice.org.uk/media/188/49/HST_combined_Interim_Process_and_Methods_FINAL_31_May_20
13.pdf.  



http://www.nice.org.uk/media/188/49/HST_combined_Interim_Process_and_Methods_FINAL_31_May_2013.pdf

http://www.nice.org.uk/media/188/49/HST_combined_Interim_Process_and_Methods_FINAL_31_May_2013.pdf
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In keeping consistent with the NICE Interim Methods document for ultra-orphan diseases, no 
incremental cost effectiveness analysis has been undertaken 
 
Given the requirement for a lifetime perspective and lack of comparative data against SOC 
prior to use of eculizumab, the above two analyses required modelling and extrapolation 
beyond the eculizumab clinical data.  Such modelling in ultra-orphan diseases is subject to 
the same weaknesses inherent in cost utility analysis for such diseases, namely: 
 


• Lack of data on the natural history of the disease, the cost of current care, and the 
burden of the disease on the patient, family and society; 


• Small and heterogeneous patient populations; 
• Varied care pathways with ill-defined standard of care; 
• Clinical efficacy/effectiveness information based on small numbers of subjects in 


trials; 
• Absence of information on quality of life in target population;  
• Statistical issues in describing small samples; and 
• Lack of established databases or algorithms from which to extrapolate trial data to 


life-time outcomes. 
 
In addition to the above weaknesses, we further note that given eculizumab is the first and 
only European Medicines Agency (EMA)-approved therapy for the treatment of aHUS, the 
costs of treatment are additive to only some components of current SOC, including ESRF 
(plasma exchange/infusion are essentially eliminated with the use of eculizumab, and 
transplant may become unnecessary).  As a result, “value for money” must be appropriately 
weighted to support positive clinical outcomes, not just lower expenditures. 
 
As Alexion has discussed with NICE on numerous occasions, including during our scoping 
meeting and subsequent communications, caution should be used when attempting to 
interpret these analyses due to the relatively small body of aHUS disease information used 
to estimate patient outcomes over a lifetime.  Such analyses are inherently prone to high 
levels of uncertainty and bias regardless of the modelling approach.  For this reason, Alexion 
encourages NICE to consider the economic analyses presented in this section as auxiliary to 
the clinical data presented in Section C, which provides strong evidence of a large 
therapeutic effect for eculizumab based on well-conducted clinical trials in an ultra-rare 
disease state. 
 
In addition, while there were notable delays due to change by government in the overall 
evaluation process, Alexion wishes to highlight the lack of time in which it has had to prepare 
the specific analyses and submission template now required by NICE.  Alexion recognises 
that the new Highly Specialised Technologies Programme (HSTP) Interim Methods and 
submission template were created within a short period of time, but as a consequence, NICE 
was only able to discuss the exact nature of the economic analyses it desired during a call 
on July 31, 2013.  This submission and related analyses have therefore been prepared in 
less than 6 weeks, which is extraordinary given that most similar analyses, both in the UK 
and other countries, typically take 6 to 12 months for completion. 
 


12.1 Description of the de novo cost-consequences analysis 


 
The cost consequences analysis compares an eculizumab treatment strategy with an SOC 
treatment strategy in a lifetime model for patients with aHUS initially presenting with signs of 
complement-mediated thrombotic microangiopathy (TMA). 
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Patients 
 


12.1.1 What patient group(s) is (are) included in the cost-consequences analysis?  
 
All patients in the analysis have aHUS and are initially presenting with signs of complement-
mediated TMA. 
 
Technology and comparator  


12.1.2 Provide a justification if the comparator used in the cost-consequences analysis 
is different from the scope. 


 
Newly diagnosed people who have not received prior treatment: 


• plasma infusion and/or exchange 


Previously treated people with kidney impairment: 


• kidney dialysis  
• Kidney or kidney/liver transplantation 


 
The cost-consequence analysis includes all of the above comparators except combined 
kidney/liver transplant because of the extreme rarity of this procedure due to the limited 
supply of solid organs, and the substantial near-term risk of mortality which is deemed too 
high by many physicians and patients.(Loirat 2008)  After consulting with clinical experts, we 
are aware of only two cases of liver-kidney transplantation ever performed in the UK. 
 
Model structure 


12.1.3 Provide a diagram of the model structure you have chosen. 
 
Figure D1: aHUS Model Structure 
 


 
 
 
The current model tracks patients through three chronic kidney disease (CKD) stages (CKD 
0-2, CKD 3a-4, or CKD 5 [End-stage renal failure (ESRF)]), plus transplant and death.  
Patients may die from any state.  Not modelled as separate health states due to data 
limitations are the non-renal effects of TMAs.  TMAs may affect any of a number of different 
organ systems.  However, owing to insufficient data for SOC, they are excluded.  We 
implicitly assume their presence, using an excess mortality rate to reflect non-renal events 
that can be fatal, and the disutility associated with TMA, which is a justification for having 
different health utilities for the same health states for eculizumab and SOC-treated patients.   
 
Each cycle spent in a Markov state is associated with a cost and an effect: in this model the 
units of benefit are life-years, years not in ESRF or death, and Quality-Adjusted Life-Years 
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(QALYs).  As such, the model is a cost-utility model so that it can reflect the increase in 
quality of life seen in the clinical trials, along with the increase in length of life.  At the end of 
the Markov process, average cumulative costs and effects are calculated for patients in a 
given treatment arm of the model. 
 


12.1.4 Justify the chosen structure in line with the clinical pathway of care. 
 
The model structure was reviewed by clinical experts, who found it appropriate.  Both trials 
measured estimated glomerular filtration rate (eGFR), which is an important measure of 
kidney function, which is severely and chronically compromised in aHUS patients.  eGFR is 
categorised into CKD stages, which form the primary structure of the model.  Transplant is 
also commonly experienced by SOC-treated patients.  TMA is not explicitly modeled, but is 
indirectly modeled by assuming the possibility of an excess mortality rate and differential 
health utilities between states for ongoing TMAs due to the underlying complement disorder. 


  
12.1.5 Provide a list of all assumptions in the model and a justification for each 


assumption. 
 
Model assumptions are comprehensively detailed in later sections.  Select assumptions 
include that we assume that CKD progression over time for eculizumab-treated patients can 
be derived from the C08-002 and C08-003 trials; we assume a Markov assumption when 
analysing these data.   
 


• We assume that CKD progression over time for SOC-treated patients can be derived 
from the pre-treatment period of the C08-002 and C08-003 trials, based on the 
change in eGFR over time.  


• We assume that the trajectory observed within the pre-treatment period persists.  All 
patients in the ESRD state are assumed to receive dialysis.  All are assumed not to 
receive plasma exchange, though experts did not rule this out (but thought it rare and 
could not provide a numeric estimate).   


• We assume that after a successful transplant, patients have CKD 3a kidney function.  
• We assume a transplant rate of 0% for eculizumab patients.  There was one 


transplant observed in the C08-002 and C08-003 trials extension data (using the 
three year extension data.)  The one event occurred at day 252 for one patient over 
176.1 six-month intervals (32,051 days), yielding a six-month transplant rate of 
0.57%.  However, the one patient was waiting for a transplant prior to receiving 
eculizumab.   


• We assume no excess risk of death for eculizumab patients; the model predicts 
higher mortality at year 3.5 based on background and renal death than has been 
observed in the trials.   


• We assume that all aHUS patients who are in ESRD have a death rate consistent 
with that found in the UK Renal Registry for those in ESRD.  


• We assume that SOC patients have an excess death rate based on TMA registry 
data, specifically Coppo et al (2010).  The TMA registries select patients in a way 
more consistent with the eculizumab label than some recent aHUS registries like 
Noris et al (2010) and Fremeaux-Bacchi et al (2013). 


 
12.1.6 Define what the model’s health states are intended to capture. 


 
The current model tracks patients through three CKD stages (CKD 0-2, CKD 3a-4, or CKD 5 
[ESRF]), transplant, and death.   TMA is not explicitly modeled, but is indirectly modeled by 
assuming the possibility of an excess mortality rate and differential health utilities between 
states for ongoing TMAs due to the underlying complement disorder. 
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12.1.7 Describe any key features of the model not previously reported. A suggested 


format is presented below in Table D2. 
 
Table D2: Key features of model not previously reported 
Factor Chosen values Justification Reference 


Time horizon 
of model 


The model has a 
125-year time (i.e., 
250 six-month 
cycles) horizon  


The model has a 125-year time (i.e., 
250 six-month cycles) horizon to 
capture lifetime costs and effects, 
and includes a background mortality 
rate so that approximately all 
persons exit before the final model 
cycle.  


aHUS is a 
chronic lifetime 
condition, and 
the model has a 
125-year time 
horizon to 
capture lifetime 
costs and effects 


Discount rate 
Discount of 1.5% per 
year for costs and 
benefits 


A discount rate of 1.5% for costs and 
benefits may be considered by the 
Appraisal Committee if it is highly 
likely that, on the basis of the 
evidence presented, the long-term 
health benefits are likely to be 
achieved. 


Guide to the 
methods of 
technology 
appraisal 2013. 
NICE. April 
2013. 
http://publication
s.nice.org.uk/pm
g9, Last 
accessed 
September 8, 
2013.  


Perspective 
(NHS/PSS) 


The analysis is taken 
from the perspective 
of the NHS 


Drug administration costs, which will 
be borne by Alexion through 
homecare service for an estimated 
80% of patients, are also included in 
the cost calculations. In addition, 
productivity benefits (calculated as 
the change in the percentage of 
patients who may participate in the 
workforce) are included in the model 
and can be included in the model 
output. Patient indirect costs are also 
reported. 


None 


Cycle length 6 months 


The rationale for the six-month 
cycles is that results for eculizumab-
treated patients in the Legendre et al. 
2013 publication are presented at 6 
and 12 months.   


Legendre et al. 
2013 


Half-cycle 
correction NA 


The model employs a half-cycle 
correction for all costs and utilities in 
the first model cycle, except for the 
costs of eculizumab and plasma. 


NA 


NHS, National Health Service; PSS, Personal Social Services  
 


12.2 Clinical parameters and variables 


 
12.2.1 Describe how the data from the clinical evidence were used in the cost-


consequences analysis. 
 



http://publications.nice.org.uk/pmg9

http://publications.nice.org.uk/pmg9

http://publications.nice.org.uk/pmg9
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In this section, we explain how the results of the clinical evidence were incorporated into the 
model. 
 
Primary Model Inputs  
 
The model structure implies that several key efficacy inputs must be included.  These are: 
 


1. Eculizumab efficacy 
o Transitions between CKD and transplant states 
o Transitions to death 


 
2. SOC efficacy 


o Transitions between CKD and transplant states 
o Transitions to death 


 
We detail these parameters in the following sections. 
 
Eculizumab Efficacy 
 
Eculizumab efficacy data come from the C08-002 and 003 trials presented in Legendre et 
al., 2013, as well as from extension studies including up to 3.5 years of patient data.  
Legendre et al. reports outcomes in Table 2 of the publication.  Extension phase data for 
study C08-002 and additional data for study C08-003 are also available. 
 
Patient CKD stages were recorded at six month intervals from baseline.  We estimated the 
Markov matrix for eculizumab used in the economic model. Transitional probabilities for 
eculizumab-treated patients involved health states for CKD 0, 1, 2, 3a, 3b, 4, and 5.  Thus, 
the Markov matrix has seven CKD-based health states, as well as transplant and death.  
This change maximises sensitivity to changes in eGFR, and allows the results to be 
compared to Legendre et al.  (After computing transitions and Markov traces, we roll up the 
seven states into three, per the structure diagram, including CKD 0-2, 3a-4, and 5.). 
 
The first Markov matrix was calculated, using all observations of patients remaining in their 
CKD stage, or transitioning to a different CKD stage from baseline to week 26, per Figure 
D2.  The vertical, far left column indicates the state from which a transition would occur; the 
horizontal header row indicates the state to which a transition would occur.  Sample sizes 
appear in the column labelled “N”.  The green shaded transitions indicate improvement, red 
shaded transitions indicate worsening, and white no change.  As an example to facilitate 
interpretation of the table, per the row labelled “CKD 3a”, at baseline, there were three 
patients in CKD 3a (N=3).  One-third of these patients transitioned to CKD 0, one-third to 
CKD 2, and the final third remained in CKD 3a at week 26. 
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Figure D2: Markov matrix of CKD progression for eculizumab-treated patients based on 
transitions between baseline and week 26 


  
   To:     


From: N CKD 0 CKD 1 CKD 2 CKD 3a CKD 3b CKD 4 CKD5 missing 


Missing 0 
    


 
   CKD 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


CKD 1 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


CKD 2 2 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


CKD 3a 3 0.0% 33.3% 33.3% 33.3% 0.0% 0.0% 0.0% 0.0% 


CKD 3b 10 10.0% 0.0% 20.0% 20.0% 40.0% 0.0% 0.0% 10.0% 


CKD 4 11 0.0% 0.0% 9.1% 0.0% 36.4% 54.5% 0.0% 0.0% 


CKD 5 11 0.0% 9.1% 9.1% 0.0% 9.1% 27.3% 36.4% 9.1% 
 
A second Markov matrix was calculated for the change from week 26 to week 52, per Figure 
D3 below.  The vertical, far left column indicates the state from which a transition would 
occur; the horizontal header row indicates the state to which a transition would occur.  Green 
shaded transitions indicate improvement, red worsening, and white no change.  
 
Figure D3: Markov matrix of CKD progression for eculizumab-treated patients based on 
transitions between week 26 and last observation 


  
        


From: N CKD 0 CKD 1 CKD 2 CKD 3a CKD 3b CKD 4 CKD5 missing 


Missing 2 
        


CKD 0 1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 


CKD 1 2 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 50.0% 


CKD 2 7 0.0% 14.3% 57.1% 28.6% 0.0% 0.0% 0.0% 0.0% 


CKD 3a 3 0.0% 0.0% 0.0% 66.7% 33.3% 0.0% 0.0% 0.0% 


CKD 3b 9 0.0% 0.0% 0.0% 22.2% 66.7% 0.0% 0.0% 11.1% 


CKD 4 9 0.0% 0.0% 0.0% 0.0% 22.2% 55.6% 22.2% 0.0% 


CKD 5 4 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 75.0% 0.0% 
 
Matrices were also calculated from transitions from week 52 to week 78, week 78 to week 
104, week 104 to week 130, week 130 to week 156, and week 156 to week 182.  Missing 
patients were censored.  A total of N=211 “transition” observations were observed, including 
observations covering approximately 176.1 six-month intervals.  These matrices may be 
viewed on the sheet ‘ECU_trials_data’ in the electronic version of the model. 
 
The seven transition matrices were combined into one memory-less matrix, based on an 
average of the seven prior matrices, weighted by the sample sizes of non-missing 
transitions.  We assumed memory-less-ness, as this was the most parsimonious way to 
interpret the data.  We would have preferred a time dependent matrix, but the given the 
sample size, this was prohibitive.  We could have used a regression on eGFR and days in 
the treatment period to extrapolate a monotonically increasing eGFR and decreasing CKD 
state, but again, we thought that this may be unrealistic.   
 
The matrix based on all transitions appears in Figure D4 below.  Missing data were 
censored.  We then used these probabilities as the basis for our six-month transitional 
probabilities in the revised model.  The data and calculations used in the derivation of these 
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matrices appear in the attached Excel spreadsheet (highlighted light blue) in the electronic 
model (labelled “ECU_trial_data.”). 
 
Figure D4: Markov matrix of CKD progression for eculizumab-treated patients based 
on all transitions weighted by sample size (missing data are censored). 


    To:    From: CKD 0 CKD 1 CKD 2 CKD 3a CKD 3b CKD 4 CKD 5 
CKD 0 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 


CKD 1 14.3% 57.1% 28.6% 0.0% 0.0% 0.0% 0.0% 


CKD 2 6.3% 9.4% 65.6% 15.6% 3.1% 0.0% 0.0% 


CKD 3a 0.0% 4.3% 30.4% 56.5% 8.7% 0.0% 0.0% 
CKD 3b 2.2% 0.0% 6.7% 15.6% 66.7% 8.9% 0.0% 
CKD 4 0.0% 0.0% 2.3% 0.0% 22.7% 70.5% 4.5% 
CKD 5 0.0% 4.0% 8.0% 0.0% 4.0% 16.0% 68.0% 


 
Transplant Rates for Eculizumab 
 
The model also includes a transplant state.  We assume a transplant rate of 0% for 
eculizumab patients.  The one event occurred over 176.1 six-month intervals (32,051 days), 
yielding a six-month transplant rate of 0.57%.  In the 002 and 003 trials, over 88.3 years, no 
patient received a transplant with one exception.  One transplant was observed in a patient 
with long-term chronic dialysis and was a transplant candidate.  This event was deemed not 
drug-related.  Prior to study enrolment, the patient was already in stable ESRF (eGFR 5 
ml/min/1.73m2) with a serum creatinine of 893 µmol/L while dependent on chronic dialysis.  
While the patient was therefore already a transplant candidate, the patient would have been 
at high risk for loss of a transplanted kidney graft due to the underlying aHUS.  However, 
after initiation of study drug (first dose of eculizumab on 9 November 2009), patient was then 
considered a candidate for transplant, and received the transplant on 14 June 2010 (day 217 
of eculizumab treatment), after having completed the initial 26 week eculizumab treatment 
period.  This patient continued to receive on-going eculizumab treatment during and 
following the successful kidney transplant. 
 
Eculizumab: The transition from CKD 5/ESRF to Death 
 
There are three reasons for which an eculizumab treated patient may die, including 1) being 
in ESRF and experiencing renal registry based death, 2) due to non-renal other causes of 
death related to aHUS (excess death), or 3) due to age- and gender-adjusted background 
death. 
 
The renal registry based death rate (#2 above) is applied to all patients in CKD 5.  We 
looked to the well-resourced registries assessing mortality in patients in ESRF and on 
dialysis.  The UK Renal Registry reported in the 15th Annual Report (2012) in Chapter 5, 
Survival and Causes of Death of UK Adult Patients on Renal Replacement Therapy in 2011, 
"One year age adjusted survival for prevalent dialysis patients improved to 89.8% in the 
2010 cohort from 89.1% in the 2009 cohort."  We use the 2010 mortality to estimate the six-
month rate from ESRF to death, which we use in the model as 5.1% per six months.  We 
use this rate for SOC and for eculizumab-treated patients. 
 
Eculizumab: Excess Mortality Rate 
 
We assume an excess death rate, including for non-renal TMAs, to be 0% for eculizumab 
patients.  There was one death observed in the C08-002 and C08-003 trials extension data 
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(using the three year extension data.)  The one event occurred over 176.1 six-month 
intervals, yielding a six-month death rate of 0.57%.  The death was determined not to be 
related to the study drug.  The model assumes a death rate for eculizumab patients from 
ESRF (30% of patients start in ESRF) and from the background age- and gender-adjusted 
rate.  The model predicts 4.9% mortality for eculizumab at year 3.5.  Accordingly, we 
assume an excess death rate of 0% for eculizumab patients in the base case, and assume 
lower mortality from ESRF in a sensitivity analysis. 
 
Of note, Kelly et al., 2011, followed 79 British patients with paroxysmal nocturnal 
haemoglobinuria (PNH) treated with eculizumab for 6.5 years and found statistically non-
inferior mortality compared to the background rate, concluding: “Eculizumab dramatically 
alters the natural course of PNH, reducing symptoms and disease complications as well as 
improving survival to the extent that it is equivalent to that of the general population.”  More 
recent analysis of additional PNH data supports this assumption (Hillmen et al, 2013).  
Extrapolating from the PNH experience to aHUS should be done with caution, but given the 
aHUS data, the pathological process of complement disorders, and the therapeutic effect of 
eculizumab, and appropriately weighing the PNH experience, we assume that there is no 
excess risk of death for the eculizumab-treated patients in our base case.  Of note, we test 
excess death rates for eculizumab in the sensitivity analysis. 
 
Eculizumab: Background Death 
 
Eculizumab background death is age-adjusted and derived from UK life tables. 
 
Standard of Care (SOC) Arm Transitions 
 
There are several SOC arm transitions which must be parameterised in the model, including: 
 


1. The transitions between CKD states 
2. The transition from CKD 5/ESRF to kidney transplant or death 
3. The transition from kidney transplant to CKD5 (failure), death, or success (CKD 3a) 
4. The excess death rate 
5. Background death 


The first transition was estimated based on data from the C08-0002 and C08-003 trials, and 
the other transitions come from the peer-reviewed literature and UK Renal Registry.  In this 
section, we discuss how the first transition was estimated. 
 
SOC: Transitions between CKD States 
 
aHUS is a progressive and life threatening disease with 33% to 40% of patients reaching 
ESRF or death following the diagnosis.  In two TMA registries (described in Coppo et al 
2010 and Hovinga et al 2010, mortality of aHUS patients (TMA with ADAMTS13 > 10%) 
reached 13% (17.8 month mean follow up) and 32% (4.4 year median follow up), 
respectively.  Further, the percentage of patients with reported acute renal failure was 21% 
and 54%, respectively, exemplifying the life-threatening and progressive nature of aHUS. 
 
These databases are appropriate to measure the natural course of the disease since they 
recruited consecutively and non-selectively (not focused on renal failure alone) from 
intensive care units and departments of haematology, internal medicine and nephrology 
(Coppo et al).  In the case of Hovinga, all TMA patients initiated PE, overcoming the inherent 
survivor bias due to the post hoc and/or retrospective nature of other aHUS specific 
registries.  The Coppo and Hovinga datasets consist of adults with confirmed ADAMTS13 
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activity and no Shiga-Toxin producing enterohaemorrhagic Escherichia coli (STEC) infection, 
which is closely aligned to both the proposed clinical pathway of care and the eculizumab 
clinical trials population.  Therefore, both the Coppo and Hovinga datasets present a realistic 
expectation of aHUS presentation and outcomes in adults. 
 
In addition, the Coppo and Hovinga datasets present a large population at disease onset, 
and a broad definition of TMA, which reflects disease onset and does not limit TMA to 
voluntary patient enrolment by the treating physician or simply focused renal failure, as seen 
in other aHUS registries (Noris et al 2010, Fremeaux-Bacchi et al 2013).  However, we 
recognised the lack of detailed progression or transition from CKD stage to ESRF, dialysis 
and finally mortality during SOC in both these publications since only one survival endpoint 
is reported at the median follow up. 
 
In order to further support the published data and determine transitional probabilities, we use 
the pre-treatment period in the eculizumab clinical trial to determine the progression to 
ESRF/dialysis and mortality over time.  In the published eculizumab trials (Legendre et al. 
2013), eGFR, was measured for the pre-eculizumab treatment period.  We used the eGFR 
data from the 002 and 003 clinical trials to estimate the relationship between time on SOC 
and the sample average effect on eGFR (as described below), which was then translated 
into six-month CKD transition probabilities.  
 
The patients in the pre-treatment period in the trials received the complete array of SOC, 
including plasma exchange or infusion, dialysis, and/or transplantation as indicated, and 
therefore present a real world use of SOC in aHUS patients.  The median number of SOC 
intervention events per day, including plasma exchange or infusion, dialysis, or both, was 
0.88 and 0.23 in the two trials.(Legendre et al., 2013)  There were 25 kidney transplants in 
16 patients during the pre-treatment period. 
 
Data and Methods - Analysis of relationship between eGFR and days using pre-treatment 
data 
 
Legendre et al. 2013 detailed the outcomes of the 37 patients in 2 trials.  Baseline 
demographic and clinical characteristics for the patients in the sample used in this analysis 
may be found in Table 1 in that paper. 
 
The pre-treatment period was defined as the time from diagnosis to baseline in the trials. 
 
The two trials combined contained 1,847 eGFR pre eculizumab treatment observations.  The 
median interval between diagnosis and baseline was 186 days with a range of (965, 1) and 
interquartile range (IQR) of (334, 67).  In the pre-treatment period, eGFR observations per 
patient average (min/max) 31.2 per patient (1/108).  Note that prior to the screening period, 
these observations were collected retrospectively for enrolled patients. 
 
The data structure of the retrospectively collected eGFR observations require that certain 
considerations be taken into account with regard to empirical analysis and interpretation.  
First, there are multiple observations per patient which, in many cases, were collected at 
irregular intervals.  Second, these data are all survival-conditioned, meaning that for an 
eGFR observation to be included, it had to be from a patient who was alive with certainty at 
the beginning of the trial.  Third, the pre-treatment data are left censored, as patients were 
diagnosed at irregular intervals prior to trial enrolment, meaning that the pre-treatment period 
is uneven between patients and the data forming an unbalanced panel.  Note that the left 
hand censoring could be non-random, and correlated with severity of aHUS.  How these 
empirical considerations were addressed is described below. 
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Methodologically, the goal is to determine the relationship between the change in eGFR to 
the number of days in the pre-treatment period, and map that relationship into the model in 
terms of likely transitions between CKD health states.  Regression analysis—where the 
dependent variable is eGFR, and the key right-hand side variable is days to baseline—can 
estimate this relationship. 
 
To begin with straight-forward estimation, we use an ordinary least-squares (OLS) model, 
specified as: 
 
egfr


i
 = α + β(days)


i
 + u


i       (1) 
 
where observation i of eGFR is egfr


i
, (days) is days from diagnosis to baseline when egfr


i
 


was measured, α is the model intercept interpreted as the average eGFR for the sample at 
baseline, and u is the error term for observation i.  All models were estimated in STATA v.13. 
 
Ordinary least-squares (OLS) assumes that the error term for all observations is 
independently and identically distributed. However, the retrospectively collected 
observations are clustered within patients, likely violating this condition.  The panel is also 
left-censored.  To accommodate these issues, we use an unbalanced panel correction and 
estimate random effects and fixed effects models, which take advantage of the panel 
structure of the data to assess within or across patient variation in eGFR over time. 
 
The random effects model estimates a patient-level random effect for each individual 
enrolled in the pre-treatment period, and uses this parameter to control for each patient’s 
idiosyncratic eGFR trajectory.  The effect estimated is an across patient sample effect.  
Observations use robust clustering; a generalised least squares (GLS) model estimated the 
association in the change in eGFR to the number of days in the pre-treatment period and the 
specification takes the form of: 
 
egfr


it
 = α + β(days)


it
 + u


i
 + e


it       (2) 
 
where patient i’s observation of eGFR at time t is egfr


it
, (days)


it
 is days to baseline when 


egfr
it
 was measured for patient i at time t, and u is idiosyncratic error term for patient i, and 


eit is the remaining residual of observation i at time t.  We also included a specification with a 
dummy variable controlling for the two trials as: 
 
egfr


it
 = α + β(days)


it
 + β(trial)


it
 + u


i
 + e


it
.      (3) 


 
A fixed effects estimator was also used to assess the research question at hand.  Fixed 
effects estimation involves using each patient as his or her own control to remove time 
invariant observed and unobserved variation that could be biasing the estimation.  It 
estimates the effect within patients. The specification used was: 
 
𝑒𝑔𝑓𝑟̈ 𝑖𝑡 = 𝛽�𝑑𝑎𝑦𝑠̈ �𝑖𝑡 + �̈�𝑖𝑡      (4) 
 
where 𝑒𝑔𝑓𝑟̈ 𝑖𝑡 = 𝑒𝑔𝑓𝑟𝑖𝑡 − 𝑒𝑔𝑓𝑟�������𝑖, or the egfr of patient i at time t minus the average for patient i 
(𝑒𝑔𝑓𝑟�������𝑖) over the entire pretreatment period.  This value is demeaned, meaning that the 
average time invariant effects are controlled for each patient.  Static patient characteristics, 
such as observables like patient race or unobservable characteristics like the patient’s 
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(static) genetic propensity to suffer from aHUS, are removed as sources that could bias β, 
which is the change in eGFR per day on SOC.  Daysit and uit are similarly demeaned. 
 
Results-Analysis of relationship between eGFR and days using pre-treatment data 
 
The results appear in Table D3 below.  All coefficients are negative, indicating that as time 
passes, the sample average kidney function diminishes for patients treated with SOC.  The 
OLS estimate is -0.024, meaning that for each day on SOC, eGFR declines by 0.024 points 
(ml/min/1.73 m2) per day.  The random effects coefficient is largest; controlling for trial does 
not alter the expected decline in kidney function.  The fixed effects coefficient is similarly 
sized, and was chosen for the model base case owing to its ability to control for within 
patient effects. 
 
Table D3: eGFR decline per day in the pre-treatment period in patients receiving SOC 


Model & Specification Coefficient on 
days (β) Std. Error p value Constant (α) 


OLS regression 
    


 
(1) -0.024 0.002 0.000 22.505 


Random-effects GLS regression                    
    


 
(2) -0.031 0.006 0.000 24.302 


 
(3) -0.031 0.006 0.000 28.095 


Fixed-effects regression   
    


 
(4) -0.030 0.003 0.000 20.884 


 
Testing the linearity assumption: Is it reasonable to assume SOC treated patients would 
continue to get worse? 
 
Given the unbalanced nature of the panel, it is reasonable to question whether the 
relationship between eGFR and days is linear.  For example, it could be that patient kidney 
function deteriorated closer to the beginning of the trial.  If we fitted a linear model and 
assumed a linear effect into the future, but such an effect was really confined to one part of 
the data (i.e., the three months before baseline), we would gravely misestimate the long-run 
trajectory of kidney function in SOC-treated patients.  The direction of the bias is 
unpredictable, but we address this issue with a locally weighted scatterplot smoothing 
(LOWESS) regression. 
 
LOWESS is a non-parametric regression method that combines multiple regression models 
in a k-nearest-neighbor-based meta-model. LOWESS repeatedly fits simple models to 
localised subsets of the data to build up a function that describes the deterministic part of the 
variation in the data, point by point.  In fact, one of the chief attractions of this method is that 
the data analyst is not required to specify a global function of any form to fit a model to the 
data, only to fit segments of the data.  
 
The results of the LOWESS regression are presented in Figure D5 (the default bandwidth of 
0.8 was used in the smoothing function).  By visual inspection, we judge the line to be 
reasonably straight, indicating that the effect of eGFR on days is linear, and that it is 
reasonable to assume that the effect would continue were patients to continue on SOC. 
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Figure D5: LOWESS smoothing regression effects on eGFR and days in the pre-treatment 
period. 


 
 
Limitations-Analysis of relationship between eGFR and days using pre-treatment data 
 
This analysis likely understates the decline in kidney function for at least four reasons.  First, 
to be in the pre-treatment group, one had to enrol in the trial (and be alive).  That is, all 
patient observations are conditioned on the patient surviving to the beginning of the trial.  
The model does not include aHUS patients who died shortly after diagnosis (Noris et al., 
Fremeaux-Bacchi et al.).  The effect of excluding  patients who experience early mortality 
(and who would be indicated for eculizumab) likely leads to an underestimation of the 
magnitude of change in eGFR per day, as the estimate used in this model only reflects 
kidney decline in those who survived.  This could be a major source of bias in favour of 
SOC. 
 
Second, eGFR is bounded at 0.  The linear models used assume that the dependent 
variable, eGFR, is linear and continuous, and not bounded at zero.  They could be 
misestimating the effect. 
 
Third, most patients on dialysis do not have eGFR measurements. In these cases, measures 
were imputed to be “10”, so there is a higher “floor” or minimum value for many patients in 
ESRF. 
 
Fourth, local labs measured eGFR in the pre-treatment period, while specialty trial labs 
measured it in the study period.  Specialty trial labs would minimise measurement error in 
eGFR measurements, while local labs measures would be expected to have more such 
measurement error.  Such mis-measurement, assuming it is random, would attenuate the 
coefficient relating eGFR change to days to zero, again biasing the estimate to be lower than 
the real rate of decline. 
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Parameterising the model with CKD transition likelihood for SOC-treated patients 
 
The fixed effect coefficient estimate is -0.030 in the prior table indicates, meaning that for 
each day on SOC, eGFR declines by 0.030 points (ml/min/1.73 m2) per day, which 
translates to a -5.498 decrease per 182 days (six months).  Assuming patients are uniformly 
distributed over the a CKD interval, which is 15 eGFR points, this translates to:  |-5.498|/15 = 
0.367, or a 36.7 percent chance of declining one CKD stage every sixth months when 
treated with plasma exchange, dialysis, and/or kidney transplant.  This compares to a six 
month increase (improvement) in CKD of at least 1 stage in trial 1 and 2 of 59% and 35%, 
respectively, in Legendre et al. 
 
SOC: Transition from CKD 5/ESRF to Death 
 
As stated above, while there are reports of overall mortality in aHUS patients, there are 
limitations to how the data are reported.  Specifically no data identified assesses the 
progressive mortality rate for aHUS patients in CKD 5/ESRF or dialysis in a well-controlled 
study.  We looked to the well-resourced registries assessing mortality in patients in ESRF 
and on dialysis.  The UK Renal Registry reported in the 15th Annual Report (2012) in 
Chapter 5, Survival and Causes of Death of UK Adult Patients on Renal Replacement 
Therapy in 2011, "One year age adjusted survival for prevalent dialysis patients improved to 
89.8% in the 2010 cohort from 89.1% in the 2009 cohort."  We use the 2010 mortality to 
estimate the six-month rate from ESRF to death, which we use in the model as 5.1% per six 
months.  We use this rate for SOC and eculizumab-treated patients. 
 
Of note, patients do not die from ESRF, per se.  The causes of death on dialysis is 
numerous and includes systemic complications such as acute myocardial infarction, 
cardiomyopathy, cardiac arrhythmia, cardiac arrest, congestive heart failure, pulmonary 
edaema, cerebrovascular disease, GI haemorrhage, pulmonary infection, viral infection, 
withdrawal form dialysis.(United States Renal Data System (USRDS) 2012, Section H 
Mortality tables).  In the UK, patients die from similar causes, including cardiac disease 
(27%), infection (17%), treatment withdrawal (15%), among other causes while in ESRF, 
according to Table 5.20 in the 15th Annual Report (2012). 
 
Causes of death while on dialysis overlap with the systemic complications due to 
complement mediated TMA in aHUS patients.  Perkins et al (2006) reported that the 
incidence of TMA was the highest in the first year of dialysis among patients with renal 
failure due to HUS, occurring in 11.3% patients at one year and in approximately 4.5% 
patients annually thereafter while the incidence of TMA in patients on dialysis without HUS is 
a consistent 0.3% annually.  This suggests 29% of patients will have a TMA during dialysis 
at 5 years in HUS patients.  These effects are assumed to inform the disease process in 
aHUS and to be already incorporated in the CKD and ESRF states of the model.   
 
SOC: Transplant rates, Transition from CKD 5 to Kidney Transplant  
 
The model also includes a transplant state. The transplant rate for SOC is based on an 
analysis of C08-002 and C08-003 pre-treatment data.  For the N=37 patients in the trials, 
there were 25 transplants in 16 patients over the pre-treatment study time period (71.6 six-
month increments).  This equates to a transplant rate of 34.9% per six months for 
eculizumab patients.  We assume that this transition is only possible for patients in the CKD5 
state. 
 
SOC: Kidney Transplant Outcomes—Transitions from Kidney Transplant to CKD5 (failure), 
Death, or Success (CKD 3a) 
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Kidney transplantation does not rectify the continued and uncontrolled complement 
activation leading to progressive disease and premature mortality in aHUS patients.  Among 
patients with aHUS who undergo kidney transplantation without eculizumab "graft failure is 
reported in 60 to 90% of patients within 1 year", (Legendre et al 2013; Zuber 2011; Le 
Quintrec 2013; Noris et al 2010).  Thus, we assume that 75% (mid-point of 60 and 90%) of 
patients who undergo kidney transplant have the organ fail within six-months.  Following 
transplantation, renal function is not expected to perform like a perfectly health kidney, and 
the overall bodily renal function would not be CKD 0.  The health and function of the 
transplanted kidney rely on the donor, efficacy of and compliance with the post-transplant 
immunosuppressive regimen, delayed graft function, and other factors.  In one large study 
evaluating 4,488 graft recipients with no aHUS, the mean eGFR was 51.2 ml/min/1.73m2 at 
3 months following transplantation and 60% of patients had CKD stage 3 at 12 months 
following transplantation (27% at stage 2 and 10% at stage 4).(Marcen et al NDT 2010)  
Therefore for patients that did not lose their graft after one year due to aHUS we transitioned 
to CKD 3a. 
 
The mortality rate in the transplant state, that is the transition from transplant to death, is 
assumed to the same as the mortality rate in the CKD 5 (ESRF) state: 5.1% per six months, 
based on expert opinion.  UK clinical experts indicated that it should be at least the same, 
and perhaps a “bit higher”.  The remainder (65%) of the failures stay in CKD 5. 
 
SOC: The Excess Death Rate 
 
As already described, the model includes transitions for patients through CKD stages to 
ESRF, and then to death.  aHUS, however, is not only a renal disease, but is a complement 
disorder which has systemic effects, leading to neurological, cardiovascular, and 
gastrointestinal life-threatening complications.  Additional excess mortality is possible for 
SOC-treated patients. 
 
An aHUS excess non-renal mortality rate was based on the N=54 cohort of patients with 
aHUS (defined as detectable a disintegrin and metalloproteinase with thrombospondin-1 
motifs [13th member of the family] (ADAMTS13) activity of 10% or more with TMA, see 
Table 3) in Coppo et al. (2010), the results of which indicated that 13% (7/54) of patients had 
died after a mean follow-up of 17.8 months.  In the SOC arm of the model, when no excess 
death is applied to SOC-treated patients (they only die from CKD to ESRF to death 
progression and the background rate), mortality at 18 months (1.5 cycles) is 6.1%.  The 
difference in the mortality observed in Coppo et al. versus predicted mortality at 18 months 
was 6.9%.  A non-renal excess death rate, considering the renal and background death 
rates, was calculated to be 4.0% per six months using the solver function in Microsoft Excel, 
so that mortality after 18 months in the model (3 model cycles) years was equal to the 13% 
observed in Coppo et al (2010). 
 
Alternatively, a second aHUS excess non-renal mortality rate was based on the N=201 
cohort of patients with ADAMTS13 activity of 10% or more in Hovinga et al. (2010), the 
results of which indicated that 32% of patients had died after median follow up of 4.4 years 
(see Figure 4).  A non-renal excess death rate, considering the renal and background death 
rates, was calculated to be 2.9% per six months using the solver function in Microsoft Excel, 
so that mortality after 4.5 years was equal to the 32% observed in Hovinga et al 2010.  We 
use Coppo et al (2010) data in the base case to make this calculation for comparison 
purposes. 
 
SOC: Background Death 
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SOC background death is age-adjusted and derived from UK life tables. 
 


12.2.2 Are costs and clinical outcomes extrapolated beyond the study follow-up 
period(s)? If so, what are the assumptions that underpin this extrapolation 
and how are they justified?  


 
Costs and benefits were extrapolated into the future.  For eculizumab, the Markov process 
(see prior section) parameterised up to 3.5 years of C08-002 and C08-003 data (i.e., the 
three-year extension period) is assumed to continue into the future.  For SOC, renal function 
is assumed to continue to decline linearly.  The LOWESS regression assessed (see prior 
section) whether the functional form of the eGFR and days relationship was linear within the 
pre-treatment period, which average almost one year per patient.  We assumed this process 
would have continued had they not received eculizumab.   
 


12.2.3 Were intermediate outcome measures linked to final outcomes (for example, 
was a change in a surrogate outcome linked to a final clinical outcome)? If so, 
how was this relationship estimated, what sources of evidence were used and 
what other evidence is there to support it?  


 
The CKD state transitions are parameterised based on an intermediate measure, eGFR (see 
prior section).  Data were used from the trials.  In the validation section at the end of Section 
12, we compare how our model’s joint endpoint of ESRF and death compares with others in 
the literature. 
 


12.2.4 Were adverse events included in the cost-consequences analysis? If 
appropriate, provide a rationale for the calculation of the risk of each adverse 
event (AE). 


 
Eculizumab is generally very well tolerated.  Adverse reactions were mostly mild to moderate 
in severity.  The most commonly reported AEs from the two main eculizumab trials were 
headache, dizziness, nausea, and pyrexia, each occurring in 5% or more patients.  Although 
almost all patients reported AEs in the aHUS studies, few were considered drug-related by 
the investigators. 
 
In the two prospective aHUS studies, there was only one AE which led to treatment 
discontinuation, and this AE was deemed unrelated to study drug.  The AE profile with 
eculizumab treatment of aHUS patients is therefore consistent with the safety profile with 
eculizumab previously reported in PNH patients. 
 
Importantly, the AEs of SOC have never been evaluated in similar research.  There has 
never been a clinical trial measuring the AE rate (or other outcomes) of plasma exchange, 
plasma infusion, dialysis or kidney transplant in patients with aHUS.  The pre-treatment 
period of Legendre et al. was retrospectively analysed, so AEs were not recorded in the 
manner they would be in C08-002 or C08-003.  Frequent and severe AEs have been 
documented for PE/PI in patients receiving this for all possible indications, as detailed 
elsewhere in the submission. 
 
Since the AE profile is generally mild for eculizumab, and there is no specific trials source for 
SOC, the model does not include any health or cost implications for treatment-related AEs. 
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12.2.5 Provide details of the process used when the sponsor’s clinical advisers 
assessed the applicability of available or estimated clinical model parameter 
and inputs used in the analysis. 


 
Clinical experts in the United Kingdom (UK) in aHUS were consulted as part of the 
preparation of the eculizumab NICE submission to help address the significant lack of 
available evidence concerning the manifestation of the disease.  Specifically, experts were 
consulted with the following objectives: 
 


• To validate the disease burden, standard of care, and treatment pathway in aHUS;  
• To provide context around the eculizumab clinical trial data;  
• To support the structure of the eculizumab incremental survival model; and  
• To provide feedback on model parameters. 


 
Participants 
 
Clinical experts were chosen to be invited to participate in the review based upon the 
following criteria (not all criteria had to be met): 
 


• Practicing at a tertiary referral centre for aHUS in the UK; 
• Author of published articles concerning aHUS; and/or 
• Experience using eculizumab in aHUS patients. 


 
Alexion approached five experts, all of whom agreed to participate: 
 


• Professor Tim Goodship, Professor of Renal Medicine, University of Newcastle upon 
Tyne 


• Dr Daniel Gale, Consultant Nephrologist, Royal Free Hospital; 
• Dr Rodney Gilbert, Consultant Paediatric Nephrology, University Hospital of 


Southampton; 
• Dr David Kavanagh, Consultant Nephrologist, Newcastle Hospitals; and 
• Prof Neil Sheerin, Professor of Nephrology, Newcastle Hospitals. 


 
Involvement 
 
The five experts participated in telephone interviews lasting 60 to 90 minutes and answered 
a series of questions listed in Appendix 17.6.   Delphi techniques and other iterative data 
collation techniques were not employed. No pre-reading or background information was 
provided to experts before or during the interviews.  
 


12.2.6 Summarise all the variables included in the cost-consequences analysis. 
Provide cross-references to other parts of the submission. 


 
Table D4: Summary of variables applied in the cost-consequences model 


Variable  Mean 
Sample 
size, Std 


Dev 


Varied in 
probabilistic 
sensitivity 
analysis 
(PSA) and 
distribution 
assumed 


Source 


Age at baseline, 
average 28 None No 


Prospective trials, C08-002 and 
C08-003, at baseline (median and 
unreported mean) 
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Variable  Mean 
Sample 
size, Std 


Dev 


Varied in 
probabilistic 
sensitivity 
analysis 
(PSA) and 
distribution 
assumed 


Source 


Baseline CKD 
distribution   


Yes, C08-
002 and 003 
patients were 
bootstrapped 
with 
replacement, 
which varied 
the baseline 
distribution 


Prospective trials, C08-002 and 
C08-003, at baseline  


CKD 2 0.054 N=37    
CKD 3a 0.081 N=37    
CKD 3b 0.270 N=37    
CKD 4 0.297 N=37    
CKD 5 0.297 N=37    


Background 
mortality (6 
month) 


Varies by 
age NA No 


Interim Life Tables for England, 
2009-2011, Office of National 
Statistics 


Patient weight 
intervals   No Based on Alexion experience and 


forecast in the UK 
Paediatric 
patients 
weighing 5-
10kg 


0.1 NA    


Paediatric 
patients 
weighing 10 - 
< 20kg 


0.1 NA    


Paediatric 
patients 
weighing 20 - 
< 30kg 


0.1 NA    


Paediatric 
patients 
weighing 30 - 
< 40kg 


0.1 NA    


Adult dosing 
weight (>  
40kg) 


0.6     


Eculizumab  
efficacy, 
progression 
through CKD 
stages 


See 
Markov 
Matrix 


Bootstrap 
with 


replacement, 
non-


parametric 
variation 


Yes, C08-
002 and 
C08-003 
patients were 
bootstrapped 
with 
replacement 


Prospective trials, C08-002 and 
C08-003; See Markov Ecu 
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Variable  Mean 
Sample 
size, Std 


Dev 


Varied in 
probabilistic 
sensitivity 
analysis 
(PSA) and 
distribution 
assumed 


Source 


SOC excess 
death (except 
from 
transplant/ESRF), 
6-month 
transitional 
probability 


0.04 N=54 


Yes, beta 
distribution, 
N=54, 13% 
mortality at 
17.8 months 


Coppo et al. 2010 (based on 13% 
mortality at 17.8 months) 


SOC likelihood of 
a 15 point EGFR 
drop, 6-month 
transitional 
probability 


0.367 
Standard 


error (SE) in 
regression 


Yes, normal 
distribution, 
mean= 
coefficient, 
Standard 
Deviation 
(SD)=SE 


Data analysis C08-002 and C08-
003 of pretreatment period 


SOC likelihood of 
a 30 point EGFR 
drop, 6-month 
transitional 
probability 


0 NA No Data analysis C08-002 and C08-
003 of pretreatment period 


SOC likelihood of 
a kidney 
transplant 
conditional in 
being in ESRF 


0.349 N=37 


Yes, beta 
distribution, 
N=37, 25 
event per 
352*37 days  


Pretreatment period, C08-002 and 
C08-003. In the pretreatment 
period, there were (352*37) days of 
observation time. 25 transplants 
were recorded in 16 patients. 


SOC transplant 
success 
transitional 
probability 


0.25 NA 


Yes, uniform 
distribution 
between 
40% and 
10% 


Midpoint of "Graft failure is reported 
in 60 to 90% of patients within 1 
year", (Legendre et al 2013; Zuber, 
2011; Le Quintrec  2013; Noris et al 
2010) 


SOC transplant 
mortality 
transitional 
probability 


0.052 NA 


Yes, normal 
distribution, 
95% 
confidence 
interval (CI): 
89.3,90.2 


Expert opinion consensus: "a bit 
higher than ESRF rate" 


ESRF excess 
mortality 
transitional 
probability 


0.052 95% CI: 
89.3,90.2 


Yes, normal 
distribution, 
95% CI: 
89.3,90.2 


UK Renal Registry 15th Annual 
Report (2012): Chapter 5 Survival 
and Causes of Death of UK Adult 
Patients on Renal Replacement 
Therapy in 2011: national and 
centre-specific analyses. "One year 
age adjusted survival for prevalent 
dialysis patients [was] 89.8% in the 
2010 cohort" 


Health State 
Costs      


CKD 0, 1, 2 
care costs £480 SD=mean 


Yes, gamma, 
assume 
SD=mean  


See section 12.3.1 
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Variable  Mean 
Sample 
size, Std 


Dev 


Varied in 
probabilistic 
sensitivity 
analysis 
(PSA) and 
distribution 
assumed 


Source 


CKD 3, 4 care 
costs £485.5 SD=mean 


Yes, gamma, 
assume 
SD=mean  


See section 12.3.1 


ESRF £12,141 SD=mean 
Yes, gamma, 
assume 
SD=mean  


See section 12.3.1 


Transplant 
cost £18,792 SD=mean 


Yes, gamma, 
assume 
SD=mean  


See section 12.3.1 


Transplant 
success 
(kidney 
function 
restored to 
CKD 3a), 
ongoing 


£3,320.5 SD=mean 
Yes, gamma, 
assume 
SD=mean  


See section 12.3.1 


Cycles of post 
transplant care 1  No Assumption 


Treatment Costs      
Price of 
biologic 
eculizumab 
per vial 


£3,150 None No See section 12.3.1 


Induction 
doses (1/2 
year) 


42.9 None No See section 12.3.1 


Maintenance 
doses (1/2 
year) 


39.8 None No See section 12.3.1 


Biologic cost- 
induction 
period (first six 
months) 


£135,135 None No 


See section 12.3.1.  Also included 
is for £30 meningococcal vaccine 
and £512 for eculizumab 
administration costs 


Biologic cost- 
maintenance 
period (subs. 
six months) 


£125,370 None No See section 12.3.1. Also included is 
£512 for administration costs 


SOC therapy 
cost (PLEX), 
adult 


£15,574 None No See section 12.3.1 


SOC therapy 
cost (PLEX), 
child 


£22,620 None No See section 12.3.1 


Discount rate, 
costs 0.015 NA No 


Guide to the methods of technology 
appraisal 2013. NICE. April 2013. 
http://publications.nice.org.uk/pmg9, 
Last accessed 9/8/2013 



http://publications.nice.org.uk/pmg9
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Variable  Mean 
Sample 
size, Std 


Dev 


Varied in 
probabilistic 
sensitivity 
analysis 
(PSA) and 
distribution 
assumed 


Source 


Health utility 
increase from 
Ecu 


0.208 N=37 


Yes, based 
on means 
and SDs 
reported in 
Legendre et 
al. for each 
trial 


Legendre et al. (2013), at week 64 


aHUS (SOC) 
Health Utility 
(annual 
increments) 


     


CKD 0, 1, 2 0.792 0.22 


No, Ecu 
health utility 
(HU) minus 
HU increase 
from Ecu 
equal  aHUS 
(SOC) HU 


prospective trials, C08-002 and 
C08-003, at baseline  


CKD 3, 4 0.662 0.345 


No, Ecu 
health utility 
(HU) minus 
HU increase 
from Ecu 
equal  aHUS 
(SOC) HU 


prospective trials, C08-002 and 
C08-003, at baseline  


ESRF 0.659 0.343 


No, Ecu 
health utility 
(HU) minus 
HU increase 
from Ecu 
equal  aHUS 
(SOC) HU 


prospective trials, C08-002 and 
C08-003, at baseline  


Eculizumab 
Health Utility 
(annual 
increments) 


     


ecu + CKD 0, 
1, 2 1 0 Yes, beta prospective trials, C08-002 and 


C08-003, at week 52  
ecu + CKD 3, 
4 0.870 0.189 Yes, beta prospective trials, C08-002 and 


C08-003, at week 52  


ecu + ESRF 0.867 0.18 Yes, beta prospective trials, C08-002 and 
C08-003, at week 52 


Transplant 0.662 0.345 


No, Ecu 
health utility 
(HU) minus 
HU increase 
from Ecu 
equal  aHUS 


Assumed to be same as SOC CKD 
3a (Marcen et al NDT 2010) 
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Variable  Mean 
Sample 
size, Std 


Dev 


Varied in 
probabilistic 
sensitivity 
analysis 
(PSA) and 
distribution 
assumed 


Source 


Discount rate, 
health utility 0.015 NA No 


Guide to the methods of technology 
appraisal 2013. NICE. April 2013. 
http://publications.nice.org.uk/pmg9, 
Last accessed 9/8/2013 


 
12.3 Resource identification, measurement and valuation 


NHS Costs 
 


12.3.1 Describe how the clinical management of the condition is currently costed in the 
NHS in terms of reference costs and the payment by results (PbR) tariff.  


 
There is no specific reference cost for patient with aHUS. Standard care of aHUS patient 
includes plasma therapy, dialysis in ESRF patients and kidney transplantation, which are 
coded and available as reference costs for 2011/2012.  It should be noted that because 
these procedures are not aHUS specific, the reference cost data may not reflect the full cost 
of the procedures for aHUS patients, who are likely to represent particularly complicated 
cases. 
 
Plasma therapy, Healthcare Resource Groups (HRG) SA13A-SA16Z, reference costs are 
separated for adult and child patients for single session and  also provided for inpatient 
plasma therapy with duration over 2 days.  For plasma therapy there are available 2013/14 
year PbR tariffs for outpatient and combined procedures. 
 
Dialysis reference costs, HRG LD01A-LD13A, are separated by mode of dialysis (location of 
care and form of access), and also separated for adults, children and patients with blood 
borne virus. No 2013/14 PbR tariffs are available for dialysis. 
 
Kidney transplant reference costs, HRG LA01A- LA03B, vary depending on the type of 
donor. No 2013/14 PbR tariffs are available for transplant. 
 
The following section describes how reference costs and payment by results tariffs were 
applied in our model. 
 
Dialysis 
 
All patients in the ESRF state are assumed to receive dialysis; the cost of dialysis is taken 
into account in addition to ESRF care cost.  The model uses the cost of dialysis (added to 
the costs of ESRF care) based upon a weighted average reference cost for NHS 2011/2012 
of HRG LD01A, LD01B, LD02A, LD02B, LD03A, LD04A, LD04B, LD05A, LD05B, LD06A, 
LD06B, LD07A, LD08A, LD09A, LD09B, LD10A, LD10B, LD11A, LD11B, LD12A, LD12B, 
LD13A.  The weighted unit cost was based upon the level of activity for each form of dialysis.  
 
Yearly cost is calculated assuming a haemodialysis frequency of three times per week and 
daily for peritoneal dialysis (the same assumption is used in the costing report for the NICE 
Clinical Guideline 125 “Kidney disease: peritoneal dialysis” issued July 2011.  The weighted 



http://publications.nice.org.uk/pmg9
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average cost of dialysis in adult patients (19 year old and over) is £23,300 per year and 
£38,945 for patients 18 years or younger.  We use adult costs in the base case analysis. 
 
The highest and lowest reference costs were examined from across the HRG codes.  The 
difference in high and low costs was about 10 percent; in sensitivity analysis, we used +/-
50%. 
 
Plasma Therapy (plasma exchange/plasma infusion) 


In addition to the costs of CKD care, all standard of care patient costs include plasma 
therapy, with the exception of when the patient is in ESRF.  Plasma therapy costs used in 
the model are based upon the reference cost for NHS 2011/2012.  
 
Guidelines suggest that plasma exchange is initially carried out daily for the first five days 
after diagnosis, followed by five times a week for the following two weeks and three times a 
week for next two weeks.(Ariceta et al. 2009)  In the month immediately following diagnosis, 
it is therefore recommended that the patient undergoes 21 plasma exchange procedures, 
although this may be adjusted depending on the patient response.(Taylor et al. 2009)  
 
No clinical guidelines exist that address the long-term frequency of plasma 
exchange/infusion.  In rare cases, plasma exchange/infusion is stopped entirely but it is far 
more common that prophylactic plasma exchange or infusion will be required as the patient 
becomes plasma dependent.(Kim et al. 2011)  
 
In the model plasma exchange frequency was therefore assumed to be once per week on an 
on-going basis. This assumption was supported by expert opinion. 
 
Annual plasma costs were based upon the upper quartile unit cost for day cases, using the 
HRG code SA13A for adults (£599 per session) and SA13B for children (£870 per session). 
This produces an annual cost of £31,142 for adults and £45,217 for children. The upper 
quartile costs were chosen because patients with aHUS are likely to represent the more 
expensive component of the case mix included in these reference costs.  There are two 
reasons for this: 
 
1. The need for larger quantities of plasma to be infused for aHUS patients compared with 


patients being treated with plasma exchange for other diseases.  Current aHUS 
paediatric treatment guidelines recommend exchanging 1.5 times the patient’s body 
weight expected plasma volume (equivalent to 60–75 mL/kg body weight).(Ariceta et al. 
2009)  This compares with 40–55 mL/kg used in Guillian-Barre syndrome.(Raphael et al. 
2008)  Feedback from UK aHUS experts suggests that the volume required for adults 
can also be greater, with patients requiring 3 to 4 litres per session. 


 
2. Unlike plasma exchange in other conditions, patients with aHUS require replacement 


with whole plasma (Octaplas®).(Ariceta et al. 2009)  This was confirmed by expert 
feedback.  In contrast, transfusion guidelines for plasma exchange for other non-aHUS 
diseases (e.g. Guillain-Barre syndrome) from the UK Blood Services (McClelland D. 4th 
Edition) recommend replacement with albumin and saline, which is associated with a 
lower cost per unit.  


 
The sensitivity analysis therefore uses a “high scenario” value of £70,958 for adults and 
£41,392 for patients 18 years old and younger.  This value represents just the cost of plasma 
for a session of plasma exchange assuming that 60ml/kg of Octaplas is infused per session 
for adult patients with an average weight of 60kg and children with an average weight of 
35kg.  The model uses weekly frequency of plasma exchange and a unit price for Octaplas 
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of £75.81.  This cost does not include any of the other costs (staff, disposables, machines, 
bedspace) involved in providing plasma exchange, and thus is still a conservative estimate. 
 
The “low scenario” value of plasma therapy assumes costs that are 50% of the base case. 
 
Kidney transplantation 


Kidney transplant costs are derived from NHS reference costs 2011/2012 using the following 
HRG codes: LA01A LA01B LA02A LA02B LA03A LA03B. Average costs for adults and 
children were calculated using unit costs weighted according to activity levels.  For adults 
(patients 19 years old and over) the cost is £18,792 and £24,626 for children (age 18 and 
less). 
 
For the lowest and for the highest cost in sensitivity analysis the model assumes the lowest 
and the highest 2011/2012 year reference cost of kidney transplant, respectively. 
 
Annual Transplant Maintenance Cost 
 
No reference costs or PBR tariffs were available to estimate the on-going annual cost for 
patients after transplantation (e.g immunosuppressive therapy).  Therefore these costs were 
obtained from the 2006 NICE Technology Appraisal N85 “Immunosuppressive therapy for 
renal transplantation in adults” and inflated to 2012 cost using the Personal Social Services 
Research Unit (PSSRU) NHS cost inflator.  Three different 10 year post-transplant cost 
ranges were estimated in the appraisal for each of the three immunosuppression drugs: 
£48,736-£76,144, £23,204-£23,803, and £51,005-£38,527.  An average annual cost of 
£6,641 was used in the base case with the lowest value (£3,102) and highest value 
(£10,180) used in sensitivity analysis. 
 
Resource identification, measurement and valuation studies 


12.3.2 Provide a systematic search of relevant resource data for the NHS in England.  
Include a search strategy and inclusion criteria, and consider published and 
unpublished studies.  


 
A systematic review was undertaken to support the creation of the model described in 
Section 12.  The literature review was specific to aHUS. Given the very small body of 
published evidence in this disease, a broad search was undertaken to obtain the following 
information: 
 


• Information on resource use and costs in aHUS 
• Economic studies in aHUS 
• Quality of life data in aHUS 


 
The search criteria, search results and extraction tables are included in Appendix 17.4. 
 


12.3.3 Provide details of the process used when clinical advisers assessed the 
applicability of the resources used in the model3. 


 


                                                
3 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing 
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: 
Pharmaceutical Benefits Advisory Committee. 
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United Kingdom experts in aHUS were consulted as part of the preparation of the 
eculizumab NICE submission to help address the significant lack of available evidence 
concerning the manifestation of aHUS. Specifically, experts were consulted with the 
following objectives: 
 


• Understanding the disease burden, standard of care, and treatment pathway in 
aHUS  


• Providing context to the eculizumab clinical trial data  
• Supporting the structure of the eculizumab incremental survival model  
• Providing feedback on model parameters 


 
Participants 
 
Clinical experts were chosen to be invited to participate in the review based upon the 
following criteria (not all criteria had to be met): 
 


• Practicising at a tertiary referral centre for aHUS in the UK 
• Author of published articles concerning aHUS 
• Experience of using eculizumab in aHUS patients 


Alexion approached five experts of which the following four individuals agreed to participate: 
 


• Dr. Daniel Gale, Consultant Nephrologist, Royal Free Hospital; 
• Dr. Rodney Gilbert, Consultant Paediatric Nephrology, University Hospital of 


Southampton; 
• Dr. David Kavanagh, Consultant Nephrologist, Newcastle Hospitals; and 
• Prof. Neil Sheerin, Professor of Nephrology, Newcastle Hospitals. 


 
Involvement 
 
The four experts participated in telephone interviews lasting 60 to 90 minutes and answered 
a series of questions listed in Appendix 17.6.  Delphi techniques and other iterative data 
collation techniques were not employed. No pre-reading or background information was 
provided to experts before or during the interviews. 
 
Technology and comparators’ costs  


12.3.4 Provide the list price for the technology. 
 
One 300 mg vial of eculizumab is currently priced at £3,150 (excluding VAT). 
 


12.3.5 If the list price is not used in the de novo cost-consequences model, provide the 
alternative price and a justification. 


 
The list price is used in the model. 
 


12.3.6 Summarise the annual costs associated with the technology and the 
comparator technology (if applicable) applied in the cost consequences 
model. Please consider all significant costs associated with treatment that 
may be of interest to commissioners. 
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One 300 mg vial of eculizumab is currently priced at £3,150 (excluding VAT).  The dosing 
schedule for patients over 40kg for the initial (induction) phase is 900 mg weekly for four 
weeks and the dosing schedule for the maintenance phase is 1200 mg at Week 5 and then 
1200 mg every two weeks thereafter.  Paediatric patients with body weight ≥ 40kg are 
treated with the adult dosing recommendations.  In paediatric PNH and aHUS patients with 
body weight below 40 kg, the Soliris dosing regimen consists of the dosing schedule in Table 
D5 below. 
 
Table D5: Eculizumab Dosing Schedule 


Patient Body 
Weight Initial Phase Maintenance Phase 


30 to <40 kg 600 mg weekly x 2 900 mg at week 3; then 900 mg every 2 weeks 
20 to <30 kg 600 mg weekly x 2 600 mg at week 3; then 600 mg every 2 weeks 
10 to <20 kg 600 mg weekly x 1 300 mg at week 2; then 300 mg every 2 weeks 
5 to <10 kg 300 mg weekly x 1 300 mg at week 2; then 300 mg every 3 weeks 


 
Eculizumab costs over a six-month period appear for the five different dosing groups below, 
which are determined by patient weight (Table D6). 
 
Table D6: Eculizumab costs for weight groups 


Weight 
Cohort 


Induction 
vials 


Maintenance 
vials 


Induction 
cost 


Maintenance 
cost 


5 - <10kg 10 8 £31,500 £25,200 
10 - <20kg 15 13 £47,250 £40,950 
20 - <30kg 28 26 £88,200 £81,900 
30 - <40kg 40 39 £126,000 £122,850 
> = 40kg 56 52 £176,400 £163,800 


 
We assume a distribution the dosing schedule based on the weight of the cohort at baseline 
per the Table D7 below.  Within each dosing category, we assume an age at baseline 
(Column 3) which corresponds with the midpoint of the weight range for a given cohort using 
UK Health Survey for England 2011 weight data.(Craig R, Mindell J (eds) (2012) Health 
Survey for England 2011, London: The Information Centre. 
http://www.ucl.ac.uk/hssrg/studies/hse, Last accessed 9/7/2013)  For example, the midpoint 
of the fourth cohort is 35 kg, which corresponds to the median weight of a (gender-adjusted) 
9.5 year old.  We then age each of the five weight cohorts in the model, assuming that their 
weight follows a schedule by their age, based on the median gender-adjusted weight by age 
using Health Survey for England weight by age data.(Craig R, Mindell J, 2012) 
 
As the cohorts age and their weight increases based on the UK Health Survey for England 
data, and we modify the maintenance doses consumed each model cycle as they age.  For 
example, the third cohort is 25 kg and 6.5 years old at baseline.  In about 2 years (4 model 
cycles), they are 8.5 years old, and weight about 30 kg; they move from the third to the 
fourth maintenance dosing schedule at this point in the model.  In 8 cycles, they are 10.5 
years old, and are 40 kg, and switch to the adult dosing schedule. 
 
Table D7: Patient weight by age 


Weight 
Cohort 


Distribution 
assumed at 


baseline 
Age at baseline Weight at baseline 


5 - <10 kg 10% 0.5 7.5 kg 
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Weight 
Cohort 


Distribution 
assumed at 


baseline 
Age at baseline Weight at baseline 


10 - <20 kg 10% 2.5 15 kg 
20 - <30 kg 10% 6.5 25 kg 
30 - <40 kg 10% 9.5 35 kg 
> = 40 kg 60% > 12 > 40 kg 


 
The model uses the same comparator as in clinical studies, SOC.  The main component of 
standard of care is plasma exchange. Calculations for the cost of plasma therapy vary for 
paediatric and adult patients and are based on reference cost and were described in Section 
12.3.1.  We assume that paediatric patients are those under 40 kg.  Using the same 
assumptions about starting age and weight, and weight increase with aging, we modify the 
distribution of the paediatric/adult plasma cost over time (Table D8, Table D9). 
 
Table D8: Costs per treatment/patient associated with Eculizumab for adult patient in the 
cost-consequences model 
Items Value  Source 


Price of the 
technology per 
treatment/patient 


£176,400 for induction for first 6 months and £163,800 
per 6 months in maintenance for adults.  For paediatric 
induction and maintenance dosing, we calculated the 
following costs per six months 


Soliris SmPC 


Administration cost 


Administration of eculizumab (normally at home) will be 
funded by Alexion as part of the aHUS homecare 
initiative.  Eighty percent of patients are assumed to be 
enrolled in this program.  At an estimated cost of £300 
per patient per month this would total £1,800 in a six-
month period.  Since these costs are being paid by 
Alexion, they are not included in the baseline figures for 
the model.  Those patients (20%) who are not in this 
program will receive about 13 administrations per 
month, costing about £197 per administration.  There is 
also a £30 cost for a meningococcal vaccine at 
induction. 


Infusion costs 
are based on 
£197, per 
"Deliver simple 
parenteral 
chemotherapy 
first attendance 
(Currency Code 
SB12Z)."  We 
assume 13 
administrations 
per six months. 
We assume the 
cost of Menveo 
(meningococcal 
A, C, W135 and 
Y conjugate 
vaccine) at 
£30.00 per the 
British National 
Formulary, 
August 2013 


Training cost None N/A 
Other costs 
(monitoring, tests 
etc.) 


None N/A 


Total cost per 
treatment/patient 


£340,200 per first year, £1,024 for administration for the 
20% who are not enrolled in the aHUS homecare 
initiative, £30 cost for a meningococcal vaccine 


See above. 
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Table D9: Costs per treatment/patient associated with plasma therapy in adult patient in the 
cost-consequences model 
Items Value  Source 


Cost of the comparator per 
treatment/patient 


£31,148 
(adult) and 


£45,240 
(paediatric) 


per year 


NHS reference cost of SA13A in 2011/2012 
year for cost of session  and weekly 
frequency based upon expert opinion; 
assumed to be more costly than average 
because whole plasma is used 


Administration cost  Included in 
reference cost See above 


Training cost 0 N/A 
Other costs (monitoring, tests 
etc.) 


Included in 
reference cost See above 


Total cost per 
treatment/patient 


£31,148 
(adult) and 


£45,240 
(paediatric) 
patient per 


year 


See above 


 
Health-state costs 


12.3.7 If the cost-consequences model presents health states, the costs related to 
each health state should be presented in the table below.  The health states 
should refer to the states in section 12.1.6.  Provide a rationale for the choice 
of values used in the cost-consequences model. 


 
Table D10: List of health states and associated costs for adult patient (19 years old and 
over) in the cost-consequences model 
Health states Items Value Reference  


Transplant  


Cost of kidney transplant £18,792 NHS reference costs of 2011/2012 
year 


Annual transplant maintenance 
cost £6,641 


Economic models from NICE TA  
N85 (2006) inflated by PSSRU 
index 


CKD stage 1-2  


Estimated annual costs of 
consultations and medications 
under a formal referral strategy 
for the most severe patient 


£960 Black et al. 2010, inflated by 
PSSRU index 


CKD stage 3-4 


Estimated annual costs of 
consultations and medications 
under a formal referral strategy 
for the most severe patient 


£971 Black et al. 2010, inflated by 
PSSRU index 


ESRF 


Estimated annual costs of 
consultations and medications 
under a formal referral strategy 
for the most severe patient 


£982 Black et al. 2010, inflated by 
PSSRU index 


Cost of dialysis £23,300 NHS reference costs of 2011/2012 
year 
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The model includes cost of managing CKD and costs associated with kidney transplant. 
 
Costs of Managing CKD 
 
For total health service costs by CKD stage, we used the results published by Black et al. 
(2010).  Black estimated the costs of consultations and medications under a formal referral 
strategy for patients with markers of renal disease by CKD stage and level of comorbidity.  
Given the poor state of health of aHUS patients we used the highest estimates of annual 
cost (based on CKD with albumin–creatinine ratio > 300 mg/g and CVD) although costs are 
very similar for most CKD patients with any degree of significant co-morbidity.  Black reports 
that the one-year cost for patients with CKD stages 1-2 were £840 and £854 for patients with 
CKD stages 3-4.  These costs were inflated from 2006/7 prices to 2011/12 prices by 
applying PSSRU NHS cost inflator. 
 
In the model alongside CKD costs plasma therapy cost is used for standard care. Estimates 
for plasma therapy costs are based on reference costs and were described in section 12.3.1.  
ESRF care costs also include the cost of dialysis that is based on reference costs and also 
described in section 12.3.1. 
 
Transplantation costs 
 
For transplanted patients, we used the annual average cost of maintenance treatment to be 
the £6,641 inflated by PSSRU index from NICE TA N85 “Immunosuppressive therapy for 
renal transplantation in adults” (2006).  The cost per kidney transplant was assumed to a 
weighted average reference cost for 2011/2012, described above in section 12.3.1. 
 
Adverse event costs 


12.3.8 Complete table D9 to provide details of the costs associated with each adverse 
event included in the cost-consequences model. Include all adverse events 
and complication costs, both during and after longer-term use of the 
technology.  


 
Eculizumab is generally very well tolerated.  Adverse reactions were mostly mild to moderate 
in severity.  The most commonly reported AEs from the two main eculizumab trials were 
headache, dizziness, nausea, and pyrexia, each occurring in 5% or more patients.  Although 
almost all patients reported AEs in the aHUS studies, few were considered drug-related by 
the investigators. 
 
In the two prospective aHUS studies, there was only one AE which led to treatment 
discontinuation, and this AE was deemed unrelated to study drug.  The AE profile with 
eculizumab treatment of aHUS patients is therefore consistent with the safety profile with 
eculizumab previously reported in PNH patients. 
 
Importantly, the AEs of SOC have never been evaluated in a similar manner.  There has 
never been a clinical trial measuring the AE rate (or other outcomes) of plasma exchange, 
plasma infusion, dialysis or kidney transplant in patients with aHUS.  The pre-treatment 
period of Legendre et al. was retrospectively analysed, so AEs were not recorded in the 
manner they would be in C08-002 or 003.  Frequent and severe AEs have been documented 
for PE/PI in patients receiving this for all possible indications, as detailed elsewhere in the 
submission. 
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Since the AE profile is generally mild for eculizumab, and there is no specific trials source for 
SOC, the model does not include any health or cost implications for treatment-related AEs 
for either eculizumab or standard of care. 
 
Miscellaneous costs 


12.3.9 Describe any additional costs and cost savings that have not been covered 
anywhere else (for example, PSS costs, and patient and carer costs). If none, 
please state. 


 
All resource use costs included in the model are described in the preceding sections. 
 


12.3.10 Are there any other opportunities for resource savings or redirection of 
resources that it has not been possible to quantify? 


 
All resource use costs included in the model are described in the preceding sections.  
 


12.4 Approach to sensitivity analysis 


Section 12.4 requires the sponsor to carry out sensitivity analyses to explore 
uncertainty around the structural assumptions and parameters used in the analysis.  
All inputs used in the analysis will be estimated with a degree of imprecision.  For 
technologies whose final price/acquisition cost has not been confirmed, sensitivity 
analysis should be conducted over a plausible range of prices. 


Analysis of a representative range of plausible scenarios should be presented and 
each alternative analysis should present separate results. 


 
12.4.1 Has the uncertainty around structural assumptions been investigated?  State 


the types of sensitivity analysis that have been carried out in the cost-
consequences analysis. 


 
The model structure was reviewed by clinical experts who found it to be valid.  They also 
reviewed the use of the pre-treatment data from C08-002 and 003 to parameterise plasma 
exchange, plasma infusion, kidney transplant, and dialysis and found that approach to be 
valid. 
 
Univariate sensitivity analyses of parameter inputs were conducted and are described later 
in this section. 
 
Probabilistic sensitivity analysis was conducted and is described later in this section. 
 


12.4.2 Was a deterministic and/or probabilistic sensitivity analysis undertaken? If not, 
why not?  How were variables varied and what was the rationale for this?  If 
relevant, the distributions and their sources should be clearly stated.  


 
Probabilistic sensitivity analysis (PSA) was conducted. The PSA was run with 500 
simulations based on varying all PSA parameters based on column four in Table D10: 
Summary of variables applied in the cost-consequences model.  For eculizumab efficacy 
variation, a bootstrap with replacement method was used to non-parametrically vary efficacy 
and starting CKD stage.  This process essentially redrew 37 patients iteratively from the 
trials data, allowing the same patient to be used multiple times, to assess stochastic 
variation. Given the small sample and unknown multinomial distribution of the underlying 
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states (a Dirichlet distribution could have been assumed, but the nonparametric bootstrap 
obviates making the underlying parametric assumption), the bootstrap was an efficient 
methodological option.  SOC efficacy was varied based on the fixed effects specification 
regression model, specifically assuming a normal distribution around its mean (coefficient) 
and standard error to assess variation in the (sample mean) relationship between eGFR and 
days.  Costs were varied based on a gamma distribution assuming standard deviations were 
equivalent to means (i.e., a coefficient of variation of unity).  Parameters bounded [0,1] were 
assumed to have a beta distribution, using either sample size and a binomial assumption to 
calculate standard deviations or using standard deviations directly from the data source. 
 


12.4.3 Complete the questions below as appropriate to summarise the variables used 
in the sensitivity analysis. 


 
Table D11: Variables used in one-way scenario-based deterministic sensitivity analysis 


Variable Base-case value Range of values 


Age 23 12 - 45 
Discount rate, costs and benefits 0.015/0.015 0.03/0.03 
Discount rate, costs and benefits 0.015/0.015 0.03/0.015 
Include C08-002 patients only all only 002 
Include C08-003 patients only all only 003 
Eculizumab reduces ESRF death 
transitional probability by 50% 0.051 0.025 


SOC excess death, 6-month 
transitional probability (+/- 50%) 0.029 0.0145 - 0.0435 


SOC likelihood of a 15 point EGFR 
drop, 6-month transitional 
probability (+/- 50%) 


0.367 0.183 - 0.550 


SOC transplant success transitional 
probability (+/- 50%) 0.25 0.125 – 0.375 


SOC transplant excess mortality 
transitional probability (+/- 50%) 0.051 0.025 - 0.076 


Health state costs (+/- 50%) base 50% 
Eculizumab price (+/- 10%) £3,150 £2,835 - £3,465 
Plasma exchange price (+/- 50%) £15,574 £7,787 - £23,361 
SOC health utility (varying Ecu 
health increment) (+/- 50%) 0.208 0.104 - 0.312 


Eculizumab health utility (+/- 10%) base -10% 
Alternative health utilities (EQ-5D 
scores at baseline) base Use EQ-5D distribution from 


trials (see section 12.5.3 
ESRF excess mortality rate base 0.026 - 0.079 
 
Variables used in multi-way scenario-based sensitivity analysis 
Multi-way sensitivity analysis was based on the following three high leverage, exogenous 
variables: 
 
Multi-way sensitivity analysis 1: 
 


• Age 45 at baseline; 
• SOC health utility difference versus eculizumab (varying eculizumab health 


increment) (+50%); and 
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• SOC likelihood of a 15-point eGFR drop, 6-month transitional probability (-50%). 
 
Multi-way sensitivity analysis 2: 
 


• Eculizumab reduces ESRF death likelihood by 50%; 
• 3% discount rate on costs; and  
• SOC likelihood of a 15 point eGFR drop, 6-month transitional probability (+ 50%) 


 
Variable values used in probabilistic sensitivity analysis 
 


12.4.4 If any parameters or variables listed above were omitted from the sensitivity 
analysis, provide the rationale. 


 
Background mortality is not varied as these parameters are based on huge national 
samples.  Patient weight intervals are not varied, given that the base case distribution 
reflects idiosyncratic expectations about use in England.  The cycles of post-transplant care 
are not varied, given that there is uncertainty over the extent of the use of these products in 
an aHUS population. 
 


12.5 Results of de novo cost-consequences analysis 


Section 12.5 requires the sponsor to report the de novo cost-consequences analysis 
results. These should include the following:  


• benefits 
• costs 
• disaggregated results such as life years gained (LYG), costs associated with 


treatment, costs associated with adverse events, and costs associated with follow-
up/subsequent treatment 


• a tabulation of the mean results (costs, QALYs) 
• results of the sensitivity analysis. 
 
Clinical outcomes from the model 


12.5.1 For the outcomes highlighted in the decision problem, please provide the 
corresponding outcomes from the model and compare them with clinically 
important outcomes such as those reported in clinical trials. Discuss reasons 
for any differences between modelled and observed results (for example, 
adjustment for cross-over). Please use the following table format for each 
comparator with relevant outcomes included. 


 
Table D12: Summary of model results compared with clinical data 


Outcome Clinical trial result Model result 
Improvement in CKD of at least 
1 stage 20/37 at week 64 16/37 at week 52** 


QALYs (EQ-5D scores) (0.30*17/37 + 0.13*20/37) = 
0.208 0.215* 


* See cell BR7 in the sheet entitled ‘Ecu_Markov’.  Model likely reflects a larger gain in utility because some SOC 
patients are expected to die within the first year. 
** See cell A39 in the sheet entitled ‘Ecu_trials_data’.  Difference may be because of measurements at week 64 
and week 52. 
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12.5.2 Please provide (if appropriate) the proportion of the cohort in the health state 
over time (Markov trace) for each state, supplying one for each comparator. 


 
Markov traces for the two treatment groups are provided in Figure D6 and Figure D7 below. 
 
Figure D6: Markov Trace for eculizumab-treated patients 


 


Figure D7: Markov Trace for SOC-treated patients 
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12.5.3 Please provide details of how the model assumes QALYs accrued over time. 
For example, Markov traces can be used to demonstrate QALYs accrued in 
each health state over time. 


 
CKD Stage Health Utility 
 
Base Case 
 
In Legendre et al. 2013, at the end of Table 2, the mean change in European Quality of Life 
Group 5 Dimensions Self-Report Questionnaire (EQ-5D) is presented for the two trials.  In 
the base case analysis, we assume that every patient alive gets the increment evenly across 
the disease states. 
 
The increment for all patients is 0.208 over the 64-week period, based on the weighted 
average calculation in Table D13.  Note that though this is over a 64-week period, the results 
are similar by week 26 (0.201) in the Legendre publication, and in fact, the effect is evident 
before the end of month three in the C08-003 trial and before the end of month one in the 
002 trial, and we assume that this effect occurs within six months on eculizumab and 
persists in the model.  We use the increment in our 0.208 base case health utility analyses; 
we use the standard deviations from Table 2 in Legendre et al. 2013 and assume a normal 
distribution in the probabilistic sensitivity analysis for this variable.  
 
Table D13: Measurement of eculizumab health utility increase over SOC 
 Delta EQ-5D baseline 


to week 64 (a) [mean 
(SD)] 


Sample 
Size (b) 


(a*b) 


Trial 1 
(C08-002) 0.30 (0.05) 17 0.138 


Trial 2 
(C08-003) 0.13 (0.025) 20 0.070 


 
 37 Σ(a*b) 


Increment for eculizumab in all states 0.208 
 
Ideally, we would use baseline EQ-5D scores from Legendre et al., 2013 as the SOC scores, 
and add the 0.208 increment to them.  However, those baseline scores are, by CKD stage 
(Table D14). 
 
Table D14: Baseline (SOC-treated patients) Health Utility in C08-002 and CO8-003 Trials 
 Model State Health Utility  


(annual increments) 
CKD 0, 1, 2 0.845 
CKD 3, 4   0.722 
ESRF   0.558 


 
Adding the 0.208 increment for eculizumab to the baseline CKD 0-2 state would produce a 
health utility above 1.  Accordingly, we took the year one eculizumab scores and deducted 
the 0.208 increment to estimate SOC scores.  As such, we use the week 52 health utility 
scores for eculizumab, per Table D15 below, in the base case. 
 
Table D15: Week 52 (eculizumab-treated patients) Health Utility in 002 and 003 Trials 
Model State Health Utility  


(annual increments) 
CKD 0, 1, 2 1.000 
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Model State Health Utility  
(annual increments) 


CKD 3, 4   0.870 
ESRF   0.867 


 
We use the same week 52 health utility scores for eculizumab less the 0.208 decrement for 
SOC health utilities, per Table D16 below, in the base case. 
 
Table D16: Health Utility for SOC treated patients (Week 52 in C08-002 and C08-003 Trials 
minus the 0.208 decrement)  
Model State Health Utility  


(annual increments) 
CKD 0, 1, 2 0.792 
CKD 3, 4   0.662 
ESRF   0.659 


 
The SOC and eculizumab patients have different health utilities for the same CKD state.  
However, it should be remembered that the SOC patients do not have their underlying 
complement disease treated, and are expected to continue to have a high rate of non-renal 
TMAs which would cause substantial disability. 
 
Health Utility Sensitivity Analysis: Alternative Health Utilities 
 
The base case may understate the gain in health utility from treating with eculizumab.  
Recall that the base case is based on health utility measured at baseline versus health utility 
measured at 64 weeks after eculizumab therapy initiation from Legendre et al. 2013.  The 
change in EQ-5D scores is based on the migration to better CKD stages and from a 
reduction in other disease burden (for example, on clinical expert believed that it was likely 
that there are subclinical micro-TMAs which make a patient feel poorly when their underlying 
complement disorder is left untreated, but which would disappear with use of eculizumab).  It 
is clear from the trials data that eGFR (and thence CKD stage distribution) improves for 
patients on eculizumab therapy relative to baseline.  But, left untreated, our pre-treatment 
data analysis of the relationship between eGFR and time indicates that CKD stages are 
worsening for patients on SOC.  In other words, the baseline distribution would be worse by 
week 64, and would continue to worsen for surviving patients.  The base case assumes the 
baseline to week 64 gain in health utility is a static increment, when in fact the SOC-treated 
patients would likely continue to decline, and the increment would increase for patients who 
were alive. 
 
Accordingly, we conduct a sensitivity analysis.  In the two prospective aHUS eculizumab 
clinical trials, quality of life changes were measured by EQ-5D scores at baseline and at the 
end of the first year on therapy.  We used the baseline EQ-5D scores by CKD stages (0-2, 
3a-4 and 5 [ESRF]) as a measure of the health state by stage of non-eculizumab-treated 
patients throughout the model.  Baseline figures are provided below: 
 
Baseline EQ-5D scores by CKD stages (1-2, 3-4 and 5 [ESRF]) used as a measure of the 
health state by stage of non-eculizumab-treated patients. 
 


• CKD Stage 1-2: 2 patients (2 with data); mean = 0.845, standard deviation (sd) = 0.22.  
• CKD Stage 3-4: 24 patients (24 with data); mean = 0.722, sd = 0.345. 
• CKD Stage 5 (ESRF): 11 patients (10 with data); mean = 0.558, sd = 0.343. 
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Day 364 EQ-5D scores by CKD stage as the measure of health status for eculizumab-
treated patients where the CKD stage was recorded for Day 364. 
 


• CKD Stage 1-2: 5 patients (3 with data); mean = 1.0, sd = 0. Please note: no Day 182 
scores for the 2 patients without Day 364 scores. 


• CKD Stage 3-4: 16 patients (15 with data); mean = 0.87, sd = 0.189. Please note: last 
observation carried forward (LOCF) for 1 patient from Day 182 with a score of 0.796 
of CKD 3-4 at Day 182. 


• CKD Stage 5 (ESRF): 4 patients (4 with data); mean = 0.867, sd = 0.18. 
 
Transplant Health Utility 
 
After one cycle in transplant, successfully transplanted patients are assumed to move to 
CKD stage 3a (see the section entitled “SOC: Kidney transplant outcomes—the transitions 
from kidney transplant to CKD5 (failure), death, or success (CKD 3a)”).  We assume that 
they take on the health utility for the CKD 3a state.  In one large study evaluating 4,488 graft 
recipients with no aHUS, the mean eGFR was 51.2 ml/min/1.73m2 at 3 months following 
transplantation and 60% of patients had CKD stage 3 at 12 months following 
transplantation.(Marcen et al 2010) 
 


12.5.4 Please indicate the life years (LY) and QALYs accrued for each clinical 
outcome listed for each comparator. For outcomes that are a combination of 
other states, please present disaggregated results. 


 
The outcomes-based analysis does not apply for our model.   
 


12.5.5 Please provide details of the disaggregated incremental QALYs and costs by 
health state, and of resource use predicted by the model by category of cost. 
Suggested formats are presented below. 


 
Table D17: Summary of quality-adjusted life year (QALY) gain by health state 


Health 
state 


QALY  
Eculizumab 


QALY  
SOC Increment Absolute 


increment 
% absolute 
increment 


CKD 0-1-2 18.82 0.04 18.78 18.78 74.5% 
CKD 3-4 11.67 2.04 9.62 9.62 38.2% 
ESRF 0.51 2.72 -2.22 -2.22 -8.8% 
Transplant 0.00 0.96 -0.96 -0.96 -3.8% 
Dead 0.00 0.00 0.00 0.00 0.0% 
Total 30.99 5.77 25.22 25.22  


Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing 
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: 
Pharmaceutical Benefits Advisory Committee 
 
Base-case analysis 


12.5.6 Report the total costs associated with use of the technology and the 
comparator(s) in the base-case analysis. 


 
Table D18: Base-case results 
 Total per patient cost (£) 


Eculizumab £10,558,200 
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12.5.7 Report the total difference in costs between the technology and comparator(s). 
 
The difference in the cost between eculizumab-treated and SOC-treated patients (i.e., 
incremental costs) is £10,235,887. 
 
In Table D19, we provide details of the costs for the technology and its comparator by 
category of cost in a six-month interval.  We include the price of eculizumab, and vials 
consumed in the induction and maintenance periods.  There is no specific testing or 
monitoring requirements for eculizumab patients.  About 80% of patients are expected to be 
enrolled in a homecare program which will cover the costs of their infusion administrations.   
Patients enrolled in the homecare programme will incur no administration costs to the NHS 
as Alexion funds aHUS homecare programme in England.  Patients not enrolled would be 
expected to incur such costs.  Chair time for an eculizumab infusion is 30 minutes.  For 
those being infused using NHS resources, we assume that the infusion costs are £197 per 
session, per "Deliver simple parenteral chemotherapy first attendance (Currency Code 
SB12Z)."  We assume 13 administrations per 6 months. 
 
Meningococcal vaccine is routine at induction. We assume the cost of Menveo 
(meningococcal A, C, W135 and Y conjugate vaccine) at £30.00 per the British National 
Formulary, August 2013, for each eculizumab patient. 
 
Plasma exchange technology costs already include administration and other costs; see 
Section 12.3.1 describing their derivation. 
 
Table D19: Summary of costs by category of cost per patient 


Item Cost 
eculizumab Cost SOC Increment 


Technology cost      


Price of biologic eculizumab per vial £3,150   
Induction doses (1/2 year) 42.9   
Maintenance doses (1/2 year) 39.8   
SOC therapy cost (PLEX), adult (1/2 year)  £15,574  
SOC therapy cost (PLEX), child (1/2 year)  £22,620  


Mean total treatment cost, induction, per 
six months, adult £135,135 £31,148 £103,987 


Mean total treatment cost, maintenance 
per six months, adult £125,370 £31,148 £94,222 


Administration cost, per six months £512 * * 
Monitoring cost ** * * 
Tests ** * * 
Meningococcal vaccine £30 0 £30 
Total, adults (induction) (1/2 year) £135,677 £31,148 £104,529 
Total, adults (maintenance) (1/2 year) £125,882 £31,148 £94,734 


* Plasma exchange technology costs include administration and other costs; see section describing their 
derivation. 
** There is no specific testing or monitoring requirements for eculizumab patients. 
Note:  About 80% of patients will be enrolled in a homecare program which will cover the costs of their infusion 
administrations.  These patients will have no administration cost since Alexion pays for the homecare program.  


SOC  £322,313 
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Chair time for an eculizumab infusion is 30 minutes.  For those being infused in a facility, we assume that the 
infusion costs are £197 per session, per "Deliver simple parenteral chemotherapy first attendance (Currency 
Code SB12Z)."  We assume 13 administrations per six months.  Costs of SOC are for adults only.   
Note: Meningococcal vaccine is routine at induction.  We assume the cost of Menveo (meningococcal A, C, 
W135 and Y conjugate vaccine) at £30.00 per the British National Formulary, August 2013." 
Note: The SOC plasma price for children is £22,608 per six months. 
 


12.5.8 If appropriate, provide details of the costs for the technology and its comparator 
by health state. 


 
Table D20: Summary of costs by health state per patient 
Health 
state 


    Cost 
SOC 


 Cost 
ECU 


 Incremental 
(ECU - 
SOC) 


Percentage 
of total 


CKD 0-1-2  £2,435  £18,070  £15,635 0.2% 
CKD 3-4  £113,701  £13,021  -£100,680 -1.0% 
ESRF  £100,372  £14,147  -£86,226 -0.8% 
Transplant  £103,437  £0  -£103,437 -1.0% 
Transplant success, ongoing 
costs £2,367  £0  -£2,367 0.0% 


Biologic (Ecu) Cost £0  £10,512,963  £10,512,963 102.7% 
      


      
    Total: £322,313  £10,558,200  £10,235,887  
 


12.5.9 If appropriate, provide details of the costs for the technology and its comparator 
by health state. 


 
N/A as eculizumab costs do not vary by health state. 
 


12.5.10 If appropriate, provide details of the costs for the technology and its 
comparator by adverse event 


 
Adverse events are not included in the model, per prior discussion points, namely that 
eculizumab in aHUS is associated with mild AEs and SOC and its various components have 
never had their adverse event rates measured in a clinical trial setting. 
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Sensitivity analysis results 
12.5.11 Present results of deterministic one-way sensitivity analysis of the variables described in table below. 


 
Table D21: Results of One-Way Sensitivity Analysis  


Parameter  Base case Sensitivity SOC Costs Ecu Costs Incremental Costs 
SOC 


Benefit
s 


Eculizuma
b Benefits 


Incrementa
l Benefits 


Base case All None £322,313 £10,558,200 £10,235,887 5.773 30.995 25.221 
Age 28 45 £307,146 £7,882,430 £7,575,284 5.490 23.272 17.782 


 28 12 £325,495 £12,579,414 £12,253,919 5.833 36.825 30.992 
Discount rate, health 


utility 0.015 0.03/0.03 £287,867 £7,695,443 £7,407,576 5.137 22.701 17.564 


Discount rate, costs 
and benefits 0.015 0.03/0.015 £287,867 £7,695,443 £7,407,576 5.773 30.995 25.221 


Include C08-002 
patients only all only 002 £319,595 £10,509,469 £10,189,874 5.726 31.868 26.142 


Include C08-003 
patients only all only 003 £324,623 £10,849,592 £10,524,969 5.814 30.851 25.037 


Eculizumab reduces 
ESRF death likelihood 


by 50% 
0.052 0.026 £322,313 £10,879,019 £10,556,706 5.773 31.927 26.153 


SOC excess death, 6-
month tp (+/- 50%) 0.04 0.06 £286,328 £10,558,200 £10,271,872 5.098 30.995 25.896 


 0.04 0.02 £370,431 £10,558,200 £10,187,769 6.679 30.995 24.316 
SOC likelihood of a 15 
point EGFR drop, 6-
month tp  (+/- 50%) 


0.367 0.550 £318,267 £10,558,200 £10,239,933 5.664 30.995 25.330 


 0.367 0.183 £329,588 £10,558,200 £10,228,612 5.982 30.995 25.012 
SOC tranplant success 


rate (+/- 50%) 0.25 0.375 £325,582 £10,558,200 £10,232,619 5.838 30.995 25.157 


 0.25 0.125 £317,881 £10,558,200 £10,240,319 5.679 30.995 25.316 
SOC transplant excess 
mortality rate (+/- 50%) 0.051 0.076 £303,079 £10,308,210 £10,005,131 5.415 30.268 24.853 


 0.051 0.025 £348,416 £10,894,811 £10,546,395 6.260 31.972 25.712 
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Parameter  Base case Sensitivity SOC Costs Ecu Costs Incremental Costs 
SOC 


Benefit
s 


Eculizuma
b Benefits 


Incrementa
l Benefits 


Health state costs (+/- 
50%) base 50% £402,602 £10,580,819 £10,178,217 5.773 30.995 25.221 


 base -50% £242,024 £10,535,581 £10,293,558 5.773 30.995 25.221 
Eculizumab price (+/- 


10%) £3,150 £3,465 £322,313 £10,558,200 £10,235,887 5.773 30.995 25.221 


 £3,150 £2,835 £322,313 £10,558,200 £10,235,887 5.773 30.995 25.221 
Plasma exchange price 


(+/- 50%) £15,574 £23,361 £471,827 £10,558,200 £10,086,373 5.773 30.995 25.221 


 £15,574 £7,787 £241,446 £10,558,200 £10,316,755 5.773 30.995 25.221 
SOC health utility (Ecu 


health increment) 0.208 0.312 £322,313 £10,558,200 £10,235,887 4.865 30.995 26.130 


 0.208 0.104 £322,313 £10,558,200 £10,235,887 6.682 30.995 24.313 
Eculizumab health 


utility (+/- 10%) base 10% £322,313 £10,558,200 £10,235,887 6.532 30.995 24.462 


 base -10% £322,313 £10,558,200 £10,235,887 5.014 30.995 25.980 
Alternative health 


utilities (EQ-5D scores 
at baseline for SOC) 


base Alt £322,313 £10,558,200 £10,235,887 5.632 30.995 25.362 


ESRF mortality rate 0.052 0.079 £269,019 £10,558,200 £10,289,181 4.783 30.995 26.212 
 0.052 0.026 £408,721 £10,558,200 £10,149,480 7.384 30.995 23.611 
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12.5.12 Present results of deterministic multi-way scenario sensitivity analysis 
described in Section 12.4.3. 


 
Two multi-way sensitivity analyses were conducted based on the following scenarios: 
 
Multi-way sensitivity analysis 1: 


• Age 45 at baseline 
• SOC health utility difference versus eculizumab (varying eculizumab health 


increment) (+50%) 
• SOC likelihood of a 15-point eGFR drop, 6-month transitional probability (-


50%) 
• Results: 


o Incremental costs: £7,569,141 
o Incremental QALYs: 16.71 


 
Multi-way sensitivity analysis 2: 


• Eculizumab reduces ESRF death likelihood by 50% 
• 3% discount rate on costs  
• SOC likelihood of a 15 point eGFR drop, 6-month transitional probability 


(+50%) 
• Results: 


o Incremental costs: £7,331,915 
o Incremental QALYs: 23.47 


 
12.5.13 Present results of the probabilistic sensitivity analysis described in 


table below. 
 
Table D22: Results of the Probabilistic Sensitivity Analysis 
Analysis of Simulation Results Mean (95% CI: Lower Bound, Upper Bound) 
SOC Costs £328,986   (£170,557 - £650,831) 
Eculizumab Costs £10,562,466   (£9,765,646 - £11,050,326) 
SOC Benefits 5.9   (2.6 - 8.7) 
Eculizumab Benefits 31   (28.4 - 32.7) 
Incremental (Eculizumab - SOC) Costs £10,233,480   (£9,453,772 - £10,765,098) 
Incremental (Eculizumab - SOC) QALYs 25.1   (21.2 - 28.8) 
SOC Life years 10.6   (7.4 - 14.2) 
Eculizumab Life Years 47.9   (44.1 - 50.3) 
SOC QALYs in ESRF 2.8   (0.6 - 4.3) 
Eculizumab QALYs in ESRF 0.5   (0.1 - 1.2) 
Incremental (Eculizumab - SOC) Life 
Years 


37.3   (32.1 - 41.6) 


Incremental (Eculizumab - SOC) QALYs 
in ESRF 


-2.3   (-3.9 - -0.1) 


 
Histograms reporting the distribution of the 500 simulations for the following appear 
in the figures below.   
 


• Figure D8: Incremental (Eculizumab - SOC) Costs 
• Figure D9: Incremental (Eculizumab - SOC) QALYs 
• Figure D10: Incremental (Eculizumab - SOC) Life Years 
• Figure D11: Incremental (Eculizumab - SOC) QALYs in ESRF 
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Figure D8: Incremental (Eculizumab - SOC) Costs  


 
 
Figure D9: Incremental (Eculizumab - SOC) QALYs 
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Figure D10: Incremental (Eculizumab - SOC) Life Years  


 
 
Figure D11: Incremental (Eculizumab - SOC) QALYs in ESRF 


 
12.5.14 What were the main findings of each of the sensitivity analyses? 


 
Overall, in each of the sensitivity analyses, the distributions are symmetrical.  In the 
vast majority of simulation results, eculizumab confers large gains in QALYs and life 
expectancy, as well as much less time in ESRF. 
 


12.5.15 What are the key drivers of the cost results? 
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The three factors most associated with incremental cost increases are: 
1. Initiating patients at age 12 on average 
2. Increasing the eculizumab price by 10% 
3. Eculizumab reducing the ESRF death likelihood by 50% 


 
The three factors most associated with incremental cost decreases are: 


1. Discounting costs at 3% 
2. Initiating patients at age 45 on average 
3. Decreasing the eculizumab price by 10% 


 
Miscellaneous results 


12.5.16 Describe any additional results that have not been specifically 
requested in this template. If none, please state. 


 
There are no additional results that should be reported. 
 


12.6 Subgroup analysis 


For many technologies, the capacity to benefit from treatment will differ for patients 
with differing characteristics. Sponsors are required to complete section 12.6 in 
accordance with the subgroups identified in the scope and for any additional 
subgroups considered relevant. 


Types of subgroups that are not considered relevant are those based solely on the 
following factors. 


• Individual utilities for health states and patient preference. 
• Subgroups based solely on differential treatment costs for individuals according to 


their social characteristics. 
• Subgroups specified in relation to the costs of providing treatment in different 


geographical locations within the UK (for example, if the costs of facilities available 
for providing the technology vary according to location). 


 
12.6.1 Specify whether analysis of subgroups was undertaken and how these 


subgroups were identified.  
 
No subgroup analysis was performed. 
 


12.6.2 Define the characteristics of patients in the subgroup(s). 
 
No subgroup analysis was performed. 
 


12.6.3 Describe how the subgroups were included in the cost-consequences 
analysis. 


 
No subgroup analysis was performed. 
 


12.6.4 What were the results of the subgroup analysis/analyses, if conducted? 
The results should be presented in a table similar to that in 
section 12.5.6 (base-case analysis). 


 
No subgroup analysis was performed. 
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12.6.5 Were any subgroups not included in the submission? If so, which ones, 


and why were they not considered?  
 
The data are limited for modelling outcomes for the full sample in aHUS, an ultra-rare 
disease, arguably to the point that one could argue that valid inferences from the 
model are not possible.  Subgroup analysis would parse an already ultra-thin data 
source, and so were not performed 
 


12.7 Validation 


12.7.1 Describe the methods used to validate and cross-validate (for example 
with external evidence sources) and quality-assure the model. Provide 
references to the results produced and cross-reference to evidence 
identified in the clinical and resources sections. 


 
We used the TMA registry data from Coppo et al and Hovinga et al to validate both 
the CKD based model and non-renal mortality.  While use of registries have inherent 
limitations to estimate incidence and prevalence of clinical complications, we believe 
both of these TMA databases most closely match the eculizumab aHUS patient by 
consecutively and non-selectively recruiting patients who reflect the current diagnosis 
pathway for aHUS into the registry from validated sources, evidence of TMA at 
presentation, any TMA-related organ damage and measured ADAMTS13 activity to 
define aHUS vs. TTP patients.   
 
There are also published event-time data from aHUS registries reporting the 
progression to ESRF and mortality which show declining renal function in the first 
one to three years comparable with predictions in this submission model. Specifically, 
Legendre et al. state: “ESRD or death occurs in approximately 33% to 40% of 
patients during the first clinical manifestation.”  Indeed, data from Caprioli et al (Blood 
2006) reported approximately 33% of patients reach ESRD or die following the first 
clinical presentation of TMA (assumed to be within 1 year) and Noris et al (CJASN 
2010) reported approximately 56% at 3 years.  Both publications report 8-11% 
mortality in approximately 1-3 years.  We note that both these publications report on 
data from the HUS/TTP international registry and isolate TMA patients with acute 
renal failure for their estimations.  Fremeaux-Bacchi et al. (CJSAN 2013) reported 
from a French population and report 56% of adults and 29% of children require renal 
replacement or died within 1 year of follow up.  They reported 5-year survival without 
ESRF was 64% in children and 36% in adults. On the joint end-point of ESRD or 
death, our model predicts 54.6% at year 1 and 72.9% at year 2; note that at baseline 
in our model, 29.7% are already in ESRD per the trials C08-002 and 003. 
Interestingly Fremeaux-Bacchi et al reported a mortality of 7.8% and 1.6% at the end 
of follow up.   
 
These three aHUS registries reported lower rates of ESRF and mortality > 5 years 
follow up compared to our model and what is reported in both the Coppo and 
Hovinga TMA registries.  However we note some of the limitations and assumptions 
between our model and the aHUS renal-focused registries that may account for 
some differences in survival analysis outcomes.  
 


• First, the three renal-focused aHUS registries did not enrol consecutive 
patients as they presented with aHUS.  These registries relied on physicians 
to enrol patients.  Considering the high rate of early mortality, our assumption 
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is that physicians did not enrol patients who died early in their care, leading to 
a survival bias at study entry.   
 


• Second, the physicians in the aHUS registries also may not have followed up 
on patients with other organ impairment or damage, given that the study 
involved a patient population with ultra-rare disease who were dispersed 
across multiple countries.   By design, Kaplan Meier analysis censors those 
lost to follow-up, and does not assume that these patients are alive or did not 
progress to ESRF. Reported results could underestimate the number of 
deaths.    
 


• Third, the renal focused aHUS registries may not have followed up on 
patients on dialysis and therefore may not have captured the high rate of 
mortality on dialysis over time.  For example, Fremeaux-Bacchi et al reported 
a lower mortality than our model predicts and other aHUS registries report.  
However the investigators lost patients to follow-up once on dialysis.  
Accordingly, these studies often presented ESRF and death as a joint 
endpoint.  Their death outcomes would be underestimated by censoring these 
patients.  


 
In contrast, both the Coppo et al and Hovinga et al registries present a “real world” 
expectation of aHUS presentation and outcomes.  Both registries present a large “all 
comers” sample who are defined by the differential diagnostic criteria used to identify 
patients who would be eligible for eculizumab and currently receive standard of care 
including PE/PI.  The registries include patients from disease onset.  They do not 
limit patients to voluntary patient enrolment by the treating physician.  Based on 
these points, the use of the Coppo and Hovinga dataset is a more reliable dataset. 
 
Below we highlight the mortality due to renal death in our model (dashed red line) 
compared to Noris et al (Figure D12).  As described above the aHUS registries such 
as Noris model predict a lower mortality, possibly due to selection bias and lack of 
follow-up time.  Coppo and Hovinga, registries that follow consecutive TMA patients 
with any organ damage, both reported a similar mortality curve over time.  We used 
these curves to support our model of non-renal TMA mortality and over mortality.  
Therefore the patients in the eculizumab clinical trial demonstrate an estimated 
mortality aligned with reported mortality in two large TMA registries. 
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Figure D12: Comparison of Modelled and Reported Mortality 


 
 
With regards to validating our eculizumab CKD stage outcomes, these are derived 
directly from the patient level clinical trial data.  With regards to mortality, the 
eculizumab model predicts 1.7 deaths at three years, assuming a starting cohort of 
37 patients.  One patient death was observed in C08-002 and 003, deemed not 
related to the study drug.  There could be a beneficial effect of eculizumab in CKD 5, 
which we test in a sensitivity analysis.  Certainly, there would be expected benefits to 
treating a patient’s underlying complement disorder when that patient would be on 
dialysis, considering the effect of TMA events for those in dialysis. 
 


12.8 Interpretation of economic evidence  


12.8.1 Are the results from this cost-consequences analysis consistent with the 
published economic literature?  If not, why do the results from this 
evaluation differ, and why should the results in the submission be 
given more credence than those in the published literature? 


 
There is no published literature assessing the costs of eculizumab vs. SOC. 
 
To compare the size of the QALY gain predicted by our model, we compare versus 
results reported in Tufts University’s Cost-effectiveness Registry, which offers 
systematic review of cost-effectiveness results.  Table D23 reflects QALY gains for 
select interventions which were presented in a league table format. 
(https://research.tufts-nemc.org/cear4/Resources/LeagueTable.aspx, last accessed 
9/10/2013).  Selection criteria include studies published since 2003 in a journal 
whose impact factor is greater than or equal to 10. Changes in QALYs ranged from -
0.05 (Heparin sodium and alteplase for haemodynamically stable patients with a sub-
massive pulmonary embolism and right ventricular dysfunction) to 3.0 (implantable 
cardioverter defibrillator to prevent sudden cardiac death for patient who are at risk 
for sudden death due to left ventricular systolic dysfunction).  The gains of 
eculizumab for aHUS should be considered in comparison to results such as these.   
 



https://research.tufts-nemc.org/cear4/Resources/LeagueTable.aspx
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Table D23: Comparative QALY gains from select cost-effectiveness analyses 
publications  


Intervention 
Change 


in 
QALY 


Source 


Disease-modifying anti-rheumatic drugs compared to 
the traditional pyramid strategy for newly diagnosed 
rheumatoid arthritis patients 


0.30 
Finckh. Annals of 
Internal Medicine 


2009 


Daily enteric-coated aspirin compared to no aspirin for 
men age 55 or older with Barrett's esophagus to 
prevent esophageal cancer 


0.19 
Hur. Journal of the 
National Cancer 


Institute 2004 


Early surgery compared to prolonged conservative 
care to treat patients with sciatica from lumbar disc 
herniation 


0.02 to 
0.04 


van den Hout. BMJ 
2008 


Training for the caregivers of stroke patients 
compared to no training 0.00 Patel. BMJ 2004 


Coumadin (Warfarin) compared to aspirin for 70 year-
olds with atrial fibrillation 0.81 O'Brien. JAMA 2005 


Diabetes education and self management compared 
to standard care for patients newly diagnosed with 
type 2 diabetes 


0.04 Gillett. BMJ 2010 


Daily dialysis compared to dialysis every other day for 
60 year-old critically ill men with kidney injury 2.14 


Desai. Archives of 
Internal Medicine 


2008 


ICD (implantable cardioverter defibrillator) compared 
to current standard of care to prevent sudden cardiac 
death for patient who are at risk for sudden death due 
to left ventricular systolic dysfunction 


3.00 
Sanders. New 


England Journal of 
Medicine 2005 


HIV counselling, testing, and referral compared to 
current standard of care in high risk populations (HIV 
annual incidence 1.2% and prevalence of 
undiagnosed HIV 0.3%) 


0.03 
Paltiel. New England 
Journal of Medicine 


2005 


Spine surgery compared to non-operative treatment 
for adult patients with confirmed spinal stenosis and 
spinal nerve-based (radicular) leg pain 


0.17 
Tosteson. Annals of 


Internal Medicine 
2008 


Annual CT screening compare to no screening for 60 
year-old heavy smokers who are eligible for lung 
reduction surgery 


0.04 Mahadevia. JAMA 
2003 


Screening for osteoporosis with a bone densitometry 
and osteoporosis treatment compared to no 
densitometry or treatment for men age 65 and older 
with no prior fracture 


0.03 Schousboe. JAMA 
2007 


Heparin sodium and alteplase compared to heparin 
sodium for haemodynamically stable patients with a 
sub-massive pulmonary embolism and right ventricular 
dysfunction 


-0.05 
Perlroth. Archives of 


Internal Medicine 
2007 


Annual compared to tri-annual rapid HIV screening in 
moderate to low risk populations -0.003 


Paltiel. Annals of 
Internal Medicine 


2006 


 



http://www.ncbi.nlm.nih.gov/pubmed/19884622?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/19884622?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/19884622?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/14970280?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/14970280?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/14970280?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/18502912?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/18502912?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/15130978?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/15701911?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/20729270?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/18779463?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/18779463?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/18779463?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/16207849?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/16207849?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/16207849?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/15703423?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/15703423?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/15703423?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/19075203?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/19075203?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/19075203?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/12525232?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/12525232?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17684185?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17684185?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17210881?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17210881?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17210881?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17146064?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17146064?dopt=Abstract

http://www.ncbi.nlm.nih.gov/pubmed/17146064?dopt=Abstract
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12.8.2 Is the cost-consequences analysis relevant to all groups of patients and 
specialised services in England that could potentially use the 
technology as identified in the scope? 


 
Yes. 
 


12.8.3 What are the main strengths and weaknesses of the analysis? How 
might these affect the interpretation of the results? 


 
The model’s strengths include that fact that eculizumab and SOC efficacy were 
parameterized with patient-level clinical trials data.  For eculizumab, more than three 
years of data are available for some patients.  Published literature, though sparse, 
has been systematically used to populate the model.  Incremental benefits are large 
in favour of eculizumab in all scenarios.   
 
The model, and the data that support, the model have a number of limitations: 
 


• Extreme difficulty exists with using a standard health technology assessment 
approach in modelling an ultra-orphan condition due to sparse data on current 
practices, lack of aHUS-specific or appropriately severity-adjusted NHS 
costing categories, and the limited number of patients in clinical trials.  For 
example, the relatively small number of patients in the clinical trials makes 
any movement of one or two patients between CKD states have a relatively 
large effect on incremental effects. 


 
The EQ-5D scores recorded in the trials do not match well with values 
reported in the literature (e.g. relatively high EQ-5D scores were seen for 
patients with ESRF who were treated with eculizumab [observations of 1.0, 
1.0 and 0.844 and 0.706).  One expert speculated that eculizumab could 
improve quality of life in patients be obviating subclinical micro-TMAs, which 
could explain the large increase in health utility.  Also, the psychological 
burden of plasma exchange is great, and removing that likelihood could 
greatly improve patients’ HRQL. 


 
• Non-fatal TMAs that affect non-renal function are an important part of the 


disease, but insufficient data were available to include them as distinct health 
states.   


 
• The design and selection criteria for the aHUS and TMA registries are not 


aligned.  The latter are a better approximation of the patients who would 
receive eculizumab. 


 
• The economic model does not include productivity benefits or other indirect 


costs, though these are expected to be large and in favour of eculizumab. 
 


• The model utilises eculizumab treatment data from both clinical studies C08-
002 and C08-003.  The investigators of the trials reported “Earlier intervention 
with eculizumab (i.e., a shorter interval between the current clinical 
manifestation of atypical haemolytic–uremic syndrome and initiation of 
treatment) was associated with significantly greater improvement in the 
estimated GFR in both trials.”(Legendre et al, 2013)  With increased disease 
awareness, earlier diagnosis and intervention and the establishment of 
specialist treatment services it is anticipated that patients will receive 
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eculizumab treatment much earlier than occurred in some of the patients 
enrolled in the trial and greater eGFR gains are likely to occur in clinical 
practice.  For this reason, the renal benefits in the model for eculizumab are 
considered to be underestimated. 


 
12.8.4 What further analyses could be undertaken to enhance the 


robustness/completeness of the results? 
 
A registry could be set up in the UK measuring effects in patients initiating 
eculizumab. 
 
13 Cost to the NHS and Personal Social Services 
 
The purpose of Section 13 is to allow the evaluation of the affordability of the 
technology.   
 
An epidemiological approach, based on the overall population of England, was used 
to determine the expected financial implications, commonly known as a budget 
impact model (BIM), associated with public funding for eculizumab for the treatment 
of aHUS over a five-year time period, from the beginning of 2013 to the end of 2017.  
Specific parameters and calculations used in the BIM are described in detail in the 
sections below. 
 
Note about Rounding: Please note that throughout this section, and in the 
corresponding budget impact model (BIM) Excel spreadsheet that contains the BIM 
itself (Appendix 17.9), exact calculations were computed in the assessment of budget 
impact so no rounding is performed on the numbers included in the equations with 
two exceptions: 1) the “Total Country Population” values and 2) the final “Cost of 
Treatment” calculations.  For both of these values, decimal points are displayed.  
Output for all others numbers in the model are displayed as integers and presented 
with zero decimal places showing.  As a result, some computations may appear 
incorrect in the spreadsheet and seem to be off by a factor of “1”; however, this is 
due to rounding only as the numbers themselves are correct. 
 


13.1 How many patients are eligible for treatment in England?  Present 
results for the full marketing authorisation and for any subgroups 
considered. Also present results for the subsequent 5 years. 


Total English Population  
 
The 2010 estimate of the English population, from the Office for National Statistics4, 
was 52.6 million.  The annual growth rate of the population was estimated to be 
1.008, which was calculated as average of annual growth rates from 2005 to 2010 for 
the English population, also from the Office for National Statistics.5  Using this growth 


                                                
4 From "Mid-2002 to Mid-2010 Subnational Population Estimates revised in light of the 2011 
Census", specifically Table 4. Mid-2010 Population Estimates: England; estimated resident 
population by single year of age and sex;  revised in light of the 2011 Census, available at: 
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population#tab-data-tables, last 
accessed 6/17/2013. 
5 From "Mid-2002 to Mid-2010 Subnational Population Estimates revised in light of the 2011 
Census", specifically Table 4. Mid-2010 Population Estimates: England; estimated resident 
 



http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population#tab-data-tables
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rate, the English population for 2013 (Year 1 in the BIM) is estimated to be 53.9 
million persons, increasing to 55.6 million in 2017 (Year 5 in the BIM). 
 
Prevalence and Incidence of aHUS in England 
 
As expected with an ultra-rare disease, data on the prevalence of aHUS are 
extremely limited.  Our base case prevalence estimate is 5.5 persons per million, 
which is based on the prevalence of aHUS reported in NHS North East, specifically in 
the Newcastle area as reported by Professor Tim Goodship in a previous submission 
to the Advisory Group for National Specialised Services (AGNSS) in 2012.  Our base 
case incidence estimate is 0.6 persons per million.  This assumption is based on data 
originally received from the paediatric and adult renal units in the UK for prevalent 
and incident patients in 2009 to 2010 (data provided by Professor Tim Goodship, 
2012) and projected to reflect recent data from English aHUS cases newly diagnosed 
in 2013.  The data presented within the BIM represent the most recent understanding 
of the prevalence and incidence of aHUS within England.  There is still some 
uncertainty that all cases have been identified and diagnosed within England, hence 
the model predicts that some existing “undiagnosed” cases will be diagnosed during 
the five-year period of the BIM.  In the baseline year (Year 1) of the BIM, prevalent 
patients are calculated.  Incident patients are modelled as entering the patient pool at 
the beginning of the next year (Year 2). 
 
Due to lack of published data on adult incidence and prevalence of aHUS, for 
purposes of this model, we assume that the probability of an aHUS clinical 
manifestation is equally likely to occur in children and adults.  Therefore, the 
estimated prevalence is assumed to be 5.5 aHUS patients per million for both 
children and adults.  This approach is supported by the wide age spread of patients 
with aHUS observed in the eculizumab clinical trials: the age range of patients 
enrolled in prospective study C08-002 was 17 to 68 years of age; in the prospective 
C08-003 study, the age range was 13 to 63 years. 
 
The total number of treatable aHUS patients is tracked in the BIM in terms of 
prevalence, plus incidence, minus mortality.  Use of mortality estimates for purposes 
of the BIM is explained further below.  The model predicts that there will be 296.3, 
308.6, 324.1, 342.8, and 362.3 treatable patients over the five-year period, per row 9 
on the sheet entitled “Ecu Scenario” in the electronic version of the model. 
 


13.2 Describe the expected uptake of the technology and the changes in 
its demand over the next five years. 


Diagnosed and Treated Patients  
 
The percentage of aHUS patients diagnosed and treated each year is expected to 
increase gradually over time as diagnostic methods evolve, and physician and 
patient awareness about the disease increases.  Based on Alexion’s recent 
experience in another ultra-rare disease, Paroxysmal Nocturnal Haemoglobinuria 
(PNH), and our experience to date with aHUS, we assume the schedule of market 
uptake (treatment rate amongst diagnosed patients) for eculizumab depicted in Table 
D24 below, rows 1 and 2.  For purposes of the BIM, patients who are not expected to 
                                                                                                                                       
population by single year of age and sex;  revised in light of the 2011 Census, available at: 
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population#tab-data-tables, last 
accessed 6/17/2013. 



http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Population#tab-data-tables
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be treated with eculizumab are assumed to receive standard of care (SOC) prior to 
the availability of eculizumab. 
 
Specifically, two scenarios are included in the BIM: one where eculizumab is 
recommended for use, called the “Eculizumab Available Scenario”, and another 
where it is not recommended, called the “Eculizumab Not Available Scenario”.  The 
difference in the calculated budget in these two scenarios is the net budget impact.   
 
The description of the BIM structure in this section will focus on the “Eculizumab 
Available Scenario”, as the “Eculizumab Not Available Scenario” is identical in all 
aspects except for the differences in the distribution of initiated treatments outlined 
below.  Note that patients in both scenarios receive either eculizumab or SOC prior to 
the availability of eculizumab.   
 
Table D24: Estimated Market Uptake of Eculizumab in aHUS 


 Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Eculizumab 
Available Scenario 


     


 1) eculizumab 15.0% 30.0% 45.0% 50.0% 55.0% 
2) SOC 85.0% 70.0% 55.0% 50.0% 45.0% 


 Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Eculizumab Not 
Available Scenario 


     


3) eculizumab 0.0% 0.0% 0.0% 0.0% 0.0% 
4) SOC 100.0% 100.0% 100.0% 100.0% 100.0% 


 
Mortality 
 
For purposes of the BIM, mortality is assessed at the end of each year based on the 
type of treatment received.  Eculizumab patients are assumed to have the 
background mortality rate, considering that only one patient died over three years of 
extension data collected from the two main eculizumab clinical trials (C08-002 and 
C08-003).  Specifically, the 1 death was over 352.2 patient years, or 0.28% mortality 
rate.  Accordingly, we assume a background annual probability of death for a 28-year 
old patient based on the Office of National Statistics annual mortality rates.6  
 
For patients receiving SOC prior to the availability of eculizumab, we assume a 
mortality rate based Coppo et al., 2010, which found mortality of 11.7% at an 
average follow-up of 17.8 months in 214 patients, and which equates to about 8% 
mortality per year.  (Please see Section 12.8, subsection “SOC: The transitions 
between CKD states” for a discussion of Coppo et al., 2010.)  
 
Patients on Eculizumab 
 
In the BIM, patients are followed according to each year that they initiate therapy so 
that induction and maintenance doses can be separately measured.  Treatment 
                                                
6 Office of National Statistics data, annual mortality, 
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Life+Tables#tab-data-tables. Last 
accessed August 20, 2013. 



http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Life+Tables#tab-data-tables





 


Specification for manufacturer/sponsor submission of evidence 183 of 276 


initiation is assumed to occur in the middle of a year, thus new patients receive one-
half of a year’s worth of doses.  Maintenance patients receive a full year of doses.  
For 2013, data have been forecast reflecting anticipated full year eculizumab-treated 
patients based on access criteria applied by NHS England between April and 
September 2013. Thereafter, uptake is based on the assumption that the 
recommendations of the Clinical Priorities Advisory Group (CPAG) are formally 
ratified by the Directly Commissioned Services Group (DCSG) whereby NHS 
England will commission eculizumab for new patients with aHUS (defined to include 
those with a functioning kidney), and for existing patients who are on dialysis and are 
suitable for a kidney transplant.  A commissioning for evaluation scheme will be 
developed for patients who are not suitable for transplant (Table D25). 
 
Table D25: Estimated Number of Patients Treated with Eculizumab in England over a 
Five-Year Period 


 
Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Treatable aHUS population 296.3 308.6 324.1 342.8 362.3 


           
Patients on eculizumab 15.0% 30.0% 45.0% 50.0% 55.0% 
Patients on SOC 85.0% 70.0% 55.0% 50.0% 45.0% 


    
  


Patients receiving 
eculizumab           


Year 1 44 44 44 44 44 
Year 2  48 48 48 48 
Year 3   53 53 53 
Year 4    26 26 
Year 5     28 


Total patients receiving  
eculizumab  44 93 146 171 199 


Note: As described above, exact calculations are presented with zero decimal places showing. 
 
The expected numbers of patients treated with eculizumab are multiplied by the 
expected number of vials per patient to reach an estimate of the total eculizumab 
drug cost over the five-year forecast period (described further below).  It should be 
noted that the vial consumption is based on a compliance rate of 100% in all treated 
patients, which is likely an over-estimate of the actual vial consumption over time. 
 
Dosing and Expected Vials Consumed per Patient 
 
Per the European Medicines Agency (EMA)-approved label, the aHUS dosing 
regimen for adult patients (≥18 years of age) consists of a four-week initial phase 
followed by an on-going maintenance phase: 
 


• Initial phase: 900 mg of eculizumab via an intravenous infusion every week 
for the first four weeks. 


• Maintenance phase: 1,200 mg of eculizumab administered via an intravenous 
infusion for the fifth week, followed by 1,200 mg of eculizumab administered 
via an intravenous infusion every 14 ± 2 days. 


 
In paediatric aHUS patients (aged less than 12 years), and adolescent patients (aged 
12 years to under 18 years), the eculizumab dosing regimen is outlined in Table D26 
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below.  In the associated Excel spreadsheet that contains the BIM (Appendix 8), the 
worksheet labelled “Dose Table” contains a weekly accounting of all vials in the 
induction (initial) and maintenance phases for patients on eculizumab therapy during 
a year of treatment. 
 
Table D26: Dosing Schedule by Patient Weight 


Patient Body Weight Initial Phase Maintenance Phase 


5 - <10 kg 300 mg weekly x 1 300 mg at week 2; then 300 mg every 3 
weeks 


10 - <20 kg 600 mg weekly x 1 300 mg at week 2; then 300 mg every 2 
weeks 


20 - <30 kg 600 mg weekly x 2 600 mg at week 3; then 600 mg every 2 
weeks 


30 - <40 kg 600 mg weekly x 2 900 mg at week 3; then 900 mg every 2 
weeks 


≥40kg 900 mg weekly x 4 1,200 mg at week 5; then 1200 mg every 2 
weeks 


 
Table D27 below provides estimates of the total vials consumed per year for 
induction (initial) and maintenance aHUS patients by different patient weights.  As 
noted above, new patients are assumed to initiate therapy mid-year in the model so 
these patients receive one-half of a full year’s worth of induction therapy.  
Maintenance patients receive a full year of maintenance vials. 
 
Table D27 also includes the “Patient Population Weight Distribution,” which 
represents the estimated body weight distribution for persons diagnosed with aHUS 
based on information Alexion has collected globally.  In the baseline year of the 
model, 60% of patients are assumed to receive adult dosing, with the remainder 
uniformly distributed over the other four paediatric dosing schedules.  In the next four 
years of the model, 70% of patients are assumed to receive adult dosing, with the 
remainder uniformly distributed over the other four paediatric dosing schedules.  The 
model uses a five-year average of these weight distribution assumptions in its 
estimated dosing calculation.  Please note that the patient weight distribution is 
entered into cells C31 to G35 on the “Parameters” worksheet in the attached BIM 
spreadsheet (Appendix 8).   
 
Table D27: Eculizumab Vial Usage Rate – Estimates of Vials Consumed 


 


Pt Population 
Wt Distribution  
(Average Yr 1 to 


Yr 5) 


New Pt. Doses  
(1/2 year) 


Maint. Pt. Doses  
(full year) 


Paediatric patients weighing 5 – 
10 kg 8.0% 10 18 


Paediatric patients weighing 10 
- <20 kg 8.0% 15 26 


Paediatric patients weighing 20 
- <30 kg 8.0% 28 52 


Paediatric patients weighing 30 
- <40 kg 8.0% 40 78 


Adult dosing weight (> 40 kg) 68.0% 56 104 
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Pt Population 
Wt Distribution  
(Average Yr 1 to 


Yr 5) 


New Pt. Doses  
(1/2 year) 


Maint. Pt. Doses  
(full year) 


Annuals vials consumed by a 
patient in a patient group 
(based on weighted average of 
the five different weight 
categories in Table C above) 


-- 46 vials 85 vials 


 
Multiplying the expected number of doses for new and maintenance patients by the 
weight distribution yields the expected number of vials consumed for a patient in 
each of the groups in one year, which is 46 and 85 vials, respectively.  (See row 47 
of worksheet labelled “Parameters.”). 
 
Expected vials per patient are then multiplied by the number of patients in each 
group expected to receive eculizumab (Table D28). 
 
Table D28: Eculizumab Vial Usage Rate by Estimated Numbers of Patients 


Number of vials Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Vials for new patients 2,023 2,192 2,424 1,164 1,269 
Vials for maintenance patients on  
eculizumab  0 3,762 7,837 12,343 14,507 


Total eculizumab volume (vials) 2,023 5,953 10,260 13,507 15,777 
 
Cost of Eculizumab 
 
The ex-factory price for eculizumab in the UK is £3,150 per vial (see cell C26 in the 
worksheet labelled “Parameters”).  Based on the vial estimates in Table D33 above, 
and the per vial ex-factory price of eculizumab, the estimated annual total budget 
costs are provided in Table D29 below. 
 
Table D29: Estimated Total Population Cost over a Five-Year Period for Eculizumab 
in aHUS Patients in England 


  
Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Cost of 
treatment 
with 
eculizumab 
@ ex-factory 
price 
(rounded to 
nearest £) 


£6,372,856 £18,752,962 £32,320,497 £42,547,890 £49,696,328 
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Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Cost of 
treatment 
with 
eculizumab 
@ ex-factory 
price 
(rounded to 
nearest 
£100,000) 


£6,400,000 £18,800,000 £32,300,000 £42,500,000 £49,700,000 


 
13.3 In addition to technology costs, please describe other significant 


costs associated with treatment that may be of interest to NHS 
England (for example, additional procedures etc). 


Other Healthcare Costs 
 
Patients receiving eculizumab are expected to use other non-biologic healthcare 
resources, which must be accounted for in the BIM.  This costing appears in the 
sheet “Direct Med Costs”.  Annual costs are included for eculizumab-treated patients 
in accordance with their average distribution over the first five years in the “alive 
health states” in the cost-effectiveness model included as part of this submission for 
those treated with eculizumab including CKD 0-1-2, CKD 3-4, ESRF, and kidney 
transplant.  The costs per health state are multiplied by the distribution to get a 
weighted average cost.   
 
SOC Costs 
 
SOC costs must also be calculated for the “Eculizumab Available Scenario,” 
considering that some proportion of patients will receive SOC based on Table D29 
above entitled “Estimated Market Uptake of Eculizumab in aHUS”.  The costs of SOC 
include plasma exchange, CKD health state and ESRF costs.  Similar to the 
eculizumab direct medical costing described above, annual costs are included for 
SOC-treated patients in accordance with their average distribution over the first five 
years in the alive health states in the cost-effectiveness model for those treated with 
SOC including CKD 0-1-2, CKD 3-4, ESRF, and kidney transplant.  The costs per 
health state are multiplied by the distribution to get a weighted average cost.  Plasma 
costs are added for patients in the CKD 0-1-2 and CKD 3-4 states.  The derivation 
and sourcing of these costs are described in detail in Section 12.3.7 of this 
submission. 
 
SOC Scenario 
 
The SOC scenario is calculated in an identical fashion to the eculizumab scenario 
(see “No Ecu Scenario” worksheet in Appendix 8), but using the SOC/eculizumab 
market distribution found in the bottom two rows in Table D29 above. 
 


13.4 Describe any estimates of resource savings associated with the use 
of the technology. 


The model estimates that conditional on being alive, eculizumab reduces non-
biologic direct medical costs by 80%.  These costs are based on eculizumab treated 
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patients spending less time in more costly states like ESRF, transplant, and CKD 3a-
4, and more time in CKD 0-2. 
 


13.5 Are there any other opportunities for resource savings or 
redirection of resources that it has not been possible to quantify? 


Per our earlier comments, major direct medical costs are excluded, including those 
not related to renal morbidity.  These costs, for resource use associated with stroke, 
cardiac arrest, deep vein thrombosis for example, can be relatively high.  Also, 
indirect costs and benefits are excluded; see the limitations in this section. 
 


13.6 Describe any costs or savings associated with the technology that 
are incurred outside of the NHS and PSS. 


As we note in more detail in the limitations section, societal indirect costs and 
benefits are excluded.   
 


13.7 What is the estimated budget impact for the NHS and PSS over the 
first year of uptake of the technology, and over the next 5 years? 


Net Budget Impact 
 
The net budget impact for eculizumab in aHUS in England is provided in Table D30 
below.  Due to the ultra-rare nature of aHUS, and therefore the limited number of 
patients who will benefit from this life-saving therapy, eculizumab is expected to have 
an overall limited five-year budget impact in England of the following: 
 


• Year 1 (2013): £5.6 million 
• Year 2 (2014): £17.2 million 
• Year 3 (2015): £30.0 million 
• Year 4 (2016): £40.0 million 
• Year 5 (2017): £47.0 million 


 
Table D30: Net budget impact calculation 
COSTS Year 1 


(2013) 
Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Scenario where 
eculizumab 
available 


     


eculizumab 
costs £6,372,856 £18,752,962 £32,320,497 £42,547,890 £49,696,328 


other direct 
medical costs £194,571 £405,336 £638,437 £750,363 £872,424 


SOC costs £5,460,838 £4,684,307 £3,864,755 £3,716,426 £3,535,340 
Total £12,028,265 £23,842,604 £36,823,689 £47,014,680 £54,104,091 


      
Scenario where 
eculizumab not 
available 


£6,424,516 £6,614,841 £6,795,528 £6,967,395 £7,131,198 


      
BUDGET IMPACT £5,603,749 £17,227,763 £30,028,161 £40,047,285 £46,972,893 
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Costs of remaining alive longer with eculizumab 
 
It is important to note that the BIM indicates that the direct medical cost expenditure 
to the NHS is between £8 and £10 million over the 5-year budget window.  That is, if 
eculizumab had the same mortality rate as SOC, the NHS would save between £8 
and £10 million over the period calculated in the BIM.  Excluded from this analysis 
are the health benefits accrued to patients on eculizumab, as well as any costs aside 
from direct medical expenses.  The incomes and other goods produced by these 
patients who would have died, as well as the incomes and other goods produced by 
these patients and their caretakers who would become more functional, healthier 
members of society, but do not because of eculizumab, are excluded from the BIM.  
Given the particular circumstances of the aHUS patient population, namely the 
difficulties in patients with an ultra-rare disease to access new medicines, we 
recommend that the NHS recognize the flaws in the BIM method when reviewing this 
submission. 
 


13.8 Describe the main limitations within the budget impact analysis (for 
example quality of data inputs and sources and analysis etc). 


As explained in Section 13.7 above, the budget impact of the eculizumab scenario is 
likely overstated.  It also is expected that availability of eculizumab for the treatment 
of aHUS would significantly reduce the morbidity of patients with the disease.  
However, health utility is excluded from this BIM.  As seen in the eculizumab aHUS 
clinical trials (Legendre et al 2013), and the cost-effectiveness model included in 
Section 12 of this submission, a large health utility increase is attributed to 
eculizumab vs. SOC.  Such effects, even monetised versions of them, are excluded 
from BIM, which biases the cost estimate against eculizumab when considered in a 
societal context.  Moreover, due to the abbreviated time horizon of the BIM, the total 
life years lost by SOC are not included from a budget perspective.  Indirect costs 
would likely be reduced by eculizumab given its substantial improvement in patients’ 
quality of life, but there are no published studies which quantify these effects in a 
form that could be included in the BIM.  Collectively, these effects are not included in 
the current analysis, and the budget impact of the eculizumab scenario is likely 
overstated as a result. 
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Section E – Impact of the technology beyond direct 
health benefits and on the delivery of the specialised 
service 


 


14 Impact of the technology beyond direct health 
benefits 


 
14.1 Describe whether a substantial proportion of the costs (savings) or 


benefits are incurred outside of the NHS and personal social 
services, or are associated with significant benefits other than 
health. 


The economic costs of sickness absence and worklessness associated with working 
age ill-health are over £100 billion a year in the UK–greater than the current annual 
budget for the National Health Service (NHS).(DoH 2008)  In a condition as severe 
as atypical Haemolytic Uraemic Syndrome (aHUS), is it is therefore likely that 
considerable per-patient cost is associated with the disease, beyond that incurred by 
the NHS and PSS.  Accordingly, it is expected that by significantly reducing patient 
morbidity, eculizumab has the potential to reduce the wider societal burden of the 
disease. 
 
The impact of aHUS on patients and carers is described in Section 7.  The current 
section, Section 14, attempts to quantify this impact and estimate cost savings that 
might be possible with eculizumab.  The following economic domains are considered: 
 


• Societal Costs 
o Productivity loss 
o Foregone tax revenue 
o Government benefits; 


 
• Out of pocket expenditure for patients and carers 


o Transportation 
o Housing 
o Other costs; and 


 
• Other carer costs. 


The purpose of Section 14 is to establish the impact of the technology beyond 
direct health benefits, that is, on costs and benefits outside of the NHS and 
PSS, and on the potential for research. Sponsors should refer to section 
5.5.11 – 5.5.13 of the Guide to Methods for Technology Appraisal 2013 for 
more information. 
Section 15 is aimed at describing factors that are relevant to the provision of 
the (highly) specialised service by NHS England. Such factors might include 
issues relating to specialised service organisation and provision, resource 
allocation and equity, societal or ethical issues, plus any impact on patients or 
carers.  
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In Tables E1, E2, E3 below, the total cost of each of these elements is calculated per 
aHUS patient (and for all English aHUS patients, using the number of patients 
predicted in Section 13), and the savings/improvements associated with eculizumab 
are estimated.  Assumptions used in the calculations are discussed in the sub-
sections below. 
 
No data have been collected on the direct effect of eculizumab on these economic 
domains; therefore, cost savings have been estimated for two scenarios assuming an 
eculizumab effect size on indirect costs of 75% or 25%. 
 


14.2 List the costs (or cost savings) to government bodies other than the 
NHS. 


Eculizumab savings to government bodies (beyond the NHS) and to the wider 
economy are estimated in Table E1. 
  
Patient lost productivity was estimated based upon the excess unemployment 
amongst adult aHUS patients.  This was estimated by comparing the proportion of 
adult aHUS patients who were out of work (but not retired) in the UK aHUS patient 
survey (Section 7) with the current UK unemployment rate.  The societal cost of this 
excess unemployment was calculated by applying this excess unemployment rate to 
the median UK salary.(ONS, 2012)  
 
A similar calculation was undertaken for carers, based upon findings from the UK 
aHUS patient survey that suggested that 54% of patients had an informal carer and 
carers, on average, lost 18 hours of paid work a week due to their carer 
responsibilities.  It has also been found that individuals who leave the work force to 
become carers have significantly reduced incomes at the point of re-joining the 
workforce, with salaries of half of those of the average worker.   
 
Both aHUS patients and carers can receive government disability-related benefit 
payments as a result of the aHUS health impact on the patient.  It was assumed that 
25% of aHUS patients would be in receipt of such benefits.  The average potential 
disability benefit that a high-medium disability patient is eligible for has been found to 
be £235 per week.(Wood et al 2010)  Sixty-one percent of carers in the UK also 
receive Carer’s Allowance which is worth £59.75 per week.(Carers UK, 2007) 
 
Lost tax revenue due to aHUS was estimated based upon the productivity 
impairment to patients and carers described above.  The average percentage of 
salaries that are paid to the government in tax is 17.8%.(LSE, 2013) 
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Table E1: Estimated government (non-NHS) and societal costs associated with aHUS and potential savings with eculizumab 


Item Quantity Unit cost 


Total 
annual 
saving 


(cost) per 
carer/ 


patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% 


improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Patient lost 
productivity 


40% of adult aHUS patients were out of work 
in UK aHUS patient survey (Section 7). 
 
23% of out of work adult aHUS patients were 
retired. 
 
Therefore estimate that 27% (0.4 x 0.67) of 
all adult aHUS patients are out of work vs. 
7% for general population. Assume 20% 
excess unemployment rate. 
 
Assume adults represent 50% of total 
population 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


 
 
 
 


0.2 x 0.5 x 
£26,500 = 


£2,650 
 
 


£784,400 £588,300 £196,100 


Carer lost 
productivity (current 
carers) 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 
 
Carers on average lost 18 hours of paid work 
per week, which represents 46% of an 
average 39 hour working week (ONS 2012) 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


 


£26,500 x 
0.54 x 0.82 


x 0.46 = 
£5,397 


£1,597,729 £1,198,297 £399,432 


Carer lost 
productivity (ex-
carers) 


The household income of ex-carers is 
approximately half of household income of 
general population (McLaughlin and Ritchie 
1994).  
Assumes ex-carers = 25% current patients 
(82% were informal carers (UK aHUS patient 
survey)) 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


 


£26,500 x 
0.5 x 0.25 x 


0.82 = 
£2,716 


£804,010 £603,008 £201,003 
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Item Quantity Unit cost 


Total 
annual 
saving 


(cost) per 
carer/ 


patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% 


improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Patient receipt of 
government benefits  
 


Assume 25% of aHUS patients receives 
benefits High-medium 


need total weekly 
benefits = £235 
(Wood 2010) 


0.25 x £235 
x 52 = 
£3,055 


 
 


£904,280 £678,210 £226,070 


Carer receipt of 


government benefits 


 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 
 


61% of carers receive Carer’s Allowance 
(Carers UK, 2007) 
 


Carer’s allowance 
= £59.75 per week 
(UK Government 


2013) 


0.54 x 0.82 
x 0.61 x 


£59.75 x 52 
= £839 


£248,411 £186,308 £62,102 


Lost tax revenues 
for patients  


20% excess employment rate for patients 
(see above) 
 
Average percentage of income that goes on 
tax = 17.8% (LSE 2013) 
 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


 


0.2 x 
£26,500 x 
0.178 = 


£943 


£279,246 £209,434 £69,812 


Lost tax revenues 
for carers 


54% of patients have a carer (82% were 
informal carers) who lose 18 hours work per 
week on average (see above) which 
represents 46% of an average 39 hour 
working week (ONS 2012) 
 
Average percentage of income that goes on 
tax = 17.8% (LSE 2013) 
 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


 


£26,500 x 
0.54 x 0.82 


x 0.46 x 
0.178 = 


£960 


£284,396 £213,297 £71,098 
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14.3 List the costs borne by patients that are not reimbursed by the NHS. 


Patient out-of-pocket costs and eculizumab savings to patients are estimated in 
Table E2 below. 
 
Transport costs range widely, with patients spending between £90 and £780 a year 
on travel.(UK aHUS patient survey 2013; Roderick 2005)  On average, patients with 
aHUS have to spend four hours travelling each week for activities associated with 
their aHUS, such as hospital visits.(UK aHUS patient survey 2013) 
 
The predominant costs in terms of household expenses are the adaptations required 
for home dialysis; for the estimated 31% of patients on home dialysis, this amounts to 
£1,291 annually.(NICE TA52, Final Appraisal Determination) 
 
In circumstances whereby a patient moves into a carer’s home, the associated 
opportunity cost of the accommodation (costed in terms of the opportunity to earn a 
market rent) is estimated at approximately £4,834 per year.  This is based on the 
assumption that 10% of informal carers take in aHUS patients (in the absence of 
available data).  
 
Forty percent of patients stated that they had had to move as a result of their (or their 
child’s) disease.  Reasons provided for moving include: being closer to a specialist 
centre, closer to a relative or carer, or being in a more suitable type of 
accommodation.(UK aHUS patient survey 2013)  The average cost associated with 
moving home in the UK is £8,922. 
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Table E2: Estimated out of pocket patient and carer costs associated with aHUS and potential savings with eculizumab 


Item Quantity Unit cost 


Total 
annual 
saving 


(cost) per 
carer/ 


patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% 


improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Transport  aHUS-related travel ranges from twice-
weekly to once a month, patients spend 
approximately 4 hours each week (UK aHUS 
patient survey) 


Average of £7.50 
per trip (based on 
range of £1–15 
per trip reported 


by UK patients on 
dialysis (Roderick 


2005) 


Up to £7.50 
x 2 x 52 = 


£780 


Up to 
£230,880 


Up to £173,160 
 
 


Up to £57,720 


Direct financial 
expenditure on 
goods and 
services, such as 
additional household 
expenses or extra 
lighting/heating 
(Glendinning 1992 
(as cited in Pickard 
2004); Netten 1993). 


According to reference costs 2011/12, 31% 
are on home dialysis. 
 
34% of patients are on dialysis (UK aHUS 
patient survey) 
 


Average cost of home conversion 
for home dialysis is  £1,291** per 
year over 4 years (NICE TA48). 


£1,291 x 0.31 
x 0.34 = £136 £40,277 £30,208 


Accommodation 
costs: where the 
cared-for person 
moves into the 
carer’s house, the 
cost of the room can 
be costed in terms 
of the opportunity to 
earn a market rent 
(Netten 1993). 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 
 
Assume 10% carers take in the cared-for 
person 


Average accommodation cost is 
£4,834  (National Union of 


Students, 2012/13) 


£4,834 x 0.54 
x 0.82 x 0.1 = 


£214 
£63,359 £47,518 
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Item Quantity Unit cost 


Total 
annual 
saving 


(cost) per 
carer/ 


patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% 


improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Requirement to 
move house, e.g. 
due to mains water 
supply needed for 
haemodialysis 


22% of families had to move house due to 
aHUS (UK aHUS patient survey) 


Average cost of 
moving home is 
£8,922 in the UK 
(Bank of Scotland 


2012) 


£8,922 x 
0.22 = 
£1,963 


£581,048 £435,786 £145,262 
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14.4 Provide estimates of time spent by family members of providing 
care. Describe and justify the valuation methods used. 


Carer costs and associated eculizumab savings are estimated in Table E3 below. 
 
In the UK aHUS patient survey, carers estimated they spent on average 44 hours 
looking after an aHUS patient.  This was based upon a sample of nine respondents 
who provided an estimate of the number of hours they spend caring.  The average 
hourly cost for a formal carer is £14.50 per hour (NHS Information Centre) so the 
potential value of the average aHUS carer is £33,176 per year. 
 
As well as the value of the care provided by carers, there are other costs that are 
considered in Table E3, such as the economic burden on carers as a result of the 
stress incurred.  Informal carers take on a wide range of responsibilities, such as 
(Jackson 2013): 
 


• grooming, dressing and eating (encompassing personal care), 
communication;  


• supervision;  
• transport; 
• administration – dealing with agencies, appointments, financial and legal 


affairs;  
• therapy and leisure – encouraging exercises, reading and planning outside 


activities; and 
• psychosocial support – providing reassurance, motivation and problem 


solving. 
 
Given the extent of the support provided, the physical and mental health and 
wellbeing of carers is often impacted.  Typical health issues experienced by carers 
include mild‐moderate depression, stress‐related angina, and chronic lower back 
pain.(Access Economics 2010)  Carers have a higher incidence of mental illness 
than the general population; clinical studies have shown increased rates of 
depression among caregivers, compared to control populations.(Spector and Tampi, 
2005, cited in Access Economics 2010)  
 
In a study of the effectiveness and cost effectiveness of support and services to 
informal carers of older people, the average healthcare costs of carers of older 
patients with neurological conditions was £1,424.(LTNC 2011)  Assuming carers of 
aHUS patients incur about one-third of this amount (due to the younger mean age), 
this represents £475 per year spent in healthcare costs. 
 
The average cost to the carer was estimated in 1990 to be £31.42 a week.  This cost 
includes: direct financial expenditure on goods and services, forgone non-waged 
time, forgone waged time, forgone career prospects, and forgone accommodation 
costs.  It was also considered close in value to the ‘social opportunity cost’.(Netten 
1990)  The true current cost is likely to be much higher, given cost inflation since 
1990. 
 
In the UK aHUS patient survey outlined in Section 7, 44% of carers reported feeling 
stressed “a lot of the time”, or “always”.  This finding corresponds closely to that 
reported by the PSSRU, which stated that 47% of carers are stressed.(Picard 2004)  
Furthermore, the report found that carers who were stressed had higher costs of 
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social services than carers who were not stressed; the weighted average annual 
costs of social services were £876 per year for stressed/non-stressed carers.  
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Table E3: Carer costs 


Item Quantity Unit cost 


Total 
annual 
saving 


(cost) per 
carer/ 


patient 


Total annual 
cost across 


296 aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% 


improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Value of informal 
care provided by 
carers 


On average, carers in the UK aHUS survey 
spent 44 hours a week looking after a patient 
with aHUS. 
 
54% of aHUS patients with carers  
and 82% of these are informal carers (aHUS 
patient Survey UK) 


£14.50 per out of 
formal care (NHS 


Information 
Centre) 


£14.5 x 44 x 
52 x 0.54 x 


0.82 = 
£14,690 


£4,348,339 £3,261,254 £1,087,085 


Mean healthcare 
service use by 
carers which 
includes GP, other 
doctor, nurses, 
therapist, 
psychologist, 
counsellor, dentist, 
in-patient care, and 
support groups 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 
 
During the previous year, in-patient care had 
been received by 1 in 14 carers of older 
patients with neurological conditions, with 
two thirds having seen their GP. Half had 
seen a dentist and a quarter had seen 
another doctor and/or a practice nurse. 
About one in 17 had seen one or more other 
health professionals; namely a therapist, 
psychologist or counsellor (LTNC 2011). 


Average cost for carers of older 
patients with neurological 


conditions are £1,424 (LTNC 
2011) 


 
Given younger mean age of 


aHUS patients (29 yrs), this figure 
is divided by 3 


£1,424 / 3 x 
0.54 x 0.82 = 


£210 


£62,214 
 £46,660 
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Item Quantity Unit cost 


Total 
annual 
saving 


(cost) per 
carer/ 


patient 


Total annual 
cost across 


296 aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% 


improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Social opportunity 
cost – carer, 
includes direct 
financial expenditure 
on goods and 
services; forgone 
non-waged time; 
forgone waged time; 
forgone career 
prospects; and 
forgone 
accommodation 
costs (Netten 1990). 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 


Average cost to 
the carer of 


£31.42 a week 
overall (Netten 


1990) 


£31.42 x 52 
x 0.54 x 


0.82 = £723 
per year 


£214,145 £160,609 £53,536 
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14.5 Describe the impact of the technology on strengthening the 
evidence base on the clinical effectiveness of the treatment or 
disease area. If any research initiatives relating to the treatment or 
disease area are planned or on-going, please provide details. 


Eculizumab is the only approved and targeted therapy to treat aHUS patients, a 
chronic and progressive complement mediated disease.  Recent clinical advances in 
aHUS prior to the registration and recent eculizumab trials clinical trials have focused 
on the identification of genetic mutations in aHUS patients that have suggested a 
central role  for uncontrolled complement activity.  Eculizumab has provided a proof 
of concept for the role of chronic complement activation as the central mechanism for 
the morbidity and mortality in aHUS.   It has been reported that 33% to 40% of aHUS 
will reach ESRF or die following the first clinical presentation of TMA.  Blocking 
complement C5 with eculizumab has eliminated the progression to ESRF and has 
significantly reduced the risk of long-term dialysis leading to a significantly reduced 
mortality associated with aHUS.  Long-term treatment with eculizumab has shown 
improvement in renal function in situations where investigators have assumed 
permanent damage to the kidney, highlight further investigation to the chronic 
inflammatory and coagulation activity that is occurring in the absence of overt platelet 
consumption.    
 
There continues to be on going interest to further identify potential bio markers 
related to inflammation or renal damage to demonstrate on-going disease, to better 
manage patients instead of relying on overt platelet consumption previous utilized by 
clinicians.  Based on the survival of kidney and life extension as well as significant 
improved quality of life (and therefore indirect productive societal activity) these 
results have enlightened investigators to reconsider what should be the expected and 
achievable outcome in aHUS patients. 
 


14.6 Describe the anticipated impact of the technology on innovation in 
the UK.  


In terms of innovation to the NHS specifically, the aetiology of aHUS was unknown 
15 years ago. In 1998, the Newcastle group led by Professor Tim Goodship was the 
first to identify a mutation in the gene encoding the complement regulator factor H 
(Warwicker et al, Kidney Int. 1998). Since then, a series of studies have established 
that approximately 50-70% of aHUS patients have either an inherited or acquired 
abnormality of complement that is associated with over-activity of the complement 
system.(Noris and Remuzzi, 2009; Noris et al, 2010; Fremeaux-Bacchi et al, 2013) 
These findings provided the logic for the recent clinical trials of eculizumab to inhibit 
complement-mediated TMA in aHUS.  
 
Establishing the routine use of eculizumab for the management of aHUS within 
England will maintain and enhance the international reputation that the UK has in the 
field of aHUS. The Renal Association and the British Association for Paediatric 
Nephrology have developed an integrated strategy for patients with rare kidney 
diseases. The three key aims of the strategy are to develop disease-specific working 
groups, develop care pathways, and develop a UK Registry for Rare Kidney 
Diseases (RaDaR). The proposed commissioning of eculizumab and potential 
development of a service based on centre/s of expertise for aHUS will have an 
impact at each of these levels. Kidney Research UK has recently issued a funding 
call for new rare disease working groups and has received an application for the 
establishment of such a group for aHUS on behalf of all interested parties within the 
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UK. The first aim of the group is to develop a registry of patients with aHUS (aHUS 
RaDaR). With NHS Kidney Care, care pathways are also being developed for aHUS 
which will become an integral part of the service.  
 
While the Newcastle group has been highly successful in identifying novel inherited 
and acquired factors that are associated with aHUS, the lack of an effective patient 
registry has meant that full characterisation of the natural history of the disease in the 
UK has been lacking as has the examination of genotype-phenotype associations. 
The proposed aHUS national service will thus enable the establishment of a unique 
resource for clinical research and further innovation. It is anticipated that the registry 
established will link with the Alexion global registry to avoid duplication of data entry. 
 
Outside of aHUS specifically, a number of researchers are looking at the potential for 
complement inhibition to play a role in the management of a range of disorders 
characterised by over-activation of the complement system.  In addition, Complement 
UK, an academic and research organisation with a specific interest in complement 
related disorders is actively looking at the role of complement inhibition.  A 
Complement UK symposium and training course to take place in October 2013 will 
have a specific purpose to understand the role of complement in pathological and 
homeostatic conditions, to foster research collaboration and provide an overview of 
the current level of expertise within the UK. 
 


14.7 Describe any plans for the creation of a patient registry (if one does 
not currently exist) or the collection of clinical effectiveness data to 
evaluate the benefits of the technology over the next 5 years. 


Alexion is sponsoring an international aHUS registry that will capture and continue to 
follow aHUS patients irrespective of treatment status.  The objective of the registry is 
an observational study to better characterize the natural history of the disease in 
patients not treated with eculizumab and how eculizumab will impact the disease 
progression.  Measures of mortality, progressive renal function, use of PE/PI, better 
categorization of non-renal TMA, and organ damage and mortality with or without the 
use of eculizumab treatment will be key outputs of the registry.  The registry itself will 
have oversight from an independent committee comprising international physicians 
who will ensure appropriate utilisation of data, data searching and resultant 
publications to support on-going development of longitudinal knowledge of the 
disease and impact of treatment. 
 


14.8 Describe any plans on how the clinical effectiveness of the 
technology will be reviewed. 


Clinical effectiveness will be reviewed as part of the on-going long-term follow-up 
study of patients previously included in eculizumab clinical trials as described in 
Section 9.4 and via the Registry as described in Section 14.7. 
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15 Impact of the technology on delivery of the 
specialised service  


 
15.1 What level of expertise in the relevant disease area is required to 


ensure safe and effective use of the technology? 


Eculizumab is simple to administer via intravenous infusion and is generally well-
tolerated.  It is therefore suitable for administration at appropriate centres throughout 
England and should be administered by a healthcare professional and under the 
supervision of a physician experienced in the management of patients with 
haematological and/or renal disorders. 
 
Due to the urgency of treatment, eculizumab will be initiated in local centres with 
support from a centre of expertise.  No additional staffing requirements will be 
needed in local centres where aHUS patients may present.  It is envisaged that most 
patients will transition to home care, which will be funded by Alexion, and offered to 
all aHUS patients receiving eculizumab in the UK.  On-going follow-up will be 
provided by the expert centre working in collaboration with the local centre. 
 
aHUS is an ultra-orphan disease, and expertise in the field is very limited owing to 
the low number of patients presenting annually.  Professor Tim Goodship is an adult 
nephrologist with an international reputation in the field of aHUS based in Newcastle. 
His research group was the first to identify that mutations in complement regulators 
led to the development of the disease and subsequently many of the landmark 
papers in the field have emanated from his laboratory.  Currently, Professor 
Goodship devotes the majority of his time supporting local centres in the UK and 
provides expert advice on diagnosis and management of aHUS cases.  Professor 
Goodship is supported by his colleagues, Professor Neil Sheerin, who is an expert in 
renal transplantation and complement and Dr. David Kavanagh, who has recently 
been awarded a Wellcome Trust Intermediate Clinical Fellowship for a project titled 
“The convergence of complement and coagulation in atypical haemolytic uraemic 
syndrome”.  
 
The paediatric centre of expertise, also based in Newcastle, is currently led by Dr. 
Sally Johnson, a paediatric nephrologist with considerable experience in the 
management of aHUS in children.  Dr Johnson works closely with the adult team to 
provide particular support and advice to paediatric renal and haematology colleagues 
across the UK. 
 


15.2 Would any additional infrastructure be required to ensure the safe 
and effective use of the technology and equitable access for all 
eligible patients? 


Infrastructure requirements are limited to the additional resource requirements within 
centre/s of expertise designated by NHS England to run the national aHUS service, 
whereby such centres would need full-time equivalent (FTE) resource to ensure 
adequate and immediate support of local centres on a constant basis (24 hours a 
day, 7 days a week).  
 
No additional infrastructure will be required in local centres where aHUS patients 
may present. 
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17 Appendices  
 


17.1 Appendix 1: Search strategy for clinical evidence  


The following information should be provided: 
 


17.1.1 The specific databases searched and the service provider used (for 
example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 
• Medline 
• Embase 
• Medline (R) In-Process 
• The Cochrane Library. 


Clinical evidence searches included: 
 


• A search of the published literature (EMBASE, MEDLINE, Cochrane 
Database) 


• A search of registers of randomized trials (NIH clinicaltrials.gov and 
Cochrane Central Register of Controlled Trials) 


• Manual checking of reference lists of all relevant articles 
 


17.1.2 The date on which the search was conducted. 
 
The clinical evidence search was conducted 4 July, 2013. 
 


17.1.3 The date span of the search. 
 
1947 to 4 July 2013. 
 


17.1.4 The complete search strategies used, including all the search terms: 
textwords (free text), subject index headings (for example, MeSH) and 
the relationship between the search terms (for example, Boolean). 
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A comprehensive search was conducted to update and identify all studies on the 
clinical effectiveness of eculizumab and any adverse events associated the treatment 
of patients with aHUS.  
 
Three strategic search approaches were used:  
 


• A search of the published literature (EMBASE and MEDLINE, Cochrane 
database) 


• A search of registers of randomized trials (NIH 
• Manual checking of reference lists of all relevant articles 


 
Before conducting the literature searches, entry criteria were defined for the inclusion 
and exclusion of papers. To be included, a reference had to report a clinical trial that 
met all the following criteria: 
 


• A randomization procedure in the trial design 
• Comparison of eculizumab versus supportive care, or alternatively was a 


placebo controlled eculizumab trial 
• Participant characteristics consistent with aHUS. 


 
The term ‘atypical’ was first used to describe non-diarrhoeal associated HUS as long 
ago as 1965. Haemolytic Uraemic Syndrome (HUS) is characterized by a 
combination of microangiopathic haemolytic anaemia, thrombocytopenia, and acute 
kidney injury. Since then, aHUS has been described as non-diarrhoeal HUS and non-
shiga-toxin HUS (non-STEC HUS) but increasingly over the past decade, aHUS has 
become recognised as a disease process readily differentiated from HUS. For this 
reason, searching the literature for appropriate trials required a complex process. 
There are no reliable terms that apply to the majority of the literature on aHUS. 
Terminology that surrounds and sometimes refers to the disease that is aHUS 
includes: thrombotic microangiopathy (TMA), thrombotic thrombocytopaenic purpura 
(TTP), ADAMTS13, complement mutation, non-STEC-HUS and non-diarrhoeal HUS. 
This resulted in a relatively large number of publications (over 1000) which needed to 
be assessed using either abstract or full text. Hand searching reference lists of 
important publications was necessary in order to identify relevant publications and to 
prevent overlap of study populations under different authors. 
 
The following primary selection criteria were used: 
 


• Children and adults with atypical haemolytic uraemic syndrome (aHUS) 
• Patients with typical or acquired haemolytic uraemic syndrome or without 


atypical haemolytic uraemic syndrome were excluded from the assessment. 
 
Secondary journal level search criteria included requirements that: 
 


• The initial selection include human, English-language only 
• The highest level of available evidence to be included 
• The earliest publication date was 2012 due to the same search being 


conducted for the 2012 PBAC submission. 
 
The following search terms were used to identify relevant clinical evidence: 
 


1 (atypical haemolytic uremic syndrome or atypical HUS or aHUS or non-
diarrheal HUS or non stx HUS).mp. [mp=title, abstract, subject headings, 







 


Specification for manufacturer/sponsor submission of evidence 220 of 276 


heading word, drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword]  


2 limit 1 to (human and english language and yr="2000 -Current")  
3 (complement and allotransplantation).mp. [mp=title, abstract, subject 


headings, heading word, drug trade name, original title, device manufacturer, 
drug manufacturer, device trade name, keyword]  


4 limit 3 to (human and english language and yr="2000 -Current")  
5 *complement component C5/  
6 limit 5 to (human and english language and yr="2000 -Current")  
7 (haemolysis and complement).mp. [mp=title, abstract, subject headings, 


heading word, drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword]  


8 limit 7 to (human and english language and yr="2000 -Current")  
9 thrombotic microangiopathy.mp.  
10 limit 9 to (human and english language and yr="2000 -Current")  
11 2 or 4 or 6 or 8 or 10  
12 limit 11 to (human and english language)  
13 randomized controlled trial/  
14 limit 12 to (human and english language and yr="2000 -Current")  
15 13 and 14  


 
Due to the difficulty in identifying a reliable search strategy, and the lack of high level 
evidence in the form of randomised controlled trials, the term ‘trial’ was extended to 
include case series, retrospective trials, registries, cohort and case studies. 
 


17.1.5 Details of any additional searches, such as searches of company or 
professional organisation databases (include a description of each 
database). 


 
Company databases were searched for relevant clinical trial protocols and clinical 
study reports. 
 


17.1.6 The inclusion and exclusion criteria. 
 
Primary inclusion criteria: children and adults with atypical haemolytic uraemic 
syndrome (aHUS) (Table E4) 
 
Table E4: Summary of search output exclusions (RCT Search) 


 Citations retrieved 


Eculizumab Search  
EMBASE 
including 
Medline 


Cochrane 
CCTR NIH 


Number of citations retrieved by search 57 4 0 
Identical Duplicate 1   
Number Reviewed 56 4 0 
Number of citations excluded after title/abstract 
review: 
A: not a randomized trial 


   


21   
B: randomized trial does not include the proposed 
drug and the main comparator in separate arms 1   


C: characteristics of the recruited participants do not 
overlap with the main indication 34 4  
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 Citations retrieved 


Eculizumab Search  
EMBASE 
including 
Medline 


Cochrane 
CCTR NIH 


Consolidated number of citations of direct randomized 
trials  0 0 0 


Number of multiple (additional) citations of direct 
randomized trials identified 
Number of citations of direct randomized trials  


0 0 0 


0 0 0 
 


17.1.7 The data abstraction strategy. 
 
Full citation details and abstracts of all studies identified in the searches were 
downloaded and reviewed. If a paper could not be excluded on the basis of the 
information in the title or abstract, the full paper was retrieved before any decision 
was made. Duplicate citations were removed and all relevant papers retrieved. The 
identified relevant citations were then analysed for inclusion as described in 17.1.6. 
 


17.2 Appendix 2: Search strategy for adverse events  


The following information should be provided. 


17.2.1 The specific databases searched and the service provider used (for 
example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 
• Medline 
• Embase 
• Medline (R) In-Process 
• The Cochrane Library. 


The clinical evidence search as described in 17.1 was utilized to identify relevant 
studies including safety analysis and AE data. Alexion-supplied Product Update 
Safety Reports were also reviewed for relevant data. 
 


17.2.2 The date on which the search was conducted. 
 
4 July 2013 for external sources; 6 September 2013 for internal sources. 
 


17.2.3 The date span of the search. 
 
1947 – 4 July 2013 for database searches 
 


17.2.4 The complete search strategies used, including all the search terms: 
textwords (free text), subject index headings (for example, MeSH) and 
the relationship between the search terms (for example, Boolean). 


 
Adverse events were identified using the search strategy identified in 17.2.4. 
 


17.2.5 Details of any additional searches (for example, searches of company 
databases [include a description of each database]). 
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Additional searches for AEs were included in additional searches for clinical 
evidence, as described in 17.1.5. 
 


17.2.6 The inclusion and exclusion criteria. 
 
Inclusion/exclusion criteria were as described for clinical evidence in section 17.1.6. 
 


17.2.7 The data abstraction strategy. 
 
Data abstraction for AEs were as described for clinical evidence in section 17.1.7 
 


17.3 Appendix 3: Search strategy for economic evidence  


The following information should be provided. 
 


17.3.1 The specific databases searched and the service provider used (for 
example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 
• Medline 
• Embase 
• Medline (R) In-Process 
• EconLIT 
• NHS EED. 


A systematic review was undertaken to support the creation of the model described 
in Section 12.  The literature review was specific to aHUS.  Given the very small body 
of published evidence in this disease, a broad search was undertaken to obtain the 
following information: 
 


• Information on resource use and costs in aHUS 
• Economic studies in aHUS 
• Quality of life data in aHUS 


 
Thus the systematic review described in this section applies to Appendices 3 and 4, 
as well as describing the methods and results for the systematic review of Quality of 
Life data. 
 
Search Strategy 
 
The following electronic databases were searched: 
 


• PubMed 
• EMBASE 
• Web of Knowledge 
• Scopus 
• CINAHL 
• 'Biological Abstracts'  
• EconLit 
• NHS EED 
• NHS HTA 


 
Selection Criteria 
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The following primary selection criteria were used: 
 


• Children and adults with atypical haemolytic uraemic syndrome with 
variations to account for differences in spelling (see Section 17.3.4 below). 


 
The following exclusion criteria were used: 
 


• Non-English language 
• Studies in patients other than with atypical haemolytic uraemic syndrome 
• Reviews 
• Studies in animals and genetic/protein studies 
• Studies without relevant outcomes reported, i.e. studies not reporting any of 


the following: 
o death 
o adverse events/effects 
o HRQL or utility 
o change in platelet count 
o change in haemoglobin count 
o need for dialysis 
o need for kidney transplantation 
o estimated Glomerular Filtration Rate (eGFR). 
o change in TMA 
o cost or resource use information 
o economic evaluations 


 
Data Abstraction Strategy 
 
Retrieved citations were first reviewed in abstract form, with citations clearly not 
meeting the inclusion criteria excluded at this stage. The full text versions of the 
included citations were then ordered, and reviewed again with the inclusion/exclusion 
criteria. Data from these papers were extracted into an extraction grid prepared in 
Microsoft Excel. All stages were performed by one or two reviewers, with queries 
resolved by another independent reviewer. 
 
Figure E1: Results: Preferred Reporting Items of Systematic reviews and Meta-
Analyses (PRISMA) Flow Diagram 
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* 20 of the included papers were extracted on the basis of the abstract alone, as full-text versions were 
not available (published as conference abstracts, or the pertinent issue of the source journal did not 
contain the full text papers due to incorrect indexing in the databases) 
 


17.3.2 The date on which the search was conducted. 
 
The search was conducted on 19 July 2013. 
 


17.3.3 The date span of the search. 
The searched spanned from inception to 19 July 2013. 
 


17.3.4 The complete search strategies used, including all the search terms: 
textwords (free text), subject index headings (for example, MeSH) and 
the relationship between the search terms (for example, Boolean). 


 
The MEDLINE search strategy used is as follows, with adaptations to the search 
formulation made according to the specifications of each database. No automated 
restrictions according to language or date were applied. 
 
1     atypical h?emolytic ur?emic syndrome$.tw.  
2     ahus.tw.  
3     1 or 2  
 


17.3.5 Details of any additional searches (for example, searches of company 
databases [include a description of each database]). 


 


  


1,458 citations for all  
dates    


1,437 citations for all  
dates   


443 citations  
excluded (after  
January 2012)    


  
  


48* studies included   


1,410    
excluded  (149 case  


report, 539 duplicate,  
526 irrelevant, 173  


not  aHUS , 5 not  
English, 1 trial, 13  


unclear)   


1,880 imported  
citations from   


databases   


21 hits fron NHS EED, 
NHS HTA, Google 


Scholar 
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No additional searches were conducted. 
 


17.4 Appendix 4: Resource identification, measurement and valuation  


For answers to questions 17.4.1 to 17.4.7, please see Section 17.3, which describes 
the combined systematic review performed including resource use, quality of life, and 
economic data. 
 
The following information should be provided. 


17.4.1 The specific databases searched and the service provider used (for 
example, Dialog, DataStar, OVID, Silver Platter), including at least: 


 
• Medline 
• Embase 
• Medline (R) In-Process 
• NHS EED 
• EconLIT. 


See Section 17.3. 
 


17.4.2 The date on which the search was conducted. 
 
See Section 17.3. 
 


17.4.3 The date span of the search. 
 
See Section 17.3. 
 


17.4.4 The complete search strategies used, including all the search terms: 
textwords (free text), subject index headings (for example, MeSH) and 
the relationship between the search terms (for example, Boolean). 


 
See Section 17.3. 
 


17.4.5 Details of any additional searches (for example, searches of company 
databases [include a description of each database]). 


 
See Section 17.3. 
 


17.4.6 The inclusion and exclusion criteria. 
 
See Section 17.3. 
 


17.4.7 The data abstraction strategy. 
 
See Section 17.3. 
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No studies reporting economic or cost data were retrieved from the literature review.  Only one study reported quality of life information (Table 
E5 below). 
 
Table E5: Summary of studies reporting quality of life information 


Title Author  Publication 
date 


N 
(children- 
adult) 


Age 
(median –
mean) 


Country  Study population Quality of Life Data 


Eculizumab (ECU) 
significantly 
improves Health-
Related Quality of 
Life (HRQoL) in 
patients with 
atypical 
haemolytic uremic 
syndrome (aHUS)  


Muus P;Licht C; 
Goodship 
THJ;Greenbaum 
L;Bedrosian CL; 
Loirat 
C;Legendre C;  


2011  17 aHUS 
pts  


Median age 
28 yrs   NR 


2 prospective, 
controlled, single-
arm phase II trials of 
aHUS pts receiving 
ECU. 


In both cohorts of distinct trial pts, ECU substantially 
improved HRQoL through Wk 26, and sustained this 
thereafter during long-term ECU therapy (table). In 
trial C08-002, improvements were seen as early as 
Day 7 (0.12, p=0.0346). Point estimate 
improvement (95% CI) in HRQoL from baseline to 1 
yr was 0.32 (0.27-0.36) for C08-002 and 0.09 (0.05-
0.14) for C08-003. On an individual pt basis, 87% 
and 73% of C08-002 and C08-003 pts, respectively, 
achieved a clinically meaningful change that 
represented a clinically important large or moderate 
improvement in HRQoL measures, respectively.  


Terminal 
Complement 
Inhibitor 
Eculizumab 
in Atypical 
Haemolytic–
Uremic Syndrome 


Legendre C; 
Licht C;Muus P; 
Greenbaum 
L.A;Babu S; 
Bedrosian 
C;Bingham 
C;Cohen DJ;et 
al. 


2013 37 aHUS 
patients 


Median age 
28 yrs 


27 
European 
and North 
American 
clinical 
sites 


Thirty-seven patients 
with atypical 
haemolytic– 
uremic syndrome: 31 
adults and 6 
children. 


Eculizumab was associated with a significant 
improvement in health-related quality of life. The 
EQ-5D scores range from 0 to 1. In Trial 1 the mean 
increase in the EQ-5D score at week 26 was 0.32 
(95% CI, 0.24 to 0.39; P<0.001). In trial 2, the mean 
increase was 0.10 (95% CI, 0.05 to 
0.15; P<0.001). The clinically meaningful 
threshold of 0.06 was exceeded in 87% of patients 
in trial 1 and in 73% of patients in trial 2 
throughout the treatment period. 


 
Table E6: Summary of studies reporting resource use information: dialysis  


Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Dialysis resources used 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Prognostic value of 
renal pathological 
findings in children 
with atypical 
hemolytic uremic 
syndrome  


Mehrazma M; 
Hooman N; 
Otukesh H  


2011 29 children  NR Iran 
AHUS pts between 1992 
and 2005 in Ali Asghar 
Children Hospital. 


5 pts underwent dialysis 


Plasma therapy for 
atypical haemolytic 
uraemic syndrome 
associated with 
heterozygous 
factor H mutations  


Kim JJ;Goodship 
TH;Tizard J;Inward 
C;  


2011  3 children   Mean age 10.6 
months   UK  


Patients with 
heterozygous CFH 
mutations associated 
with aHUS 


All three required dialysis: 
peritoneal dialysis for patient 1 
and haemodialysis for patients 2 
and 3 


Hemolytic-Uremic 
Syndrome in 
Uberlandia, MG, 
Brazil  


Bonetti V;Mangia 
CM;Zuza 
JM;Barcelos 
MO;Fonseca 
MM;Nery 
SP;Carvalhaes 
JT;Andrade MC;  


2011  27 children   Median age 14 
months Brazil  


Children diagnosed with 
HUS from January 1, 
1994 to January 31, 
2004 in the pediatric 
nephrology department 
of the Hospital de 
Clinicas, Universidade 
Federal de Uberlandia, 
MG, Brazil 


Dialysis was performed on 20 
patients (74%) 


Atypical hemolytic 
uremic syndrome 
in the Tunisian 
population  


Leban N;Aloui 
S;Touati 
D;Lakhdhar 
R;Skhiri H;Lefranc 
G;Achour A;Elmay 
M;Lopez-Trascasa 
M;Sanchez-Corral 
P;Chibani J;Haj 
KA;  


2011  4 adults  Mean age 36 
years Tunisia 


Four cases of atypical 
HUS in adults admitted in 
the Nephrology 
Department of Fattouma 
Bourguiba Universitary 
Hospital in Monastir 
between 2000 and 2008 


Patient 1: The patient remained 
on chronic dialysis (3 sessions per 
week)., patient 3: the patient is 
undergoing chronic hemodialysis 
and waiting for a kidney graft 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Pregnancy-
associated 
hemolytic uremic 
syndrome revisited 
in the era of 
complement gene 
mutations  


Fakhouri 
F;Roumenina 
L;Provot F;Sallee 
M;Caillard S;Couzi 
L;Essig M;Ribes 
D;Dragon-Durey 
MA;Bridoux 
F;Rondeau 
E;Fremeaux-
Bacchi V;  


2010  21 adults  Mean age 28 
years  France  French cohort of adult 


patients with TMA 


81% patients (17 of 21) required 
hemodialysis at the acute phase 
of the disease 


Pulse 
cyclophosphamide 
therapy and clinical 
remission in 
atypical hemolytic 
uremic syndrome 
with anti-
complement factor 
H autoantibodies  


Boyer O;Balzamo 
E;Charbit 
M;Biebuyck-Gouge 
N;Salomon 
R;Dragon-Durey 
MA;Fremeaux-
Bacchi V;Niaudet 
P;  


2010  3 children   Mean age 5.8 
years NR 


3 children with atypical 
hemolytic uremic 
syndrome associated 
with anti–complement 
factor H (CFH) 
autoantibodies 


Patient 2: treated with peritoneal 
dialysis 


Hemolytic-uremic 
syndrome in 
Switzerland: a 
nationwide 
surveillance 1997-
2003  


Schifferli A;von 
Vigier RO;Fontana 
M;Sparta 
G;Schmid 
H;Bianchetti 
MG;Rudin C;  


2010  6 children 
with aHUS 


Median age 21 
months (for all 
the group not 
the aHUS pts) 


Switzerland 


National study through 
the Swiss Pediatric 
Surveillance Unit 114 
HUS cases 


1 patient with aHUS was treated 
with dialysis with a median 
duration of 14 days 


Atypical Hemolytic 
Uremic Syndrome 
Associated With 
Complement 
Factor H 
Autoantibodies 
and 
CFHR1/CFHR3 
Deficiency  


Lee BH;Kwak SH;Il 
Shin J;Lee 
SH;Choi HJ;Kang 
HG;Ha IS;Lee 
JS;Dragon-Durey 
MA;Choi Y;Il 
Cheong H;  


2009  3 children Mean age 8.6 
years at onset NR 


Three patients were 
clinically diagnosed as 
aHUS, 


Patient 1 and 3: were on 
hemodialysis 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Long-term 
outcome of 
children previously 
on dialysis therapy 
for hemolytic 
uremic syndrome  


Szczepaõska 
M;Szprynger 
K;Niwiõska-Faryna 
B;Muszewska E;  


2008  19 aHUS 
children  


Mean age of 
46.3 ± 50.0 
months for all 
the group of 
pts 


Poland  


HUS hospitalized 
patients at the 
Department and Clinics 
of Pediatrics in Zabrze of 
Silesian Medical 
University in Katowice 
from 1990 to 2006. 


Peritoneal dialysis was applied as 
the principal  method of renal 
replacement therapy in 33 
children  (76.7%) and  
hemodialysis in 9 children 
(23.3%).(for all group including 
aHUS pts)  


Hemolytic uremic 
syndrome in 
Kuwaiti Arab 
children  


Al-Eisa A;Al-Hajeri 
M;  2001  11 aHUS 


children  


Mean age at 
presentation 
was 34.2±38.2 
months in the 
D– HUS group 


Kuwait  


Twenty-five children with 
HUS diagnosed between 
January 1985  and 
January 2000 in the 
Pediatric Nephrology 
Unit at  Mubarak Al-
Kabeer Hospital  


Dialysis was needed in 100% of 
patients with atypical HUS 
(P=0.05).The peritoneal route was 
used in all of them for a mean 
duration of 14 days in the D– HUS 
group 


Heterogeneity of 
atypical haemolytic 
uraemic 
syndromes  


Neuhaus 
TJ;Calonder 
S;Leumann EP;  


1997  23 children  Median age 
4.9 years Switzerland  


Clinical and laboratory 
features of 23 children 
with D−HUS 


Seventeen patients (74%) were 
dialysed: 10 (including the two 
children who died) had temporary 
dialysis for 5–122 days (median 
28 days) and seven (30%) 
subsequently required long term 
dialysis 


Atypical hemolytic-
uremic syndrome: 
a comparison with 
postdiarrheal 
disease  


Siegler RL;Pavia 
AT;Hansen 
FL;Christofferson 
RD;Cook JB;  


1996  22 children 
with aHUS 


Median ages 
3.5 years USA, Utah   


Residents of Utah or 
surrounding states and 
had been cared for at the 
University of Utah Health 
Sciences Center, or its 
close affiliate, Primary 
Children's Medical 
Center  


Patients in the atypical disease 
group were less likely to need 
dialysis (21%) 


Outcome and 
prognostic 
determinants in the 
hemolytic uremic 
syndrome of 
children  


Tonshoff 
B;Sammet 
A;Sanden I;Mehls 
O;Waldherr 
R;Scharer K;  


1994  21 aHUS 
children 


Median 3.1 
years Germany  


Children with HUS 
observed from 1971-
1988 treated in 
University Children’s 
Hospital in Heidelberg  


Data for patients who died: 
peritoneal dialysis 2 pts and 
hemodialysis 4 pts with aHUS 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Eculizumab is 
effective in patients 
resistant to plasma 
exchange/infusion 
with atypical 
haemolytic uremic 
syndrome (AHUS)  


Bedrosian C;Babu 
S;Furman 
R;Sheerin 
N;Cohen D;Gaber 
O;Eitner F;Delmas 
Y;Loirat 
C;Greenbaum 
L;Zimmerhaekl 
L;Legendre C;  


2011  17 aHUS pts 


15 of 17 pts 
group with 
median age 28 
years   


NR 


26-week, controlled, 
open-label, single-arm 
trial, pts > 12 years were 
enroled with plasma-
resistant aHUS 


29% were on dialysis immediately 
prior to eculizumab. four of five pts 
became dialysis-free 


Prophylactic 
plasmapheresis 
(PE) and 
eculizumab (EC) 
allow long term 
renal function 
preservation in FH 
mutation related 
atypical haemolytic 
uremic syndrome 
(aHUS)  


Davin JC;Groothoff 
JW;Bemelman 
FJ;Bouts AH;  


2011  3  NR NR 


18 y follow-up of 3 sisters 
(including monozygotic 
twins) with aHUS and the 
same CFH mutation 


Older sister: after 14 y dialysis  


Interim analysis of 
phase II efficacy 
and safety data for 
eculizumab in 
patients with 
atypical haemolytic 
uremic syndrome 
(aHUS) receiving 
chronic plasma 
exchange/infusion  


Goodship 
THJ;Muus 
P;Legendre 
C;Douglas 
K;Hourmant 
M;Delmas 
Y;Herthelius 
M;Trivelli A;Loirat 
C;Bedrosian 
C;Licht C;  


2011  20  Median age 28 
years  NR 


Controlled, open-label, 
single-arm, 26-week 
phase II study 20 aHUS  
patients received 
eculizumab  


10% were on dialysis.  Primary 
endpoint was TMA event-free 
status no new dialysis  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Eculizumab is an 
effective long-term 
treatment in 
patients with 
Atypical 
Haemolytic Uremic 
Syndrome (aHUS) 
resistant to plasma 
exchange/infusion 
(PE/PI): Results of 
an extension study  


Greenbaum 
L;Babu S;Furman 
RR;Sheerin 
N;Cohen D;Gaber 
O;Eitner F;Delmas 
Y;Loirat 
C;Bedrosian 
CL;Legendre C;  


2011  17  Median age 28 
years   NR 


In a 26-wk phase II trial, 
pts receiving ECU, Pts 
≥12 yrs with aHUS and 
persistent TMA  


5 patients (29%) required dialysis 
at baseline. With  sustained ECU 
therapy, only 1 of the 5 pts at 
baseline continued on to require 
dialysis and no patient  newly 
required dialysis (as of data cut off  


Eculizumab in 
adolescents/adult 
patients with 
atypical haemolytic 
uremic syndrome 
resistant to plasma 
exchange/infusion: 
A phase II efficacy 
and safety study  


Loirat C;Babu 
S;Furman 
R;Sheerin 
N;Cohen D;Gaber 
O;Eitner F;Delmas 
Y;Greenbaum 
L;Bedrosian 
CL;Zimmerhackl 
LB;Legendre C;  


2011  17  NR NR 


Phase II, controlled, 
open-label, single-arm 
26-week study. Patients 
> =12 years with PE/PI-
resistant aHUS   


29% were on dialysis  


Eculizumab (ECU) 
significantly 
improves Health-
Related Quality of 
Life (HRQoL) in 
patients with 
atypical haemolytic 
uremic syndrome 
(aHUS)  


Muus P;Licht 
C;Goodship 
THJ;Greenbaum 
L;Bedrosian 
CL;Loirat 
C;Legendre C;  


2011  17 aHUS pts  Median age 28 
yrs   NR 


2 prospective, controlled, 
single-arm phase II trials 
of aHUS pts receiving 
ECU 


29% were on dialysis immediately 
prior to ECU  


Atypical haemolytic 
uremic syndrome 
(ahus). A single 
centre experience  


Adragna 
MS;Balestracci 
AA;Caletti MG;  


2010  11 children  
Median age 
onset: 0.66 
months  


NR aHUS pts in institution  10 needed acute dialysis  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Renal replacement 
therapy in children 
with haemolytic 
uremic syndrome 
in belarus: First 5 
years experience  


Baiko SV;Sukalo 
AV;Tur NI;  2010  103 (3 aHUS 


cases)  


Mean age of 
2,08+/-2,47 
years at the 
time of 
admission to 
hospital 


NR children in Belarus from 
Jan 2005 to Jan 2010  


74 children (71.8%) required 
dialysis (59 PD and 15 HD) (HUS 
and aHUS pts)  


5 year review of 
haemolytic 
uraemic syndrome 
in Ireland  


Bruton K;O'Grady 
M;Burns K;Cunney 
R;Waldron 
M;Riordan M;Awan 
A;  


2010  63 (5 aHUS 
children)  NR Ireland  


children (<16 years) 
presenting with HUS 
between January 2005 
and December 2009 to 
two tertiary paediatric 
nephrology centres 
serving the entire 
population of Ireland  


32 children were dialysed - 
peritoneal dialysis was used in 26. 
(all pts)  


Early intensive 
plasma exchange 
(PEX) for atypical 
haemolytic 
uraemic syndrome 
(AHUS) may slow 
progression to 
end-stage renal 
failure (ESRF)  


Kim J;Goodship 
T;Tizard J;Inward 
C;  


2010  3 children  Mean age 10,6 
months   NR 


3 patients with diarrhoea 
negative aHUS 
presented with acute 
renal failure and severe 
hypertension   


Patients 1-3 respectively:  Daily 
PEX was commenced early 
following presentation in addition 
to dialysis. This resulted in HUS 
remission and cessation of 
dialysis after 2 weeks, 9 days and 
2 weeks  


Factor H antibody 
of Japanese 
children with 
atypical haemolytic 
uremic syndrome  


Maekawa 
K;Shibano 
T;Takagi N;Sawaki 
J;Mae H;Hattori 
M;Tanizawa 
T;Kawashima 
F;Nishimura M;  


2010  13 children  Mean age of 
5.3 NR 


CFH and anti CFH 
antibody in 13 children 
with atypical HUS from 
2005 to 2008  


positive group (2 boys and 1 girl) 
received plasma pheresis or 
hemodialysis or peritoneal dialysis   
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Haemolytic uremic 
syndrome (HUS) in 
children - Follow-
up and prognosis  


Moczulska 
A;Zachwieja 
K;Slowiaczek 
E;Drozdz 
D;Ogarek I;Wilkosz 
K;Stec Z;Kwinta-
Rybicka 
J;Miklaszewska 
M;Pietrzyk JA;  


2010  


23 (in 9 
atypical D-
HUS) 
Children  


NR NR children with HUS 
treated 1996-2009  4 dialysis  


Atypical 
haemolytic-uremic 
syndrome:an 
etiological and 
clinical analysis of 
26 cases  


Yu Y;Pei F;Zhao 
B;Hu Z;  2010  18  NR NR 


patients with atypical 
haemolytic-uremic 
syndrome (aHUS) aHUS 
in our hospital from 
January 2003 to 
December 2009    


6 with PE and HD, and 1 with PE 
plus CVVH and HD 4 patients 
were treated with HD alone, and 1 
patient was treated with HD and 
CVVH  


The Haemolytic-
Uremic Syndrome   


Ramos S;Gomes 
L;Sarmento 
A;Faria MS;Costa 
T;Mota C;Pereira 
E;  


2001  25 Children  NR Portugal 


children with HUS 
admitted in Nephrology 
Department of Hospital 
Maria Pia. from January 
1989 to December 2000  


22% of cases presented with 
oligoanuric acute renal failure but 
all of them required dialysis  


Haemolytic 
uraemic syndrome. 
Clinical features, 
treatment and 
prognostic 
indicators  


Wende-Fischer 
R;Hoyer PF;Offner 
G;Brodehl J;  


1996  


61 children 
(an atypical 
type in 13 
patients)  


Median age 
3.1 years  NR 


61 children with 
haemolytic uraemic 
syndrome we analysed 
clinical and laboratory 
factors and different 
therapies  


dialysis treatment was performed 
in 49 patients (all pts HUS and 
aHUS)  
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Table E7: Summary of studies reporting resource use information: transplant resources 


Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Transplant resources used 


Atypical hemolytic 
uremic syndrome 
in the Tunisian 
population  


Leban N;Aloui 
S;Touati 
D;Lakhdhar 
R;Skhiri H;Lefranc 
G;Achour A;Elmay 
M;Lopez-Trascasa 
M;Sanchez-Corral 
P;Chibani J;Haj 
KA;  


2011  4 adults  Mean age 36 
years Tunisia 


Four cases of atypical 
HUS in adults admitted in 
the Nephrology 
Department of Fattouma 
Bourguiba Universitary 
Hospital in Monastir 
between 2000 and 2008 


Patient 2: received a cadaveric 
kidney transplantation after three 
years of chronic hemodialysis 
treatment, and no recurrence of 
aHUS on the renal allograft was 
seen thereafter  


Relative Role of 
Genetic 
Complement 
Abnormalities in 
Sporadic and 
Familial aHUS and 
Their Impact on 
Clinical Phenotype  


Marina Noris, 
Jessica Caprioli, 
Elena Bresin, 
Chiara Mossali, 
Gaia Pianetti, Sara 
Gamba, Erica 
Daina, Chiara 
Fenili, Federica 
Castelletti, 
Annalisa 
Sorosina,Rossella 
Piras, Roberta 
Donadelli, Ramona 
Maranta,Irene van 
der Meer, Edward 
M. Conway,Peter 
F. Zipfel, Timothy 
H. Goodship,  and 
Giuseppe Remuzzi  


2010  273   NR 


58% from 
Italy, 15% 
from other 
European 
countries, 
14% from 
North 
America, 
2% from 
South 
America, 
2% from 
Africa, 1% 
from Asia, 
and 8% 
from the 
Middle 
East.  


Patients registered from 
1996 to 2007 within the 
International Registry  of 
Recurrent and Familial 
HUS/TTP   


11 had de novo post-transplant 
aHUS. Simultaneous kidney and 
liver transplant was performed in 
four children with CFH mutations 
and in a child with combined 
CFH/CFI mutations.  One patient 
with THBD mutation and one with 
CFH autoantibodies lost the 
kidney graft for recurrence. Kidney 
transplant was performed in three 
patients with MCP mutations.  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Plasma therapy in 
atypical haemolytic 
uremic syndrome: 
lessons from a 
family with a factor 
H mutation  


Davin JC;Strain 
L;Goodship TH;  2008  3 children   3.8 years 


mean age NR 


Three sisters, two of 
whom are monozygotic 
twins, with atypical HUS 
associated with a FH 
mutation   


The older sister was transplanted 
for the second time at the age of 
12 years with a cadaver kidney. 
Her first renal transplant at the 
age of 5 years was lost to 
recurrent HUS within weeks of 
surgery. Twin 1 was the second to 
be transplanted  


Epidemiology, 
clinical 
presentation, and 
pathophysiology of 
atypical and 
recurrent hemolytic 
uremic syndrome  


Zimmerhackl 
LB;Besbas 
N;Jungraithmayr 
T;van de Kar 
N;Karch 
H;Karpman 
D;Landau D;Loirat 
C;Proesmans 
W;Prufer F;Rizzoni 
G;Taylor MC;  


2006  167  NR 


UK, 
Netherland
s, Sweden, 
cZechia, 
Austria, 
Hungary, 
Switzerland
, Israel, 
Italy, 
Turkey, 
France 


onset of the disease 
1974-2005 in registry 


33 pts. renal transplantation, in 
18% of these pts. transplant was 
successful 


Recurrence of 
hemolytic uremic 
syndrome after 
renal 
transplantation in 
children: a report 
of the North 
American Pediatric 
Renal Transplant 
Cooperative Study  


Quan A;Sullivan 
EK;Alexander SR;  2001  4 pts with 


aHUS NR 


United 
States, 
Canada, 
Mexico, 
and Costa 
Rica  


Patients within the 
NAPRTCS registry who 
developed end-stage 
renal disease as a result 
of HUS and have 
subsequently undergone 
renal transplantation 


The original cohort consisted of 
114 HUS patients from 54 
participating NAPRTCS centers 
who had 124 renal transplants. 
We received survey responses 
from 33 participating centers 
describing 61 patients who had 68 
renal transplants. The information 
on those 61 patients (68 
transplants) is the basis for the 
present report  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Recurrence of 
haemolytic-
uraemic syndrome 
in renal 
transplants: a 
single-centre 
report  


Miller RB;Burke 
BA;Schmidt 
WJ;Gillingham 
KJ;Matas 
AJ;Mauer 
M;Kashtan CE;  


1997  18 aHUS  Not clear USA 
(Minnesota) 


24 patients, between 31 
May 1972 and 31 
December 1994, with a 
primary diagnosis of 
HUS underwent renal 
trans plantation at the 
University of Minnesota.  


36 transplants (21 primary 
transplants, 6 second transplants, 
and 9 third, fourth or fifth grafts)  


Heterogeneity of 
atypical haemolytic 
uraemic 
syndromes  


Neuhaus 
TJ;Calonder 
S;Leumann EP;  


1997  23 children  Median age 
4.9 years Switzerland  


Clinical and laboratory 
features of 23 children 
with D−HUS 


5 children underwent cadaveric 
renal transplantation  


Haemolytic 
uraemic syndrome: 
prognostic factors 
in children over 3 
years of age  


Renaud C;Niaudet 
P;Gagnadoux 
MF;Broyer 
M;Habib R;  


1995  
21 with 
aHUS 
children 


Mean age 30.2 
months France  


42 children over 3 years 
old who presented HUS 
at Necker-Enfants 
Malades Hospital (Paris, 
France) between 1955 
and 1990  


Six patients were transplanted  


Eculizumab in 
adolescents/adult 
patients with 
atypical hemolytic 
uremic syndrome 
resistant to plasma 
exchange/infusion: 
A phase II efficacy 
and safety study  


Loirat C;Babu 
S;Furman 
R;Sheerin 
N;Cohen D;Gaber 
O;Eitner F;Delmas 
Y;Greenbaum 
L;Bedrosian 
CL;Zimmerhackl 
LB;Legendre C;  


2011  17  NR NR 


Phase II, controlled, 
open-label, single-arm 
26-week study. Patients 
> =12 years with PE/PI-
resistant aHUS   


41% had a kidney transplant  


Renal 
transplantation in 
atypical hemolytic 
uremic syndrome 
(AHUS) update of 
the international 
HUS registry 
(HUSNET)  


Riedl M;Hofer 
J;Rosales 
A;Wurzner R;Giner 
T;Zimmerhackl 
LB;Jungraithmayr 
TC;  


2011  26  NR NR 


Since 2001 the HUS 
study group (www.hus-
online.at) is collecting 
data and performs 
complement analysis in 
patients with atypical 
HUS  


49 renal transplantations were 
performed  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Atypical hemolytic 
uremic syndrome 
(aHUS). A single 
center experience  


Adragna 
MS;Balestracci 
AA;Caletti MG;  


2010  11 children  
Median age 
onset: 0.66 
months  


NR aHUS pts. in institution  5 patients underwent cadaveric 
kidney transplants  


Transplantation in 
atypical hemolytic 
uremic syndrome  


Riedl M;Hofer 
J;Rosales 
A;Yeutukhova 
Y;Jungraithmayr 
TC;Zimmerhackl 
LB;  


2010  25  NR NR Patients with atypical 
STEC negative HUS.  47 renal transplantations   


 
Table E8: Summary of studies reporting resource use information: hospitalisation 


Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Hospitalization resources used 


Hemolytic-Uremic 
Syndrome in 
Uberlandia, MG, 
Brazil  


Bonetti V;Mangia 
CM;Zuza 
JM;Barcelos 
MO;Fonseca 
MM;Nery 
SP;Carvalhaes 
JT;Andrade MC;  


2011  27 children   Median age 14 
months Brazil  


Children diagnosed with 
HUS from January 1, 
1994 to January 31, 
2004 in the pediatric 
nephrology department 
of the Hospital de 
Clinicas, Universidade 
Federal de Uberlandia, 
MG, Brazil, 


The mean hospital stay was 24 
days (range: 13 to 36 days). 
[table] / The mean length of 
hospital stay was 25 days (6 to 70 
days)  


Hemolytic-uremic 
syndrome in 
Switzerland: a 
nationwide 
surveillance 1997-
2003  


Schifferli A;von 
Vigier RO;Fontana 
M;Sparta 
G;Schmid 
H;Bianchetti 
MG;Rudin C;  


2010  6 children (with 
aHUS) 


Median age 21 
months (for all 
the group not 
exclusively 
aHUS pts) 


Switzerland 


National study through 
the Swiss Pediatric 
Surveillance Unit 114 
HUS cases 


Hospital stay Duration, days 16 
(1–60) 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Long-term 
outcome of 
children previously 
on dialysis therapy 
for hemolytic 
uremic syndrome  


Szczepa+õska 
M;Szprynger 
K;Niwi+õska-
Faryna 
B;Muszewska E;  


2008  19 aHUS 
children  


Mean age of 
46.3 ± 50.0 
months for all 
the group of 
pts 


Poland  


HUS hospitalized pts  at 
the Department and 
Clinics of Pediatrics in 
Zabrze of Silesian 
Medical University in 
Katowice from 1990 to 
2006. 


The mean hospitalization time 
was 49.1 ± 34.9 days. (range: 9–
152 days).  


Nationwide study 
of haemolytic 
uraemic syndrome: 
clinical, 
microbiological, 
and 
epidemiological 
features  


Elliott EJ;Robins-
Browne 
RM;O'Loughlin 
EV;Bennett-Wood 
V;Bourke 
J;Henning P;Hogg 
GG;Knight 
J;Powell 
H;Redmond D;  


2001  14 aHUS 
children  


median age of 
cases at 
diagnosis was 
31 months 


Australia 


Children under 15 years 
presenting 
with microangiopathic 
haemolytic anaemia, 
thrombocytopenia, and 
acute renal 
impairment were 
identified  
through the Australian 
Paediatric Surveillance 
Unit with monthly case 
notification 
from paediatricians, July 
1994 to June 
1998.   


Ninety one (92%) children were 
hospitalised for a median 
 (interquartile range) of 14 (7–21) 
days (all cases, not exclusively 
aHUS) 


 
Table E9: Summary of studies reporting resource use information: plasma exchange resources 


Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Plasma exchange resources used 
Prognostic value of 
renal pathological 
findings in children 
with atypical 
hemolytic uremic 
syndrome  


Mehrazma 
M;Hooman 
N;Otukesh H;  


2011 29 children  NR Iran 


AHUS patients between 
1992 and 2005 in Ali 
Asghar Children 
Hospital. 


13 pts had received fresh frozen 
plasma, and 11 had received 
fresh frozen plasma with 
intravenous immunoglobulin 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Plasma therapy for 
atypical haemolytic 
uraemic syndrome 
associated with 
heterozygous 
factor H mutations  


Kim JJ;Goodship 
TH;Tizard J;Inward 
C;  


2011  3 children   Mean age 10.6 
months   UK  


Patients with 
heterozygous CFH 
mutations associated 
with aHUS 


Plasma Therapy was started 
within 3 days of presentation for 
all three pts. The PEX regimen 
consisted of 70 ml/kg volume 
exchange with fresh frozen 
plasma (FFP) each session. 
When FFP infusions were given 
alone, the dose was 15–20 ml/kg 
rounded to the nearest pooled 
unit. The FFP brand was Octaplas 


Atypical hemolytic 
uremic syndrome 
in the Tunisian 
population  


Leban N;Aloui 
S;Touati 
D;Lakhdhar 
R;Skhiri H;Lefranc 
G;Achour A;Elmay 
M;Lopez-Trascasa 
M;Sanchez-Corral 
P;Chibani J;Haj 
KA;  


2011  4 adults  Mean age 36 
years Tunisia 


Four cases of atypical 
HUS in adults admitted in 
the Nephrology 
Department of Fattouma 
Bourguiba Universitary 
Hospital in Monastir 
between 2000 and 2008 


Patient 1: Plasma exchange (60 
mL/Kg of fresh frozen plasma per 
session) was carried out, with no 
improvement. Patient 2: The 
patient was treated with ten 
sessions of plasma exchange (40 
ml/Kg of fresh-frozen plasma per 
session), with no improvement, 
patient 3: There was no 
improvement after eight sessions 
of plasma exchange (40 ml/Kg of 
fresh-frozen plasma per session) 


Pregnancy-
associated 
hemolytic uremic 
syndrome revisited 
in the era of 
complement gene 
mutations  


Fakhouri 
F;Roumenina 
L;Provot F;Sallee 
M;Caillard S;Couzi 
L;Essig M;Ribes 
D;Dragon-Durey 
MA;Bridoux 
F;Rondeau 
E;Fremeaux-
Bacchi V;  


2010  21 adults  Mean age 28 
years  France  French cohort of adult 


patients with TMA 
Treatment consisted  mainly of 
plasma exchange (15 of 18, 83%) 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Pulse 
cyclophosphamide 
therapy and clinical 
remission in 
atypical hemolytic 
uremic syndrome 
with anti-
complement factor 
H autoantibodies  


Boyer O;Balzamo 
E;Charbit 
M;Biebuyck-Gouge 
N;Salomon 
R;Dragon-Durey 
MA;Fremeaux-
Bacchi V;Niaudet 
P;  


2010  3 children   Mean age 5.8 
years NR 


3 children with atypical 
hemolytic uremic 
syndrome associated 
with anti–complement 
factor H (CFH) 
autoantibodies 


Patient 1: The patient received 
daily fresh frozen plasma (FFP) 
infusions from day (D)1-D7, then 
tapered to every other day. And 
thereafter he was treated with 12 
PEs with fresh frozen plasma 
replacement from D21-D35, 
Patient 2: received 3 fresh frozen 
plasma infusions (10 mL/d/kg 
body weight) without remission, 
patient 3: he was treated with 2 
PEs (D11 and D14)  


Relative Role of 
Genetic 
Complement 
Abnormalities in 
Sporadic and 
Familial aHUS and 
Their Impact on 
Clinical Phenotype  


Marina Noris, 
Jessica Caprioli, 
Elena Bresin, 
Chiara Mossali, 
Gaia Pianetti, Sara 
Gamba,Erica 
Daina, Chiara 
Fenili, Federica 
Castelletti, 
Annalisa Sorosina, 
Rossella Piras, 
Roberta 
Donadelli,Ramona 
Maranta Irene van 
der Meer,Edward 
M. Conway,Peter 
F. Zipfel,Timothy 
H. Goodship, and 
Giuseppe Remuzzi  


2010  273   NR 


58% from 
Italy, 15% 
from other 
European 
countries, 
14% from 
North 
America, 
2% from 
South 
America, 
2% from 
Africa, 1% 
from Asia, 
and 8% 
from the 
Middle 
East.  


Patients registered from 
1996 to 2007 within the 
International Registry of 
Recurrent and Familial 
HUS/TTP   


131 children and 51 adults 
responded to plasma exchange. 
Overall,  70% of episodes (50% of 
patients) responded to plasma 
without differences between 
sporadic and familial cases. A 
better response to plasma 
treatment was observed in 
children than in adults 
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Atypical Hemolytic 
Uremic Syndrome 
Associated With 
Complement 
Factor H 
Autoantibodies 
and 
CFHR1/CFHR3 
Deficiency  


Lee BH;Kwak SH;Il 
Shin J;Lee 
SH;Choi HJ;Kang 
HG;Ha IS;Lee 
JS;Dragon-Durey 
MA;Choi Y;Il 
Cheong H;  


2009  3 children Mean age 8.6 
years at onset NR Three patients clinically 


diagnosed as aHUS 


Patient 1: 10 sessions of daily 
plasmapheresis followed by a 
week of intermittent 
plasmapheresis (three times per 
week), patients 2 undergone PE 
and PI and patient 3 undergone PI    
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Plasma therapy in 
atypical haemolytic 
uremic syndrome: 
lessons from a 
family with a factor 
H mutation  


Davin JC;Strain 
L;Goodship TH;  2008  3 children   3.8 years 


mean age NR 


three sisters, two of 
whom are monozygotic 
twins, with atypical HUS 
associated with a FH 
mutation   


1 twin: Plasma exchange (PE) 
was initiated, and ten daily 
sessions of PE (40 ml/kg per 
session) undertaken. She 
received thereafter three sessions 
of five plasma infusions (10 ml/kg) 
in response to recurrent 
thrombocytopaenia and 
haemolysis with good effect. 2nd 
twin: Daily PE was performed until 
normalisation of plasma creatinine 
after 3 weeks (132 μmol/l to 61 
μmol/l) Thereafter, PE was 
undertaken once every 2 weeks. 
Three and 19 months later, 
thrombocytopaenia and 
haemolysis in association with a 
respiratory tract infection 
prompted a temporary increase in 
the frequency of PE to daily. 
Following the second relapse, 
weekly PE was undertaken for 6 
months, followed by a frequency 
of once every 2 weeks indefinitely. 
Older sister: PE was undertaken 
immediately prior to 
transplantation, daily for the first 
postoperative week, and then 
progressively tapered to once 
every 2 weeks by 2 months post-
transplant  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Hemolytic uremic 
syndrome in 
Kuwaiti Arab 
children  


Al-Eisa A;Al-Hajeri 
M;  2001  11 aHUS 


children  


Mean age at 
presentation 
was 34.2±38.2 
months in the 
D– HUS group 


Kuwait  


Twenty-five children with 
HUS diagnosed between 
January 1985 and 
January 2000 in the 
Pediatric Nephrology 
Unit at Mubarak Al-
Kabeer Hospital  


Therapeutic modalities used, in 
addition to dialysis, included fresh 
frozen plasma infusions in 19 
patients (76%) of both D+ and D– 
HUS groups 


Recurrence of 
hemolytic uremic 
syndrome after 
renal 
transplantation in 
children: a report 
of the North 
American Pediatric 
Renal Transplant 
Cooperative Study  


Quan A;Sullivan 
EK;Alexander SR;  2001  4 aHUS NR 


United 
States, 
Canada, 
Mexico, 
and Costa 


Patients within the 
NAPRTCS registry who 
developed end-stage 
renal disease as a result 
of HUS and have 
undergone renal 
transplantation  


Treatment of HUS recurrence in 
these six renal transplants 
included no treatment in one, 
infusion of fresh-frozen plasma in 
four, plasmapheresis in two, and 
administration of defibrotide in 
two.. One patient was treated with 
both fresh-frozen plasma infusion 
and plasmapheresis. The patient 
who had two renal allografts was 
treated with plasma infusion and 
defibrotide each time  


Heterogeneity of 
atypical haemolytic 
uraemic 
syndromes  


Neuhaus 
TJ;Calonder 
S;Leumann EP;  


1997  23 children  Median age 
4.9 years Switzerland  


Clinical and laboratory 
features of 23 children 
with D−HUS, 


7 patients, all requiring dialysis, 
underwent plasma exchange  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Haemolytic 
uraemic syndrome: 
prognostic factors 
in children over 3 
years of age  


Renaud C;Niaudet 
P;Gagnadoux 
MF;Broyer 
M;Habib R;  


1995  
21 with 
aHUS 
children 


Mean age 30.2 
months France  


42 children over 3 years 
of age who presented 
with HUS at Necker-
Enfants Malades 
Hospital (Paris, France) 
between 1955 and 1990  


Three patients received 10-20 
fresh-frozen plasma infusions, 
associated with plasma exchange 
during the 1st month of the 
disease, and 1 received only 
plasma exchange. The 4 patients 
recovered normal renal function. 
The remaining patient received 
successively 7 plasma 
exchanges, 6 infusions of fresh-
frozen plasma, 2 plasma 
exchanges and 5 infusions of 
fresh-frozen plasma because of 
relapses of both the renal and 
haematological manifestations  


Eculizumab is 
effective in patients 
resistant to plasma 
exchange/infusion 
with atypical 
haemolytic uremic 
syndrome (AHUS)  


Bedrosian C;Babu 
S;Furman 
R;Sheerin 
N;Cohen D;Gaber 
O;Eitner F;Delmas 
Y;Loirat 
C;Greenbaum 
L;Zimmerhaekl 
L;Legendre C;  


2011  17 aHUS pts. 


15 of 17 pts 
group with 
median age 28 
years   


NR 


26-week, controlled, 
open-label, single-arm 
trial, pts > 12 years were 
enroled with plasma-
resistant aHUS 


Pts received eculizumab 900 
mg/week (4 weeks), 1200 mg 
(week 5), and then 1200 mg q2 
weeks (plus a meningococcal 
vaccine). Primary end-point: 
change in platelet (plt) count (a 
measure of TMA) over 26 weeks. 
Secondary endpoints: TMA event-
free status (≥12 weeks of stable 
plt count, no plasma 
exchange/infusion and no new 
dialysis), TMA intervention rate 
(no. of plasma and new dialysis 
events/ pt/day), renal function, 
PK/PD and safety. Plt count 
increased from baseline to week 
26 by a point estimate 73 x 109/L 
(95% CI: 40-105 x 109/L) (primary 
endpoint; P = 0.0001).   
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Prophylactic 
plasmapheresis 
(PE) and 
eculizumab (EC) 
allow long term 
renal function 
preservation in FH 
mutation related 
atypical haemolytic 
uremic syndrome 
(aHUS)  


Davin JC;Groothoff 
JW;Bemelman 
FJ;Bouts AH;  


2011  3  NR NR 


18 y follow-up of 3 sisters 
(including monozygotic 
twins) with aHUS and the 
same CFH mutation 


Intensive PE was used at first 
episode or recurrence: daily 
sessions until pl.creat 
normalisation followed by 
progressive tapering and 
indefinitely prolongation. in case 
of Tx: pre-Tx session followed by 
daily PE for one week, tapered 
until 1PE/w and indefinitely 
prolonged. At month 12 post-Tx3, 
PE was shift to EC because of 
severe reactions to plasma. Twin 
1: after 2 years dialysis, 
successful first Tx (Tx1) despite 
several CMV infection-associated 
recurrences. Pl. creat: 150 
mumol/L at age 17 y, 8 y after 
Tx1. c/ twin 2: complete recovery 
after first episode. Pl.creat. 58 
mumol/L at age 17 y, 10 y after 
first HUS episode  


Interim analysis of 
phase II efficacy 
and safety data for 
eculizumab in 
patients with 
atypical haemolytic 
uremic syndrome 
(aHUS) receiving 
chronic plasma 
exchange/infusion  


Goodship 
THJ;Muus 
P;Legendre 
C;Douglas 
K;Hourmant 
M;Delmas 
Y;Herthelius 
M;Trivelli A;Loirat 
C;Bedrosian 
C;Licht C;  


2011  20  median age 28 
years  NR 


Controlled, open-label, 
single-arm, 26-week 
phase II study 20 aHUS  
patients received 
eculizumab  


aHUS patients on 12 years 
plasma exchange/infusion 
completed an 8-week observation 
period before initiating eculizumab 
(900 mg/week for 4 weeks, 1200 
mg at week 5, then 1200 mg q2 
weeks). Patients received a 
meningococcal vaccine = 2 weeks 
before eculizumab.); 45% 
received 2-3 plasma 
exchange/infusion sessions/week;  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Eculizumab in 
adolescents/adult 
patients with 
atypical haemolytic 
uremic syndrome 
resistant to plasma 
exchange/infusion: 
A phase II efficacy 
and safety study  


Loirat C;Babu 
S;Furman 
R;Sheerin 
N;Cohen D;Gaber 
O;Eitner F;Delmas 
Y;Greenbaum 
L;Bedrosian 
CL;Zimmerhackl 
LB;Legendre C;  


2011  17  NR NR 


Phase II, controlled, 
open-label, single-arm 
26-week study. Patients 
> =12 years with PE/PI-
resistant aHUS   


Patients > =12 years with PE/PI-
resistant aHUS (persistent TMA 
despite > =4 PE/PI sessions  


Eculizumab (ECU) 
significantly 
improves Health-
Related Quality of 
Life (HRQoL) in 
patients with 
atypical haemolytic 
uremic syndrome 
(aHUS)  


Muus P;Licht 
C;Goodship 
THJ;Greenbaum 
L;Bedrosian 
CL;Loirat 
C;Legendre C;  


2011  17 aHUS pts  Median age 28 
yrs   NR 


2 prospective, controlled, 
single-arm phase II trials 
of aHUS pts receiving 
ECU, 


In trial C08-003, 20 pts previously 
received chronic PE/PI (> =1 
every 2 wks and <3 per wk for > 
=8 wks prior to ECU  


Anti-factor H 
antibodies in 
Japanese children 
with atypical 
haemolytic uremic 
syndrome  


Nishimura 
M;Maekawa 
K;Kawashima 
F;Takagi N;Sawaki 
J;Takahashi 
C;Mae H;Hattori 
M;Tanizawa T;  


2011  14 Children  NR NR 


Cases of aHUS 
associated with anti-
CFH-ab, and show 
clinical features in 14 
cases of Japanese aHUS 
children  


All 4 patients of positive anti-CFH-
ab needed intensive 
immunosuppressive therapy after 
plasmapheresis.  


Atypical haemolytic 
uremic syndrome 
(ahus). A single 
centre experience  


Adragna 
MS;Balestracci 
AA;Caletti MG;  


2010  11 children  
Median age 
onset: 0.66 
months  


NR aHUS pts in institution  7pts: plasma infusions.  
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


5 year review of 
haemolytic 
uraemic syndrome 
in Ireland  


Bruton K;O'Grady 
M;Burns K;Cunney 
R;Waldron 
M;Riordan M;Awan 
A;  


2010  63(5 aHUS 
children)   Ireland  


children (<16 years) 
presenting with HUS 
between January 2005 
and December 2009 to 
two tertiary paediatric 
nephrology centres 
serving the entire 
population of Ireland  


11 underwent plasma exchange 
(4 atypical cases)  


Early intensive 
plasma exchange 
(PEX) for atypical 
haemolytic 
uraemic syndrome 
(AHUS) may slow 
progression to 
end-stage renal 
failure (ESRF)  


Kim J;Goodship 
T;Tizard J;Inward 
C;  


2010  3 children  mean age 10,6 
months   NR 


3 patients with diarrhoea 
negative aHUS 
presented with acute 
renal failure and severe 
hypertension   


Patients 1-3 respectively). Daily 
PEX was commenced. Patient 2 
had slow tapering of PEX over 4 
months to fortnightly sessions and 
relapsed when PEX was extended 
to four weekly  


Plasmatherapy in 
atypical haemolytic 
uremic syndrome, 
French cohort  


Kwon T;Biebuyck 
N;Cailliez M;Broux 
F;Macher 
MA;Niaudet 
P;Tsimaratos 
M;Deschenes 
G;Fremeaux 
V;Loirat C;  


2010  10 children  mean age 6 
months  NR 10 children treated by 


long term PT  


All patients received PT (fresh 
frozen plasma infusions in 6, 
plasma exchanges in 4)  


Factor H antibody 
of Japanese 
children with 
atypical haemolytic 
uremic syndrome  


Maekawa 
K;Shibano 
T;Takagi N;Sawaki 
J;Mae H;Hattori 
M;Tanizawa 
T;Kawashima 
F;Nishimura M;  


2010  13 children  mean age of 
5.3 NR 


CFH and anti CFH 
antibody in 13 children 
with atypical HUS from 
2005 to 2008  


positive group (2 boys and 1 girl) 
was performed plasma pheresis 
or hemodialysis or peritoneal 
dialysis)   
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Title Author(s)  Publication 
date 


N (children- 
adult) 


Age (median 
–mean) Country  Study population Resources 


Haemolytic uremic 
syndrome (HUS) in 
children - Follow-
up and prognosis  


Moczulska 
A;Zachwieja 
K;Slowiaczek 
E;Drozdz 
D;Ogarek I;Wilkosz 
K;Stec Z;Kwinta-
Rybicka 
J;Miklaszewska 
M;Pietrzyk JA; 


2010  


23 (in 9 
atypical D-
HUS) 
Children  


NR NR children with HUS 
treated 1996-2009  


Plasmapheresis was performed in 
6/9 D- pts . 2 received fresh 
frozen plasma  


Atypical 
haemolytic-uremic 
syndrome:an 
etiological and 
clinical analysis of 
26 cases  


Yu Y;Pei F;Zhao 
B;Hu Z;  2010  18  NR NR 


patients with atypical 
haemolytic-uremic 
syndrome (aHUS) aHUS 
in our hospital from 
January 2003 to 
December 2009    


15 patients were treated with 
plasma exchange (PE), among 
them .8 patients received plasma 
infusion.  
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Table E10: Summary of studies reporting natural history of aHUS  


Title Author  Publication 
date 


N 
(children- 
adult) 


Age 
(median –
mean) 


Country  Study population Natural history data 


Prognostic value 
of renal 
pathological 
findings in children 
with atypical 
hemolytic uremic 
syndrome  


Mehrazma 
M;Hooman 
N;Otukesh H;  


2011 29 
children NR Iran 


AHUS pts between 
1992 and 2005 in Ali 
Asghar Children 
Hospital. 


The last follow-up visits were conducted an average 
of 3.7 years after disease onset (range, 0.03 to 12.5 
years). Seven patients (24.1%), who were on 
hemodialysis or continuous ambulatory peritoneal 
dialysis, died of malignant hypertension, pulmonary 
edaema, and congestive heart failure.  One of the 3 
deaths occurred in the first 3 months of diagnosis. 
All deaths occurred in those who received fresh 
frozen plasma. Twenty-two children (75.9%) were 
still alive, 3 of who returned to their hometowns. 
Those who were hypertensive at the time of 
admission developed CKD on follow-up (RR, 3.7; 
95% CI, 1.6 to 8.7; p < .001). Mortality did not 
correlate with gender (P = .60), hypertension (P = 
.09), administration of fresh frozen plasma (P = .70), 
or administration of anti-hypertensives (P = .51). In 
all, 7 patients (24.1%) had normal kidney function 
and blood pressure, 18 (62.1%) had proteinuria (3 
with hypertension and 3 with isolated proteinuria), 1 
(3.4%) had persistent hematuria, and 12 (41.4%) 
suffered from CKD concomitant with hypertension 
and proteinuria.  The most glomerular involvements 
were reduction  in the capillary lumen, thickening of 
the capillary  wall, mesangial cell proliferation, and 
fibrillary  changes  
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Title Author  Publication 
date 


N 
(children- 
adult) 


Age 
(median –
mean) 


Country  Study population Natural history data 


Plasma therapy 
for atypical 
haemolytic 
uraemic syndrome 
associated with 
heterozygous 
factor H mutations  


Kim JJ;Goodship 
TH;Tizard 
J;Inward C;  


2011  3 children  Mean age 
10.6 months  UK  


Patients with 
heterozygous CFH 
mutations associated 
with aHUS 


Patient 1 initially had only 3 days of plasma filtration 
(with  FFP replacement) because of associated 
hypotension. Patient 2 had a good response to daily 
PEX, which was continued for 2 weeks and then 
gradually reduced in frequency to once every 2 
weeks. Patient 3 initially had daily PEX for 2 weeks 
and this was decreased in frequency to twice a 
week. Patient 1 recovered 50% of renal function 
after first presentation. She had four relapses and 
started peritoneal dialysis 41 months after 
presentation. Mutation screening of CFH showed a 
missense mutation (c.3546 G > T, p.Arg1182Ser) in 
exon 23. PEX in patient 2 was slowly tapered over 4 
months to fortnightly sessions, but she relapsed 
when PEX was extended to every 4 weeks. Renal 
function remained normal 12 months post-
presentation. Mutation screening of CFH showed a 
mutation in exon 23 (c.3590 T > C, p.Val1197Ala) 
and two additional sequence variants in exons 3 
and 4. Patient 3 had two relapses associated with 
intercurrent illnesses concurrent with reducing PEX 
to weekly doses. Renal function was normal 5 
months post-presentation. All three patients showed 
a good response to PEX with improved renal 
function both initially and following a relapse.  
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Hemolytic-Uremic 
Syndrome in 
Uberlandia, MG, 
Brazil  


Bonetti V;Mangia 
CM;Zuza 
JM;Barcelos 
MO;Fonseca 
MM;Nery 
SP;Carvalhaes 
JT;Andrade MC;  


2011  27 
children   


Median age 
14 months Brazil  


Children diagnosed 
with HUS during a 
from January 1, 
1994 to January 31, 
2004 in the pediatric 
nephrology 
department of the 
Hospital de Clinicas, 
Universidade 
Federal de 
Uberlandia, MG, 
Brazil, 


The most frequent symptoms were fever and 
vomiting, which were observed in 23 patients 
(85.1%). Nine patients (33.3%) had seizures, three 
(11.1%) had cardiac involvement, and two patients 
(7,4%) developed acute pulmonary  edaema. With 
regard to the outcome, 2 patients (7.4%) died, 3  
patients (11%) developed chronic kidney disease, 
and 21  (77.8%) developed hypertension  


Pregnancy-
associated 
hemolytic uremic 
syndrome 
revisited in the era 
of complement 
gene mutations  


Fakhouri 
F;Roumenina 
L;Provot F;Sallee 
M;Caillard 
S;Couzi L;Essig 
M;Ribes 
D;Dragon-Durey 
MA;Bridoux 
F;Rondeau 
E;Fremeaux-
Bacchi V;  


2010  21 adults  Mean age 
28 years  France  


French cohort of 
adult patients with 
TMA 


Long-term outcome was poor: 76% (16 of 21) of 
patients had reached ESRF or had undergone renal 
transplantation at last follow-up. Sixteen  
pregnancies led to a live birth, and one pregnancy 
was  complicated by an early fetal loss  


Pulse 
cyclophosphamide 
therapy and 
clinical remission 
in atypical 
hemolytic uremic 
syndrome with 
anti-complement 
factor H 
autoantibodies  


Boyer 
O;Balzamo 
E;Charbit 
M;Biebuyck-
Gouge 
N;Salomon 
R;Dragon-Durey 
MA;Fremeaux-
Bacchi V;Niaudet 
P;  


2010  3 children   Mean age 
5.8 years NR 


3 children with 
atypical hemolytic 
uremic syndrome 
associated with anti–
complement factor H 
(CFH) 
autoantibodies 


All 3 patients show a homozygous deletion mutation 
of the CFHR1 and CFHR3 genes. 
Cyclophosphamide pulses with PE may lead to a 
prolonged decrease in CFH antibody titers and a 
favorable outcome of atypical hemolytic uremic 
syndrome and kidney function  
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Hemolytic-uremic 
syndrome in 
Switzerland: a 
nationwide 
surveillance 1997-
2003  


Schifferli A;von 
Vigier 
RO;Fontana 
M;Sparta 
G;Schmid 
H;Bianchetti 
MG;Rudin C;  


2010  
6 children 
(with 
aHUS) 


Median age 
21 months 
(for all the 
group not 
the aHUS 
pts) 


Switzerla
nd 


National study 
through the Swiss 
Pediatric 
Surveillance Unit 
114 HUS cases 


The average annual   incidence was 1.42 cases 
(range, 0.61–1.92) per 100,000 children ≤16 years 
of age. None of the patient with atypical HUS (D−) 
died.  
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Plasma therapy in 
atypical 
haemolytic uremic 
syndrome: 
lessons from a 
family with a factor 
H mutation  


Davin JC;Strain 
L;Goodship TH;  2008  3 children   3.8 years 


mean age NR 


three sisters, two of 
whom are 
monozygotic twins, 
with  atypical HUS 
associated with a FH 
mutation   


This response to intensive PE prompted to 
undertake transplantation with prophylactic plasma 
therapy in the two sisters (older and 1st twin). The 
older sister was transplanted for the second time at 
the age of 12 years with a cadaver kidney. Her first 
renal transplant at the age of 5 years was lost to 
recurrent HUS within weeks of surgery. The graft 
functioned well (plasma creatinine 80 μmol/l) until 2 
months post-transplant, when plasma creatinine 
increased to 200 μmol/l, without either evidence of 
thromboctyopaenia or significant haemolysis. A 
clinical diagnosis of acute rejection was made, and 
treatment commenced with pulse 
methylprednisolone. A renal biopsy performed 5 
days later following a further deterioration in 
transplant function showed HUS, and despite an 
increase in the frequency of PE, the graft did not 
recover. Twin 1 was the second to be transplanted. 
Ten months post-transplant, she presented with 
biopsy-proven recurrent HUS associated with 
primary cytomegalovirus (CMV) infection. The 
plasma creatinine was 167 μmol/l. After 4 weeks 
treatment with daily PE and ganciclovir, plasma 
creatinine stabilised at 90 μmol/l. When ganciclovir 
was stopped 6 months later, there was a further 
episode of recurrent HUS, and plasma creatinine 
increased to 187 μmol/l. Again, intensification of PE 
and the use of ganciclovir resulted in recovery of 
graft function. Continuous CMV prophylaxis with 
acyclovir was instituted, and no further episodes of 
either CMV reactivation or recurrent HUS were 
seen. Five years after transplantation, plasma 
creatinine was 127 μmol/l, and transplant biopsy 
showed allograft nephropathy but no HUS activity.  
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Long-term 
outcome of 
children previously 
on dialysis therapy 
for hemolytic 
uremic syndrome  


Szczepa+õska 
M;Szprynger 
K;Niwi+õska-
Faryna 
B;Muszewska E;  


2008  19 aHUS 
children  


Mean age 
of 46.3 ± 
50.0 months 
for all the 
group of pts 


Poland  


HUS hospitalized pts 
at the Department 
and Clinics of 
Pediatrics in Zabrze 
of Silesian Medical 
University in 
Katowice from 1990 
to 2006. 


End−stage renal failure was established in 3 
children (8.4%). Chronic renal disease of grades 
2−4 was found in 6 (16.7%) children, arterial 
hypertension in 22 (61%) which required medication 
with mean 2.4 ± 1.3 hypotensive agents, and 
proteinuria was present in 6 (16.7%) children. In 5 
children (13.9%) organ complications of 
hypertension, such as left ventricle thickening, were 
detected. Negative correlation between the duration 
of renal replacement and mean glomerular filtration 
rate (GFR) after 5 years of observation was 
observed.  


Epidemiology, 
clinical 
presentation, and 
pathophysiology 
of atypical and 
recurrent 
hemolytic uremic 
syndrome  


Zimmerhackl 
LB;Besbas 
N;Jungraithmayr 
T;van de Kar 
N;Karch 
H;Karpman 
D;Landau 
D;Loirat 
C;Proesmans 
W;Prufer 
F;Rizzoni 
G;Taylor MC;  


2006  167  NR 


UK, 
Netherlan
ds, 
Sweden, 
Czechia, 
Austria, 
Hungary, 
Switzerla
nd, Israel, 
Italy, 
Turkey, 
France 


onset of the disease 
1974-2005 in registry 


prevalence of aHUS 3.3 per million in child 
population  


Hemolytic uremic 
syndrome in 
Kuwaiti Arab 
children  


Al-Eisa A;Al-
Hajeri M;  2001  11 aHUS 


children  


Mean age 
at 
presentation 
was 
34.2±38.2 
months in 
the D– HUS 
group 


Kuwait  


Twenty-five children 
with HUS diagnosed 
between January 
1985  and January 
2000 in the Pediatric 
Nephrology Unit at  
Mubarak Al-Kabeer 
Hospital  


Mortality was significantly higher in the D– HUS 
patients (P<0.0001). Recurrence  of HUS was 
documented in 63.3% of the D– HUS  group  
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Recurrence of 
hemolytic uremic 
syndrome after 
renal 
transplantation in 
children: a report 
of the North 
American 
Pediatric Renal 
Transplant 
Cooperative Study  


Quan A;Sullivan 
EK;Alexander 
SR;  


2001  4 aHUS NR 


United 
States, 
Canada, 
Mexico, 
and 
Costa 


Patients within the 
NAPRTCS registry 
who developed end-
stage renal disease 
as a result of HUS 
and have 
subsequently 
undergone renal 
transplantation.  


For living donors, graft survival rates between HUS 
and non-HUS patients were equivalent (Fig. 1A). In 
cadaveric donor grafts, HUS patients tended to 
have a lower graft survival compared with their non-
HUS counterparts, although the difference was not 
statistically significant (Fig. 1B). Most graft losses in 
the HUS patients occurred during the first 6 months 
after transplantation. Excluding HUS recurrence, the 
majority of grafts in both the HUS and non-HUS 
patients were lost because of technical difficulties 
(19%), acute rejection (22%), and chronic rejection 
(28%). We found that four of five patients with 
recurrence of HUS in the allograft initially presented 
with atypical HUS,  


Nationwide study 
of haemolytic 
uraemic 
syndrome: clinical, 
microbiological, 
and 
epidemiological 
features  


Elliott EJ;Robins-
Browne 
RM;O'Loughlin 
EV;Bennett-
Wood V;Bourke 
J;Henning 
P;Hogg 
GG;Knight 
J;Powell 
H;Redmond D;  


2001  14 aHUS 
children  


Median age 
of cases at 
diagnosis 
was 31 
months 


Australia 


Children under 15 
years presenting 
with 
microangiopathic 
haemolytic anaemia, 
thrombocytopaenia, 
and acute renal 
impairment were 
identified   through 
the Australian 
Paediatric 
Surveillance Unit 
with monthly case 
notification from 
pediatricians, July 
1994 to June 1998.   


The reported annual incidence of HUS (with 95% 
CI) was 0.64 (0.52 to 0.78) per 105 children under 
15 years. Incidence was significantly higher in 
children under 5 years (1.35 (1.06 to 1.72) per 105) 
than in those aged 5–14 years (0.28 (0.18 to 0.39) 
per 105; Fisher’s exact test, p < 0.0001). When 
outbreak cases were excluded from the analysis, 
the overall incidence was slightly, though not 
significantly lower.  
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Recurrence of 
haemolytic-
uraemic syndrome 
in renal 
transplants: a 
single-centre 
report  


Miller RB;Burke 
BA;Schmidt 
WJ;Gillingham 
KJ;Matas 
AJ;Mauer 
M;Kashtan CE;  


1997  18 aHUS  Not clear 
USA 
(Minesota
) 


Between 31 May 
1972 and 31 
December 1994, 24 
patients with a 
primary diagnosis of 
HUS underwent 
renal trans plantation 
at the University of 
Minnesota.  


There were 16 episodes of recurrence of HUS 
involving 14 allografts in 11 patients. Nine of these 
11 patients had atypical HUS, one had classical 
HUS, and one could not be classified.  Recurrence 
began 1 day to 9.4  years after transplantation; 11 of 
14 initial recurrences  developed within 2 months 
post-transplant  


Heterogeneity of 
atypical 
haemolytic 
uraemic 
syndromes  


Neuhaus 
TJ;Calonder 
S;Leumann EP;  


1997  23 
children  


Median age 
4.9 years 


Switzerla
nd  


Clinical and 
laboratory features 
of 23 children with 
D−HUS, 


Nineteen (91%) of the 21 surviving children were 
regularly followed up for a median period of 5.5 
years (range 0.5–23.4). Only two infant’s not 
requiring dialysis could not be located; at discharge 
their plasma creatinine had almost returned to 
normal. Five children (26%) recovered completely, 
including three infants and one neonate who had 
not received acute dialysis. Of the eight children 
who had required  acute dialysis, only one showed 
complete  recovery, five had moderate squeal (three  
were also hypertensive), and two boys died, one  
during the third episode of HUS and one of  end 
stage renal failure six months after a S  pneumonia 
meningitis  


Atypical 
hemolytic-uremic 
syndrome: a 
comparison with 
postdiarrheal 
disease  


Siegler RL;Pavia 
AT;Hansen 
FL;Christofferson 
RD;Cook JB;  


1996  22 aHUS 
children  


Median 
ages 3.5 
years 


USA, 
Utah   


Patient residents of 
Utah or surrounding 
states and had been 
cared for at the 
University of Utah 
Health Sciences 
Center, or its close 
affiliate, Primary 
Children's Medical 
Center.  


There were no deaths in the subset of patients with 
atypical disease. two of the four patients with 
atypical disease who had recurrences also had end-
stage renal disease. End-stage renal disease 
occurred in two (9%) of the patients with atypical 
disease.   
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Haemolytic 
uraemic 
syndrome: 
prognostic factors 
in children over 3 
years of age  


Renaud 
C;Niaudet 
P;Gagnadoux 
MF;Broyer 
M;Habib R;  


1995  21 aHUS 
children  


Mean age 
30.2 months France  


42 consecutive 
children over 3 years  
of age who 
presented with HUS 
at Necker-Enfants 
Malades Hospital  
(Paris, France) 
between 1955 and 
1990  


Our study shows that not all children over the age of 
3 years, but rather only those with D-HUS, are at 
high risk of morbidity and renal mortality. patients of 
the second group who had no prodromal diarrhea, 
the clinical presentation was characterized by an 
insidious onset, with normal urine output except in 4 
patients who were oliguric.  


Outcome and 
prognostic 
determinants in 
the hemolytic 
uremic syndrome 
of children  


Tonshoff 
B;Sammet 
A;Sanden 
I;Mehls 
O;Waldherr 
R;Scharer K;  


1994  21 aHUS 
children 


Median 3.1 
years Germany  


Children with HUS 
observed from 1971-
1988 treated in 
University Children’s 
Hospital in 
Heidelberg  


10 pts died with ahus  


Eculizumab is 
effective in 
patients resistant 
to plasma 
exchange/infusion 
with atypical 
haemolytic uremic 
syndrome (AHUS)  


Bedrosian 
C;Babu 
S;Furman 
R;Sheerin 
N;Cohen 
D;Gaber 
O;Eitner 
F;Delmas 
Y;Loirat 
C;Greenbaum 
L;Zimmerhaekl 
L;Legendre C;  


2011  17 aHUS 
pts 


15 of 17 pts 
group with 
median age 
28 years   


NR 


26-week, controlled, 
open-label, single-
arm trial, pts > 12 
years were enroled 
with plasma-resistant 
aHUS 


Fifteen pts (88% 95% CI 64-100%) became TMA 
event-free. Median TMA intervention rate decreased 
from 0.88 to 0 events/pt/day (p < 0.0001). eGFR 
improvement > 15 mL/min/ 1.73 m2 was found in 
9/17 pts (53%). Importantly, four of five pts became 
dialysis-free. PK-PD blood sampling confirmed that 
eculizumab provided sustained terminal 
complement blockade. Eculizumab was effective in 
pts regardless of CRFM. Eculizumab was well 
tolerated; most common adverse events: headache, 
anaemia, diarrhoea (mild-moderate). The endpoints 
were achieved with high clinical and statistical 
significance. Eculizumab prevented TMA, restored 
renal function, removed the need for plasma 
exchange/infusion, and was well tolerated  
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Prophylactic 
plasmapheresis 
(PE) and 
eculizumab (EC) 
allow long term 
renal function 
preservation in FH 
mutation related 
atypical 
haemolytic uremic 
syndrome (aHUS)  


Davin 
JC;Groothoff 
JW;Bemelman 
FJ;Bouts AH;  


2011  3 children  NR NR 


18 y follow-up of 3 
sisters (including 
monozygotic twins) 
with aHUS and the 
same CFH mutation 


a/ older sister: after 14 y dialysis and 2 immediate 
Tx losses by recurrence, successful third Tx (Tx3) 
despite recurrence at month 8. Severe cerebral 
artery stenosis present after 12 y dialysis. At month 
12 post-Tx3, PE was shift to EC because of severe 
reactions to plasma. Pl.creat: 125 mumol/L 3 years 
post Tx3, at 20 y age; b/ twin 1: after 2 years 
dialysis, successful first Tx (Tx1) despite several 
CMV infection-associated recurrences. Pl. creat: 
150 mumol/L at age 17 y, 8 y after Tx1. c/ twin 2: 
complete recovery after first episode. Pl.creat. 58 
mumol/L at age 17 y, 10 y after first HUS episode. 
No cerebral artery stenosis demonstrated in both 
twins after 10 y evolution. Conclusions: Intensive en 
prophylactic PE, eventually shifted to EC allows 
long term preservation of renal function of native 
kidney and of transplant and might prevent large 
vessels stenosis in FH mutation-related aHUS  


Interim analysis of 
phase II efficacy 
and safety data for 
eculizumab in 
patients with 
atypical 
haemolytic uremic 
syndrome (aHUS) 
receiving chronic 
plasma 
exchange/infusion  


Goodship 
THJ;Muus 
P;Legendre 
C;Douglas 
K;Hourmant 
M;Delmas 
Y;Herthelius 
M;Trivelli 
A;Loirat 
C;Bedrosian 
C;Licht C;  


2011  20  Median age 
28 years  NR 


Controlled, open-
label, single-arm, 26-
week phase II study 
20 aHUS  patients 
received eculizumab  


Most frequent adverse events were diarrhea, 
headache, hypertension, nausea (mild-moderate). 
Conclusions: Eculizumab sustained suppression of 
TMA, leading to permanent discontinuation of 
chronic plasma exchange/infusion, maintained renal 
function, and was well tolerated  
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Eculizumab is an 
effective long-term 
treatment in 
patients with 
Atypical 
Haemolytic 
Uremic Syndrome 
(aHUS) resistant 
to plasma 
exchange/infusion 
(PE/PI): Results of 
an extension 
study  


Greenbaum 
L;Babu 
S;Furman 
RR;Sheerin 
N;Cohen 
D;Gaber 
O;Eitner 
F;Delmas 
Y;Loirat 
C;Bedrosian 
CL;Legendre C;  


2011  17  Median age 
28 years   NR 


In a 26-wk phase II 
trial, pts receiving 
ECU, Pts ≥12 yrs 
with aHUS and 
persistent TMA  


pts treated with ECU for a mean duration of > 1 yr 
remain alive, 4 out of 5 pts became dialysis free, 
and no pt newly required dialysis.  This 
demonstrates that continued ECU treatment 
significantly transformed the clinical course of aHUS 
in this pt population. In addition, long-term ECU 
therapy suppressed TMA and dramatically improved 
renal function. These long-term follow-up data 
further strengthen the evidence for ECU as the new  
standard of care for aHUS  


Eculizumab (ECU) 
therapy for 
atypical 
haemolytic uremic 
syndrome (AHUS) 
in paediatric 
patients: Efficacy 
and safety 
outcomes from a 
retrospective 
study  


Gruppo R;Rodig 
N;Vilalta 
R;Hernandez 
J;Camacho 
J;Lapeyraque 
AL;Sherwinter 
J;Fremont 
O;Baudouin 
V;Simonetti 
GD;Langman C;  


2011  30  NR NR 


aHUS pts receiving 
> = 1 Ecu dose 
outside of clinical 
trials 2007-2009  


Ecu efficacy was similar across age groups. Safety 
was similar to adult/adolescent pts in clinical trials. 
These results, consistent with those from 
adult/adolescent trials, show that Ecu treatment is 
well tolerated and can control TMA, reduce need for 
PE/PI and improve kidney function, thus showing 
the promising potential of Ecu as a new standard of 
care for aHUS.   


Estimated patient 
number of 
congenital atypical 
HUS within a TMA 
patient registry 
across japan: A 
registry of Nara 
medical university  


Hayakawa 
M;Matsumoto 
M;Yoshida 
Y;Isonishi A;Kato 
S;Fujimura Y;  


2011  34  NR Japan  
34 patients were 
assumed to be 
congenital aHUS  


Of 34 patients, 27 (79.4%) had relatives with HUS 
or TTP, and 15 (44.1%) had childhood episode of 
unknown thrombocytopenia. Of note, none of the 
suspected congenital aHUS patients had a history 
of severe newborn jaundice that required exchange 
blood transfusion, which is a hallmark for USS.  
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Eculizumab (ECU) 
significantly 
improves Health-
Related Quality of 
Life (HRQoL) in 
patients with 
atypical 
haemolytic uremic 
syndrome (aHUS)  


Muus P;Licht 
C;Goodship 
THJ;Greenbaum 
L;Bedrosian 
CL;Loirat 
C;Legendre C;  


2011  17 aHUS 
pts  


Median age 
28 yrs   NR 


2 prospective, 
controlled, single-
arm phase II trials of 
aHUS pts receiving 
ECU, 


In both cohorts of distinct trial pts, ECU substantially 
improved HRQoL through Wk 26, and sustained this 
thereafter during long-term ECU therapy (table). In 
trial C08-002, improvements were seen as early as 
Day 7 (0.12, p=0.0346). Point estimate 
improvement (95% CI) in HRQoL from baseline to 1 
yr was 0.32 (0.27-0.36) for C08-002 and 0.09 (0.05-
0.14) for C08-003. On an individual pt basis, 87% 
and 73% of C08-002 and C08-003 pts, respectively, 
achieved a clinically meaningful change that 
represented a clinically important large or moderate 
improvement in HRQoL measures, respectively  


Atypical 
haemolytic uremic 
syndrome (ahus). 
A single centre 
experience  


Adragna 
MS;Balestracci 
AA;Caletti MG;  


2010  11 
children  


Median age 
onset: 0.66 
months  


NR aHUS pts in 
institution  


4 p.normal renal function, 7 developed CRF: 2 in 
predialysis medical treatment and 5: ESRD. aHUS 
was present in younger children, with more 
hypertension and higher requirement of dialysis. 
Outcome was unfavourable, with a high rate of 
recurrence and ESRD. Our results force us to 
enhance the efforts to identify the mutations in order 
to select the best treatment for each type of patient  


Renal 
replacement 
therapy in children 
with haemolytic 
uremic syndrome 
in belarus: First 5 
years experience  


Baiko SV;Sukalo 
AV;Tur NI;  2010  


103(3 
aHUS 
cases)  


average 
age of 
2,08+/-2,47 
years at the 
time of 
admission 
to hospital 


NR 
(HUS) in children in 
Belarus from Jan 
2005 to Jan 2010  


The incidence of HUS in Belarus was 4,24 
cases/100 000 in children < 5 y and 1,37 cases/100 
000 when all children < 15 y were taken into 
account. The mean time of ambulatory observation 
was 3,2+/-2,3 y. End-stage renal failure was 
established in 1 child (1,54%), chronic renal disease 
at grades 2-4 was revealed in 2 (3,08%) patients, 
77,5% of children had the arterial hypertension by 
discharge from the hospital, in 3 cases (4,6%) 
severe proteinuria was present.   
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5 year review of 
haemolytic 
uraemic syndrome 
in Ireland  


Bruton 
K;O'Grady 
M;Burns 
K;Cunney 
R;Waldron 
M;Riordan 
M;Awan A;  


2010  63(5 ahus 
children)  NR Ireland  


children (<16 years) 
presenting with HUS 
between January 
2005 and December 
2009 to two tertiary 
paediatric 
nephrology centres 
serving the entire 
population of Ireland  


5 patients had atypical HUS - 3 pneumococcal (1 
died, 1 long-term sequelae); and 2 with Factor H 
mutations (1 has renal impairment).  


Clinical features of 
anti-FH auto 
antibodies-
associated HUS: 
A typical onset but 
an atypical 
outcome  


Dragon-Durey 
MA;Sethi 
SK;Bagga 
A;Blanc C;Blouin 
J;Ranchin 
B;Andre 
JL;Takagi 
N;Cheong 
H;Pankaj H;Le 
M;Niaudet 
P;Loirat 
C;Fridman 
WH;Fremeaux-
Bacchi V;  


2010  


38 
children  
and 8 
adults  


NR NR 45 anti-FH positive 
HUS patients 


Abdominal symptoms and diarrhoea were present in 
84% and 53% of patients, respectively, which is 
more frequent than observed in hereditary aHUS 
(28%). Extra renal complications were frequent: 
biological hepatitis and pancreatitis were noticed in 
50% and 23% of patients, respectively; four patients 
developed seizures; three cardiac insufficiencies 
and one diabetes. These complications were rarely 
reported in hereditary aHUS but were described in 
3-10% of Stx-HUS. Outcome was more severe than 
in Stx-HUS. 7% died after the first flare of the 
disease, 27% of patients developed End Stage 
Renal Disease. Relapses occurred in 58% of 
patients, 39% had chronic renal insufficiency and 
25% had no sequel  


Haemolytic uremic 
syndrome (HUS) 
in children - 
Follow-up and 
prognosis  


Moczulska 
A;Zachwieja 
K;Slowiaczek 
E;Drozdz 
D;Ogarek 
I;Wilkosz K;Stec 
Z;Kwinta-
Rybicka 
J;Miklaszewska 
M;Pietrzyk JA;  


2010  


23 (in 9 
atypical 
D-HUS) 
Children  


NR NR children with HUS 
treated 1996-2009  


4/9 D-HUS patients improved without RRT. In D-
HUS pts 1 tonsillitis, 1 streptococcal sepsis, 1 
varicella, 4 respiratory tract infection were 
diagnosed. The renal replacement therapy (RRT) 
was introduced 1,8+/-1,5 days after admission in 
16/23 pts (4 HD a. 12 PD).  
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Title Author  Publication 
date 


N 
(children- 
adult) 


Age 
(median –
mean) 


Country  Study population Natural history data 


Transplantation in 
atypical 
haemolytic uremic 
syndrome  


Riedl M;Hofer 
J;Rosales 
A;Yeutukhova 
Y;Jungraithmayr 
TC;Zimmerhackl 
LB;  


2010  25  NR NR patients with atypical 
STEC negative HUS.  


The data of our registry shows that graft failure due 
to disease recurrence occurred in more than 50% in 
the first year of transplantation.  


Atypical 
haemolytic-uremic 
syndrome:an 
etiological and 
clinical analysis of 
26 cases  


Yu Y;Pei F;Zhao 
B;Hu Z;  2010  18  NR NR 


patients with atypical 
haemolytic-uremic 
syndrome (aHUS) 
aHUS in our hospital 
from January 2003 
to December 2009    


Among the 18 patients who were included in the 
outcome analysis, 14 achieved complete response 
and 4 had partial response; 16 had normal renal 
function, and 2 progressed to ESRD(end stage 
renal disease  


The Haemolytic-
Uremic Syndrome   


Ramos S;Gomes 
L;Sarmento 
A;Faria 
MS;Costa 
T;Mota C;Pereira 
E;  


2001  25 
Children  NR Portugal 


children with HUS 
admitted in 
Nephrology 
Department of 
Hospital Maria Pia. 
from January 1989 
to December 2000  


In atypical form, two thirds of cases developed 
complications (50% haematuria, 50% hypertension, 
33% proteinuria, 67% end-stage renal failure).  


High rate of 
atypical onset and 
recurrence in 
cases of 
haemolytic uremic 
syndrome in 
children  


Mir S;Sonmez 
F;Cura 
A;Kabasakal 
C;Basdemir G;  


1997  13 ahus 
pts  


Mean age 
of 9.7 +- 1.2 
years  


NR 


14 patients with HUS 
were followed 
between 1984 and 
1994  


. During the follow-up period, 28 percent of the 
patients had chronic renal failure, 42 percent had 
central nervous system involvement and 28 percent 
had cardiovascular complications. The high rate of 
recurrence was attributed to the high rate of atypical 
HUS and advanced age  


Clinical aspects of 
the haemolytic 
uremic syndrome  


Chen CH;Chen 
WP;Yang LY;Fu 
LW;Wang 
HH;Chiou YH;Lin 
CY;  


1998  7  NR Taiwan  


clinical course, 
complications and 
outcome of HUS in 
children 


Acute renal failure, hypertension and liver 
involvement were noted in all cases. Stroke and 
seizure developed in three of the cases with 
sequelae. Two cases progressed into end-stage 
renal disease (ESRD). One case developed acute 
respiratory distress syndrome (ARDS). Two cases 
(28.5%) expired. ESRD especially associated with 
ARDS was highly related to mortality  
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17.5 Appendix 5: Patient Survey 


Please answer the below questions to the best of your ability based on your current 
situation.  You only need to complete the questions that you feel comfortable 
answering.  If you do not wish to answer a particular question, please skip to the next 
question. 
 
If you are completing this questionnaire on behalf of a child, please answer the 
questions as best you can on their behalf. 
 
Most of the questions at the beginning of the survey are to be answered by the 
patient (or by the patient’s parent if a child).  At the end of the survey there are some 
questions concerning the impact of aHUS on informal carers/caregivers.  If possible, 
these questions should be completed by the primary carer, but if he or she is not 
available, then the patient should complete the questions on behalf of the carer, as 
feasible. 
 
If you have any questions, or need help completing the survey, please contact Adam 
Hutchings via email at adam@gmasoln.com or via phone at +44 (0) 7545 875817.   
 
Thank you in advance for taking the time to complete this survey.  Your time and 
assistance are greatly appreciated on behalf of patients with atypical haemolytic 
uraemic syndrome (aHUS) in the UK. 
 
Patient Demographic Information (to be completed by patient or the patient’s 
parent on behalf of the person with aHUS if he or she is a child) 


 
1. How old are you? ________ 


 
2. Please indicate whether you are male or female: ___M ___F 


 
3. Please circle your marital status:  


 
• Married or cohabiting 


• Separated 


• Divorced 


• Widowed 


• Never married 
 


4. Please indicate whether you have children:  ____NO ___ YES  
 


5. If “YES”, how many children do you have? ______ 
 


6. Please circle the highest level of education that you have completed: 
 


• High school (O-Level / GCSE) 


• College or Sixth Form (A-Levels, NVQ or equivalent) 


• University 



mailto:adam@gmasoln.com
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• Post graduate or professional qualification 
 
aHUS disease information (to be completed by patient or the patient’s parent 
on behalf of the person with aHUS if he or she is a child) 


 
7. When were you diagnosed with aHUS? (day/month/year)  ___/___ /___  


 
8. When was the last time you attended hospital because of your aHUS?  


(day/month/year)  ___/___ /___ 
 


9. What was your chronic kidney disease (CKD) stage at your last clinical 
assessment (please choose from the list below): 


• Stage 0 


• Stage 1 


• Stage 2 


• Stage 3a or 3b 


• Stage 4 


• Stage 5 or End Stage Renal Disease 


• Don’t know 
 


10. Are you currently receiving dialysis therapy? _____ NO ___ YES 
 


11. Do you have any current impairment in respect to (please choose from the list 
below): 


• Neurological impairment?   


• Ophthalmologic (eye) impairment?  


• Cardiovascular (heart) impairment?   


• Renal (kidney) impairment? 


• Other (please specify) 


• No impairments 


 
Impact of aHUS on Employment and School (to be completed by patient or the 
patient’s parent on behalf of the person with aHUS if he or she is a child) 


 
12. Please indicate if you are currently either employed or in education:  
_____ NO ___ YES 


 
13. If “YES” please provide the average number of hours worked or spent in 


education per week for each entry below that applies to you: 
 


Type of Job or Education Average number of hours per 
week 


Caregiver for children  
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Type of Job or Education Average number of hours per 
week 


Working in a full time paying job   
Working in a part time paying job  
Self employed   
Volunteer work  
Full time student  
Part time student  
Housework/ home maintenance  


 
14. If you currently work for pay/profit, or are on sick leave, please circle the 


category that best describes your main job: 


• Executive, administrator or senior manager  


• Professional  


• Technical support 


• Sales 


• Clerical and administrative support  


• Service occupation 


• Operator or labourer 
 


15. Please indicate what is your annual income from your job, before taxes?  


• £0 - £10,000 


• £10,000 - £20,000 


• £20,000 - £30,000 


• £30,000 - £40,000 


• £40,000 or more 
 


16.  If you are currently not in work please tick the reason for your situation and 
record how long you have been in that situation: 
 


Reason for Not Working How long have you been in this situation? 


Weeks Months Years 
Unemployed and looking for 
work  


   


Unemployed and unable to 
work 


   


Temporarily laid off    
Maternity leave    
Short term sick leave    
Extended sick leave or 
disability 


   


Retired    
 


17. Please indicate approximately how many hours you worked in the past seven 
days? 


• More than 60 hours  
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• 56 hours  


• 40 hours  


• 25 hours  


• 20 hours  


• 10 hours  


• Other (please specify):______________  
 


18. During the past seven days, approximately how many total hours did you 
miss from work or education because of problems associated with aHUS? 
(Please include all hours you missed as a result of sick days, times you went 
to work late, left early, etc., because of aHUS.)   


• More than 21 hours  


• 21 hours  


• 8 hours  


• 4 hours  


• Other (specify):____________________  
 


19. Please indicate if your income has been reduced due to absenteeism from 
work as a result of aHUS?  ____ NO ___ YES 


 
20. If “YES”, please estimate how much your income has been reduced over the 


last year because of aHUS: £_____ 
 


21. Please use the scale below to indicate how much aHUS affected your 
productivity while you were working or attending school.   


 
Specifically, please think about days you were limited in the amount or kind of 
work/school you could do, days you accomplished less than you would have 
liked, or days you could not do your work/school as carefully as usual.  If 
aHUS affected your work/school only a little, circle a low number on the scale 
below.  Circle a high number if aHUS affected your work/school a great deal.   
 
Please consider only how much aHUS affected productivity while you were 
working/in school, not other activities, where 0 equals no effect on activities 
and 10 equals completely prevented activities. 


 
aHUS had no 
effect on my 
work 


           aHUS completely 
prevented me from 
working 


0 1 2 3 4 5 6 7 8 9 10 


 
 


22. Please indicate whether your educational studies have been interrupted 
because of your disease: _____NO ___ YES 


 
23. Please specify if you receive any of the following payments from the 


government by entering the amount received per week:  
 


Type of Government Assistance Amount received per week (£) 
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Type of Government Assistance Amount received per week (£) 
Jobseekers Allowance  
Income Support  
Incapacity Benefit  
Disability Living Allowance (adult)  
Disability Living Allowance (children)  
Employment and Support Allowance  
Access to Work  
Housing benefit  
Working Tax Credit  
Attendance Allowance  


 
Impact of aHUS on Non-Work Activities (to be completed by patient or the 
patient’s parent on behalf of the person with aHUS if he or she is a child) 
 


24. Please indicate by circling a number on the scale below, how much aHUS 
affected your ability to do your regular daily activities, other than attending 
work or school, over the past seven days? 


 
By regular activities, we mean the usual activities you do, such as housework, 
shopping, childcare, exercising, studying, etc.  Think about times you were 
limited in the amount or kind of activities you could do and times you 
accomplished less than you would like.  If aHUS affected your activities only a 
little, circle a low number on the scale below.  Circle a high number if aHUS 
affected your activities a great deal.   


 
Please consider only how much aHUS affected your ability  
to do your regular daily activities, other than work at a job, where 0 equals no 
effect on activities and 10 equals completely prevented activities. 


 
 


aHUS had no 
effect on 
activities 


           aHUS completely 
prevented my 
activities 


0 1 2 3 4 5 6 7 8 9 10 


 
Impact of aHUS on Leisure Activities (to be completed by patient or the 
patient’s parent on behalf of the person with aHUS if he or she is a child) 


 
25. Please indicate by circling a number on the scale below to what extent you 


were able to take part in leisure activities during the past seven days? 
 
Please consider only how much aHUS affected your ability to do your leisure 
activities, where 0 equals no effect on leisure activities and 10 equals 
completely prevented leisure activities. 


 
 


aHUS had no 
effect on my 
leisure activity 


           aHUS completely 
prevented me from 
engaging in leisure 
activities  


0 1 2 3 4 5 6 7 8 9 10 


   
Home Adaptations Due to aHUS (to be completed by patient or the patient’s 
parent on behalf of the person with aHUS if he or she is a child) 
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26. Please indicate if you have had to change your housing since being 
diagnosed with aHUS: _____NO ___ YES 
 


27. If “YES” please indicate the reason you changed housing by circling one of 
the reasons below: 


• To be closer to a specialist, hospital, or Centre of Expertise 


• To be closer to a relative or other carer 


• To be in more suitable accommodation 


• Other (please specify):_______________________ 
 


Transportation Due to aHUS (to be completed by patient or the patient’s parent 
on behalf of the person with aHUS if he or she is a child) 


 
28. Please indicate how you meet your daily mobility needs by circling the answer 


that corresponds to your situation:  


• Use own car alone 


• Use own car accompanied by a carer   


• Use public transportation alone 


• Use public transportation accompanied by a carer  


• Use exclusively carer’s vehicle    


• Other (please specify):_______________________ 
 


29. Please indicate how many times a week you have to travel because of your 
aHUS (e.g., to attend doctor visits): ______ 


 
30. Please indicate approximately how many hours a week you have to travel 


because of your aHUS (e.g., to attend doctor visits): __________ 
 


31. Please indicate approximately how much your weekly transportation costs are 
related to your aHUS (including petrol, car maintenance, buses, train, taxi, 
etc.): £_______  
 


Out of Pocket Medication/Aids/Therapy Due to aHUS (to be completed by 
patient or the patient’s parent on behalf of the person with aHUS if he or she is 
a child) 
 


32. Please indicate if you need to pay out of pocket for any medication or therapy 
(e.g., physiotherapy) as a consequence of your aHUS: _____NO ___ YES 
 


33. If “YES”, please specify the weekly amount you have to pay out of pocket for 
medication or therapy related to aHUS:  £________ 
 


34. Please indicate if you need supportive aids to help with your mobility, self-
care, or communication, as a result of aHUS? _____NO ___ YES 
 


35. If “YES”, please specify the approximate amount spent in the last year on 
supportive aids: £______ 
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aHUS Patient Quality of Life (to be completed by patient or the patient’s parent 
on behalf of the person with aHUS if he or she is a child) 


 
36. Please indicate how you assess your overall health status by circling a 


number on the scale below, where 0 equals the worst imaginable health state 
and 10 equals the best imagineable health state 


 
 


Worst 
imaginable 
health state 


           Best imaginable 
health state 0 1 2 3 4 5 6 7 8 9 10 


  
Carer/Caregiver Support (to be completed by the patient or the patient’s parent 
on behalf of the person with aHUS if he or she is a child) 
 


37. If you receive support from a carer, please indicate the type and the number 
of hours of care received each week: 


 


Type of Carer Number of Hours per 
Week 


Informal (non-paid) carer  


Social or health services provided carer  


Charity or voluntary organisation carer  


 
38. If  you receive support from an informal carer, please specify the relationship 


you have with him/ her (circle number): 


• Husband/ Housewife 


• Son/ Daughter  


• Relative (other) 


• Friend 


• Neighbour  


• Other (please specify):___________________ 


 
Impact of aHUS on informal (unpaid) Carer/Caregiver (to be completed by the 
carer, or if not available, by the patient on behalf of the carer) 
 


39. As an informal carer, lease indicate if you have had to reduce your 
professional activity to help support the patient: _____NO ___ YES 


 
40. If “YES”  please tick the number of  hours you  have had to reduce your work 


per week:  


• Unable to work 


• Reduced more than 25 hours  
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• Reduced by 20 hours  


• Reduced by 15 hours  


• Reduced by 8 hours  


• Reduced by 4 hours  


• Other (specify):___________________________  
 
Primary Carer Quality of Life 
Please think about your experience as a carer within the last two weeks and please 
tick the box that applies next to each statement. 


 
40. I feel depressed due to caring 


• Never 
• Some of the time 
• A lot of the time 
• Always 


 
41. I feel worn out as a result of caring 


• Never 
• Some of the time 
• A lot of the time 
• Always 


 
42. I am mentally exhausted by caring 


• Never 
• Some of the time 
• A lot of the time 
• Always 


 
43. I am physically exhausted by caring 


• Never 
• Some of the time 
• A lot of the time 
• Always 


 
44. I feel stressed as a result of caring 


• Never 
• Some of the time 
• A lot of the time 
• Always 


 
The following question should be answered by the primary carer in relation to the 
carer’s own health.  In the absence of the carer, patients should answer directly on 
behalf of the carer. 
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41. Please indicate how you assess your overall health status by circling a 
number on the scale below, where 0 equals the worst imaginable health state 
and 10 equals the best imagineable health state 
 


 
Worst 
imaginable 
health state 


           Best imaginable 
health state 0 1 2 3 4 5 6 7 8 9 10 


 
17.6 Appendix 6: Physician Survey 


The following questions were posed in phone interviews with physician experts in the 
treatment of aHUS in the UK. 
 
Physician Information [to be requested from respondent in advance of call] 


 
1. Please indicate your specialty. 


 
2. Please indicate your years of experience since completing your medical 


training? 
 


3. How many patients with aHUS have you treated per year, on average, for last 
5 years? 
 


4. How many patients with aHUS have you treated with eculizumab? 
 


5. Do you have any potential conflict(s) of interest to declare, involving 
eculizumab or aHUS? 


 
aHUS Patient Characteristics 
 


6. What is the average age of the aHUS patients at presentation to the 
subspecialists who treat aHUS? 
 


7. Describe the “typical” aHUS patient presentation briefly. 
 


8. What is the patient’s CKD stage at presentation to the subspecialists who 
treat aHUS? 
 


9. What proportion of aHUS patients do you believe may die without ever having 
been diagnosed?  What proportion of aHUS patients do you believe progress 
to ESRD without ever having been diagnosed? 
 


10. How is the confirmatory diagnosis made? 
 


Current Standard of Care  
 
For the following questions, consider a patient population similar to that described in 
Legendre et al., 2013, who does not receive eculizumab.  Consider both trial 
populations presented in Legendre et al. 


 







 


Specification for manufacturer/sponsor submission of evidence 272 of 276 


11. What constitutes Standard of Care (excluding eculizumab) in the UK?  We 
consider it to be plasma exchange or infusion, kidney transplant, and dialysis, 
as needed.  Please comment. 


 
[Note, rephrase questions below if plasma infusion indicated as SOC instead of 
plasma exchange] 
 


12. If plasma exchange is used, how often are the plasma exchange 
administrations in the first month? 
 


13. How much plasma is exchanged in a given plasma exchange day?  Do you 
follow a guideline, if so which one? (e.g., Clinical Practice Guidelines for the 
management of Atypical Haemolytic Uraemic Syndrome in the United 
Kingdom, 2009, Section 5. Management of aHUS; Ariceta et al.) 
 


14. What other resources are consumed during the plasma exchange service? 
(Refer to the table below, provided by a Canadian expert, with Canadian 
prices) 


 
Table: Canadian Plasma Exchange Costs (Expert 3) 


 
Annual Plasmapheresis Costs 


(60 kg patient) 
Cost in 


2012 
Cost per day assuming 
twice per week plasma 


exchange 
Reference 


Central Venous Access Costs 
(/yr) 


$6,273 $52 * 


Nursing Costs (2 
treatments/week X 4 hours/tx  X 
36 dollars per hour) 


$14,976 $144 Assumption 


Plasma Costs ($358/ 250 ml unit 
x 40 ml/kg x 2 sessions per 
week) 


$376,635 $3,580 ** 


Other Consumables Costs  $5,000 $48 Assumption 
 Total  


(per PLEX 
day): 


$3,824  


* Manns B, Tonelli M, Yilmaz S, Lee H, Laupland K, Klarenbach S, Radkevich V, Murphy B. 
Establishment and Maintenance of Vascular Access in Incident Hemodialysis Patients: A Prospective 
Cost Analysis. J Am Soc Nephrol 16: 201–209, 2005. 
** Canadian Blood Services estimate 


 
15. After the first month, how frequently does the patient continue to receive 


plasma exchange administrations? 
 


16. What other resources, like inpatient days, physician consults, and drugs, are 
consumed during a six-month course of SOC? 


 
Outcomes on SOC 


 
17. What is the mortality likelihood of the patient in the first year on for patients on 


dialysis untreated with eculizumab?  Our model assumes 5.1% per six 
months age-adjusted mortality probability, based on the UK Renal Registry 
15th Annual Report. 
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18. What percentage of patients would be ineligible for transplant unrelated to 
aHUS in the physician survey? 
 


19. For the patients who receive a transplant, what is the likelihood over the next 
year that the patient dies? Our model assumes 10% in the six months after 
transplant, based on previous elicited clinical opinion. It should not be lower 
than ESRD mortality 
 


20. What is the five-year mortality likelihood of the patients on SOC?  Is assuming 
an additional 1.9% per six months reasonable? 
 


21. What is the likelihood (over a six-month period) of a non-fatal, extra-renal 
TMA event, when a patient is on SOC? Model assumes 11% (i.e., 
approximately 1 in 5 patients will suffer a TMA event per year)  
 


22. What resources are involved in managing a non-fatal extra-renal TMA event 
over the six month period beginning with the TMA event? 
 


23. What is the loss in quality of life in a non-fatal TMA event?  If “100” were the 
QoL level of an aHUS patient without a non-fatal TMA event, what would the 
QoL level of an aHUS patient be who experienced a non-fatal TMA event, 
over the six month period beginning with the TMA event? 


 
In the eculizumab pivotal trials patients’ quality of life increased from baseline to 
study end. Other than CKD or TMA event mediated improvements, what other 
benefits from eculizumab do you think account for this improvement? 
 


17.7 Appendix 7: Excel Spreadsheet Containing Economic Model 
(Section 12)  


Please see attached Excel spreadsheet included in the submission package.   
 


17.8 Appendix 8: Excel Spreadsheet Containing Budget Impact Model 
(Section 13) 


Please see attached Excel spreadsheet included in the submission package.   
 


17.9 Appendix 9: NHS England Policy Statement: Clinical Commissioning 
Policy Statement: Eculizumab for atypical Haemolytic Uraemic 
Syndrome 


Please see attached PDF included in the submission package. 
 
18 Related procedures for evidence submission  
 


18.1 Cost-consequences models 


An electronic executable version of the cost model should be submitted to 
NICE with the full submission. 


NICE accepts executable cost models using standard software – that is, 
Excel, TreeAge Pro, R or WinBUGs. If you plan to submit a model in a non-
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standard package, NICE should be informed in advance. NICE, in association 
with the Evidence Review Group, will investigate whether the requested 
software is acceptable, and establish if you need to provide NICE and the 
Evidence Review Group with temporary licences for the non-standard 
software for the duration of the assessment. NICE reserves the right to reject 
cost models in non-standard software. A fully executable electronic copy of 
the model must be submitted to NICE with full access to the programming 
code. Care should be taken to ensure that the submitted versions of the 
model programme and the written content of the evidence submission match. 


NICE may distribute the executable version of the cost model to a consultee if 
they request it. If a request is received, NICE will release the model as long as 
it does not contain information that was designated confidential by the model 
owner, or the confidential material can be redacted by the model owner 
without producing severe limitations on the functionality of the model. The 
consultee will be advised that the model is protected by intellectual property 
rights, and can be used only for the purposes of commenting on the model’s 
reliability and informing comments on the medical technology consultation 
document. 


Sponsors must ensure that all relevant material pertinent to the decision 
problem has been disclosed to NICE at the time of submission. NICE may 
request additional information not submitted in the original submission of 
evidence. Any other information will be accepted at NICE’s discretion.  


When making a full submission, sponsors should check that: 


• an electronic copy of the submission has been given to NICE with all 
confidential information highlighted and underlined 


• a copy of the instructions for use, regulatory documentation and quality 
systems certificate have been submitted  


• an executable electronic copy of the cost model has been submitted 
• the checklist of confidential information provided by NICE has been 


completed and submitted. 


• A PDF version of all studies (or other appropriate format for unpublished 
data, for example, a structured abstract) included in the submission have 
been submitted 


18.2 Disclosure of information 


To ensure that the assessment process is as transparent as possible, NICE 
considers it highly desirable that evidence pivotal to the Highly Specialised 
Technology Evaluation Committee’s decisions should be publicly available at 
the point of issuing the consultation document and final guidance. 


Under exceptional circumstances, unpublished evidence is accepted under 
agreement of confidentiality. Such evidence includes ‘commercial in 
confidence’ information and data that are awaiting publication (‘academic in 
confidence’). 
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When data are ‘commercial in confidence’ or ‘academic in confidence’, it is the 
sponsor’s responsibility to highlight such data clearly, and to provide reasons 
why they are confidential and the timescale within which they will remain 
confidential. The checklist of confidential information should be completed: if it 
is not provided, NICE will assume that there is no confidential information in 
the submission. It is the responsibility of the manufacturer or sponsor to 
ensure that the confidential information checklist is kept up to date.  


It is the responsibility of the sponsor to ensure that any confidential 
information in their evidence submission is clearly underlined and highlighted 
correctly. NICE is assured that information marked ‘academic in confidence’ 
can be presented and discussed during the public part of the Highly 
Specialised Technology Evaluation Committee meeting. NICE is confident 
that such public presentation does not affect the subsequent publication of the 
information, which is the prerequisite allowing for the marking of information 
as ‘academic in confidence’.  


Please therefore underline all confidential information, and highlight 
information that is submitted under ‘commercial in confidence’ in blue and 
information submitted under ‘academic in confidence’ in yellow. 


NICE will ask sponsors to reconsider restrictions on the release of data if 
there appears to be no obvious reason for the restrictions, or if such 
restrictions would make it difficult or impossible for NICE to show the 
evidential basis for its guidance. Information that has been put into the public 
domain, anywhere in the world, cannot be marked as confidential.  


Confidential information submitted will be made available for review by the 
Evidence Review Group and the Highly Specialised Technology Evaluation 
Committee. NICE will at all times seek to protect the confidentiality of the 
information submitted, but nothing will restrict the disclosure of information by 
NICE that is required by law (including in particular, but without limitation, the 
Freedom of Information Act 2000). 


The Freedom of Information Act 2000, which came into force on 1 January 
2005, enables any person to obtain information from public authorities such as 
NICE. The Act obliges NICE to respond to requests about the recorded 
information it holds, and it gives people a right of access to that information. 
This obligation extends to submissions made to NICE. Information that is 
designated as ‘commercial in confidence’ may be exempt under the Act. On 
receipt of a request for information, the NICE secretariat will make every effort 
to contact the designated company representative to confirm the status of any 
information previously deemed ‘commercial in confidence’ before making any 
decision on disclosure. 


18.3 Equality  


NICE is committed to promoting equality and eliminating unlawful 
discrimination, including paying particular attention to groups protected by 
equalities legislation. The scoping process is designed to identify groups who 
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are relevant to the evaluation of the technology, and to reflect the diversity of 
the population. NICE consults on whether there are any issues relevant to 
equalities within the scope of the evaluation, or if there is information that 
could be included in the evidence presented to the Highly Specialised 
Technology Evaluation Committee to enable them to take account of 
equalities issues when developing guidance. 


Evidence submitters are asked to consider whether the chosen decision 
problem could be impacted by NICE’s responsibility in this respect, including 
when considering subgroups and access to recommendations that use a 
clinical or biological criterion.  


For further information, please see the NICE website 
(www.nice.org.uk/aboutnice/howwework/NICEEqualityScheme.jsp). 
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Highly Specialised Technology Evaluation 
 


Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) 
[ID703] 


Dear xxxx, 
 
The Evidence Review Group, ScHARR, and the technical team at NICE have now had an 
opportunity to take a look at the submission received on the 11th September by Alexion. In 
general terms they felt that it is well presented and clear. However, the ERG and the NICE 
technical team would like further clarification relating to some of the data.    
 
Both the ERG and the technical team at NICE will be addressing these issues in their 
reports.  
 
Please provide a written response to this letter to the Institute by 5pm on Friday 18 October 
2013. Two versions of this written response should be submitted; one with 
academic/commercial in confidence information clearly marked and one from which this 
information is removed. 
 
Please underline all confidential information, and separately highlight information that is 
submitted under ‘commercial in confidence’ in turquoise, and all information submitted under 
‘academic in confidence’ in yellow. 
 
If you present data that is not already referenced in the main body of your submission and 
that data is seen to be academic/commercial in confidence information, please complete the 
attached checklist for in confidence information. 
 
Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this 
may result in your information being displaced or unreadable. Any supporting documents 
should be emailed to us separately as attachments or sent on a CD.  
 
If you have any further queries on the technical issues raised in this letter then please 
contact xxxxx xxxxxx, Technical Advisor (xxxxxxxxxxxxxxxxxxxxxxxx). Any procedural 
questions should be addressed to xxxxx xxxxx, Project Manager (xxxxxxxxxxxxxxxxxxxxxxx) 
in the first instance.  
 
Yours sincerely  
 
Xxxxx xxxxxxx 
Associate Director – Highly Specialised Technologies 
Centre for Health Technology Evaluation 
 
Encl. checklist for in confidence information 
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Section A: Clarification on effectiveness data 
 


1. Priority question: The submission includes a systematic review of non-randomised 
evidence for eculizumab. Why does the submission not also include a systematic 
review of interventions used as standard care (i.e. the comparators listed in the NICE 
scope)? For example this might include studies such as Hovinga et al 2010, Coppo 
et al 2010 and Noris et al 2010. 


2. Priority question: Please provide further details about subsequent treatments used 
in the clinical trials. For example, in instances whereby patients withdrew from the 
studies, did they continue using eculizumab? What happened to these patients?  


3. Priority question: For the primary outcome of each study (studies C08-002, C08-
003, C09-001r, C10-003 and C10-004) please provide Kaplan-Meier curves. 


4. Priority question: Section 9.1.2 Page 60 - Why were relevant clinical data not 
obtained or included from unpublished studies that were not sponsored by Alexion? 
Were the authors of these studies contacted? If not, why? 


5. Priority question: Which criteria were used to determine whether plasma 
exchange/infusion and dialysis was required for individual patients in studies C08-
002, C08-003, C10-003 and C10-004? How many patients received plasma 
exchange/infusion in each of these studies? Also, Table C8 page 84 details the 
number of patients receiving PE/PI during the current aHUS event - did these 
patients receive plasma exchange/infusion whilst they were also receiving 
eculizumab? 


6. Priority question: How were patients identified for recruitment into studies C08-002, 
C08-003, C10-003 and C10-004? Were consecutive patients recruited or was a 
convenience sample used? Please provide as much detail as possible on the 
selection process. 


7. Priority question:  Please provide information relating to planned dose and actual 
dose received (including reasons for deviation) in studies C08-002, C08-003, C09-
001r, C10-003 and C10-004. Are there any data from these studies relating to a 
dose-response relationship? Is there any evidence to support flexible dosing? 


8. Priority question: Please provide details of adherence rates to protocol specified 
doses of eculizumab in prospective studies C08-002, C08-003, C10-003 and C10-
004.  


9. Priority question: Section 9.6 Table C11. Where appropriate (e.g. CKD state) 
please provide baseline and final values for studies C08-002, C08-003, C09-001r, 
C10-003 and C10-004. For all outcomes in Table C11 please state how many 
patients provided data for each analysis. Were there any missing data and how were 
they dealt with? 
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10. Priority question: Section 9.6. Please provide mortality data for the extension 
periods in studies C08-002 and C08-003 separately (the value for money section 
suggests 1 death in 3 years in both studies combined?). 


11. Priority question: Page 110 - The SmPC recommends lifetime treatment, please 
provide the evidence to support this. 


12. Priority question: Please provide full details as to why patients chose not to enter 
into the extension phases of the trials. 


13. The search strategy provided in Table C1 on Page 60 of the submission does not 
match with the search strategy provided in Appendix 17.1.4 pages 219-220. Please 
clarify which search was used to identify the clinical evidence. 


14. On page 218 of the submission, the date of the searches ranges from 1947 to 4 July 
2013; however, the search strategy provided on page 220 suggests date and 
language restrictions e.g. limited to human, English Language and yr="2000-
Current". Please clarify the dates of the clinical searches and justify language 
restrictions. 


15. Please provide details of the searches used for non-RCT evidence. On Page 220, 
the submission states that "Due to the difficulty in identifying a reliable search 
strategy, and the lack of high level evidence in the form of randomised controlled 
trials, the term 'trial' was extended to include case series, retrospective trials, 
registries, cohort and case studies"; however, no details of the search strategy are 
included. 


16. Was Medline (R) In-Process searched? If not please provide justification for not 
searching Medline (R) In-Process (page 59 and 218)? 


17. Given the limited evidence relating to the safety and efficacy of eculizumab, please 
explain and justify the decision to exclude case series from the systematic review. 


18. Section 9.5 - Please explain why an RCT appraisal tool has been used to critically 
appraise the non-randomised studies of eculizumab. 


19. Table C8 – Please clarify how “PE/PI sessions during current aHUS event, Median 
(min; max)” have been calculated.  


20. How were patients diagnosed with confirmed aHUS within studies C08-002, C08-
003, C09-001r, C10-003 and C10-004?  


21. Does the age range of patients in studies C08-002, C08-003, C09-001r, C10-003 and 
C10-004 reflect the age range of patients in UK clinical practice? Please provide 
evidence to support your response. 
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22. Does the baseline eGFR status of patients in prospective studies C08-002, C08-003 
reflect the current mix of aHUS patients in England and Wales? Please provide 
evidence to support your response. 


23. Are there any data available for transplant failure rates in those patients with prior 
kidney transplants (Section 9.4.4, page 85)? 


24. Section 9.4.4. Page 85 - for the primary endpoint of reduction in TMA, what is the 
threshold whereby a reduction is clinically meaningful? 


25. Section 9.7 - Are the adverse event data presented in Table C12 and C13- at 26 
weeks or for the duration of the study (64 weeks)?  


26. Were responder rules employed in prospective studies C08-002, C08-003, C10-003 
and C10-004?  


27. During the previous appraisal of eculizumab, study C09-001r included 15 paediatric 
only patients. This study now includes 30 patients in the manufacturer’s submission. 
How were the additional 15 patients chosen for the retrospective study? 


28. Page 28 states that study C08-002 includes short-duration patients and study C08-
003 includes long-duration aHUS patients. However, page 70 states that study C08-
002 is in patients who were newly diagnosed, had an existing diagnosis or were post-
transplant. The same inclusion criterion was used in study C08-003 (see page 73). 
Please clarify the patient populations in these studies. 


 
Section B: Clarification on data relating to the cost model and value for money 
 


29. Priority question: The submission states that aHUS affects both adults and children 
and some of the clinical trial evidence includes paediatric patients. However, the 
economic analysis relates to a single cohort aged 28 years and does not include 
younger patients. Please explain why no analysis has been undertaken for children.  


30. Priority question:  Please explain why the model only uses data from studies C08-
002 and C08-003. Specifically, given the paucity of evidence relating to eculizumab, 
why were interim data from studies C10-003 and C10-004 not also used to inform the 
economic analysis? 


31. Priority question: The ERG has concerns about the calculation of transition 
matrices for eculizumab. Specifically, please explain how it is mathematically 
appropriate to observe time-dependent matrices and then weight these by sample 
size to derive time-independent matrices?  


32. Priority question: The standard care transition probabilities are based on the results 
of the LOWESS regression of the pre-treatment phase in the C08-002 and C08-003 
studies. This regression uses the rate of change in eGFR per day to derive 6-monthly 
transition probabilities. The estimated rate of change was -0.03 points/day which 







Level 1A 
City Tower 


Manchester 
M1 4BT 


United Kingdom 
 


+44 (0)845 003 7780 


 


according to the submission, given a 15-point interval in each CKD band, leads to a 
transition probability of 0.367 (calculated as [0.03 x 182.5]/15). The ERG believes 
that this is mathematically incorrect – if the rate had been -0.10 or higher this would 
lead to a probability which is greater than 1.0. Please consider which approach is 
most appropriate and provide justification for your choice, or updated analyses (if a 
different approach is adopted).  


33. Priority question: Please explain why the probability of receiving a transplant for 
patients receiving eculizumab is zero - this was non-zero in versions of the model 
considered in the previous appraisal. 


34. Priority question: Please explain why the cost of eculizumab in the model includes 
dose reductions (and hence lower costs for eculizumab) for paediatric patients when 
the model cohort enters the model at age 28 years. 


35. Priority question: Please explain why HRQoL for each state is valued 0.208 lower 
for standard care compared to eculizumab. What is this utility loss intended to 
represent? Please clarify the evidence available to support this.  


36. Priority question: Why were the adverse events associated with eculizumab 
(Section 9.7 of the submission) excluded from the model? 


37. Priority question: Reasons for patient discontinuation within studies C08-002 and 
C08-003 are given on Page 86 of the submission. Please provide the patient number 
for each of these patients so that they can be identified in the ”Ecu_trials_data” 
worksheet in the submitted model. E.g. patient number 2-029-001. Please provide 
the patient number for the following patient discontinuations: 


a. CO8-002 - Protocol violation: patient diagnosed with SLE approximately one 
week after the first dose of eculizumab 


b. CO8-002 - Discontinued due to an adverse event deemed not related to study 
drug 


c. CO8-002 - Completed treatment period, and the investigator elected not to 
enrol patient in extension period 


d. CO8-002 - Completed treatment period, and investigator elected not to enrol 
patient in extension period. Data were not collected during follow-up period as 
patient refused to continue participation 


e. CO8-002 - Adverse event (“decrease in renal function” per investigator) 
deemed not related to study drug (during extension study) 


f. CO8-002 - Adverse event (worsening or renal function) deemed not related to 
study drug (during extension study) 
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g. C08-003 – Patient who completed the 26 week study period who did not 
continue to the extension study period due to personal reasons 


h. C08-003 – Discontinued during the extension study period due to an AE 
deemed not related to the study drug 


38. Priority question: Page 18 includes estimates of losses in productivity, government 
benefits and tax revenues. Please provide the underlying calculations, evidence 
sources and assumptions used to produce these estimates. 


39. Table D2 page 135 - In the economic analysis, costs and outcomes are discounted at 
a rate of 1.5%. Please explain why the discount rate of 3.5%, as stipulated in the 
NICE Reference Case was not used.  


40. Section 9.8.1 states the following: 


“Studies C08-003 and C08-002, described in detail within this submission, enrolled 
patients with different clinical characteristics.  Study C08-003 included patients with 
long duration of aHUS, prolonged PE/PI exposure and substantial kidney damage, 
whereas C08-002 included patients with progressing TMA and shorter disease 
duration.  These trials demonstrated the efficacy of eculizumab in a broad range of 
aHUS patients, reflective of the addressable population.  However, this does not lend 
itself to meta-analysis and would not provide results which are more informative than 
those included within the submission document.  Due to the lack of RCTs and the 
heterogeneity of patients included in the non-randomised prospective and 
observational trials included in this submission, evidence synthesis or meta-analysis 
were not performed.” 
 
Please comment on validity of pooling patient-level data from studies C08-002 and 
C08-003 in the model to estimate CKD transition probabilities. 


a) Please explain why the rate of eGFR change was used rather than 
calculating the CKD state at the beginning and end of the pre-treatment 
period and adjusting for observation time. 


b) Please explain why data from the pre-treatment period were used rather 
than published studies e.g. Noris et al 2010 or Hovinga et al 2010. 


c) Please suggest more plausible values for these quantities.  


41. Please explain how the model deals with competing risks of events (e.g. mortality 
and disease progression). 


42. Please explain why patients CKD0-2 in the model have a utility score of 1.0 (perfect 
health). 


43. Please justify why 3.6% of the modelled population is still alive at age 100 years. 
Why does the model use 5-year banded mortality rates? 
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44. Table D4 includes a column which appears to describe standard deviations rather 
than standard errors. The same appears to be the case in the model. For all 
parameters in which standard deviations have been used, please provide either 
standard errors or sample sizes. 


45. The model uses bootstrapping within the uncertainty analysis. Bootstrapping tells us 
about variability in the sample rather than uncertainty in the population parameters. 
Please explain why standard methods were not used e.g. sampling multinomial data 
from Dirichlet distributions with non-informative priors.  


46. Please explain why several of the cost parameters (e.g. plasmapheresis, eculizumab 
administration costs) are held fixed at their point estimates?  


47. For the excess death rate for SOC please clarify why “solver solution for death at 1.5 
years” (value = 0.177) was used, when the submission states that the model used a 
mortality rate of 0.13 from Coppo et al (2010) for death at 1.5 years. 


48. Please provide the timings of the 25 transplants in the 16 patients used to calculate 
the SOC transplant rate i.e. how many days from diagnosis did they take place? 
Please clarify how the SOC transplant rate was calculated. 


49. Please provide the supplementary data tables from Fremeaux-Bacchi et al (2013).  


50. Page 17 of the submission states “eculizumab for the treatment of aHUS represents 
good value for money” yet the subsequent mention only clinical criteria and do not 
discuss cost. Please clarify the criteria used to make this judgement. 


 
Section C: Textual clarifications, additional points and additional data requests 
 


51. Priority question: Please state expected dates for the final analyses of ongoing 
studies mentioned in Table A4. 


52. Priority question: The submission mentions Clinical Study Reports (CSRs) for the 
eculizumab studies. In particular, Section 9.7 states that “Complete AE listings are 
available in the respective clinical study report” and “Additional details regarding AEs 
are available in the clinical study report.” These reports have not been submitted to 
the ERG but appear to contain AE data not reported in the submission. Please 
provide the CSRs.  


53. Priority question: For each patient in studies C08-002 and C08-003, please provide 
patient-level EQ-5D utilities at baseline and at each possible timepoint. 


54. Please clarify why it has not been possible to undertake a randomised controlled trial 
of eculizumab versus standard care.  
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55. The submission makes several references to the proposed Homecare service (pages 
17, 46, 57 and elsewhere in the submission). Please provide more details on this 
scheme. 


 








Level 1A 
City Tower 


Manchester 
M1 4BT 


United Kingdom 
 


+44 (0)845 003 7780 


1 


Highly Specialised Technology Evaluation 
 


Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) 
[ID703] 


Dear xxxx, 
 
The Evidence Review Group, ScHARR, and the technical team at NICE have now had an 
opportunity to take a look at the submission received on the 11th September by Alexion. In 
general terms they felt that it is well presented and clear. However, the ERG and the NICE 
technical team would like further clarification relating to some of the data.    
 
Both the ERG and the technical team at NICE will be addressing these issues in their 
reports.  
 
Please provide a written response to this letter to the Institute by 5pm on Friday 18 October 
2013. Two versions of this written response should be submitted; one with 
academic/commercial in confidence information clearly marked and one from which this 
information is removed. 
 
Please underline all confidential information, and separately highlight information that is 
submitted under ‘commercial in confidence’ in turquoise, and all information submitted under 
‘academic in confidence’ in yellow. 
 
If you present data that is not already referenced in the main body of your submission and 
that data is seen to be academic/commercial in confidence information, please complete the 
attached checklist for in confidence information. 
 
Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this 
may result in your information being displaced or unreadable. Any supporting documents 
should be emailed to us separately as attachments or sent on a CD.  
 
If you have any further queries on the technical issues raised in this letter then please 
contact xxxxx xxxxxx, Technical Advisor (xxxxxxxxxxxx@nice.org.uk). Any procedural 
questions should be addressed to xxxxxxxxxxx, Project Manager (xxxxxxxxxxx@nice.org.uk) 
in the first instance.  
 
Yours sincerely  
 
Xxxxx xxxxxxx 
Associate Director – Highly Specialised Technologies 
Centre for Health Technology Evaluation 
 
Encl. checklist for in confidence information 
 
 



mailto:xxxxxxxxxxxx@nice.org.uk
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Section A: Clarification on effectiveness data 
 
1. Priority question: The submission includes a systematic review of non-randomised 


evidence for eculizumab. Why does the submission not also include a systematic review 
of interventions used as standard care (i.e. the comparators listed in the NICE scope)? 
For example this might include studies such as Hovinga et al 2010, Coppo et al 2010 
and Noris et al 2010. 
 
Alexion Response: 
We did in fact provide a systematic review of standard of care (SOC) interventions in our 
September 2013 submission; however, the information is not included in one location or 
specific section.  Specifically, we reviewed four thrombotic microangioapthy (TMA)/HUS 
registries available in the literature that identified and followed a large number of aHUS 
patients.  The results of these registries are described in the following publications:  
Caprioli et al 2006, Noris et al 2010, Hovinga et al 2010, and Coppo et al 2010.   
 
Below, we provide some examples from our September submission explaining how the 
use of SOC methods, prior to the availability of eculizumab, are inadequate and leave 
patients at continued risk of progression to end-stage renal failure (ESRF), dialysis, and 
early mortality.   
 
• Alexion Submission Page 31: “The disease affects both children and adults and has 


a very poor prognosis, demonstrated by the fact that 33% to 40% of aHUS patients 
die or progress to end-stage renal failure (ESRF) requiring dialysis with the first 
clinical manifestation.(Caprioli et al, 2006; Noris et al, 2010)  The chronic nature of 
aHUS results in progressive, on-going morbidity as 65% of all patients die, require 
dialysis, or have permanent renal damage within the first year of diagnosis while on 
plasma exchange or plasma infusion (PE/PI) or dialysis and a progressive increased 
mortality rate thereafter.” 
 


• Alexion Submission Page 31: “Long-term data have shown a mortality rate of 32% at 
4.4 years median follow-up.(Hovinga et al, 2010)  The significant morbidity and 
mortality associated with aHUS represents an unmet medical need for patients with 
an ultra-rare and life-threatening disorder.”  [Please note: All patients in the Hovinga 
et al database received SOC (PE/PI) at the time of diagnosis of their TMA.  Thus, this 
dataset provides medical evidence of a 32% mortality rate with PE/PI as a SOC 
method prior to the availability of eculizumab.] 


 
• Alexion Submission Page 128: “Medical evidence demonstrates that despite the use 


of supportive care [PE/PI], there is a progression of aHUS, continued on-going risk of 
TMA, and life threatening complications for aHUS patients.(Noris and Remuzzi, 
2009; Noris et al, 2010; Hovinga et al, 2010; Legendre et al, 2013; SmPC, 2013)”   


 
• Alexion Submission Page 139: “aHUS is a progressive and life-threatening disease 


with 33% to 40% of patients reaching ESRF or death following the diagnosis.  In two 
TMA registries (described in Coppo et al 2010 and Hovinga et al 2010) [where all 
patients were receiving SOC], mortality of aHUS patients (TMA with ADAMTS13 
>10%) reached 13% (17.8 month mean follow up) and 32% (4.4 year median follow 
up), respectively.  Further, the percentage of patients with reported acute renal failure 
was 21% and 54%, respectively, exemplifying the life-threatening and progressive 
nature of aHUS.” 
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• Alexion Submission Page 139: “The Coppo and Hovinga datasets consist of adults 


with confirmed ADAMTS13 activity and no Shiga-Toxin producing 
enterohaemorrhagic Escherichia coli (STEC) infection, which is closely aligned to 
both the proposed clinical pathway of care and the eculizumab clinical trials 
population.  Therefore, both the Coppo and Hovinga datasets present a realistic 
expectation of aHUS presentation and outcomes in adults.”   


 
2. Priority question: Please provide further details about subsequent treatments used in 


the clinical trials. For example, in instances whereby patients withdrew from the studies, 
did they continue using eculizumab? What happened to these patients?  
 
Alexion Response: 


 
C08-002 and C08-003: Among 37 patients included in the C08-002 and C08-003 
prospective trials, 5 patients discontinued eculizumab, with 1 out of 5 patients 
experiencing TMA after discontinuation.  A summary of these five patients is as follows: 


• One patient discontinued after one dose of eculizumab due to protocol violation 
(Systemic Lupus Erythematosus (SLE) diagnosis).  No follow-up is available for 
this patient. 


• One patient discontinued after four doses of eculizumab due to a non-drug-
related adverse event (pancytopenia).  This patient was deceased as of last 
follow-up (based on personal communication with the investigator).  


• Three patients who had met all endpoints discontinued after 26 weeks.  Of these: 
o One patient experienced TMA complications 80 days after discontinuation 


including renal impairment which was recovered after re-starting 
eculizumab; 


o One patient who became dialysis-free during the study had no loss of 
kidney function as of last follow-up 8 weeks post discontinuation; and 


o One patient was lost to follow-up after returning to his native country. 
 
C09-001r: In this retrospective trial, patients were not treated according to the 
prospective clinical trial or later FDA-approved dosing.  Among the 30 paediatric and 
adult patients, 13 patients discontinued eculizumab, with 4 patients experiencing TMA 
manifestations after discontinuation.  Three of these patients restarted eculizumab, while 
the fourth received only one dose and did not continue after rapidly progressing to 
ESRF. 
 
Among the xxxxxxxxxxxxxxx discontinuations from the retrospective trial: 


• Two deaths occurred; 
• xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
• Two discontinued due to on-going dialysis prior to and during eculizumab; and 
• Three patients have no additional information after 5-221 days of follow-up. 


 
C10-003: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
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C10-004: Three patients discontinued eculizumab prior to the completion of the 26-week 
study period.  Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
 


3. Priority question: For the primary outcome of each study (studies C08-002, C08-003, 
C09-001r, C10-003 and C10-004) please provide Kaplan-Meier curves. 
 
Alexion Response: 
Kaplan-Meier curves are provided in Appendix 1 for the following outcomes in each of 
the clinical studies C08-002, C08-003, C09-001r, C10-003, and C10-004:   
 


1. Time to Platelet Count Normalization in C08-002; 
2. Time to TMA Event-Free Status in C08-002; 
3. Time to TMA Event-Free Status in C08-003; 
4. Time to Platelet Count Normalization in C09-001r; 
5. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
6. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


 
4. Priority question: Section 9.1.2 Page 60 - Why were relevant clinical data not obtained 


or included from unpublished studies that were not sponsored by Alexion? Were the 
authors of these studies contacted? If not, why? 
 
Alexion Response: 
It is not clear to Alexion exactly which unpublished studies the reviewer is referring.  The 
data provided in our submission comes from four prospective clinical studies and one 
retrospective eculizumab study (C09-001r), each of which attempted to collect data from 
all patients on eculizumab prior the commercial availability of eculizumab.  Specifically, 
physicians receiving drug for patients through the Alexion-sponsored compassionate use 
program were contacted to engage in clinical review and participation in the Alexion C09-
001r trial, a retrospective, observational, non-interventional trial of patients who had been 
identified as meeting the diagnosis of aHUS and had received at least one dose of 
eculizumab outside of an Alexion-sponsored controlled clinical trial.  Data from 30 of 36 
patients were included in this retrospective trial.  A total of six patients were not included 
in the trial because they declined to participate—two patients declined participation and 
the treating physicians for four other patients declined participation.  Therefore, all data 
provided include unpublished data with the assurance that patient data are reliable, 
sufficient, and followed to ensure proper efficacy and safety evaluation. 
 
NICE Please Note: In our initial set of responses submitted on October 18th, we 
incorrectly noted in the responses to Questions 4 and 7 that patients enrolled in the C09-
001r retrospective data collection were all receiving eculizumab through the Alexion-
sponsored compassionate use program; our apologies.  More than half of the patients in 
this study received eculizumab through a commercial purchase; however, this does not 
impact the clinical data results in any way. 
 


5. Priority question: Which criteria were used to determine whether plasma 
exchange/infusion and dialysis was required for individual patients in studies C08-002, 
C08-003, C10-003 and C10-004? How many patients received plasma 
exchange/infusion in each of these studies? Also, Table C8 page 84 details the number 
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of patients receiving PE/PI during the current aHUS event - did these patients receive 
plasma exchange/infusion whilst they were also receiving eculizumab? 
 
Alexion Response: 
In clinical practice, there are no evidence-based criteria for physicians to initiate PE/PI in 
patients with aHUS.  Historically—prior to the availability of a clinically proven safe and 
effective treatment, eculizumab—once the diagnosis of aHUS was made, physicians 
would choose to use PE/PI, despite the lack of evidence of effectiveness, tolerable 
safety, or a positive risk/benefit ratio for such treatment.  The prospective eculizumab 
clinical trials included aHUS patients receiving and not receiving PE/PI prior to initiation 
of eculizumab treatment.  Multiple published case studies, and the results of the 
eculizumab prospective clinical trials, demonstrate that most physicians will not use 
PE/PI once the patient begins eculizumab treatment since PE/PI does not address the 
chronic uncontrolled complement activation, and thus the underlying complement-
mediated TMA, which causes the morbidities and mortality in patients with aHUS.   
 
Entry Criteria for Trials C08-002 and C08-003 
The entry criteria for studies C08-002 and C08-003 required patients to have PE/PI 
during a screening period.  PE/PI administration was up to the discretion of the treating 
physician prior to study enrolment.  The study entry criteria required specific platelet 
count, haemolysis (as measured by lactate dehydrogenase (LDH) levels), and evidence 
of organ damage (measured by serum creatinine levels) while receiving PE/PI, as 
described further below.  Dialysis was not an entry requirement for either of these two 
trials.  Further, the need for dialysis was based on physician discretion to manage renal 
failure prior to and during eculizumab treatment.   
 
C08-002: Patients were eligible for the trial if they had evidence of progressive TMA after 
four or more sessions of PE/PI in the week prior to enrolment.(Legendre et al 2013)  All 
but a single patient (16/17; 94%), who could not undergo PE/PI because of its adverse 
effects, received PE/PI and 5/17 patients (29%) were receiving dialysis prior to initiation 
of eculizumab.  
 
C08-003: Patients were eligible for the trial if they had no decrease in platelet counts of 
more than 25% for at least 8 weeks before they received the first dose of eculizumab, 
and were being treated with PE/PI at least once every 2 weeks, but no more than 3 times 
per week.(Legendre et al 2013)  All patients (20/20; 100%) received PE/PI and 2/20 
patients (10%) were receiving dialysis prior to receiving eculizumab.    
 
Entry Criteria for Trials C10-003 and C10-004 
For the C10-003 trial, patients could receive no more than five weeks of PE/PI prior to 
enrolment.  For the C10-004 trial, there was no requirement for PE/PI or dialysis prior to 
initiating eculizumab treatment.  Additionally, no patients were required to receive PE/PI 
before trial enrolment.  For both trials, patients were excluded if they were receiving 
chronic dialysis (defined as dialysis on a regular basis as renal replacement therapy for 
ESRF).  
 
NICE Please Note: We have provided some additional clarification to the above 
paragraph labelled “Entry Criteria for Trials C10-003 and C10-004” included in our 
October 18th response and have revised it accordingly.  Specifically, we note that for the 
C10-003 trial, patients could receive no more than five weeks of PE/PI prior to 







Level 1A 
City Tower 


Manchester 
M1 4BT 


United Kingdom 
 


+44 (0)845 003 7780 


6 


enrolment, and we specify the exclusion criteria related to dialysis for both the C10-003 
and C10-004 trials.            
 
C10-003: In the prospective C10-003 paediatric study, 10/22 patients (45%) received 
PE/PI prior to entering the study and 11/22 patients (50%) were receiving dialysis at the 
time of initiation of eculizumab.   
 
C10-004: In the prospective C10-004 adult aHUS study, 36/41 patients (88%) received 
PE/PI prior to eculizumab treatment and 24/41 (59%) patients were receiving dialysis at 
the time of initiation of eculizumab. 
 
Use of PE/PI and Dialysis During Clinical Trials 
As defined in the clinical protocol, if at any time during the clinical trials, platelet counts 
decreased below 40 x 109/L or new neurological, renal, or other clinical sign(s) arose, 
PE/PI could be administered at the investigator’s discretion.   
 
C08-002: Two out of 17 patients (12%) received PE/PI during the study.  One of these 
two patients discontinued the study before starting PE (patient was exited from study 
because of protocol violation); the other patient received 17 plasma exchanges without 
interrupting eculizumab treatment.   
 
C08-003: A single patient (1 out of 20 patients; 5%) received a single dose of PE/PI 
without interrupting eculizumab treatment during the study.   
  . 
C10-003: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
  
C10-004: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.  It is evident that aHUS is characterized 
by uncontrolled complement activation and subsequent TMA and end-organ damage 
such as kidney failure, and while the demonstrated evidence that the effect of 
eculizumab to inhibit complement activation is immediate, the first appearance of 
reversal of organ damage most commonly requires a more extended period of treatment 
time.  Indeed, following commencement of chronic eculizumab treatment, renal function 
should stabilize and the improvement in renal function may be immediate or gradually 
improve over time with continued life-long therapy.  This is evidenced in the C08-003 trial 
where long-term treatment with eculizumab led to significant renal improvement (eGFR 
≥15 ml/min/1.73m2) and reduction/elimination of proteinuria (representing on-going 
kidney damage) in 40% of patients over one to two years of treatment, consistent with 
the observed long-term chronic inhibition of complement activation in patients with aHUS 
properly dosed with chronic eculizumab treatment. 
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6. Priority question: How were patients identified for recruitment into studies C08-002, 
C08-003, C10-003 and C10-004? Were consecutive patients recruited or was a 
convenience sample used? Please provide as much detail as possible on the selection 
process. 


 
Alexion Response: 
All study participants for clinical programs C08-002 (74 study sites), C08-003 (69 study 
sites), C10-003 (46 study sites) and C10-004 (42 study sites) were recruited 
consecutively and enrolled by the investigator at his/her respective study site.  As 
expected in an ultra-rare disease trial, not all open study sites identified aHUS patients 
during the study enrolment period. 
 


7. Priority question:  Please provide information relating to planned dose and actual dose 
received (including reasons for deviation) in studies C08-002, C08-003, C09-001r, C10-
003 and C10-004. Are there any data from these studies relating to a dose-response 
relationship? Is there any evidence to support flexible dosing? 
 
Alexion Response: 
NICE Please Note: After further review of available reports, we are able to provide more 
detailed information about dosing in the eculizumab clinical trials so have revised our 
response to Question 7 accordingly.  We provide these details, and any necessary 
clarifications to our original response, in red below.  
 
In the prospective trials C08-002, C08-003, C10-003, and C10-004, all patients were 
required to receive doses of eculizumab according to the regimen described in the 
protocol.  In C08-002 and C08-003, there were no protocol violations due to alternative 
dosing and there is no evidence to support flexible dosing.  Xxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.  Data from the prospective C10-003 and C10-
004 studies are still being analysed (only interim analyses are complete) and therefore 
dosing information has not been validated.   
 
C08-002: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.  
 
Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxx  


 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx.  
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C08-003: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  
 
Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxx  


• Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  


• Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx  


• Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 


 
C09-001r: As described above and in our September submission, study C09-001r was a 
retrospective, observational, non-interventional trial of patients with aHUS who met the 
diagnosis of aHUS and had received at least one dose of eculizumab prior to initiation of 
Alexion-sponsored controlled clinical trial through the Alexion pre-approval 
compassionate use program.  As this was a non-study treatment protocol, the dosing 
regimen was not specified; the duration of usage varied among patients, ranging from a 
single dose to chronic therapy, at the treating physician’s discretion.  Xxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx.  We reiterate that these patients were treated outside of 
a clinical trial setting and the eculizumab doses administered were at the discretion of 
the treating physician. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxx. 
 
NICE Please Note: As previously stated in Question 4, in our initial set of responses 
submitted on October 18th, we incorrectly noted in the responses to Questions 4 and 7 
that patients enrolled in the C09-001r retrospective data collection were all receiving 
eculizumab through the Alexion-sponsored compassionate use program; our apologies.  
More than half of the patients in this study received eculizumab through a commercial 
purchase; however, this does not impact the clinical data results in any way. 
 
All available pharmacokinetic and pharmacodynamic data for eculizumab from C08-002, 
C08-003, and C09-001r were simultaneously modelled.  These models validate the 
selection of eculizumab 900 mg IV every two weeks for the induction period and 1200 
mg IV every two weeks for the maintenance for this study.  There is no analysis that 
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provides evidence to support flexible dosing in any patient setting.  In contrast, there are 
observed serious and potentially life-threatening medical complications with dose 
disturbances as recognized in the Statement of Product Characteristics (SmPC), which 
states that 5 out of 18 patients who discontinued chronic eculizumab treatment 
experienced a TMA.  Of the nine patients who prematurely discontinued eculizumab 
treatment (eligible to continue treatment in the trials), five patients demonstrated clinical 
evidence of TMA following eculizumab withdrawal as of the last available follow-up visit.   
 
Therefore, there is clear medical evidence, as reflected in the SmPC, that altering the 
eculizumab dosing regimen will cause serious and potentially life-threatening 
complications in aHUS patients. 
 


8. Priority question: Please provide details of adherence rates to protocol specified doses 
of eculizumab in prospective studies C08-002, C08-003, C10-003 and C10-004.  
 
Alexion Response: 
Adherence rates for the prospective trials C08-002 and C08-003 are not available at this 
time. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.  The calculated adherence rates 
will be provided to NICE as soon as possible. 
  
Dosing information for trials C10-003 and C10-004 has not yet been validated since only 
interim analyses of these trials are currently available.  It is therefore not possible to 
examine dosing adherence rates for the C10 studies at the present time. 
 


9. Priority question: Section 9.6 Table C11. Where appropriate (e.g. CKD state) please 
provide baseline and final values for studies C08-002, C08-003, C09-001r, C10-003 and 
C10-004. For all outcomes in Table C11 please state how many patients provided data 
for each analysis. Were there any missing data and how were they dealt with? 
 
Alexion Response: 
The following tables show data regarding platelet count, lactate dehydrogenase (LDH) 
levels, eGFR, haemoglobin, health-related quality of life (HRQoL), and chronic kidney 
disease (CKD) stages at baseline, 26 weeks, 1 year, and 2 years for the five studies, 
where applicable.  The numbers of patients are presented for each visit.  Not all patients 
have data points for each data value at every visit, particularly at years 1 and 2.  Table 
C11 in our September 2013 aHUS NICE submission presented least square (LS) means 
and P-values from repeated measures analyses.  The missing observations were 
handled by the mixed effect model method. 
 
C08-002: 


 Baseline Change from Baseline 
26 weeks 1 year 2 years 


Platelet Count (x10^9/L) xxx 
xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


LDH (U/L) 
Xxx 


Xxxxx 
Xxx 


Xxxxx 
Xxx 


Xxxxx 
Xxx 


Xxxxx 


eGFR 
(mL/min/1.73xm2) 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 
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 Baseline Change from Baseline 
26 weeks 1 year 2 years 


Hemoglobin (g/L)  Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


EuroQol 5D 
Measurements* 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


*Variable is the index scored using the US Time Trade-Off (TTO) value set 
 
C08-003: 


 Baseline Change from Baseline 
26 weeks 1 year 2 years 


Platelet Count (x10^9/L) Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


LDH (U/L) Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


eGFR 
(mL/min/1.73xm^2) 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Hemoglobin (g/L)  Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


EuroQol 5D 
Measurements* 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


*Variable is the index scored using the US Time Trade-Off (TTO) value set 
 
C09-001r: 


 Baseline Change from Baseline 
26 Weeks 


Platelet Count (x10^9/L) Xxx 
Xxxxx 


  Xxx 
Xxxxx 


LDH (U/L) Xxx 
Xxxxx 


Xxx 
Xxxxx 


eGFR 
(mL/min/1.73xm^2) 


Xxx 
Xxxxx 


Xxx 
Xxxxx 


Hemoglobin (g/L) Xxx 
Xxxxx 


Xxx 
Xxxxx 


 
C10-003: 


 Baseline Change from Baseline 
26 Weeks 1 Year 


Platelet Count (x10^9/L) Xxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


LDH (U/L) Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxxxx 
Xxxxx 


eGFR 
(mL/min/1.73xm^2) 


Xxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Hemoglobin (g/L) Xxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


 
C10-004: 


 Baseline Change from Baseline 
26 Weeks 1 Year 


Platelet Count (x10^9/L) Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 







Level 1A 
City Tower 


Manchester 
M1 4BT 


United Kingdom 
 


+44 (0)845 003 7780 


11 


 Baseline Change from Baseline 
26 Weeks 1 Year 


LDH (U/L) Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


eGFR 
(mL/min/1.73xm^2) 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Hemoglobin (g/L) Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


Xxxxx 
Xxxxx 


 
Summary of CKD Stages: 


 
Study 


 
Visit 


CKD Stages 
(Number of patients) 


x x x xx xx x x 


C08-002 


xxxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxx x x x xx xx x x 


Xxxxxxxxxxxxx x x x xx xx x x 


C08-003 


Xxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxxx x x x xx xx x x 


C09-001r Xxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxxx x x x xx xx x x 


C10-003 
xxxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxx x x x xx xx x x 


C10-004 
Xxxxxxxxxxxxx x x x xx xx x x 
xxxxxxxxxxxxxx x x x xx xx x x 
Xxxxxxxxxxxx x x x xx xx x x 


 
10. Priority question: Section 9.6. Please provide mortality data for the extension periods in 


studies C08-002 and C08-003 separately (the value for money section suggests 1 death 
in 3 years in both studies combined?). 
 
Alexion Response: 
The following table provides an update based on the 3-year data for duration of exposure 
to eculizumab and total number of deaths.  These data confirm the mortality rate 
provided in our September 2013 submission of 1 death xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.  As noted, the death was determined not 
to be related to eculizumab. 
 


Study C08-002 
(n=17) 


C08-003 
(n=20) 


C08-002 & C08-003 
(n=37) 


Date of Database Lock xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx 
Duration of Exposure (yrs) 
Mean (SD) 
Median 
Minimum, Maximum 
Patient-Years 


xxxxxxxxxx 
xxxx 


xxxxxxxxx 
xxxxxx 


xxxxxxxxxx 
xxxx 


xxxxxxxxx 
xxxxxx 


xxxxxxxxxx 
xxxx 


xxxxxxxxx 
xxxxxx 


Number of Deaths 0 1 1 
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11. Priority question: Page 110 - The SmPC recommends lifetime treatment, please 
provide the evidence to support this. 
 
Alexion Response: 
The European Medicines Agency (EMA) recognizes the chronic nature of aHUS and the 
on-going substantial risk of mortality and significant morbidities as a result of the 
disease; specifically, the medical evidence that 33% to 40% of aHUS patients die or 
progress to ESRF with standard of care (SOC).  The first clinical manifestation of 
thrombotic microangiopathy (TMA) in a patient with aHUS leads to a life-long and 
constant risk of sudden and progressive injury and failure of multiple organs including the 
kidneys, brain, heart, lungs and organs of the gastrointestinal system.  Any and all of 
these failures can ultimately lead to severe morbidity and premature death.(Noris et al, 
2010; Sellier-Leclerc et al, 2007; Neuhaus et al, 1997; Noris and Remuzzi, 2009)  While 
the disease may appear to be in “remission” at any given time, the sudden onset of acute 
and potentially life threatening illness is an omni-present, lifelong risk without 
eculizumab.  In addition, since aHUS is due to genetic mutations in the complement 
regulatory system that leads to systemic complement-mediated TMA and organ damage, 
EMA also recognizes that SOC does not address the on-going, life-long systemic 
complement-mediated TMA.     
 
As noted in Question 10 above, EMA evaluated the eculizumab registration trials (C08-
002, C08-003, and C09-001r) and followed 9 of 18 patients that prematurely 
discontinued from chronic eculizumab treatment.  Of these nine patients, five patients 
demonstrated clinical TMA following eculizumab withdrawal at the last follow-up visit.  
Therefore, there is clear medical evidence, as reflected in the SmPC, that altering the 
eculizumab dosing regimen will cause serious and potentially life-threatening 
complications in aHUS patients.   
 
As described throughout our September submission, aHUS is a life threatening, 
progressive genetic disease.  The severity of the disease is apparent in the pre-
eculizumab era, as it has been reported 33% to 40% of aHUS patients die or progress to 
ESRF with the first clinical manifestation in the international TTP/HUS registry analysis 
with all available supportive care, including PE/PI, prior to the availability of 
eculizumab.(Caprioli et al, 2006, Noris et al 2010)  Taylor et al 2009 also cite poor 
outcomes in patients receiving plasma exchange/plasma infusion (PE/PI) as supportive 
care, with an initial mortality of 25% and 50% renal failure rate in surviving patients.  
Recent medical evidence from TMA registries (Coppo et al 2010 and Hovinga et al 2010) 
report a  mortality of 13% (mean 17.8 months) and 32% mortality (median 4.4 years), 
respectively, demonstrating a continued mortality in aHUS patients with supportive care 
over a median of 4.4 years.   
 
Patients with aHUS have one or more genetic mutations (although the mutation(s) are 
frequently not identifiable), causing life-long deficiency in complement inhibitors or 
regulators.  Loss of complement regulators on endothelial cells and platelets leads to 
chronic uncontrolled complement activity causing on-going platelet, endothelial, and 
white blood cell activation and subsequently chronic inflammation and thromboses 
(blood clots) in small blood vessels throughout the body, a process known as systemic 
TMA.(Noris and Remuzzi, 2009; Karpman et al, 2006; Stahl et al, 2008; Stahl et al, 
2011)  Several in vitro and in vivo studies demonstrate that loss of complement 
regulation increases complement deposition on endothelial cells and platelets resulting in 
more severe endothelial injury, severe glomerular deposition of fibrin and platelets, 
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increased loss of glomerular endothelial cells, and greater impairment of renal function 
compared to cells with sufficient complement regulation.(Hughes 2000; Turnberg 2003; 
Bao 2010; Heinen et al 2013)  This on-going, ever-present uncontrolled complement 
activation, provides a constant and life-long threat to patients.   As seen with patients in 
the C08-003 trial, a continued decline in renal function was seen over time prior to 
eculizumab treatment.(Legendre et al 2013)  At any moment, aHUS patients are 
additionally vulnerable to sudden, severe, devastating, and irreversible TMA with loss of 
a vital organ including the brain, heart, gastrointestinal system, and/or kidney.  Further, 
this on-going organ damage occurs despite use of PE/PI and stable platelet 
counts.(Legendre et al 2013)  The on-going clinical deterioration even with PE/PI is 
explained because PE/PI is ineffective at adequately controlling the on-going systemic 
complement activation in patients with aHUS.  On-going and elevated complement 
activity (approximately four-fold higher than in normal patients) occurs in aHUS patients 
receiving PI.(Heinen et al 2013)  Conversely, eculizumab completely blocked 
complement activity to normal levels.(Heinen et al 2013)  The eculizumab clinical trials 
demonstrate that long-term treatment with eculizumab, and thus a complete block of 
uncontrolled complement activity, significantly improved renal function (estimated 
Glomerular Filtration Rate (eGFR) ≥15 ml/min/1.73m2) and reduced/eliminated 
proteinuria (representing on-going kidney damage) in 40% of patients over 1 to 2 years 
of chronic treatment, which is consistent with the observed long-term chronic inhibition of 
complement activation in patients with aHUS properly dosed with chronic eculizumab 
treatment. 
 
Published case reports have shown that a reduced dose or discontinuation of 
eculizumab may lead to rapid deterioration in organ function.  In several of these 
reported cases re-initiation of eculizumab therapy following discontinuation could not be 
counted on to salvage organ function.(Mache et al, 2009; Vilalta et al, 2012; Zuber et al, 
2011; Chatelet et al, 2009)  Not only are patients who discontinue at high risk for severe 
TMA complications, they also forego the on-going clinical improvement observed with 
on-going ECU treatment in the long-term  follow-up studies.  Long-term efficacy data 
from the prospective clinical trials show on-going improvement in haematological and 
renal outcomes for patients remaining on eculizumab treatment. 
 


12. Priority question: Please provide full details as to why patients chose not to enter into 
the extension phases of the trials. 
 
Alexion Response: 
Clinical trial investigators and patients were not required to provide reasons for not 
continuing in the extension study.  However, a summary of the responses that were 
shared is provided below for the following studies: C08-002, C08-003, C10-003, and 
C10-004. 
 
C08-002: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
 
C08-003: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxx. 
 
C10-003: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.   
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C10-004: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx   
 


13. The search strategy provided in Table C1 on Page 60 of the submission does not match 
with the search strategy provided in Appendix 17.1.4 pages 219-220. Please clarify 
which search was used to identify the clinical evidence. 
 
Alexion Response: 
Table C1 contains the correct search terms used to identify clinical evidence.  Additional 
search terms provided in Appendix 17.1.4 were mistakenly added and do not accurately 
depict the search strategy.  However, the additional search strategy details provided in 
Appendix 17.1.4 are correct and relevant to the search defined in Table C1 as well as 
the search results reported in section 9.3.1 of Appendix G in our September 2013 
submission. 
 


14. On page 218 of the submission, the date of the searches ranges from 1947 to 4 July 
2013; however, the search strategy provided on page 220 suggests date and language 
restrictions e.g. limited to human, English Language and yr="2000-Current". Please 
clarify the dates of the clinical searches and justify language restrictions. 
 
Alexion Response: 
The date limitation of 2000-current was used to ensure that only current and relevant 
information would be assessed, considering the evolving nomenclature and 
understanding of aHUS and other TMA related diseases. English language limitation was 
used to identify the publications most likely to be relevant to the English setting. 
 


15. Please provide details of the searches used for non-RCT evidence. On Page 220, the 
submission states that "Due to the difficulty in identifying a reliable search strategy, and 
the lack of high level evidence in the form of randomised controlled trials, the term 'trial' 
was extended to include case series, retrospective trials, registries, cohort and case 
studies"; however, no details of the search strategy are included. 
 
Alexion Response: 
Due to the limited availability of randomised controlled trials (RCT) evidence, the search 
described for RCT evidence was expanded for non-RCT evidence to include the terms 
as described case series, retrospective trials, registries, cohort and case studies. Other 
details of the non-RCT search (search terms, databases, date, and language limitations) 
were conducted for the RCT evidence search. 
 


16. Was Medline (R) In-Process searched? If not please provide justification for not 
searching Medline (R) In-Process (page 59 and 218)? 
 
Alexion Response: 
MEDLINE In-process database was not individually searched. Embase was utilised for 
the search, which includes In-Process citations in its database.  
 


17. Given the limited evidence relating to the safety and efficacy of eculizumab, please 
explain and justify the decision to exclude case series from the systematic review. 
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Alexion Response: 
Although case series were identified as relevant published studies (Table C4), these 
case series were not considered relevant to the scope of the submission due to their 
wide variability of dose protocol and treatment duration that is inconsistent with the 
SmPC and the proposed use of eculizumab for aHUS in England. 
 


18. Section 9.5 - Please explain why an RCT appraisal tool has been used to critically 
appraise the non-randomised studies of eculizumab. 
 
Alexion Response: 
No RCTs were identified for appraisal.  In Section 9.5, the NICE guideline template 
provided a table for critical appraisal of RCTs and for observational studies.  An 
alternative template for non-RCTs was not identified that would provide a similar 
appraisal as the one requested in the included RCT template. 
 


19. Table C8 – Please clarify how “PE/PI sessions during current aHUS event, Median (min; 
max)” have been calculated.  
 
Alexion Response: 
In the C08-002 and C08-003 studies, the pre-eculizumab treatment period was from the 
later of (1) the start of the current aHUS episode or (2) eight weeks prior to the first 
eculizumab dose until the first eculizumab dose.  
 
In the C10-003 and C10-004 studies, the pretreatment observation period was from the 
later of (1) the start of the current aHUS episode or (2) eight weeks prior to the first 
eculizumab dose until the first eculizumab dose. 
 


20. How were patients diagnosed with confirmed aHUS within studies C08-002, C08-003, 
C09-001r, C10-003 and C10-004?  
 
Alexion Response: 
In the prospective C08-002, C08-003, and C10-004 studies, as well as the C09-001r 
studies, the diagnosis of aHUS was aligned with clinical practice.  A clinical diagnosis of 
aHUS was confirmed in the clinical trials based on evidence of low platelet count (or 
maintained platelet counts in C08-003 while on PE/PI), evidence of microangiopathic 
haemolysis (LDH ≥1.5 upper limit of normal (ULN) range), impaired renal function 
(increased creatinine above ULN), ADAMTS13 >5%, and no positive result for STEC 
infection.   
 
In the prospective paediatric C10-003 study, patients had to have a platelet count < 
lower limit of normal (LLN) range at screening and baseline, exhibit signs or symptoms of 
haemolysis at the start of current aHUS event (i.e., LDH ≥1.5 ULN and haemoglobin ≤ 
LLN), and a serum creatinine level ≥97 percentile for age at screening (patients requiring 
dialysis for acute renal failure were also eligible).  All patients demonstrated ADAMTS13 
activity >5%, consistent with the adult (C10-004) trials, and an aHUS diagnosis.  
 
There was no requirement of identified genetic mutation to confirm diagnosis of aHUS in 
any of the trials, consistent with standard medical practice.  All patients demonstrated an 
objective improvement in complement activation with eculizumab treatment, and clinical 
improvement was observed with eculizumab, validating the aHUS diagnosis.   
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21. Does the age range of patients in studies C08-002, C08-003, C09-001r, C10-003 and 
C10-004 reflect the age range of patients in UK clinical practice? Please provide 
evidence to support your response. 
 
Alexion Response: 
The age range of patients in England currently diagnosed with aHUS, and requiring 
treatment with eculizumab, is broad and reflective of the patient groups studied in the 
trials stated in the  question above. 
 
A renal unit survey conducted in 2010 determined that, at that time, there were 139 
confirmed cases of aHUS in the UK of which 43 were paediatric cases and 96 were 
adult.  Alexion does not have a breakdown of specific ages for patients included in the 
renal unit survey. 
 
Since the launch of eculizumab for the treatment of aHUS in England, and the 
subsequent release of the recent NHS England “Clinical Commissioning Policy 
Statement: Eculizumab for atypical haemolytic uraemic syndrome,” Alexion is aware of 
patients of all ages either initiating eculizumab therapy or being deemed eligible pending 
transplant availability.  Thus, for patients in England, the broad age ranges investigated 
in the eculizumab studies are consistent with current clinical practice. 
 
A breakdown of the age categories studied is shown below: 
 


Trial N (ITT) Age (years), Median 
(min; max) 


Age Category 
Infant 


(<2 
years) 


Children 
(≥2-12) 


Adolescent 
(≥12-≤18) 


Adult 
(≥18) 


C08-002 17 28 (17; 68) 0 0 1 16 
C08-003 20 28 (13; 63) 0 0 5 23 
C09-001r 30 12 (0.17; 51.4) 5 10 4 11 
C10-003 22 xxxxxxxxxxxxxx x xx x X 
C10-004 41 xxxxxxxxxx 0 0 0 41 
 


22. Does the baseline eGFR status of patients in prospective studies C08-002, C08-003 
reflect the current mix of aHUS patients in England and Wales? Please provide evidence 
to support your response. 
 
Alexion Response: 
Alexion is not clear why this clarification question refers to patients in Wales given the 
remit of this evaluation is specific to NICE in England.  Therefore, our response below is 
specific to patients in England. 
  
The baseline eGFR in studies C08-002 and C08-003 are generally representative of 
patients with aHUS given that the specific inclusion criterion relating to kidney function 
was serum creatinine greater than upper limit of normal (ULN) across both studies.  In 
this respect, there was no restriction in terms of eGFR status and patients were enrolled 
across a range of eGFR values.  In addition, no patients were excluded from the studies 
on the basis of eGFR status. 
  
In terms of specific patients requiring eculizumab therapy currently in England, Alexion 
does not have access to the clinical parameters of these patients if they were not 
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involved in the clinical studies.  Therefore, we cannot provide data to support a response 
to NICE’s question.  A survey of all treating physicians across England would be 
necessary to collect such data which, given the timeframe and ethical considerations, 
this was not feasible. 
 


23. Are there any data available for transplant failure rates in those patients with prior kidney 
transplants (Section 9.4.4, page 85)? 
 
Alexion Response: 
There was one patient in the prospective clinical trials (C08-003; xxxxxxxxxxxxxxxxx) 
who received a kidney transplant while receiving eculizumab during the maintenance 
period.  That patient experienced no severe TMA complications/aHUS occurrence in the 
allograft throughout participation in the clinical trial xxxxxxxxxxxxxxxxxxxxxxxxxxx.  
 
In the retrospective data collection study (C09-001r), one patient (Patient 110-007), 
received eculizumab beginning 10 days after a kidney transplant to prevent aHUS in the 
allograft.  This patient experienced no severe TMA complications/aHUS occurrence in 
the allograft function and received eculizumab throughout participation in the study (last 
reported follow up of greater than one year).(Zimmerhackl et al, 2010) 
 


24. Section 9.4.4. Page 85 - for the primary endpoint of reduction in TMA, what is the 
threshold whereby a reduction is clinically meaningful? 
 
Alexion Response: 
aHUS is characterized by uncontrolled complement activation and subsequent TMA, 
haemolytic anaemia (measured as an increase in LDH), and end-organ damage 
including kidney failure despite use of SOC including PE/PI.  This on-going clinical 
deterioration in aHUS patients (with or without use of PE/PI) is explained because PE/PI 
is ineffective at adequately controlling the on-going systemic complement activation in 
patients with aHUS.  Patients with aHUS have on-going and elevated complement 
activity (approximately four-fold higher than normal patients) even when receiving 
SOC.(Heinen et al 2013)  Long-term chronic inhibition of complement activation in 
patients with aHUS properly dosed with chronic eculizumab treatment is the clinical goal 
of treatment. 
 
In the prospective C10-003 and C10-004 clinical trials, the primary endpoint was 
complete TMA response (a modified TMA response in C10-004 to match C10-003), 
defined as haematologic normalisation based on platelet count and LDH, and ≥25% 
improvement in serum creatinine from baseline, confirmed by two consecutive 
measurements obtained at least four weeks apart.  This primary endpoint is a very high 
response hurdle as its achievement includes both haematological evidence of TMA and 
improved end-organ function in an extremely short period of time.   
 
Although the regulatory end point achieves this high hurdle, such criteria should not be 
used to define the threshold for meaningful clinical benefit since the fundamental defect 
in aHUS patients is complement dysregulation—which has been shown to cause all 
subsequent morbidities and premature mortality.  The improvement in end-organ 
function due to inhibiting complement activity can take time as demonstrated in the C08-
003 trial where some patients required more than one year to experience improvement in 
end-organ function.  Based on the progressive nature of aHUS, it is expected that 65% 
of patients will progress to permanent renal impairment, ESRF, or dialysis or die within 
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one year of clinical manifestation of aHUS.  Because of the on-going complement 
activation in patients with aHUS, irrespective of supportive care, stability of organ 
function itself is also a clinically meaningful benefit in these patients.   
 
As stated above, due to the on-going complement activation in all aHUS patients, and 
the fact that the fundamental defect in aHUS patients is complement dysregulation—
which has been shown to cause all subsequent morbidities and premature mortality— 
reduction in complement activation is a clinically meaningful outcome. The level of this 
response is extremely high by the standard of pharmaceutical interventions with 100% of 
patients achieving substantial complement inhibition with eculizumab treatment in pivotal 
trials.  Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
 


25. Section 9.7 - Are the adverse event data presented in Table C12 and C13 at 26 weeks 
or for the duration of the study (64 weeks)?  
 
Alexion Response: 
The data presented are for the duration of the study (64 weeks).   
 


26. Were responder rules employed in prospective studies C08-002, C08-003, C10-003 and 
C10-004?  
 
Alexion Response: 
Responders were defined by the primary end point of the respective clinical trial as 
specified in the protocol.  Once a responder was identified, the patient was considered a 
responder. 
 


27. During the previous appraisal of eculizumab, study C09-001r included 15 paediatric only 
patients. This study now includes 30 patients in the manufacturer’s submission. How 
were the additional 15 patients chosen for the retrospective study? 
 
Alexion Response: 
Alexion is surprised that a previous appraisal of eculizumab is being cited here since 
during our scoping meeting, NICE was clear that our most recent submission should be 
seen as “stand-alone” and not referenced to other submissions made in England to the 
Advisory Group for National Specialized Services (AGNSS) or the Clinical Priorities 
Advisory Group (CPAG).  That said, we provide clarity below regarding the patients 
including in the retrospective C090-001 study.   
 
As described in the response to Question 4 above, Alexion was able to identify 36 
patients who were diagnosed with aHUS and treated with eculizumab outside the two 
Alexion-sponsored controlled clinical trials, C08-002 and C08-003.  Data were compiled 
retrospectively for aHUS patients undergoing treatment with eculizumab in an 
uncontrolled clinical setting.  Of the 36 patients identified, 30 patients agreed to 
participate, 15 of which were paediatric patients under 12 years of age.  During 
regulatory submission to EMA, a sub-analysis of paediatric patients was provided to 
provide efficacy and safety of eculizumab in paediatric patients. 
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28. Page 28 states that study C08-002 includes short-duration patients and study C08-003 
includes long-duration aHUS patients. However, page 70 states that study C08-002 is in 
patients who were newly diagnosed, had an existing diagnosis or were post-transplant. 
The same inclusion criterion was used in study C08-003 (see page 73). Please clarify 
the patient populations in these studies. 


 
Alexion Response: 
In the C08-002 study, the screening period for this study was a maximum of three days.  
Patients who met all of the Inclusion Criteria and none of the Exclusion Criteria were 
immediately enrolled into the Treatment Period.  This led to the inclusion of patients with 
a short duration of their aHUS clinical manifestation.  In the C08-003 study, the 
Screening Period (Visit 1) for this study was longer—a maximum of two weeks.  Patients 
who met the plasma therapy (PT) requirements at the Screening Period were enrolled in 
an eight-week Observation Period to observe clinical laboratory testing, platelet counts, 
haemolytic markers, pro-thrombotic measures, pro-inflammatory markers, and 
complement markers.  These measures, and samples for renal function measures, were 
collected on a weekly basis.  During the Observation Period, each patient was observed 
to receive at least one PT session every two weeks and no more than three PT sessions 
per week (at an unchanged frequency) for at least eight weeks before the first dose of 
eculizumab.  Due to the eight-week Observation Period, and lower use of PE/PI, these 
patients tend to have a longer duration of aHUS.   


 
Section B: Clarification on data relating to the cost model and value for money 
 
29. Priority question: The submission states that aHUS affects both adults and children 


and some of the clinical trial evidence includes paediatric patients. However, the 
economic analysis relates to a single cohort aged 28 years and does not include younger 
patients. Please explain why no analysis has been undertaken for children.  
 
Alexion Response: 
Our target patient population was intended to capture all patients for which eculizumab 
for aHUS is indicated, including adults and children.  We use age 28 as an average age 
for the entire cohort, which is comprised of five weight intervals; xxx of patients are 
adults weighing over 60 kg, while the other modelled patients are children distributed 
across the four other weight intervals.   
 
We describe how children specifically are included in the model in multiple instances.  
For example, we describe this input in “Table D4: Summary of variables applied in the 
cost-consequences model” (pages 156-157 of our September 2013 submission); see for 
example, “Table D7: Patient weight by age”.  We describe how we use UK-specific data 
to model aging and weight gain among the children.  In the electronic (Excel 
spreadsheet) version of the model, the header “Patient weight intervals at baseline,” 
allows the user to input the baseline distribution of patients by weight interval, with four 
paediatric weight intervals.   
 
Please note that the bias in the model due to this approach is small, and “works against” 
eculizumab.  In the model, children face the background death rate of a 28-year old 
patient at baseline; similarly, those who are older than age 28 live longer in the model by 
also having the background death rate of a 28-year old at baseline. 
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30. Priority question:  Please explain why the model only uses data from studies C08-002 
and C08-003. Specifically, given the paucity of evidence relating to eculizumab, why 
were interim data from studies C10-003 and C10-004 not also used to inform the 
economic analysis? 


 
Alexion Response: 
At the time of the economic model development, data from the C10-003 and C10-004 
studies were not available for incorporation into the model.  Initial results from the C10-
003 and C10-004 interim analyses were included in our September 2013 submission, 
even though it was not feasible in the short timeline required by NICE to incorporate the 
data into the economic model as well.     
 


31. Priority question: The ERG has concerns about the calculation of transition matrices for 
eculizumab. Specifically, please explain how it is mathematically appropriate to observe 
time-dependent matrices and then weight these by sample size to derive time-
independent matrices?  
 
Alexion Response: 
Our model of eculizumab efficacy is equivalent to deriving a Markov matrix by estimating 
an ordinal probit, where the dependent variable is patient i’s chronic kidney disease 
(CKD) stage in the future time period (t+1), and where the independent variables are 
patient i’s CKD stage in the current time period (t), using an unbalanced panel.  
However, it is more transparent for NICE’s review for us to estimate the model in the way 
we did.  
 
Also, we would note that our estimation is not time dependent.  We did not assume that 
the time relative to baseline in the trials has an independent effect on future CKD stage, 
which is equivalent to the memoryless Markov assumption. 
 


32. Priority question: The standard care transition probabilities are based on the results of 
the LOWESS regression of the pre-treatment phase in the C08-002 and C08-003 
studies. This regression uses the rate of change in eGFR per day to derive 6-monthly 
transition probabilities. The estimated rate of change was -0.03 points/day which 
according to the submission, given a 15-point interval in each CKD band, leads to a 
transition probability of 0.367 (calculated as [0.03 x 182.5]/15). The ERG believes that 
this is mathematically incorrect – if the rate had been -0.10 or higher this would lead to a 
probability which is greater than 1.0. Please consider which approach is most 
appropriate and provide justification for your choice, or updated analyses (if a different 
approach is adopted).  
 
Alexion Response: 
We did not use LOWESS regression to estimate the standard care transition 
probabilities; we used a fixed effects specification of a linear panel model (using the 
xtreg procedure in STATA v.13) regressing eGFR on days in the pretreatment period.  
The LOWESS regression was estimated to assess the assumption that the effect of 
eGFR on pretreatment days was linear.  This is evident by the header on page 142 of 
our submission describing LOWESS (“Testing the linearity assumption: Is it reasonable 
to assume SOC treated patients would continue to get worse?”). 
 
It is true that we are mapping continuous eGFR into multinomial (ordinal) space per our 
calculation, and that if the effect were sufficiently large (or small), it could violate the 
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boundedness of the multinomial (or probability [0,1]) space we are mapping into.  
However, the regression specification indicates that a coefficient (i.e., rate) of 0.030 was 
estimated with a “tight” confidence interval—the standard error was 0.003.  The 95% 
confidence intervals around the coefficient were 0.024 and 0.036, translating into 95% 
confidence intervals around the transitional probabilities of 30.5% and 42.6%.  The 
boundedness issue is only a problem when we are close to 0% or 100%.  In our case, it 
would require 12 times the standard error to reach the lower bound and 20+ times the 
standard error to reach the upper bound—which are likelihoods that are vanishingly 
small given the data.  Future research could employ more sophisticated non-linear 
ordinal models to do the mapping, but would sacrifice the transparency of our approach, 
and would not lead to different results. 
 


33. Priority question: Please explain why the probability of receiving a transplant for 
patients receiving eculizumab is zero - this was non-zero in versions of the model 
considered in the previous appraisal. 
 
Alexion Response:  
As noted above, Alexion is again surprised that a previous appraisal of eculizumab is 
being cited here since NICE was clear that our most recent submission should be seen 
as “stand-alone” and not referenced to other submissions made in England.  However, in 
the interest of full transparency, we provide additional clarification below.   
 
The most recent version of the economic model provided to NICE represents the most 
comprehensive assessment of the benefits and costs of eculizumab in aHUS that have 
been undertaken by Alexion for the purposes of conducting a UK health technology 
assessment.  Alexion has refined previous versions of the model based upon up-to-date 
data, further expert involvement, and feedback received during other assessment 
processes.   We believe that our latest submission to NICE should be appraised on its 
own merits and not relative to previous submissions to different agencies, particularly as 
new data become available and are incorporated into the model. 


 
It is true that eculizumab may make aHUS patients candidates for transplant when they 
otherwise would not have been a candidate prior to use of eculizumab since patients 
receiving SOC have a high probability of graft failure.  However, the data from the 
Alexion clinical trials indicate that liver function is improved for the majority of patients so 
that transplantation is no longer needed.  There was only one transplant in the C08 trials 
data; compared to the pretreatment period, the transplant rate declined substantially.  
Specifically, in the pretreatment period, there were (352*37) days of observation time, 
and 25 transplants were recorded in 16 patients.  
 
Our current model submitted to NICE in September 2013 handles transplant the same 
way as the revised March 2012 AGNSS version of the model.  This is explained in the 
section of our most recent submission entitled: “Transplant Rates for Eculizumab” on 
page 138.  Please also note that the results of the C08-002 and 003 studies were 
published in the New England Journal of Medicine (Legendre et al, 2013); only one 
transplant is reported therein.  Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
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34. Priority question: Please explain why the cost of eculizumab in the model includes 
dose reductions (and hence lower costs for eculizumab) for paediatric patients when the 
model cohort enters the model at age 28 years. 
 
Alexion Response: 
Please see our answer to Question 29 above.  We model the distribution of patients 
expected to receive eculizumab in the UK, assuming an average age based on the C08 
studies. 
 


35. Priority question: Please explain why HRQoL for each state is valued 0.208 lower for 
standard care compared to eculizumab. What is this utility loss intended to represent? 
Please clarify the evidence available to support this.  
 
Alexion Response: 
The 0.208 is the gain in HRQOL from eculizumab therapy at 64 weeks versus baseline, 
taken from Legendre et al, 2013. 
 
In Legendre et al. 2013, at the end of Table 2, the mean change in European Quality of 
Life Group 5 Dimensions Self-Report Questionnaire (EQ-5D) is presented for the two 
trials.  The increment for all patients is 0.208 over the 64-week period, based on the 
weighted average calculation in Table D13, “Measurement of eculizumab health utility 
increase over SOC.”  Note that though this is over a 64-week period, the results are 
similar by week 26 (0.201) in the Legendre publication, and in fact, the effect is evident 
before the end of month three in the C08-003 trial and before the end of month one in 
the 002 trial (see figures in answer to question 53), and we assume that this effect 
occurs within six months on eculizumab and persists in the model.  In the base case 
analysis, we assume that every patient alive gets the increment evenly across the 
disease states.  We test this input in the sensitivity analysis. 
 
During interviews with experts in support of this submission, the participants were asked 
to explain what factors drove the improvement in EQ-5D quality of life scores over the 
duration of the clinical trials.  All five experts attributed this improvement to the absence 
of the need to undergo plasma exchange therapy.  The experts emphasised the great 
burden that PE places on patients, physically, psychologically, and by restricting their 
ability to live normal lives.  This burden is described in detail in Section 7.1 of our 
September submission. 
 


36. Priority question: Why were the adverse events associated with eculizumab (Section 
9.7 of the submission) excluded from the model? 
 
Alexion Response: 
As described in Section 12.2.4 of our initial submission, the adverse event (AE) profile 
for eculizumab is overall mild and eculizumab is well tolerated.  Adverse reactions were 
mostly mild to moderate in severity.  The most commonly reported AEs from the two 
main eculizumab trials were headache, dizziness, nausea, and pyrexia, each occurring 
in 5% or more patients.  Although almost all patients reported AEs in the aHUS studies, 
few were considered drug-related by the investigators.  Specifically, in the two 
prospective aHUS studies, only one AE led to treatment discontinuation, and this AE was 
deemed unrelated to study drug.   
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Moreover, AEs of SOC have never been evaluated in similar research.  There has never 
been a clinical trial measuring the AE rate (or other outcomes) of plasma exchange, 
plasma infusion, dialysis, or kidney transplant in patients with aHUS.  The pre-treatment 
period of Legendre et al. was retrospectively analysed, so AEs were not recorded in the 
manner they would be in C08-002 or C08-003.  Frequent and severe AEs have been 
documented for PE/PI in patients receiving this for all possible indications, as detailed 
elsewhere in the submission. 
 
Finally, AEs related to the background disease have also never been measured in a 
high-quality registry or clinical trial setting.  One expert hypothesized that there may be 
micro-TMAs experienced by patients with complement disorder, if there underlying 
disease is untreated, that reduces quality of life.  To adequately identify the causal effect 
of eculizumab versus SOC on AEs, the background rate would also have to be 
measured, but it is not. 
 
Because of the generally mild AEs associated with eculizumab, and the fact no specific 
source exists measuring AE rates for SOC or related to the aHUS background rate, the 
model does not include any health or cost implications for treatment-related AEs. 
 
Because of the generally mild AEs associated with eculizumab, and the fact no specific 
trials source exists for any of the SOC methods evaluated, the model does not include 
any health or cost implications for treatment-related AEs. 
 


37. Priority question: Reasons for patient discontinuation within studies C08-002 and C08-
003 are given on Page 86 of the submission. Please provide the patient number for each 
of these patients so that they can be identified in the “Ecu_trials_data” worksheet in the 
submitted model. E.g. patient number 2-029-001. Please provide the patient number for 
the following patient discontinuations: 
 


a. CO8-002 - Protocol violation: patient diagnosed with SLE approximately one 
week after the first dose of eculizumab 
 


b. CO8-002 - Discontinued due to an adverse event deemed not related to study 
drug 
 


c. CO8-002 - Completed treatment period, and the investigator elected not to enrol 
patient in extension period 
 


d. CO8-002 - Completed treatment period, and investigator elected not to enrol 
patient in extension period. Data were not collected during follow-up period as 
patient refused to continue participation 
 


e. CO8-002 - Adverse event (“decrease in renal function” per investigator) deemed 
not related to study drug (during extension study) 
 


f. CO8-002 - Adverse event (worsening of renal function) deemed not related to 
study drug (during extension study) 
 


g. C08-003 – Patient who completed the 26 week study period who did not continue 
to the extension study period due to personal reasons 
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h. C08-003 – Discontinued during the extension study period due to an AE deemed 
not related to the study drug 


 
Alexion Response: 
This is an unusual request from a health technology assessment agency—to ask for 
specific personal identifiers for patients experiencing AEs.  Based on concerns about 
patient confidentiality, we do not feel comfortable disclosing these patient ID numbers.  
We have provided NICE with patient-time observations for CKD status at 6-month 
intervals; however, no individual patient is identifiable in the trials from this information 
(e.g., specific information on timing of last observations is not provided).  Alternatively, 
NICE’s current request for specific personal identifiers for patients experiencing AEs 
could lead to identification of unique patients and could violate confidentiality agreements 
with trial patients. 
 
Please note that in line with the SmPC, Alexion strongly advises against discontinuation 
of eculizumab in aHUS patients due to the chronic nature of the disease, and the 
continuous risk of sudden, life-threatening events.  We advise patients and their 
physicians that while it is tempting to view apparent improvement of health as a basis for 
discontinuation, aHUS is a chronic, lifelong disease which places the patient at on-going 
risk of life-threatening medical events if treatment is discontinued.   
 


38. Priority question: Page 18 includes estimates of losses in productivity, government 
benefits and tax revenues. Please provide the underlying calculations, evidence sources 
and assumptions used to produce these estimates. 
 
Alexion Response: 
As noted on page 18 in our initial submission, Section 14.2 contains the details of the 
calculations related to losses in productivity, government benefits, and tax revenues.  
Specifically, the calculations, evidence sources, and assumptions used to produce the 
estimates are outlined in Pages 191 and 192 of our original submission and are 
summarised in Table E1, which is included below for reference. 
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Table E1: Estimated government (non-NHS) and societal costs associated with aHUS and potential savings with eculizumab 
 


Item Quantity Unit cost 
Total annual 
saving (cost) 


per carer/ 
patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Patient lost 
productivity 


40% of adult aHUS patients were out of 
work in UK aHUS patient survey (Section 
7). 
 
23% of out of work adult aHUS patients 
were retired. 
 
Therefore estimate that 27% (0.4 x 0.67) of 
all adult aHUS patients are out of work vs. 
7% for general population. Assume 20% 
excess unemployment rate. 
 
Assume adults represent 50% of total 
population 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


0.2 x 0.5 x 
£26,500 = 


£2,650 
£784,400 £588,300 £196,100 


Carer lost 
productivity 
(current carers) 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 
 
Carers on average lost 18 hours of paid 
work per week, which represents 46% of 
an average 39 hour working week (ONS 
2012) 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


£26,500 x 
0.54 x 0.82 x 
0.46 = £5,397 


£1,597,729 £1,198,297 £399,432 
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Item Quantity Unit cost 
Total annual 
saving (cost) 


per carer/ 
patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Carer lost 
productivity (ex-
carers) 


The household income of ex-carers is 
approximately half of household income of 
general population (McLaughlin and 
Ritchie 1994).  
Assumes ex-carers = 25% current patients 
(82% were informal carers (UK aHUS 
patient survey)) 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


£26,500 x 0.5 
x 0.25 x 0.82 


= £2,716 
£804,010 £603,008 £201,003 


Patient receipt of 
government 
benefits  
 


Assume 25% of aHUS patients receives 
benefits 


High-medium 
need total weekly 
benefits = £235 
(Wood 2010) 


0.25 x £235 x 
52 = £3,055 


 
£904,280 £678,210 £226,070 


Carer receipt of 
government 
benefits 
 


54% of patients, regardless of age, have a 
carer, 82% were informal carers (UK aHUS 
patient survey) 
 
61% of carers receive Carer’s Allowance 
(Carers UK, 2007) 


Carer’s allowance 
= £59.75 per week 
(UK Government 


2013) 


0.54 x 0.82 x 
0.61 x £59.75 
x 52 = £839 


£248,411 £186,308 £62,102 


Lost tax 
revenues for 
patients  


20% excess employment rate for patients 
(see above) 
 
Average percentage of income that goes 
on tax = 17.8% (LSE 2013) 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


0.2 x £26,500 
x 0.178 = 


£943 
£279,246 £209,434 £69,812 
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Item Quantity Unit cost 
Total annual 
saving (cost) 


per carer/ 
patient 


Total annual 
saving (cost) 
across 296 
aHUS pts 


Total annual 
saving (cost) 


assuming: 
75% improvement 
after eculizumab 


Total annual 
saving (cost) 


assuming: 
25% 


improvement 
after eculizumab 


Lost tax 
revenues for 
carers 


54% of patients have a carer (82% were 
informal carers) who lose 18 hours work 
per week on average (see above) which 
represents 46% of an average 39 hour 
working week (ONS 2012) 
 
Average percentage of income that goes 
on tax = 17.8% (LSE 2013) 


Average median 
UK annual 


earnings £26,500 
(ONS 2012) 


£26,500 x 
0.54 x 0.82 x 


0.46 x 0.178 = 
£960 


£284,396 £213,297 £71,098 


Table Sources: 
• Office of National Statistics (ONS). Patterns of Pay: Results from the Annual Survey of Hours and Earnings, 1997 to 2012. Available at: 


www.ons.gov.uk/ons/dcp171766_300035.pdf. Accessed 6 September 2013. 
• Wood C & Grant E. Counting the Cost, London: Demos 2010.  Available at www.demos.co.uk. 
• UK Government. 2013. Carer's Allowance. Available at: https://www.gov.uk/carers-allowance/overview. Accessed 6 September 2013. 



http://www.ons.gov.uk/ons/dcp171766_300035.pdf.%20Accessed%206%20September%202013

http://www.demos.co.uk/

https://www.gov.uk/carers-allowance/overview
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39. Table D2 page 135 - In the economic analysis, costs and outcomes are discounted at a 
rate of 1.5%. Please explain why the discount rate of 3.5%, as stipulated in the NICE 
Reference Case was not used.  
 
Alexion Response: 
In the NICE 2013 Guide to the methods of technology appraisal 2013 (section 6.2.19) it 
states the following: 
 


“In cases when treatment restores people who would otherwise die or have a very 
severely impaired life to full or near full health, and when this is sustained over a very 
long period (normally at least 30 years), cost-effectiveness analyses are very sensitive to 
the discount rate used. In this circumstance, analyses that use a non-reference-case 
discount rate for costs and outcomes may be considered. A discount rate of 1.5% for 
costs and benefits may be considered by the Appraisal Committee if it is highly likely that, 
on the basis of the evidence presented, the long-term health benefits are likely to be 
achieved. Further, the Appraisal Committee will need to be satisfied that the introduction 
of the technology does not commit the NHS to significant irrecoverable costs.” 


 
Alexion believes that eculizumab for the treatment of aHUS meets the criteria outlined 
above, as described in the table below: 
 
Criterion Eculizumab in aHUS 
In cases when 
treatment restores 
people who would 
otherwise die or 
have a very 
severely impaired 
life to full or near 
full health 


From Section 6.1 of eculizumab submission: 
The disease affects both children and adults and has a very poor 
prognosis, demonstrated by the fact that 33% to 40% of aHUS patients 
die or progress to end-stage renal failure (ESRF) requiring dialysis with 
the first clinical manifestation.(Caprioli et al, 2006; Noris et al, 2010) The 
chronic nature of aHUS results in progressive, on-going morbidity as 
65% of all patients die, require dialysis, or have permanent renal 
damage within the first year of diagnosis while on plasma exchange or 
plasma infusion (PE/PI) or dialysis and a progressive increased mortality 
rate thereafter. Long-term data have shown a mortality rate of 32% at 
4.4 years median follow-up.(Hovinga et al, 2010) 


In cases when 
treatment restores 
people who would 
otherwise die or 
have a very 
severely impaired 
life to full or near 
full health 


From Section 9.6 and 9.9 of eculizumab submission: 
Eculizumab is designed to block activation of the terminal stage of the 
complement system directly and potently.(Rother et al, 2007) As a 
result, use of eculizumab reduces the underlying systemic complement-
mediated TMA process and subsequently can reverse or prevent further 
kidney damage, which has been shown to lead to a discontinuation or 
avoidance of dialysis. Eculizumab has also been shown to prevent 
progression of other organ damage in aHUS patients, and has 
demonstrated a reduction or elimination in the need for PE/PI as well as 
a significant improvement in patients’ quality of life.(Legendre et al, 
2010; Muus P et al, 2010; Licht et al, 2011; Greenbaum et al, 2011; 
Alexion, 2012; Legendre et al, 2013) 


when this is 
sustained over a 
very long period 
(normally at least 
30 years) 


From Section 12.2.6 of eculizumab submission: 
The mean age of patients in the economic analysis was 28, based upon 
the average age of patients at baseline in prospective trials C08-002 and 
C08-003. 
 
In the base case economic analysis 84.7% of patients were still alive 
after 30 years post treatment initiation.  
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Criterion Eculizumab in aHUS 
 it is highly likely 
that, on the basis of 
the evidence 
presented, the 
long-term health 
benefits are likely 
to be achieved 


While long-term data is not yet available, the long-term health benefit 
derived from eculizumab is supported by the extent to which eculizumab 
controls the underlying disease, as well as the survival data from the 
clinical trials (at 3 years). 
 
Eculizumab has been demonstrated to block activation of the 
complement system directly and potently, thus limiting the underlying 
systemic complement-mediated TMA process (Rother et al, 2007). In 
eculizumab clinical trials, haematologic normalisation was achieved by 
76% of patients (95% CI: 50-93%) and in up to 90% of the 10 patients 
with both abnormal platelet count and LDH at entry. The duration of 
response continues into the extension phase, with a median duration of 
response limited only by the current data cut-off and is currently 258 
days (range 196-431) for haematologic normalisation and 267 days 
(range 217-389) for complete TMA response.  Importantly, patients 
demonstrate stable or improved organ function (reduction or stabilization 
in eGFR and proteinuria), some patients demonstrating benefit after one 
year of chronic eculizumab treatment.   
 
In the eculizumab clinical trials there was one death observed in the 
C08-002 and C08-003 trials extension data (using the three-year 
extension data) in a patient population that was expected to progress to 
ESRD and early mortality.  The death was determined not to be related 
to the study drug. The one event occurred over 176.1 six-month 
intervals, yielding a six-month death rate of 0.57%. (Eculizumab 
submission Section 12.1.7) 


Further, the 
Appraisal 
Committee will 
need to be satisfied 
that the introduction 
of the technology 
does not commit 
the NHS to 
significant 
irrecoverable costs 


It is highly unlikely that the NHS could be exposed to significant 
irrecoverable costs for the following reasons: 


1) NICE will review the appraisal decision after 2 years and 
subsequently; and 


2) The patient population affected by aHUS is very small and the 
predicted budget impact is less than £20m at 2 years post-NICE 
decision. 


 
In addition, it is anticipated that specific centre/s of expertise will be 
commissioned to ensure appropriate use of eculizumab in correctly 
diagnosed aHUS patients across England.  This is currently the case 
with all suspected cases of aHUS being referred to the centre in 
Newcastle where diagnosis is confirmed and treatment with eculizumab 
recommended where appropriate.  This will mitigate the risk of 
eculizumab being prescribed for inappropriate cases.  Patients on 
eculizumab will be monitored regularly by the centre/s of expertise to 
ensure optimal on-going management. 
 
The fact that there is a relatively small amount of money under 
discussion, and a process by which the return on this investment can be 
closely monitored, will significantly mitigate the risk of irrecoverable 
investment. 


 
40. Section 9.8.1 states the following: “Studies C08-003 and C08-002, described in detail 


within this submission, enrolled patients with different clinical characteristics.  Study C08-
003 included patients with long duration of aHUS, prolonged PE/PI exposure and 
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substantial kidney damage, whereas C08-002 included patients with progressing TMA 
and shorter disease duration.  These trials demonstrated the efficacy of eculizumab in a 
broad range of aHUS patients, reflective of the addressable population.  However, this 
does not lend itself to meta-analysis and would not provide results which are more 
informative than those included within the submission document.  Due to the lack of 
RCTs and the heterogeneity of patients included in the non-randomised prospective and 
observational trials included in this submission, evidence synthesis or meta-analysis 
were not performed.” 
 
Please comment on validity of pooling patient-level data from studies C08-002 and C08-
003 in the model to estimate CKD transition probabilities. 
 
Alexion Response: 
The base case was designed to describe the set of patients with aHUS indicated for 
eculizumab treatment.  This implied pooling the C08-002 and 003 patients.  We also 
performed sensitivity analysis by looking at each trial (i.e., patient group) separately. 
 


a. Please explain why the rate of eGFR change was used rather than calculating 
the CKD state at the beginning and end of the pre-treatment period and adjusting 
for observation time. 
 


Alexion Response: 
Mathematically, working with a continuous dependent variable requires fewer 
assumptions and allows for more modelling options than a multinomial/ordinal variable.  
Since CKD stage is determined by eGFR, there is no loss from using eGFR and 
mapping to CKD stage.  “Adjusting for observation time” for a multinomial/ordinal 
variable is less straightforward than doing so with a linear regression.  Ultimately, our 
approach is more flexible and transparent. 


 
b. Please explain why data from the pre-treatment period were used rather than 


published studies e.g. Noris et al 2010 or Hovinga et al 2010. 
 


Alexion Response: 
The March 2012 questions Alexion received from the TAR group indicated that the 
AGNSS reviewers were unclear as to why Hovinga was used to describe outcomes, 
namely mortality, for SOC-treated patients.  We have continued to use these cohorts as 
the basis of what a SOC-treated patient population with aHUS would be.  However, 
proximal outcomes, like transitions between CKD stages and ESRF, are also important 
in aHUS.  In the AGNSS submission, non-mortality SOC outcomes were based only on 
expert opinion, given that there was not time to consider options to use data for these 
outcomes.  We revisited parameterizing these proximal outcomes in our current model, 
given that we had additional, albeit limited, time to prepare the most recent submission to 
NICE.   
 
The pre-treatment period in C08-002 and 003 was an appropriate set of available data 
with which to model SOC, given that the selection of patients was identical to the 
treatment period in the trials and the patients received SOC in the pretreatment period, 
including PE/PI and dialysis.  The outcomes in the pretreatment period are reported In 
Legendre et al.  In the section of our most recent September 2013 submission to NICE 
entitled “SOC: Transitions between CKD States” on page 139-140 we state: 
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“[T]he Coppo and Hovinga datasets present a large population at disease onset, and a 
broad definition of TMA, which reflects disease onset and does not limit TMA to voluntary 
patient enrolment by the treating physician or simply focused renal failure, as seen in 
other aHUS registries (Noris et al 2010, Fremeaux-Bacchi et al 2013).  However, we 
recognised the lack of detailed progression or transition from CKD stage to ESRF, 
dialysis and finally mortality during SOC in both these publications since only one survival 
endpoint is reported at the median follow up. 
 
In order to further support the published data and determine transitional probabilities, we 
use the pre-treatment period in the eculizumab clinical trial to determine the progression 
to ESRF/dialysis and mortality over time.  In the published eculizumab trials (Legendre et 
al. 2013), eGFR, was measured for the pre-eculizumab treatment period.  We used the 
eGFR data from the 002 and 003 clinical trials to estimate the relationship between time 
on SOC and the sample average effect on eGFR (as described below), which was then 
translated into six-month CKD transition probabilities.  
 
The patients in the pre-treatment period in the trials received the complete array of SOC, 
including plasma exchange or infusion, dialysis, and/or transplantation as indicated, and 
therefore present a real world use of SOC in aHUS patients.  The median number of 
SOC intervention events per day, including plasma exchange or infusion, dialysis, or 
both, was 0.88 and 0.23 in the two trials.(Legendre et al., 2013)  There were 25 kidney 
transplants in 16 patients during the pre-treatment period.” 


 
c. Please suggest more plausible values for these quantities.  


 
Alexion Response: 
Per an email from NICE on October 16, 2013, it was suggested that we focus our 
response on Questions 40a and 40b as there was some confusion from the ERG 
regarding what exactly was meant in Question 40c by the phrase “plausible values for 
these quantities”.   
 
If “quantities” refers to the rate of eGFR over time, we describe the linear model and 
linearity check in the section entitled “Data and Methods - Analysis of relationship 
between eGFR and days using pre-treatment data” on page 140-144 of our September 
2013 submission.  Please also see the answer to Question 32 above for more detail. 
 
Overall, we believe all of the quantities used in the model are plausible, to the extent that 
there are data available describing an ultra-rare disease like aHUS.  If NICE has 
evidence to the contrary, we would enjoy and appreciate the opportunity to work through 
the data and methods together. 


 
41. Please explain how the model deals with competing risks of events (e.g. mortality and 


disease progression). 
 
Alexion Response: 
The Markov traces are computed based on the Markov matrix.  State transition 
probabilities from a given state (including the probability of returning to that state) sum to 
one.  The derivation of each probability is described in the section entitled “Standard of 
Care (SOC) Arm Transitions” on pages 139-146 of our September 2013 submission.  
The CKD transition data come directly from the trials.  The mortality transitions come 
from three sources, CKD 5, excess non-renal mortality and background mortality.  
Background mortality is fixed for a given five year band; other transitional probabilities 
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are derived from the space (1 - background mortality); as such, background mortality is 
assumed to occur prior to other events in a model cycle. 
 


42. Please explain why patients CKD0-2 in the model have a utility score of 1.0 (perfect 
health). 
 
Alexion Response: 
These are EQ-5D score transformed into health utility for five patients (three with 
complete data) in CKD stages 0-2 at day 164 in the trial.  A value of “1.0” is an unusually 
high health utility score.  However, we used the data as they were recorded in the trials.  
Such outcomes are not to be unexpected with small samples from ultra-rare diseases.  
From discussions with experts, it is not implausible that after alleviation of symptoms of 
aHUS, patients would feel relatively so much better compared to their pretreatment 
states that values of “1.0” could be recorded. 
 
Importantly, note that in our base case, we use the health utility decrement described in 
Table 2 of Legendre et al. as the distance between SOC and eculizumab health states; 
this distance is determinative of the QALY gain, as well as changes in lifespan, in the 
eculizumab and SOC groups.  
 


43. Please justify why 3.6% of the modelled population is still alive at age 100 years. Why 
does the model use 5-year banded mortality rates? 
 
Alexion Response: 
Per UK life tables, 1.1% of males and 2.8% of females in a birth cohort would be 
expected to be alive at age 100.  Our slight absolute over-prediction is based on not 
modelling mortality changes after the age 85-95 interval, and using 10-year average 
transitional probabilities for background mortality.  Examples of cost-utility models in the 
Handbook of Health Economic Evaluation Series (Oxford University Press) use banded 
intervals. The material effect on outcomes of using different, more precise, transitional 
probabilities for background mortality would be negligible due to discounting.   
 


44. Table D4 includes a column which appears to describe standard deviations rather than 
standard errors. The same appears to be the case in the model. For all parameters in 
which standard deviations have been used, please provide either standard errors or 
sample sizes. 
 
Alexion Response: 
The only inputs for which we present standard deviations in Table D4 are cost data 
inputs; these standard deviations are assumed.  We do not have access to statistics 
other than means on these data.  We assume a broad degree of uncertainty around the 
parameter input by using the standard deviation and assuming a coefficient of variation 
of 1 in the probabilistic sensitivity analysis (PSA). 
 


45. The model uses bootstrapping within the uncertainty analysis. Bootstrapping tells us 
about variability in the sample rather than uncertainty in the population parameters. 
Please explain why standard methods were not used e.g. sampling multinomial data 
from Dirichlet distributions with non-informative priors.  
 
Alexion Response: 
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Bootstrapping is widely used to estimate standard errors and confidence intervals1, 
which relate the likelihood that the estimated mean is approximate to the true population 
mean.  It is a well-known method, presented transparently in our analysis.   
 
The Briggs, Ades and Price2 2003 present a means for estimating multinomial 
probabilities when some cells could be zero.  This is a reasonable approach, and we 
think the authors authoritative, and the journal Medical Decision Making to be excellent 
and too often overlooked.  In Briggs et al., they present a stylized example of N=2,000+ 
patients in two arms, distributed over 5 states.  Their empirical problem is that none of 
the 2,000+ patients were observed in the HEX (hospital-managed exacerbation) state, 
but such an outcome was known to be possible for asthmatic patients.  They use non-
informative priors in a Bayesian framework, and the Dirichlet distribution, as a solution to 
their empirical problem.   
 
However, there is more than one to approach this issue, and our method for doing so 
requires fewer assumptions.  We bootstrap a sample of N=37 over 6 CKD states.  Given 
that aHUS is an ultra-rare disease, far less is known about the set of potential outcomes 
than in asthma.  Parameterizing “non-informative priors” would affect our model 
outcomes substantially more than in Briggs et al., simply because our sample size is 
much smaller, and the leverage of the non-informative priors would be much greater. 
Briggs et al. assume a uniform distribution for their Bayesian prior; our bootstrap does 
not require such an assumption be made.  Finally, the distribution of CKD states in aHUS 
is based on a small amount of data; the influence of a choosing the wrong parametric 
distribution could be significant (i.e., what if the Dirichlet distribution assumed on the 
posterior is wrong?  What if the uniform distribution on the prior is wrong?).  Thus, we 
chose a non-parametric option. 
 
If NICE would like, we will redo the PSA using the Briggs et al. approach.  We would 
expect that the resultant PSA outcome would be nearly identical to that presented in our 
September dossier. 
 


46. Please explain why several of the cost parameters (e.g. plasmapheresis, eculizumab 
administration costs) are held fixed at their point estimates?  
 
Alexion Response: 
We felt that these parameters should not be varied in the PSA, given that they are part of 
the price of the comparator and intervention, and there are no data to support what their 
second statistical moment would be.  We did vary plasmapheresis in univariate 
sensitivity analysis.  Administration costs would not be expected to exert much leverage 
on the outcome variable. 
 


47. For the excess death rate for SOC please clarify why “solver solution for death at 1.5 
years” (value = 0.177) was used, when the submission states that the model used a 
mortality rate of 0.13 from Coppo et al (2010) for death at 1.5 years. 
 


                                                           
1 For example, see Guan W. From the help desk: Bootstrapped standard errors. The Stata Journal.  Volume 3 
Number 1: pp. 71-80.  Abstract.   Bootstrapping is a nonparametric approach for evaluating the distribution of a 
statistic based on random resampling. This article illustrates the bootstrap as an alternative method for estimating 
the standard errors when the theoretical calculation is complicated or not available in the current software. 
2 Briggs AH, Ades AE, Price MJ. Dirichlet distribution with Probabilistic Sensitivity Analysis for Decision Trees 
with Multiple Branches: Use of the Dirichlet. Med Decis Making 2003 23: 341 
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Alexion Response: 
Thank you for the comment; the team rightly points out a transcription error in the Excel 
spreadsheet.  What reads: “Solver solution for death at 1.5 years to be 0.177” should 
read “Solver solution for death at 1.5 years to be 0.13”.  In other words, setting the 
excess non-renal mortality to 4% makes the overall SOC mortality to be 13% at 18 
months, which is approximately equal to what was observed in Coppo et al.  To be clear, 
no results are affected by this transcription error. 
 


48. Please provide the timings of the 25 transplants in the 16 patients used to calculate the 
SOC transplant rate i.e. how many days from diagnosis did they take place? Please 
clarify how the SOC transplant rate was calculated. 
 
Alexion Response: 
The transplant calculation was simple: number of transplants observed in the entire 
pretreatment period divided by number of six-month increments in the entire 
pretreatment period.  Data on the timing of the transplants were not considered—owing 
to the small sample size, a constant risk of transplant, which is the simplest assumption, 
seemed appropriate. 
 
The diagram below demonstrates the timing of the transplants.  
 
xxxxxxxxxxxxxxxxxxxxx. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


49. Please provide the supplementary data tables from Fremeaux-Bacchi et al (2013).  
 
Alexion Response: 
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The supplementary data tables are detailed in the attached file named “Fremeaux-
Bacchi 2013 CJASN Suppl.pdf”.  
 


50. Page 17 of the submission states “eculizumab for the treatment of aHUS represents 
good value for money” yet the subsequent mention only clinical criteria and do not 
discuss cost. Please clarify the criteria used to make this judgement. 
 
Alexion Response: 
Alexion believes that eculizumab represents good value for money within the paradigm 
of value assessment in very rare diseases.  As NICE has recognised in the alternative 
review process for highly specialised technology programme, incremental cost 
effectiveness analysis is not appropriate when applied to ultra-rare diseases.  In the 
published literature, alternative assessment processes for ultra-rare diseases have 
proposed considering the value criteria below (Hughes Wilson 2012; Sussex 2013; 
European Commission 2013): 
 


• Magnitude of clinical benefit (for example, disease modifying or life-saving nature 
of treatment); 


• Response rate (percentage of treated patients who obtain benefit); 
• Quality of the evidence in support of the benefit; 
• Severity of the disease and availability of effective alternative treatments; and 
• The impact on the disease on others beyond the patient. 


 
Against these criteria eculizumab represents a very high degree of added value. 
Eculizumab is a transformative and life-saving therapy for patients with aHUS, enabling a 
substantial improvement in health through the correction of the underlying disease.  Xxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Further, 100% 
of patients treated with eculizumab achieve inhibition of uncontrolled complement 
activation, the underlying pathologic defect causing morbidity and premature mortality in 
aHUS patients.  The quality of clinical data and proof of clinical effect is strong for a 
condition of such rarity, with four trials with follow-up times in excess of two years.  By 
improving patient outcomes, eculizumab allows patients and their families to regain their 
lives in a way that restores function, productivity, and quality of life. 
 
The added-value of eculizumab is especially important when considered against the 
unmet medical need in the aHUS patient population who are often young.  As noted in 
our submission, 65% of all patients die, require dialysis, or have permanent renal 
damage within the first year of diagnosis while on PE/PI or dialysis and a progressive 
increased mortality rate thereafter. 
 
This high added-value must be considered in light of the overall budget impact and 
affordability of the investment required to obtain this benefit.  Given the very small patient 
population in the UK, and considering the cost offsets associated with lower use of 
expensive SOC interventions, the net investment required for eculizumab is affordable 
and justified by the magnitude of benefit. 
 


Section C: Textual clarifications, additional points and additional data requests 
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51. Priority question: Please state expected dates for the final analyses of ongoing studies 
mentioned in Table A4. 
 
Alexion Response: 
The following are the expected dates for the finalization of on-going studies mentioned in 
Table A4: 
 
Study Database Lock CSR Finalization 
C10-003 xxxxxxxxxxxxx xxxxxxxxxxxxx 


C10-004 xxxxxxxxxxxxxxxx xxxxxxxxxxxxxxx 


C11-003 (Long-Term 
Follow-Up) 


xxxxxxxxxxxxxxxx xxxxxxxxxxxxxx 


M11-001 (Registry) Open Open 
 


52. Priority question: The submission mentions Clinical Study Reports (CSRs) for the 
eculizumab studies. In particular, Section 9.7 states that “Complete AE listings are 
available in the respective clinical study report” and “Additional details regarding AEs are 
available in the clinical study report.” These reports have not been submitted to the ERG 
but appear to contain AE data not reported in the submission. Please provide the CSRs.  
 
Alexion Response: 
Per the following text in the “Instructions for Manufacturers and Sponsors” section of 
Appendix G that states: “Clinical trial reports and protocols should not form part of the 
submission, but must be made available on request,” we did not include the Clinical 
Study Reports (CSRs) with our initial submission.  However, we have provided them 
upon the ERG’s request. 
 
Please find attached the following CSRs: 
 


• 2012 Eculizumab Safety and Efficacy Update Report for aHUS Patients 
28Sep2012; 


• C08-002AB CSR 04Mar2011; 
• C08-003AB CSR 04Mar2011; 
• C09-001r CSR 08Mar2011;  
• C10-003 Interim CSR 27Aug2013; and 
• C10-004 Interim CSR 28Aug2013. 


 
53. Priority question: For each patient in studies C08-002 and C08-003, please provide 


patient-level EQ-5D utilities at baseline and at each possible timepoint. 
 
Alexion Response: 
The figures in the following graphic depict the mean change in EQ-5D scores and the 
number of available results at each point for the prospective studies. In both prospective 
studies, quality of life (QoL) was significantly improved early on in treatment duration, 
and the improvements were clinically important and sustained during long-term 
eculizumab treatment.  In both prospective studies, the EQ-5D data indicate a gain in 
patient health. 
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Study C08-003: Change in EQ-5D score 


 
 
In study C08-003, the median duration of eculizumab treatment at the most recent data-
cut off (shown in the figure above) was 62 weeks.  From 336 days of treatment, the 
number of available data points decrease as not all patients had been treated for longer 
than this time period at data cut-off.  Nineteen patients remained on chronic eculizumab 
treatment in the extension phase of the study (after the initial 26 week treatment period). 
 


Study C08-002: Change in EQ-5D score 
 


 
In study C08-002, the median duration of eculizumab treatment at the latest data-cut off 
(shown in the figure above) was 64 weeks.  Fifteen patients completed 26 weeks of 
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treatment (two patients were withdrawn—one patient due to an adverse event unrelated 
to eculizumab and one met an exclusion criterion).  Of these 15 patients, 13 continued 
on long-term treatment in the extension phase. 
 


54. Please clarify why it has not been possible to undertake a randomised controlled trial of 
eculizumab versus standard care.  
 
Alexion Response: 
Formal comparisons between aHUS patients treated with eculizumab and similarly-
matched patients treated with supportive care would be very difficult due to the nature of 
aHUS as an ultra-rare and life-threatening disease.  A comparison between placebo and 
treated patients is considered inappropriate by ethics committees and regulatory 
agencies that have established formal processes to evaluate drugs used to treat severe, 
ultra-orphan diseases.  Given the established accelerated mortality and progression of 
the disease from diagnosis despite PE/PI (65% patients die or progress to ESRF or renal 
damage within 1 year of clinical evidence of TMA), asking physicians and patients to 
provide unproven supportive care during this period of time, when an approved and 
proven treatment is available, it is not reasonable and in fact impossible to expect 
physicians to put their aHUS patients at risk for death or ESRF at this point of the 
available medical evidence for eculizumab.  
 
The design of the two eculizumab prospective studies for aHUS was agreed to in full 
consultation with the FDA and EMA based on the impracticality of designing and 
recruiting a sufficient number of aHUS patients for placebo-controlled studies, as well as 
several published case studies that illustrated the positive response of aHUS patients to 
eculizumab treatment at the time of consultation.(Nurnberger et al, 2009) 
 


55. The submission makes several references to the proposed Homecare service (pages 17, 
46, 57 and elsewhere in the submission). Please provide more details on this scheme. 
 
Alexion Response: 
The homecare scheme referred to in the submission document is currently available for 
patients receiving eculizumab therapy for aHUS.  This service would be made available 
to all patients receiving eculizumab for the treatment of aHUS in the same way that 
patients receiving eculizumab for paroxysmal nocturnal haemoglobinuria (PNH), a 
nationally commissioned service, have done since the UK launch of eculizumab for PNH 
in 2007.   
 
The abstract below provides more information about the homecare service delivered to 
PNH patients in England; this is the model that will be adopted for aHUS patients.  The 
mechanism of service contracting is yet to be determined for aHUS pending discussions 
and the eventual outcome of NHS England’s aHUS service designation and tender for 
services within England.  Until such time as the aHUS service has been defined (as in 
the case of PNH as noted below), all services for homecare will be directly contracted 
with each NHS Trust where aHUS patient(s) would benefit from such service.   
 
As described in our submission, it is anticipated that the majority of aHUS patients will 
transition to homecare in England, which is entirely funded by Alexion Pharma UK Ltd 
and as such, services are zero rated for VAT, providing a savings of 20% to the NHS in 
terms of drug procurement costs.  Additional cost savings would be realised to the NHS 
as all ordering, delivery, and infusion administration costs are contained within the 
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homecare service costs.  Savings would also be realised by patients, carers, and 
families given that homecare services are delivered at an appropriate place for the 
patient (for example, home or workplace), thus removing travel and travel-related costs. 
 


Abstract: Continued Benefit From Prolonged Treatment with Eculizumab in 130 Patients 
with PNH in the UK: Home Delivery of Eculizumab Is Safe, Convenient and Associated 
with Very High Levels of Patient Satisfaction  


 
Louise M Arnold, RN, BSc, hons1, Gemma L Brooksbank, RN, BSc, hons1, Richard J 
Kelly, MBChB, FRCPath1, Anita Hill, MBChB, PhD1, Stephen John Richards, PhD, 
FRCPath1, Rachel Senior, MPharm1, Tracy Downing1, Claire McKinley, BSc1, James 
Brown, BMus2, Ibrahim Momoh, RN2, Modupe Elebute, MBBS, MD2 and Peter Hillmen, 
MBChB, PhD1  


 
1Department of Haematology, St. James's University Hospital, Leeds, United Kingdom; 
2Department of Haematology, Kings College Hospital, London, United Kingdom  
 
“Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired bone marrow disorder 
characterised by intravascular hemolysis with resultant anemia often leading to 
transfusion dependence, severe disabling symptoms and, frequently, life threatening 
thrombosis. Historically the management of PNH was largely supportive, relatively 
ineffective and resulted in frequent visits to hospital, admissions, an inability to function 
normally including loss of employment or other daily activities. PNH is a chronic condition 
and in most patients persists for the remainder of the patient’s life. Eculizumab was first 
used for PNH in 2002 and has been licensed since 2007. Eculizumab has been reported 
to improve all symptoms due to hemolysis in PNH as well as preventing the common 
complications, such as thrombosis and renal failure and normalising survival. However 
eculizumab has to be given as an intravenous infusion every 2 weeks indefinitely.  
 
In the UK PNH is managed in a shared care model between local hematologists and the 
National PNH Service from two Centres based in St James’s University Hospital, Leeds 
and Kings College Hospital, London. Here we report the management of patients treated 
with eculizumab within the PNH National Service. A total of 130 patients have been 
treated with eculizumab since May 2002 with 120 currently receiving therapy. 5 patients 
have died and none were directly related to PNH or eculizumab. 99 patients requiring 
transfusions prior to eculizumab have been on treatment for at least a year and 65 (66%) 
of these have not required transfusions for at least the last 12 months. The rarity of PNH 
means that patients frequently have to travel long distances for review and treatment. 
This leads to major issues both in terms of time commitment and expense. In order to 
allow patients to lead as normal lives as possible we have developed a service model in 
which Specialist PNH Clinics are performed regionally by the PNH Centre and in which 
patients receive eculizumab every 2 weeks in their homes delivered by a homecare 
nursing team. In the UK, the PNH Service and Healthcare at Home Ltd (www.hah.co.uk) 
have been working in partnership for over 7 years during the clinical trials of eculizumab 
and since its license in 2007. The PNH Service manages the prescription and delivery of 
eculizumab including an education program for the homecare nurses. This innovative 
home infusion programme ensures the safe administration of eculizumab outside of the 
hospital environment, leading to enhanced treatment-associated convenience for patients 
and their families. Each year the home infusion program has grown, now over 3000 
infusions are given annually including whilst patients are on holiday, visiting family, at 
University or in the workplace.  
 
A recent patient survey has been conducted from the two PNH Centres to assess the 
patients’ experience of their PNH diagnosis and treatment. 122 patients responded with 
70 of these patients receiving treatment with eculizumab and all currently on the home 
infusion programme. 63 of 68 patients reported the homecare service as excellent or very 
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good compared to 1 reporting it as poor and 66 of the 68 patients preferred to have their 
treatment at home compared to hospital. The patients’ main concerns before starting 
treatment were reduced life expectancy and the requirement for blood transfusions along 
with fatigue. With eculizumab treatment and the convenience of homecare 30 patients 
reported being able to return to work. The homecare service is supported by contact 
between the clinic appointments, 56 of 67 patients having contact with their PNH 
Specialist Centre by phone or email in addition to the care of the patient’s local 
hematology team that over 90% of the patients continue to see. The impact of PNH on 
patients’ lives before eculizumab treatment was rated and improved from a median of 3 
out of 10 (0 = no quality of life; 10 = normal) prior to eculizumab to a median of 8 out of 
10 on treatment. In summary, a novel model of provision of care in PNH with Outreach 
Specialist Clinics, a 24 hour on call service and homecare delivery of eculizumab permits 
the normalisation of patients’ lives and overcomes most of the hurdles associated with 
prolonged regular intravenous therapy. This allows patients to benefit fully from 
eculizumab including reduction in transfusions, the prevention of serious complications, 
normalisation of quality of life and where appropriate a return to work.”  


 
 
References Used in Above Response (beyond those included in September 2013 
submission)  
 
Note: PDF copies of these articles have been provided to NICE. 
 
Bao, L., Hass, M., & Quigg, R. 2010. Accelerated development of lupus nephritis in MRL-lpr 


mice lacking complement factor H. Molecular Immunology, Abstract 47, 2277.  
 
European Commission 2013.  Process on Corporate Social Responsibility in the Field of 


Pharmaceuticals Platform on Access to Medicines in Europe Working Group on 
Mechanism of Coordinated Access to Orphan Medicinal Products (MoCA-OMP).  
Transparent Value Framework.  Available at: 
http://ec.europa.eu/enterprise/sectors/healthcare/files/docs/orphans_conlusions_en.p
df.  Accessed October 17, 2013.    


 
Fremeaux-Bacchi, V., Fakhouri, F., Garnier, A., Bienaimé, F., Dragon-Durey, M.A., Ngo, S., 


Moulin, B., Servais, A., Provot, F., Rostaing, L., Burtey, S., Niaudet, P., Deschênes, 
G., Lebranchu, Y., Zuber, J., & Loirat, C. 2013. Genetics and Outcome of Atypical 
Hemolytic Uremic Syndrome: A Nationwide French Series Comparing Children and 
Adults. Clinical Journal of the American Society of Nephrology, 8, doi: 
10.2215/CJN.04760512. Supplement. 


Heinen, S., Pluthero, FG., van Eimeren, VF., Quaggin, SE., & Licht, C. 2013.  Monitoring 
and modeling treatment of atypical hemolytic uremic syndrome.  Molecular 
Immunology. 54, 85-88.   


 
Hughes, J., Couser, W., Johnson, R., Nangaku, M., Alpers, C., & Shankland, S. 2000. C5b-9 


membrane attack complex mediates endothelial cell apoptosis in experimental 
glomerulonephritis. American Journal of Physiology Renal Physiology, 278, F747-
F757.  


 
Hughes-Wilson, W., Palma, A., Schuuman, A., & Simoens, S.  2012. Paying for the Orphan 


Drug System: break or bend? Is it time for a new evaluation system for payers in 
Europe to take account of new rare disease treatments?  Orphanet Journal of Rare 
Disease, 7:74. Doi: 10.1186/1750-1172-7-74. 
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Sussex, J., Rollet, P., Garau, M., Schmitt, C., Kent, A., & Hutchings, A. 2013. Multi-Criteria 


Decision Analysis to Value Orphan Medicines. Office of Health Economics (OHE) 
Research Paper 13/03. London, UK. 


 
Turnberg, D., Botto, M., Warren, J., Morgan, B., Walport, M., & Cook, H. 2003.  CD59a 


Deficiency Exacerbates Accelerated Nephrotoxic Nephritis in Mice. Journal of the 
American Society of Nephrology. 14, 2271-2279. 


 
Vilalta, R., Lara, E., Madrid, A., Chocron, S., Munoz, M., Casquero, A., & Nieto, J. 2012. 


Long-term eculizumab improves clinical outcomes in atypical hemolytic uremic 
syndrome. Pediatric Nephrology. 27:2323–2326. 


 
The following reference was accidentally omitted from the complete reference list in our 
September 2013 submission.  We provide the full reference below, and a PDF copy with the 
above references.   
 
Wood, C. & Grant, E. Counting the Cost, London: Demos 2010.  Available at 


www.demos.co.uk.  Accessed October 11, 2013. 



http://www.demos.co.uk/





 


 


Appendix 1 - Kaplan-Meier curves 


Protocol C08-002: 
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Protocol C08-003: 


 







 


 


 
 


 


Protocol C09-001r: 


Figure 14.3.1 Platelet Count Normalization – Time to First Occurrence (Only Responders, N=25)                   


Time from first eculizumab dose to response (days)
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The following is based on a Report sponsored by NHS in England in 2012 organised 
by Emma Woodward of aHUSUK. It derives from interviews with 14 aHUS patients and 
carers conducted by consultants appointed by NHS to assist aHUSUK and has been 
updated with material from later patient and carer interviews by aHUSUK. It is an 
evolving document which is updated to show the continuing stark reality of life for 
aHUS patients, their families and caregivers.      
 
© aHUSUK 2013  
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1. Introduction 
This report describes life with aHUS and how the disease affects patients, partners and 
family members. It focusses on current diagnosis and treatment, rather than providing a 
historical perspective on how disease management has changed over time. The report is 
based originally on the findings from 14 interviews with people with direct experience of the 
condition, patients, parents, partners and other family members and supplemented by later 
findings from interviews by aHUSUK. Direct quotes from interviewees are in italic and 
attributed to the category of interviewee: patient (all adults), parent, or partner/family 
member.   
 
Many impacts of the condition and its treatment are similar for patients and their families, 
whether the patient is affected as a child or later in life. Sections 2 and 3 describe these 
general impacts. Section 2 reports on people’s experience of obtaining a diagnosis and 
accessing services and information. Section 3 describes the impact of the condition and its 
treatment.   
 
Sections 4 and 5 describe the specific impacts on children and adults respectively. Many of 
the consequences of the disease depend on the age at which people are affected. Section 6 
reports on the experiences of patients who have received Eculizumab.  
 
2. Diagnosis, access to treatment and information 
 
2.1 Patient/ carer experiences of obtaining a diagnosis 
The initial symptoms of aHUS in both children and adults are mild and similar to other minor 
ailments. They include headaches, sickness, diarrhoea, oedema and tiredness, symptoms 
also common to kidney failure. Babies become pale and distressed and stop feeding: urinary 
problems are sometimes indicated by ‘pink nappies’. The condition is therefore not 
immediately recognised by GPs and other more benign explanations are given, despite in 
some cases there being evidence of kidney disease in the family. Patients often report 
repeat visits to the doctors while symptoms persist, until the point at which their kidney 
failure becomes life threatening requiring hospitalisation. This happens within a very short 
timeframe (a few hours, days or weeks).  
 
 I went to the doctors about five times over Christmas and New Year and they didn’t 


know what was wrong with me. They thought maybe glandular fever, then they said I 
might have got a dose of gastric flu…and eventually I got sent for some blood tests 
and then one morning I was really, really poorly…we phoned the doctor and he 
checked my blood results and at that point he was round in about 10 minutes and he 
told me that I’d got a problem with my kidneys and I needed to go to hospital.    
(Patient) 


 
 Initially she was diagnosed with baby anaemia…until six weeks later when I noticed 


her nappies were very little and she was really bloated and I said ‘This is not 
possible, she’s not eating, how come she’s putting on weight?’…I thought there must 
be something wrong with her kidneys… she was shiny and it looked like fluid on her 
legs, her legs were really big…I took her to the hospital and they took a blood 
sample. Then we went home and they called at nine at night to say it’s HUS and she 
must be admitted urgently. (Parent) 


 
 It was a case of not knowing really even though it was in my family. (Patient) 
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One of the major concerns is that aHUS is not diagnosed quickly enough because it’s so 
rare. Failure to do so mean those patients can all too quickly end up with life-threatening 
kidney failure: 
 


I had done everything in my power – taking my son to the doctors repeatedly, taking 
along a sample of urine that looked like coca-cola. And the doctor didn’t pick up on it 
at all. I’d much rather they sent hundreds of kids for a blood test to catch one or two – 
because that time is so precious. In 48 hours my son was in kidney failure. But if we 
had picked it up straight away… (Parent) 
 


            I remember one Doctor said to me “ We think you’ve got kidney failure but you are 
too young to have it so I think we are going to rule that one out” So I pointed out that 
my mum had kidney failure at 26 so it was not too young. I was transferred to HDU 
and put on dialysis and plasma exchange straight away.                                               
(Patient) 


 
Patients are immediately sent to their local hospital. Once kidney failure is detected, affected 
children are sent by emergency ambulance to one of the children’s hospitals in the country 
with renal specialists. Adults are sent to the nearest renal unit. Immediate treatment is 
focused on restoring kidney function and treating the anaemia (See Section 3.1) although 
doctors are often unable to identify the underlying cause. Patients are usually tested for a 
range of other conditions. When these come back negative, the typical form of HUS is often 
suspected despite the unusual presentation, and tests carried out for a preceding 
gastrointestinal E. coli. infection. 
 
 They tested me to see if I was pregnant and I wasn’t and they tested for HIV and I 


didn't have HIV…they didn’t really know what was going on. They said…something 
like, we want it to be E-coli because we’ll know what to do and it came back that they 
didn’t know what it was, and that was the worst case scenario. (Patient) 


 
Parents who had lost a child with aHUS were told that their child had died from the typical 
form HUS. They were told it was rare and very unlikely to happen again and encouraged to 
have more children. It was only when subsequent children also became ill that the atypical 
form was diagnosed. One mother was pregnant with her third child when her second child 
was, like the first, affected by aHUS and an accurate diagnosis obtained. The doctors 
offered a termination at this point, but she refused as she was already five months pregnant. 
Her third child was unaffected.  
 
Adult patients who have been given an initial diagnosis of HUS are informed that the 
condition is unlikely to reoccur and that their kidney function may come back. It is only when 
test results come back negative for E.coli, or the disease reoccurs or kidney function is not 
restored, that aHUS is diagnosed. It typically takes several months to receive a final 
diagnosis. One patient was diagnosed in three weeks because by chance their senior house 
officer had recently worked with a registrar with an interest in aHUS. Another had waited ten 
years between their initial illness and final confirmation of aHUS because they became ill 
some time before the aHUS gene was discovered. In recent years, once aHUS is suspected, 
genetic tests have been carried out to confirm the diagnosis and identify the individual’s 
mutation. However the gene mutation has not been identified in all affected families, so this 
is not possible for everyone diagnosed with the condition (See Section 3.6). 
 
Many interviewees reported that this experience of incorrect and delayed diagnosis had 
‘rocked their faith in the medical profession’ and they no longer felt the same confidence in 
their doctors. 
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2.2 Patient/ carer experiences of accessing treatment and information  
Patients are usually assigned to a kidney specialist for their treatment, because often the 
immediate and most pressing concern is the loss of kidney function. Patients therefore 
receive the care they need at the initial stages. They also receive clear information about 
their kidney failure and sometimes an explanation of HUS. However, kidney specialists may 
not have sufficient understanding of aHUS to recognise, treat and explain other aspects of 
the condition. This becomes a greater concern over the longer term.  
 


They just told me I had HUS and that was it, there was nothing else said about it .It 
was just “You got HUS”. I did not even know it was aHUS, I didn’t know anything 
about all that. (Patient)   


 
  
 The doctors as good as they are, are not aHUS specialists. My consultant is a 


nephrologist and aHUS is a blood condition. Having a specialist service would stop 
an awful lot of anxiety because for example my son has had tummy aches for a few 
weeks now. They’ve found out that people can have small eruptions of the condition. 
They think these rumblings are going on in the body, which could all gather up to be 
an acute attack. That’s what’s been concerning me – are there things bubbling away 
in his colon? I wish I could pick up the phone and ask the doctors whether there’s 
something that needs to be done – but I don’t have the confidence that my local team 
know enough about the condition. (Parent) 


 
 It beats me that when my partner goes to all these outpatient appointments at the 


hospital and she has regular visits by home dialysis nurses as well there is no talk 
about aHUS, no mention of it. (Partner/Carer)  


 
Similarly, people may be incorrectly diagnosed with other conditions which may in fact be 
aHUS. For example, one parent of a child with aHUS had themselves been diagnosed and 
treated for many years for a rare form of life-threatening asthma. Only after discovering that 
they themselves carried the aHUS gene, did they consider that their asthma attacks could be 
due to aHUS affecting their lungs. They are concerned that their chest physician will not 
know about the condition or its treatment and are therefore seeking referral to a specialist.    
 
Some patients have been lucky as they happen to live close to a hospital where doctors with 
specialist knowledge of aHUS have been available. Others feel frustrated that their 
experience of diagnosis and treatment has been poor simply because of where they live. 
The lack of knowledge of aHUS amongst the majority of the medical profession means that 
patients/ families have not always received a full picture of their condition. Many 
interviewees reported that they only fully understood aHUS following the conference in 2011, 
despite having had the condition for many years.  
 
 There’s an awful lot I’ve learnt going to the conference… We weren’t even informed 


that adults could get this – we were under the impression it was only children. We 
were absolutely gobsmacked to see that…. For us that was massive – yet again. 
Nobody told us that it’s life-threatening every time they have a reoccurrence. We also 
thought it was just in the kidneys. (Parent) 


 
Many of the interviewees had initially found information for themselves using the internet. 
American websites were the only source of patient information until last year. Since then, the 
work of aHUS UK has helped to increase people’s understanding of the condition. Many said 
they now feel they know more about aHUS than their doctors. They feel better able to 
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recognise the symptoms. They are more proactive in monitoring and are better prepared for 
repeat attacks. As they have gained in confidence, they feel able to ask for services that 
might not otherwise have been offered. 
 
 I don’t think my doctors understand this condition – because when I took him in last – 


they checked him over – but they didn’t ask for a blood test. Really I should have 
pushed it and said ‘the only way you can tell if there is low level complement activity 
is by checking his blood’. I’ve since been on the patient website and I’ve printed off 
all the information, as it’s about empowering yourself and saying to these doctors 
‘This is what you should be looking for.’. (Parent) 


 
Families with experience of aHUS are also better informed to ensure a more rapid diagnosis 
for other affected family members: 
   
 When some of my nieces and nephews got the test and knew they got the gene – 


when their children got ill, we sent them all the papers we had on it. They talked to 
their doctor and said ‘Could it be aHUS?’ The doctors looked at them as if that was 
impossible, they didn’t know what aHUS was. (Partner/ Family member) 


 
2.3 Patient/ carer experiences of accessing genetic testing 
 Most families in England have accessed genetic tests without any problems. 


However, one family reported delays in getting tested and getting the results for one 
of their sons living in Scotland, a similar problem was reported in Wales. One family 
in England experienced delays as well as receiving incomplete results because their 
samples were sent to a research laboratory in Paris, rather than a UK diagnostic 
facility. Some of the delay was caused by a local trust refusing to pay for the test. 


 
 It took nine months to find out who would pay for it – because our local hospital trust 


refused – they didn’t think it was serious enough. The courier service to Paris was 
expensive and that’s what they were quibbling paying. So my husband and I were 
going to have to go to a panel to say why it was so serious. That was all traumatic as 
well…in the end the specialist hospital paid…Our team want to have a specialist 
centre – which I totally agree with after the nightmare we’ve had, with everything 
taking so long and not doing the full test... (Parent) 


 
 I have not been tested.  I want to have the testing done. None of my family has been 


tested. My father had kidney failure (recently deceased) and my Doctor thinks it was 
passed down from my father’s side.  (Patient)                                                                                                                                            
           


 
2.4 Patient/ carer experiences of living with a rare condition 
Many of the interviewees commented on the difficulty of the rareness of aHUS. They 
reported feeling lonely, isolated and ‘a bit different’. Until last year, they had not been able to 
access any peer support, having not been able to find anyone else in a similar position. The 
patient conference in 2011 was a positive experience for many. Hearing other people’s 
stories had been informative, inspiring and reassuring. This provided the motivation and 
inspiration for setting up a patient support group. 
 


I just thought I was the odd one out, as it were, I never really questioned it.  (Patient)                                                 
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You see people going for transplant and it works.....and you are thinking you cannot 
have that... (Patient) 


 
3. Patient/ carer experiences of aHUS and its treatment 
 
3.1  Patient/ carer experiences of an aHUS attack 
 
The acute phase of aHUS is life-threatening. Two of the families who contributed to this 
submission had lost children with aHUS. One family had lost two babies in the 1970s. 
Another had lost four children in the 1980s and ‘90s, three as babies and one child aged six.  
 
 My son had had four relapses – and during the fifth one he had really bad 


neurological involvement and we lost him just before he was seven. It’s very difficult 
to control once you have neurological involvement – it just seems to be completely 
overwhelming and then the brain can’t control the heartbeat or the respiration and 
then there’s nothing that can be done then. (Parent)                                                                                       


 
During the active phase, many patients with aHUS require intensive care for weeks or 
months. Three of the patients who contributed to this submission (two adults and one child) 
had experienced heart failure and were resuscitated. This was either a consequence of the 
loss of kidney function or followed an allergic reaction to the treatment.  Some adult patients 
do not have any memory of this time. Others can remember very painful experiences. Where 
aHUS has been triggered by pregnancy patients may experience the loss of a child or the 
anguish of separation from their newborn infant. This is obviously a traumatic time for 
partners, parents and family members. A number were told that their loved one was very 
unlikely to survive. They reported that they had coped by remaining positive, especially in 
front of the person with aHUS. 
 
 The whole family came running. We wouldn’t have that thing where you sob by the 


side of them – we wouldn’t let people be negative. They had to be very positive and 
you had to tell [the patient] what was happening…We had to keep upbeat and stay 
positive even when the doctors were saying ‘Don’t be ridiculous’. That wasn’t us by 
nature, but that was the way we played it, because we had to find a way to cope with 
it. (Partner/ Family member) 


 
 It was very traumatic because it was so full-on – my son felt so ill – we were having 


to rub his back, rub his stomach – distraction tactics – really full-on as well as trying 
not to show your emotions in front of him - so he didn’t realise how ill he was – that 
was really difficult. When you’re in hospital with children, you don’t know sometimes 
what time of day it is – it’s a very intense kind of time – very surreal. (Parent) 


 
 It was pregnancy that brought mine on you know and I lost the baby... (Patient) 
 
 ... because I had a caesarean ,had some infection in there as well, so at that point 


they were more concerned about that... then I went into intensive care ... (Patient) 
 
Before their illness, the patients showed no signs of ill-health. There are no warning 
symptoms or signs so the initial attack is unexpected – ‘a bolt from the blue’. Families are 
greatly shocked by this experience and their lives completely changed as a result. Many 
reported that this was a time they consciously tried to put behind them.  
 
 You’re just trucking along normally – nothing bad had ever happened to us. Then it 


just hits you like a car crash – you go into shock. The severity of how ill [X] was in the 
beginning was just beyond stress. It was very, very hard. That was the bit we had to 
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put into a box for a long time and forget about and try and not dwell on.  (Partner/ 
Family member) 


 
We felt out of control, the control of our lives seemed to have been taken away by it.                
(Patient) 
 


Many also reported that this trauma had contributed to heightened levels of anxiety ever 
since, a general feeling that ‘something bad is going to happen’. This is true for adult 
patients, parents and carers. At the same time, some felt that the experience had given them 
a different perspective on life. It had encouraged them to make the most of each day and 
appreciate what they have. Many said they coped with aHUS by staying focused on the 
positive.  
 
3.2 Patient/ carer experience of hospital care 
Once the initial acute phase is over, patients can remain severely ill for some time. Typically 
they remain in hospital for a further 2-20 weeks, depending on how seriously they are 
affected. Patients who have not suffered renal failure continue to receive plasma exchange 
to suppress the disease activity. Patients with renal failure start dialysis. The impact of these 
two treatments is discussed in Sections 3.3 and 3.4.  
 
For parents and family members, a long stay in hospital often means ‘putting their life on 
hold’ to provide their loved one with vital care and support. Children often need their parents 
to be with them full-time. Parents may therefore need to take extended leave from work and 
as well as ensuring that any other children are cared for. The lives of parents, grandparents, 
other family members and siblings are therefore severely disrupted.  
 


My son found it very hard in the hospital. He doesn’t cope with pain very well and he 
was in a lot of pain. He found the machines really hard work – he couldn’t stand the 
lights and the bleeps – so both my husband and I had to be there in shifts – because 
my son needed to have us there. (Parent)  
     


 You have no life. You just live at the hospital. My husband and I took it in turns to go 
back and look after our son at home. All you do is come to your house, have a 
shower, pick up your son from school, cook for him, sleep, or work, drop him off and 
go to the hospital again... (Parent) 


 
3.3 Patient/ carer experience of plasma exchange 
Plasma exchange (PEX) is typically carried out daily in the initial stages requiring patients to 
remain in hospital. As patients improve, the number of exchanges is reduced, with constant 
monitoring to track disease activity. When the number of PEXs is reduced to 2 or 3 a week, 
patients can usually go home, returning to hospital for their treatments. Although the 
treatment only lasts 2-3 hours, these visits usually take much longer with the travel time, 
waiting times, blood tests and recovery time. Parents/ carers need to attend these sessions 
with their children, which is disruptive to daily life and the wider family. Parents reported that 
their children appeared to cope well with the PEX treatment. 
 
Some patients can be gradually weaned off PEX and go into remission. Others may be more 
severely affected and find they are unable to reduce the number of treatments to below 2 or 
3 times a week without a reoccurrence. The treatment needs to continue all the time the 
disease is active. For example one child with aHUS had received PEX three times a week 
for over three years, with repeated reoccurrences, before being given Eculizumab in 2011 
(see Section 6.1).    
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PEX is carried out via an implanted catheter or ‘line’ in a vein. Patients require an operation 
to place the line and this is difficult to do in babies and young children. Lines need to be 
protected from infection, which prevent patients from having a bath or swimming. Large, very 
sticky, waterproof dressings are used, but infections are not uncommon. These can be 
serious and life-threatening, especially for young children. Infected lines may need to be 
taken out and replaced. During this time, while infections are being treated, the patient is no 
longer receiving treatment and the aHUS can reoccur, requiring hospitalisation. There is a 
limit to how many times lines can be replaced.  
 
 The body only has so many ports – places where they can put lines and we were 


warned that she would run out of ports eventually... That was a major concern – 
because you have to keep at least two ports available for a future transplant and she 
was running out of ports. (Parent) 


 
Lines can also come out causing great distress to all involved. 
 
 I was taking my son to school in the morning as always, I was on the driveway, and 


the lady who was helping us at the time, she came running up and said the blood is 
coming from everywhere and basically my daughter’s line had fallen out, because of 
the pressure there was blood everywhere…(Parent) 


 
Adult patients reported that the treatment itself can be difficult to tolerate as there are many 
side-effects (see Section 6.1). 
 


...After fourteen years it does take its toll, it is bound to take its toll on your body ... 
(Patient) 


 
 
3.4 Patient/ carer experience of dialysis 
Dialysis may be required temporarily if kidney function is lost during the acute stages of 
aHUS. If a patient’s kidneys are permanently damaged during this phase, they will need 
dialysis for the rest of their lives. People with aHUS may not have the option for a transplant 
(see Section 3.5).  
 
 You have kidney failure and that’s really what living with aHUS is for me, it’s 
 living with kidney failure. I don’t live with aHUS, because I only got it twice, 
 when it first happened and when it came back in the transplant - those are the 
 only two episodes that I’ve ever experienced. (Patient) 
 
In the short term, haemodialysis is carried out through a central line either in the neck or 
groin. This is uncomfortable and liable to infection. Peritoneal dialysis is often the first choice 
for long term dialysis as patients can return home quickly. However it is difficult to manage, 
often not as effective as haemodialysis and is associated with serious side-effects. Two of 
the patients who contributed to this submission had developed encapsulating sclerosing 
peritonitis (infection and scarring in the abdomen that interferes with bowel function and 
prohibits further peritoneal dialysis).  Many patients therefore switch to long-term 
haemodialysis. 
 
 I had opted to try a system of dialysis at home which involved an exchange of fluids 


through a catheter in my peritoneum. It frequently went wrong. I hated every minute 
and every aspect of it. It required a lot of equipment, training, and had to be done 4 
times a day taking about half an hour. It did not make me feel better, I was 
permanently anaemic, exhausted and frequently ringing my husband who was trying 
to work, to take me to hospital to sort the catheter out. My days consisted of lying on 
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the settee too weak to do anything, unable to eat due to 2 litres of fluid in my 
abdomen causing discomfort - quality of life nil. (Patient) 


 
 
3.4.1 Preparation for long-term haemodialysis 
 
For long term haemodialysis a site for vascular access needs to be prepared, which is the 
site where blood is removed from and returned to the body. The best way to do this is with a 
fistula, which requires surgery and involves connecting an artery directly to a vein, most 
often in the forearm. Sometimes veins are removed from the leg and grafted to the arm. The 
fistula causes more blood to flow into the vein. As a result, the vein grows larger and 
stronger, making repeated needle insertions easier. It can take weeks or months for a fistula 
to be ready for use. 
 
Fistulas need to be carefully maintained, placing some restrictions on the patient’s life. 
Patients are advised not to carry anything heavy or to have blood taken from that arm. The 
fistula is unsightly which affects what people wear and makes them feel self conscious (See 
Section 5.2). Fistulas need regular checking to ensure they do not become infected or 
blocked by a blood clot. Treatment is required if this happens. Some may need stretching 
with angioplasty which is painful. Keeping their fistula clear can be a source of constant 
anxiety and concern for patients on dialysis, especially when previous grafts or fistulas have 
failed.  
 
 At the end of the day I’m being kept alive through this access to dialyse, and if that 


access goes, then that’s that. So they [the doctors] are really fighting to keep this 
lifeline, but I don’t know how much longer I’m going to be able to keep it… (Patient) 


               
If patients choose to dialyse at home, parents, carers and adult patients need a month’s 
training in managing the process, learning how to put the needles in, how to set up the 
machine and how to cope with any emergencies such as blood clots, infections, a blown vein 
(pushing the needle through the wall of a vein leading to painful blood loss into surrounding 
tissue) and air bubbles in the line which can be fatal.  
 
3.4.2  Managing dialysis day-to-day  
For aHUS patients with kidney failure, it’s dialysis that has the biggest impact on their day-to-
day life. They have no option but to dialyse 3-5 times a week, which severely restricts their 
freedom. Every day is scheduled around dialysis. Children’s freedom is restricted in simple 
ways, for example not being able to stay over with friends.  
 
 The main thing about dialysis is the lack of freedom, and the things that people take 


for granted…Trying to plan things is a nightmare because I don’t know how I’ll be 
feeling. I don’t know where I will be in 2 weeks’ time because I could change things 
around or swap things over. You can’t ever be spontaneous… (Patient) 


 
There is some variation in how much individuals need to dialyse. There are different kinds of 
dialysis and choices about whether to dialyse at home or at hospital. Going to hospital is 
more restrictive as patients are given a time slot (e.g. 5pm on a Monday, Wednesday and 
Friday) that they cannot change. Several patients are given the same time slot, and all have 
to wait their turn to be connected to a machine by a nurse, causing delays. Some people 
prefer this option as they are able to clearly separate dialysis from the rest of their lives. 
 
Some patients/ parents choose to dialyse at home. This gives them some flexibility and 
control over their time. Although patients can never miss a session, they can be flexible over 
the timing of their sessions within a 24 – 48 hour window. This makes it considerably easier 
to manage day to day life. For example, one mother described how she timed her daily 
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sessions so as to be able to drop off and pick up her daughter from nursery. However, 
managing the process takes a considerable amount of organisation and planning.  
 
Having dialysis at home can feel invasive. Therefore if they have the space, patients/ 
families tend to set up a dialysis room, to keep it separate from the rest of their home life. 
However, there is still a large volume of equipment required in addition to the dialysis 
machine, for example paper towels, new lines, artificial kidneys that are delivered regularly 
and need to be stored ‘all round the house’.  
 
Dialysis is extremely time-consuming. One of the adult patients who has dialysis during the 
day, five times a week estimated it takes 35-40 hours a week. Some patients have chosen to 
dialyse overnight, which minimises the impact on daily life. For parents, managing their 
child’s dialysis and working, leaves very little time for anything else. 
 
 I come in from work about 6 - 7 and the first thing I have to do is set up the machine, 


I finish that by 8… then you obviously have to connect her. So this is it. This is my 
evening…  For me it’s a constant, constant rush. It’s just a daily struggle to cope with 
everything. And it’s the other things like deliveries, and you have to order the 
medicine, and cleaning, and check-ups. (Parent) 


 
 ...It is like another job to me and I am going to do my job.  (Patient) 
 
 I think of it as like spring cleaning, something you don’t like to do but you have got to 


do it and that is the way I look at it. (Patient) 
 
The process is also demanding, as it requires technical skill and careful management to 
avoid infection. The entire process from start to finish involves: 
 
• Heating the machine to disinfect it 
• Washing patients and carer’s hands – for two minutes with harsh, antibacterial soap 
• Setting up a syringe that drives an anti-clotting agent into the blood throughout the 


dialysis 
• Priming the lines with saline to prevent air bubbles getting in 
• Calculating how much fluid needs to be removed – based on the patient’s current 


weight and past dry weight (immediately after the last session). This is programmed 
into the machine. As much as 3.5 litres can be removed at any one time, but removing 
this much fluid leaves patients drained and exhausted, which is why they restrict their 
fluid in between dialysis sessions 


• A blood pressure check. 
• Two large (1.6 mm) needles are then inserted into the fistula and the dialysis begins – 


400 ml of blood goes into the machine – this blood loss can cause blood pressure to 
drop and make the patient feel ill. 


• While on dialysis constant checks are made to ensure the machine is working properly, 
there are no leaks in the lines, the needles are positioned properly etc.   


• Being on the machine is draining and there can be serious side-effects – painful muscle 
cramps, migraines and a fall in blood pressure – which can make the patient feel 
extremely ill.  


• At the end of the dialysis, the blood in the machine is washed back into the body using 
saline. The needles are removed. The blood in the fistula is under the same pressure 
as an artery, so the site needs to be taped/ pressed on for 10 minutes to prevent blood 
loss. 


• The machine is cleaned and the room cleaned and sterilised. 
 
The entire process takes 4-5 hours. It is not relaxing. Patients often need to sleep for a 
couple of hours afterwards to recover.  
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 Whilst on the machine you feel progressively drained and your anxiety to come off 


increases… I also get very itchy all over my body…. It is hard enough that you are 
trapped on the machine, but you also feel uncomfortable whilst you wait. Clock 
watching is a common past time… (Patient) 


 
The common frustrations of modern life take on a greater significance for dialysis patients.  
 
 If there’s a technical fault, you can't go on dialysis until a technician can fix the 


machine. Technicians don't work on Sundays or after 4.30pm. Another complication 
is when the water pressure drops or there is a power cut. When people were talking 
about the petrol strike, I was worrying about how I was going to get to my dialysis…   
(Patient) 


 
Patients cannot dialyse alone. A parent or adult carer needs to be on hand at all times in 
case something goes wrong. The machines are fitted with an alarm. A number of parents/ 
carers reported that they feel quite anxious during dialysis, constantly listening out for the 
alarm. During overnight dialysis for their children, some parents report they have a much 
poorer night’s sleep. One parent described how she had once slept through the alarm when 
her daughter’s line had become clogged with a blood clot. She was able to take her daughter 
to hospital to have the problem resolved, but she lost her confidence. She now chooses to 
put her daughter on dialysis late in the evening through to one or two o’clock in the morning, 
even though she has to go to work the next day, because she knows she can stay awake 
during this time. Being a parent or carer for someone on dialysis can therefore feel like a 
huge responsibility. Many interviewees said it feels ‘unrelenting’ as there is no option to stop 
or take a break, no matter how ill the patient or the carer may be feeling.  
 
 If I had severe diarrhoea, severe sickness and I was crawling on that floor I would still 


have to go to dialysis…Two weeks ago I had a really severe chest infection and I had 
to be taken there in a wheelchair. I didn’t feel like going but you have to… (Patient) 


 
3.4.3 Impact on quality of life 
Patients do not always feel well on dialysis. Children are often tired and sick because of the 
shifts in fluid. Adults report sleepless nights, cramps, headaches and migraines. This is 
because dialysis is a poor substitute for a functioning kidney. Other aspects of kidney 
function are compensated by other treatments e.g. injections of the hormone erythropoietin 
to regulate red blood cell production, but these treatments are also not as effective at 
maintaining the body’s balance. Dialysis patients therefore experience see-saw side-effects 
of high or low blood pressure, overly high levels of haemoglobin or anaemia.   
 


 
Dialysis patients and their families are able to go on holiday, but only with considerable 
planning and organisation. It is not a simple choice. Some patients are too fearful of the 
risks. Others reported that it took five years for them to build up the confidence to do it. 
Parents have taken their child’s dialysis machine with them. Adult patients are able to book 
dialysis sessions at the local hospital at their holiday destination, abroad and in the UK, 
although availability may be limited. This restricts families’ choice about where they go on 
holiday and for the person with aHUS, much of their holiday time is spent in hospital.  
 
 You just wouldn’t believe what we had to take on holiday, how long we had to spend 


arranging everything…It is possible, and I wanted to go for holidays like everyone 
else…I think we started to arrange it more than half a year ago. The fluids had to be 
delivered, we had to take the machine…We had to arrange a hospital over there so 
that if anything was to happen, we could go there…And for me particularly it’s not a 
holiday because we still have to do the dialysis. (Parent) 
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3.5 Patient/ carer experience of kidney transplants  
Patients with aHUS are not always recommended to have a transplant because of the 
likelihood of the new kidney being damaged by the disease. Amongst the aHUS affected 
patients in the UK, 16% have had a successful transplant (personal communication – 
Professor Tim Goodship). Six of the adult patients who contributed to this submission had 
undergone this procedure. In two cases, the patients felt the doctors had not sufficiently 
explained that the aHUS might come back and had every hope of the transplant working. In 
the four other cases, the patients and families were aware that there was a reduced chance 
of success, but there seemed to be no other option. None were successful. Patients had 
their new kidneys removed within a matter of weeks. The physical and emotional impacts 
were severe for the patients as well as for parents or partners who had been donors. This 
was a topic interviewees felt unable to talk about.  
 
 


Well they left me in the room with people whose [transplants] are working. Well they 
were being so happy; I think that is what got to me in the end. I never talk about 
anything to do with transplant, I never talk about it. (Patient)                                                           
 
...and I have seen people coming back and it would be working and they are happy 
and then they tell you your kidney was failing and you’ve gone through all that for 
nothing.(Patient )                                                                
 


3.6 Patient/ carer experience of living with a genetic condition 
In some families, there is no history of aHUS, prior to a single family member becoming ill. 
Others are able to trace the disease back through 2 or 3 generations and have several 
family members affected at the same time. Therefore parents (and other family members) 
often only become aware of their own risks, once their child or sibling has been affected. 
Once discovered, this leads to increased anxiety about their own health as well as concerns 
for others. Many reported managing this anxiety by trying not dwell on their fears.  


Knowing that I’ve got the gene, I’ve sort of put it to the back of my mind. My 
philosophy always has been that you live life. Recently I’ve been thinking what about 
the rest of the family that have got the gene, but there’s nothing you can do. You 
can’t think about it all the time. (Partner/ Family member) 
 
My worry then is, if it’s been passed down, about my nephews and nieces, I worry 
about them.   (Patient) 


 
Parents with an affected child often choose to have genetic tests themselves either to allay 
concerns about their health or because they have been tested as potential donors. Once 
identified, the affected parent then faces the challenges of informing the wider family, their 
own siblings and nieces and nephews. Some people want to know about their genetic risks 
to inform their life choices. Others say they would prefer not to know their status to avoid the 
anxiety, particularly as not everyone with the aHUS gene mutation develops the condition 
and there are no measures to prevent the disease occurring. Decisions about who to tell and 
what to tell them, can place considerable strain on individuals and family relationships.  
 
Parents also face difficult choices about whether to have all their children tested once one 
child is known to be affected. Some choose not to have their children tested so as to reserve 
their children’s rights to find out for themselves. Others find they become so anxious 
whenever their children become ill, that they feel them simply ‘need to know’.  
 
Some families do not have this choice, because although a family member has been 
diagnosed with aHUS, doctors have been unable to find their particular genetic mutation. 
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This means they cannot look for it in others. These families therefore continue to live with the 
uncertainty as to who might be affected. This occurs in about 10% of cases. 
  
 People say to me, ‘It won’t be long before you have grandchildren’ and I think ‘Oh 


no’. All that worry again – it’s just going to be horrendous. And other people in our 
family of the same generation as my children are now having children – which is a 
worry as we don’t know where it’s come from. For now everybody just pushes it to 
the back of their minds. But it’s something that never goes away. (Parent) 


 
3.7 Patient / carer’s overall experience of living with the condition 
There are many sources of stress and anxiety with aHUS. After the initial trauma of a life-
threatening episode, patients and their families live with the constant threat of a 
reoccurrence. Each reoccurrence is likely to lead to further kidney damage and eventually 
renal failure, or could potentially be fatal. Some patients report that their emotional well-
being is much affected by a fear of dying and knowing they have a reduced life expectancy.  
 
There are currently no markers to indicate whether a reoccurrence will happen, when it 
might happen or how serious it might be. This means families have to live with a great deal 
of uncertainty. Patients with other reoccurring conditions with severe relapses, for example 
multiple sclerosis, find this uncertainty to be one of the most difficult aspects of the condition 
to live with1.  
 


It’s this constant worry, constant stress that you don’t know what will happen. The 
unpredictability is just killing. (Parent) 


 
 My son’s first episode was so traumatising – and then to find out that you might have 


to go through that again… It’s that million-dollar question - will he be one of those 
lucky people who never get it again? It has been a lot for me and my husband to get 
our heads round – so how do you tell a child about that? I don’t think he needs to 
carry that on his shoulders yet. If he asks about it I’ll tell him, but I’ll be fairly blasé 
about it until I feel he’s ready to take it on board.  (Parent) 


 
Parents with children with aHUS in remission, (as well as those who know their unaffected 
child carries the gene) report having to manage their anxiety every time their child becomes 
ill, because the start of aHUS looks like many other common childhood illnesses. However 
all concerned, including family GPs, now feel more confident about recognising the signs of 
aHUS so that if there were a next time, their child would be treated more quickly.  
 
 We try not to over worry or otherwise every time she got a runny nose we’d take her 


down the doctors, so we try not to do that – if she’s got a cold we keep an eye on 
how often she’s going to toilet – it’s always on the back of your mind. (Partner/ 
Family member) 


 
Those patients who have reached end stage renal failure report that ‘aHUS has done its 
worst’. However, they and their families have to manage the daily stresses of life with 
dialysis (See Section 3.4).  
 
Many parents, partners and carers of people with aHUS reported that living with the 
condition had taken a toll on their mental and physical health. These problems included high 
blood pressure, anxiety and panic attacks. Some were receiving medication to manage 
these problems. Others were receiving counselling. One parent thought counselling should 
be offered routinely for families with aHUS. This is not often the case. 


                                                
1 Living with the effects of MS. The MS Society. www.mssociety.org.uk 



http://www.mssociety.org.uk/
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...I do not go out anymore you know I am frightened something else is going to go 
wrong...(Patient)                               


   
 
All of the interviewees talked about how they had learnt to live with the demands of the 
condition and its treatment and to some extent had forgotten what it was like to live a ‘normal 
life’. It’s only when looking back or talking to other people that they wonder how they have 
managed. 
 
 The questions you would expect, like, why me, why now, they sort of disappeared, 


because you get used to this life and you think that it’s been like this forever, and it’s 
almost forgotten that it can be different. (Parent) 


 
4. aHUS in babies and children 
Children were not interviewed for this submission, because all of the children involved 
(except for one) were under the age five. The oldest child is not aware they have aHUS. 
Therefore this section is based on the reports of parents and other adult family members.  
 
4.1 Impact on the child’s well-being 
Most babies and young children appear to cope extremely well with their early experiences 
of their condition. (See Sections 3.1 - 3.3).  
 
 My daughter was obviously very young when she was diagnosed which I’m grateful 


for – as she hasn’t known anything different. She’s quite comfortable in hospital and 
looks forward to it – which sounds crazy – but the hospital staff are almost friends to 
her. (Parent) 


  
One part of the treatment which is particularly difficult for children is the large numbers of 
blood tests required and the repeated access to veins for infusions. 
 
 They had to take him into theatre and give him an anaesthetic to get to a vein 


because he was still under two. But he was reacting very badly to the anaesthetic 
every time. Normally he’s a placid child, but he would scream for an hour or two after 
the anaesthetic. (Partner/ Family member) 


 
Some children need to be held down initially, but over time they become more used to the 
procedures involved. Other children develop hospital or needle phobias after the trauma of 
the initial aHUS episode. 
 
 It’s had an impact on my son’s mental health. Being in a hospital or at the doctors – 


he’s very anxious – he can be under the table – sometimes he never even makes it 
into the room. We’ve learnt over time how to manage it and calm him. He hates 
needles – when he has blood taken, we’ve had to have 4 or 5 of us hold him down. 
Last time he had gas and air and he thought it was great – so now we’ve got 
something that will reduce his anxiety. Parent 


 
The ongoing impact of aHUS depends on which organs have been affected. Children with 
kidney failure face the similar challenges to adults in managing the restrictions of dialysis 
(See Section 3.3). Some children also experience brain damage during an initial aHUS 
attack with consequences for their daily life and ongoing care. 
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 My son later had problems with his balance. It didn’t manifest itself until about 15 
months when he was having difficulty walking. Then he was having a lot of 
physiotherapy and we got quite involved in conductive education because he had 
ataxia. So he had a lot of input from other services and he couldn’t go to a normal 
school. (Parent) 


 
4.2 Impact on daily life 
Children with aHUS who have lost their kidney function often do not eat because they lose 
their appetite. They are therefore fed through a nasal gastric tube or directly into their 
stomach. The latter is better for children at school as the tube can be kept out of sight and 
the children themselves find it easier to cope with. One of the children included in this 
submission is supported at school by a teaching assistant who has been trained by the 
hospital to feed her twice a day and to monitor her fluid uptake. School staff are often very 
supportive and heavily involved in managing the condition. 
 
4.3 Impact on schooling / education 
Children with aHUS who continue to receive treatment inevitably miss time at school. Not 
only do they miss the days they are having treatment, but every time there is a problem, e.g. 
an infection, they may miss weeks of school while in hospital. Parents and teachers cannot 
always compensate for the loss of time. 
 
 Initially the first year it happened she wasn’t basically present at school, now later on, 


at least once a month we have to go to clinic, then there’s all the other extras on top 
of that…when I speak to the teachers, they say she’s making good progress but 
she’s always in a lower group, and I think she’s a bright girl, but she missed a lot, and 
I cannot give her that time at home, to make her catch up, because we struggle with 
time so badly [with dialysis]. I think I would need to quit my job to take care of that 
problem.  (Parent) 


 
4.4 Impact on parents’ well-being 
In addition to the long term stress and anxiety (see Section 2.7); some parents also develop 
a ‘fear’ of hospitals. 
 
 For the last four years I’m just like a robot, but still I do everything to stay out of 


hospital. I’ll do anything because I had such bad experiences…In the hospital every 
single child has a very serious disease…So if you are around that all the time you’re 
just going down…  (Parent) 


 
4.5  Impact on parents’ work and ability to earn a living 
Parents whose child requires continuous care, e.g. regular plasma exchanges in hospital 
(See Section 3.3), may have no option but to stop work. Others report that they are fortunate 
in being able to fit their work flexibly around their child’s treatment. Nursery or childcare may 
not be an option. Other family members are relied upon to provide more specialised 
childcare as they will have been trained in managing the condition. Grandparents, who are 
retired, often provide a lot of childcare. In addition, grandparents and other family members 
sometimes provide financial support.  
 
4.6 Impact on siblings/ other family members 
The brothers and sisters of children with aHUS are often affected by being left in the care of 
others, while their parents spend long periods in hospital with their sibling.  
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 The other child doesn’t see their Mum and Dad as often as they’d like. It’s not good 
for children to be separated from their family. I don’t think my granddaughter could 
understand why she was with grandma for what seemed like weeks on end. We took 
her up to see her brother when we could – but Mummy and Daddy  were away 
a lot of the time. You try to make life pleasant for them but it’s quite a strain on 
grandparents too.   (Partner/ Family member) 


 
Parents report that they find it difficult to give their other children sufficient attention. 
 
 My son’s life was very limited because our life was, unless friends offered to take him 


somewhere, we couldn’t...It was very difficult. Even a trip to the cinema, you're there, 
but you’re not there, you're thinking what if I have to go back, what if something 
happens… and he became part of it, and he’s like ‘It's time to do blood pressure, let's 
go and hook her on the machine’...  and at the same time I have to say to him ‘Don’t 
come into the room, because you've got a cold, you didn’t wash your hands’...   
(Parent) 


 
Some siblings cope extremely well. Others had exhibited behavioural problems, most likely 
resulting from the stress and lack of attention. 
  
 When you are constantly involved with one child, it’s obvious that you don’t have 


much time for the other one and he’s been affected by that…he’s got these 
aggressive outbursts… it’s kind of he wants attention basically, but everyone in the 
household is really emotionally exhausted. It’s been four long years. No one has any 
more patience in this house.  (Parent) 


 
4.7 Impact on relationships 
Having a child with aHUS places considerable strain on relationships. A number of parents 
are no longer together. However, some parents say the experience has made them closer, 
and that they work well as a team supporting their child. 
 
 
5. Impact on adults 
 
There are two peak ages where adults develop aHUS, in their early 20s and in their 60s. The 
impact of the condition on people’s lives is very different at these two life stages. These are 
highlighted in this section.  
 
5.1  The impact of the condition on life events 


In their early twenties, young adults are just about to embark on their lives and make 
choices about relationships, careers, where they want to live, buying houses and 
whether to start a family. Developing aHUS at this age therefore has an impact on all 
these life decisions.  


 
 It’s like one of those pivotal moments in your life.  I don’t think I’d be living in here, I 


don’t think I’d be living in Britain if I hadn’t got kidney failure…I was ready to leave 
home and do my thing and it just stopped me in my tracks really.(Patient) 


 
After the initial attack, some people never become well enough to return to work. Some have 
managed to do so, but have taken 2-5 years to recover their health to the extent that they 
could go back to work or resume their lives, for example to return to university to finish a 
degree. They relied on their parents for a lot of care at this time (See also Section 5.5). They 
report the sense of having lost a significant chunk of their lives to the disease.  
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I had to go back living with my mother, and I couldn’t afford my own place any more.  
(Patient) 


 
Women of child-bearing age with aHUS (or with a genetic risk of aHUS) are advised not to 
have children, because pregnancy is thought to be a trigger for the condition. Young women 
with kidney failure are also warned that it is not possible to carry a pregnancy to full-term on 
dialysis, and that their babies are likely to be still born or severely disabled. Young women 
with aHUS have therefore often made the difficult decision not to have children. Couples 
have also been turned down for adoption because of one partner’s kidney condition.  
 


...I lost the baby then but I wouldn’t try again, you know thinking “are they going to 
have it?”   (Patient) 


 
Developing aHUS at a later age clearly doesn’t have these same impacts. However patients 
report that their life-long plans for retirement have been stalled or prevented by aHUS. 
 
5.2 Impact on adult patients’ well-being 
Following the initial acute phase, patients report experiencing depression, loss of 
confidence, self-esteem as well as problems with anxiety and nightmares.   
 
 I suffered panic attacks quite a lot which was brought on by the dialysis and when 


you’re first on dialysis your heart starts to beat a bit faster anyway… and the reaction 
to that and the stress and the panic…(Patient)    


Patients report that their emotional health improves to some extent over time, particularly 
with support from families and counselling. Parents and siblings have often provided the 
necessary motivation and encouragement to enable patients to make the effort to get 
stronger and resume their lives.  
 
People on dialysis report that the treatment itself also affects their emotional well-being: 
 
 I’ve got memory loss and depression because the kidneys don’t just filter. I get 


aggressive when I need dialysis because of the toxin build-up and I get really upset 
when I can’t get my needles in…I do cry and I feel like I could smash the house up – 
I don’t obviously. Once I’ve done it I’m fine. (Patient) 


 
 ...it has affected her health, well being, attitude, it is sad to see, I mean when she‘s 


on top form... but she is not on top form often enough.  It is really getting to her now...  
(Partner)  


  
Some patients can also feel self-conscious about their scars, which can be large and 
considerable in number. After years of aHUS, patients have scars from their lines, fistulas, 
vein grafts, kidney removal/ transplants and catheters. Young women have experienced loss 
of self-esteem from the scarring, but report finding it easier to cope with as they grow older. 
They still tend to keep their scars covered. Some report feeling judged by other people. 
 


People see my arm and see my fistula and think I’m a drug addict. People pull their 
kids away from me. That’s not their fault because they don’t know about it.     
(Patient) 
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5.3 Impact on daily life 
Adult patients on dialysis are severely restricted in their diet and daily fluid intake. They are 
advised to limit their daily fluid consumption to 500-1000 ml per day, which also includes any 
fluid in food, e.g. gravy, yoghurt. They need to maintain a low-potassium diet because if their 
blood potassium levels become too high they are at risk of a heart attack. Potassium-rich 
foods include all fruit and vegetables and chocolate. Any vegetables need to be boiled twice 
to remove the potassium. Patients also need to limit their phosphate intake as this can lead 
to calcification of the arteries. Dairy products are therefore restricted because of their 
phosphate levels. Salty foods are avoided as they make people thirsty. Some people avoid 
alcohol as it reduces their will-power to stick with their regime. People find this diet difficult to 
manage.  
 
 I want to eat the whole bar of chocolate, and I pretend I don’t want to, but actually I 


can’t, and it’s just so restricting, ridiculously restricting.  Every time I eat anything I 
always calculate the potassium content, the phosphate content so that I can think for 
the 48 hours that I’m not on the machine what could I get away with, how sneaky can 
I be, and how much can I get away with. (Patient) 


 
 It’s a big balancing act with everything. We have to keep a balance on my wife’s diet 


– if she has too much of something she can feel tired and dizzy – but there’s no 
blood testing kit you can have at home, like there is for people with diabetes. If you 
take your bloods off to hospital you can have the reading in five minutes – but there’s 
nothing like that for renal patients. So that’s always a constant worry whether 
something is going to be too high or too low. (Partner/ Family member) 


 
 I think getting up and going and doing whatever you like without having  to think “Oh 


god I’ve got to get back for dialysis” that would be the best ,the best way to live your 
life... (Patient)  


 
 
These restrictions inevitably affect other family members when shopping for food and 
cooking family meals. Meals may have to be prepared separately for unaffected family 
members, so that they get the nutrition they need. However, family members can feel 
uncomfortable about eating and drinking in front of the person with aHUS as it seems ‘unfair 
and marking them out as different’.    
 
Patients/ families find it difficult to eat out as there may only be one choice on a menu 
available to them. There maybe nothing they can eat on special occasions which often 
centre on eating and drinking. 
   
 I went to a wedding and I didn’t eat at the wedding and with all those situations, I 


hate the fact that I have to be so controlling, it’s not in my nature to be so, I’d like to 
be more laid back about things…  (Patient) 


 
5.4  Impact on patient’s ability to work and earn a living 
Some aHUS patients of working age are well enough to continue work and manage their 
dialysis. However, trying to manage a job and regular daytime dialysis leaves very little time 
for anything else and patients have found it unsustainable. They have reported becoming 
more ill as a result and have had to stop work temporarily or permanently to recover. Some 
people with aHUS have therefore chosen to dialyse overnight to give them more free time in 
the day. However, as one patient described, she still does not have the physical energy or 
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emotional resources to cope with a full-time job. She therefore works part-time which is a 
source of some frustration, because she feels discriminated against in terms of her pay and 
access to promotion. 
 


I worked all my life and when I had this kidney failure first of all I had to give up work.  
(Patient) 


 
Other patients have reluctantly chosen to take early retirement as they have become too ill 
to continue working.  
 I was in my job for twelve years and I loved it. My bosses and colleagues were really 


supportive, even when I needed to take time off. But they kept saying to me ‘When 
will you take ill-health retirement? You do need to’. I put it off and put it off, until my 
consultant said you really need to increase your dialysis. You won’t live past 40 if you 
don’t. Three days a week isn’t enough for you. So now I dialyse at home five days a 
week and I’m loads better. (Patient) 


 
Some families have found themselves in serious financial difficulties, having to rely on a 
single wage-earner and maybe forced to make unwelcome changes such as moving house 
or selling their car. Some receive benefits. Home haemodialysis patients are entitled to 
disability living allowance. This can go some way to helping with the additional costs. Some 
of the main costs are parking and travel for regular hospital visits, estimated by one patient 
to be between 50-100 visits a year. People who have stopped work through ill-health are 
also entitled to employment support allowance. However, proving eligibility for this benefit, 
managing the continual changes in allowance levels, and the knock-on consequences for 
other entitlements is ‘hard work’ and another source of stress. Some people find it difficult to 
be on benefits. 
 
 The aHUS it takes away your self-respect in a way, because I’ve always been 


brought up, you have to work for what you earn… I went to college, I did my nursery 
nursing, and then all of sudden to go on DLA, I hated it… (Patient) 


 
 Now it’s a financial struggle to be honest –if I could work tomorrow I would.                                                                                                                                


(Patient) 
 
 I have worked all my life and when I got this kidney failure first of all I had togive up 


work(Patient) 
 
 ...it took me four years to get disability [allowance} because they would not give it to 


me..(Patient)  
 
5.4 Impact on quality of life 
All the adult patients reported having adapted their lives to be able to manage the treatment 
for this condition in ways that have surprised them. For example, one young woman 
described how she would have never believed she was capable of putting her own needles 
in, but now does that five times a week. This is largely because people have no choice but to 
dialyse, and therefore have to manage its stresses and complications. They feel this is an 
unacceptable quality of life, but it is one they have to accept. 
 
 I see a lot of blood. I see a lot of blood clots. The other day on the machine, I forgot 


to put a clamp on and the blood poured out of the machine, so my blood was in a 
pool on the floor. It’s 6 o’clock in the morning so I’m shouting to my mum to come 
and help me because she hates the alarm. Something had gone wrong with the 
machine and I was having to pump blood back into myself… and me and my mum 
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were just laughing, she was like mopping up blood off the floor and I was like ‘When 
did this stop being shocking to us…anyone else would be shocked…’   (Patient) 


 
 I would not needle myself I was like “ooooh” and they had to chase me to needle me 


because I was petrified ...I was petrified! But now it’s a job to me and now I have to 
do my job. (Patient)   


 
5.5 Impact on social life / relationships 
Adults with aHUS say the condition affects all their relationships. Young people embarking 
on new relationships, worry about when to tell new partners about their condition and how 
they will react. Many early relationships end for this reason, because other people feel 
unable to cope or manage their fear. This obviously impacts on the patient’s self-esteem and 
emotional well-being. 
 
 When you meet new people or start going out with someone it’s really hard. For the 


first date I pretended to go to the toilet. I don’t go to the toilet, how weird is that? But I 
pretended to go to the toilet so I would look like a normal person… (Patient) 


 
All family relationships are altered if young adults are forced to become dependent on their 
parents again. Family dynamics can change, as the affected person takes prime position in 
the family, even if they may not want to, and everyone around them feels they have no 
choice about it. Children may not receive the attention they need when their parent becomes 
ill. 
 
 My youngest son was a teenager when my health first started to deteriorate 


.Consequently, he was really rather neglected at a difficult time in his life. Neither of 
us was able to support him and normal family life was crumbling around him.  His 
education suffered, he gave up A levels, changed direction several times, went from 
job to job. When he had started high school he had had a bright future. (Patient) 


 
Families supporting a person on dialysis can end up spending a lot more time together than 
they might otherwise do, and not really because they choose to. Partners, parents and 
siblings tend to share the responsibility of supporting the patient during dialysis, as the main 
carer may not always be well enough or may need a break. On the positive side, this 
experience tends to bring families closer together.     
 
Most people with aHUS report that their friends are understanding and supportive and will 
organise social events so as to make it easier for them, for example, ensuring that ‘nights 
out won’t all revolve around eating and drinking’. Some people feel their social lives are 
affected, because they aren’t invited out as often, because friends assume they won’t be 
well enough or for example, that they won’t be able to stay over for a weekend.   
 
5.6.  Impact on partners/ carers  


As well as the high levels of stress and anxiety associated with this condition (see Section 
2.7), partners and carers also have to manage the restrictions on their own lives. Their social 
life and other interests/ hobbies may be limited by dialysis and the unpredictability of the 
condition. Some partners/ carers have given up work or gone part-time to be able to provide 
care, which again has financial implications for the family.  
 
 Doing dialysis at home you’re never in a routine – you never know what’s going to 


happen or how well she’ll feel after a session – then we can’t do stuff as a family... Or 
we have to cancel things at the last minute. Then people stop inviting you and asking 
you to go out. It’s had a knock-on effect with my mates asking me to go out to the 
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pub…we try to do our best to juggle and keep all of us happy at the same time.         
(Partner/ Family member) 


 
Partners/ carers may have to take on more responsibility in the management of day-to-day 
life than they might do otherwise, which affects their own well-being. 
 
 My husband can get a bit down because when I’m well I try to do things like 


gardening or decorating – and he’ll say “rest, rest, rest” because you’ll make yourself 
bad the next day, which I do. But when I’m well I want to make the most of it, I hate 
not doing something, I hate just sitting – it’s not me. I think he takes on stuff 
sometimes that is too much, just so I won’t do it… (Patient) 


 
Partners can find themselves, more often in the role of carer, than as husband or wife. 
Dialysis can also restrict their physical relationship. 
 
5.7 Impact on siblings/ other family members 
Other siblings/ family members report that their lives have changed dramatically as a result 
of having a person with aHUS in the family. Their life choices, for example about where to 
live and their jobs, can be restricted by needing to be close to their family. This is ongoing 
and affects their own families too, for example their husband/ wife may not be able to take a 
job promotion if it means moving house. To some extent this is a choice individuals make for 
themselves, but at the same time, they can feel a responsibility to others, to provide support 
to the whole family and do their share of the caring e.g. in managing dialysis.  
 
Some family members who take genetic tests and find they are unaffected, report feelings of 
guilt, particularly when this means they can make life choices that are not open to the person 
with aHUS.  
 
 The impact was massive on the family – it has affected us all and changed the 
 course of all our lives. It still does. Every day. It’s so engrained in us now – 
 you’re not always aware of what impact it’s had.  It’s only when you talk to 
 other people and they react. You can’t think about it – it would just eat you up.  
  (Partner/ Family member) 
 
6. Patient /carer experience/ expectations of Eculizumab 
 
6.1 The impact of the new drug on patients with aHUS 
The impact of Eculizumab depends on how seriously people are affected by the condition 
and the stage of life at which they are affected. It can eliminate the need for time-consuming 
and invasive treatments. It can help patients retain whatever kidney function they have 
retained since having aHUS and in some cases can improve kidney function. For patients 
with kidney failure it offers the opportunity for a transplant and a better quality of life.  
 
The different impacts of Eculizumab on the lives two children with aHUS and an adult patient 
are described in the following case studies.  
 
Child A 
 
Child A first became ill with aHUS at the age of 4 months. She spent 3 weeks in intensive 
care and remained in hospital for a further five months. She received plasma exchange 
during this time. She returned home, but was unable to reduce the frequency of treatment 
without the disease reoccurring and therefore continued to go to hospital three times a week 
for treatment, for the next three years. She also had regular line infections and repeated 
relapses which required hospitalisation. Her mother stopped working to provide the 
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necessary care. As with many young kidney patients, she stopped eating at around age 2 
and had a gastric tube fitted into her stomach. At the age of 3 she lost her kidney function 
due to the relapses and started dialysis. Her parents began discussions with the doctors 
about the possibility of a combined liver and kidney transplant. This was a very bleak time for 
the family.  
 
The following year aged 4 she was given Eculizumab. She has been receiving the drug for 
nearly 12 months. During this time, she was admitted to hospital on one occasion for a 
planned operation to have her non-functioning kidneys removed. She no longer needs 
plasma exchange, but continues overnight dialysis. She has had no further relapses. She 
has been placed on the transplant list for a new kidney. 
 
Her parents describe the impact: 
 
 She became a lot less lethargic – even her nursery said she was coping with 
 everything a lot better – she was more active and interested in things – like a 
 different child. The main impact for us is that she’s been able to go to  school with 
children of her own age. We were thinking she might not be able  to go to school. She’s a 
lot better socially because of school. She’s very  sociable and enjoys life very much… 
The drug has also opened up the  possibility of a transplant and a return to normal life for 
all of us.  
 
 
 
Child B 
 
Child B started to become ill at around 6 months and was admitted to hospital with kidney 
failure at age 7 months. She was in hospital for two months and received plasma exchange. 
Her kidney function did not fully recover. She returned home where she continued with 
overnight peritoneal dialysis and hospital visits three times a week for plasma exchange. 
She was also receiving a blood transfusion every two weeks which was a cause for concern 
as it may have affected the success of any future transplants. She was on a strict diet and 
limited fluid intake.  
 
She was then given Eculizumab at age 1½ and stopped the plasma exchange. Within two 
weeks her kidney function was restored as her mother described: 
 
 We were still really strict on how much fluid she was taking and weighing every single 


nappy to see if everything was OK. She was drinking around 600mls then a day and 
she was weeing everything out. You couldn’t believe it - how well it worked and how 
quickly.  


 
Child B was then able to stop the overnight dialysis and had her lines removed. She has 
been receiving the drug for a little over a year. She goes to hospital every two weeks for an 
infusion. This is given through a canula, which is distressing for her. She has to be held 
down while the canula is fitted. She does not appear to experience any side-effects, other 
than headaches the first few times and a bit of dizziness during the infusion. She lies down 
during the treatment which lasts about an hour, remains under observation for an hour and 
then ‘she’s fine and walks away’.  
 
She has had a few common childhood illnesses during this time, colds and flu. She caught a 
stomach bug and returned to hospital because she was dehydrated and needed a drip. 
Everyone was concerned this would trigger a relapse, but she had no problems and her 
blood test results have all been fine. 
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Her mother describes the impact of the treatment: 
 
 She is thriving again. She started eating, whereas before she wasn't eating much... 


She's allowed to drink as much as she wants. Her kidneys, she’s got almost 50% of 
kidney function now, which is incredible. She's always going to need to take 
medication, but it’s nothing compared to what she had… We’ve taken her abroad 
whereas before I would have never dared to go anywhere with her. Our lives were 
really very difficult... Now we are having a normal life, as normal as possible. Then, 
we lived each day at a time. Now, we can make plans. 


 
 
 
 
 
 
 
Adult A 
 
Adult A was 63 when diagnosed with aHUS. She was given plasma exchange treatment in 
hospital every day initially. She describes her experience of this treatment as follows: 
 
 I just found it horrendous to be honest, because I found this treatment very 


intrusive…At first I was very sick while I was on it, then another day I had a full 
anaphylactic shock, and some days my blood pressure would just suddenly drop, 
and I’d have to be quickly taken off the machine…I came out in rashes, I had hives 
which spread down my whole body or other days it would be big red lumps, I didn’t 
know how I was going to react each day…  we were like rabbits in the headlights, we 
didn’t know whether we were coming or going… And at the same time I was filling up 
with fluid, I put on about 2 stone in weight, and it was fluid, so my legs were like tree 
trunks… I didn’t have lot of energy, I couldn't wash properly, because the tubes were 
sticking out of my neck, there's always a risk of infection, so I couldn’t go in the 
shower as normal, I couldn’t wash my hair… my legs were so full of fluid I couldn’t 
bend them to wash and dry my feet. Simple things like that were such a big chore…    


 
After several weeks she returned home and continued to receive plasma exchange at the 
hospital every other day. She received 65 treatments over a course of six months. The side-
effects were reduced but she did not feel completely well. 
 
 I was existing, once my plasma exchange was reduced, but I felt as though I was 


sitting on the sidelines watching all this going on. It was an odd feeling. I went 
through the motions, I gradually was able to do more, go out for little walks, go for 
lunch with friends, but it wasn’t my life back again. 


 
She was then entered onto the Eculizumab trial. She now receives an infusion for 35 mins 
every two weeks and has stopped the plasma exchange. 
 
 After a few weeks on Eculizumab the tubes were taken out and that was a big, big 


day for me, it was wonderful. The Eculizumab is so much easier than the plasma 
exchange was… I cannot find the words to stress the huge, huge difference it has 
made to me and my family; it’s just given me my life back. Instantly I felt a difference, 
but you gradually over the months do feel stronger, and you think, ooh, I can do such 
and such and I haven’t been able to do that for a while, and walking further, doing 
more, it has just been wonderful, absolutely wonderful. We’ve now been away for a 
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week; for weekends and we can do that sort of thing…I am doing loads more now. 
I’ve got my independence again. 


 
 
 
6.2 Patient/ carers expectations of Eculizumab 
 
Patients with renal failure 
Patients with aHUS who have kidney failure are facing the prospect of remaining on dialysis 
for the rest of their lives. Eculizumab offers the potential for a kidney transplant, and 
therefore restoration of their health and a life free from the restrictions of the treatment.  
 
 All of a sudden there’s a possibility of a drug which could mean I could have a 


transplant and what I see as having a normal life again. My husband could work, I 
could possibly work. We could go away and see my husband’s family who live miles 
away. I’d love to be able to jump in a car and be spontaneous… I’m not saying a 
transplant is the be all and end all. It isn’t easy. But dialysis is hard for me and for 
everyone else. (Patient) 


 
 
 It is difficult to plan for the future, because the future is dialysis ;but all of a sudden 


,now  there’s a little bit of light at the end of the tunnel, and I think that’s the future 
that is what we have got look for now. (Partner)    


 
For partners/ family members/ carers, the possibility of a transplant would also be life-
changing, giving them more time, less responsibilities and reducing their anxiety. Some find 
it hard to imagine and to some extent are fearful of the consequences. They have adapted 
their lives around the condition for many years and have been through hopeful times only for 
the disease to come back again. They believe it would take them some time to feel confident 
that the drug was really working.  
 


If the drug came in, the change would be immeasurable really it would be  massive. 
We’d have to get our confidence up – I can’t imagine it now. The  stress would be 
better – we’d all sleep better – but I don’t think we could  shake it all off – there 
would always be a bit of you thinking I wonder if it’s going to go wrong…   (Partner/ 
Family member) 


 
Opening up the possibility for kidney transplants also means parents and family members 
will be faced with difficult decisions about whether to donate a kidney to the person with 
aHUS. Donating a kidney is not without its risks. It involves a major operation and women of 
child-bearing age are advised not to donate their kidney if they want to have children. 
However, because there is a waiting list for transplants, there is always a fear that the 
person with aHUS may become sicker or even die while waiting for a suitable donor. This 
can place enormous pressure on individuals and family relationships.  
 
Patients with active disease  
The disease is currently suppressed in these patients with continued plasma exchange, 
although this does not always prevent relapses. This treatment is time consuming, can make 
people ill and is associated with risks of line infection. If people continue to relapse they are 
still at risk of losing their kidney function over time.  
 
Eculizumab offers the possibility of avoiding end stage kidney failure, dialysis and kidney 
transplants as well as any other organ damage. It offers patients the chance of retaining 
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whatever residual function they have in their kidneys without the need for further treatment 
and may sometimes restore some kidney function. 
 
 
Patients in remission or with known genetic risk of aHUS 
For these patients and their partners or families, the concern is always that the disease 
could start or reoccur at any time leading to kidney or other organ damage. Families affected 
in this way live with a great deal of anxiety. Eculizumab takes away a lot of this fear.  
 
 If you imagine that your child could become ill anytime and that it could affect his 


kidneys, his brain, his lungs – anything and there’s no cure for it – that’s bloody scary 
to live with. To then find out there’s now a drug that will stop it in its tracks – I can’t 
tell you how that feels – it’s elation really – it makes living with it bearable. It gives 
you hope when there wasn’t any hope. (Parent) 


 
For couples where one partner is affected by the gene, knowing Eculizumab was available 
would influence their life choices. 
 


There’s the possibility when I have children they can do tests during the pregnancy to 
see of the child carries the aHUS fault – and if it did, that would  be a decision we 
would have to make. If we knew the drug was available for that child – that would be 
a positive for us. (Partner/ Family member) 
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Thank you for agreeing to give us your views on the condition, the technology and 
the way it should be used in the NHS. 
 
Patients, carers and patient organisations can provide a unique perspective on the 
condition and the technology, which is not typically available from the published 
literature. 
 
To help you give your views, we have provided a template. The questions are there 
as prompts to guide you. You do not have to answer every question. Where 
appropriate, please provide case studies of individual patients, their families or 
carers. Please do not exceed 30 pages. 
 
 
About you 
 
Your name: 
 
Xxx xxxxxxxxxxx 
 
Name of your organisation:  
 
aHUSUK 
 
Brief description of the organisation:  
 
AHUSUK is a support group for patients with aHUS in UK, their families and 
caregivers. Formed in September 2011 as an unincorporated charitable association, 
it is registered as a charity with the Charity Commission in England and Wales.( No 
1145953).  
 
It is an independent voluntary organisation managed by eight trustees. It has 95 adult 
members, each of whom either has aHUS or is related to or caring for someone who 
has. Although the precise number is unknown, the last national survey by Newcastle 
University in 2011 suggested that there were 140 diagnosed aHUS cases in England 
in a population of 56m, a frequency of 2.4 per 1M or a ratio of 1:400000.    
 
AHUSUK supports its members and their families by offering information, advice and 
advocacy. It provides a patient card for relatives to aid early diagnosis. It seeks to 
increase awareness of the disease among the public and clinicians by providing 
information and interviews to local and national media. It has campaigned vigorously 
for access to eculizumab for all diagnosed patients in England. It has petitioned 
Parliament and Government, met with parliamentarians and ministers, given 
evidence to parliamentary committees at both Westminster and Holyrood.   
 
It is funded by unrestricted educational grants from Alexion Pharmaceuticals UK, 
donations from Newcastle University and Yeowart Holdings Ltd ( a member’s 
company ) and its own fundraising activities, which include sale of merchandise and  
proceeds from events. Its income in the period 1 11 2011 – 31 10 2012 was £32,000.  
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Are you (tick all that apply): 
 


- a patient with the condition for which NICE is considering this technology? 
 
X   a carer of a patient with the condition for which NICE is considering this 
technology? 


 
X   an employee of a patient organisation that represents patients with the 
condition for which NICE is considering the technology? If so, give your position 
in the organisation where appropriate (e.g. policy officer, trustee, member, etc) 


 
      -     other? (please specify) 
 
 
 I am a founder voluntary trustee and secretary of aHUSUK.  My wife was diagnosed 
with aHUS  in April 2011 and while I was her carer for a time, since she received 
eculizumab in August 2011, as part of a clinical trial, the improvement in her 
condition has meant I have not had to do so since October 2011.         


How does the condition impact on patients, their families or carers? 
 
1(i). Please describe whether patients experience difficulties or delays in receiving: 
 - a diagnosis 
 - appropriate treatment 
 - helpful information about the condition   
and the impact these difficulties have on patients and their families or carers. 
 
We would like to present our answers to Q1&2 in the form of an attachment entitled 
“The Life Experience of aHUS Patients, their Families and Carers in England 
and Wales” This is based on a Report commissioned by NHS in England in 2012 
and organised by xxxxx xxxxxxxxx, a trustee of aHUSUK. It derives from interviews 
with 14 aHUS patients and carers conducted by consultants appointed by NHS to 
assist aHUSUK and has been updated with material from later patient and carer 
interviews carried out by aHUSUK. It is an evolving document which has been 
updated to show the continuing stark reality of life for aHUS patients, their families 
and caregivers.  
 
Sections 2 -5 answer Q 1(i) above and Q 1(ii) below in detail.  
 
Section 6 expands on our answers to Q2 (i) and (ii) below, and includes three case 
studies which describe the actual beneficial effect of Eculizumab on patients’ lives. 
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(ii) Please describe how patients and their families or carers have to adapt their lives 
as a result of the condition, and the impact the condition has on the following 
aspects:  
 - physical health 
 - emotional wellbeing 
 - everyday life (including if applicable: ability to work, schooling, relationships, social   
   functioning) 
 - other impacts not listed above 
 
See Q1(i) above.  
 
What do patients, their families or carers consider to be the advantages and 
disadvantages of the technology for the condition? 
 
2. Advantages 
(i) Please list the specific aspect(s) of the condition that you expect the technology to 
help with. For each aspect you list please describe, if possible, what difference you 
expect the technology to make for patients, their families or carers. 
 
Eculizumab will allow aHUS patients to resume a normal life, free from the burden of 
the onerous and less than fully effective alternative existing treatments and their 
medical risks and side effects. (These are listed in detail in our answer to Q6 below). 
The three case studies in Section 6 of the attachment describe the benefits of 
eculizumab in three patients recently prescribed the drug.  
 
(ii) Please list any short-term and long-term benefits that patients, their families or 
carers expect to gain from using the technology. These might include the effect of the 
technology on: 
 - the course and outcome of the condition 
 - physical symptoms 
 - pain 
 - level of disability 
 - mental health 
 - quality of life (lifestyle, work, social functioning etc.) 
 - other quality of life issues not listed above 
 - other people (for example friends and employers) 
 - other issues not listed above  
 
Eculizumab halts the complement over-activity which causes aHUS and prevents 
further decline in kidney function and if given soon enough, in some circumstances, 
will even reverse it.  
 
Transplanted patients with aHUS may expect to get the same benefit from a donated 
organ as other transplanted patients.  
 
Although in some aHUS patients some additional medication may be necessary to 
counter, say, hypertension, it is likely that patients on eculizumab will have no pain 
and no disability.  
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The enhanced quality of life which will follow treatment with eculizumab should give 
rise to better work prospects, better social and leisure opportunities and an 
improvement in psychological well-being. As they return to work, many patients will 
cease to be dependent on state benefits and will become tax contributors.       
 
The improvement in family life will be equally dramatic, particularly for caregivers and 
close relatives as normal family life resumes. Family breakups, which are more 
frequent in households where there is serious illness, may be avoided.  
 
The effect on children will be marked, and not just on those with the disease, who will 
be able to resume studies and other activities, but also on siblings who will get a 
chance to thrive in an improved home environment, free from the strained 
atmosphere surrounding serious illness.     
 
 
3. Disadvantages 
 
Please list any problems with or concerns you have about the technology. 
Disadvantages might include: 
- aspects of the condition that the technology cannot help with or might make worse 
- difficulties in taking or using the technology 
- side effects (please describe which side effects patients might be willing to accept 


or tolerate and which would be difficult to accept or tolerate) 
- impact on others (for example family, friends, employers) 
- financial impact on the patient or their family (for example cost of travel needed to 


access the technology, or the cost of paying a carer) 
 
Eculizumab has no disadvantages compared to the other treatments of plasma 
exchange (PEX ) and renal dialysis. Administration of eculizumab is by fortnightly 
infusion in hospital. This takes 35 minutes followed by 60 minutes observation. It has 
no reported side effects although patients may have to have a meningitis vaccination 
at least 2 weeks before commencing treatment. We know of only one occurrence of  
meningococcal meningitis in a UK aHUS patient, when it occurred after a booster 
had been given and prior to the commencement of treatment by eculizumab.  
 
Patients report a beneficial effect almost immediately and experience noticeable 
improvement after just a few infusions. In pre-dialysis patients, provided aHUS is 
diagnosed and eculizumab administered before the patient has lost all kidney 
function, it would appear to be effective in every case.  
 
 
 
4. Are there differences in opinion between patients about the usefulness or  
otherwise of this technology? If so, please describe them. 
. 
We know of no difference of opinion about its usefulness among patients receiving 
eculizumab. In fact, among our members either receiving the drug themselves or as 
parents of children receiving the drug there is unanimous agreement about its 
effectiveness. They often use terms such as “miracle drug” and “magic bullet” to 
describe the dramatic effect it has on their condition and quality of life.   
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5.  Are there any groups of patients who might benefit more from the technology than 
others? Are there any groups of patients who might benefit less from the technology 
than others?  
 
Every single aHUS patient should benefit from eculizumab. The extent to which they 
will do so will depend on their condition and current treatment. It is likely that those 
who have had to endure dialysis, sometimes for years, and may now be prescribed 
eculizumab in support of a renal transplant, will see the most marked improvement. 
To a lesser extent, those undergoing PEX will still see huge benefits and of course 
the uncertainty surrounding the long term effectiveness of PEX will be removed. All 
should be able to return to a normal life, which will mean resumption of family life, 
resumption of careers and education opportunities and the chance to lift their 
horizons and aspire to much more than just short term survival. They should all enjoy 
improved life expectancy.  
 
All this will of course be less marked in newly diagnosed patients, where the disease 
is diagnosed and eculizumab administered at an early stage, that is before they 
suffer significant loss of kidney function. They will be spared the trauma of PEX and 
dialysis. In one sense they could be said to be the greatest beneficiaries of all.  
 
Finally those with a known genetic predisposition will benefit from the knowledge that  
eculizumab will be made available and they need not have their lives ruined by this 
disease.       


6. Comparing the technology with alternative available treatments or 
technologies 
NICE is interested in your views on how the technology compares with existing 
treatments for this condition in the UK.  
 
(i) Please list current standard practice (alternatives if any) used in the UK.  
 
The following summary of the burdens of current conventional treatments was 
included in aHUSUK’s recent patient submission to the Clinical Priorities Advisory 
Group and was extracted from information supplied in the Report attached to Q1&2 
above and from an on-line survey completed in May 2013 by aHUSUK members. To 
fully appreciate the huge improvement in treatment that eculizumab brings it is 
necessary to understand the two existing treatments.  
 
“In recent years plasma exchange (PEX), that is the replacement of the body’s entire 
blood plasma in one session, has been the standard pre-dialysis treatment for adults 
and children. It is not pleasant. Patients have told us about daily treatment sessions 
lasting several hours.  
 
 The side effects and risks as follows:  
 
• Oedema causing shortness of breath and mobility problems ,  
• Hives, allergic reactions and anaphylactic shock,  
• Hypotension, 
• Nausea and fatigue ,    
• Inconvenience and risk of fixed lines becoming dislodged or causing infection. 
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Although there were occasional reports of patients going spontaneously into 
temporary remission, these are rare, and when PEX failed to maintain kidney 
function, as it often did over the longer term, dialysis was the only remaining option.  
    
Dialysis is required when kidney function is lost. It is a replacement therapy and not a 
complete substitute for a functioning kidney. Patients are subjected to a strict diet 
and fluid restrictions of 500 ml a day. Dialysis can be done in hospital or at home. 
Many patients resigned to a lifetime of dialysis prefer the flexibility of being able to 
dialyse at home; but that requires space, equipment and training in its use. All 
patients found treatment a huge burden.  
 
They reported the physical and mental effects as follows:  
   
• Requirement for operations to create access points for treatment and surgery to 
maintain effective fistulas and avoid catastrophic bursts, but knowing that these 
access points are finite; 
• Risk of tesio line in jugular vein becoming infected, splitting or becoming detached; 
• Those dialysing with a fistula having to place two large and sharp needles into their 
own arm; 
• CAPD dialysis requires a permanent catheter into the abdomen, which results in 
scarring and body image issues 
• Having to cope with technical faults/power cut/water supply issues in the equipment 
in mid treatment  on home dialysis ( with the risk of losing 400ml of blood volume) 
• Constant vigilance required to spot infection and possible air entry into lines    
• On CAPD it is inconvenient and tying to exchange dialysis fluid every four hours  
every day 
• Extremely low blood pressure causing patients to 'crash ‘and lose consciousness 
during treatment  
• High blood pressure causing seizures and migraine headaches  
• Cramps, nausea, faintness and/or headaches during and following a dialysis 
session 
• Fatigue due to anaemia and requiring blood transfusions or self injection of EPO 
• Fear of fluid overload causing respiratory failure and drowning in your own body  
• Fear of potassium levels so high they can cause a heart attack  
• Greater risk of heart and blood vessel disease including strokes and fluid around 
the heart and severe damage to the heart valves requiring open heart by-pass 
surgery   
• Steal syndrome associated with fistulas causing pain and requiring surgery 
• Losing hair because of blood thinning drugs required for dialysis 
• Episodes of extremely painful and life threatening peritonitis  
• CAPD treatment causing encapsulating Sclerosing peritonitis which requires major 
abdominal surgery and on-going treatment which can cause ovarian cysts 
• Anxiety and depression resulting in need for counselling and medication  
• Body image problems resulting from scarring and from unsightly fistulas and from 
weight gain and loss from treatment  
• Parathyroid problems 
• Pulmonary Hypertension 
• Carpal tunnel syndrome 
• Gall stones and gall bladder removal  
• Renal bone disease causing joint pain and need for hip replacements 
• Restless legs syndrome 
• Dry and extremely itchy skin 
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• Impaired cognitive function 
• Coping with aftermath of miscarriage and premature births during episode of 
aHUS.”   
 
The contrast between the above treatments and a simple 35 minute infusion of 
eculizumab every fortnight, free from the associated medical risks and side effects, 
coupled with the certainty of a return to better quality of life, could not be more 
pronounced.   
 
(ii) If you think that the new technology has any advantages for patients over other 
current standard practice, please describe them. Advantages might include: 
- improvement of the condition overall 
- improvement in certain aspects of the condition 
- ease of use (for example tablets rather than injection) 
- where the technology has to be used (for example at home rather than in hospital) 
- side effects (please describe nature and number of problems, frequency, duration, 
severity etc) 
 
The advantages are enormous and can be summarised as follows:  
 
• Dramatic improvement in medical condition  
• Ease of use  
• Absence of side effects and treatment risk ( which are described fully in the answer 
to Q6 above ) .  
• Improvement in longevity  
• Improvement in social, work, leisure and travel opportunities 
• Improvement in family life  
• Recovery of confidence and self esteem  
• Relaxation of dietary controls  
• Freedom from strict fluid input restrictions   
 
But the overwhelming advantage will be the certainty of a return to a better quality of 
life which eculizumab will bring.        
 
(iii) If you think that the new technology has any disadvantages for patients 
compared with current standard practice, please describe them. Disadvantages 
might include:  
- worsening of the condition overall 
 - worsening of specific aspects of the condition 
- difficulty in use (for example injection rather than tablets) 
- where the technology has to be used (for example in hospital rather than at home) 
- side effects (for example nature or number of problems, how often, for how long, 


how severe). 
 
We are unaware of any incidence of disadvantage to a patient receiving eculizumab  
compared to PEX or dialysis.  
 
7. Research evidence on patient, family or carer views of the technology 
(i) If you are familiar with the evidence base for the technology, please comment on 
whether patients’ experience of using the technology as part of their care reflects that 
observed under clinical trial conditions. 
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We have no research evidence to prove this point but we know of no reason for there 
to be any difference in the experience of patients on a trial or otherwise.  .   
 
ii) Are there any adverse effects that were not apparent in the clinical trials but have 
come to light since the treatment has become available? 
 
Again we have no research evidence but again we know of no adverse effects 
between trials and normal usage.  
 
 
(iii) Are you aware of any research carried out on patient, family or carer views of the 
condition or existing treatments that is relevant to an evaluation of this technology? If 
yes, please provide references to the relevant studies. 
 
No  
 
8. Availability of this technology to patients  
(i) What key differences, if any, would it make to patients, their families or carers if 
this technology was made available? 
 
The difference to a patient’s life after starting treatment with eculizumab cannot be 
overstated. It is truly life changing. It provides the chance, which many may have 
thought had been lost, to enjoy a longer life free from the huge physiological and 
psychological burdens imposed by other treatments, which have been described 
elsewhere. It offers a chance for them to resume a normal life and make a full 
contribution to society. The beneficial effect on family life is correspondingly huge.               
 
(ii) What implications would it have for patients, their families or carers if the 
technology was not made available? 
 
If eculizumab were to be removed from existing patients, they would inevitably suffer 
acute kidney injury and would have to revert immediately to treatment by PEX or 
dialysis, with all the medical and social difficulties associated with these. This is not 
to mention the depressive effect of seeing themselves condemned to an increasingly 
blighted life and early death, from which they thought they had escaped.        
 
If only patients currently receiving eculizumab were to continue treatment and all 
others, including newly diagnosed patients were to be denied it, this would 
perpetuate all the current difficulties experienced by these patients and create an 
obvious injustice within the cohort. .     
 
If only current recipients and the newly diagnosed were to receive the drug, it would  
perpetuate the injustice suffered by the majority of the aHUS cohort, some of whom 
have  been and still are discriminated against because of age, weight and disability.   
.   
 
(iii) Are there groups of patients that have difficulties using the technology? 
 
No  
 
Equality 
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NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this evaluation:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for the treatment is licensed;  
 - could lead to recommendations that have a different impact on people protected by 
the equality legislation than on the wider population, e.g. by making it more difficult in 
practice for a specific group to access the technology;  
 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   
 
Please tell us what evidence should be obtained to enable the Evaluation Committee 
to identify and consider such impacts. 
 
We believe that all aHUS patients should be treated as one cohort and given the 
opportunity to receive this drug in accordance with their clinical need. Failure to 
provide it for a notional sub-cohort would constitute an inequality bordering on 
discrimination.   
 
Other Issues 
Please consider here any other issues you would like the Evaluation Committee to 
consider when evaluating this technology. 
 
AHUS patients have waited a long time for this drug to be made freely available in 
England for all who need it and the medical condition of several on existing 
treatments has deteriorated in the meantime. In the past 3 years the drug has been 
looked at twice, by AGNSS and CPAG, both of which acknowledged its clinical 
effectiveness and recommended that it be centrally commissioned in England.  
 
It is commissioned centrally in England for another condition, PNH, and has been 
since 2010.  .  
 
It is freely available from state health services in Italy, Spain, France and Belgium for 
aHUS patients in these countries.  
 
Although the manufacturers maintain that the drug has to be taken in the prescribed 
dose for life, CPAG recommended recently that NHS investigate whether flexibility in 
dosing might be possible. We have evidence that in at least one European country, 
Italy, where the drug has been freely available for years, that flexible dosing, based 
on strict clinical criteria and patient monitoring, is working successfully.      
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Thank you for agreeing to give us your views on the condition, the technology and 
the way it should be used in the NHS. 
 
Patients, carers and patient organisations can provide a unique perspective on the 
condition and the technology, which is not typically available from the published 
literature. 
 
To help you give your views, we have provided a template. The questions are there 
as prompts to guide you. You do not have to answer every question. Where 
appropriate, please provide case studies of individual patients, their families or 
carers. Please do not exceed 30 pages. 
 
 


About you 
 
Your name: Dr David Kavanagh 
 
Name of your organisation: Kidney Research UK 
 
Brief description of the organisation:  


Kidney Research UK is the leading national charity funding research to save lives 
from kidney disease and kidney related illnesses. This cutting-edge research has 
always focused on the causes, prevention and treatment of kidney disease. The 
charity also dedicates its work to providing health information and raising awareness 
of kidney disease.  
 
Our mission is to fund life-saving research into kidney disease, to improve the quality 
of life of those with kidney disorders and to increase public awareness of kidney 
health. 
 
Our three main aims are: 
Funding and supporting research - improving the understanding of kidney disease, its 
causes, prevention and treatment. 
Providing kidney-related health information 
Raising awareness of kidney disease - informing and updating people interested in 
learning more about kidney disease and the needs of those affected. 
 
Our vision is a world free from kidney disease. 
 
Are you (tick all that apply): 
 


- a patient with the condition for which NICE is considering this technology? 
 
- a carer of a patient with the condition for which NICE is considering this 


technology? 
 


- an employee of a patient organisation that represents patients with the 
condition for which NICE is considering the technology? If so, give your 
position in the organisation where appropriate (e.g. policy officer, trustee, 
member, etc) 
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-  


I am a Kidney Research UK-funded research professional who investigates 
atypical haemolytic uraemic syndrome, nominated to comment on this issue 
on behalf of the charity. 


 
      -     other? (please specify) 
 
 
 
 


 


How does the condition impact on patients, their families or carers? 
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1(i). Please describe whether patients experience difficulties or delays in receiving: 


 - a diagnosis 
 - appropriate treatment 
 - helpful information about the condition   
and the impact these difficulties have on patients and their families or carers. 
 
Delays / Difficulties in diagnosis  


 
Atypical HUS is a rare disease (incidence  2/106) and as with any rare disease 


diagnosis would generally be made by a specialist physician. Simple blood tests (full 
blood count and urea and electrolytes), however, would reveal abnormalities that 
should prompt rapid referral from the GP to a specialist service.  


Further investigation would thereafter rule out the other differential diagnosis. The 
main differential diagnosis is Shiga Toxin associated HUS. Stool culture Serology 
and PCR would eliminate this as a cause. Another key differential is TTP which must 
be eliminated by ADAMTS13 activity assays. Other differentials include SLE, 
Scleroderma, Cobalamin C and HIV which can be eliminated by simple blood tests.  


Thereafter genetic analysis for complement genes should be performed to aid 
prognosis and management and provide counselling to family members. 


 In cases where the individual presented late in the course of disease when the 
disease is “burnt out” and the kidneys are small and scarred, a diagnosis may not be 
possible at first presentation. It may only become apparent in this situation when the 
individual is transplanted and has recurrent aHUS. 
 
Appropriate treatment 


 
It is universally recognised that Eculizumab is the gold standard for treatment for 


aHUS. Currently there is only a temporary arrangement for treatment of aHUS with 
Eculizumab in England. If Eculizumab is not funded in the long term then patients in 
the UK will be receiving an inferior treatment to patients in the rest of the developed 
World. 


 
Prior to its introduction, treatment consisted of plasma exchange with the 


difficulties of vascular access in young children and the risk of line related infections. 
Long term plasma exchange exposed the patient to these ongoing risks. Over time it 
frequently became impossible to treat patients with plasma exchange due to allergic 
responses to plasma. In the long term many patients developed ESRD. Eculizumab 
overcomes these difficulties 


In patients who presented too late for plasma exchange or in those in whom 
plasma exchange failed,  renal transplantation was usually unsuccessful due to 
recurrent disease . This resulted in a lifetime on dialysis for these patients. 
Eculizumab has the potential to allow successful renal transplantation in these 
patients. 
 
Impact on patients and their families or carers 


 
 


Plasma exchange was the only available treatment for patients with aHUS. This 
necessitated hospital visits 3 times / week for 4 hours. As plasma exchange is a 
specialist service this usually necessitated travel to a regional centre. This causes 
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great difficulty for the patient and careers.  
 
Plasma exchange requires long term vascular access with the associated infection 


risk which is an additional burden to patients 
 
Patients are aware that the plasma exchange will eventually fail leading to long 


term dialysis. A renal transplantation in aHUS usually failed due to recurrent disease 
with associated morbidity and mortality. The patients were therefore aware that they 
faced a lifetime on dialysis with no hope of a transplant. They are aware that their life 
expectancy is shorter if they stay on dialysis rather than receiving a renal transplant. 


 
Eculizumab treatment requires an injection every 2 weeks which can be 


performed in the patient’s house. This is minimally intrusive allowing the patient to 
lead a normal life. It an also be given to individuals with aHUS already on dialysis 
who require a transplant. As such these patients now have the hope of receiving a 
transplant and having a normal life. 
 
 
 
 
 
 
 
 
(ii) Please describe how patients and their families or carers have to adapt their lives 


as a result of the condition, and the impact the condition has on the following 
aspects:  
 - physical health 
 - emotional wellbeing 
 - everyday life (including if applicable: ability to work, schooling, relationships, social   
   functioning) 
 - other impacts not listed above 
 
Prior to the availability of Eculizumab, patients with aHUS faced the prospect of a life 
time on either plasma exchange (until the kidney eventually failed) or dialysis. They 
could not receive a kidney transplant as the disease would come back with 
potentially life threatening consequences. 
 
Emotionally it is very difficult for a patient and their families to know that the rest of 
their life will amount to three times a week trips to hospital for plasma exchange or 
dialysis with no hope or a renal transplant. 
 
Such highly intense hospital treatment makes normal schooling or work impossible 
for the patient and careers. 
 
Physical Health will be much improved over a lifetime on dialysis if patients can have 
normal renal function (either by saving the native kidneys or allowing a renal 
transplant) with Eculizumab treatment 
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What do patients, their families or carers consider to be the advantages and 
disadvantages of the technology for the condition? 
 
2. Advantages 
(i) Please list the specific aspect(s) of the condition that you expect the technology to 
help with. For each aspect you list please describe, if possible, what difference you 
expect the technology to make for patients, their families or carers. 
 
Eculizumab is more efficacious in treating aHUS and keeping patients off dialysis. 
 
It allows patients on dialysis to receive a kidney transplant. 
 
Treatment will allow a normal life with a return to normal schooling or work 
 
It will mean that 3 times a week trips to hospital for 4 hours (not including transport 
time) will come to an end. Eculizumab is a short injection every 2 weeks which can 
be done at home 
 
Patients will be healthier and, by extrapolating outcome data on dialysis patients, 
have a longer life expectancy. 
 
 
 
 
(ii) Please list any short-term and long-term benefits that patients, their families or 


carers expect to gain from using the technology. These might include the effect of the 
technology on: 
 - the course and outcome of the condition 
 - physical symptoms 
 - pain 
 - level of disability 
 - mental health 
 - quality of life (lifestyle, work, social functioning etc.) 
 - other quality of life issues not listed above 
 - other people (for example friends and employers) 
 - other issues not listed above 
 


Treatment of patients with Eculizumab is undoubtedly a step change in the 
management of aHUS.  


Prior to its introduction, treatment consisted of plasma exchange with the 
difficulties of vascular access in young children and the risk of line related infections. 
Long term plasma exchange exposed the patient to these ongoing risks. Over time it 
frequently became impossible to treat patients with plasma exchange due to allergic 
responses to plasma. In the long term many patients developed ESRD. Eculizumab 
overcomes these difficulties 


In patients who presented too late for plasma exchange or in those in whom 
plasma exchange failed,  renal transplantation was usually unsuccessful due to 
recurrent disease . This resulted in a lifetime on dialysis for these patients. 
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Eculizumab has the potential to allow successful renal transplantation in these 
patients. 


It is clearly demonstrated in the seminal Lemaire  et al paper that not only is 
Eculizumab effective, it also significantly improves patients’ quality of life. It will allow 
them to lead a normal life. 
 
 
 
 
3. Disadvantages 


Please list any problems with or concerns you have about the technology. 
Disadvantages might include: 
- aspects of the condition that the technology cannot help with or might make worse 
- difficulties in taking or using the technology 
- side effects (please describe which side effects patients might be willing to accept 


or tolerate and which would be difficult to accept or tolerate) 
- impact on others (for example family, friends, employers) 
- financial impact on the patient or their family (for example cost of travel needed to 


access the  technology, or the cost of paying a carer) 
 
A terminal pathway complement inhibitor will predispose to infections with 
encapsulated organisms. Vaccination and prophylactic antibiotics reduce the risk of 
this. 
 
 
 
4. Are there differences in opinion between patients about the usefulness or 


otherwise of this technology? If so, please describe them. 
 
None in my experience 
 
 
 
 
 
5.  Are there any groups of patients who might benefit more from the technology than 
others? Are there any groups of patients who might benefit less from the technology 


than others? 
 
In a study in PNH a single nucleotide polymorphism in the gene encoding C5 has 
been reported in 2% of the Japanese population which results in treatment failure 
with eculizumab. Likewise in an aHUS patient with a mutation in the non-complement 
protein, DGKε, Eculizumab did not stop disease . Genetic screening therefore must 
be undertaken in all patients. If either of these variants were to be detected then 
there would be no rationale for Eculizumab therapy and it could be discontinued. 
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6. Comparing the technology with alternative available treatments or 
technologies 


NICE is interested in your views on how the technology compares with existing 
treatments for this condition in the UK.  
 
(i) Please list current standard practice (alternatives if any) used in the UK.  
 
Prior to Eculizumab standard treatment for aHUS would have been  
 
a) Plasma infusion / Plasma Exchange 
 
b) Long term renal replacement therapy  
 
c) Isolate renal transplantation 
 
d) Combined kidney-liver transplantation (high mortality) 
 
 
 
 
 
 
 
 
 
 
(ii) If you think that the new technology has any advantages for patients over other 
current standard practice, please describe them. Advantages might include: 
- improvement of the condition overall 
- improvement in certain aspects of the condition 
- ease of use (for example tablets rather than injection) 
- where the technology has to be used (for example at home rather than in hospital) 
- side effects (please describe nature and number of problems, frequency, duration, 
severity etc) 
 
Eculizumab is a revolution in the management of aHUS 
 
1) It is more effective than plasma exchange, often rescuing patients who were 


not responding to plasma exchange. 
2) Eculizumab requires only 2 weekly injections which can be given at home 


whereas dialysis or plasma exchange require 3 times / week hospital visits of 
>4hrs 


3) It does not require long term vascular access 
4) Isolated renal transplantation in aHUS is usually associated with early 


recurrent aHUS in the renal transplant. This carries substantial morbidity and 
mortality for the patient. Rescue plasma exchange is rarely successful . 
Eculizumab will allow for patients to be transplanted. 


5) Combined liver kidney transplantation carries a high mortality (~30%) and few 
experts would recommend this in the Eculizumab era. 
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(iii) If you think that the new technology has any disadvantages for patients 


compared with current standard practice, please describe them. Disadvantages 
might include:  
- worsening of the condition overall 
 - worsening of specific aspects of the condition 
- difficulty in use (for example injection rather than tablets) 
- where the technology has to be used (for example in hospital rather than at home) 
- side effects (for example nature or number of problems, how often, for how long, 


how severe). 
 
 
A terminal pathway complement inhibitor will predispose to infections with 
encapsulated organisms. Vaccination and prophylactic antibiotics reduce the risk of 
this. 
 
 
 
 
 
 
 
 
 
7. Research evidence on patient, family or carer views of the technology 
(i) If you are familiar with the evidence base for the technology, please comment on 


whether patients’ experience of using the technology as part of their care reflects that 
observed under clinical trial conditions. 
 
 
Patients’ views of Eculizumab treatment are overwhelmingly positive and reflect the 
increased quality of life seen in the clinical trial 
 
 
 
 
(ii) Are there any adverse effects that were not apparent in the clinical trials but have 
come to light since the treatment has become available? 
 
No 
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(iii) Are you aware of any research carried out on patient, family or carer views of the 


condition or existing treatments that is relevant to an evaluation of this technology? If 
yes, please provide references to the relevant studies. 
 
Quality of life is assessed by Lemaire et al 
 
Lemaire M, Fremeaux-Bacchi V, Schaefer F, Choi M, Tang WH, Le Quintrec M, et al. 
Recessive mutations in DGKE cause atypical hemolytic-uremic syndrome. Nat Genet 
2013;45(5):531-6. 
 
 
8. Availability of this technology to patients  
(i) What key differences, if any, would it make to patients, their families or carers if 
this technology was made available? 
 
Eculizumab will 
 
1) Prevent patients developing end stage renal failure and requiring renal 


replacement therapy 
2) It will prevent patients going to hospital for >4hrs three times a week for 


dialysis  
3) It will allow patients with aHUS who were previously “untransplantable” to 


successfully undergo renal transplantation 
4) It will allow patients to lead a normal life with only an injection every 2 weeks 
 
 
 
 
 
(ii) What implications would it have for patients, their families or carers if the 
technology was not made available? 


 
If Eculizumab is not made available 
1) Patients will develop end stage renal failure 
2) They will spend a lifetime on dialysis (3x week) 
3) Their schooling / work will suffer 
4) There will be no prospect of isolated kidney transplant 
5) They will be forced to contemplate the highly risky liver kidney transplant 
(~30% mortality in aHUS) 
6) They will see patients from all other countries in the developed World receive 
a highly efficacious medication which they cannot get 
 
 
 
 
 
(iii) Are there groups of patients that have difficulties using the technology? 
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No 
 
 
 
 
 
 
 
 
 
Equality 


NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this evaluation:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for the treatment is licensed;  
 - could lead to recommendations that have a different impact on people protected by 
the equality legislation than on the wider population, e.g. by making it more difficult in 
practice for a specific group to access the technology;  
 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   
 
N/A 
 
Please tell us what evidence should be obtained to enable the Evaluation Committee 
to identify and consider such impacts. 
 
 
 
 
 
 
 
 
 
Other Issues 
Please consider here any other issues you would like the Evaluation Committee to 
consider when evaluating this technology.  
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Thank you for agreeing to give us a statement on your organisation’s view of the 
technology and the way it should be used in the NHS. 
 
Healthcare professionals can provide a unique perspective on the technology within 
the context of current clinical practice which is not typically available from the 
published literature. 
 
To help you in making your statement, we have provided a template. The questions 
are there as prompts to guide you. It is not essential that you answer all of them.  
 
Please do not exceed 12 pages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


About you 
 
Your name:  Professor Tim Goodship 
 
Name of your organisation: aHUS Action 
Are you (tick all that apply): 
 


- a specialist in the treatment of people with the condition for which NICE 
is considering this technology?  Yes, I have been interested in this 
condition for nearly 20 years and now lead the interim national service for 
aHUS at the Newcastle upon Tyne Hospitals NHS Foundation Trust. 


 
- a specialist in the clinical evidence base that is to support the 


technology (e.g. involved in clinical trials for the technology)?  Yes, I was 
joint lead author of the recent New England Journal of Medicine paper 
describing the results of the initial studies and  senior author of  the 2010 UK 
aHUS guidelines published in the British Journal of Haematology. 


 
- an employee of a healthcare professional organisation that represents 


clinicians treating the condition for which NICE is considering the 
technology? If so, what is your position in the organisation where 
appropriate (e.g. policy officer, trustee, member etc)?  I am employed by 
Newcastle University but hold an Honorary Consultant contract with  
Newcastle upon Tyne Hospitals NHS Foundation Trust.  
 


 


- other? I am Chairman of Kidney Research UK. 
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What is HUS? HUS is a thrombotic microangiopathy whereby small blood vessels 
become blocked by thrombus. The small blood vessels within the glomeruli (filters) of  
the kidney are particularly (but not exclusively) affected. Because blood flow within  
these vessels is essential for the formation of a filtrate (glomerular filtration) which 
results in urine it is not surprising that kidney failure is a key feature of this disease. 
There are two forms of haemolytic uraemic syndrome. The “typical” form of HUS 
usually occurs after a preceding infection with an enterohemorrhagic strain of the 
bacteria E.coli (EHEC). These strains produce a toxin (shiga toxin) which causes 
activation and death of the endothelial cells lining the small blood vessels within 
glomeruli.  Most patients with this form of HUS recover renal function but may need a 
temporary period of dialysis. In atypical HUS (aHUS) there is usually no evidence of 
a preceding EHEC infection and the long-term prognosis has until recently  not been 
good. Despite treatment with plasma exchange or plasma infusions the majority of 
patients within two years of presentation require long term renal replacement 
therapy.  For these individuals the outcome of transplantation has not until recently 
been good with a high percentage of individuals losing the transplant as a result of 
recurrent disease. 
 
What is the cause of aHUS?  In the past two decades there has been a substantial 
increase in our understanding of the underlying cause of aHUS.  A series of studies 
have shown that inherited and/or acquire abnormalities of the complement pathway 
are found in ~60% of aHUS patients1.  Complement is a part of the innate immune 
system and plays a pivotal role in detecting and destroying pathogens. Because it is 
not discriminatory there are a series of complement regulators which prevent 
complement mediated host cell damage.  Inherited abnormalities (mutations and 
genomic disorders) have been reported in three complement regulators (factor H, 
factor I and CD46) and two complement activators (C3 and factor B) which result in 
excessive activation of complement at the surface of endothelial cells1. Acquired 
abnormalities in the form of autoantibodies against factor H and factor I have also 
been described2, 3.  
 
How is aHUS diagnosed? A diagnosis of aHUS should be considered whenever a 
patient presents with features consistent with a renal thromobotic microangiopathy, 
namely thrombocytopenia, microangiopathic haemolytic anaemia and acute renal 
failure. However, there are other conditions that can present with similar features that 
need excluding before a diagnosis of aHUS can be made. These include typical 
(EHEC) HUS, drug induced (cisplatin, gemcitabine, mitomycin, clopidogrel, quinine, 
interferon α,β, Anti-vascular endothelial growth factor, campath, cyclosporine, 
tacrolimus and ciprofloxacin),  thrombotic thrombocytopenic purpura (TTP),  SLE, 
antiphospholipid antibody syndrome, HIV, scleroderma and cobalamin C disease4. 
Appropriate tests for these should be undertaken. Because of the thrombocytopenia 
a renal biopsy is not always undertaken but the presence of a thrombotic 
microangiopathy on biopsy in the absence of the aforementioned other associated 
diseases confirms a diagnosis of aHUS. 
 
 
What is the prevalence and incidence of aHUS in England?  In the application to 
establish a national aHUS service  that I submitted in 2012, on behalf of the 
Newcastle upon Tyne Hospitals NHS Foundation Trust, to the Advisory Group for 
National Specialised Service (AGNSS) we derived an  estimate of  the prevalence 
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and incidence  of aHUS in England from a survey undertaken in 2012 of all renal 
units. We asked each unit to provide the following information on prevalent patients  - 
age, gender,  date of first presentation,  renal status (dialysis, transplant, chronic 
kidney disease or normal), use of plasma therapy, use of eculizumab and where 
appropriate status on the transplant list. To obtain data on the incidence of aHUS 
within the UK we asked each unit to provide for 2009 and 2010 the following 
information on every patient who presented for the first time with aHUS- age, gender, 
outcome (normal renal function, chronic kidney disease, dialysis or deceased) and 
use of plasma therapy.  This showed there to be a minimum of 139 prevalent patients 
in England (plus a further 23 in Scotland, 12 in Wales and 3 in Northern Ireland). Of 
the 139 patients in England 43  were under the age of 18,  90 were female and 49 
male. There were a minimum of 46 patients undergoing dialysis, 9 patients 
undergoing regular plasma therapy, 29 patients with chronic kidney disease, 32 
patients with normal renal function and 16 patients with a functioning renal transplant. 
10 patients were active on the “waiting list” for a renal transplant, 9 of these were on 
dialysis and 1 had advanced CKD. There were 7 patients being treated at that time 
with eculizumab. 1 adult was in the extension phase of the eculizumab trials and 6 
children were receiving the drug funded through an IFR by the respective PCT. 
 
From this data we estimated that the prevalence of the disease in England was ~2.7 
per million population.  However, the prevalence for the population (2.545 million) 
covered by NHS North East which includes renal units in Newcastle upon Tyne (adult 
and paediatric), Middlesbrough, and Sunderland was significantly higher at ~5.5 per 
million population. Because of our longstanding interest in aHUS we opined that the 
ascertainment of patients with aHUS in our own centre in Newcastle and those in 
Sunderland and Middlesbrough is high. In other units in England we suspected that 
there were patients in whom it was not recognised that aHUS is the underlying cause 
of their renal failure. For instance we had been asked to undertake genetic screening 
in two patients who developed post-transplant HUS. In both the original clinical 
diagnosis was malignant hypertension but in retrospect their presenting features 
were compatible with a diagnosis of aHUS. In one we found a mutation in the gene 
encoding factor H.  Applying the prevalence of the North East to the rest of England 
gave a total of 286 patients rather than 139. 
 
In 2009 and 2010, 11 and 14 patients respectively presented with aHUS for the first 
time in England.  Of these 25 patients 17 were under the age of 18.   Assuming a 
population of England of 52 million this would give a minimum incidence of 
0.21/million population for 2009 and 0.27 for 2010.  As with the prevalent population 
we believed that ascertainment of all incident patients with aHUS was not complete. 
We at that time were , therefore, of the opinion that the true  incidence of aHUS was 
closer to 0.40 per million population which gives 21 new patients per year of whom 
we estimated 11 would be children and 10 adults. Since that time our collaborators in 
France have published a report on patients presenting with aHUS in France in the 
period 2000 – 2008 5 . During that time 214 patients were diagnosed with aHUS 
giving an incidence of 0.23 per million population.  
 
On the 1st April 2013 NHS England implemented an interim policy for funding the 
treatment of aHUS with eculizumab. This included all incident patients. All requests 
for such funding have to come through Newcastle and accurate figures are therefore 
now becoming available on the number of patients who might in the future need 
eculizumab.  Since the 1st April 2013 there have been 9 new patients (7 adult and 2 
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paediatric)  treated with eculizumab under this interim policy. From this we predict 
that there will   ~22 incident patients per year giving an incidence of 0.42 per million 
population. This is very close to our original estimate of 0.40 per million population. 
 
 
How is the condition currently treated in the NHS?  Until recently the only 
treatment available for aHUS patients within the NHS has been either plasma 
exchange or plasma infusion (collectively known as plasma therapy). A minority of 
patients respond to this treatment and in those that do it is often necessary to 
continue with long-term prophylactic treatment to prevent relapses. The majority of 
patients do not respond and within two years of presentation need long term dialysis.  
Recognising that excessive complement activation was the  underlying mechanism in 
the pathogenesis of aHUS led to trials of the complement inhibitor eculizumab in the 
disease. The successful outcome of these trials led in 2011 to both the FDA and 
EMA  approving the use of eculizumab in aHUS. Subsequently an application was 
submitted to the Advisory Group for National Specialised Services (AGNSS) for a 
national service for aHUS in England including use of eculizumab. This was 
considered by AGNSS in June 2012. Despite a positive recommendation to Ministers 
it was decided that the affordability of eculizumab  should be considered by NICE, 
hence the current   Highly Specialised Technology Evaluation.  However, on the 1st 
April 2013 NHS England implemented an interim policy for the use of eculizumab in 
aHUS whereby funding was made available for all newly diagnosed aHUS patients. 
This policy was subsequently  extended to all aHUS patients to prevent the 
development of irreversible renal failure. The Clinical Priorities Advisory Group of 
NHS England considered this policy at a meeting in August and recommended that 
funding should be made available for all aHUS patients on dialysis to receive 
eculizumab to enable a successful renal transplant to be undertaken. Ratification of 
this decision by NHS England’s Directly Commissioned Services Committee is 
awaited.  
 
 Is there significant geographical variation in current practice?  Within England 
the only access to eculizumab within the NHS prior to the NHS England interim policy 
was through an IFR submitted to the appropriate PCT. Whilst some IFR applications 
were successful there was significant geographical variation. It was apparent that an 
IFR application for the same clinical situation could  meet with a different outcome 
depending on the PCT. In Scotland, Northern Ireland and Wales the only access to 
eculizumab is still through an IFR/IPTR with the same geographical disparity. 
 
 
Are there differences of opinion between professionals as to what current 
practice should be?  The current interim policy implemented by NHS England 
enables clinicians to apply for funding for eculizumab for patients under their care 
through the interim national aHUS service in Newcastle. To do this clinicians are 
requested to complete an “aHUS checklist” (attached as an appendix to this 
document).  This is then reviewed  by the four clinicians in Newcastle responsible for 
the interim national aHUS service (Tim Goodship, Neil Sheerin, David Kavanagh and 
Sally Johnson).  Provided that a consensus is reached that the diagnosis is aHUS 
and that eculizumab would be beneficial then NHS England are approached for 
funding. It is, therefore, the local clinician who initially decides that eculizumab would 
potentially be beneficial.  Most clinicians consider that eculizumab will be first line 
therapy for aHUS in the future but we are aware of a few who would consider 
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eculizumab only after there has been a failure to respond to plasma therapy. 
Whether all patients need to continue long term therapy with eculizumab is a more 
contentious issue. We are of the opinion that this would best be examined in the 
setting of a randomised controlled trial. 
 
What are the current alternatives (if any) to the technology, and what are their 
respective advantages and disadvantages?  Plasma therapy (either plasma 
exchange and/or plasma infusions) is the only current alternative to eculizumab. 
There have been no trials examining the use of plasma exchange in aHUS and its 
use predates our current understanding of the molecular mechanisms underlying the 
disease. Despite treatment with plasma therapy 65% of  patients within one year of 
presentation will have died or have irreversible renal failure 6.  A few patients do 
respond to plasma therapy but in many it is necessary to continue long term 
prophylactic treatment to prevent  relapses. There are significant disadvantages 
associated with plasma therapy.  Major complications (such as death, cardiac events 
and infection) occur in 25% of patients7. Plasma exchange in children has a 
particularly high rate of complications 8.  The change in quality of life in patients who 
had previously been treated with plasma therapy and were treated with eculizumab 
as part of the prospective trials in aHUS was profound 9.  Plasma therapy is, 
however, the treatment of choice in patients with TTP.  We, therefore, recommend 
that plasma therapy be commenced in all patients with a renal thrombotic 
microangiopathy until a diagnosis of TTP is excluded by measurement of ADAMTS13 
activity. 
 
Are there any subgroups of patients with the condition who have a different 
prognosis from the typical patient?  Several studies have shown that patients with 
mutations in the gene encoding membrane cofactor protein (CD46) have a less 
severe phenotype than other groups of patients 5, 10. Both the risk of developing end-
stage renal failure at first presentation and the risk of recurrent disease post-
transplant are significantly lower in this group. At first  presentation it is not going to 
be possible to know the results of mutation screening before eculizumab is 
commenced. If a patient is subsequently found to have only a mutation in CD46  then 
it is probable that the eculizumab can be withdrawn.  If, however, a patient with a 
CD46 mutation has multiple recurrences then eculizumab would prevent further 
episodes. In an aHUS patient on dialysis who is known to have only a CD46 mutation 
there is no need to consider prophylactic eculizumab 11.  Likewise the phenotype of 
patients with factor H autoantibodies alone has been found to be less severe 3, 12. 
Again it is possible that eculizumab could be withdrawn in such patients when they 
present for the first time  and not be used prophylactically in such patients 
undergoing transplantation. 
 
 
Are there differences in the capacity of different subgroups to benefit from or 
to be put at risk by the technology?  The prospective trials of eculizumab showed 
that patients without a known mutation or factor H autoantibody responded as well to 
eculizumab as those with a known mutation 9. However, two recent studies have 
shown either homozygous or compound heterozygous mutations in the gene 
encoding diaclyglycerol kinase epsilon 13-15.  This is an enzyme that regulates levels 
of protein kinase C. This is not part of the complement pathway and aHUS patients 
with mutations in this gene would not be expected to respond to eculizumab. It is 
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probable that there are other non complement genes that explain the disease in the 
~35% of patients who have not been found to have a complement abnormality. 
 
What is the likely impact of the technology on the delivery of the specialised 
service?  When an application was originally submitted to AGNSS it was for the 
establishment of a national aHUS service including eculizumab.  NHS England’s 
interim policy is currently administered through an interim national aHUS service in 
Newcastle. This is not currently funded and is provided by the Newcastle upon Tyne 
Hospitals NHS Foundation Trust on a “goodwill” basis. The service consists of three 
adult nephrologists (Tim Goodship, Neil Sheerin and David Kavanagh) and one 
paediatric nephrologist (Sally Johnson).  All have considerable experience in 
complement mediated renal disease. The service provides a means by which 
clinicians throughout England can seven days a week obtain access to eculizumab 
for aHUS patients. The Newcastle upon Tyne Hospitals NHS Foundation Trust also 
provides a national (UK Genetics Testing Network approved) service for genetic 
screening of aHUS patients (copy of request form attached). The service has 
developed guidelines for the use of eculizumab to prevent the recurrence of aHUS 
post renal transplant (attached). Thus all the components necessary to deliver 
eculizumab within a national specialised service are already in place and functioning. 
 
Would there be any requirements for additional staffing and infrastructure, or 
professional input (for example, community care, specialist nursing, other 
healthcare professionals)? In order to  run a national aHUS service on a 
permanent basis additional staff will be needed.  In the original application to AGNSS 
the  Newcastle upon Tyne Hospitals NHS Foundation Trust   requested additional 
consultant staff,  clinical nurse specialists, a manager, secretarial support, IT support 
and laboratory support.  
 
We envisaged that the service would a shared-care service delivered by a centre at 
the Newcastle upon Tyne Hospitals NHS Foundation Trust with responsibility for both 
paediatric and adult patients. The national aHUS service would  be responsible in 
partnership with each patient’s local clinician for developing an individualised care 
plan. The service would  review the history and investigations already undertaken on 
each patient. Where necessary the service would  organise additional special  
investigations necessary to confirm the diagnosis of aHUS.  The service would 
approve the local  prescription of eculizumab with delivery of the therapy initially in 
hospital and later at home using a home care provider.  The service would be 
responsible in partnership with the local clinician for the ongoing management of all 
patients receiving eculizumab including the appropriate prevention of meningococcal 
infection. 
 
The service would be primarily  telemedicine based. Patients and their family/carers 
would be given the option of either a face to face consultation in Newcastle or a 
teleconsult.  The Newcastle upon Tyne Hospitals NHS Foundation Trust has 
implemented  secure software (Polycom CMA) for videoconsults.  This has already 
been used successfully in the interim service. These virtual consultations would  
ensure that  the travelling time for the patients, their families and all clinical staff 
(local and those of the aHUS service) is kept to a minimum.   
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If the technology is already available, is there variation in how it is being used 
in the NHS?  Eculizumab has been  used to treat paroxysmal nocturnal 
haemaglobinuria  (PNH) within the NHS since 2007. In 2009 a national service for 
PNH was established based in  two centres, St James’s  Hospital in Leeds and 
King’s College Hospital in London.  Within this service eculizumab is prescribed 
centrally and patients are seen in outreach clinics.  
 
 
Is it always used within its licensed indications?  
If not, under what circumstances does this occur? No. Eculizumab has been 
used to treat membranoproliferative glomerulonephritis 16, 17, antiphospholipid 
antibody syndrome 18, refractory thrombotic thrombocytopenic purpura19,  antibody-
mediated  transplant rejection20, EHEC associated HUS21 and myasthenia gravis22. 
For these conditions the reports are anecdotal and there is no trial data available yet. 
 
Please tell us about any relevant clinical guidelines and comment on the 
appropriateness of the methodology used in developing the guideline and the 
specific evidence that underpinned the various recommendation.  Clinical 
practice guidelines for  the management of atypical haemolytic uraemic syndrome in 
the United Kingdom were published in the British Journal of Haematology in 2010 
(attached)23. The GRADE system (http://www.gradeworkinggroup.org) was used to 
classify the strength of recommendations (strong or weak) and the quality of 
evidence (high, moderate, low and very low) 24. The guidelines were produced on 
behalf of the Renal Association, the British Committee for Standards in Haematology 
and the British Transplantation Society.  The final section of the guidelines on 
“Clinical Trials in aHUS in the UK” mentions that   “Clinical trials of complement 
inhibitors in patients with aHUS have recently commenced in the UK.   The first agent 
to be assessed is eculizumab. Anecdotal case reports have suggested a potential 
role for this agent in the management of aHUS” and that “The outcome of trials with 
agents such as eculizumab is eagerly awaited and will undoubtedly inform future 
versions of these guidelines.” Work to produce a revised  version of these guidelines 
will soon commence. 
 
 
The advantages and disadvantages of the technology 
 
NICE is particularly interested in your views on how the technology, when it 
becomes available, will compare with current alternatives used in the UK. Will 
the technology be easier or more difficult to use, and are there any practical 
implications (for example, concomitant treatments, other additional clinical 
requirements, patient acceptability/ease of use or the need for additional tests) 
surrounding its future use? 
Currently patients who present for the first time with aHUS are treated with either 
plasma therapy with either plasma exchange and/or plasma infusions. Plasma 
exchange requires central venous access to be placed with all the associated risks of 
this such as bleeding, development of a pneumothorax/haemothorax and catheter 
related infection. The treatment is then usually undertaken daily.with, typically in 
adults, 3L of the patient plasma being removed and replaced with 3L of replacement 
fluid. The replacement fluid is usually plasma which can be either fresh frozen 
plasma or a detergent treated preparation such as Octoplas. Rarely albumin alone is 



http://www.gradeworkinggroup.org/
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used.  There are significant risks associated with the use of plasma products 
including allergic reactions and electrolyte imbalance. In most aHUS patients plasma 
exchange is undertaken daily until either there is evidence of a response 
(improvement in platelet count, LDH level, haptoglobins and renal function)  or it 
becomes obvious that renal function is not going to recover. Further evidence for the 
latter can be obtained by undertaking a renal biopsy. In some patients there is 
evidence of an improvement in the markers that define a thrombotic microangiopathy 
– platelet count, LDH, haptoglobins and haemoglobin – without any improvement in 
renal function suggesting that irreversible renal damage has been sustained. Plasma 
therapy is, therefore, a treatment which has never been shown in a clinical trial to be 
effective in the treatment of aHUS but is associated with significant mortality and 
morbidity. In contrast eculizumab has been shown in prospective clinical trials to be 
an effective form of therapy with only one major side-effect (meningococcal disease) 
the risk of which is small. Eculizumab is given as a peripheral intravenous infusion 
over ~45 mins. It is initially given weekly for 5 weeks and then on alternate weeks. 
The infusions are tolerated well and can, once the patient is in the convalescent 
stage, be given at home. The major risk associated with the use of eculizumab is 
meningococcal disease. Because of this all patients are vaccinated with a tetravalent 
preparation. This does not currently provide cover against group B strains but a 
group B specific vaccine is undergoing trials at present. Because of this we 
recommend that all aHUS patients in the UK receive long term prophylactic 
antibiotics with either penicillin or if allergic erythromycin. We also emphasise to 
patients on eculizumab that they must seek early medical attention if they develop a 
severe or prolonged “flu-like”illness. Eculizumab has been used to treated PNH since 
2008. This experience has shown that the incidence of meningococcal disease in 
individuals receiving eculizumab is 0.5 events per 100 years treatment. Worldwide 
there have been 2 deaths from meningococcal disease associated with delay in 
diagnosis and treatment. Ecuzliumab is therefore well tolerated and associated with 
few side effects. In the prospective trials there was a pronounced improvement in 
quality of life which was highly significant. 
 
If appropriate, please give your view on the nature of any rules, informal or 
formal, for starting and stopping the use of the technology; this might include 
any requirements for additional testing to identify appropriate subgroups for 
treatment or to assess response and the potential for discontinuation.  The 
interim national service for aHUS in Newcastle requests clinicians who wish to use 
eculizumab to complete and return a diagnostic check list (attached). This is then 
considered by the four physicians associated with the service (Tim Goodship, Sally 
Johnson, Neil Sheerin and David Kavanagh).  Once a consensus as to whether the 
patient has aHUS and whether they would benefit from treatment with eculizumab is 
achieved then a direct application for funding is made to NHS England. Approval is 
obtained within 24 hours and treatment started. This system has worked well without 
any significant delay in the onset of therapy. The complement tests (genetics and 
autoantibodies) are sent by the local clinician to Newcastle. The results of these are 
available within ~8 weeks.  We meet every 4 weeks to formally review  the progress 
of all aHUS patients being treated with eculizumab. We will currently consider 
withdrawing eculizumab in the following circumstances. 
 
a. A newly diagnosed patient who does not have any complement abnormality 
(genetic or autoantibody) who despite at least four months of treatment does not 
show any recovery of renal function and remains on dialysis. In these patients we 
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recommend measurement of platelet count, LDH, haptoglobins and haemoglobin 
every two weeks. We use these indices to determine whether there is any recurrence 
of an extra-renal TMA which might need reintroduction of eculizumab. 
 
b. A newly diagnosed patient who on screening is found to have only a mutation in 
MCP (CD46) and has completely recovered renal function with no evidence of an 
ongoing TMA.  Studies undertaken before the use of eculizumab has shown that the 
natural history of the disease in such patients is often good with spontaneous 
complete recovery of renal function.  If patients developed frequent relapses then use 
of long-term prophylactic eculizumab would be appropriate. 
 
c. A newly diagnosed patient who on screening is found to have only factor H 
autoantibodies.  The prognosis in this group of patients is good with many patients 
not relapsing. 
 
We would not consider withdrawing eculizumab in the following circumstances 
 
a. In  a patient who had received eculizumab to prevent recurrent disease post 
transplant where there was a history of a previous transplant being lost to recurrent 
disease. 
 
b. In a patient known to have a mutation which is associated with a high rate of 
recurrence and a poor prognosis (for instance the CFH/CFHR1 hybrid). 
 
In all other patients we would only consider withdrawing eculizumab in the context of 
a randomised clinical trial. 
 
If you are familiar with the evidence base for the technology, please comment 
on whether the use of the technology under clinical trial conditions reflects 
that observed in clinical practice. Do the circumstances in which the trials were 
conducted reflect current UK practice, and if not, how could the results be 
extrapolated to a UK setting? What, in your view, are the most important 
outcomes, and were they measured in the trials? If surrogate measures of 
outcome were used, do they adequately predict long-term outcomes? We are 
very familiar with the evidence base for eculizumab. Two of us (Tim Goodship and 
Neil Sheerin) were authors on the New England Journal of Medicine  paper and Tim  
Goodship was joint senior author. The trials were conducted in two groups of aHUS 
patients, those who were undergoing long term plasma therapy to maintain remission 
and those who were resistant to treatment with plasma therapy. The latter group 
included newly diagnosed patients, patients experiencing a relapse in their native 
kidneys and patients experiencing a recurrence post-transplant. So in both these 
studies there was a requirement for the patients to be undergoing plasma therapy 
Two further prospective trials have been undertaken one in adults and one in 
children. The results of these have yet to be reported but in both there was no 
requirement for the patients to be undergoing plasma therapy. In England we are 
currently aware of only one patient who is undergoing prophylactic regular plasma 
exchange to prevent relapses. Within the current interim national service we 
recommend that patients receive plasma therapy until a diagnosis of TTP is excluded 
on the basis of ADAMTS13 activity.   The national service for TTP run by Dr Marie 
Scully at University College Hospital provides a rapid turn-around for this assay such 
that eculizumab can be commenced within 48 hours of presentation if the 
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ADAMTS13 assay excludes TTP. Within the national service we support the right of 
the local clinician to treat an aHUS patient with plasma therapy if they are of the 
opinion that it is the most appropriate therapy. Once eculizumab is commenced 
within the national service the patient care is shared between the national centre and 
the local clinician. Our experience since the 1st April is that local clinicians are both 
keen and happy to undertake the majority of the care.  
 
What is the relative significance of any side effects or adverse reactions? In 
what ways do these affect the management of the condition and the patient’s 
quality of life? Are there any adverse effects that were not apparent in clinical 
trials but have come to light subsequently during routine clinical practice? 
Both within the clinical trials and in those patients treated with either compassionate 
supply from Alexion or funded through the PCT, Trust or NHS England we have seen 
very few side effects that affect either the management of the condition or the quality 
of life of the patient. There has been one case of meningococcal meningitis in a trial 
patient. This patient although vaccinated was not receiving prophylactic antibiotics at 
that time. This infection was diagnosed early and rapidly responded to treatment. 
Subsequently the patient was keen to stay on eculizumab but is now like all other 
patients in the UK receiving prophylactic antibiotics. The only side effect that was not 
apparent in the clinical trials has been an exacerbation of severe migraine in the 24 
hours post administration of eculizumab in one patient. This has been reported to 
Alexion and  also through the “yellow card” system.  
 
 
Any additional sources of evidence 
 
Can you provide information about any relevant evidence that might not be 
found by a technology-focused systematic review of the available trial 
evidence? This could be information on recent and informal unpublished 
evidence, or information from registries and other nationally coordinated 
clinical audits. Any such information must include sufficient detail to allow a 
judgement to be made as to the quality of the evidence and to allow potential 
sources of bias to be determined.  A national registry of aHUS patients in the UK is 
in the process of being established as part of an integrated strategy developed by the 
Renal Association and the British Association for Paediatric Nephrology for patients 
with rare renal diseases (www.rarerenal.org). Currently only a few patients with 
aHUS have been entered into the Rare Renal Disease Registry (www.renalradar.org) 
and as such there is not sufficient detail to contribute to this evaluation. There is also 
an international registry of aHUS patients sponsored by Alexion which has just been 
established. Less than ten patients from England have been entered into this registry 
to date. 
 
 
 
Implementation issues 
 
Following a positive recommendation, NICE will recommend that NHS England 
provide funding for the technology within a specified period of time.  
 



http://www.rarerenal.org/

http://www.renalradar.org/
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If the technology is unlikely to be available in sufficient quantity or the staff 
and facilities to fulfil the general nature of the guidance cannot be put in place 
within 
the specified period of time, NICE may advise NHS England to vary this 
direction. 
 
Please note that NICE cannot suggest such a variation on the basis of 
budgetary constraints alone. 
 
How would possible NICE guidance on this technology affect the delivery of 
care for patients with this condition? Would staff need extra education and 
training? Would any additional resources be required (for example, facilities or 
equipment)? 
 
The interim policy for funding of eculizumab for aHUS implemented by NHS England 
on the 1st April has recently been expanded to include virtually all patients in England 
who would benefit from treatment. An interim national service has been established 
in Newcastle to run this service. If NICE recommend funding for eculizumab for 
aHUS then  the fundamental framework necessary to deliver a long term service will 
already be in place.  
 
Equality 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular 
protected characteristics and others.  Please let us know if you think that this 
evaluation:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which the treatment is 
licensed;  
 - could lead to recommendations that have a different impact on people 
protected by the equality legislation than on the wider population, e.g. by 
making it more difficult in practice for a specific group to access the 
technology;  
 - could lead to recommendations that have any adverse impact on people with 
a particular disability or disabilities.   
 
Please tell us what evidence should be obtained to enable the Evaluation 
Committee to identify and consider such impacts. 
 
We do not believe that any of these conditions would apply to this evaluation.  
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Application for eculizumab to treat aHUS 
Clinical and  Diagnostic Check List 


 
Patient Name:      DOB: 
NHS Number: 
 


Initiating trigger  
 Non-shiga toxin diarrhoea  


Respiratory tract infections 
Other infection 
Malignancy 
Bone marrow transplantation 
New medication (see list) 


detail 


 


Family member also affected 
 
 
Pregnancy associated 
 


Date of Presentation :              


 


 
 
 
 
 
 
 


 


 


 


 


 


 


Extra-renal manifestations 
Neurological involvement 
Pancreatic Involvement 
Ocular involvement 
Digital gangrene 
Other 
__________________ 


 


The patient is on  
            Haemodialysis 
            Plasma Exchange 
 


 


 
 
 
 
 
 


 


 


 
 
 


 


Full Clinical History (must be completed) 


 


 


 


 


 


 


Drugs associated with aHUS 


Cisplatin ; Gemcitabine ; Mitomycin ; Clopidogrel ; Quinine; Interferon α,β; Anti-vascular endothelial growth factor; 
Campath; Cyclosporin tacrolimus ; Ciprofloxacin; Oral contraceptives   Illicit drugs [e.g. cocaine, heroin, ecstasy]                       


 


Results of investigations confirming  a thrombotic microangiopathy and AKI 


Test Date  Result 


Platelet count   


Blood film   


LDH   


Haptoglobins   


Prothrombin time   


Creatinine   


Renal biopsy   


 


 


 







Results of investigations confirming a diagnosis of aHUS 


Differential Diagnosis Test Date Sent Result 


TTP ADAMTS13 activity   


STEC HUS Stool culture   


STEC HUS E.coli endotoxin antibodies 
(IgM) 


  


APL Antibody 
syndrome 


APL antibody   


SLE DsDNA   


HIV HIV test   
Scleroderma ANA   
Scleroderma Anticentromere antibodies   
Scleroderma Anti-acl-70   
Cobalamin C disease Plasma homocysteine levels   
Cobalamin C disease Plasma and urine 


methylmalonic acid levels 
  


aHUS C3   
aHUS C4   
aHUS CH50   
aHUS Complement genetics   
aHUS Factor H autoantibodies   


 


The results of all these need not be back before you send this form but the result of the 


ADAMTS13 activity must be available.  
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Prophylactic Eculizumab for Adult Patients with Atypical Haemolytic Uraemic 
Syndrome Undergoing Kidney Transplantation 


 
 
 
 
Aims of the Guidelines 
 
The guidelines make recommendations about the management of patients with 
atypical haemolytic uraemic syndrome (aHUS) who are being considered for 
transplantation. The guidelines have been developed specifically to consider the use 
of prophylactic Eculizumab to prevent aHUS recurrence after transplantation. 
 
The guidelines are aimed at healthcare professionals responsible for the assessment 
and treatment of these patients. 
 
The evidence for these recommendations has been assessed using the modified 
GRADE system. The modified GRADE system defines both the strength of the 
recommendations of the guideline authors and the level of evidence upon which each 
of the recommendations is based. This grading system classifies expert 
recommendations as “strong” (Grade 1) or “weak” (Grade 2) based upon the balance 
between the benefits and risks, burden and cost. The quality or level of evidence is 
designated as high (Grade A), moderate (Grade B), low (Grade C) or very low (D) 
depending on factors such as study design, directness of evidence and consistency 
of results. Grades of recommendation and quality of evidence may range from 1A to 
2D. 
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Summary of main recommendations 
 
Pre-transplantation 


The risk of recurrence should be assessed based on genetic screening, presence of 
autoantibodies and previous transplant history (1C) 


Patients with high or medium risk of recurrence should be offered prophylactic 
Eculizumab treatment (1C) 


Patients at low risk should be warned of the risk of recurrence and monitored closely 
(2C) 


Treatment  


Recommendation: Adult patients should receive a single dose of 900mg Eculizumab 
which is completed prior to the start of surgery. The dose and dosing schedule 
should be adjusted for body weight in children as per paediatric dosing schedule (1B) 


Recommendation: Adult patients should receive 3 further doses of 900mg of 
Eculizumab at weekly intervals. A dose of 1200mg is administered one week after 
the final dose of 900mg and every 2 weeks thereafter The dose and dosing schedule 
should be adjusted for body weight in children as per paediatric dosing schedule (1B) 


A further dose of Eculizumab should be considered if there is significant blood loss 
requiring FFP (2C) 


Treatment with Eculizumab should continue unless withdrawn with close monitoring 
as part of a clinical study (1B) 


Patients should receive a Tacrolimus based immunosuppressive regime. The use of 
anti-IL2 receptor blocking antibody, anti-proliferative agent and steroids should be as 
per local protocols (2B) 


Rapamycin should be avoided post-transplant in patients at risk of recurrent aHUS 
(2B) 


Pre-transplant plasma exchange is not required in patients with aHUS prior to 
transplantation when Eculizumab is being used (2C) 


All patients with aHUS who are being assessed for kidney transplantation should be 
immunised with tetravalent meningococcal vaccine. Prophylactic antibiotics to reduce 
the risk of meningococcal infection should be given for the duration of treatment with 
Eculizumab (1B) 


There is a relative contraindication with respect to living related donation but this can 
be considered in certain circumstances (2C) 


The possibility of liver transplantation should be discussed with all patients 
considering transplantation but is not the recommended option for most patients (1C) 
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Background 


Haemolytic uraemic syndrome (HUS) is a thrombotic microangiopathy 
(thrombocytopenia and microangiopathic haemolytic anaemia) characteristically 
affecting the kidneys, although other organ involvement is recognised. Most 
commonly (90%) it is caused by infection with a Shiga toxin producing enteric 
infection, usually Escherichia coli. This is a self-limiting disease with a good 
prognosis in the majority of cases, long term renal failure being a rare sequela. 
Atypical HUS (aHUS) accounts for the remaining 10% of cases. In the majority of 
patients (70%) there is evidence of either a genetic or acquired defect in control of 
the alternative pathway of complement activation. In contrast to the typical, shiga 
toxin-associated form of HUS the prognosis of atypical HUS is poor. Fifty percent of 
patients either die or develop renal failure within 1 year of the initial diagnosis of a 
HUS despite treatment with plasma-based treatment protocols. 


With over 50% of patients with aHUS developing end stage renal disease(1), many in 
childhood or early adulthood, the option of kidney transplantation has to be 
considered. However, there is a high risk of aHUS recurrence after transplantation 
with 60% of patients developing recurrent disease, 90% of whom will lose their graft 
as a consequence of recurrence(2). In patients with mutations in Factor H and Factor 
I, two commonly affected genes, recurrence occurs in 70-80% of cases post-
transplantation. In this patient group when aHUS recurs it almost invariably leads to 
transplant failure (80-90% of cases). This observation has led to the British 
Transplant Society recommendation that kidney transplant alone should not be 
considered for patients with either a Factor H or Factor I mutation(3). 


Because mutations in other genes and acquired defects are rare less data is 
available about the risk of recurrent disease post transplantation. However, the 
available evidence would suggest that there is a significant risk of recurrent aHUS in 
patients with mutations in C3 and FB mutations (60% and 100% respectively) with a 
high risk of graft failure if recurrence occurs(2, 4). The exception is for patients with 
mutations in Membrane Cofactor Protein (MCP, CD46). This is expressed on 
endothelial cells and therefore transplantation will restore normal renal endothelial 
MCP function. Recurrent aHUS has been reported in 2 of 12 transplants in 10 
patients with mutations in MCP(5), possibly due to re-endothelialisation of the graft 
with recipient endothelial cells. In acquired disease related to autoantibodies to 
complement regulatory proteins, usually Factor H, aHUS recurred in only 1 of 5 
patients(4). 


Data on the rate of recurrent aHUS after transplant in patients with mutations not 
affecting complement regulatory genes or with no identified mutation is sparse. One 
patient with a mutation in thrombomodulin has been transplanted and developed 
recurrent disease which caused graft failure(6). Despite screening of all genes known 
to be associated with aHUS mutations are only found in 50-60% of patients and 
autoantibodies (primarily anti-FH) in a further 5-10% of cases. It is not possible to 
accurately predict the risk of recurrent disease in individual patients in whom no 
cause for aHUS is found, but overall the risk is lower (approximately 30%) (7). 


Recurrent disease develops early with 60% of cases occurring in the first month after 
transplantation(2). The higher risk of recurrence during this period may relate to 
endothelial activation from other causes including ischaemia-reperfusion injury, drugs 
(particularly calcineurin inhibitors (CNI)), infection and alloimmune responses 
including the effect of donor specific antibodies. Although early recurrence is most 
frequent, late recurrence, up to several years after transplantation, has been 
reported. 


Most complement proteins implicated in the pathogenesis of aHUS, with the 
exception of MCP are synthesised in the liver. Therefore kidney transplantation alone 
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will not correct the defect in complement regulation. However, combined liver kidney 
transplantation will correct the complement abnormality and can provide an 
alternative to long-term complement inhibition to prevent recurrence of aHUS(8). 


 


Eculizumab treatment for aHUS 


Eculizumab is a fully humanized anti-C5 monoclonal antibody. It has been licenced 
for the treatment of paroxysmal nocturnal haemoglobinuria in the UK since 2002 and 
was licenced for the treatment of aHUS in 2012. To date (2013) 24 cases of 
Eculizumab use in patients with aHUS have reported (9), including disease in native 
kidneys (10-12)or recurrence following transplantation(13-16). The results of two 
trials have been presented (REF in press). Both trials were single arm interventional 
studies in adolescent and adult patients with aHUS. The first was in 17 patients with 
aHUS that was resistant to treatment with plasma therapy. There was rapid and 
sustained haematological normalisation in 87% of patients (15/17) with a fall in serum 
creatinine of >25% in the majority of patients (11/17). In this study 5 of 6 patients who 
were dialysis dependent prior to inclusion in the study became dialysis independent 
following treatment.The second study was in patients responsive to plasma therapy 
but requiring maintenance plasma therapy to maintain remission (n=20). There was 
no evidence of increased disease activity in patients when plasma therapy was 
replaced by Eculizumab. In both studies approximately 25% of patients had no 
identified mutation in a complement regulatory gene. The response to treatment with 
Eculizumab was equivalent irrespective of the presence of a complement gene 
mutation, consistent with the data from previous case reports (9). 


In the first trial 7 patients (41%) and in the second 8 patients (40%) had recurrence of 
the disease in a kidney transplant. Eculizumab was effective in patients with a kidney 
transplant with similar response rates, again indicating that it is an effective treatment 
for recurrent disease. This is consistent with previously published case reports. 


 


Pre-emptive use of Eculizumab in renal transplant recipients 


There are 9 reported cases of the pre-emptive use of Eculizumab to prevent 
recurrence of aHUS after transplant(17-21). Eight recipients received a kidney from a 
deceased donor, and one from a living unrelated donor. These reports are primarily 
in paediatric patients (median age at the time of transplant 9 years), although 3 
patients were aged 18 years or older. Five patients had heterozygous mutations in 
Factor H, 3 genomic re-organisations in FH/FHR genes and 1 patient had a gain of 
function mutation in C3.  Three patients had received a previous transplant, two of 
whom had donor specific antibodies with low titre (MFI <1000). 


Eight of the 9 patients had a successful transplant without recurrence of aHUS 
(median follow up 14.5 months, range 2-39 months). One graft was lost due to 
immediate arterial thrombosis. CH50 activity at the time of thrombosis was 
undetectable and therefore it was proposed that the arterial thrombosis was unlikely 
to be related to aHUS. This would suggest that prophylactic treatment with 
Eculizumab is effective in preventing recurrent aHUS (17). 
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Patient Selection 


The risk of recurrent disease varies depending on the defect that led to aHUS.  
Eculizumab is expensive and treatment may be long-term, perhaps required for the 
whole time that the transplant is functioning. Therefore, prophylactic treatment should 
be targeted at those patients with significant risk of recurrence. High risk of 
recurrence is reported in patients with FH, FI, C3 and FB mutations. 


The prophylactic use of Eculizumab has only been reported in patients with FH or C3 
mutations or gene re-arrangements involving FH and FH-related genes. The other 
mutations in complement proteins lead to similar dysregulation of the alternative 
pathway. Eculizumab is effective in treating aHUS in patients with non-FH mutations; 
therefore it is predicted that Eculizumab will prevent recurrence of aHUS post-
transplantation irrespective of mutation status. Patients with no identifiable mutation 
have been shown to respond to Eculizumab treatment in case reports (12, 13, 22) 
and in the two trials (REF). This group should also be considered for treatment. 


The risk of recurrent aHUS and the protective effect of Eculizumab is less predictable 
in patients in whom no genetic or acquired abnormality is found. Recurrence does 
occur in patients in the absence of an identified abnormality and therefore these 
patients have to be considered at medium risk of recurrence. In the trials of 
Eculizumab no mutation was identified in 25% of patients. The response to 
Eculizumab was independent of mutation status. It is therefore assumed that 
Eculizumab will also be effective in preventing recurrent aHUS in patients without an 
identified mutation. 


The risk of recurrence can be stratified (based on (9)): 


1. High risk of recurrence:  


Mutations in Factor H or gene re-arrangements involving Factor H and Factor 
H related proteins 


Gain of function mutations in Factor B or C3 


Loss of previous transplant due to recurrent aHUS 


2. Medium risk of recurrence 


 No identified mutation or autoantibody 


Mutations in Factor I 


Mutation of uncertain functional significance 


Detectable autoantibodies against FH (significance of other specificities is 
less clear) 


3. Low risk of recurrence 


 Mutation in Membrane Cofactor Protein (CD46) 


Previous autoantibody positivity 


 


Recommendation: The risk of recurrence should be assessed based on genetic 
screening, presence of autoantibodies and previous transplant history.  


1C 


Patients with high or medium risk of recurrence should be offered prophylactic 
Eculizumab treatment. 


1C 
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Patients at low risk should be warned of the risk of recurrence and monitored closely. 


2C 


 


Eculizumab treatment protocol 


Prophylactic Eculizumab has been used in 9 patients to prevent recurrence of aHUS. 
Various treatment protocols were used (summarised in (REF Zuber). These can be 
divided into 3 groups: 


1. Plasma exchange immediately post-transplant, switching to Eculizumab 5-10 
days later (2 cases). 


2. Eculizumab starting pre-transplant with living donation or urgent listing for 
transplantation (2 cases) 


3. Dosing with Eculizumab in the 24 hour period immediately prior to 
transplantation (5 cases). 


The three strategies all led to a successful outcome (the graft loss was in a patient 
dosed within 24hours of transplant – strategy 3). Dosing with Eculizumab prior to 
transplantation is the simplest protocol to deliver and has therefore been adopted. 
TMA could develop immediately after reperfusion. Therefore the infusion should be 
completed prior to the start of surgery. 


The 5 cases that received Eculizumab immediately prior to surgery all received a 
second dose within 24 hours of the first dose, one patient receiving both doses prior 
to surgery. The rationale for the second dose was to circumvent the concern about 
high complement activation triggered by ischaemia reperfusion. This is based on the 
following: 


1. Reports of alternative pathway activation during reperfusion of transplanted 
livers, particularly in patients transplanted because of aHUS (23). 


2. Use of a second dose of Eculizumab to prevent complement activation in 
patients undergoing renal transplantation for castatrophicantiphospholipid 
antibody syndrome (24). 


3. Use of a second dose of Eculizumab in protocols to prevent acute humoral 
rejection post transplantation (25).  


In the clinical studies of Eculizumab haemolytic activity was effectively inhibited by 
the first dose of Eculizumab. Therefore, even in the context of alternative pathway 
activation during reperfusion, the generation of C5a and C5b-9 should not occur after 
a single dose of Eculizumab. There is currently no evidence to support the use of a 
second dose of Eculizumab in this context. Monitoring of haemolytic activity will 
determine whether additional early dosing is required. 


Significant blood loss may lead to a reduction in Eculizumab efficacy. Therefore, the 
dose of Eculizumab should be repeated if the transplant recipient requires 4 or more 
units of blood or FFP at any stage in the first week following transplantation. 


In the two studies of Eculizumab for the treatment of aHUS adults were dosed with 
900mg weekly for the first 4 weeks and with 1200mg every 2 weeks thereafter. This 
dosing schedule was effective in maintaining remission. This is the best evidence 
available for an effective maintenance treatment regime although not specifically 
applied to prophylactic treatment. Increasing the time between doses to three weeks 
led to detectable haemolytic activity. 


Patients who are being considered for transplantation and who are already on 
Eculizumab should have their treatment intensified for the first 4 weeks as per 
protocol. There is a suggestion that complement inhibition may be more difficult to 
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achieve in the immediate post-transplant period, therefore requiring more frequent 
dosing. 


Recommendation: Adult patients should receive a single dose of 900mg Eculizumab 
which is completed prior to the start of surgery. The dose and dosing schedule 
should be adjusted for body weight in children as per paediatric dosing schedule. 


1B 


Recommendation: Adult patients should receive 3 further doses of 900mg of 
Eculizumab at weekly intervals. A dose of 1200mg is administered one week after 
the final dose of 900mg and every 2 weeks thereafter The dose and dosing schedule 
should be adjusted for body weight in children as per paediatric dosing schedule. 


1B 


Recommendation: A further dose of Eculizumab should be considered if there is 
significant blood loss requiring FFP.. 


2C 


 


Paediatric dosing schedule 


 


Patient body weight 40 kg or more 


Initial dose: 900 mg via 35 minute IV infusion then every 7 days for the first 4 doses, 
followed by 1200 mg for the fifth dose 7 days later. 
Maintenance dose: 1200 mg via 35 minute IV infusion every 14 days. 
 
Patient body weight 30 kg to less than 40 kg 


Initial dose: 600 mg via 35 minute IV infusion repeated after 7 days then followed by 
900 mg for the third dose 7 days later. 
Maintenance dose: 900 mg via 35 minute IV infusion every 14 days. 
 
Patient body weight 20 kg to less than 30 kg 


Initial dose: 600 mg via 35 minute IV infusion repeated after 7 days then followed by 
600 mg for the third dose 7 days later. 
Maintenance dose: 600 mg via 35 minute IV infusion every 14 days. 
 
Patient body weight 10 kg to less than 20 kg 


Initial dose: 600 mg via 35 minute IV infusion once, followed by 300 mg for the 
second dose 7 days later. 
Maintenance dose: 300 mg via 35 minute IV infusion every 14 days. 
 
Patient body weight 5 kg to less than 10 kg 


Initial dose: 300 mg via 35 minute IV infusion once, followed by 300 mg for the 
second dose 7 days later. 
Maintenance dose: 300 mg via 35 minute IV infusion every 21 days. 
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Duration of treatment 


Eculizumab is approved in Europe for the long-term (life-long) treatment of aHUS. 
There is limited data about withdrawal of treatment, however it is clear that single 
doses of Eculizumab are ineffective and discontinuing Eculizumab is associated with 
a risk of relapse. All patients who enrolled in the two Eculizumab studies were offered 
the opportunity to continue in an extension of the study. The majority of patients 
continued on Eculizumab. Recurrence of disease was reported in a proportion of 
patients who did not continue on treatment. There is insufficient data to stratify the 
risk of recurrence if treatment is stopped. However there are some mutations 
associated with severe disease that are likely to be associated with a high risk of 
recurrence if treatment is discontinued. 


The majority of aHUS recurrences occur in the first 3 months after transplantation 
although recurrences have been reported years after transplantation. Treatment with 
Eculizumab for 6 months post transplantation would prevent early recurrence but 
discontinuation would be associated with risk of recurrence. Discontinuation of 
treatment should only be considered as part of a clinical study with close patient 
monitoring to detect early evidence of recurrence. 


 


Recommendation: Treatment with Eculizumab should continue unless withdrawn with 
close monitoring as part of clinical study. 


1B 


 


 


Post-transplant immunosupression 


Treatment with both Cyclosporine and Tacrolimus is associated with de novo 
thrombotic microangioapathy in kidney transplants, the risk being higher with 
Cyclosporine treatment (up to 14% of patients in one series (26)). It is also evident 
that the mTOR inhibitor Rapamycin is associated with post-transplant TMA and early 
use of Rapamycin is an independent risk factor for the development of TMA (27). 


De novo post-transplant TMA can develop in the absence of previous aHUS or any 
known susceptibility factor for aHUS. However, the relationship between aHUS and 
de novo TMA in transplanted kidneys is complex. Approximately 30% of patients who 
develop de novo post-transplant TMA carry mutations in complement regulatory 
proteins (28) and the de novo TMA in these patients is aHUS.  


The relationship between de novo TMA, aHUS and immunosuppressive drugs has 
been extensively studied. There is conflicting data as to whether the post-transplant 
immunosuppressive regime influences the risk of recurrent aHUS. A small study (17 
patients) suggested that the early use of Cyclosporine increased the risk of recurrent 
aHUS in adults (29). However, this was not confirmed in a larger registry study of 68 
paediatric patients with HUS which found no association between cyclosporine and 
recurrent disease (30). The use of either Tacrolimus or Cyclosporine is not 
associated with higher risk of TMA (7, 27)and avoidance of CNI treatment did not 
reduce the risk of recurrent aHUS (2).  


In the absence of evidence that CNI usage increases the risk of recurrent aHUS and 
the definite advantage in reducing rejection with their use, these drugs should be 
used post-transplantation. Tacrolimus is recommended due to the lower rate of post 
transplant TMA reported with Tacrolimus and its increased efficacy in preventing 
rejection. 
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Evidence for the use or avoidance of specific induction therapies, anti-proliferative 
drug and steroids is lacking. Treatment should follow local protocols. 


 


Recommendation: Patients should receive a Tacrolimus based immunosuppressive 
regime. The use of anti-IL2 receptor blocking antibody, anti-proliferative agent and 
steroids should be as per local protocols. 


2B 


Recommendation: Rapamycin should be avoided post transplant in patients at risk of 
recurrent aHUS. 


2B 


 


Plasma exchange 


Plasma-based therapy (exchange or infusion) has been the only effective treatment 
for aHUS prior to the introduction of Eculizumab. The rationale for plasma therapy is 
that defective complement regulators are being replaced and with plasma exchange 
defective protein removed (in case of a dominant negative effect). Plasma exchange 
has also been used in regimes to prevent recurrence of aHUS. In the 9 cases 
reviewed by Zuber et al. 4 patients received plasma exchange as induction treatment 
(17). The regime for administration of plasma exchange was different in each case. 
Two patients received plasma exchange post-operatively delaying the first 
administration of Ecullizumab for 5 (17) and 10 days (19). There was no difference in 
the outcome of patients whether or not plasma exchange was included in the 
induction regime.  


 


Recommendation: Pre-transplant plasma exchange is not required in patients with 
aHUS prior to transplantation when Eculizumab is being used. 


2C 


 


Prevention of Meningococcal disease 


Complement inhibition increases the risk of infection with Neisseria meningitidis. It is 
therefore recommended that patients are vaccinated with the tetravalent 
meningococcal vaccine. This vaccine does not generate immunity against serotype B 
of meningococcus which is common in the UK (ACWY serotypes only). In addition, 
the effect of post-transplant immunosuppression on immunity against meningococcus 
is unknown. Antibiotic prophylaxis against meningococcal is recommended for 
patients on maintenance Eculizumab for PNH (penicillin V 500mg bd or Erythromycin 
500mg bd in patients who are intolerant of penicillin) and this is also our policy for 
aHUS patients..Antibiotics were given to 8 of the 9 patients who who so far have 
received pre-emptive Eculizumab to prevent recurrent aHUS (17). In view of the 
severity of meningococcal infection and the immunosuppression post kidney 
transplant, antibiotic prophylaxis during the treatment period should be given. 


 


Recommendation: All patients with aHUS who are being assessed for kidney 
transplantation should be immunised with tetravalent meningococcal vaccine. 
Prophylactic antibiotics to reduce the risk of meningococcal infection should be given 
for the duration of treatment with Eculizumab. 


1B 
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Monitoring of patients 


There is limited data on the use of Eculizumab during transplantation in patients with 
aHUS. Effective suppression of complement and TMA activity should be monitored. 
A system to provide non-standard tests will be developed. 


1. Haemolytic activity will be measured regulary following transplantation in the 
first cohort of patients (ideally daily in the first week). This will determine 
whether a second dose of Eculizumab is required in the early post transplant 
period. 


2. Haemolytic activity, circulating C5b-9, C5a and total C3 will be measured prior 
to dosing with Eculizumab to confirm adequate complement inhibition. This 
will be tested prior to each dose of Eculizumab in the first 8 weeks after 
transplantation Thereafter haemolytic activity, C5b-9 and C5a will be 
measured every 2 months. 


3. Haemoglobin, platelet count, LDH will be measured daily whilst an inpatient 
and at subsequent clinic visits. 


4. A blood film will be performed and haptoglobin concentration measured prior 
to each dose of Eculizumab in the first 8 weeks after transplantation and 2 
monthly thereafter. 


 


Protocol biopsy 


A protocol biopsy to look for the presence of sub-clinical TMA is recommended at 3 
months after transplantation. Sections from these biopsies should be available for 
review. Biopsies for clinical indications will be performed as per local protocols. 


 


Pharmacy and dispensing of Eculizumab 


The following factors should be considered: 


1. The date of a living donor transplant is known several weeks before the 
surgery. Therefore Eculizumab can be available in hospital pharmacies for 
administration prior to surgery. 


2. The date and time of a cadaveric transplant is not predictable. In addition, 
there is a narrow time window to administer the Eculizumab prior to the start 
of surgery to minimise the graft cold ischaemic time. Accessing Eculizumab 
from a centralised source could lead to an unacceptable delay in the 
transplant procedure and not be possible outside standard working hours. 
Therefore Eculizumab will have to be stored in the pharmacies of all renal 
transplant units who have a patient with aHUS active on the cadaveric waiting 
list. Sufficient Eculizumab should be available for the administration of the first 
2 doses. The Eculizumab may not be used and therefore the drug should be 
replaced to allow for planned use of older stock at other centres. 


 


Living related Transplantation 


The inherited basis of most cases of aHUS increases the risk of disease in family 
members of affected individuals. There are 4 reported cases of de novo HUS in 
developing in related donors one year of donation(31-33) with disease possibly 
precipitated by donation.  







 


Protocol Version 2 April 2013 


 


If the mutation that led to aHUS is known then it is possible to screen for this 
mutation in the potential living related donor. Identification of the same disease 
causing mutation in the potential donor is an absolute contraindication to donation. 


If the prospective donor does not carry the mutation identified in the recipient other 
genes should be screened for a mutation or single nucleotide polymorphism 
haplotype predisposing to aHUS. If no mutation is found the donation could be 
considered with counselling about the risk of developing aHUS after donation. 


If no mutation (or acquired defect) is identified in the recipient then related donors 
should not be considered because of the risk of an unidentified mutation in family 
members. 


 


Recommendation: There is a relative contraindication with respect to living related 
donation but this can be considered in certain circumstances. 


2C 


 


Transplanting sensitised patients 
There are reports of the use of Eculizumab to treat acute antibody mediated 
rejection. In addition Eculizumab has been used as prophylaxis against AMR in 
patients with donor specific antibodies with encouraging results. This indication for 
Eculizumab is now being assessed as part of a clinical study. It may be possible to 
transplant selected patients with aHUS who also have donor specific antibodies 
under cover with Eculizumab. A different Eculizumab dosing schedule is used for 
transplantation of sensitised patients compared with treatment of aHUS but the 
cumulative dose in the first 4 weeks is identical as is the dosing schedule after this 
period. If transplantation is being considered for joint indications two doses of 
Eculizumab should be administered as per the Mayo clinic protocol on days 0 and 1. 
However, weekly doses thereafter should be 900mg as per the aHUS protocol.  
 
 
Combined Liver and Kidney Transplantation 
With the exception of MCP, the complement proteins implicated in the pathogenesis 
of aHUS (FH, FI, C3 and FB) are synthesised in the liver. Therefore liver 
transplantation in patients with mutations in one of these genes will restore normal 
complement control. Therefore either liver transplantation (in patients with preserved 
renal function) or combined liver kidney/transplantation is a potential treatment for 
aHUS. 


The initial experience of liver transplantation in this patient group was not favourable. 
However more recent reports using prophylactic plasma exchange prior to surgery 
have reported good outcomes. The requirement for long-term treatment with 
Eculizumab, in terms of both acceptability and cost, has to be weighed against the 
mortality associated with liver or dual organ transplantation. In this patient group an 
alternative to liver transplantation is available. Therefore, the limited supply of liver 
donors to the waiting list population should also be considered. 


 


Recommendation: The possibility of liver transplantation should be discussed with all 
patients considering transplantation but is not the recommended option for most 
patients 


1C 
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Thank you for agreeing to give us a statement on your organisation’s view of the 
technology and the way it should be used in the NHS. 
 
Healthcare professionals can provide a unique perspective on the technology within 
the context of current clinical practice which is not typically available from the 
published literature. 
 
To help you in making your statement, we have provided a template. The questions 
are there as prompts to guide you. It is not essential that you answer all of them.  
 
Please do not exceed 12 pages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


About you 
 
Your name: Comments submitted by xx xxxxxxxxx xxxxxxxxx, RCP registrar  
 
Name of your organisation: Royal College of Physicians (RCP) 
 
Comments coordinated by xxxxxxxxxxxxxxxxxxxxx 
 
Are you (tick all that apply): 
 


- a specialist in the treatment of people with the condition for which NICE is 
considering this technology?  


 
- a specialist in the clinical evidence base that is to support the technology (e.g. 


involved in clinical trials for the technology)?  
 


- an employee of a healthcare professional organisation that represents 
clinicians treating the condition for which NICE is considering the technology? 
If so, what is your position in the organisation where appropriate (e.g. policy 
officer, trustee, member etc)?  


 
- other? (please specify) 
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What is the expected place of the technology in current practice? 
 
How is the condition currently treated in the NHS? Is there significant geographical 
variation in current practice? Are there differences of opinion between professionals 
as to what current practice should be? What are the current alternatives (if any) to 
the technology, and what are their respective advantages and disadvantages? 
 
NHS England now approves clinical use, and therefore minimises geographic 
variation. There is still some uncertainty around the approval and use of the drug 
around transplantation, and this may influence the decision on usage in individual 
patients. 
There are some differences of clinical opinion based on the specific mutation 
present, and this is due to a lack of sufficient evidence base of the response of 
individual mutations to treatment. Ongoing clinical trials and registries with detailed 
phenotypic data are essential to overcome this problem. 
Alternative treatments in most cases are plasma exchange, and in the cases with 
end stage renal disease, liver-kidney transplantation in certain mutations. The use of 
the drug peri and post-transplantation is another area that requires more evidence, 
including the consideration of liver-kidney transplantation as a potential cure for those 
with a mutation in a soluble complement factor. 
 
Are there any subgroups of patients with the condition who have a different prognosis 
from the typical patient? Are there differences in the capacity of different subgroups 
to benefit from or to be put at risk by the technology? 
 
Yes, each different complement factor that is mutated could behave in a different way 
biologically, and needs to be considered individually. Some subgroups may therefore 
require more or less prolonged treatment to maintain clinical wellbeing, but that is not 
yet adequately studied. 
 
What is the likely impact of the technology on the delivery of the specialised service? 
Would there be any requirements for additional staffing and infrastructure, or 
professional input (for example, community care, specialist nursing, other healthcare 
professionals)? 
 
Little additional requirements for staffing or infrastructure are required. This type of 
technology delivery and monitoring is currently well within the remit of the tertiary 
paediatric units that manage most cases with this condition. Some remote advice 
may be needed for adult units not as familiar with the protocols for management. 
 
If the technology is already available, is there variation in how it is being used in the 
NHS? Is it always used within its licensed indications? If not, under what 
circumstances does this occur? 
 
The technology has considerable potential outside its licensed indication, but that 
requires well designed double-blind trials to evaluate. Unfortunately any plans for 
these are not yet forthcoming from the company, and the drug is entering clinical 
practice in some cases as treatment for unlicensed indications. This is particularly 
true for D+HUS, where there are uncontrolled series of patients published, but also 
for e.g. MPGN where there are case reports of use published.  







Appendix G - professional organisation statement template 
 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Highly Specialised Technology Evaluation 
 
Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) 


 3 


 
Please tell us about any relevant clinical guidelines and comment on the 
appropriateness of the methodology used in developing the guideline and the specific 
evidence that underpinned the various recommendations. 
 
Our experts are not aware of any clinical guidelines yet produced. There is, however, 
an aHUS Rare Disease Group (an expert group, under the umbrella of the renal Rare 
Disease Registry, RADAR), tasked to develop clinical guidelines for the UK. 
 
 
 
 
 
 
 
 
The advantages and disadvantages of the technology 
 
NICE is particularly interested in your views on how the technology, when it becomes 
available, will compare with current alternatives used in the UK. Will the technology 
be easier or more difficult to use, and are there any practical implications (for 
example, concomitant treatments, other additional clinical requirements, patient 
acceptability/ease of use or the need for additional tests) surrounding its future use? 
 
The only current alternative is plasma infusion or exchange, which is expensive and 
invasive. The technology in principle is easier than this to use, though will require 
regular hospital visits (currently 2 weekly) to administer, and monitoring for infection, 
particularly meningococcus, and prophylacticvaccination.  
 
If appropriate, please give your view on the nature of any rules, informal or formal, for 
starting and stopping the use of the technology; this might include any requirements 
for additional testing to identify appropriate subgroups for treatment or to assess 
response and the potential for discontinuation. 
 
This is an important and unresolved question. The technology is currently licensed 
for lifelong use, but has not been evaluated for shorter periods of treatment, or for 
targeted treatment during disease relapses. There are good theoretical reasons for 
why this may be possible, and for which mutations may be more or less likely to 
require prolonged treatment regimes. This needs to be formally tested. 
 
If you are familiar with the evidence base for the technology, please comment on 
whether the use of the technology under clinical trial conditions reflects that observed 
in clinical practice. Do the circumstances in which the trials were conducted reflect 
current UK practice, and if not, how could the results be extrapolated to a UK setting? 
What, in your view, are the most important outcomes, and were they measured in the 
trials? If surrogate measures of outcome were used, do they adequately predict long-
term outcomes? 
 
 The clinical trials published are of limited scope in that a total of only 37 patients 
were enrolled over 2 controlled trials. They do however indicate a dramatic benefit in 
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the patients treated, and the circumstances do reflect UK clinical practice (one trial 
was on patients resistant to plasma therapy, and one on patients on chronic plasma 
therapy). The outcome measurements were appropriate, and reflected both disease 
activity/haematological parameters, and recovery of renal function. The age group 
was patients over 12 years, so younger patients have not been formally evaluated. 
Long term follow up was just over a year, and suggests sustained remission up to 
that point. There are no other markers of longer term outcome at the moment that are 
predictive.  
 
What is the relative significance of any side effects or adverse reactions? In what 
ways do these affect the management of the condition and the patient’s quality of 
life? Are there any adverse effects that were not apparent in clinical trials but have 
come to light subsequently during routine clinical practice? 
 
Side effects include infection (meningitis, peritonitis, URTIs etc) and hypertension, 
and affect a substantial proportion of patients (32-50%). These are all a potential risk, 
particularly in the long term, and evaluation and long term follow up of a significantly 
larger number of patients is required for full perspective. All patients on treatment 
should be subject to formal registry follow up. 
 
 
 
 
 
 
 
 
 
 
Any additional sources of evidence 
 
Can you provide information about any relevant evidence that might not be found by 
a technology-focused systematic review of the available trial evidence? This could be 
information on recent and informal unpublished evidence, or information from 
registries and other nationally coordinated clinical audits. Any such information must 
include sufficient detail to allow a judgement to be made as to the quality of the 
evidence and to allow potential sources of bias to be determined. 
 
There are aHUS registries set up in Europe and the UK, and these should be 
consulted for clinical information as detailed above. 
 
 
 
 
 
 
 
 
 
 
Implementation issues 
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Following a positive recommendation, NICE will recommend that NHS England 
provide funding for the technology within a specified period of time.  
 
If the technology is unlikely to be available in sufficient quantity or the staff and 
facilities to fulfil the general nature of the guidance cannot be put in place within 
the specified period of time, NICE may advise NHS England to vary this direction. 
 
Please note that NICE cannot suggest such a variation on the basis of budgetary 
constraints alone. 
 
How would possible NICE guidance on this technology affect the delivery of care for 
patients with this condition? Would staff need extra education and training? Would 
any additional resources be required (for example, facilities or equipment)? 
 
In paediatrics the technology could be delivered without significant additional 
resources, using current tertiary care units. However, resources to collect clinical 
phenotypic follow up data on an ongoing basis would be essential to continue to 
evaluate the drug in this rare group of patients. In adult practice, some additional staff 
training and specialist advice may be necessary, considering the rarity of the 
condition for any individual unit.  
 
 
 
 
 
 
 
 
 
 
Equality 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this evaluation:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which the treatment is licensed;  
 - could lead to recommendations that have a different impact on people protected by 
the equality legislation than on the wider population, e.g. by making it more difficult in 
practice for a specific group to access the technology;  
 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   
 
Please tell us what evidence should be obtained to enable the Evaluation Committee 
to identify and consider such impacts. 
 
No adverse impacts anticipated 
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Thank you for agreeing to give us your views on the technology and the way it should 
be used in the NHS. 
 
Commissioners provide a unique perspective on the technology, which is not typically 
available from the published literature. NICE believes it is important to involve NHS 
organisations that are responsible for commissioning and delivering care in the NHS 
in the process of making decisions about how technologies should be used in the 
NHS.  
 
To help you give your views, we have provided a template. The questions are there 
as prompts to guide you. You do not have to answer every question. Short, focused 
answers, giving a Commissioner’s perspective on the issues you think the committee 
needs to consider, are what we need.  
 
 
About you 
 
Your name: E G Jessop 
 
Name of your organisation NHS England 
 
Please indicate your position in the organisation: 
 


- Commissioning services specific to the condition for which NICE is 
considering this technology? 


 
 
 
 
 
 
 
What is the expected place of the technology in current practice? 
 
How is the condition currently treated in the NHS? Is there significant geographical 
variation in current practice? Are there differences in opinion between professionals 
as to what current practice should be? What are the current alternatives (if any) to 
the technology, and what are their respective advantages and disadvantages? 
 
At present, under the Commissioning Policy statement, 
http://www.england.nhs.uk/wp-content/uploads/2013/09/e03-hss-a.pdf  
eculizumab is commissioned for patients as follows:  
 
NHS England will commission eculizumab for new patients with atypical haemolytic 
uraemic syndrome (defined to include those with a functioning kidney) and for 
existing patients who are on dialysis and are suitable for a transplant. A 
commissioning for evaluation scheme will be developed for patients who are not 
suitable for transplant.  
 



http://www.england.nhs.uk/wp-content/uploads/2013/09/e03-hss-a.pdf
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To what extent and in which population(s) is the technology being used in your local 
health economy? 
 
The technology is being used in England in accord with the policy set out in the 
previous section.  
 
- is there variation in how it is being used in your local health economy? 
 
The policy applies throughout England so the only variation arises from pace of 
implementation.  
 
- is it always used within its licensed indications? If not, under what circumstances 
does this occur? 
 
Eculizumab has a two licensed indications and other uses. Within England the main 
unlicensed use has been to prevent transplant rejection.  
 
- what is the impact of the current use of the technology on resources? 
 
 
- what is the outcome of any evaluations or audits of the use of the technology? 
 
There are no formal evaluations but clinical reports confirm its effectiveness in 
treating new onset atypical haemolytic uraemic syndrome.  
 
- what is your opinion on the appropriate use of the technology? 
 
The technology is appropriate within its licensed indication for atypical haemolytic 
uraemic syndrome.  
 
 
Potential impact on the NHS if NICE recommends the technology 
 
What impact would the guidance have on the delivery of care for patients with this 
condition? 
 
The current commissioning policy of NHS England is explicitly interim until NICE is 
able to offer definitive advice. Since NHS England is required in law to comply with 
guidance, it would establish a statutory basis for commissioning this therapy.  
 
 
In what setting should/could the technology be used – for example, primary or 
secondary care, specialist clinics? Would there be any requirements for additional 
resources (for example, staff, support services, facilities or equipment)? 
 
The technology can be delivered in hospital or at home through suitable home care 
agreements. There will be a modest requirement for extra staff to run a national 
service for patients with the condition. 
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Can you estimate the likely budget impact? If this is not possible, please comment on 
what factors should be considered (for example, costs, and epidemiological and 
clinical assumptions). 
 
The non-drug costs, mostly medical and nurse staffing, of establishing a service are 
estimated at £800 000 per annum. (This does not include the cost of home care or 
home delivery, or costs of admissions needed to establish infusions).  
 
 
Would implementing this technology have resource implications for other services 
(for example, the trade-off between using funds to buy more diabetes nurses versus 
more insulin pumps, or the loss of funds to other programmes)? 
 
Implementing this expensive technology clearly results in a general loss of funds to 
other programmes.  
 
 
Would there be any need for education and training of NHS staff? 
 
There will be a small requirement for education and training of local staff in the care 
of patients on therapy.  
 
 
Equality 
 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this evaluation:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which [the treatment(s)] is/are/will 
be licensed;  
 - could lead to recommendations that have a different impact on people protected by 
the equality legislation than on the wider population, e.g. by making it more difficult in 
practice for a specific group to access the technology;  
 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   
 
Please tell us what evidence should be obtained to enable the Committee to identify 
and consider such impacts. 
 
Age is a protected characteristic. The evaluation could potentially be problematical if 
different recommendations are made for children and adults.  
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Other Issues 
 
Please include here any other issues you would like the Evaluation Committee to 
consider when evaluating this technology? 
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Policy Statement 


NHS England will commission in accordance with the criteria outlined in this 
document. 


In creating this policy NHS England has reviewed this clinical condition and the 
options for its treatment. It has considered the place of this treatment in current 
clinical practice, whether scientific research has shown the treatment to be of benefit 
to patients, (including how any benefit is balanced against possible risks) and 
whether its use represents the best use of NHS resources.  


This policy document outlines the arrangements for funding of this treatment for the 
population in England. 


Equality Statement 


Throughout the production of this document, due regard has been given to eliminate 
discrimination, harassment and victimisation, to advance equality of opportunity, and 
to foster good relations between people who share a relevant protected 
characteristic (as cited in under the Equality Act 2010) and those who do not share it. 


 


Plain Language Summary  


Atypical haemolytic uraemic syndrome is a very rare condition which affects small 
blood vessels throughout the body. It is life threatening and a particular problem is 
kidney failure. Most patients end up on kidney dialysis and transplant is not possible 
because the disease destroys the transplanted kidney. In many cases the disease is 
genetic and several members of the same family are affected.  


The disease is caused by the body’s complement system. Eculizumab is a drug 
which effectively blocks the complement system and so prevents progression of the 
disease. Eculizumab is not a cure so treatment is for life.  


NHS England will commission eculizumab for new patients with atypical haemolytic 
syndrome (defined to include those with a functioning kidney) and for existing 
patients who are on dialysis and are suitable for a kidney transplant. A 
commissioning for evaluation scheme will be developed for patients who are not 
suitable for transplant. 
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1. Introduction 


Eculizumab (Soliris®) is a humanised monoclonal IgG2/4κ antibody produced from 
murine myeloma cells by recombinant DNA technology.  


Eculizumab is marketed by Alexion and has an orphan drug designation in Europe. 
The drug received marketing authorisation from the European Medicines Agency for 
the treatment of paediatric and adult patients with aHUS in September 20111. The 
drug was launched in the UK in November 2011 but is not currently in mainstream 
use in the NHS. 


One 30mL (300mg) vial of Eculizumab (concentrate for intravenous infusion) 
currently costs £3,150.00.24  


Eculizumab also holds full EMA marketing authorisation for the treatment of 
paroxysmal nocturnal haemoglobinuria (PNH). 


Eculizumab has been approved in the EU for the first line treatment of patients 
diagnosed with aHUS. 


2. Definitions 


Atypical haemolytic uraemic syndrome is a complement activation disease which is 
defined and diagnosed clinically, though a proportion of patients have an identifiable 
genetic mutation. 


3. Aim and objectives 


The aim of this interim commissioning policy is to provide treatment with eculizumab 
for those patients indicated by this policy, whilst NICE guidance is developed. 


4. Epidemiology and needs assessment 


Atypical haemolytic uraemic syndrome (aHUS) is a rare disease affecting 
approximately 170 people in the UK. It is a condition that develops due to 
dysregulation of the innate immune system. In children the illness initially causes 
poor feeding, vomiting and fatigue, whilst adults initially complain of fatigue and 
general distress. As the illness progresses complications can develop such as 
anaemia, oedema, hypertension, and acute kidney failure. Current treatment options 
include plasma therapy (infusion and/or exchange) and liver-kidney transplantation. 
The outcome is often poor, with approximately 53% of familial cases and 37% of 
sporadic cases resulting in end stage renal failure (ESRF) or death. Eculizumab 
(Soliris®) is a new therapy used in patients with aHUS. It is a monoclonal antibody to 
complement C5 that inhibits the disease process by blocking pro-thrombotic and pro-
inflammatory processes which in aHUS can lead to cellular damage in the blood 
vessels and renal failure. 


5. Evidence base 


In 2012, the Advisory Group for National Specialised Services (AGNSS) 
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commissioned a Health Technology Assessment (HTA) from an External Reference 
Group.  


Clinical effectiveness 


The HTA critically appraised the manufacturer’s submission3 to AGNSS and also 
included an independent systematic review of the evidence which covered a broader 
evidence base as it also included evidence on plasma therapy (not considered by 
the manufacturer), as well as more information regarding the adverse event profile 
associated with Eculizumab.  


Three studies of Eculizumab were identified. Two single arm prospective studies 
(C08-002 and C08-003) and one single arm retrospective study (C09-001R) were 
included in both the manufacturer’s submission and in the independent systematic 
review. No randomised or controlled studies were identified. Outcomes were 
assessed in terms of the change from baseline to endpoint at approximately 26 
weeks. Thrombotic microangiopathy (TMA) activity, as measured by TMA event free 
status, was achieved in at least 80% of patients in the prospective studies. 
Normalisation of platelet count was achieved in 82% of patients in Study C08-002 
and in 90% of patients in Study C08-003. Adverse events were frequent with 
hypertension and upper respiratory tract infection affecting about a third of patients in 
the prospective studies, although these may be complications of aHUS. No deaths 
occurred during the prospective studies. The results of the study extension phases 
suggest that the benefits of treatment are sustained. 


Cost-effectiveness  


The economic analysis presented within the submission suggests that the 
discounted incremental cost-effectiveness ratio for Eculizumab versus standard care 
is around £521,000 per QALY gained for a 23-year old cohort and around £376,000 
per QALY gained for a 2-year old cohort.  


The revised model submitted by Alexion suggests that the discounted incremental 
cost-effectiveness ratio for Eculizumab versus standard care is around £439,000 per 
QALY gained for a 23-year old cohort and around £348,000 per QALY gained for a 
2-year old cohort.  


The ERG had a number of concerns regarding the validity of the model, particularly 
with respect to the appropriateness of the methods used to derive parameter values 
for the standard care group, the incorrect implementation of probabilistic sensitivity 
analysis, the inclusion of a number of assumptions which appear to favour 
Eculizumab, reliance on modeller’s assumptions rather than expert elicitation, and a 
lack of clarity regarding the methods used to identify and select evidence to inform 
the model.  


Additional analysis undertaken by the ERG suggests that changing many of the 
model parameters has little impact upon the incremental cost-effectiveness of 
Eculizumab. However, changing assumptions regarding the standard care 
probabilities indicates that the incremental cost-effectiveness ratios for Eculizumab 
may be considerably higher than the estimates presented within the manufacturer’s 
submission. 
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6. Rationale behind the policy statement 


The evidence base regarding the clinical effectiveness, cost effectiveness and safety 
of eculizumab for treating atypical haemolytic uraemic syndrome has been used as a 
basis for this interim commissioning policy. 


7. Criteria for commissioning 


Eculizumab has been referred to NICE by Ministers of Health as the first topic for 
evaluation in their new Highly Specialised Technologies Programme. This review will 
be undertaken during 2013/14. 


In the interim, given the serious nature of the disease, NHS England will fund 
Eculizumab in patients outlined below. 


Eculizumab for the treatment of aHUS is not routinely commissioned for patients 
currently diagnosed with aHUS who have not received approval for Eculizumab from 
an existing commissioning body.  


NHS England will commission eculizumab for new patients with atypical haemolytic 
syndrome (defined to include those with a functioning kidney) and for existing 
patients who are on dialysis and are suitable for a kidney transplant. A 
commissioning for evaluation scheme will be developed for patients who are not 
suitable for transplant. 


8. Patient pathway 


It is proposed to deliver the service locally to patients but with co-ordination from the 
expert centre in Newcastle. 


9. Governance arrangements 


Diagnosis will be through the Newcastle Centre and in accordance with the pathway 
described in this policy. 


10. Mechanism for funding 


From August 2013 NHS England is  responsible for commissioning Eculizumab in 
line with this policy on behalf of the resident population of England.  Funding will be 
transacted as per local contract agreements and terms. 


11. Audit requirements 


Audit will be in line with requirements for audit of Highly Specialised Services 


12. Documents which have informed this policy 


Report to Advisory Group for National Specialised Services 2012 
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aHUS ACTION UK – Experiences of Patients and Families.  Paper submitted to 
Commissioning Priorities Advisory Group, July 2013. 


Alexion – Manufacturers Submission.  Paper submitted to Commissioning Priorities 
Advisory Group, July 2013. 


13. Links to other policies 


None 


14. Date of review 


On issue of NICE guidance 
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Appendix D – clinical specialist statement template 
 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Highly Specialised Technology Evaluation  
 


 1 


Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) 
 


Thank you for agreeing to give us a statement on your organisation’s view of the 
technology and the way it should be used in the NHS. 
 
Healthcare professionals can provide a unique perspective on the technology within 
the context of current clinical practice which is not typically available from the 
published literature. 
 
To help you in making your statement, we have provided a template. The questions 
are there as prompts to guide you. It is not essential that you answer all of them.  
 
Please do not exceed 12 pages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


About you 
 
Your name: Rodney D Gilbert 
 
 
Name of your organisation: University Hospital Southampton NHS Foundation 
Trust 
 
 
 
Are you (tick all that apply): 
 


- a specialist in the treatment of people with the condition for which NICE is 
considering this technology? Yes 


 
- a specialist in the clinical evidence base that is to support the technology (e.g. 


involved in clinical trials for the technology)? 
 


 
- an employee of a healthcare professional organisation that represents 


clinicians treating the condition for which NICE is considering the technology? 
If so, what is your position in the organisation where appropriate (e.g. policy 
officer, trustee, member etc.)? 


 
- other? (please specify) 
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Highly Specialised Technology Evaluation  
 


 2 


 
 
What is the expected place of the technology in current practice? 
 
How is the condition currently treated in the NHS? Is there significant geographical 
variation in current practice? Are there differences of opinion between professionals 
as to what current practice should be? What are the current alternatives (if any) to 
the technology, and what are their respective advantages and disadvantages? 
 
aHUS was traditionally treated with plasma exchange or sometimes plasma infusion. 
Since eculizumab became available most places have started using it. There was 
significant variation initially as funding was applied for to individual PCTs. More 
recently NHS England have established a vetting and approval process under the 
auspices of Prof Tim Goodship in Newcastle. Clinicians can apply to Prof Goodship 
and his team for approval. The greates variability currently is in diagnosis. The only 
alternative treatment is plasma exchange which is significantly less efficacious. 
 
Are there any subgroups of patients with the condition who have a different prognosis 
from the typical patient? Are there differences in the capacity of different subgroups 
to benefit from or to be put at risk by the technology? 
 
Paediatric patients with CD46 mutations generally do better than others but adults 
with the same mutation have as bad a prognosis as other patients. Some patients 
e.g. those with CD46 may need a shorter course of treatment than others e.g. with 
activating mutations of factor B but there is no good data on this as yet. 
 
What is the likely impact of the technology on the delivery of the specialised service?  
Would there be any requirements for additional staffing and infrastructure, or 
professional input (for example, community care, specialist nursing, other healthcare 
professionals)? 
 
The treatment is much easier to administer than plasma exchange and can in fact be 
given at the patient’s home. 
 
If the technology is already available, is there variation in how it is being used in the 
NHS? Is it always used within its licensed indications? If not, under what 
circumstances does this occur? 
 
As far as I am aware it is used according to the manufacturer’s instructions for aHUS. 
It may have been used off-label for other indications such as antibody mediated 
rejection and C£ nephropathies but I am unable to comment on this. 
 
Please tell us about any relevant clinical guidelines and comment on the 
appropriateness of the methodology used in developing the guideline and the specific 
evidence that underpinned the various recommendations. 
 
We currently follow the manufacturer’s guidelines. 
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The advantages and disadvantages of the technology 
 
NICE is particularly interested in your views on how the technology, when it becomes 
available, will compare with current alternatives used in the UK. Will the technology 
be easier or more difficult to use, and are there any practical implications (for 
example, concomitant treatments, other additional clinical requirements, patient 
acceptability/ease of use or the need for additional tests) surrounding its future use? 
 
Eculizumab is considerably easier to use than plasma exchange, particularly in 
young children. It can be used at home in stable patients. 
 
If appropriate, please give your view on the nature of any rules, informal or formal, for 
starting and stopping the use of the technology; this might include any requirements 
for additional testing to identify appropriate subgroups for treatment or to assess 
response and the potential for discontinuation. 
 
We are very familiar with the indications for starting eculizumab: Start early, on 
clinical suspicion of aHUS if necessary. Need to measure ADAMTS13 and look for 
evidence of E. coli infection. Genetic testing is not necessary to make the diagnosis 
or start treatment (it takes at least 8 weeks for the result) but testing for DKGE 
mutations should be performed in infants/young children as these patients don’t 
respond well to eculizumab. More work is required to determine those patients in 
whom it can safely be stopped. Possibilities include children with isolated CD46 
abnormalities and those with factor H antibodies. 
 
If you are familiar with the evidence base for the technology, please comment on 
whether the use of the technology under clinical trial conditions reflects that observed 
in clinical practice. Do the circumstances in which the trials were conducted reflect 
current UK practice, and if not, how could the results be extrapolated to a UK setting? 
What, in your view, are the most important outcomes, and were they measured in the 
trials? If surrogate measures of outcome were used, do they adequately predict long-
term outcomes? 
 
The published data reflects clinical practice. 
 
What is the relative significance of any side effects or adverse reactions? In what 
ways do these affect the management of the condition and the patient’s quality of 
life? Are there any adverse effects that were not apparent in clinical trials but have 
come to light subsequently during routine clinical practice? 
 
Side efffects are generally very minor except for the risk on meningococcal infection 
(around 0.5 per 100 patient years.) 
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Any additional sources of evidence 
 
Can you provide information about any relevant evidence that might not be found by 
a technology-focused systematic review of the available trial evidence? This could be 
information on recent and informal unpublished evidence, or information from 
registries and other nationally coordinated clinical audits. Any such information must 
include sufficient detail to allow a judgement to be made as to the quality of the 
evidence and to allow potential sources of bias to be determined. 
 
I have one case report accepted for publication but not yet published on the 
beneficial effects with cardiac and cerebral involvement. I recently reviewed a 
manuscript reporting a child who was dialysis dependent but whose GFR improved to 
over 70 ml/min/1.73m2 on eculizumab. 
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Implementation issues 
 
Following a positive recommendation, NICE will recommend that NHS England 
provide funding for the technology within a specified period of time.  
 
If the technology is unlikely to be available in sufficient quantity or the staff and 
facilities to fulfil the general nature of the guidance cannot be put in place within 
the specified period of time, NICE may advise NHS England to vary this direction. 
 
The drug should be readily available in sufficient quantities. 
 
Please note that NICE cannot suggest such a variation on the basis of budgetary 
constraints alone. 
 
How would possible NICE guidance on this technology affect the delivery of care for 
patients with this condition? Would staff need extra education and training? Would 
any additional resources be required (for example, facilities or equipment)? 
 
No 
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Equality and Diversity 
 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this evaluation: 
 
 - Could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which eculizumab is/will be 
licensed; 
- Could lead to recommendations that have a different impact on people 
protected by the equality legislation than on the wider population, e.g. by making it 
more difficult in practice for a specific group to access the technology; 
- Could lead to recommendations that have any adverse impact on people with 
a particular disability or disabilities 
 
Please tell us what evidence should be obtained to enable the Evaluation Committee 
to identify and consider such impacts  
 
 
I cannot forsee any problems with equality or diversity issues. 
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Highly Specialised Technology Evaluation 
 
Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) 


 
Please sign and return to: 


 
Xxxx xxxxx, Highly Specialised Technology Evaluation Project Manager 


Email: xxxxxxxxxxxxxxxxxxxxxxxxx  
Fax: +xxxxxxxxxxxxxxxx 


Post: NICE, Level 1A, City Tower, Piccadilly Plaza, Manchester, M1 4BT 
 
 
I confirm that: 
 
• I agree with the content of the statement submitted by aHUS Action and 


consequently I will not be submitting a personal statement. 
 
 
Name: Professor Tim Goodship 
 
Signed:  
 
Date: 31st October 2013  
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 


 
Highly Specialised Technology Evaluation  


 


 


Eculizumab for the treatment of atypical haemolytic uraemic syndrome 
(aHUS) 


 


Please sign and return to: 
 


Xxxxx xxxxxx, Highly Specialised Technology Evaluation Project Manager 
Email: xxxxxxxxxxxxxxxxxxxxxxx  


Fax: xxxxxxxxxxxxxxxxxxxx 
Post: NICE, Level 1A, City Tower, Piccadilly Plaza, Manchester, M1 4BT 


 
 
 
I confirm that: 
 


 I agree with the content of the statement submitted by aHUS UK and 
consequently I will not be submitting a personal statement. 


 
 
Name: ...Elena Lilley....................................................................................... 
 
 


Signed: ....ELilley.................................................................................... 


 
 
Date: ....22/10/13.......................................................................................  
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 


Highly Specialised Technology Evaluation 


Eculizumab for the treatment of atypical haemolytic uraemic syndrome 
(aHUS) 


Please sign and return to: 


Jenna Byers, Highly Specialised Technology Evaluation Project Manager 
Email: jenna.byers@nice.org.uk 


Fax: +44 (0)20 7061 9760 
Post: NICE, Levei1A, City Tower, Piccadilly Plaza, Manchester, M1 4BT 


I confirm that: 


• I agree with the content of the statement submitted by aHUS UK and 
consequently I will not be submitting a personal statement. 


Name: .... .. ....... ~~-~ ... ... .. W.P.~.'P..~.A.~~ ........................... . 


. ~J '---~ 
S1gned: .. .......... ~~ .................................. ......... ..... ....... . 


Date: ...... .... ......... 1.~ ..... .<? .. g:.9.~.~~ ... g.?..J .. 3 ................ ... . . 
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1.  SUMMARY 


1.1  Background 


Haemolytic uraemic syndrome (HUS) is a disease characterised by thrombotic microangiopathy 


(TMA), defined by vessel wall thickening and intraluminal fibrin/platelet thrombi that can lead to 


kidney failure. Clinical features include diarrhoea, often with bloody stool, hence referred to as 


diarrhoea-positive HUS (D+ HUS). D+ HUS is a self-limiting disease that mostly affects children, 


and more than 90% of children recover independent renal function. A second type of HUS is a rare 


form of the disease known as atypical haemolytic uraemic syndrome (aHUS); aHUS may be familial 


or sporadic, and has a poor prognosis. It has similar clinical features to HUS, although bloody 


diarrhoea is usually absent and is associated with defective complement regulation. Approximately 


10% of HUS cases are identified as being atypical because the cause is not due to infections from 


Escherichia coli or other bacteria. aHUS is a TMA affecting kidney function that can lead to 


irreversible renal damage as well as non-renal complications. aHUS can occur at any age, from the 


neonatal period to adult age. Onset during childhood (≤ 18 years) appears slightly more frequent than 


during adulthood (approximately 60% and 40% of all cases respectively). The majority of children 


who develop aHUS (70%) will experience the disease for the first time before the age of two years 


and approximately 25% before the age of 6 months. 


 


There is uncertainty with respect to the number of patients with aHUS in the UK. The manufacturer’s 


submission (MS) quotes an incidence estimate of 5.5 persons per million based on the estimated 


prevalence in NHS North East. The MS indicates a prevalence estimate of 0.60 persons per million. 


The MS highlights that there is some uncertainty that all prevalent cases of aHUS have been identified 


and diagnosed within England. 


 


aHUS has a worse prognosis than HUS with mortality rates ranging from up to 10 to 15% during the 


acute phase and up to 50% of cases later progressing to end stage renal disease (ESRD). The 


prognosis for patients with aHUS is partly determined by the underlying complement abnormality. 


Mutations in the genes coding for CFH, CFI, C3 or thrombomodulin are associated with a worse 


prognosis. Recent data from the French aHUS registry indicates a better outlook in terms of mortality, 


with reported rates of 7% and 0.8% at 5-years for children and adults respectively. Rates of ESRD are 


however high in children and adult patients. aHUS and its treatment may severely impair health-


related quality of life (HRQoL).  


 


Traditionally, plasma therapy (plasma exchange and/or plasma infusion) has been the first-line 


treatment for aHUS based largely upon consensus, as no controlled studies have been performed. 


Guidelines for the initial therapy of aHUS have been published by the British Transplantation Society 
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and the European Paediatric Study Group for HUS. These guidelines recommend that plasmapheresis 


should be initiated within 24 hours of diagnosis of aHUS, and that all patients with aHUS should be 


offered a trial of plasma exchange and/or plasma infusion. The MS suggests that current treatments 


for aHUS are ineffective in reducing morbidity and mortality. The MS recognises that transplantation 


(kidney or liver-kidney) is generally not recommended due to the high risks of graft loss in these 


patients. The MS does not however fully present outcomes reported within relevant aHUS registry 


studies. In September 2013, NHS England published a commissioning policy statement detailing 


arrangements for the provision of eculizumab (Soliris®) for the treatment of aHUS; this is however an 


interim policy and is intended to provide access to the drug whilst NICE guidance is being developed. 


 


1.2  Summary of submitted evidence on the nature of the condition and the impact of the 


new technology  


The MS includes details of a recent aHUS UK sponsored survey which was undertaken with the 


intention of better understanding the impact of aHUS on patients and their families. Thirty seven 


patients completed all or part of the survey. This survey highlights the following points: 


• aHUS has a substantial impact upon patients’ productivity and may impact upon patients’ 


education. 


• aHUS may have a substantial impact upon patients’ day-to-day activities and participation in 


leisure activities. 


• A proportion of aHUS patients have to move house as a consequence of their disease. Reasons 


provided included being closer to a specialist centre, being closer to a relative or carer, or moving 


into a more suitable type of accommodation. 


• Patients may require around four hours of travel time per week for activities associated with their 


aHUS (such as hospital visits). 


• aHUS patients may require formal or informal care; this may cause psychological distress for 


those providing care. 


 


1.3  Critique of the decision problem in the manufacturer’s submission 


The remit of the appraisal, as specified in the final NICE scope, is to evaluate the benefits and costs of 


eculizumab within its licensed indication for the treatment of aHUS for national commissioning by 


NHS England. The ERG notes several deviations from the final agreed NICE scope. Briefly, these 


include: 


• The ERG is not convinced that all available evidence on the comparators in the MS has been 


systematically identified, quality assessed and the outcomes fully reported (particularly with 


respect to aHUS registry studies).  
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• The manufacturer notes that data are not available for some outcomes outlined in the final NICE 


scope; these include time to disease recurrence and eligibility for/success of transplantation for 


eculizumab. 


• The manufacturer’s model includes kidney transplantation and dialysis as a part of the treatment 


pathway rather than as comparators in their own right. Liver-kidney transplantation is not 


included in the manufacturer’s model. 


 


1.4  Summary of clinical effectiveness evidence submitted by the manufacturer  


The clinical evidence presented in the MS is based on a systematic review of eculizumab for the 


treatment of patients with aHUS. Whilst no other scientific evidence was submitted by other 


consultees, one did provide details of the current interim national service for aHUS implemented by 


NHS England. 


 


The manufacturer’s searches did not identify any randomised controlled trial (RCT) evidence 


assessing eculizumab against any other comparator for the treatment aHUS. In the absence of RCT 


evidence, the manufacturer’s systematic review identified and included two published (C08-002A/B, 


C08-003A/B) and two unpublished (interim data from C10-003 and C10-004) prospective studies and 


one retrospective study (C09-001r). All prospective studies were manufacturer sponsored, phase 2, 


open-label, non–randomised, single-arm studies that included a diverse range of patients. Study C08-


002A/B included aHUS patients (aged ≥12 years) who were resistant to plasma therapy (n=17), 


whereas study C08-003A/B included aHUS patients (aged ≥12 years) that were plasma therapy 


sensitive (n=20). The unpublished C10-003 study included children (aged between 1 month to 18 


years) with aHUS exhibiting thrombocytopenia, haemolysis and elevated serum creatinine (n=22). In 


contrast, the C10-004 study included adult patients (aged over 18 years) with aHUS exhibiting 


thrombocytopenia, haemolysis and elevated serum creatinine (n=41). In this study there was no 


requirement for patients to be undergoing plasma therapy. The retrospective observational study 


included 30 patients (paediatrics, adolescents, and adults) who had been diagnosed with aHUS who 


received at least one dose of eculizumab between 2007 and 2009 outside of a manufacturer sponsored 


study. 


 


The prospective efficacy data generally indicate that eculizumab is effective in a diverse range of 


patients with aHUS. Compared with baseline, improvements were observed in normalisation of 


platelet count, TMA activity, renal function and quality of life by 26 weeks. Study extension results 


(median 114 weeks in study C08-002A/B, C08-003A/B; xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxx) found that the benefits of treatment were sustained. Similar effects were 


observed by 26 weeks in the retrospective study. Almost every patient in the prospective studies (and 
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most in the retrospective study) experienced one adverse event; however, not all were considered by 


the study investigators to be treatment-related. SAEs associated with eculizumab therapy appeared to 


be uncommon. Three deaths were observed in the prospective (n=1) and retrospective studies (n=2); 


however, none were deemed by the study investigators to be related to eculizumab. Similarly, three 


reports of meningococcal infection with eculizumab treatment in aHUS patients have been reported in 


prospective (n=2) and retrospective (n=1, post market report) studies. 


 


1.5  Summary of the ERG’s critique of clinical effectiveness evidence submitted 


The systematic review process followed by the manufacturer is not comprehensive because it is 


neither transparent nor reproducible. Despite limitations in the manufacturer’s search strategy, the 


ERG is confident that all relevant studies were included in the MS (including details of ongoing 


studies); however, this may not be the case for the comparator studies as no proper attempt was made 


to search for these. The specified inclusion and exclusion criteria are (mostly) appropriate and 


generally reflect the information given in the decision problem. However, published case series (and 


case studies) were excluded from the review. Despite the inherent biases associated with this study 


type, the inclusion of such evidence in the systematic review may have increased the evidence base 


and strengthened the credibility of the review. The validity assessment tool used to appraise the 


prospective studies was based on the quality assessment criteria for RCTs. However, as the included 


studies were not RCTs, it is unclear why other more relevant tools were not used. 
 


Although the efficacy and safety of eculizumab was positively demonstrated (compared with 


baseline) in the included studies, there are a number of limitations and uncertainties in the evidence 


base which warrant caution in its interpretation. Due to the absence of a control group in all four 


prospective eculizumab studies, inference of treatment effects (including magnitude) may be 


confounded. Similarly, due to the absence (or clear presentation) of a systematic review of the 


efficacy and safety of relevant comparators (e.g. plasma therapy, dialysis or transplantation) within 


the MS, outcome differences cannot be compared against the comparators specified in the NICE 


scope. In addition, AEs deemed to be treatment-related were identified by the study investigators (no 


details were available on whether safety outcomes were also assessed by an independent endpoint 


assessment adjudication committee) and as such may have been open to bias. The key uncertainties in 


the clinical evidence relate to optimal dosing and duration of treatment. There are no well controlled 


long-term prospective studies of eculizumab therapy and therefore it is unclear whether all patients 


need to continue long-term therapy. 
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1.6  Summary of the evidence submitted to support the value for money of the treatment and 


cost to the NHS and PSS 


The MS includes the details of a systematic review of economic evaluations of eculizumab for the 


treatment of aHUS. The manufacturer did not identify any economic evaluations studies of 


eculizumab for aHUS. The ERG does however note that a previous appraisal of eculizumab by the 


Advisory Group for National Specialised Services (AGNSS) has been undertaken and the methods 


and results of a health economic model developed by the manufacturer to inform this appraisal are 


available online. This information is not however presented within the relevant sections of the MS. 


The ERG believes that this model and its results should have been discussed by the manufacturer 


within their review. 


 


The MS includes a de novo quality-adjusted life year (QALY) based cost-consequence model to 


assess eculizumab versus standard care for the treatment of patients with aHUS from the perspective 


of the NHS. This model was made available to the ERG. The model uses a Markov structure to 


estimate the costs and consequences for a 28-year old aHUS population over a lifetime horizon, 


discounted at a rate of 1.5%. The model simulates the experience of patients with aHUS receiving 


eculizumab or standard care principally in terms of the progression of kidney damage (defined as 


severity of chronic kidney disease [CKD]) and its impact in terms of costs, HRQoL and survival. 


CKD transition probabilities were derived from the treatment phase and pre-treatment phase of two 


prospective eculizumab studies (C08-002A/B and C08-003A/B). Other parameter values were derived 


from registry reports, standard costing sources and the wider literature. The manufacturer’s economic 


analysis includes a number of simple sensitivity analyses and probabilistic sensitivity analysis (PSA). 


 


The manufacturer’s model suggests that given a discount rate of 1.5%, eculizumab produces an 


estimated 24.08 additional years of life and 25.22 additional QALYs compared to standard care per 


patient. The discounted incremental cost of eculizumab versus standard care is estimated to be 


approximately xxxxxxxxxxxxx per patient. The manufacturer’s simple sensitivity analyses indicate 


that the estimates of incremental health benefit and incremental cost are particularly sensitive to 


assumptions about patient age and the discount rate. 


 


1.7 Summary of the ERG’s critique of the value for money evidence submitted 


The ERG noted several problems with the manufacturer’s economic analysis. These include: (i) 


concerns regarding the scope of the manufacturer’s economic analysis; (ii) problems relating to the 


derivation of transition matrices for eculizumab and standard care; (iii) highly favourable assumptions 


for the benefits of eculizumab; (iv) use of a restrictive model structure; (v) inappropriate handling of 


competing risks; (vi) inappropriate estimation of background mortality; (vii) inappropriate use of 
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probabilistic sampling and use of deterministic model results; (viii) use of a conceptually unclear 


model population; (ix) pooling of potentially heterogeneous study populations, and; (x) the presence 


of several technical modelling errors. Overall, the ERG has concerns regarding the suitability of the 


model structure, the integrity of the pre-model analysis and the robustness of the manufacturer’s 


model results. 


 


1.8  Summary of the evidence submitted on the impact of the technology beyond direct 


health benefits and on the provision of specialised services 


The MS includes the details of a budget impact model which is used to estimate the total costs to the 


NHS for the period 2013 to 2017. The analysis presented by the manufacturer suggests that without 


eculizumab, the absolute cost of treating patients with aHUS is between £6.4million and £7.1million 


each year. Based on the manufacturer’s analysis, the net budget impact of recommending eculizumab 


is estimated to be approximately xxxxxxxxxxx in 2013, rising to xxxxxxxxxx in 2017. The overall 5-


year predicted net budget impact will be around xxxxxxxxxxx over the period 2013-2017. 


 


The MS also includes estimates of the impact of eculizumab on (i) lost productivity, government 


benefits and tax revenues for patients and current/ex carers of aHUS patients, (ii) estimates of cost 


savings associated with out-of-pocket expenditures for patients and carers including, transportation, 


housing and other costs; and (iii) other carer costs. Based on the analysis undertaken by the 


manufacturer, the largest cost-saving is expected to result from lost productivity avoided. 


 


1.9  Summary of the ERG’s critique on the evidence submitted on the impact of the 


technology on non-health related benefits 


The ERG notes that the estimates of uptake for eculizumab within the budget impact analysis appear 


to be low. Assuming 100% uptake, the budget impact model predicts a 5-year net budget impact of in 


excess of xxxxxxxxxxx over the period 2013 to 2017. 


 


The ERG also believes that the manufacturer’s estimates of non-health benefits are substantially over-


estimated due to the inclusion of inappropriate resource items (e.g. transfer payments) and the use of 


unrealistic assumptions within the analysis. Furthermore, since the manufacturer’s societal analysis 


does not consider the non-health benefits forgone associated with curtailing existing treatments and 


services to fund eculizumab, the ERG does not believe that this analysis is helpful in informing 


decision-making. 
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1.10  ERG commentary on the robustness of evidence submitted including strengths, 


weaknesses and areas of uncertainty 


The ERG notes the following strengths of the MS: 


• The MS contains relevant information relating to the retrospective and prospective studies of 


eculizumab for the treatment of patients with aHUS. 


• The MS contains details of a recent UK survey sponsored by aHUS UK which provides relevant 


information concerning the impact of the disease on patients and their families. 


• The MS includes details of a systematic search that was used to identify RCT and non-RCT 


evidence of eculizumab for aHUS. 


• The MS includes a range of economic information including a QALY-based cost-consequence 


model, an assessment of the expected costs to the NHS and an assessment of wider societal (non-


health) benefits associated with recommending eculizumab. 
 


The ERG notes the following weaknesses of the MS: 


• The ERG is confident that all relevant studies of eculizumab were included in the MS; however, 


it is not entirely clear if all relevant comparator studies were identified or included. Relevant 


outcomes data for the specified comparators have not been systematically or transparently 


reported. Additional evidence in the form of case series (and case studies) was also identified; 


however, these data were excluded from the manufacturer’s review.  


• The clinical evidence base for eculizumab is restricted to non-randomised studies with very small 


sample sizes. The primary endpoints within these studies are intermediate outcomes. There is no 


direct comparative evidence relating to the benefit of eculizumab versus standard care in terms of 


long-term patient-relevant outcomes (survival and HRQoL). 


• The manufacturer’s model suffers from a number of errors. Further, the credibility of the 


outcomes for patients receiving standard care are questionable, as relevant registry data have not 


been used to inform the modelled prognosis of patients receiving standard care. The ERG does 


not believe that the results of the model can be considered robust. 


• The manufacturer’s budget impact analysis appears to underestimate the likely uptake of 


eculizumab following a positive recommendation. 


• The manufacturer’s analysis of wider societal (non-health) benefits includes several inappropriate 


items and unrealistic assumptions. The analysis does not consider the expected cost-savings lost 


due to the displacement of other technologies and services in order to fund eculizumab. 


 


A number of uncertainties exist within the current evidence base for eculizumab:  


• Comparative benefits of eculizumab versus standard care. There are currently no direct head-to-


head randomised studies of eculizumab versus any other active comparator. All of the clinical 
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evidence relating to eculizumab presented in the MS takes the form of single-arm studies. Whilst 


the MS mentions the existence of comparative data from registry studies, this evidence has not 


been reviewed or reported in a systematic fashion. 


• Long-term patient-relevant outcomes of eculizumab and standard care. The prospective and 


retrospective studies of eculizumab discussed in the MS are relatively short-term and focus on 


intermediate endpoints. Whilst these endpoints are clinically relevant, their translation to longer-


term patient-relevant outcomes (e.g. survival) is subject to considerable uncertainty. 


• Comparative HRQoL benefits of eculizumab versus standard care. The available evidence on the 


impact of eculizumab on patients’ HRQoL may be subject to confounding as it is drawn from 


single arm studies which did not include a control group. The incremental HRQoL benefits of 


eculizumab versus standard care remain at best, highly uncertain. 


• Effectiveness and costs of eculizumab in paediatric patients. The evidence base for paediatric 


populations is comparatively weaker than that for the adult population. Ongoing eculizumab 


studies may help to elucidate the effectiveness of eculizumab in younger patients. 


• Optimal treatment and frequency strategy. There remains uncertainty with respect to the optimal 


treatment strategy using eculizumab. There exists no published evidence on alternative dosing to 


that described in the license or on the use of intermittent treatment to manage flares. As aHUS 


may follow a relapsing/remitting type of disease course for some patients, continual use of 


eculizumab may not be necessary once the patient has stabilised (the same is true of 


plasmapheresis in a proportion of patients). There is also some evidence that patients with certain 


genetic abnormalities have a better prognosis than others. It should also be noted that indefinite 


treatment using eculizumab requires fortnightly infusions which will present a burden for some 


patients. Future research should consider the careful balance of risks and benefits of alternative 


treatment strategies using eculizumab. Ideally, such research should take the form of randomised 


controlled trials. 


 


1.11  Summary of exploratory sensitivity analyses undertaken by the ERG. 


The ERG undertook two additional sets of analyses: (1) a more detailed exposition of the design and 


outcomes of the registry studies mentioned in the MS, and; (2) the development of a new exploratory 


model which resolves the errors identified in the manufacturer’s model and allows for the inclusion of 


registry data to model prognosis and outcomes for patients receiving standard care. 


 


Examination of the registry studies mentioned in the MS indicates a wider range of relevant outcomes 


than those presented by the manufacturer. The aHUS-specific registry data reported by Fremeaux-


Bacchi et al suggest that at 5-years, 7% of paediatric patients died and 29% reached ESRD, whilst 


0.8% of adults died and 63% reached ESRD. The aHUS-specific registry data reported by Noris et al 
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suggest that at 3-years, 11% of patients had died whilst 45% had reached ESRD. These estimates 


suggest that the manufacturer’s model may substantially over-estimate the mortality risk for patients 


with aHUS receiving standard care. 


 


The ERG model suggests that given a discount rate of 3.5% for costs and health outcomes, 


eculizumab is expected to produce 10.14 additional QALYs compared against standard care at an 


additional discounted cost of xxxxxxxxxxx; this estimated discounted cost is higher than the 


equivalent value generated by the manufacturer’s model (xxxxxxxxxxxx). The incremental QALY 


gained is markedly lower than the estimate submitted by the manufacturer; this difference is driven 


principally by the use of aHUS registry data to model the prognosis and outcomes of patients 


receiving standard care within the ERG model. 
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2. BACKGROUND  


2.1  Introduction 


This chapter presents an overview of aHUS and its management. The content of this chapter is based 


on relevant literature, information provided by clinical advisors to the Evidence Review Group 


(ERG) and information presented in the background sections of the manufacturer’s submission 


(MS).1 For additional details regarding the aetiology, epidemiology, health impact, diagnosis and 


treatment of aHUS, please refer to the MS (pages 20-58). 


 


2.2 Description of health problem 


2.2.1  Haemolytic uraemic syndrome  


Haemolytic uraemic syndrome (HUS) was first described in 19552 and is recognised as the most 


common cause of acute renal failure in the paediatric population. It is a disease characterised by 


thrombotic microangiopathy (TMA), defined by vessel wall thickening and intraluminal 


fibrin/platelet thrombi that can lead to kidney failure. The disease begins with signs of enteritis, 


generally caused by verocytotoxin secreting bacteria strains3 particularly the Escherichia coli 0157 


strain which release toxins, specifically Shiga toxins. The toxins produced by the bacteria damage the 


blood vessels that line the kidney. Clinical features include diarrhoea, often with bloody stool, hence 


referred to as diarrhoea-positive HUS (D+ HUS). D+ HUS is a self-limiting disease that mostly 


affects children, and more than 90% of children recover independent renal function.4 A second type 


of HUS is a rare form of the disease known as atypical haemolytic uraemic syndrome (aHUS). aHUS 


may be familial or sporadic, and has a poor prognosis. It has similar clinical features to HUS, 


although bloody diarrhoea is usually absent and is associated with defective complement regulation. 


The first mutations in a gene that predisposes patients to the development of aHUS were identified in 


1998.5 


 


2.2.2  Atypical haemolytic uraemic syndrome  


Approximately 10% of HUS cases are identified as being atypical6,7 because the cause is not due to 


infections from Escherichia coli or other bacteria. aHUS is a TMA affecting kidney function that can 


lead to irreversible renal damage as well as non-renal complications. It is associated with prescription 


medications (ovulation inhibitors, immunosuppressive agents), diseases (malignancies, systemic 


lupus erythematosus [SLE]) and pregnancy.8 A defect in the regulation of the complement cascade 


accounts for approximately half of all cases of aHUS. aHUS can occur at any age, from the neonatal 


period to adult age and is equally frequent in males and females when onset occurs during childhood.9 


However, when arising in adults, aHUS affects females more frequently than males.10 Onset during 


childhood (≤ 18 years) appears slightly more frequent than during adulthood (approximately 60% and 


40% of all cases respectively).11,12 The majority of children who develop aHUS (70%) will 
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experience the disease for the first time before the age of two years and approximately 25% before 


the age of 6 months.9 


 


2.2.3  Epidemiology 


aHUS is a rare disease with varying figures on its reported incidence and prevalence. The prevalence 


of aHUS in children, estimated from European community data (France, Germany, Austria and Italy), 


is approximately 7 cases per million. aHUS can be familial and around 20% of cases are inherited 


from family members. There remains uncertainty with respect to the number of patients with aHUS in 


the UK. The 2011 Alexion submission to AGNSS reported that in 2011 there were approximately 139 


patients with a diagnosis of aHUS in England, however, applying estimates derived from the North 


East of England to the rest of England would suggest that this is an underestimate by a factor of 


approximately 2.13 Equivalent updated figures for 2013 are not presented in the manufacturer’s 


submission to the National Institute for Health and Care Excellence (NICE),1 although the MS does 


quote an estimated incidence estimate of 5.5 persons per million, again based on the estimated 


prevalence in NHS North East. Worldwide, the prevalence of aHUS is thought to be between 2.7 and 


5.5 per million population, with an incidence of about 0.40 per million population.14 The MS1 


indicates a higher prevalence estimate of 0.60 per million persons, although the source of this figure 


is unclear. The MS states that according to aHUS clinical experts in the UK, there is still some 


uncertainty that all prevalent cases of aHUS have been identified and diagnosed within England.1 


 


2.2.4 Aetiology 


aHUS is a condition that develops due to dysregulation of the alternative complement activation 


pathway.15 The alternative pathway of complement is part of the innate immune system that does not 


require antibodies to trigger an immune response. It includes plasma and membrane-bound proteins 


that protect the body against invading organisms and is the main system for defence against bacteria. 


This pathway is in a continual low-grade state of activation generating C3b, which binds 


indiscriminately to pathogens and host cells; in aHUS this activity becomes excessive, particularly 


along the renal glomerular and arteriolar endothelial and basement membranes. Mutations leading to 


functional abnormalities of complement or complement regulatory factors are found in more than 


50% of patients with aHUS.16 The mechanism by which dysregulation of the alternative pathway of 


complement leads to complement-mediated TMA is not clear, but microangiopathy probably results 


from chronic uncontrolled production of complement activity, mediated through (C5a and C5b9) at 


the endothelial surface. A trigger leads to a loss of endothelial cell integrity, causing activation of 


pro-coagulation pathways and development of TMA.17 Excessive complement activation may be due 


to either a failure to adequately prevent complement activation on host tissue due to ‘loss of function’ 


in the complement regulatory genes that control the amplification, or feedback loop of the alternative 
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complement pathway, or excessive complement activation on glomerular endothelium due to ‘gain of 


function’ mutation in complement activating genes.17 


 


Four alternative pathway regulatory proteins are implicated in the dysregulation of the alternative 


complement activation pathway ([1] Factor H; [2] membrane cofactor protein (MCP or CD46); [3] 


Factor I, and; [4] thrombomodulin), and two proteins of the C3 convertase-factor B and C3.18 Further 


detail regarding the current understanding of the mechanism of the disease is presented in the MS.1 


 


2.2.5  Pathogenesis 


Several causative agents have been identified including nonenteric infections, viruses, drugs, 


malignancies, transplantations, and pregnancy. Streptococcus pneumoniae accounts for nearly 40% 


with a less favourable short-term course and good recovery on a long-term basis compared with other 


types of aHUS.7,11 An infectious event, most commonly an upper respiratory tract infection or 


diarrhoea/gastroenteritis, triggers the onset of aHUS in at least half of all patients.4 Although aHUS is 


delineated from HUS by the absence of diarrhoea, it has been observed that diarrhoea preceded aHUS 


in 23% and 28% of patients in the French paediatric cohort9 and the Italian adult and paediatric 


cohort,11 thus indicating that post-diarrheal onset does not eliminate the diagnosis of aHUS. 


Microvascular endothelial injury leads to microthrombi. Fragmented red blood cells result from 


abnormally high levels of shear stress produced as blood flows through turbulent areas of the 


microcirculation e.g. kidneys that are partially occluded by platelet and fibrin thrombi.17 


 


2.2.6  Clinical features 


Young children typically present with a sudden onset of the illness, with pallor, general distress, poor 


feeding, vomiting, fatigue, drowsiness and sometimes oedema. Adults may also complain of fatigue 


and general distress. In addition, central nervous system (CNS) involvement occurs in about 10% of 


patients with drowsiness, seizures, diplopia, cortical blindness, hemiparesis or hemiplegia, stupor, or 


coma. 


 


In about 20% of children, the onset of aHUS progresses over several weeks or months and manifests 


with subclinical anaemia and fluctuating thrombocytopenia without renal dysfunction.9 The illness 


may then go into remission, followed by an acute relapse, or patients may develop progressive 


hypertension and proteinuria that may induce nephrotic syndrome over several weeks or months.18 


Myocardial infarction due to cardiac microangiopathy has been reported in approximately 3% of 


patients.11,19 Approximately 5% of patients develop a life-threatening multivisceral failure due to 


diffuse TMA, with CNS manifestations, cardiac ischemic events, pulmonary haemorrhage and 


failure, pancreatitis, hepatic cytolysis and intestinal bleeding.9,11 
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2.2.7  Diagnosis 


The diagnosis of aHUS is difficult where there is no family history of the disease. The diagnostic 


criteria associated with aHUS are haemolytic anaemia (anaemia in the presence of broken red blood 


cells), low platelet count (thrombocytopenia) and severe kidney lesions in a patient with minimal or 


no diarrhoea without bloody stools. aHUS is considered genetic when two or more members of the 


same family are affected by the disease at least six months apart and exposure to a common triggering 


infectious agent has been excluded, or when a disease-causing mutation(s) is identified in one of the 


genes known to be associated with aHUS, irrespective of familial history. 


 


Differentiation of classical HUS and aHUS is important for both treatment and outcome, as patients 


with aHUS have historically required plasmapheresis with replacement by fresh frozen plasma 


(FFP).6 Familial occurrence of aHUS is reported in siblings, in a few families with autosomal 


dominant inheritance and rarely with autosomal recessive transmission.20 In some families, affected 


individuals exhibit decreased plasma levels of C3, indicating defective complement control and 


supporting a role of complement regulators for the disease process.10,11 


 


2.2.8  Prognosis 


aHUS has a worse prognosis than HUS with mortality rates of up to 10 to 15% during the acute phase 


and up to 50% of cases later progressing to end stage renal disease (ESRD).20 The prognosis for 


patients with aHUS is partly determined by the underlying complement abnormality.11 Mutations in 


the genes coding for CFH, CFI, C3 or thrombomodulin are associated with a worse prognosis. 


Overall, three years after the first episode of aHUS, an estimated 53% of familial cases and 37% of 


sporadic cases result in end stage renal failure (ESRF) or death.11 Recent data from the French aHUS 


registry indicate a better outlook in terms of mortality, with a reported mortality rate of 8% and 1.6% 


at 5-years for children and adults respectively. However, reported rates of ESRD are consistently high 


in children and adults. 


 


2.2.9 Impact on patients’ health-related quality of life (HRQoL) 


The MS1 indicates that renal and non-renal manifestations of aHUS are associated with significant 


impairment of quality of life for patients through frequent and severe morbidities, including renal 


impairment and the impact of aHUS on other vital organs.1 The MS cites renal damage, CNS 


symptoms, gastrointestinal symptoms, cardiac symptoms and pulmonary symptoms as key factors 


affecting patients’ HRQoL. The MS also suggests that aHUS patients may not overtly exhibit clinical 


symptoms at all times, although patients’ normal activities may be impaired after treatment and some 


patients may also experience psychological trauma as a consequence of fear of relapse and the 


anticipation of requiring re-initiation of treatment.1 Evidence relating to the overall impact of aHUS 
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and current standard treatments on HRQoL within the MS is limited. Quality of life data for patients 


receiving eculizumab are presented in the MS and are detailed in Chapters 4 and 5 of this report. 


 


In 2013, aHUS UK sponsored a UK survey with the intention of better understanding the impact of 


aHUS on patients and their families (see MS1 page 38). Thirty seven patients completed all or part of 


the survey. This survey highlights the following main points: 


• aHUS has a substantial impact upon patients’ productivity and may impact upon patients’ 


education. 


• aHUS may have a substantial impact upon patients’ day-to-day activities and participation in 


leisure activities. 


• A proportion of aHUS patients have to move house as a consequence of their disease. Reasons 


provided included being closer to a specialist centre, being closer to a relative or carer, or moving 


into a more suitable type of accommodation. 


• Patients may require around four hours of travel time per week for activities associated with their 


aHUS (such as hospital visits). 


• Several aHUS patients require formal or informal care; this may cause psychological distress for 


those providing care. 


 


2.3  Current service provision 


2.3.1  Plasma exchange/infusion 


Plasma therapy has traditionally been the first-line treatment for aHUS based largely upon consensus, 


as no controlled studies have been performed. Guidelines for the initial therapy of aHUS have been 


published by the British Transplantation Society4 and the European Paediatric Study Group for 


HUS.21 The European Consensus Guidelines recommend that plasmapheresis should be initiated 


within 24 hours of diagnosis of aHUS,21 and the UK guideline recommends offering  all patients with 


aHUS a trial of plasma exchange and/or plasma infusion.4 The rationale for such treatment is that 


plasma exchange removes mutant complement proteins (CFH, CFI, CFB, C3 and anti-CFH 


antibodies) responsible for the disease, and introduces normal levels of CFH, CFI, CFB and C3, while 


restitution of fresh frozen plasma restores the functional proteins. 


 


Response to plasma therapy is variable and results are partly dependent on the gene mutation present 


in patients. Renal function may continue to deteriorate after plasma therapy with progression to ESRF 


or death in most patients with CFH, CFI, THBD gene, or C3 defects.11 Better response to plasma 


therapy has occurred in patients with MCP mutations, although patients with this mutation often 


recover with or without plasma therapy11 and therefore in retrospective analysis their response to 


plasma therapy appears better. However, the mutation is often unknown when aHUS is first 
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diagnosed and patients may be receiving plasma therapy prior to identification of mutated genes. 


Nevertheless, patients may have additional gene mutations e.g. CFI where plasma therapy is 


beneficial. In patients with no identifiable abnormality of the complement proteins or where no anti-


CFH antibodies can be detected, around 50% of patients progress to ESRF or death within 3 years 


from onset despite plasma therapy.11 


 


The MS1 recognises that a large proportion of patients do not have an identifiable genetic mutation, 


but does not include due consideration of differential prognoses of patients with particular genetic 


abnormalities.1 This is important information which may be of relevance in identifying which patients 


would benefit most from eculizumab. 


 


2.3.2  Kidney transplantation 


Renal transplantation has been associated with a high rate of recurrence in aHUS patients. The risk of 


post-transplant recurrence of aHUS depends on the genetic abnormality involved, and ranges from 


15% to 20% in patients with mutations in the gene that encodes membrane cofactor protein and from 


50% to 100% in patients with mutations in the genes that encode circulating regulators and activators 


of complement. Overall recurrence rates are reported to be 100% for patients with CFB mutations, 


75%-90% for patients with CFH mutations, 45% to 80% for patients with CFI mutations, and 40%-


70% for patients with C3 mutations.22 


 


Better response to renal transplantation has occurred in patients with gene mutations for MCP, with 


15% to 20% experiencing graft failure. Reports suggest that plasma therapy administered after 


recurrent post-transplant aHUS has in general failed to prevent graft loss, although most cases are not 


reported and its therapeutic role is unclear. The prophylactic administration of plasma therapy 


administered before and after renal transplantation was reported to prevent recurrent aHUS in 8 renal 


transplant recipients, including patients with mutations in CFH, CFI, and C3 genes.22 Therefore, 


identifying the genetic defect in patients with aHUS helps to inform treatment options and prognosis. 


 


2.3.3  Combined liver-kidney transplantation 


A US consensus conference23 held in 2007 produced treatment guidelines for aHUS. This consensus 


statement recognises that isolated kidney transplantation is unlikely to be successful and a combined 


liver-kidney transplant is recommended for those with Factor H mutations, if transplantation is to be 


undertaken. However, transplantation remains a high risk experimental procedure with little evidence 


to support its use. The guidelines recognise that the risks associated with the procedure have not been 


eliminated completely, and recommends that the assessment of risk and benefit are carefully 
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considered. The use of liver-kidney transplants for the treatment of aHUS in the UK remains limited 


and empirical evidence of efficacy is limited to small case series. 


 


Overall, the MS suggests that current treatments for aHUS are ineffective in reducing morbidity 


and/or mortality, stating that 33% to 40% of aHUS patients die or progress to ESRF requiring dialysis 


with the first aHUS clinical manifestation, despite the use of PE/PI in the vast majority of these 


patients.1 As noted in Chapters 3 and 4, the ERG believes that useful data are available from aHUS-


specific registries and that the manufacturer has not reported these outcomes data systematically or 


transparently. 


 


2.4 Description of the technology under assessment 


2.4.1  Eculizumab  


Eculizumab (Soliris®) is a humanised monoclonal IgG2/4κ antibody produced from murine myeloma 


cells by recombinant DNA technology. It is a complement inhibitor that binds specifically to the 


complement protein C5 with high affinity, thereby inhibiting its cleavage to C5a, (a pro-thrombotic 


and pro-inflammatory molecule), and C5b, (preventing the generation of the terminal complement 


membrane attack complex, C5b-9). In aHUS, impairment in the regulation of complement activity 


leads to uncontrolled terminal complement activation, resulting in platelet activation, endothelial cell 


damage and thrombotic microangiopathy. Eculizumab is intended for the first-line treatment of 


patients with aHUS. It is administered intravenously at 1,200mg every 2 weeks as maintenance 


therapy in adolescents and adults, and 300-900mg every 2 or 3 weeks for paediatric patients 


depending on body mass (see Table 1). Maintenance treatment would be used continuously for the 


rest of a patient’s life, unless the discontinuation of the drug is clinically indicated.24 Life-threatening 


and fatal meningococcal infections can occur in patients treated with eculizumab and patients are 


required to receive immunisation with a meningococcal vaccine at least 2 weeks prior to 


administering the first dose of eculizumab. 


 


Table 1: Eculizumab dosing regimen 


Body mass Induction dose Maintenance dose 
Patients < 18 years of age 
5kg to <10kg 300mg weekly x 1 dose 300mg at week 2; then 300mg every 3 weeks 
10kg to <20kg 600mg weekly x 1 dose 300mg at week 2; then 300mg every 2 weeks 
20kg to <30kg 600mg weekly x 2 doses 600mg at week 3; then 600mg every 2 weeks 
30kg to <40kg 600mg weekly x 2 doses 900mg at week 3; then 900mg every 2 weeks 
≥ 40kg  900mg weekly x 4 doses 1200mg at week 5; then 1200mg every 2 weeks 
Patients ≥ 18 years of age 
 900mg weekly x 4 doses 1200mg at week 5;  then 1200mg every 2 weeks 
 
 



http://www.rxlist.com/script/main/art.asp?articlekey=4941

http://www.rxlist.com/script/main/art.asp?articlekey=20648

http://www.rxlist.com/script/main/art.asp?articlekey=20648
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The British National Formulary (BNF) lists the following side-effects for eculizumab: gastro-


intestinal disturbances; oedema; cough, nasopharyngitis; headache, dizziness, fatigue, dysgeusia, 


paraesthesia; infection (including meningococcal infection); spontaneous erection, dysuria; arthralgia, 


myalgia; blood disorders (including thrombocytopenia); alopecia, pruritus, rash; influenza-like 


symptoms; infusion-related reactions; less commonly anorexia, gingival pain, jaundice, palpitation, 


haematoma, hypotension, chest pain, syncope, hot flushing, epistaxis, anxiety, depression, mood 


changes, sleep disturbances, Graves’ disease, menstrual disorders, renal impairment, malignant 


melanoma, muscle spasms, myelodysplastic syndrome, visual disturbances, tinnitus, hyperhidrosis, 


petechiae, and skin depigmentation.25 


 


2.5  Current usage in the NHS 


Eculizumab received marketing authorisation from the European Medicines Agency (EMA) for the 


treatment of paediatric and adult patients with aHUS in September 2011.24 According to the MS,1 


eculizumab has also been granted marketing authorisation for the treatment of aHUS in the following 


countries: 


• United States (September 2011) 


• Israel (December 2011) 


• Switzerland (May 2012) 


• Australia (November 2012) 


• Canada (March 2013) 


• Colombia (June 2013) 


 


Eculizumab was launched in the UK in November 2011. One 30mL (300mg) vial of eculizumab 


(concentrate for intravenous infusion) currently costs £3,150.00.25 For patients over 12 years of age or 


with a body mass greater than or equal of 40kg, this corresponds to an annual acquisition cost of 


approximately £342,279 per patient including induction and subsequent maintenance therapy, or 


approximately £329,649 per patient for maintenance therapy only. Eculizumab also holds a full EMA 


marketing authorisation for the treatment of paroxysmal nocturnal haemoglobinuria (PNH).24 


 


In 2011, the Advisory Group for National Specialised Services (AGNSS) commissioned an appraisal 


of the clinical effectiveness and cost-effectiveness of eculizumab for the treatment of aHUS. As part 


of this appraisal, Alexion submitted a dossier of evidence relating to eculizumab for the treatment of 


aHUS.13 This dossier was examined and critiqued by an independent Evidence Review Group (ERG); 


the authors of the ERG report prepared for AGNSS26 are also the authors of this ERG report to NICE. 


In June 2012, AGNSS recommended to ministers that eculizumab should be commissioned nationally 
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for the treatment of English patients with aHUS. The summary recommendation from AGNSS is 


presented in Box 1. 


 


Box 1: AGNSS’ 2012 recommendation to the NHS on the use of eculizumab for aHUS27 


“AGNSS recommended to ministers that eculizumab should be commissioned nationally for the 


treatment of English patients with atypical haemolytic uraemic syndrome (aHUS). AGNSS also 


recommended that The Newcastle upon Tyne NHS Hospitals Foundation Trust should be designated 


as the expert centre to provide care for these patients, employing shared care where possible, 


supported by telemedicine. The Department of Health and the NHS Commissioning Board should 


take steps to negotiate the cost of eculizumab as the numbers of patients diagnosed with aHUS rises 


and any new indications are identified.” 


 


Whilst the Government accepted the advice of AGNSS with respect to the clinical effectiveness of 


eculizumab in treating aHUS, further advice was requested with respect to its suitability for direct 


commissioning taking account of its cost, benefit and affordability. Subsequently, the Government 


asked NICE to develop guidance on the use of eculizumab in its treatment of aHUS as the first topic 


in its new Highly Specialised Technologies Programme.28 


 


In September 2013, NHS England published a commissioning policy statement detailing 


arrangements for the provision of eculizumab for the treatment of aHUS; this is however an interim 


policy and is intended to provide access to the drug whilst NICE guidance is being developed. The 


NHS commissioning statement is presented in Box 2. 


 


Box 2: NHS England interim commissioning policy statement for eculizumab in the treatment 
of aHUS29 


NHS England will commission eculizumab for new patients with atypical haemolytic syndrome 


(defined to include those with a functioning kidney) and for existing patients who are on dialysis and 


are suitable for a kidney transplant. A commissioning for evaluation scheme will be developed for 


patients who are not suitable for transplant.  


 


The MS notes that given that the NHS England policy statement is very recent, its impact on the 


uptake of eculizumab within the NHS in England has yet to be fully seen.1 
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3. CRITIQUE OF THE MANUFACTURER’S INTERPRETATION OF THE DECISION 


PROBLEM 


3.1  Introduction 


The remit of this appraisal, as defined in the final agreed NICE scope,30 is to evaluate the benefits and 


costs of eculizumab within its licensed indication for the treatment of aHUS for national 


commissioning by NHS England. The final NICE scope30 outlines the agreed population, 


intervention, comparators and outcomes for the appraisal. The NICE scope also sets out wider 


considerations relating to the impact of the technology beyond direct health benefits and on the 


delivery of the specialised service, the nature of the condition, costs to the NHS and PSS and value 


for money. 


 


3.2  Adherence to the decision problem 


Table 2 presents a summary of the decision problem as set out in the NICE scope30 and the 


manufacturer’s adherence to this (based on information presented on pages 21-22 of the MS1). It 


should be noted that the table presented within the MS differs slightly from the factors included in the 


final NICE scope.  
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Table 2: Adherence of the MS to the agreed decision problem 
Component Final scope issued by NICE Deviations of submission from the scope 
Population  Children and adults with atypical 


haemolytic uraemic syndrome 
(aHUS) 


The clinical evidence relates to children and adults with aHUS. However, the cost-consequence analysis 
submitted by the manufacturer relates only to the costs and health outcomes for an adult population.  


Intervention Eculizumab (Soliris®) The intervention is in line with scope. 
Comparator(s) Newly diagnosed people who have 


not received prior treatment: 
• plasma infusion and/or exchange 
Previously treated people with 
kidney impairment: 
• kidney dialysis  
• kidney or kidney/liver 


transplantation 


The MS notes that there is no variation between the scope and the submission although current data do 
not allow the relevant information to be presented in the distinct groups/format detailed in the NICE 
scope.  
 
The ERG does not believe that available evidence on the comparators has been systematically identified, 
quality assessed and the outcomes associated with these have not been fully or transparently reported.  
 
The submitted cost-consequence model compares eculizumab against a general comparator referred to 
as “standard care” and is assumed by the manufacturer to include plasma therapy. Kidney dialysis and 
transplantation are assumed to reflect part of the pathway and are not evaluated as comparators in their 
own right. Liver-kidney transplantation is not considered within the manufacturer’s cost-consequence 
model. 


Outcomes The outcome measures to be 
considered include: 
• overall survival 
• time to disease recurrence 
• response to treatment 
• avoidance of dialysis 
• avoidance of plasma therapy 
• maintenance or improvement of 


kidney function 
• other major non-renal clinical 


outcomes 
• eligible for/success of 


transplantation  
• development of antibodies and 


resistance 


The manufacturer notes that data are not available for some outcomes outlined in the scoping document; 
these include time to disease recurrence and eligibility for/success of transplantation for eculizumab. 
Whilst RCTs do not exist for eculizumab versus any other comparator, non-randomised evidence has 
been identified and reviewed systematically for eculizumab. The same is not true for the comparators 
specified within this appraisal. The ERG suggests that the consideration of outcomes, and more 
generally prognosis, for patients receiving the comparators defined in the NICE scope should have been 
identified and reported in a more comprehensive and systematic manner (see Section 4.4).   
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Component Final scope issued by NICE Deviations of submission from the scope 
Nature of the 
condition 


• disease morbidity and patient 
clinical disability with current 
standard of care  


• impact of the disease on carers’ 
quality of life 


• extent and nature of current 
treatment options 


The manufacturer states that there are no variations from the final scoping document. The ERG agrees 
that evidence relating to the nature of the condition has been considered and included within the MS. 
Alongside descriptions of the clinical and pathophysiological aspects of the disease, the submission also 
includes non-scientific information relating to a sponsored survey of UK aHUS patients facilitated by 
the UK aHUS Patients and Families Support Group, as well as recent newspaper articles summarising 
experiences for patients with aHUS and quotes from patients and their families in support of a National 
Specialised Service for eculizumab for the treatment of aHUS. 


Cost to the 
NHS and PSS, 
and value for 
money 


• budget impact in the NHS and 
PSS, including patient access 
agreements (if applicable)  


• robustness of costing and budget 
impact information  


• technical efficiency (the 
incremental benefit of the new 
technology compared to current 
treatment)  


• productive efficiency (the nature 
and extent of the other resources 
needed to enable the new 
technology to be used) 


• allocative efficiency (the impact 
of the new technology on the 
budget available for specialised 
commissioning) 


The manufacturer states that there is no variation from the final scoping document and the ERG broadly 
agrees with this. The submission includes a QALY-based cost-consequences model to estimate the 
lifetime costs and health outcomes associated with eculizumab versus standard care. This is in line with 
the interim NICE methods and process guide for highly specialised technologies. The manufacturer’s 
cost-consequence model estimates costs and QALYs; this information could be synthesised to address 
questions of technical efficiency, and to some degree, allocative efficiency, by comparing whether the 
additional health gains associated with eculizumab outweigh the health forgone associated with 
curtailing existing services. As noted on page 132 of the MS, the manufacturer has not undertaken an 
incremental cost-effectiveness analysis. 
 
The MS also includes a related budget impact model which predicts the costs to the NHS of providing 
eculizumab for the treatment of aHUS over a five-year time period, from the beginning of 2013 to the 
end of 2017.  
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Component Final scope issued by NICE Deviations of submission from the scope 
Impact of the 
technology 
beyond direct 
health 
benefits, and 
on the delivery 
of the 
specialised 
service 


• whether there are significant 
benefits other than health  


• whether a substantial proportion 
of the costs (savings) or benefits 
are incurred outside of the NHS 
and personal and social services 


• the potential for long-term 
benefits to the NHS of research 
and innovation 


• staffing and infrastructure 
requirements, including training 
and planning for expertise. 


The manufacturer states that there is no variation from the final scoping document. The MS indicates 
that the proposed commissioning of eculizumab and potential development of a service based on centres 
of expertise for aHUS will have an impact on the development of disease-specific working groups, care 
pathways, and the UK Registry for Rare Kidney Diseases (RaDaR). The MS also notes that 
manufacturer is sponsoring an international aHUS registry that will capture and continue to follow 
aHUS patients irrespective of treatment status. Currently, very few English patients have been recruited 
into this registry. 
 
In addition, the MS reports an analysis of wider societal (non-health) benefits associated with the use of 
eculizumab. This analysis includes estimates of (i) lost productivity, government benefits and tax 
revenues for patients and current/ex carers of aHUS patients, (ii) cost-savings associated with out-of-
pocket expenditures for patients and carers including, transportation, housing and other costs; and (iii) 
other carer costs. 


Other 
considerations 


None No deviation from the scope. 
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3.3 ERG critique of the manufacturer’s adherence to the decision problem as set out in the 


NICE scope 


3.3.1  Population 


The population included in the clinical sections of the submission relates to adults and children with 


aHUS. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The brief consideration of comparators within the MS 


includes some data from TMA/aHUS registries (Noris et al,11 Coppo et al,31 Fremeux-Bacchi et al32 


and Hovinga et al33); however, some of these registries include patients who do not have aHUS. The 


MS does not consider differential effectiveness or costs of eculizumab for patients in whom a specific 


genetic abnormality can be identified. 


 


3.3.2  Interventions 


The intervention included within the MS relates to eculizumab in line with its licensed indication. It 


should be noted that as part of the clarification process, the manufacturer highlighted some minor 


dose discrepancies in the prospective eculizumab studies and xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


in the retrospective eculizumab study. In these instances, the available evidence may not strictly 


adhere to the EMA licensed indication.24 


 


3.3.3  Comparators 


The ERG believes that evidence relating to the effectiveness of the comparators specified in the NICE 


scope is given insufficient attention within the MS. Whilst the manufacturer purports to have 


undertaken a systematic review which identified no randomised controlled trials, they have only 


explicitly reported the outcomes of a review of prospective and retrospective single-arm studies of 


eculizumab (several issues regarding the manufacturer’s review methods are discussed in Chapter 4). 


The same approach is not used to detail outcomes data for the comparators specified in the NICE 


scope.30 During the clarification process (response to question #1) the manufacturer stated: 


 


“We did in fact provide a systematic review of standard of care (SOC) interventions in our September 


2013 submission; however, the information is not included in one location or specific section.  


Specifically, we reviewed four thrombotic microangioapthy (TMA)/HUS registries available in the 


literature that identified and followed a large number of aHUS patients. The results of these 


registries are described in the following publications: Caprioli et al 2006, Noris et al 2010, Hovinga 


et al 2010, and Coppo et al 2010.” 34 
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The MS does not however include details with respect to how the registry studies were identified, 


how they were selected, the methodological quality of these studies, or the range of relevant 


outcomes data reported within the source publications. This is a major weakness of the MS which 


limits the interpretation of the full range of available evidence. 


 


3.3.4  Outcomes 


The range of outcomes reported within the MS differs for eculizumab and the comparators. Whilst 


the outcomes data for eculizumab are handled in a generally systematically fashion, the same is not 


true of the comparators specified in the NICE scope; instead the MS reports general figures for 


adverse consequences of aHUS across a selection of registry studies. 


 


(a) Outcomes reported for eculizumab (note - not all outcomes are reported in all studies) 


• Change in platelet count from baseline  


• Normalisation of platelet count 


• Complete TMA response 


• TMA event-free status 


• TMA intervention rate, pre-eculizumab/during eculizumab treatment 


• Chronic Kidney Disease (CKD) improvement  


• Estimated glomerular filtration rate (eGFR), change from baseline 


• eGFR improvement ≥ 15 mL/min/1.73m2  


• Decrease in proteinuria by ≥ 1 grade 


• HRQoL  


• Hb improvement  


• Hematologic normalisation 


• New dialysis event free status 


• PE/PI event-free status 


• CKD improvement by at least one stage after initial dose (target day 7) 


• Complete TMA response with preservation of renal function 


• Modified complete TMA response with improvement renal function 


• CKD improvement by at least one stage at 4 weeks (target day 28) 


• New dialysis event-free status 


• PE/PI event-free status 


 


 







25 


 


 (b) Outcomes reported for standard care (note - discussion of these outcomes is based on a general 


interpretation of registry data but is not presented separately for individual studies) 


• Percentage of patients reaching ESRD or death at certain timepoints 


• Graft loss 


• Incidence of neurological complications, cardiac complications and gastrointestinal 


complications 


 


Other potentially relevant information is available concerning the prognosis of patients receiving the 


comparator treatments, however this is not adequately detailed in the MS (e.g. disaggregated 


ESRD/mortality outcomes at different timepoints, remission rates following plasma therapy). This 


evidence is further discussed in Chapter 4. 


 


3.3.5  Cost to the NHS and PSS, and value for money 


The MS includes a cost-consequence model in which the primary health outcome is valued in terms 


of incremental QALYs gained. The manufacturer’s model does not use any of the aforementioned 


evidence from the aHUS registries to characterise progression of chronic kidney damage but instead 


uses data from the pre-treatment phase of prospective eculizumab studies C08-002A/B and C08-


003A/B. These issues are discussed and explored in detail in Chapters 5 and 6 of this report. 
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4. IMPACT OF THE NEW TECHNOLOGY – CLINICAL EFFECTIVENESS 


4.1  Critique of the methods of review(s) 


The MS1 includes a systematic review of published and unpublished evidence of eculizumab for the 


treatment of patients with aHUS. A detailed critique of the methods of the review is presented in this 


chapter. The ERG notes that the systematic review process followed by the manufacturer is not 


comprehensive and is neither transparent nor reproducible. This should be borne in mind when 


interpreting the results presented within this chapter. 


 


4.1.1  Searches 


Several aspects of the searches for clinical evidence undertaken by the manufacturer were confusing. 


Information concerning the searches is provided in the main body of the submission (see MS1 pages 


59-65, Section C9,1 and Appendix 17.1.4, pages 218-220). However, there are inconsistencies 


between these two sections. The manufacturer clarified that Table C1 (MS pages 60-61) contained the 


correct search terms used to identify the clinical evidence (see response to clarification questions34 


#13). 


 


The population, intervention, comparators and outcomes (PICO) is not discussed in the search section 


but the search does have terms for the population and intervention aspects of PICO. In Table C1 (see 


MS1 pages 60-61), an attempt was made to use an exhaustive list of terms for the aHUS facet of the 


search. Wildcards could have been beneficially added to include the British and North American 


spellings. For the intervention, eculizumab, the name of the licensed drug Soliris® and the CAS 


registry number are not included; the use of these alternative terms for eculizumab would have made 


the search more comprehensive. Boolean logic is utilised to combine all the terms for the population 


and intervention using the OR term (see MS1 Table C1 pages 60-61, search string 7, Medline and 


Embase search). In order to retrieve evidence on eculizumab for the treatment of patients with aHUS, 


it would have been more appropriate to combine the population terms (search strings 1-4) using the 


OR term and then combine this with the intervention terms (search string 5) using the AND logic 


term. Appropriate Boolean logic is used in step 8 to ensure that RCTs are retrieved. The searches 


provided in the MS did not include any terms for the comparators of eculizumab e.g. plasma infusion, 


plasma exchange, dialysis or renal transplant. Whilst it is possible that the aforementioned search 


strategy may have retrieved studies on the comparator treatments, it cannot be guaranteed that all 


relevant comparator studies have been identified as no proper attempt was made to search for these. 


Whilst free-text terms were used in the Medline, Embase and Cochrane library search strategy, it is 


unclear whether subject headings or thesauri terms were used in these searches. Translation of the 


search strategies from the Medline database to the Cochrane Library (Table C1 (see MS1 pages 60-


61) was inconsistent with fewer terms used for the search in the Cochrane library. 
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Initially it was difficult to determine what date and language limits were applied to the searches (see 


MS1 pages 59-61 and Appendix 17.1.4); however, the manufacturer clarified that the searches were 


limited to humans, English Language and publication year 2000-current (see response to clarification 


questions34 #14). The “human” limit is justified and potentially the “2000-current” limit appears to be 


acceptable due to the evolving nomenclature and understanding of aHUS and other TMA-related 


diseases. The justification for limiting studies to the English language to identify the publications 


most likely to be relevant to the English setting is less convincing. The most substantial problem with 


limiting a systematic review to English language only studies is that it can lead to publication bias. 


Additionally, the evidence base for eculizumab is small therefore any evidence, even if not directly 


applicable, could be considered important. 


 


Only two terms were used to retrieve RCTs (see MS1 Table C1, pages 60-61). A sensitive filter could 


have been used to increase the sensitivity of the search. Additionally, the submission states that due to 


the lack of high quality evidence in the form of RCTs, extra terms were added in order to find non-


RCT evidence. A number of study types are then listed; however, it is unclear how these terms were 


used in the search (see MS1 page 63). The manufacturer’s response in request to clarification failed to 


conclusively answer how these terms were used (see response to clarification question34 #15). 


 


A range of databases was searched for the clinical evidence although information about the service 


provider was not included (see MS1 Appendix 17.1.1). It was unclear from the description of the 


search in the MS whether Medline In-Process had been searched. The manufacturer clarified that 


Medline in Process was searched within Embase. If the manufacturer had access to Medline it is 


strange that the In-Process subset was searched within Embase. The ERG notes that the Embase 


database does not contain all Medline records. Moreover, it is unclear why a larger range of databases 


was searched to identify economic evidence. A search of Web of Knowledge for the clinical evidence 


would have beneficially retrieved conference proceedings. Unpublished studies were identified by 


searching the manufacturer’s database of sponsored clinical trials and a clinical trials register (see 


MS1 page 60). However, it is not clear if other grey literature sources were searched (e.g. conference 


proceedings, grey literature databases [OpenSIGLE, The National Technical Information Service], 


specialist research organisations, professional societies and the World Wide Web) particularly for 


studies not sponsored by the manufacturer. 


 


4.1.2  Inclusion criteria 


Comprehensive and explicit descriptions of the inclusion and exclusion criteria are essential for a 


systematic review so that the methods and procedures are transparent and reproducible. The inclusion 
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and exclusion criteria for the systematic review were not clearly specified in the MS1 (pages 59-66). 


A summary developed by the ERG, based on the information reported in MS, is provided in Table 3. 


 


Table 3: Inclusion and exclusion criteria in the manufacturer’s systematic review 


Inclusion criteria  Population 
Adults or children with aHUS 
 


 Intervention 
Eculizumab 
 


 Comparator 
Supportive care or placebo 
 


 Outcome 
Overall survival, response to treatment, avoidance of dialysis, avoidance 
of plasma therapy, maintenance or improvement of kidney function, other 
major non-renal clinical outcomes, development of antibodies and 
resistance, and safety  
 


 Study design 
Randomised controlled trials (other study designs were considered in the 
absence of randomised trial evidence) 


Exclusion criteria  Patients with typical or acquired HUS  
 Non English language papers 


 


The specified inclusion and exclusion criteria are (mostly) appropriate and generally reflect the 


information given in the decision problem; however, there appear to be some irregularities in the MS. 


 


Given the absence of RCT evidence identified by their searches, the manufacturer amended the 


inclusion criteria to include the following study types: retrospective trials, cohort study, case series, 


case reports and registry data (see MS1 page 63). Following this amendment, the MS (page 69) and 


the response to clarification questions34 (see question #17) stated that published case series (and case 


studies) were excluded from the review “due to their wide variability of dose protocol and treatment 


duration that is inconsistent with the SmPC and the proposed use of eculizumab for aHUS in 


England.” The ERG notes that despite the inherent biases associated with this study type, the 


inclusion of such evidence in the systematic review may have increased the evidence base and 


strengthened the credibility of the review.35 The inclusion of such study designs may also have 


allowed for the exploration of issues around the optimal dosing, frequency and treatment duration in 


future studies of eculizumab.  


 


In the MS (page 59), the comparator was considered to be supportive care; however, a clear and 


explicit description was lacking in the systematic review. After seeking further clarification, the 


manufacturer highlighted that supportive care included plasma exchange or plasma infusion, chronic 
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dialysis or kidney transplantation (see MS1 page 31). It is noteworthy that the decision problem (see 


Chapter 3, Table 2) proposed two distinct patient groups for supportive care and included plasma 


infusion and/or plasma exchange therapy in newly diagnosed people who have not received prior 


treatment and kidney dialysis or kidney/liver transplantation in previously treated people with kidney 


impairment. 


 


Although adults and children with aHUS were the population of interest, it would have been 


beneficial if the disease of interest was defined using explicit criteria e.g. how the disease is defined, 


how the disease of interest is verified, how studies involving only a subset of relevant participants 


will be handled and which participants were excluded. Similarly, a clear and explicit description of 


the outcomes for the systematic review would have been beneficial.  Nevertheless, the ERG considers 


the manufacturer’s outcome selection to be relevant and appropriate.  


 


Finally, as noted in the previous section, limiting a systematic review to English language only 


studies can lead to publication bias.   


 


4.1.3 Critique of data extraction 


The MS1 (pages 60 and 221) provides a brief description of the study selection process; however, it is 


unclear if a parallel independent assessment was conducted to minimise the risk of errors and 


selection bias. In addition, the MS does not provide any details relating to the data extraction process 


(e.g. which information was extracted from the included studies, if authors of primary studies were 


contacted to provide missing or additional data and if more than one researcher extracted the data). 


The use of standardised data extractions forms, with data extractions being independently checked, 


reduces potential bias and improves validity and reliability of a systematic review. 


 


4.1.4 Quality assessment 


The validity assessment tool used to appraise the included studies in MS (page 87) was based on the 


quality assessment criteria for RCTs as suggested by the NICE guideline template for manufacturers. 


However, it is not clear whether the critical appraisal process was undertaken by a single reviewer or 


consensus of multiple reviewers.   


 


After seeking further clarification from the manufacturer on the appropriateness of an RCT appraisal 


tool to critically appraise non-randomised studies of eculizumab, the manufacturer claimed (see 


response to clarification questions34 #18) that “an alternative template was not identified that would 


provide a similar appraisal as the…RCT template.” The ERG considers the use of an RCT 


methodological assessment tool to be inappropriate as the included studies were not RCTs (see MS1 
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pages 87-91). Moreover, Deeks et al.36 have identified over 180 tools for assessing the quality of non-


randomised studies of interventions. It is unclear why one of these more relevant tools was not used. 
 


4.1.5 Evidence synthesis 


The manufacturer did not undertake a formal meta-analysis as this was considered to be inappropriate 


due to the diversity of the clinical and methodological characteristics of the included studies (see MS1 


page 109). As a result, the manufacturer undertook a narrative synthesis of the evidence; no explicit 


details were provided on how this approach was undertaken. Ideally, a narrative synthesis approach 


should be pre-specified, justified, rigorous (i.e. describe results without being selective or 


emphasising some finding over others) and transparent to reduce potential bias.37,38 Despite the lack 


of transparency, the ERG acknowledges that the narrative synthesis approach undertaken by the 


manufacturer was acceptable. 
 


4.2.  Critique of trials of the technology of interest, their analysis and interpretation 


4.2.1   Studies included in/excluded from the submission  


The manufacturer’s PRISMA flow diagram relating to the literature searches (see MS1 pages 62 and 


64) is confusing and does not conform exactly to the PRISMA statement flow diagram 


(http://www.prisma-statement.org/statement.htm). In addition, the MS does not provide a full and 


explicit breakdown of the reasons why all citations were rejected, especially after full text papers 


were retrieved for detailed evaluation. 
 


As no RCTs were identified in the MS, the systematic review included four manufacturer sponsored, 


prospective studies (C08-002A/B, C08-003A/B, C10-003 and C10-004) and one retrospective study 


(C09-001r) as the main supporting evidence for the efficacy and safety of eculizumab in the treatment 


of patients with aHUS. Two additional ongoing observational studies were also identified: C11-003 


and M11-001. A summary of the study designs and population characteristics at baseline within these 


studies is provided in Tables 4 and 5. It is noteworthy that despite the manufacturer stating that a 


systematic review of standard care was undertaken (see response to clarification questions34 #1) there 


is no transparent evidence of this in Section C of the MS (pages 59-119). For example, no details 


were provided for the following: number of studies included for the systematic review of standard 


care, quality assessment of included studies and no presentation or synthesis of results from included 


studies. However, the ERG acknowledges that selective reporting of results from several registries is 


provided in the MS, albeit in several sections which are not particularly relevant to the systematic 


review (page 31 [Section B - Nature of condition], 128 [Section C 10.1.16 – appears to be a 


comment] and 139 [Section D – Value for money and cost to the NHS…], MS). 



http://www.prisma-statement.org/statement.htm
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Table 4: Summary of design characteristics (MS1 pages 28-29, 69-80) 


Study Country (sites) Design Number of 
treated 
patients 
(enrolled)a 


Intervention  
 


Duration  Primary 
outcome 


Study status type of 
report 


Prospective studies 
C08-002 
A/B 


Austria, Canada, 
France, 
Germany, Italy, 
Netherlands, 
Spain, Sweden, 
UK, and the 
USA, (74 study 
sites across 30 
centres) 


Phase 2, open-
label, non-
randomised, 
single arm 
study 


17 (17) Eculizumab fixed dose 
schedule: 900 mg IV 
once weekly (Weeks 1-
4); followed by 1200 mg 
IV once every 2 weeks 
(week 5 and after) 


26 weeks; patients 
allowed to continue 
in long-term 
extension until 
product registered 
and available 
 


Reduction of 
TMA measured 
by change in 
platelet count 
from baseline and 
haematologic 
normalisation 


Enrolment and primary 
endpoint complete; 
Clinical Study report 
complete; extension trial 
on-going; published 
report Legendre et al. 
201339 
 


C08-003 
A/B 


Austria, Canada, 
France, 
Germany, Italy, 
Netherlands, 
Spain, Sweden, 
UK, and the 
USA (69 study 
sites across 30 
centres) 


Phase 2, open-
label, non-
randomised, 
single arm 
study 


20 (23) Eculizumab fixed dose 
schedule: 900 mg IV 
once weekly (Weeks 1-
4); followed by 1200 mg 
IV once every 2 weeks 
(week 5 and after) 


26 weeks; patients 
allowed to continue 
in long-term 
extension until 
product registered 
and available 


Reduction of 
TMA measured 
by TMA event-
free status and 
haematologic 
normalisation 


Enrolment and primary 
endpoint complete; 
Clinical Study report 
complete; extension trial 
on-going; published 
report Legendre et al. 
201339 
 


C10-003 xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxx 


Phase 2, open-
label, non-
randomised,   
single arm 
study 


22 (NR) Eculizumab fixed dose, 
multiple weight-based 
dosing regimens. 


26 weeks; patients 
allowed to continue 
in extension until 
product registered 
and available 
 


Complete TMA 
response 
confirmed by 2 
consecutive 
measurements 


Enrolment and primary 
endpoint complete; 
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
  Unpublished 
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Study Country (sites) Design Number of 
treated 
patients 
(enrolled)a 


Intervention  
 


Duration  Primary 
outcome 


Study status type of 
report 


C10-004 xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxx 


Phase 2, 
Open-
label,non-
randomised,  
single arm 
study 


41 (NR) Eculizumab fixed dose 
schedule: 900 mg IV 
once weekly (Weeks 1-
4); followed by 1200 mg 
IV once every 2 weeks 
(week 5 and after) 


26 weeks; patients 
allowed to continue 
in extension until 
product registered 
and available 


Complete TMA 
response 
confirmed by 2 
consecutive 
measurements 


Enrolment and primary 
endpoint complete; 
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
 Unpublished 


Retrospective studies 
C09-001r  Multi-national 


(no further 
details provided) 


Retrospective, 
chart review 


30 (30) Eculizumab; Variable 
dosing schedule (no 
further details provided) 


Variable no further 
details provided) 


Reduction in 
TMA as 
measured by 
change in platelet 
count from 
baseline, TMA 
event free status 
and difference in 
TMA 
intervention rates 


Study complete; Clinical 
Study Report Complete. 
Published as abstract40 
and additional data in the 
EMA assessment report41   


Ongoing studies 
C11-003 Multi-national 


(no further 
details provided) 


Phase IV 
observational, 
long term 
follow up 
study 


Data not 
available 


xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxx 


xxxxxxxxxxxx TMA 
complication-free 
survival 


Ongoing 


M11-001 Multi-national 
(no further 
details provided) 


Observational 
registry  


Data not 
available 


xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx 


Various Ongoing; baseline 
abstract submitted 


a Data for the number of enrolled patients was obtained from the EMA Assessment Report for Eculizumab41 as the MS did not provide this information (including the number of patients screened) 
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Table 5: Summary of patient characteristics at baseline 


Characteristic Prospective studies Retrospective 
study 


C08-002A/B C08-003A/B C10-003 C10-004 C09-001r 
Population characteristics 
Description Adult and adolescent 


patients with short-
duration aHUS 
(plasma therapy 
resistant) 


Adult and 
adolescent patients 
with a long duration 
of aHUS and 
chronic renal 
impairment (plasma 
therapy sensitive) 


Paediatric patients 
with aHUS 
exhibiting 
thrombocytopenia, 
haemolysis and 
elevated serum 
creatinine 


Adult patients with 
aHUS exhibiting 
thrombocytopenia, 
haemolysis and 
elevated serum 
creatinine 


Any patients with 
aHUS treated 
outside of a 
manufacturer-
sponsored study 


Demographic characteristics 
Age, years (median, [min; max]) 28 (17; 68) 28 (13; 63) xxxxxxxxxxxx xxxxxxxxxxx 12 (0.17; 51.4) 
Age category      
 Infant (<2 years) 0 0 x 0 5 
 Children (≥2 to 12 years) 0 0 xx 0 10 
 Adolescent (≥12 to ≤18 years) 1 5 x 0 4 
 Adult (≥18 years) 16 15a x 41 11 
Sex (n, %)      
 Male  5 (29%)b 8 (40)b xx Xx 14 (47%)c 
 Female 12 (71%)b 12 (60%)b xx Xx 16 (53%)c 
Patients with genetic mutation or auto-antibody (n, %) 
 


13 (76%)b 14 (70%)b xx Xx 14 (47%)c 


aHUS disease history 
Time from aHUS diagnosis to screening, months 
(median, [min; max])  


9.7 (0.26; 236) 48 (0.66; 286) 0.56 (0.03; 191.3)d 0.79 (0.03; 311.26) 10.9 (0.23; 
175.9)e 


Patients with prior renal transplant (n, %) 7 (41%)b 8 (40%)b xx xx 11 (37%)c 
First presentation of aHUS (n, %) 
 


7 (41%)b 5 (25%)b xx xx 12 (40%)c 


aHUS exacerbation history 
Time from current clinical presentation of aHUS to 
screening, months (median, [min; max]) 


0.8 (0.2; 3.7)b 8.6 (1.2; 45.0)b xx xx xx 


Number of plasma therapy sessions per patient during 17 (2; 37)f 62 (20; 230) xxxxxxxxxx xxxxxxxxxxx 8 (0; 29) 
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Characteristic Prospective studies Retrospective 
study 


C08-002A/B C08-003A/B C10-003 C10-004 C09-001r 
current aHUS event (median, [min; max]) 
Number of plasma therapy sessions per patient within 
7 days to first eculizumab dose (median, [min; max]) 


6 (0;7)c 1.5 (1;3)c xx xx xx 


Patients with dialysis before first eculizumab dose (n, 
%) 
 


6 (35%) 2 (10%) 11 (50%) 24 (59%) 11 (37%) 


Other variables 
Platelet count at baseline(x109/L)      
 Median (min; max) 118 (62; 161) 218 (105; 421) xxxxxxxxxx xxxxxxxxxx 159 (25; 381) 
LDH at baseline    xxxxxxxxxx  
 Median (min; max) 269 (134; 634) 200 (151; 391) xxxxxxxxxxxxxxxx xxxxxxxxxxxxx xxxxxxxxxxxxxx 
Estimated GFR (mL/min/1.73m2) at baseline      
 Median (min; max) 19 (5; 59)b 28 (6; 72)b xx xx xx 
 <15 (n, %) 7 (41%)b 4 (20%)b xx xx 8 (27%)c 
 15-29 (n, %) 5 (29%)b 6 (30%)b xx xx 5 (17%)c 
 30-44 (n, %) 4 (24%)b 6 (30%)b xx xx 8 (27%)c 
 45-59 (n, %) 1 (6%)b 2 (10%)b xx xx 3 (10%)c 
 ≥60 (n, %) 0b 2 (10%)b xx xx 6 (20%)c 
Number of patients by CKD stage c      
 Stage 0 0 0 x X 0 
 Stage 1 0 0 xxxxx X 4 (13%) 
 Stage 2 0 2 (10%) xxxxx x 2 (7%) 
 Stage 3a 1 (6%) 2 (10%) xxxxxx xxxxxx 3 (10%) 
 Stage 3b 4 (24%) 6 (30%) xxxxxx xxxxxx 8 (27%) 
 Stage 4 5 (29%) 6 (30%) xxxxxxx xxxxxxx 5 (17%) 
 Stage 5 7 (41%) 4 (20%) xxxxxxxx xxxxxxxx 8 (27%) 
GFR, glomerular filtration rate 
a  The MS suggest 23 patients; however, the ERG assumes this is a typographical error 
b  Data from Legendre et al.39  
c  Data from EMA Assessment report for eculizumab41 


d  duration of confirmed disease 
e  At first dose 
f  Within 56 days of first dose 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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Studies C08-002A/B and C08-003A/B  


The MS1 did not provide a clear and transparent description of studies C08-002A/B and C08-


003A/B (pages 28, 69-74). Additional information was derived from the original published paper 


reported by Legendre et al.39  


 


Studies C08-002A/B and C08-003A/B were published multi-centre, single-arm studies conducted 


in adults (aged >18 years) and adolescent (aged between 12 to 18 years) patients. All patients 


received meningococcal vaccination at least 14 days before the initiation of eculizumab treatment 


or received prophylactic treatment with antibiotics until 2 weeks after vaccination. Patients 


received a fixed-dose schedule of eculizumab with the first dose administered 1 to 6 hours after 


their most recent plasma therapy session. Eculizumab was given intravenously at a dose of 


900mg per week for 4 weeks (induction phase), a dose of 1200 mg 1 week later, and a 


maintenance dose of 1200 mg every 2 weeks thereafter (maintenance phase). Patients who 


received plasma exchange or infusion during the eculizumab treatment period received a 


supplemental dose of 600mg before plasma infusion or within 1 hour after the completion of each 


plasma exchange. The studies were designed for eculizumab to be administered for 26 weeks 


with additional treatment available through an extension phase. Each study had two primary 


endpoints. The first primary endpoint included the inhibition of TMA (indicated by a change in 


platelet count from baseline) in study C08-002A/B and TMA event-free status for at least 12 


weeks (defined as no decrease in platelet count of >25%, no plasma exchange or infusion and no 


initiation of dialysis) in study C08-003A/B. The second co-primary endpoint in both studies was 


the proportion of patients who achieved haematologic normalisation (defined as normalisation of 


both platelet count [>150 x109/L] and lactate dehydrogenase sustained for at least two 


consecutive measurements which span a period of least for four weeks). To confirm an 


eculizumab treatment effect, pre-treatment data were used as within-patient controls. Neither 


study included a separate control group without exposure to eculizumab. 


 


Study C08-002A/B included patients (n=17) in the early phase of aHUS (median time from 


diagnosis to screening, 9.7 months) with evidence of progressive TMA after four or more 


sessions of plasma exchange or infusions (i.e. plasma therapy resistant) in the week before the 


start of study treatment and impaired renal function. In these patients eculizumab is expected to 


control the TMA process, prevent progression of TMA and reverse kidney damage. It is 


noteworthy that 16/17 patients (94%) received PE/PI and 5/17 patients (29%) were receiving 


dialysis prior to initiation of eculizumab. In addition, two out of 17 patients (12%) received PE/PI 


during the study. One of these two patients discontinued the study before starting PE (patient was 


exited from the study because of a protocol violation); the other patient received 17 plasma 
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exchanges without interrupting eculizumab treatment (see response to clarification questions34 


#5).    


 


In contrast, study C08-003A/B  included patients (n=20) with longer term aHUS (median time 


from diagnosis to screening, 48 months) who had chronic renal impairment, without apparent 


evidence of clinical TMA and were receiving plasma therapy (exchange/infusion) for a median 


duration of 10 months prior to study entry (i.e. plasma therapy sensitive). In these patients 


eculizumab is expected to control the TMA process despite discontinuation of plasma therapy and 


maintain kidney function. It is noteworthy, all patients (20/20; 100%) received PE/PI and 2/20 


patients (10%) were receiving dialysis prior to receiving eculizumab. In addition, one patient 


(5%) received a single dose of PE/PI without interrupting eculizumab treatment during the study 


(see response to clarification questions34 #5).   


 


Studies C10-003 and C10-004 (MS1 pages 29, 74-77, 112-114) 


Despite the limited information in the MS, studies C10-003 and C10-004 were unpublished, 


multi-centre, single-arm studies conducted in adults (aged >18 years) and paediatric (aged 


between 1 month to 18 years) patients. All patients received vaccination for Neisseria 


meningitidis, pneumococcal infections, and Haemophilus influenzae at least 14 days before the 


initiation of eculizumab treatment or protected by prophylactic antibiotics. However, the ERG 


notes that this appears to be slightly different to the guidelines in the SmPC24 which recommends 


that all patients must be vaccinated for Neisseria meningitides but only recommends vaccination 


(essential) against Haemophilus influenzae and pneumococcal infections in patients less than 18 


years of age. The studies were designed for eculizumab to be administered for 26 weeks xxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The primary endpoint in both studies 


was a complete TMA response defined as haematological normalisation (based on platelet count 


and lactate dehydrogenase levels) and ≥25% improvement in serum creatinine from baseline 


confirmed by two consecutive measurements obtained at least four weeks apart. 


 


Study C10-003 included paediatric patients (n=22) with a clinical diagnosis of aHUS (newly 


diagnosed, existing diagnosis, or post-transplant) exhibiting thrombocytopenia, haemolysis and 


elevated serum creatinine. Patients that received plasma therapy more than five weeks prior to 


enrolment or chronic dialysis were excluded.42 Patients received eculizumab according to a fixed 


dose, weight-based dosing regimen. Although no study specific details were provided, the ERG 


assumes that this is based on a fixed-dose weighting schedule as indicated in the SmPC24 and the 


MS1 (pages 24-25). In these patients eculizumab is expected to control TMA as characterised by 


thrombocytopenia, haemolysis and renal impairment. It is noteworthy that 10/22 patients (45%) 
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received PE/PI prior to entering the study and 11/22 patients (50%) were receiving dialysis at the 


time of initiation of eculizumab. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (see response to clarification questions34 #5). 


 


Study C10-004 included adult patients (n=41) with a clinical diagnosis of aHUS exhibiting 


thrombocytopenia, haemolysis and elevated serum creatinine. There was no requirement for 


PE/PI or dialysis prior to initiating eculizumab therapy. Patients who received chronic dialysis 


were excluded from the study.43 Patients received a fixed-dose schedule of eculizumab. This was 


given intravenously at a dose of 900 mg per week for 4 weeks (induction phase), a dose of 1200 


mg 1 week later, and a maintenance dose of 1200 mg every 2 weeks thereafter (maintenance 


phase). In these patients eculizumab is expected to control TMA as characterised by 


thrombocytopenia, haemolysis and renal impairment. It is noteworthy that 36/41 patients (88%) 


received PE/PI prior to eculizumab treatment and 24/41 (59%) patients were receiving dialysis at 


the time of initiation of eculizumab. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxx. 


 


Study C09-001r (see MS1 pages28, 77-78, 84) 


Despite the limited information provided in the MS,1 study C09-001r was a retrospective chart 


review of 30 patients that included infants (<2 years), children (2-12 years), adolescents (>12 to 


<18 years) and adults (>18 years) who had been diagnosed with aHUS and received at least one 


dose of eculizumab between 2007 and 2009 outside of a manufacturer sponsored study.44 The 


dosing schedule and treatment duration were variable (no further details were provided). The 


primary outcome included a reduction in TMA as measured by change in platelet count from 


baseline, TMA event-free status and difference in TMA intervention rates (pre-treatment and 


during treatment).  


 


Ongoing studies (see MS1 page 29, 78-80) 


The MS identified two ongoing observational studies. Study C11-003 is a long-term follow-up 


study45  designed to assess the long-term efficacy and safety of eculizumab in patients with aHUS 


who have previously participated in an eculizumab study xxxxxxxxxxxxxxxxxxxxxxxx. The 


estimated date of study completion (i.e. clinical study report 


finalisation) xxxxxxxxxxxxxxxxx (see response to clarification questions34 #51). 
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The M11-001 aHUS registry46 is designed to capture post-marketing safety data on patients 


treated with eculizumab and to collect information on the progression of disease in all aHUS 


patients receiving eculizumab. Although this is an open registry, the MS and clarification 


response did not provide any further details of planned data analysis and subsequent publication. 


 


4.2.2 Details of relevant studies not included in the submission 


Whilst the ERG is confident that all relevant studies were included in the MS, including details of 


ongoing studies, the ERG is not convinced that all relevant citations for each of the included 


studies have been fully reported in the submission (pages 80-83). For example, independent 


searches conducted by the ERG, based on a search strategy previously developed for the AGNSS 


assessment of eculizumab for aHUS,26 identified several citations that were not referenced in the 


MS, particularly those related to the following subgroups: with or without transplant,47-49 and with 


or without history of dialysis.50 However, the MS1 (pages 85-86) does provide details of subgroup 


analyses undertaken and a clear statement of findings, including those with prior kidney 


transplant and dialysis. 


 


4.2.3  Summary and critique of manufacturer’s analysis of validity assessment 


The manufacturer provided a formal appraisal of the validity of the included prospective 


eculizumab studies based on a methodological assessment tool for RCTs (see MS1 pages 87-91). 


As noted in Section 4.1.4, the ERG considers the use of an RCT methodological assessment tool 


to be inappropriate as the included studies were not RCTs. To this end, a risk of bias assessment 


of the prospective studies (C08-002A/B, C08-003A/B, C10-003 and C10-004) was undertaken by 


the ERG using a modified methodological assessment tool developed by Chambers et al. for non-


randomised studies.35 A key strength of this tool is that it addresses both quality of reporting and 


risk of bias (principally selection and attrition bias). A summary of the risk of bias in the 


prospective studies is presented in Table 6. 
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Table 6: ERG’s methodological quality assessment of included prospective studies 


Criteria used for quality 
assessment 


C08-00239  C08-00339 C10-003 
(p74-75, 86-87, 
98-99, MS) 


C10-004 
(p75-77, 86-87, 
99-101, MS) 


1. Were selection/eligibility criteria 
adequately reported? 


Unclear Unclear xxxxx Xxxxx 


2. Was the selected population 
representative of that seen in normal 
practice? 


Unclear Unclear xxxxx xxxxx 


3. Was an appropriate measure of 
variability reported? 


Yes Yes xxxxx xxxxx 


4. Was loss to follow-up reported or 
explained? 


Yes Yes xxxxx xxxxx 


5. Were at least 90% of those 
included at baseline followed up? 


Yes Yes xxxxx xxxxx 


6. Were patients recruited 
prospectively? 


Unclear Unclear xxxxx xxxxx 


7. Were patients recruited 
consecutively? 


Yes Yes xxxxx xxxxx 


8. Did the study report relevant 
prognostic factors? 


Yes Yes xxxxx xxxxx 


 


Selection criteria were reported in all studies; however, patient eligibility was not clearly 


described. Despite an ERG clarification request, the manufacturer (see response to clarification 


questions34 #6) failed to provide clear and explicit details on how patients were identified for 


recruitment into studies C08-002, C08-003, C10-003 and C10-004  or whether all patients 


identified with aHUS who fitted the inclusion criteria were included in the studies. However, it 


did state that all study participants were recruited consecutively and enrolled by the investigator 


at his/her respective study site. As expected in an ultra-rare disease study, not all open study sites 


identified aHUS patients during the study enrolment period. In addition, it is unclear whether 


study populations derived from multiple multinational specialist centres can be considered 


representative of patients with aHUS seen in routine clinical practice. One study restricted the 


population to include patients aged between 1 month and 18 years (C10-003), two studies 


restricted the population to include patients aged over 12 years (C08-002A/B and C08-003A/B) 


and one study included all patients over 18 years of age (C10-004). Despite a broad age range of 


included patients in the four studies, prospective efficacy and safety data of eculizumab are 


limited in aHUS patients under 18 years of age (e.g. total data for infants <2 years, xxxx; children 


≥2 to 12 years, xxxxx; adolescents ≥12 to ≤18 years, xxxxx and adults ≥18 years, n=72).  
 


Appropriate measures of variability were used in all studies, with confidence intervals reported 


around point estimates to indicate variability. Loss to follow-up and reasons for leaving the 


studies early were reported in all studies, and more than 90% of those included at baseline were 


followed up.  All primary analyses were appropriately analysed using the intention-to-treat (ITT) 
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population, and missing data was imputed by the last observation carried forward (LOCF) 


method. It is not explicitly clear from the study reports whether patients were recruited 


prospectively. Prognostic factors such as complement abnormalities and biochemical tests were 


reported for all studies. No details were available on adherence rates to the protocol-specified 


doses of eculizumab therapy. After seeking further clarification (see response to clarification 


questions34 #8), the manufacturer noted that adherence data were not available at present for the 


published C08-002A/B and C08-003A/B studies, whereas data for the C10-003 and C10-004 


studies were not accessible as the results were based on interim analyses. 
 


The methodological quality assessment of study C09-001R was not assessed by the ERG due to 


the inherent biases associated with retrospective study designs. For completeness, the completed 


validity assessment tool, as reported in the MS (page 91), is reproduced in Table 7. 


 
Table 7: Critical appraisal of observational study C09-001r (MS1 page 91) 


Study name C09-001r 
Study question  Response 


yes/no/not 
clear/N/A) 


How is the question addressed in the study? 


1. Was the cohort recruited 
in an acceptable way? 


Yes Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


2. Was the exposure 
accurately measured to 
minimise bias? 


Yes Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


3. Was the outcome 
accurately measured to 
minimise bias? 


Yes Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


4. Have the authors 
identified all important 
confounding factors? 


Yes Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


5. Have the authors taken 
account of the confounding 
factors in the design and/or 
analysis?  


Yes Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


6. Was the follow-up of 
patients complete? 


N/A Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


How precise (for example, 
in terms of confidence 
interval and p-values) are 
the results?  


Yes Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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4.2.4  Summary and critique of results 


This section presents the results (as reported by the manufacturer) from four manufacturer-


sponsored, single-arm prospective studies (C08-002A/B, C08-003A/B, C10-003 and C10-004) 


and one retrospective study (C09-001r) as the main supporting evidence for the efficacy and 


safety of eculizumab in the treatment of patients with aHUS. Note that data have been re-


tabulated in a consistent and more transparent format by the ERG. 


 


4.2.4.1  Efficacy  


Due to the variations in (some) outcomes and definitions between studies, a summary of the key 


results from the published (C08-002A/B and C08-003A/B) and unpublished (interim results: 


C10-003 and C10-004) prospective studies are reported separately in Tables 8 and 9. Data have 


been re-tabulated in a consistent and more transparent format by the ERG. It is noteworthy, that a 


number of discrepancies were identified in the reported data, particularly between sections 


reported in the MS1 and between the MS1 and the published paper by Legendre et al.39 Where 


applicable, these discrepancies have been highlighted. 


 


C08-002A/B and C08-003A/B (see MS1 pages 85-86, 91-95, 111-112) 


In study C08-002A/B (aHUS patients who were plasma therapy resistant) and study C08-003A/B 


(aHUS patients who were plasma therapy sensitive), improvements were generally observed for 


all measured endpoints (primary efficacy, TMA, renal function and quality of life) from baseline 


to 26 weeks follow-up (Table 8). However, these improvements appeared to be more pronounced 


in patients who were resistant to plasma therapy. With longer-term eculizumab therapy, all 


endpoints were generally maintained or improved in both studies (week 64 in study C08-002A/B 


or week 62 in study C08-003A/B); however, by week 114 a plateau type effect was observed for 


most outcomes, particularly in study C08-002A/B. It is noteworthy that in study C08-002, 


dialysis was discontinued in four out of five patients (80%) who had required dialysis at the time 


of initiation of eculizumab, and these patients remained dialysis-free throughout eculizumab 


treatment. 


 


Although the MS1 did not provide any detailed results by subgroup (including rationale and a 


priori analysis plan for subgroups), it does state that in studies C08-002A/B and C08-003A/B, no 


significant differences in haematological normalisation, avoidance of PE/PI or new dialysis, as 


well as improvement in renal function or quality of life was observed based on presence or 


absence of complement mutations or auto-antibodies and history of renal transplant (see MS1 


page 85). 
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Table 8: Summary of results for study C08-002A/B and C08-003A/B (ITT analysis except where noted) 


Study Efficacy variables Thrombotic microangiography 
Change in  
platelet count  
(x 109/L)  from 
baselinea,  mean 
(95%CI) 


Normalisation  
of platelet 
count, n (%) 


TMA event-  
free statusb, 
n (%) 


Haematologic  
normalisation,
c n (%) 


TMA intervention rate Complete 
TMA 
response,d n 
(%) 


Change in 
Hb > 20g/L, 
n (%)e 


Pre-eculizumab 
rate, median 
(min; max). 


Post-
eculizumab 
rate, median 
(min; max) 
 


C08-002A/B (n=17)         
 26 weeks 73 (40 to 105); 


 p=0.0001  
14/17 (82%) 15/17 (88%) 13/17 (76%) 0.88 (0.04; 


1.59) 
0 (0; 0.31); 
p<0.0001  


11/17 (65%) 11/17 (65%) 


 64 weeksf 91g (67 to 116); 
p<0.0001 


15/17 (88%) 15/17 (88%) 15/17 (88%) - 0 (0; 0.31); 
p<0.0001  


13/17 (76%) 13/17 (76%) 


 114 weeksf 88 (63 to 112);  
p <0.0001 


15/17 (88%) 15/17 (88%) 15/17 (88%) - 0 (0; 0.31); 
p<0.0001 


13/17 (76%) 13/17 (76%) 


         


C08-003A/B (n=20)         
 26 weeks 5 (-17 to 28);  


p=NSh  
18/20 (90%) 16/20 (80%) 18/20 (90%) 0.23 (0.05; 


1.09) 
0 (0; 0); 
p<0.0001 


5/20 (25%) 9/20 (45%) 


 62 weeksf NR 19/20 (95%) 17/20 (85%) 18/20 (90%) - 0 (0; 0); 
p<0.0001 


7/20 (35%) 10/20 (50%) 


 114 weeksf 


 
NR 18/20 (90%) 19/20 (95%) 18/20 (90%) - 0 (0; 0); 


p<0.0001 
11/20 (55%) 13/20 (65%) 


Hb, haemoglobin; ITT, intention-to-treat; MID, minimally improved difference (i.e. achievement of clinically meaningful threshold of 0.06); NR, not reported; TMA, thrombotic microangiography 
a Primary endpoint in study C08-002A/B 
b Primary endpoint in study C08-003A/B defined as no decrease in platelet count of > 25% AND no plasma exchange/ plasma infusion AND no new dialysis for ≥12 consecutive weeks 
c Hematologic Normalization is defined as the normalization of platelet counts and lactate dehydrogenase levels sustained for ≥ 2 measurements over ≥ 4 weeks 
d Complete TMA Response was defined as hematologic normalization plus improvement in renal function (25% reduction from baseline in serum creatinine, which was sustained for ≥ 2 measurements over 
≥ 4 weeks). 
e Sustained effect defined as ≥ 2 measurements over ≥ 4 weeks 
f Median duration except where noted 
g Data at 60 weeks  
h Data from Legendre et al39  
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Table 8 (cont.):  Summary of results for study C08-002A/B and C08-003A/B (ITT analysis except where noted) 


Study Renal function Quality of life 
CKD 
improvement by 
≥1 stage,e n (%) 


eGFR  change from 
baseline (mL/min/1.73 
m2), mean (95% CI)  


eGFR 
improvement ≥15 
mL/min/1.73 m2 


e, n (%) 


Decrease in 
proteinuria 
by ≥ 1 grade i 


HRQoL change (mean point) 
from baseline (95% CI) 


HRQoL, 
evaluable 
patients 
achieving MID 
of 0.06e 


C08-002A/B (n=17)       
 26 weeks 10/17 (59%) 31 (17 to 45); p<0.0001 8/17 (47%) 12/15 (80%) 0.32 (0.27 to 0.38);p<0.0001m 12/15 (80%) 
 64 weeksf 11/17 (65%) 31 (15 to 46); p<0.0001 9/17 (53%) 9/11 (82%)j 0.32 (0.27 to 0.38);p<0.0001m 13/15 (87%) 
 114 weeksf 12/17 (71%) 32k (15 to 49); p<0.0008 10/17 (59%) 7/9 (78%)k 0.33 (0.30 to 0.36);p=0.001 13/15 (87%) 
       


C08-003A/B(n=20)       
 26 weeks 7/20 (35%) 6.1 (3.3 to 8.8);p<0.0001 1/20 (5%) 8/16 (50%)n 0.12 (0.07 to 0.17);p<0.0001m 12/15 (80%)o 
 62 weeksf 9/20 (45%)h 8.3 (4.8 to 


11.7);p<0.0001 
3/20 (15%) 7/9 (78%)j 0.13 (0.08 to 0.18);p<0.0001 13/15 (87%)o 


 114 weeksf 12/20 (60%) 7.1k (-0.30 to 14); p<0.05l 8/20 (40%) NR 0.14k (0.10 to 0.18;p<0.0001 13/15 (87%)o 
Hb, haemoglobin; ITT, intention-to-treat; MID, minimally improved difference (i.e. achievement of clinically meaningful threshold of 0.06); NR, not reported; TMA, thrombotic microangiography  


a Primary endpoint in study C08-002A/B 
b Primary endpoint in study C08-003A/B defined as no decrease in platelet count of > 25% AND no plasma exchange/ plasma infusion AND no new dialysis for ≥12 consecutive weeks 
c Hematologic Normalization is defined as the normalization of platelet counts and lactate dehydrogenase levels sustained for ≥ 2 measurements over ≥ 4 weeks 
d Complete TMA Response was defined as hematologic normalization plus improvement in renal function (25% reduction from baseline in serum creatinine, which was sustained for ≥ 2 measurements over 
≥ 4 weeks). 
e Sustained effect defined as ≥ 2 measurements over ≥ 4 weeks 
f Median duration except where noted 
g Data at 60 weeks  
h Discrepancy in data (MS1 suggest 4/20 which appears to be a typographical error), thus data from Legendre et al.39  
i Evaluable patients 
j Data at 52 weeks 
k Data at 96 weeks 
l Data reported as significant; however, the confidence intervals suggest not significant 
m Discrepancy in data between Table C11, C12 (p92-95) and Table D12, D13 (p162, 164) in the MS1 (Data in Table D12 and D13 correspond to the data in the original publication by Legendre et al.39 e.g. 
C08-002, 26 weeks: 0.32 (0.24 to 0.39);p<0.001; 64 weeks; 0.30 (0.25 to 0.35);p<0.001; C08-003, 26 weeks: 0.10 (0.05 to 0.15);p<0.001) 
n Discrepancy in data: Legendre et al39 suggest 6/11 (55%) 
o Discrepancy in data: Legendre et al.39 suggest the following: C08-003, 26 weeks: 8/11 (73%); 62 weeks, 8/11 (73%); 114 weeks, not available 
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C10-003 and C10-004 (see MS1 pages 85-86, 96-102, 112-114) 


Unpublished interim results from study C10-003 (paediatric patients with aHUS) and C10-004 (adult 


patients with aHUS) showed xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. It is noteworthy that in study C10-003, 


nine of the 11 patients (82%) who were on dialysis at baseline no longer required dialysis during 


eculizumab treatment,  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 


 


The MS1 did not provide any detailed results by subgroup (including rationale and a priori analysis 


plan for subgroups); however, it does state (page 113) xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Similarly, the MS1 states (page 114) xxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxx  







 


45 


 


Table 9:  Summary of results for study C10-003 and C10-004 (Interim ITT analyses except where noted) 


Study Efficacy variables Thrombotic microangiography 
Normalisation 
of platelet 
count,a n (%) 


Xxxxxxxxxx 
xxxxxxxxxx
xxxxx 


Complete TMA 
response,c n (%) 
 
 


Complete 
TMA 
responsed with 
preservation 
of renal 
function 
 


Xxxxxxxxxx 
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxx  


Complete 
hematologic 
responsef 


Xxxxxxxxxx 
xxxxxxxxxxx 


Xxxxxxxxxx 
xxxxxxxxxx
xxxxx 


C10-003 (n= 22g)         
 26 weeks 21/22 (96%) Xx 14/22 (64%) NR xx Xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxx 


xxxxxxxxxxx xx xxxxxxxxxxx xx xx xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx 


         


C10-004 (n=41g)         
 26 weeks 40/41 (98%) xxxxxxxxxx NR 30/41 (73%) xxxxxxxxxxx 36/41 (88%) xxxxxxxxxxx xxxxxxxxxx 
Xxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxx 


xxxxxxxxxxx xxxxxxxxxx
x 


xx xxxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx xxxxxxxxxxx xxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; eGFR, estimated glomerular filtration rate; xxxxxxxxxxxxxxxxxxxxx; ITT, intention-to-treat; xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; NR, not reported; 
TMA, thrombotic microangiography  


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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Table 9 (cont.):  Summary of results for study C10-003 and C10-004 (Interim ITT analyses except where noted) 


Study Renal function Other 
xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xx 


 


xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xxxxxxxxxxxxxx 


 


eGFR 
improvement 
≥15 
mL/min/1.73 m2 


a, n (%) 


xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxxxx
xxxxxxxxxxx 


 


xxxxxxxxxxxxxx
xxxxxxxxxxxxxx
xxxxxxxxxxx 


xxxxxxxxxxxxxx
xxxxxxxxxxx 


C10-003 (n= 22a)       
 26 weeks xxxxxxxxxxxx  xx 19/22 (86%) xxxxxxxxxxxx  xxxxxxxxxxxx  xxxxxxxxxxxx  
xxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx 


xx xx xxxxxxxxxxxx xx xxxxxxxxxxxx  xxxxxxxxxxxx  


       


C10-004 (n=41a)       
 26 weeks xx xxxxxxxxxxxx 22/41 (54%) xx xxxxxxxxxxxx  xxxxxxxxxxxx  
xxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx 


xx xx xxxxxxxxxxxx xx xxxxxxxxxxxx  xxxxxxxxxxxx  


xxxxxxxxxxxxxxxxxxxxxxxxxxxxx; eGFR, estimated glomerular filtration rate; xxxxxxxxxxxxxxxxxx; ITT, intention-to-treat; xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; NR, not reported; TMA, 
thrombotic microangiography  


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxcccccccccccccccccxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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C09-001r (see MS1 pages 85, 95-96, 112) 


In the retrospective C09-001r study (paediatric and adult patients with aHUS), improvements were 


observed for all measured endpoints, particularly platelet count normalisation and TMA event-free 


status from baseline to 26 weeks (Table 10). Despite the lack of details on the subgroup analyses 


undertaken, the MS1 stated (page 112) that 100% of paediatric patients were receiving supportive care 


prior to initiation of eculizumab and reduced their TMA intervention rate from a median of 0.31 to 0 


interventions per patient per day (P<0.0001). Treatment with eculizumab stopped complement-


mediated TMA and enabled almost all paediatric aHUS patients (17/19, 89%) to achieve 


normalisation of platelets. Nine of the 19 paediatric patients (47%) also experienced a clinically 


meaningful improvement in renal function as demonstrated by an improvement in eGFR ≥15 


mL/min/1.73m2. Importantly, four out of eight (50%) paediatric patients who previously required 


dialysis were able to discontinue dialysis once on eculizumab treatment.   
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Table 10:  Summary of results for the C09-001r retrospective study 
 


Study Efficacy variables Thrombotic microangiography Renal function 
Normalisation  
of platelet 
count, n (%) 


TMA event-  
free statusa, n 
(%) 


TMA intervention rate Complete 
TMA 
response,b n 
(%) 


Change in 
Hb > 20g/L, 
n (%)e 


eGFR 
improvement 
≥15 
mL/min/1.73 m2 


a, n (%) 


Pre-
eculizumab 
rate, median 
(min; max). 


Post-
eculizumab 
rate, median 
(min; max) 
 


C09-001r (n=30)        
 26 weeks 25/30 (83%) 20/30 (67%) 0.34 (0.00; 


2.38) 
0 (0; 0.41); 
p<0.0001  


10/30 (33%) 13/30 (43%) 11/30 (37%) 


        


eGFR, estimated glomerular filtration rate; Hb, haemoglobin; TMA, thrombotic microangiography 


a TMA event-free status defined as no decrease in platelet count of > 25% AND no PE/PI AND no new dialysis for ≥12 consecutive weeks 
b Complete TMA response defined as hematologic normalization and improvement in renal function defined as ≥ 25% decrease in serum creatinine from baseline. 
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4.2.4.2  Safety and tolerability (as reported in MS1: p86-87, 102-109)  


This section presents the main safety evidence from all participants who received at least one dose of 


study drug.  


 


Discontinuation of eculizumab 


In the two prospective studies, five patients discontinued eculizumab therapy (C08-002A/B, n=4 and 


C08-003A/B, n=1) following completion of the 26-week treatment period. The reasons for 


discontinuation included the following: one due to meeting an exclusion criterion (Systemic Lupus 


Erythematosus [SLE] diagnosis), one due to an AE unrelated to eculizumab treatment (pancytopenia), 


and three patients chose not to continue treatment in the extension phase (one patient discontinued 


due to personal reasons but restarted eculizumab outside of the study due to declining clinical 


condition, one patient was lost to follow up and one patient became dialysis-free during the study and 


had no loss of kidney function as of last follow-up 8 weeks post discontinuation [see response to 


clarification questions34 #2]). During the extension study period, two patients discontinued 


eculizumab treatment in study C08-002A/B (due to worsening and decreased renal function that were 


deemed unrelated to study treatment) and one patient in study C08-003A/B (due to gastrointestinal 


haemorrhage leading to death that was deemed unrelated to study drug). 


 


An interim analysis of the C10-003 prospective study (paediatric aHUS patients) reported three 


discontinuations before completion of the 26-week treatment period. Xxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  


 


Three adult patients were withdrawn from the C10-004 study prior to the completion of the 26-week 


treatment period. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx In retrospective study C9-


001r, 13 patients discontinued eculizumab therapy. Reasons for discontinuation included (as reported 


in the EMA assessment report of eculizumab41 and the manufacturer’s response to clarification 


questions34 #2) severe TMA complications (n=6), death (n=2, unrelated to study drug) and chronic 







 


50 


 


dialysis before and after eculizumab  (n=2). In the remaining three patients, there was no evidence of 


TMA complications and no reasons for discontinuation were provided in the manufacturer’s 


clarification response. 


 


4.2.4.3  Adverse events 


The adverse events (AE) data in the MS1 (pages 102-107) were limited to treatment-related AEs for 


all prospective published (C08-002A/B and C08-003A/B) and unpublished (C10-003 and C10-004) 


studies and a retrospective study (C09-001r). Additional data (including details of all AEs) were 


provided in several separate documents.51-54  


 


Although nearly all patients reported one AE in study C08-002A/B (n=17; median duration of 


eculizumab treatment, 38 weeks) and C08-003A/B (n=20; median duration of eculizumab treatment, 


40 weeks), only 43% (16/37) of patients had an AE that was considered by the study investigators to 


be study drug-related (reported as definite, probable or possible). Treatment-related AEs occurred in 


59% (n=10) of patients (who were plasma therapy resistant) in study C08-002A/B and 30% (n=6) of 


patients (who were plasma therapy sensitive) in study C08-003A/B. Serious adverse events (SAEs) 


were reported more frequently in study C08-002A/B (n=15, 88%) than in study C08-003A/B (n=5, 


25%). However, only five patients were considered to have had a treatment-related SAE (C08-


002A/B: n=3; C08-003A/B: n=2). Leucopoenia, nausea, vomiting and accelerated hypertension were 


the most common treatment-related AEs in study C08-002A/B, whereas headache, leucopoenia and 


lymphopenia were the most common treatment-related AEs in study C08-003A/B. A summary of the 


most common treatment-related AEs in study C08-002A/B and C08-003A/B as reported by the 


manufacturer, including supplemental information, has been constructed and re-tabulated in a 


consistent and more transparent format by the ERG (see Table 11). 


 


Additional data from the extension study period (C08-002A/B: median duration of eculizumab 


treatment, 100 weeks; C08-003A/B: median duration of eculizumab treatment, 114 weeks)52 provided 


a similar AE profile for treatment related AEs (see Table 12). Xxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  
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Table 11:  Treatment related AEsa reported by ≥5% of patients in study C08-002A/B (median 
treatment duration 38 weeks) and C08-003A/B (median treatment duration of 40 weeks) (see 
p103-105, MS1 and p21-23, Alexion Pharmaceuticals Inc52) 
 
 C08-002A/B (n=17) C08-003A/B (n=20) Total (n=37) 
Adverse event All Severe All Severe All Severe 
Patients with at least 1 drug 
related AE  


10 (59%) 1 (6%) 6 (30%) 2 (10%) 16 (43%) 3 (8%) 


Patients without drug related 
AEs 
 


7 (41%) NR 14 (70%) NR 21 (57%) NR 


Blood and Lymphatic System 
Disorders 


2 (12%) 0  3 (15%) 0 5 (14%) 0 


Abnormal clotting factor NRb NRb 1 (5%) 0 1 (3%) 0 
Anaemia NRb NRb 1 (5%) 0 1 (3%) 0 
Leukopenia 2 (12%) 0  2 (10%) 0 4 (11%) 0 
Lymphopenia 0 NRb 2 (10%) 0 2 (5%) 0 


Ear and Labyrinth Disorders 1 (6%) NRb 1 (5%) 0 2 (5%) 0 
Vertigo 1 (6%) NRb 1 (5%) 0 2 (5%) 0 
Gastrointestinal Disorders 2 (12%) 0  1 (5%) 1 (5%) 3 (8%) 1 (3%) 


Diarrhoea 1 (6%) 0  NRb NRb 1 (3%) 0 
Nausea 2 (12%) 0  0 NRb 2 (5%) 0 
Vomiting 2 (12%) 0  0 NRb 2 (5%) 0 


Peritonitis 0 0 1 (5%) 1 (5%) 1 (3%) 1 (3%) 
General Disorders and 
Administration Site 
Conditions 


2 (12%) 0  1 (5%) 0 3 (8%) 0 


Asthenia 1 (6%) 0  NRb NRb 1 (3%) 0 
Pyrexia 1 (6%) 0  NRb NRb 1 (3%) 0 


Extravasation NRb NRb 1 (5%) 0 1 (3%) 0 
Infection and Infestations NRb NRb 1 (5%) 0 1 (3%) 0 
BK virus infection NRb NRb 1 (5%) 0 1 (3%) 0 
Infections and Infestations 3 (18%) 0  1 (5%) 0 4 (11%) 0 


Herpes zoster 1 (6%) 0  NRb NRb 1 (3%) 0 
Impetigo 1 (6%) 0  NRb NRb 1 (3%) 0 
Influenza NRb 0 NRb 0 NR 0 
Urinary tract infection 1 (6%) 0  NRb NRb 1 (3%) 0 


Investigations 2 (12%) 0  0 NRb 2 (5%) 0 
Haematocrit decreased 1 (6%) 0  NRb NRb 1 (3%) 0 
Haemoglobin decreased 1 (6%) 0  NRb NRb 1 (3%) 0 


Nervous System Disorders 2 (12%) 0  2 (10%) 0 4 (11%) 0 
Headache 1 (6%) 0  2 (10%) 0 3 (8%) 0 
Tremor 1 (6%) 0  NRb NRb 1 (3%) 0 


Respiratory, Thoracic and 
Mediastinal Disorders 


0 NRb 1 (5%) 0 1 (3%) 0 


Cough NRb NRb 1 (5%) 0 1 (3%) 0 
Rhinorrhoea NRb NRb 1 (5%) 0 1 (3%) 0 
Skin and Subcutaneous Tissue 
Disorder  


2 (12%) 0  1 (5%) 0 3 (8%) 0 


Dermatitis 1 (6%) 0  NRb NRb 1 (3%) 0 
Erythema 1 (6%) 0  NRb NRb 1 (3%) 0 


Alopecia NRb NRb 1 (5%) 0 1 (3%) 0 
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 C08-002A/B (n=17) C08-003A/B (n=20) Total (n=37) 
Pruritus NRb NRb 1 (5%) 0 1 (3%) 0 
Vascular Disorders 3 (18%) 1 (6%) 1 (5%) 1 (5%) 4 (11%) 2 (5%) 


Accelerated Hypertension 2 (12%) 0  0 NRb 2 (5%) 0 
Hypertension 1 (6%) 1 (6%) 0 0 1 (3%) 1 (3%) 
Vein disorder NRb 0 1 (5%) 1 (5%) 1 (3%) 1 (3%) 


AE, adverse event; NR, not reported  
a AEs classified according to MedDRA Version 11.0 dictionary and contributed to the summary table if they occurred on the 
same day as the first eculizumab dose or after 
b Assumed zero AEs by the ERG 
 


Table 12:  Update of treatment related AEsa reported by ≥5% of patients in study C08-002A/B 
(median treatment duration 100 weeks) and C08-003A/B (median treatment duration of 114 
weeks) (see p21-23, Alexion Pharmaceuticals Inc52) 
 
 C08-002A/B (n=17) C08-003A/B (n=20) Total (n=37) 
Adverse event All Severe All Severe All Severe 
Patients with at least 1 drug 
related AE  


xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Blood and Lymphatic System 
Disorders 


xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Leukopenia xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Lymphopenia xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Ear and Labyrinth Disorders xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Gastrointestinal Disorders xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Nausea xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Vomiting xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Peritonitis xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


General Disorders and 
Administration Site 
Conditions 


xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Infections and Infestations xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Influenza xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Investigations xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Nervous System Disorders xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Headache xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Respiratory, Thoracic and 
Mediastinal Disorders 


xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Skin and Subcutaneous Tissue 
Disorder  


xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


Vascular Disorders xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Accelerated Hypertension xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Hypertension xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 
Vein disorder xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx xxxxxx 


AE, adverse event; NR, not reported  
a AEs classified according to MedDRA Version 11.0 dictionary and contributed to the summary table if they occurred on the 
same day as the first eculizumab dose or after 
b Assumed zero AEs by the eRG 
 


In study C10-003 (eculizumab in paediatric aHUS patients), xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  


 


In study C10-004 (eculizumab in adult aHUS patients) xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


 


In the retrospective C09-001r study, 22 (73%) of the 30 patients reported at least one AE. Pyrexia 


(30%) and diarrhoea (27%) were the most frequently recorded AEs in the retrospective study (see 


Table 13). Upper respiratory tract infections were also common with 20% (6/30) patients reporting 


this AE whilst receiving eculizumab.  


 


Clinical advisors to the ERG suggest that there is uncertainty with respect to whether these events are 


a result of damage caused prior to starting eculizumab treatment or whether eculizumab has not fully 


eliminated extra-renal manifestations of the disease. 
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Table 13: Summary of AEs reported by ≥10% of patients in study C09-001r (see MS1 pages 


105-106) 


Adverse Events  Total (n=30) 


Patients with at least 1 AE 22 (73%) 
Patients with no AE 8 (27%) 
Infection and Infestations 18 (60%) 
Upper respiratory tract infection 6 (20%) 
Influenza 3 (10%) 
Nasopharyngitis 3 (10%) 
Gastrointestinal Disorders 13 (43%) 
Diarrhoea 8 (27%) 
Vomiting 7 (23%) 
Nausea 3 (10%) 
Abdominal pain 3 (10%) 
General Disorders and Administration  Site Conditions 12 (40%) 
Pyrexia 9 (30%) 
Respiratory, Thoracic and Mediastinal Disorders 11 (37%) 
Cough 7 (23%) 
Nasal congestion 4 (13%) 
Nervous System Disorders 11 (37%) 
Headache 5 (17%) 
Psychiatric Disorder 7 (23%) 
Insomnia 3 (10%) 
Cardiac Disorders 6 (20%) 
Tachycardia 4 (13%) 
Blood and Lymphatic System Disorder 6 (20%) 


Anaemia 
 


3 (10%) 


AE, adverse event 


 


4.2.4.4  Deaths 


No deaths were reported in study C08-002A/B, C08-003A/B, xxxxxxxxxxxxxxxxxx during the 26-


week study. However, at the 3-year data update (extension period) in the C08-002A/B and C08-


003A/B study, one death (due to gastrointestinal haemorrhage) was noted in study C08-003A/B and 


was determined not to be related to eculizumab (see response to clarification questions34 #10). In the 


retrospective C09-001r study, there were two (7%) deaths that were related to cerebrovascular 


accident (stroke) and fatal carotid artery dissection; these were determined by the study investigators 


to be unrelated to eculizumab. 


 


4.2.4.5 All cases of meningococcal infection 


There were no reported meningococcal infections with eculizumab treatment of aHUS patients in the 


prospective studies (C08-002A/B) or C08-003A/B). However, there was a single meningococcal 


infection reported in an aHUS patient recruited into study C09-001r, which occurred after the data 
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cut-off and was captured as a post-marketing report. This patient fully recovered without sequelae 


and remained on eculizumab. In the ongoing C10-004 study, two meningococcal infections have been 


reported (see MS1 page 107). Both infections resolved with appropriate treatment, although one led to 


permanent discontinuation of eculizumab treatment and withdrawal from the study.  


 


4.3  Summary of evidence presented in other submissions  


No other scientific evidence was submitted by other consultees. This ERG report does not include a 


detailed discussion of non-scientific opinion submitted by other consultees or expert testimony 


provided by other consultees to the appraisal process; however, some of this information has been 


used to inform the discussion sections of this report. The following submissions were made to NICE: 


• Royal College of Physicians (RCP) 


• Kidney Research UK 


• aHUS UK 


• aHUS Action 


 


4.4  Additional work on clinical effectiveness undertaken by the ERG 


In light of the problems with the limited process used to identify and report evidence for the specified 


comparators within the MS, the ERG examined the registry studies mentioned in the submission in 


order to make the outcomes of these studies more transparent. This does not represent a systematic 


review, and the ERG cannot guarantee that other relevant evidence for standard care does not exist. 
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4.4.1  Detailed reporting of registry study outcomes 


Five registry sources for aHUS patients on standard care are mentioned in the MS.31,33;8,11,32 As the 


manufacturer has not presented adequate information from these sources the ERG has briefly 


summarised the studies and their outcomes as they are important for understanding the prognosis of 


aHUS on patients receiving standard care. One study8 has been excluded as it is based on patients 


from the same registry as Noris et al,11 with the latter publication being more recent.  


 


Table 14 presents an overview of the registry studies. Patients were only explicitly diagnosed with 


aHUS in two of the studies,11,32 the other two studies especially the detectable ADAMTS13 or 


ADAMTS13 ≥10% subgroups may contain aHUS patients but unlike the other two studies may 


contain non-aHUS patients as well. For this reason, this discussion focusses on Fremeaux-Bacchi et 


al32 and Noris et al.11 The Fremeaux-Bacchi et al study reports information on 214 patients diagnosed 


and treated in France between 2000 and 2008. Patient outcomes were reported for a paediatric and 


adult population and by genetic mutation at 1- and 5-years. The study does not state how patients 


were recruited but does state it was a nationwide study to identify patients with aHUS. The Noris et al 


study reports on 273 patients recruited consecutively to the International Registry of Recurrent and 


Familial HUS/TTP between 1996 and 2007. The majority of patients in the study were from Italy or 


elsewhere in Europe, with the remaining patients having been recruited from around the world. 


Patient outcomes are reported for all patients (paediatric and adult populations combined) and by 


genetic mutation. The proportion of patients in remission, complete remission (defined as 


normalisation of hematologic parameters and renal function), partial remission (defined as 


normalisation of hematologic parameters with renal sequelae), ESRD, and death were reported after 


the initial aHUS episode and at 3 years. Plasma therapy and transplant outcomes at 1-year were also 


reported. 
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Table 14: Characteristics of aHUS/TMA registry studies discussed in the MS 


Registry Patient 
population 


Number of patients Age Methods of 
recruitment 


Country Duration 
of 
follow-
up 


Treatments Genetic 
mutation 


Outcomes 
reported 


Coppo et al 
(2010)31 


Patients 
experiencing 
TMA  


241 
54 detectable 
ADAMTS13 activity 


Adults 
(>18 years) 


Consecutively and 
nonselectively 
from 17 French 
centres and their 
affiliated regional 
centres 
2000 -2007 


France Mean 
follow-up 
17.8 
months 


Plasma infusion, 
steroids, 
rituximab, 
vincristine, 
splenectomy 


Not reported Time to platelet 
count recovery, 
survival, flare-up 
episode(s), relapse, 
ESRD 


Hovinga et 
al (2010)33 


TTP registry – 
patients for 
whom plasma 
exchange was 
requested 


261 -  (patients who 
had ADAMTS13 
activity measured at 
initial diagnosis) 
201 -  ADAMTS13 
≥10% 


Paediatric 
and adult 
population 


Consecutive 
patients for whom 
plasma exchange 
was requested  
1989 - 2008 


US - 
Oklahoma 


Median 
follow-up 
4.6 years 


Plasma 
exchange 


Not reported Survival and 
relapse 


Fremeaux-
Bacchi et al 
(2013)32 


aHUS 
diagnosed 
patients– 
excluded 
secondary 
aHUS (except 
in pregnancy) 


214 
89 children 
125 adults 


Paediatric 
and adult 
population 


2000-2008 – 
patients who met 
the diagnostic 
criteria for aHUS 


France Up to 20 
years – 
outcomes 
reported at 
1 month, 1 
year and 5 
years  


High and low 
frequency 
plasma 
exchange 


Yes – genetic 
mutations 
reported 


ESRD, survival, 
relapse 


Noris et al 
(2010)11 


aHUS 
diagnosed 
patients 


273 Paediatric 
and adult 
population 


Consecutive 
patients registered 
within the 
International 
Registry of 
Recurrent and 
Familial 
HUS/TTP 1996 – 
2007   


58% Italy, 
15% other 
European 
countries, 
14% North 
America, 
2% South 
America, 
2% Africa, 
1% Asia, 
8% Middle 
East 


Up to 10 
years – 
outcomes 
reported 
after 
initial 
episode 
and 3 
years 


Plasma 
exchange, 
transplantation 


Yes – genetic 
mutations 
reported 


Remission (partial 
and complete), 
ESRF, death, 
response to plasma, 
outcome of 
transplantation 
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Table 15 summarises the reported clinical outcomes from the four registry studies mentioned in the 


MS.1 The presented results for Fremeaux-Bacchi et al and Noris et al are for aHUS patients. Results 


for Hovinga et al and Coppo et al are presented for the ADAMTS13 ≥10% and detectable 


ADAMTS13 subgroups respectively. There are likely to be differences in prognosis and outcomes 


between aHUS-specific patients and other populations. The discussion therefore focuses on results 


from Fremeaux-Bacchi et al32 and Noris et al11 as these reported outcomes pertain to patients who 


have been explicitly diagnosed with aHUS.  


 


Outcomes are reported at different timepoints therefore comparison between the registries at 


individual time points is not possible. Survival is higher in the aHUS registries than in the other two 


registries. The survival rate found in Hovinga et al at a median follow-up of 4.6 years is substantially 


lower than that in Fremeaux-Bacchi et al at 5 years and the survival rate found in Coppo et al at 18 


months is lower than Fremeaux-Bacchi et al at 5 years and Noris et al at 3 years. The substantially 


lower survival rate reported by Hovinga et al may be due to the inclusion of patients recruited from as 


far back as 1989 and due to the characteristics of the recruited patient cohort. For the aHUS-specific 


registries, Fremeaux-Bacchi et al reports more favourable survival estimates than Noris et al. This 


may be due to the start date of recruiting patients and because Noris et al included patients recruited 


worldwide and standards of diagnosis and care may vary geographically. The earliest recruited 


patients in the Noris et al study were from 1996 and the earliest from Fremeaux-Bacchi et al were 


from 2000. The understanding of the disease has improved substantially over the past 10 to 15 years 


and therefore the lower survival seen in the Noris et al study may reflect this. In the Fremeaux-Bacchi 


et al study survival was notably higher in the adult population than in the paediatric population. 


 


Similar rates of ESRD were found in both Noris et al and Fremeaux-Bacchi et al. Noris et al reported 


45% of patients in ESRD at 3 years; the Fremeaux-Bacchi et al study found 41% of patients in ESRD 


at 1 year and 49% at 5 years (paediatric and adult populations combined). It is evident from the 


Fremeaux-Bacchi et al study that the proportion of patients reaching ESRD was higher in the adult 


population than in the paediatric population. 


 


The comparison of other reported outcomes between studies is more difficult as Fremeaux-Bacchi et 


al report relapse rates whereas Noris et al report rates of remission and the proportion of successful 


transplants. The proportion of relapses in Fremeaux-Bacchi et al relate to the number of patients who 


did not die or reach ESRD during their first aHUS episode. Of these patients, 25% of paediatric 


patients and 29% of adult patients suffered their first relapse during the first year. After the first year 


18% of paediatric patients and 5% of adult patients suffered their first relapse. Forty-three percent of 


paediatric patients relapsed during follow-up and 35% of adult patients relapsed during follow-up. 
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Noris et al report the proportions of patients in remission at the first episode and at 3 years, 60% and 


46% respectively, which are slighter lower than would be expected given the relapse rate reported by 


Fremeaux-Bacchi et al. Of those patients who underwent transplant 33% of the paediatric patients 


and 45% of the adult patients had a good kidney transplantation outcome at 1-year. 


 


Whilst this is not a full systematic review, this information has been extracted and tabulated in an 


open and transparent manner. These estimates of the prognosis of aHUS patients receiving standard 


care appear considerably less pessimistic than the general statements throughout within the MS1 


regarding the outlook for aHUS patients without eculizumab. 
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Table 15: Key outcomes reported within registry studies 


Registry Population Time 
outcome 
reported 


Survival ESRD Relapse Remission Successful transplant 
Children  Adults Children  Adults Children  Adults Children Adults 


Coppo et 
al (2010) 


Detectable 
ADAMTS13 
activity 


Mean 
follow-up 
17.8 
months 


- 87% - 21% - 14% - 
 


- - 


Hovinga et 
al (2010) 


ADAMTS13 
≥10% 


Median 
follow-up 
4.6 years 


68% Not reported 4% - - - 


Fremeaux-
Bacchi et 
al (2013) 


aHUS 1 month 87/89 
(98%) 


125 
(100%) 


13 (15%) 57 
(46%) 


- - - - - 


1 year 83/89 
(93%) 


124/125 
(99.2%) 


20 (23%) 69 
(55%) 


25% 
(16/65)* † 


29% 
(19/65)*† 


- - - 


5 years 83/89 
(93%) 


124/125 
(99.2%) 


26 (29%) 79 
(63%) 


18% 
(12/65) ‡ 


5% 
(3/65) ‡ 


- - - 


Last 
follow-up 


82/89 
(92%) 14 
years 


123/125 
(98.4%) 
7 years 


28 (32%) 87 
(70%) 


- - - - - 


Noris et al 
(2010) 


aHUS Outcome 
of initial 
episode 


92% 36% - - 60% - - 


1 year 
(post-
transplant) 


- - 
 
 


- - - 33% (8) 45% 
(18) 


3 years 89% 45% - - 46%   
*1st relapse ≤1 year, † patients who had not died or reached ESRD, ‡ 1st relapse > 1 year, 
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4.4.2  Case reports and case series 


The MS1 lists 60 case reports on the use of eculizumab to treat aHUS and two case series, all of 


which were excluded from the manufacturer’s systematic review. The manufacturer’s response to the 


clarification questions (#17) notes that “…case series were not considered relevant to the scope of the 


submission due to their wide variability of dose protocol and treatment duration that is inconsistent 


with the SmPC and the proposed use of eculizumab for aHUS in England.”34  The ERG note that 


despite the inherent biases associated with this study type, the inclusion of such evidence in the 


systematic review may have increased the evidence base and strengthened the credibility of the 


review.35 For completeness, this section provides a brief summary of the evidence from the two case 


series reports reported by Zuber et al.55,56 However, the ERG was unable to review and summarise all 


the individual case reports within the timelines of this appraisal. 


 


Zuber et al.56 report a series of 28 case reports including 24 patients, 11 of whom were children and 


all of whom were given eculizumab as curative therapy. Ten of these patients had transplanted 


kidneys and 14 had native kidneys. Complement mutations were found in 15 (62.5%) patients. Seven 


of the case reports in Zuber et al56 are not included in Table C4 (pages 67-69) of the MS.57-63 It is not 


clear how the authors selected the case reports for inclusion in this report.  Key results for the 24 


patients in Zuber at al56 are summarised in Table 16. 


 


Table 16: Response to eculizumab in Zuber et al56 (case series) 


Response to eculizumab Children (n=11) Adults (n=13) 
 


Normalisation of aHUS-related 
haematological features 


11/11 (100%) 13/13 (100%) 


Full recovery of baseline renal function 8/10 (80%) 4/13 (30.7%) 
Decrease in creatinine level greater 
than 25% 


9/10 (90%) 9/13 (69.2%) 


Percentage reduction in creatinine level 63.3 ± 28.8 41.9 ± 29.5 
Median follow-up 22 months (range 2.5-42 


months) 
15 months (range 2-49 
months) 


Mean ± SD creatinine level at last 
follow-up 


53.9 ± 34.5 µmol/l 16.2 ± 96.2 µmol/l 


 


In another study, Zuber et al55 describes 22 renal transplant patients who received off-label therapy 


with eculizumab, 13 of whom were not reported in Table C4 (pages 67-69) of the MS. Four of these 


were published57,58,61,62 and the remaining reports were unpublished personal communications from V 


Gueutin (n=1), M Hourmant (n=1), A. Lahoche (n=1) E. Rondeau (n=1) S Krid (n=1) and J Zuber 


(n=4).  Zuber et al55 chose the patients for the case series by contacting French renal transplant 


centres, contacting authors of congress abstracts and use of eculizumab in peer reviewed journals. 


Both children and adults were included in the case series. Nine patients were given prophylactic 
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aHUS to prevent post-transplant aHUS recurrence. Of these 9 patients, 8 experienced a successful 


recurrence-free post-transplant course after a median follow-up of 14.5 months (range 2-39). Thirteen 


patients were treated with eculizumab for post-transplant a HUS recurrence. A complete reversal of 


aHUS activity was obtained in all of them. The delay of eculizumab after the onset of the aHUS 


episode was found to be inversely correlated with the degree of renal function improvement. Three 


patients in whom eculizumab was stopped all experienced a relapse.  


 


4.5 Conclusions of the clinical effectiveness section  


4.5.1  Completeness of the MS with regard to relevant clinical studies and relevant data within 


those studies 


The clinical evidence in the MS1 is largely based on a systematic review of eculizumab for the 


treatment of patients with aHUS. The ERG is confident that all relevant studies (published and 


unpublished) of eculizumab were included in the MS, including data from ongoing extension studies. 


However, it is not entirely clear if all relevant comparator studies were identified as no proper attempt 


was made to search for these and there is no transparent evidence in the MS that a systematic review 


of standard care was undertaken. The reporting of outcomes from registry studies in the MS is neither 


comprehensive nor transparent. Additional evidence in the form of case series (and case studies) was 


also identified; however, these studies were excluded from the manufacturer’s review. Despite the 


inherent biases associated with this study type, the inclusion of such evidence in the systematic review 


may have increased the evidence base and strengthened the credibility of the manufacturers review.35 


 


4.5.2 Interpretation of treatment effects reported in the MS in relation to relevant population, 


interventions, comparator and outcomes 


A key issue that may limit the robustness of the efficacy and safety data reported in the MS relates to 


the study design of the included studies. Due to the to the absence of a control group in all four Phase 


2, open label, non–randomised, single arm prospective studies (C08-002A/B, C08-003A/B, C10-003 


and C10-004), inference of treatment effects (including magnitude) may be confounded, and it 


remains uncertain whether all patients would respond to treatment with eculizumab or would even 


require treatment, as reports indicate that some patients with aHUS experience natural recovery 


without any therapy.12,64 Patient registries would provide useful insights into the natural history of 


aHUS and would provide a greater understanding of the relative clinical effectiveness of eculizumab 


compared to patients receiving other therapies. 


 


The ERG appreciates that treatment-related AEs, as reported in the MS, are important but all reported 


adverse events are required, as a high proportion of patients suffering mild effects could still represent 


a reasonably high cumulative QALY loss. Additional data (including details of all AEs) were 
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provided in separate documents; however, none of these were tabulated or reported in the MS. More 


importantly, AEs deemed to be treatment-related were identified by the study investigators (no details 


were available on whether safety outcomes were also assessed by an independent endpoint assessment 


adjudication committee) and as such may have been open to bias. It is not clear how this may have 


influenced or biased the results.   


 


4.5.3 Uncertainties surrounding the reliability of the clinical effectiveness  


The key uncertainties in the clinical evidence primarily relate to optimal dosing and duration of 


treatment.  Further details are provided below. 


 


Optimal dosing 


Although EMA approved dosing recommendations for aHUS patients are used in the prospective 


studies, there are no details or justification in the MS regarding the selected dosing regimens for 


patients with aHUS.  After seeking further clarification (see response to question #7) from the 


manufacturer (limited information provided) and information provided in the EMA assessment 


report,41 it appears that an optimal dosing strategy for aHUS patients was based on dosing simulations 


of pharmacokinetic and pharmacodynamics data for eculizumab from two prospective studies (C08-


002A/B and C08-003A/B) and a retrospective study (C09-001r). Based on the results of these 


simulations, the weight-based doses and dose schedules were developed for aHUS. The EMA 


assessment report (page 12) states that “…a dose-response study might have helped in the selection of 


the optimal dose. Unfortunately this has not been done and no other doses have been tested in the 


studies conducted. Therefore, the question is whether the proposed dosing regimens can be accepted 


on the basis of their benefit/risk balance. The relatively high dose proposed in this indication may not 


be optimal particularly for long-term side effects that could be avoided with reduce posology. The 


applicant agreed to discuss the feasibility of a further study investigating efficacy and safety of lower 


doses at post approval.”   


 


Despite this, the ERG is not aware of any published (or planned) dose-response studies that have been 


undertaken to establish an optimal dose. The manufacturer states that there is no evidence to support 


flexible dosing in any patient setting (see response to clarification questions34 #7); however, the ERG 


is aware of a single case report (a 50 year old woman with aHUS) which suggests that a lower 


eculizumab maintenance dose of 600 mg every two weeks, rather than the recommended 1200 mg 


every two weeks, is effective in improving renal function. Similarly, a patient organisation (aHUS 


UK)  submission to NICE65states that “Although the manufacturers maintain that the drug has to be 


taken as prescribed in the prescribed dose for life, CPAG recommended recently that NHS investigate 


whether flexibility in dosing might be possible. We have evidence that in at least one European 
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country, Italy, where the drug has been freely available for years, that flexible dosing, based on strict 


clinical criteria and patient monitoring, is working successfully.” The ERG has not seen (or been 


provided with) this evidence and cannot verify its reliability. 


 


Duration of treatment 


The optimal duration of treatment with eculizumab is unclear. The SmPC24 recommends long-term 


(lifelong) treatment of aHUS unless discontinuation is clinically indicated. However, there is no long-


term safety and efficacy data from prospective studies to support this. The SmPC24 and the 


manufacturers’ response to clarification questions34 (questions #7 and #11) notes that discontinuation 


of eculizumab therapy may be associated with increased risk of relapse. Similarly, published case 


reports have shown that a reduced dose or discontinuation of eculizumab treatment may lead to rapid 


deterioration in organ function.63,66-68 Nevertheless, the current interim national service for aHUS in 


Newcastle, implemented by NHS England, considers withdrawing (or restarting) eculizumab therapy 


based on a set of criteria that depend on the patients circumstances (Table 17). The ERG notes that 


these criteria appear to be based on consensus. Nevertheless, aHUS Action69 and other 


investigators70,71 call for well controlled prospective studies (ideally RCTs) to address the issue of 


treatment duration and whether all patients need to continue long-term therapy.   
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Table 17: Interim national aHUS service criteria for withdrawing (or restarting) eculizumab 


therapy69  


Consideration 
 


Criteria for eculizumab withdrawal 


Eculizumab therapy would 
be withdrawn in the 
following circumstances? 
 


a) A newly diagnosed patient who does not have any complement 
abnormality (genetic or autoantibody) who despite at least four months 
of treatment does not show any recovery of renal function and remains 
on dialysis. In these patients, measurement of platelet count, lactate 
dehydrogenase, haptoglobins and haemoglobin are undertaken every 
two weeks to determine whether there is any recurrence of an extra-
renal TMA which may lead to a reintroduction of eculizumab.  
 
b) A newly diagnosed patient who on screening is found to have only a 
mutation in MCP (CD46) and has completely recovered renal function 
with no evidence of an ongoing TMA.  Studies undertaken before the 
use of eculizumab show that the natural history of the disease in such 
patients is often good with spontaneous complete recovery of renal 
function. If patients developed frequent relapses then use of long-term 
prophylactic eculizumab would be appropriate.  
 
c) A newly diagnosed patient who on screening is found to have only 
factor H autoantibodies. The prognosis in this group of patients is good 
with many patients not relapsing.  
 


Eculizumab therapy would 
not be withdrawn in the 
following circumstances: 
 


a) In a patient who had received eculizumab to prevent recurrent 
disease post-transplant where there was a history of a previous 
transplant being lost to recurrent disease.  
 
b) In a patient known to have a mutation which is associated with a 
high rate of recurrence and a poor prognosis (for instance the 
CFH/CFHR1 hybrid).  
 
c. In all other patients’ withdrawal of eculizumab therapy would only be 
considered in the context of a RCT. 
 


CFH, complement factor H; CFHR1, complement factor H-related proteins; MCP (CD46), 
Membrane Cofactor Protein CD46; TMA, thrombotic microangiography 
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5.  VALUE FOR MONEY FOR THE NHS AND PSS 


5.1  Introduction 


The purpose of this chapter is to provide an assessment of whether eculizumab represents value for 


money for the NHS in England. The principal source of evidence used to inform this is the MS1 to 


NICE, which includes a fully executable cost-consequence model and a written description of the 


methods and results of an economic analysis using the manufacturer’s model. A key element of this 


chapter involves a detailed exposition and critique of this model and associated economic analysis. In 


addition, wider consideration is given to other economic analyses of eculizumab for the treatment of 


aHUS available either from the literature or elsewhere in the public domain. Given the concerns of 


the ERG with respect to the credibility of the submitted manufacturer’s model, Chapter 6 includes 


exploratory analyses undertaken using a new model developed by the ERG; this exploratory analysis, 


as far as possible, retains the manufacturer’s choices regarding the use of evidence sources, 


assumptions and general model structure and assumptions, but rectifies the mathematical 


irregularities and inappropriately restrictive assumptions within the manufacturer’s model with the 


intention of providing a more robust and useful basis for informing decision-making.  


 


5.2  Review of existing economic analyses 


The MS1 includes the details of a systematic review of economic evaluations of eculizumab for the 


treatment of aHUS (MS page 129). The submission states that no economic evaluations in aHUS 


patients were identified through their systematic searches. Although the ERG noted problems with 


the searches used by the manufacturer (see Section 4.1), it is unlikely that any published economic 


evaluations of eculizumab for aHUS have been missed by the manufacturer’s search. 


 


Whilst the manufacturer’s review did not identify any published economic evaluations of eculizumab 


for the treatment of aHUS, it should be noted that the grey literature does include relevant evidence 


relating to the cost-effectiveness of eculizumab versus standard care for the treatment of aHUS in 


England. 


 


In August 2013, NHS England published a clinical commissioning policy statement29 which outlines 


arrangements for eculizumab to be made available for patients with aHUS whilst NICE guidance is 


being developed. This commissioning document cites an analysis of the costs and benefits of 


eculizumab as well as incremental cost-effectiveness ratios (ICERs) for eculizumab versus standard 


care, produced by the manufacturer, of £521,000 per QALY gained for a 23-year old cohort of 


patients and £376,000 per QALY gained for a 2-year old cohort of patients.29  
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The ERG believes that the existence of this previous model should have warranted some discussion 


within the MS as it reports information directly relevant to the expected incremental health benefits 


and costs of eculizumab versus standard care for the treatment of aHUS.  


 


5.3  Exposition of the manufacturer’s model 


5.3.1 Economic evaluation scope 


The manufacturer’s submission to NICE presents a model-based cost-consequence analysis using 


QALYs for eculizumab versus standard care for the treatment of patients with aHUS. The analysis 


takes the perspective of the NHS in England but does not include potential costs which may fall on 


Personal Social Services (PSS). The model estimates costs and consequences for a 28-year old 


population over a lifetime horizon; this involves the extrapolation of costs and health outcomes for 


the hypothetical model cohort for up 125 years (although virtually all patients have died considerably 


earlier than this point). The primary outcomes generated by the model are the estimated incremental 


QALY gain and the incremental costs associated with the use of eculizumab compared against 


standard care. The manufacturer’s model also estimates intermediate outcomes including ESRD-free 


survival and overall survival, both of which are used to estimate the total QALY gains in each 


treatment group. Costs and health outcomes are discounted at a rate of 1.5%. For those patients 


receiving eculizumab, treatment dosage is assumed to be dependent on bodyweight for paediatric 


patients, whilst a fixed dose is assumed for adults; this is in line with the current EMA licensed 


indication for eculizumab.24 Upon starting treatment with eculizumab, it is expected that patients will 


remain on eculizumab indefinitely for the rest of their lives; this is the only treatment scenario 


reflected in the model. Within the standard care group, the main treatment option is assumed to be 


plasmapheresis, although it is assumed that a proportion of patients will undergo kidney 


transplantation if and when they progress to ESRD; transplantation is therefore considered to be part 


of the treatment pathway rather than a treatment option in its own right. Dialysis is modelled for 


patients in ESRD. Liver-kidney transplantation is not considered either as a comparator or as part of 


the treatment pathway in either treatment group. The different dosage regimens for the intervention 


and comparator groups are presented in Table 18. 
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Table 18: Competing treatment options included in the manufacturer’s health economic model 


Treatment 
group 


Dose / frequency 


Eculizumab Body mass Induction dose Maintenance dose 
Patients < 18 years of age 
5kg to <10kg 300mg weekly x 1 dose 300mg at week 2;  


then 300mg every 3 weeks 
10kg to <20kg 600mg weekly x 1 dose 300mg at week 2;  


then 300mg every 2 weeks 
20kg to <30kg 600mg weekly x 2 doses 600mg at week 3;  


then 600mg every 2 weeks 
30kg to <40kg 600mg weekly x 2 doses 900mg at week 3;  


then 900mg every 2 weeks 
≥ 40kg  900mg weekly x 4 doses 1200mg at week 5;  


then 1200mg every 2 weeks 
Patients ≥ 18 years of age 
 900mg weekly x 4 doses 1200mg at week 5;  


then 1200mg every 2 weeks 
Plasma 
therapy  


1.5 times expected plasma volume (equivalent to 60-75mL/kg body weight). Once 
per week  


 
5.3.2  Model structure 


The model is intended to simulate the experience of patients with aHUS receiving eculizumab or 


standard care principally in terms of the progression of kidney damage (defined as severity of CKD) 


and its impact in terms costs, HRQoL and survival. The model is implemented using a Markov cohort 


approach and is comprised of five mutually exclusive health states. At any point in time, all patients 


in the modelled cohort must reside in one of these five states. Three of the model health states reflect 


the patient’s level of kidney function (CKD0-2, CKD3-4 and ESRD), a temporary health state for 


those patients who undergo a kidney transplant, and a dead state. The transplant health state 


represents a tunnel health state as patients only remain in this state for one cycle after which they 


transit to either CKD3-4 if their transplant was successful, or back to ESRD if their transplant was 


unsuccessful. The dead state represents an absorbing state and virtually all patients eventually transit 


to this state by the end of the modelled time horizon. The level of kidney function is defined in terms 


of CKD stage which is in turn directly determined by the estimated glomerular filtration rate (eGFR) 


and the level of kidney damage of patients (see Table 19). The model is divided into equal increments 


of time with a cycle length of 6-months; during each Markov cycle, patients transit between the five 


model health states based on time-independent matrices of transition probabilities. Spending one 


model cycle in each health state is associated with a specific level of HRQoL and costs associated 


with treatment and monitoring. The model does not assume either health losses (disutilities) or costs 


associated with transitions between health states. The same health states apply to both the eculizumab 


and standard care groups; the use of different allowed transitions between states and different 
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transition probabilities between states results in different trajectories through the model and hence 


different costs and health outcomes between the two treatment groups. 


 


Table 19: Relationship between eGFR and CKD stage 


CKD stage eGFR Banded CKD state used in 
manufacturer’s model 


1 90+ CKD0-2 
2 60-89 
3a 45-59 CKD3-4 


 3b 30-44 
4 15-29 
5 <15 or on dialysis ESRD 


 


A conceptual representation of the model health states and possible transitions for the eculizumab and 


standard care groups within the implemented health economic model are presented in Figure 1. 


Whilst the model structure is the same for the eculizumab and standard care groups, it is assumed that 


patients receiving eculizumab will not undergo transplantation hence these transitions do not apply to 


the eculizumab group. It should also be noted that whilst the transition probabilities are estimated 


according to individual CKD state (0, 1, 2, 3a, 3b, 4, 5) for both treatment groups, these are 


subsequently condensed down to bands of CKD states in order to estimate health impacts and costs 


(CKD0-2, CKD3-4, CKD5/ESRD). 


 


Figure 1: Conceptual representation of the manufacturer’s model* 


 
*note – not all transitions are allowed for standard care 
 


  


Tx success
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Upon entry into the model, patients are initially distributed across the CKD and ESRD disease states 


based on the distribution of patients at the beginning of the two completed prospective eculizumab 


studies (studies C08-002A/B and C08-003A/B). These data are naively pooled without any form of 


statistical adjustment for potential heterogeneity between studies. The results of the other eculizumab 


studies included in the MS1 (studies C09-001R, C10-003, C10-004, C11-003, M11-001) were not 


used to inform the model parameters. No rationale is given with respect to the exclusion of data 


studies C10-003 and C10-004 within the model. The model population is somewhat confusing as the 


Markov state membership clearly indicates that the population enters the model at age 28 years, yet 


the costing assumptions imply a population in which 60% of patients are adults and 40% are 


paediatric patients. A single set of treatment-specific CKD transition probabilities is used for the 


entire duration of the model time horizon for each of the treatment groups. The risk of death is 


assumed to vary by age band (one 5-year band until age 5 and 10-yearly bands thereafter) and the 


overall transition probabilities are adjusted in each band to produce time-dependent transition 


probabilities which reflect a differential rate of death by age. 


 


For the eculizumab group, transitions to better or worse health states are possible during any model 


cycle. In the standard care group, only transitions to worse health states are possible except when 


transplantation is assumed to be successful, whereby the patient is assumed to return to CKD state 3a 


(thus they return to banded state CKD3-4). Transitions to the transplant health state are assumed to be 


relevant only to the standard care group. Within the standard care group, an excess risk of death over 


and above all-cause mortality is assumed to apply to all health states and all model cycles; this excess 


death risk differs between the ESRD/transplant states and the less advanced CKD states. Conversely, 


in the eculizumab group, an excess mortality risk is assumed to apply only for patients in the ESRD 


and transplant states, hence no additional risk of death over and above general population other-cause 


mortality is assumed for patients receiving eculizumab in states CKD0-4. Thus, if a patient treated 


with eculizumab does not develop ESRD, their survival is assumed to be identical to that of the 


general population. An age band-dependent and state-independent background mortality rate is also 


included in both treatment groups; this is used to account for patients who die from causes other than 


aHUS. Deaths may occur during any model cycle in both treatment groups. 


 


Total QALYs gained in each treatment group are estimated as a function of the time spent in each 


living health state and the level of HRQoL associated with each state. Resources and costs associated 


with the group-specific treatments and the management of CKD are estimated in each group. The 


broad groups of resource costs included in the model are shown in Table 20: 
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Table 20: Resource cost components included in the manufacturer’s model 


Standard care group Eculizumab group 
 


 Cost of managing CKD 
 Cost of plasma therapy 
 Dialysis costs 
 Transplant costs 


 


 Cost of managing CKD 
 Cost of eculizumab acquisition and 


administration 
 Dialysis costs 
 Cost of vaccination 


 


The model thus makes the following key structural assumptions: 


• Excluding the impact of death, rates of CKD progression are time-invariant for both treatment 


groups 


• CKD status of patients receiving standard care cannot improve unless the patient receives a 


transplant 


• Eculizumab-treated patients can improve or worsen in terms of CKD 


• Eculizumab-treated patients never undergo transplantation yet ESRD can be resolved without 


transplant 


• Eculizumab-treated patients have the same risk of death as the general population except if/when 


they develop ESRD 


• Standard care patients suffer a constant additional risk of death due to aHUS irrespective of their 


level of CKD. 


 


5.3.3  Evidence used to inform the manufacturer’s model parameters 


Table 21 presents a summary of evidence sources used to inform the manufacturer’s model 


parameters. A full list of model parameter values and sources is presented in the MS1 (Table D4, 


pages 147-152). Issues surrounding the derivation of model parameter values and the appropriateness 


of selected sources are discussed in Section 5.5.  
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Table 21: Summary of evidence sources used to inform key parameter groups in the 


manufacturer’s model 


Parameter group Source of parameter values 
Initial patient distribution Studies C08-002 and C08-003 (treatment phase)1  
Eculizumab CKD transition probabilities Studies C08-002 and C08-003 (treatment phase)1 
Standard care CKD transition probabilities Studies C08-002 and C08-003 (pre-treatment phase)1 
Probability patient undergoes transplant Studies C08-002 and C08-003 (pre-treatment phase)1 
Probability transplant is successful* Legendre et al39 
Excess death rate standard care (CKD0-4) Model fitted to mortality estimates from Coppo et al31 
ESRD excess death rate (both groups)  UK Renal Registry 15th Annual Report (2012)77 
Transplant mortality rate UK clinical expert opinion1 
Other-cause mortality Interim life tables78 
CKD, transplant and dialysis costs Black et al79 and NHS Reference Costs 201180 
Eculizumab costs BNF25 and NHS Reference Costs 201180 
Plasmapheresis costs NHS Reference Costs 2011/1280 
CKD health utilities  Studies C08-002 and C08-003 (treatment phase)1 
* The MS cites four studies here but only actually uses estimates from Legendre et al39 


 


5.3.3.1 Relative treatment effects of eculizumab versus standard care 


It is important to be clear from the outset that there does not currently exist any direct comparative 


evidence concerning the relative clinical effectiveness of eculizumab versus current standard 


treatments such as plasma therapy or transplantation (see Chapter 4). Whilst most Markov models 


would typically apply a relative hazard ratio to an underlying rate of transition between health states, 


or apply a relative risk to a transition probability within a particular time interval, such information is 


not available for eculizumab versus any other intervention from a single comparative source (i.e. an 


RCT). As a consequence, the model applies transition probabilities for the eculizumab group and 


standard care cohorts independently. The eculizumab CKD transition probabilities are based on 


changes between CKD state observed within prospective studies C08-002A/B and C08-003A/B, 


whilst the standard care transition probabilities are estimated using a fixed effects regression analysis 


of the rate of eGFR decrease observed within the pre-treatment phase of these same studies. 


Additional transition probabilities relating to aHUS-specific excess mortality risks from each state, 


probabilities of undergoing transplantation and probabilities of transplantation being successful were 


estimated from these studies and the wider literature.31,39,77,77 


 


5.3.3.2 Transition probabilities for standard care 


The CKD transition probabilities for the standard care group were calculated from retrospective data 


obtained from the 37 patients enrolled in studies C08-002A/B and C08-003A/B. According to the 


MS,1 data were obtained from diagnosis to the start of the studies (however the ERG is not convinced 


that this is accurate, see Section 5.5). A regression analysis was conducted on reported eGFR 


observations to estimate a relationship between eGFR and the number of days on standard care 







 


73 


 


treatment (see MS1 page 140). A fixed-effects model was used to estimate the eGFR decline per day. 


This model estimated a decline of 0.030 eGFR points per day which is reported to equate to a decline 


of 5.498 points over 182 days (6 months). Based on the manufacturer’s stated assumptions that a 


decline of 15 eGFR points results in a decline of one CKD stage (see Table 19) and that patients are 


uniformly distributed across CKD stages, the manufacturers divided the eGFR interval width of 15 by 


5.498 to give a 6-monthly transition probability of 0.367. This is assumed to reflect the transition 


from each individual CKD state to the next progressive CKD state during each model cycle. The 


remaining patients are assumed to remain in their current CKD state, undergo transplantation or 


transit to the dead state. 


 


For patients in the ESRD state, the excess death rate was estimated using data on survival of patients 


on renal replacement therapy. The submission states that a probability of 5.1% per 6 months was 


calculated based on survival of 89.8% at one year.77 It should be noted that in the model the actual 


probability used is 5.2%. An additional excess death rate is applied to all patients on standard care to 


account for the effects of additional, non-renal, complications of aHUS (see MS1 page 133). For this 


risk, the manufacturer used data from the Coppo et al registry which gave a mortality rate of 13% at 


18 months.31 The excess death rate was then estimated using Solver within the model taking into 


account death from ESRD and background mortality to give an excess death rate of 4% per 6-month 


cycle; this excess mortality rate is applied each cycle to standard care patients in CKD stages 0-4. 


 


The probability that a patient receiving standard care receives a transplant during any model cycle 


was estimated based on the number of transplants that occurred in the patients prior to entry into 


studies C08-002A/B and C08-003A/B. The MS reports that 25 transplants took place in 16 patients; a 


graphical summary of the timing of transplants was provided by the manufacturer in response to the 


ERG’s clarification questions34 (#48). The number of pre-treatment study days was calculated by 


multiplying the total number of patients (37) by 362. The total pre-treatment study days is then 


divided by 182 to give the total number of 6-month increments during the pre-treatment phase 


(71.56). The total number of transplants (25) is then divided by the number of 6-month intervals 


resulting in an estimated 6-month probability that a patient undergoes transplant of 0.349. This 


probability is applied to standard care patients in ESRD during each cycle.  


 


The proportion of successful and unsuccessful transplants was based on the proportion of 


unsuccessful transplants at one year reported in Legendre et al.39 Within this paper, this quantity was 


reported to be 0.60 to 0.90. The MS also references three other studies81;22;11 however the range used 


is only reported in Legendre et al (see Section 5.5.2). The manufacturer’s model assumes a midpoint 


value of 0.75 within the model. It should be noted however that this relates to a 1-year probability in 
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Legendre et al but is applied to each 6-month cycle in the model. Patients in whom transplantation is 


unsuccessful are assumed to return to the ESRD state after 6-months whilst patients in whom 


transplants are successful are assumed to regress to state CKD3a. This assumption was based on data 


from a large study of recipients of renal transplants where at one year 60% had CKD 3, 27% CKD 2 


and 10% CKD 4 (the MS cites a study by Marcen et al however a full reference is not provided). 


Transplant mortality was based on UK clinical opinion that it would be “at least as high as ESRD.”1  


 


5.3.3.3 Transition probabilities for eculizumab 


Transition probabilities for the eculizumab group were derived from the two prospective eculizumab 


studies (Study C0-002A/B and Study C08-003A/B) based on patient-level measurements of CKD 


stage at baseline, 6-months, 12-months, 18-months, 24-months, 30-months, 36-months, and 42-


months. The manufacturers constructed Markov matrices for observed transitions between the seven 


CKD states (0, 1, 2, 3a, 3b, 4, 5) within each 6-month interval. Missing data were censored. The 


seven time-dependent CKD transition matrices were then combined into one single matrix weighted 


by the sample size of the non-missing values. The seven CKD states were then converted into the 


three CKD states (CKD0-2, CKD3-4, and CKD5) in the model. The single transition matrix is used 


for the entire duration of the model with adjustments for death from ESRD and background mortality, 


hence the observed time-dependent transitions between CKD states are applied in the model as if they 


are time-independent. As noted in Chapter 4, studies C0-002A/B and C08-003A/B were both non-


randomised single arm studies and therefore did not compare the effectiveness of eculizumab directly 


with standard care or any other comparator. No excess death rate for non-renal complications of 


aHUS was applied to the eculizumab population. The MS states that one death occurred during the 


follow-up period of the two studies (C08-002A/B and C08-003A/B) due to gastrointestinal 


haemorrhage which was not related to eculizumab (see MS1 page 86). On the basis of this 


observation, and with the exception of other-cause mortality, the model assumes a zero probability of 


transiting from CKD0-2 to death or from CKD3-4 to death and assumes a risk of death from ESRD 


based on the general death rate for all patients undergoing dialysis.77 The submitted model also 


assumes that no patients on eculizumab would receive a transplant. Within the model, eculizumab is 


also assumed to have a treatment benefit in terms of reducing the frequency and severity of 


complications experienced; this is reflected in the use of different HRQoL valuations for the same 


state (see Section 5.3.3.4). 


 


Tables 22 and 23 present the transition probabilities used in the model for each treatment group for 


comparison. Data sources, assumptions and use of expert opinion for each non-zero value are 


indicated in the table footnotes. 
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Tables 22: Eculizumab transition probabilities (excluding background mortality) 


  CKD0 CKD1 CKD2 CKD3a CKD3b CKD4 ESRD Transplant 
Excess 
death 


CKD0 xxx xxx xxx xxx xxx xxx xxx  -     -    
CKD1 Xxx xxx xxx xxx xxx xxx xxx  -     -    
CKD2 Xxx xxx xxx xxx xxx xxx xxx  -     -    
CKD3a Xxx xxx xxx xxx xxx xxx xxx  -     -    
CKD3b Xxx xxx xxx xxx xxx xxx xxx  -     -    
CKD4 Xxx xxx xxx xxx xxx xxx xxx  -     -    
ESRD xxx xxx xxx xxx xxx xxx xxx  -     0.05*  
Transplant  -     -     -     1.00‖   -     -     -     -     0.05†  
Excess 
death 


 -     -     -     -     -     -     -     -     1.00  


*Expert opinion; † UK Renal Registry report;77‖Assumption based on Marcen et al; all other non-zero values estimated 
from analysis of studies C08-002A/B and C08-003A/B 
 


Table 23: Standard care transition probabilities (excluding background mortality) 


  CKD0 CKD1 CKD2 CKD3a CKD3b CKD4 ESRD Transplant 
Excess 
death 


CKD0  0.59   0.37   -     -     -     -     -     -     0.04§ 
CKD1  -     0.59   0.37   -     -     -     -     -     0.04§ 
CKD2  -     -     0.59   0.37   -     -     -     -     0.04§ 
CKD3a  -     -     -     0.59   0.37   -     -     -     0.04§ 
CKD3b  -     -     -     -     0.59   0.37   -     -     0.04§ 
CKD4  -     -     -     -     -     0.59   0.37   -     0.04§ 
ESRD  -     -     -     -     -     -     0.60   0.35   0.05* 
Transplant  -     -     -     0.25‖   -     -     0.70   -     0.05†  
Excess 
death 


 -     -     -     -     -     -     -     -     1.00  


*Expert opinion; † UK Renal Registry report;77 ‡ Legendre et al39  § estimated by fitting model to data reported by Coppo 
et al;31  ‖Assumption based on Marcen et al; all other non-zero values estimated from analysis of studies C08-002A/B and 
C08-003A/B 
 


5.3.3.4 Health-related quality of life 


The health utility values presented in the MS were drawn from EQ-5D data collected within studies 


C08-002A/B and C08-003A/B. EQ-5D scores from the two studies were measured during the studies 


and are reported at baseline, day 364 and at a median treatment duration of 62 weeks. EQ-5D values 


for CKD0-2, CKD3-4 and ESRD at day 364 were assumed to reflect the utility scores for patients 


receiving eculizumab (see Table 24, column 2). The difference between all scores at baseline and at 


the median treatment duration of 62 weeks was estimated to be 0.208; this value was used to 


characterise the difference between HRQoL for patients receiving standard care patients and for 


patients receiving eculizumab; this is applied as a disutility to all standard care CKD states (see Table 


24, column 3). This results in the same health state being valued very differently for standard care 


patients and eculizumab patients; the MS indicates that this assumption was made to take account of 


the non-renal TMA events expected to cause substantial disability in the standard care group.1 These 


values are applied for the entire duration of the modelled time horizon. EQ-5D utilities were valued 







 


76 


 


using the UK valuation tariff.82 The utility within the transplant tunnel state is assumed to be the same 


as the utility for the standard care CKD3-4 state (value=0.662); this assumption is not mentioned in 


the MS. 


 


Table 24: EQ-5D scores used within the manufacturer’s model 


Health State Eculizumab  Standard 
care  


Difference Number of 
patients for 
observed 
EQ-5D 
score 


Model state CKD0-2 1.00 0.792 -0.208 2 
Model state CKD3-4 0.87 0.662 -0.208 24 
Model state ESRD 0.867 0.659 -0.208 10 
Model state Transplant 0.662 0.662 0.00 - 


 


5.3.3.5  Resources use and costs included in the model 


Cost of eculizumab 


The dosing regimen for eculizumab is shown in Table 18. The acquisition costs for eculizumab were 


based on a list price of £3,150 per 300mg vial.25 The acquisition costs of eculizumab for a 6-month 


maintenance cycle were therefore calculated to be £163,800 (52 vials) per patient. The initial 


induction treatment cost for eculizumab is higher, hence the first 6-month cycle is calculated to cost 


£176,400 (56 vials) per patient. Lower values were assumed for the costs of eculizumab in patients 


below the age of 13 years using weighting factors which make assumptions about the relationship 


between body mass and age. These costs are summarised in Table 25. xxxxx percent of the 


population is assumed to receive paediatric dosing at baseline, with xxx in each of the four bands 


shown in Table 25. Importantly, since patients enter the model at age 28 years, it is unclear why dose 


(and cost) reductions associated with paediatric patients are included in the model. 


 


Table 25: Assumptions regarding age, body mass and eculizumab acquisition cost for paediatric 


patients 


Body mass 6-month induction 
cost 


6-month maintenance 
cost 


5kg to <10kg £31,500 £25,200 
10kg to <20kg £47,250 £40,950 
20kg to <30kg £88,200 £81,900 
30kg to <40kg £126,000 £122,850 


 


Cost of managing CKD 


Six-monthly costs of CKD management by CKD state were derived from an HTA study reported by 


Black et al;79 these costs were assumed to be £960, £971 and £982 for states CKD0-2, CKD3-4 and 
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ESRD respectively. Black et al report costs for patients with differing levels of co-morbidities; the 


higher estimate was used in the manufacturer’s model with the justification that patients with aHUS 


generally have a poor state of health. This was intended to represent the cost of managing a patient 


with CKD, a high albumin-creatinine ratio, and cardiovascular disease (CVD). The costs were 


inflated to 2010 prices using the NHS inflation indices published by the Personal Social Services 


Research Unit (PSSRU).83 


 
Cost of plasma therapy 


Alongside the costs of managing CKD detailed above, patients in the standard care group also incur a 


cost of plasma therapy (plasmapheresis). Different costs are assumed for adults and paediatric 


patients; again, the justification for separate costs by age group is unclear as the cohort enters the 


model at age 28 years and is therefore adult by definition. The cost of plasmapheresis is applied each 


cycle to patients with CKD0-4 in the standard care group. This cost was estimated using NHS 


Reference Costs and the HRG code for “Single Plasma Exchange, Leucophoresis or Red Cell 


Exchange, with length of stay 2 days or less, 19 years and over” for adult patients and “Single Plasma 


Exchange, Leucophoresis or Red Cell Exchange, with length of stay 2 days or less, 18 years and 


under” for paediatric patients. Using the upper quartile costs for daycase patients, these costs are 


assumed to be £599 per exchange for adults and £870 per exchange for children. This was multiplied 


by 52 weeks to give the annual cost of £31,148 for adults and £45,240 for children based on an 


assumption of one exchange per week. Expert advice received by the ERG indicates that this may be 


an underestimate. The values in the MS differ slightly (page 152) whereby the adult cost is reported 


to be £31,152 and the paediatric cost is reported to be £45,217. The use of the upper quartile of the 


unit cost was justified in the MS on the basis that aHUS patients require a larger volume of plasma to 


be infused than is typical in other patient groups undergoing plasma exchange and that aHUS patients 


require whole plasma to be used. The ERG believes that this is likely to be reasonable. 


 


Costs of dialysis 


All patients in the ESRD state are assumed to receive dialysis. The cost of dialysis was estimated 


using NHS Reference Costs80 for each dialysis session and frequency information from NICE clinical 


guidance on dialysis.84 All HRG codes for haemodialysis and peritoneal dialysis were used and 


weighted according to activity levels, costs and frequency. Haemodialysis was estimated to occur 


three times per week and peritoneal dialysis once daily.84 Weighting the costs according to these 


frequencies produces an annual cost of £23,300 for adults and £38,945 for patients aged 18 years and 


younger; only the adult cost is implemented in the base case analysis. 


 


  







 


78 


 


Transplant costs 


The costs for transplanted patients include the cost of the transplant and the costs of 


immunosuppressants. The cost of transplantation was taken from the NHS Reference Costs80 where 


all 19 years and over HRG codes for kidney transplant were weighted according to activity level; this 


gives a value of  £18,792. The ongoing annual cost following transplantation was estimated to be 


£6,641; this was taken from NICE Technology Appraisal 85.85 It should be noted that the ongoing 


cost for immunosuppressants is only applied for successful transplant patients for the first 6-month 


cycle following transplant; this cost is not applied during any subsequent cycles.  


 


Administration costs 


For 80% of patients the cost of administering eculizumab is assumed to be borne by the manufacturer 


under the aHUS Homecare Initiative. It is unclear within the MS why this service will apply only to 


80% of patients or how they will be identified. Few details of this scheme are provided within the 


MS. For the remaining 20% of patients, the cost is estimated using a cost of administration from NHS 


Reference Costs80 (“Deliver Simple Parenteral Chemotherapy at First Attendance”) which the 


manufacturer records as £197. This unit cost is multiplied by the number of administrations per 6 


months in the maintenance period (13) to give a total of £2,561 for administration per 6 months. This 


cost is applied to 20% of the eculizumab population, thus giving a total NHS cost of £512.20 per 6-


months on treatment.  


 


Additional costs 


The model includes a once-only cost of meningococcal vaccine for patients in the first cycle that they 


receive eculizumab. The cost of the meningococcal vaccine (£30) was taken from the BNF.25  


 


5.3.4 Model evaluation 


The results of the health economic analysis are presented in terms of the incremental QALYs and 


incremental costs for eculizumab versus standard care. Whilst the model includes a probabilistic 


sensitivity analysis (PSA) sampling routine, the headline results presented in the manufacturer’s 


submission report and model are based on point estimates of all parameters rather than the 


expectation of the mean. The results of the PSA are not presented in the context of decision 


uncertainty, and do not make reference to a willingness-to-pay threshold.  
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Within the manufacturer’s PSA, the following groups of parameters are sampled:  


• Initial patient distribution  


• Eculizumab CKD transition probabilities  


• Standard care CKD transition probabilities  


• Probability patient undergoes transplant  


• Probability transplant is successful  


• Excess death rate standard care (CKD0-4) 


• ESRD excess death rate both groups   


• CKD, transplant and dialysis costs  


• CKD health utilities  


 


In several instances, standard errors for uncertain distributions appear to have been assigned 


arbitrarily. Correlation between uncertain parameters (e.g. transition probabilities) is not considered 


within the analysis. Other-cause mortality, plasmapheresis costs and eculizumab acquisition and 


administration costs are held fixed at their point estimates. The visual basic code within the model is 


programmed to run 500 probabilistic samples. 


 


In addition to the probabilistic analysis, the MS includes the results of a number of simple one-way 


and multi-way deterministic sensitivity analyses (see Box 3). It should be noted that the model is not 


programmed to automatically conduct these simple sensitivity analyses, hence the ERG have not 


attempted to replicate these but have instead reproduced the results presented in the MS (see Section 


5.4).   
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Box 3: Simple sensitivity analyses presented within the MS1 


Simple one-way sensitivity analyses 


• Patient age at model start = 46 years 


• Patient age at model start = 12 years 


• Discount rate health outcomes and costs = 3% and 1.5% respectively 


• Discount rate health outcomes and costs = 3% and 3% respectively 


• Study population C08-002A/B only  


• Study population C08-003A/B only 


• Eculizumab ESRF death probability reduced by 50% (0.026/cycle) 


• Standard care excess death probability increased by 50% (0.06) 


• Standard care excess death probability increased by 50% (0.02) 


• Standard care eGFR decline rate increased by 50% (0.55/day) 


• Standard care eGFR decline rate increased by 50% (0.183/day) 


• Standard care transplant success probability increased  by 50% (0.375) 


• Standard care transplant success probability reduced by 50% (0.125) 


• Standard care transplant excess mortality probability increased by 50% (0.076) 


• Standard care transplant excess mortality probability decreased by 50% (0.025) 


• Health state costs increased by 50% 


• Health state costs reduced by 50% 


• Eculizumab price increased by 10% (£3,465) 


• Eculizumab price reduced by 10% (£2,835) 


• Plasmapheresis cost increased by 50% (£23,361) 


• Plasmapheresis cost reduced by 50% (£7,787) 


Multi-way sensitivity analyses  


• Scenario 1: Age 45 at baseline, standard care health utility difference versus eculizumab +50%, 


eGFR decline -50% 


• Scenario 2: Eculizumab reduces ESRF death likelihood by 50%, 3% discount rate on costs, 


eGFR decline +50%  
* The ERG is unclear what these analyses represent or how they were implemented within the model 


 


5.4  Headline results reported within the manufacturer’s submission 


This section summarises the results presented in the MS.1 Figures 2 and 3 present the Markov traces 


over CKD bands for the eculizumab and standard care groups respectively. 
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Figure 2: Markov trace for the eculizumab group within the manufacturer’s model1 


 
 


Figure 3: Markov trace for the standard care group within the manufacturer’s model1 


 
 


0.00


0.10


0.20


0.30


0.40


0.50


0.60


0.70


0.80


0.90


1.00


0 20 40 60 80 100 120 140


Pr
op


or
tio


n 
of


 p
at


ie
nt


s i
n 


st
at


e


Time since model entry (years)


Dead


CKD 0-1-2


CKD 3-4


ESRF


Transplant


0.00


0.10


0.20


0.30


0.40


0.50


0.60


0.70


0.80


0.90


1.00


0 20 40 60 80 100 120 140


Pr
op


or
tio


n 
of


 p
at


ie
nt


s i
n 


he
al


th
 st


at
e


Time since model entry (years)


Dead


CKD 0-1-2


CKD 3-4


ESRF


Transplant







 


82 


 


Figures 2 and 3 highlight the very good modelled prognosis for eculizumab patients and the very poor 


modelled prognosis for patients within the standard care group.  


 


5.4.1 Headline total QALYs and total costs for eculizumab versus standard care 


Table 26 presents the estimates of incremental QALYs and cost for eculizumab versus standard care. 


Without discounting, the manufacturer’s model suggests that eculizumab produces an estimated 37.65 


additional years of life and 38.47 additional QALYs compared to standard care per patient. The 


absolute survival estimate for the eculizumab (47.62 life years) is similar to the life expectancy for a 


healthy 28-year old population (roughly 53 years using 2011 life tables); the only difference in 


survival arises from the increased risk of death applied to those eculizumab-treated patients whilst in 


ESRD. The undiscounted incremental cost of eculizumab versus standard care is estimated to be in 


excess of xxxxxxxxxx per patient. When discounted at a rate of 1.5%, the manufacturer’s model 


suggests that eculizumab produces an estimated 24.08 additional years of life and 25.22 additional 


QALYs compared to standard care per patient. The discounted incremental cost of eculizumab versus 


standard care is estimated to be approximately xxxxxxxxxxx per patient.  
 


Table 26: Summary results – manufacturer’s model  


Outcome Eculizumab Standard care Incremental 
Undiscounted results 
LYGs 47.62 9.97 37.65 
QALYs 45.06 6.59 38.47 
Cost xxxxxxxxxxx £366,679 xxxxxxxxxxx 
Discounted results (at a rate of 1.5%) 
LYGs 32.82 8.73 24.08 
QALYs 30.99 5.77 25.22 
Cost xxxxxxxxxxx £322,313 xxxxxxxxxxx 


 


Tables 27 and 28 present a breakdown of discounted QALYs and costs for eculizumab and standard 


care. Between-group comparisons of state-specific QALY gains are difficult to interpret due to the 


different modelled survival profiles, prohibited transitions for eculizumab-treated patients and 


different valuations of HRQoL for the same CKD state between the two treatment groups. These 


results indicate that the majority of the modelled QALY gains for eculizumab are accrued by patients 


in the less advanced CKD states. Conversely, patients receiving standard care gain little health from 


the CKD0-2 state, but accrue comparatively more health from the other health states. Table 28 


indicates that the vast majority of the additional cost between the two treatment groups is attributable 


to the acquisition cost of eculizumab. 
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Table 27: QALY breakdown – manufacturer’s model (discounted at 1.5%) 


QALY component Eculizumab Standard care Incremental 
CKD 0-1-2 18.82 0.04 18.78 
CKD 3-4 11.67 2.04 9.62 
ESRD 0.51 2.72 -2.22 
Transplant 0.00 0.96 -0.96 
Total QALYs  30.99 5.77 25.22 
 


Table 28: Cost breakdown – manufacturer’s model (discounted at 1.5%) 


Resource cost Eculizumab Standard care* Incremental 
CKD 0-1-2 xxxxxx £2,435 xxxxxxx 
CKD 3-4 xxxxxx £113,701 xxxxxxxx 
ESRD xxxxxx £100,372 xxxxxxx 
Transplant xxxxxx £103,437 xxxxxxx 
Transplant success, 
ongoing costs 


xxxxxx £2,367 Xxxxxx 


Eculizumab cost xxxxxxxxxxx £0 xxxxxxxxxxx 
Total cost xxxxxxxxxxx £322,313 xxxxxxxxxxx 
* Includes the cost of plasmapheresis 
 


5.4.2 Sensitivity analyses presented within the manufacturer’s submission 


Table 29 presents a summary of the probabilistic results as presented within the MS.1 The results of 


the manufacturer’s PSA indicate that given the characterisation of uncertainty within the model, 


eculizumab is consistently expected to produce large incremental QALY gains and considerably 


higher incremental costs compared to standard care. 


 


Table 29: Probabilistic model results (based on those reported in the MS1) 


Outcome Eculizumab Lower 95% 
crI 


Upper 
 95% crI 


Standard 
care 


Lower 
95% crI 


Upper 
 95% crI 


QALYs 31  28.4 32.7 5.9 2.6 8.7 
Cost xxxxxxxxxxx xxxxxxxxxxx Xxxxxxxxxxx £328,986  £170,557 £650,831 
 


Table 30 presents the manufacturer’s simple sensitivity analysis, as reported within the MS.1 These 


simple sensitivity analyses indicate that the estimates of incremental health benefit and incremental 


cost are particularly sensitive to assumptions about patient age and the use of discounting. It should 


also be noted that the manufacturer’s sensitivity analysis does not include an analysis in which the 


same utility values are assumed for both treatment groups, nor does it include an analysis which 


reflects a discount rate of 3.5% for both costs and health outcomes. 
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Table 30: Sensitivity analysis results presented within the MS1 


Parameter  Base 
case 


Sensitivity 
analysis 


Standard care 
costs 


Eculizumab 
costs 


Incremental 
costs 


Standard 
care QALYs 


Eculizumab 
QALYs 


Incremental 
QALYs 


Base case All None £322,313 xxxxxxxxxx Xxxxxxxxxxx 5.773 30.995 25.221 
Age 28 45 £307,146 xxxxxxxxxx Xxxxxxxxxx 5.490 23.272 17.782 
 28 12 £325,495 xxxxxxxxxx Xxxxxxxxxx 5.833 36.825 30.992 
Discount rate, health 
utility 


0.015 0.03/0.03 £287,867 xxxxxxxxxx Xxxxxxxxxx 5.137 22.701 17.564 


Discount rate, costs 
and benefits 


0.015 0.03/0.015 £287,867 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 


Include C08-002A/B 
patients only 


all only 002 £319,595 xxxxxxxxxx Xxxxxxxxxx 5.726 31.868 26.142 


Include C08-003A/B 
patients only 


all only 003 £324,623 xxxxxxxxxx Xxxxxxxxxx 5.814 30.851 25.037 


Eculizumab reduces 
ESRF death likelihood 
by 50% 


0.052 0.026 £322,313 xxxxxxxxxx Xxxxxxxxxx 5.773 31.927 26.153 


SOC excess death, 6-
month tp (+/- 50%) 


0.04 0.06 £286,328 xxxxxxxxxx Xxxxxxxxxx 5.098 30.995 25.896 


 0.04 0.02 £370,431 xxxxxxxxxx Xxxxxxxxxx 6.679 30.995 24.316 
SOC likelihood of a 15 
point EGFR drop, 6-
month tp  (+/- 50%) 


0.367 0.550 £318,267 xxxxxxxxxx Xxxxxxxxxx 5.664 30.995 25.330 


 0.367 0.183 £329,588 xxxxxxxxxx Xxxxxxxxxx 5.982 30.995 25.012 
SOC tranplant success 
rate (+/- 50%) 


0.25 0.375 £325,582 xxxxxxxxxx Xxxxxxxxxx 5.838 30.995 25.157 


 0.25 0.125 £317,881 xxxxxxxxxx Xxxxxxxxxx 5.679 30.995 25.316 
SOC transplant excess 
mortality rate (+/- 
50%) 


0.051 0.076 £303,079 xxxxxxxxxx Xxxxxxxxxx 5.415 30.268 24.853 


 0.051 0.025 £348,416 xxxxxxxxxx Xxxxxxxxxx 6.260 31.972 25.712 
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Parameter  Base 
case 


Sensitivity 
analysis 


Standard care 
costs 


Eculizumab 
costs 


Incremental 
costs 


Standard 
care QALYs 


Eculizumab 
QALYs 


Incremental 
QALYs 


Health state costs (+/- 
50%) 


base 50% £402,602 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 


 base -50% £242,024 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 
Eculizumab price (+/- 
10%) 


£3,150 £3,465 £322,313 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 


 £3,150 £2,835 £322,313 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 
Plasma exchange price 
(+/- 50%) 


£15,574 £23,361 £471,827 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 


 £15,574 £7,787 £241,446 xxxxxxxxxx Xxxxxxxxxx 5.773 30.995 25.221 
SOC health utility (Ecu 
health increment) 


0.208 0.312 £322,313 xxxxxxxxxx Xxxxxxxxxx 4.865 30.995 26.130 


 0.208 0.104 £322,313 xxxxxxxxxx Xxxxxxxxxx 6.682 30.995 24.313 
Eculizumab health 
utility (+/- 10%) 


base 10% £322,313 xxxxxxxxxx Xxxxxxxxxx 6.532 30.995 24.462 


 base -10% £322,313 xxxxxxxxxx Xxxxxxxxxx 5.014 30.995 25.980 
Alternative health 
utilities (EQ-5D scores 
at baseline for SOC) 


base Alt £322,313 xxxxxxxxxx Xxxxxxxxxx 5.632 30.995 25.362 


ESRF mortality rate 0.052 0.079 £269,019 xxxxxxxxxx Xxxxxxxxxx 4.783 30.995 26.212 
 0.052 0.026 £408,721 xxxxxxxxxx Xxxxxxxxxx 7.384 30.995 23.611 
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5.5  Critical appraisal of the manufacturer’s model 


This section presents a critical appraisal of the economic analysis submitted to NICE by the 


manufacturer. This critical appraisal has been undertaken through a detailed scrutiny of the 


manufacturer’s model and through comparison of this with the written exposition of this model 


within the MS.1  


 


The main problems identified by the ERG within the manufacturer’s economic analysis are 


summarised in Box 4; these issues are discussed in detail in the subsequent sections. 


 


Box 4: Main problems identified within the manufacturer’s economic analysis  


(1) Concerns regarding the scope of the manufacturer’s economic analysis 


(2) Problems relating to the derivation of transition matrices for eculizumab and standard care 


(3) Highly favourable assumptions for the benefits of eculizumab 


(4) Use of a restrictive model structure 


(5) Inappropriate handling of competing risks 


(6) Inappropriate estimation of background mortality 


(7) Inappropriate use of probabilistic sampling and use of deterministic model results 


(8) Conceptually unclear model population 


(9) Pooling of potentially heterogeneous study populations 


(10) Presence of technical modelling errors 


 


(1) Concerns regarding the scope of the manufacturer’s economic analysis 


The scope of the economic analysis is partially in line with the decision problem specified by NICE 


(see Table 31), however there are some important deviations and concerns relating to (i) adherence of 


the economic analysis to the agreed NICE scope; (ii) the definition of comparators; (iii) perspective 


of the economic analysis; (iv) synthesis of evidence on outcomes; and (v) the discount rate used in the 


economic analysis.  
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Table 31: Adherence to the principles of the Reference Case relevant to highly specialised 


technologies 


Element of economic 
analysis 


Reference case ERG comment 


Defining the decision 
problem 


The scope developed by 
NICE 


The scope of the economic analysis is generally 
in line with the scope developed by NICE 


Comparator Therapies routinely used in 
the NHS, including 
technologies regarded as 
current best practice 


Plasma therapy including the possibility of 
kidney transplant. Liver-kidney transplantation 
is not included either as a comparator or as part 
of the pathway. As noted above, advisors to the 
ERG believe that this exclusion is likely to be 
appropriate. Dialysis is included for patients in 
ESRD. 


Perspective on costs NHS and PSS An NHS perspective was adopted.  
Perspective on 
outcomes 


All health effects on 
individuals 


Patient health benefits are included.  


Type of economic 
evaluation 


Cost-effectiveness analysis 
analysis* 


Incremental costs and benefits are assessed in 
the form of a QALY-based cost-consequence 
analysis.  


Synthesis of evidence 
on outcomes 


Based on a systematic review The effectiveness of eculizumab is based on a 
pooled analysis of patient-level data from two 
prospective single-arm studies whilst the 
comparator was based on analysis of pre-
treatment eGFR change from patients enrolled 
in the same two studies. Outcomes for both 
groups were augmented using other literature 
and expert opinion No systematic review was 
undertaken for the comparators. 


Measure of health 
effects 


QALYs Health outcomes are valued in terms of QALYs 
gained. 


Source of data for 
measurement of 
HRQoL 


Reported directly by patients 
and/or carers 


All empirical utility estimates are measured 
using the EQ-5D. Utility data from the 
prospective eculizumab studies were valued 
using the UK time trade-off (TTO) tariff. There 
are issues with respect to the EQ-5D valuations 
in each treatment group. 


Source of preference 
data for valuation of 
changes in HRQoL 


Representative sample of the 
public 


Discount rate An annual rate of 3.5% on 
both costs and health effects 


Costs and outcomes were discounted at 1.5%.  


Equity weighting An additional QALY has the 
same weight regardless of the 
other characteristics of the 
individuals receiving the 
health benefit 


No additional equity weighting is applied to 
QALY gains. 


* The form of the evaluation is not stated within the interim HST methods guide 


 


(i) Deviations from the NICE scope 


Chapter 3 of this report highlights a number of aspects of the MS which deviate from the final NICE 


scope.30 Specifically, the most important deviations within the economic analysis relate to the 


specification of the population and the methods used to estimate the effectiveness of the standard care 
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comparator. Whilst the manufacturer claim that the analysis reflects a mixed population of adults and 


children, this has been implemented incorrectly and only an adult population is actually considered, 


albeit with artificially lower acquisition costs for eculizumab. In addition, the ERG does not believe 


that the standard care group has been populated using the best available evidence (see Section 4.4). 


These two issues represent key limitations of the MS; as a consequence, the ERG has concerns with 


respect to the credibility and robustness of the economic analysis presented within the MS. 


 


(ii) Definition of interventions and comparators 


The description of the relevant interventions and comparators is generally appropriate. It is 


noteworthy that within the model, the possibility of transplantation is restricted to isolated kidney 


transplants and assumed to be relevant only to patients receiving standard care; patients receiving 


eculizumab are assumed to never undergo transplantation. The model does not include the possibility 


of combined kidney-liver transplant in either treatment group; advisors to the ERG believe this latter 


assumption to be generally appropriate. 


 


(iii) Perspective of the economic analysis 


The perspective of the analysis is generally appropriate - the model includes costs borne by the NHS 


and benefits enjoyed by NHS patients. However, whilst PSS costs are discussed in the MS, these are 


not included in the cost-consequence analysis. This is inconsistent with the manufacturer’s analysis of 


wider societal benefits which clearly includes non-NHS/PSS costs for carers.  


 


(iv) Synthesis of evidence on outcomes 


As noted in Chapters 3 and 4, the MS does not include a full systematic review of evidence relating to 


the effectiveness of plasma therapy or transplantation in patients with aHUS. Instead, the focus of the 


review elements of the MS relate to single-arm studies in which patients received eculizumab. The 


MS does include some details regarding other studies which provide information on the prognosis 


and outcomes of patients with aHUS based on four registry studies.11,31-33 However, this information 


is not presented as a systematic review; as a consequence, it is unclear how relevant outcome data 


have been identified, or why they have largely been neglected from the economic model.  


 


(v) Discount rates for costs and health outcomes 


The interim NICE methods and process guide for highly specialised technologies does not 


specifically state a preferred discount rate. The manufacturer’s model discounts all costs and health 


outcomes at a rate of 1.5%. The NICE Technology Appraisal Reference Case86 states that outcomes 


should be discounted at 3.5%, but that other rates can be considered in sensitivity analyses. Within 


their written submission,1 and their responses to the ERG’s clarification questions34 (question #39), 
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the manufacturer argues that the use of lower discount rates is appropriate given Section 6.2.19 of the 


NICE Technology Appraisal Methods Guide:86 


  


 “A discount rate of 1.5% for costs and benefits may be considered by the Appraisal Committee if it is 


highly likely that, on the basis of the evidence presented, the long-term health benefits are likely to be 


achieved”86 


 


However, it should also be noted that Section 5.6.3 of the Methods Guide states: 


 


“Sensitivity analyses using rates of 1.5% for both costs and health effects may be presented alongside 


the reference-case analysis (see section 6.2.19).”86 


 


In the absence of a clearer direction from the interim HST methods guide, the ERG believes that the 


model results should be discounted at a rate of 3.5% in the base case analysis; additional sensitivity 


analyses could have been presented using the lower rate in secondary sensitivity analysis. Whilst the 


MS does include further sensitivity analyses around discount rates, none of these specifically use the 


3.5% rate.  


 


Other elements of the economic analysis related to the scope of the cost-consequence analysis 


The use of a QALY-based cost-consequence analysis, in which costs and health benefits could be 


synthesised into an ICER, is appropriate in order to consider the balance of the additional value of 


eculizumab and the opportunity costs of the decision. The EQ-5D was consistently used to measure 


HRQoL impacts, albeit with small numbers in each model state; these were valued using the UK 


tariff.82 


 


(2) Problems relating to the derivation of transition matrices for eculizumab and standard care 


The absence of direct head-to-head RCTs assessing eculizumab versus any other comparator leads to 


considerable difficulties in estimating the comparative effectiveness of eculizumab. All of the clinical 


evidence for eculizumab presented within the MS1 is drawn from single-arm non-randomised studies. 


This problem is further compounded by the limited number of studies which have estimated the 


effectiveness of plasma therapy which is taken to represent the mainstay of treatment in the standard 


care group. In the absence of RCT evidence, some form of naïve indirect comparison must be 


undertaken against some other source. Within the economic analysis, the prognosis of patients in 


terms of kidney damage, survival and HRQoL is modelled using pooled patient-level data from two 


single-arm prospective eculizumab studies (studies C08-002A/B and C08-003A/B), whilst the 


prognosis of patients on standard care through the CKD states was estimated using regression 
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analyses of the pre-treatment phase of these same studies (prior to receiving eculizumab). The ERG 


has concerns about the validity of this comparison, the methods used to derive parameters describing 


the standard care trajectory, and the appropriateness of the manufacturer’s decision not to use other 


aHUS registry data to characterise the trajectory of CKD damage for patients receiving standard care. 


 


2a) Problems relating to the estimation of transition probabilities for patients receiving 


standard care 


The standard care transition probabilities were derived from a retrospective collection of eGFR 


measurements in patients entering the prospective eculizumab studies C08-002A/B and C08-003A/B. 


Regression analyses were conducted to estimate the decrease in eGFR per day on standard care. The 


data available for analysis are panel data which measure eGFR over multiple time points. Four 


models were fitted to the data: ordinary least-squares (OLS) which does not account for within-


patient correlation and does not use the multiple time points (“model a”), two mixed models (random 


intercept with common slope), one of which accounts for the within-patient correlation (“model b”) 


and one which includes the addition of adjusting for the trial identity (“model c”). The final model 


(“model d”) subtracts a patient’s average eGFR score from the score at each time point. All models 


adopt a linear form.  


 


In addition to these regression analyses (models a-d), a non-parametric LOWESS regression was used 


to examine whether the eGFR decline over time was approximately linear, although this analysis was 


exploratory and was not used directly within the model.  


 


The outputs of the regression model are used to estimate the change in CKD stage based on the 


proportion of patients whose eGFR declined by 15 points per 6-month cycle. The fixed effects model 


produces a coefficient for eGFR worsening of 0.03/day; this coefficient was used in the cost-


consequence model by transforming the coefficient into what the manufacturer states is a transition 


probability. The manufacturer’s approach is detailed on page 143 of the MS:1  


 


“The fixed effect coefficient estimate is -0.030 in the prior table indicates, meaning that for each day 


on SOC, eGFR declines by 0.030 points (ml/min/1.73 m2) per day, which translates to a -5.498 


decrease per 182 days (six months). Assuming patients are uniformly distributed over the a CKD 


interval, which is 15 eGFR points, this translates to:  |-5.498|/15 = 0.367, or a 36.7 percent chance of 


declining one CKD stage every sixth months when treated with plasma exchange, dialysis, and/or 


kidney transplant.”1 
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This transition probability of 0.367 is used as the 6-month CKD progression probability between all 


individual consecutive worse states in the manufacturer’s cost-consequence model.  


 


The ERG has serious concerns with the manufacturer’s approach to deriving the rate of eGFR decline 


and its application within the model. These concerns are discussed in detail below. 


 


Problem 1: Issues surrounding the implementation and reporting of the regression analyses 


Whilst the OLS model (model a) does not account for repeated measures, this regression model 


appears to have been applied correctly; however, the MS clearly recognises the violations of this 


model with regards to analysing panel data. This OLS model, the first mixture model (random 


intercept, fixed slope) and the fixed effects regression model (models a, b and d) each use pooled data 


from both trials which implicitly assumes that the two studies, and the patients recruited into them, 


are identical. No justification is given for this pooling. The second mixture model (model c) 


attempted to take into account that the data were drawn from two studies by including a dummy 


variable, although this is not handled appropriately. The model yields a common coefficient, β, for 


the number of days and the trial indicator variable, which adds an extra day to the number of days 


before baseline if the data arises from one of the two trials. When the dummy variable takes the value 


of zero, the model is fine, however when it takes the value of 1, the model becomes eGFRit = α + 


β(days it +1) + uit + eit. In this situation, the model will arbitrarily add an extra day to the number of 


days before baseline; this is incorrect and will produce erroneous model results. It would have been 


more appropriate to define two unique parameters, β1 and β2. A more appropriate model specification 


would thus be eGFRit = α + β1(daysit)+β2(trialit) + ui + eit.  


 


The manufacturer’s interpretation of a fixed effects model (model d) seems to be correct but is not 


clearly explained within the MS, in particular with respect to how the model accounts for patient 


characteristics.  


 


The manufacturers state that for any missing data in patients receiving dialysis, eGFR measurements 


are assumed to take a value of 10; however, this seems an arbitrary choice. The graph of the applied 


LOWESS regression indicates a considerable amount of missing data (the data suggest a lot of values 


of eGFR=10); this crude imputation approach may skew the results of the regression models. It would 


have been preferable to explore scenarios in which a more sophisticated multiple imputation approach 


was used and no imputation was used to examine whether cases are systematically missing and not 


missing at random. 
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The manufacturer does not report any form of formal model checking to assess the suitability of any 


of the four regression models. The ERG believes it would be appropriate to produce diagnostic plots 


and/or Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) values to assist 


with model selection. 


 


Whilst the manufacturer modelled the relationship between days on standard care and eGFR, they are 


actually interested in the relationship between days on standard care and CKD stages. A regression 


approach based on CKD stage would likely be more appropriate. 


 


Problem 2: CKD states do not have equal eGFR widths 


Table 19 shows the relationship between eGFR and CKD stage. For patients in CKD Stage 3a and 


below, a decline of 15 eGFR points would result in a change in CKD stage. However, this is not the 


case for patients in CKD Stage 2 and above; a patient with CKD 2 would require a decline of 30 


eGFR points to incur a change in CKD stage. In other words, the width of the interval is not the same 


across all CKD states. As 5.4% of patients enter the model in CKD 2, the model is likely to 


overestimate the rate of decline in CKD stage in these patients.  


 


Problem 3: Inappropriate interpretation of regression results  


The estimated rate of change was -0.03 points/day which according to the MS, given a 15-point 


interval in each CKD band, leads to a transition probability of 0.367. This value is based on the logic 


that assuming that the eGFR rate is constant (i.e. a linear relationship between eGFR progression and 


time) patients will progress by -0.03 points each day for 182.5 days in the 6-month Markov cycle, and 


that this total eGFR worsening can be divided by the CKD interval width to give a 6-month 


probability ([0.03 x 182.5]/15). However, this appears to reflect some confusion between the 


quantities being estimated: the eGFR regression approach adopted by the manufacturer is not 


estimating a probability of transiting between states - it is estimating the probability of picking a 


patient in a given 15-point eGFR interval who is eligible to move to the next interval. It is further 


noteworthy that if the estimated rate of decline had been -0.10 or lower, this would lead to a 6-month 


probability which is greater than 1.0. This is clearly mathematically invalid and raises important 


questions regarding the validity of the manufacturer’s approach. 
 


In their response to clarification (question #32),34 the manufacturer stated “The boundedness issue is 


only a problem when we are close to 0% or 100%. In our case, it would require 12 times the standard 


error to reach the lower bound and 20+ times the standard error to reach the upper bound—which 


are likelihoods that are vanishingly small given the data.” The ERG believes that the fact that the 


probability does not exceed 1 is irrelevant; the issue is that it could do and the manufacturer’s 
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approach is not estimating a transition probability. The methods used to derive transition probabilities 


are mathematically incorrect and the results of a model based on these methods should be approached 


with considerable caution. 
 


Problem 4: Failure to formally test non-linear models 


The manufacturer undertook standard linear regressions for panel data to estimate the decline in 


eGFR while on standard care using the available data from studies C08-002A/B and C08-003A/B. 


The ERG would argue that because eGFR is bounded at zero, a standard linear model cannot possibly 


be appropriate and models for bounded data should have been explored. The manufacturer notes this 


as a limitation. Aside from the issue of a zero bound, the question of whether the relationship is linear 


or not would be best addressed by formally comparing polynomial functional forms with the linear 


one. This would be done using formal statistical tests of significance and of model misspecification. 


The approach that has been presented by the manufacturer, using a LOWESS regression plot (see 


Figure 4) is of very limited value. The shape of the LOWESS line is very sensitive to the chosen 


bandwidth and several different bandwidths would therefore be required for this to be informative. 
 


Figure 4: LOWESS regression analysis of eGFR over time 
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Problem 5: Appropriateness of the study population 


The ERG also has concerns with respect to the use of the pre-study population used to inform the 


standard care CKD transition probabilities. The population contains only 37 patients, one of whom 


was diagnosed with Systematic Lupus Erythematosus (SLE) and was excluded from Study C02-008 


(MS1 page 86). However, the MS does not state that this patient was excluded from the pre-study 


population and implies that the pre-study population analysis was carried out on 37 patients. If a 


patient is excluded from the study it would be expected that they would also be excluded from the 


pre-study analysis. The ERG also is unclear regarding which patients were included in the pre-study 


population analysis. The MS states that “the pre-treatment period was defined as the time from 


diagnosis to baseline in the trials” (MS1 page 140) and in the description of the eGFR measurements 


that “the median interval between diagnosis and baseline was 186 days with a range of 965,1…” 


(MS1 page 140). However, in Table C8, which describes the population of studies C08-002A/B and 


C08-003A/B, the median time from diagnosis to screening was given as 9.7 months with a range of 


0.26-236 months for study C08-002A/B and a median of 48 months with a range of 0.66-286 months 


for study C08-003A/B. This is also reflected in the transplant data provided by the manufacturer as 


part of the clarification process. Taking the largest in the range for both studies would result in 


measurements for 19 and 23 years not the 3 year maximum given in the range for the pre-study 


analysis. Both medians given in Table C8 for time from diagnosis to screening are longer than the 


median given for the per-study analysis which means that some patients and/or some observations for 


patients are missing. The median for study C08-003 of 48 months is far longer than the median given 


for the pre-study analysis of 186 days, indicating that many observations and/or patients with a longer 


length of time from diagnosis have been excluded from the regression analysis. However, the MS 


offers no explanation on which patients or which patients observations have been excluded and at no 


point states that any patients or observations have been excluded. The exclusion of either patients 


with long standing aHUS or observations from earlier in their disease process may bias the results of 


the regression analysis. 


 


Problem 6: Relevant registry data exist but are not used within the economic analysis  


The ERG is aware of larger longer-term registry studies that could have been used to estimate CKD 


damage in aHUS patients over time (see Tables 14 and 15). Due to the concerns raised above about 


the number of patients included in the analysis, the uncertainties regarding which patients were 


actually included, and the relatively short pre-treatment period, the ERG believes that aHUS 


registries11,32 would have represented a considerably more relevant and appropriate source through 


which to estimate the standard care transition probabilities. 
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Problem 7: Issues relating to the calculation of the probability of undergoing transplant  


The model assumes that transplant is possible only for those patients receiving standard care. The MS 


states that 25 transplants were undertaken in 16 patients during the pre-treatment phase of studies 


C08-002A/B and C08-003A/B. The model assumes a 6-month transplant probability of 0.349. This 


value was estimated by the manufacturer by dividing the number of transplants by the total number of 


6-month increments during the pre-treatment period. In the model, this is calculated by multiplying 


352 by 37 (the total number of patients in studies C08-002A/B and C08-003A/B). The ERG 


requested further information about these values as part of the clarification process; the manufacturer 


provided a figure showing the timing of transplantation in these 16 patients; this is reproduced in 


Figure 5.  


 


Figure 5: Time of diagnosis and transplant during studies C08-002A/B and C08-003A/B34 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Inspection of this figure indicates that xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. However, 


the ERG notes that xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Using the figure provided by the manufacturer, the ERG 


estimate that across the 16 patients who received a transplant, the total pre-treatment period in which 


transplants took place was xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxx. This gives a xxxxxxxxxxxxxxxxxxxxx 6-month probability of 
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transplant of approximately xxxxxx.. This calculation approach is likely to be further incorrect as the 


total pre-treatment time may include time in less advanced CKD states. The correct approach would 


involve calculating the probability of transplant conditional on the time spent in ESRD. Without 


knowing the proportion of pre-treatment time spent in ESRD, it is not possible to accurately estimate 


the 6-month probability of undergoing a transplant. 


 


Problems relating to post-transplant outcome 


The MS gives four references for the probability of as unsuccessful transplant. However, it would 


appear that only the range given in Legendre et al39 (60-90%) is used to inform the parameter value of 


75%. The other three references given in the manufacturer’s submission give lower or larger ranges 


for the probability of an unsuccessful transplant.81;22;11 The study by Le Quintrec et al81 reported 50% 


graft loss at 5 years whilst the study by Zuber et al22 found that aHUS recurrence and subsequent 


graft loss depended on the genetic mutation and rates of aHUS recurrence ranged from 15% to 


100%.22,81 The study by Noris et al11 also found that graft loss differed depending on the genetic 


mutation; rates of graft loss ranged from 0% to 71% at one year; overall the study found that 55% of 


adult patients and 67% of the paediatric patients experienced graft loss at one year. Successful 


transplants recipients in the model are assumed to move to stage 3a. This was based on the outcomes 


from a large study of recipients of renal transplants where the majority (60%) were in CKD 3 at one 


year. The MS also reports that 27% of patients were in CKD 2 and 10% were in CKD 4 at one year 


(Marcen et al 2010, no reference provided in the MS). It is unclear why this re-distribution of patients 


was not applied for successful transplant recipients.  


 


2b) Problems relating to the estimation of transition probabilities for patients receiving 


eculizumab 


The manufacturer’s model appears to include highly favourable transition probabilities for 


eculizumab. The same set of transition probabilities are used for the entire model duration. The ERG 


believes this to be inappropriate as that the empirical evidence appears to suggest that eculizumab 


offers an initial improvement in eGFR which is generally sustained over a longer period, rather than 


continual improvement in eGFR as assumed in the model. Based on the states used in the 


manufacturer’s model (CKD0-2, CKD3-4 and ESRF), Table 32 presents a summary of those patients 


who improved, worsened or remained in the same banded CKD state between each 6-month interval. 


Figure 6 compares the observed and modelled CKD state membership over time. 
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Table 32: Summary of improved/worsened transitions for evaluable patients during each 6-


month interval from studies C08-002A/B and C08-003A/B 


Timepoint 
(months since 
baseline) 


Number of patients with 
changed/same banded CKD 
state during 6-month interval 


Number of patients in 
banded CKD state at 
timepoint 


Total 
number of 
evaluable 
patients Improved 


state 
Same 
state 


Worsened 
state 


CKD0-2 CKD3-4 CKD5 


0 months (baseline) xx xx xx xx xx xx Xx 
6 months xx xx xx xx xx xx Xx 
12 months xx xx xx xx xx xx Xx 
18 months xx xx xx xx xx xx Xx 
24 months xx xx xx xx xx xx Xx 
30 months xx xx xx xx xx xx Xx 
36 months xx xx xx xx xx xx Xx 
42 months xx xx xx xx xx xx Xx 
 


Unsurprisingly, given the assumption of time-independent transition probabilities, the model does not 


provide a particularly good fit to the observed data. The data presented in Table 32 and Figure 6 


appear to indicate a substantial improvement in CKD state during the first 6-months on eculizumab; 


however, a similar magnitude of improvement is not evident at later timepoints. Rather, the data 


appear to indicate general stabilisation (with some improvement and some worsening) beyond the 


first 6-months of treatment.  
 


Figure 6: Observed and modelled CKD state over the first 3-years 
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This view is further supported by the paper reported by Legendre et al.39 In this paper, the authors 


state: “In trial 1 (C08-002), the improvements in the estimated GFR from day 0-28 were maintained 


from day 29 through the data-cutoff point, with no further increase…”. Legendre et al39 also reported 


that in trial 2 (study C08-003), eGFR improved slightly from week 26 to week 60. At week six the 


mean eGFR increase was six and this increased to a mean eGFR of nine at week 60. However, the 


ERG does not believe that this small increase in one of the studies provides sufficient justification for 


the use of a single set of transition probabilities based on the assumption that eculizumab results in a 


constant indefinite improvement in eGFR.  


 


In the manufacturer’s model, no eculizumab-treated patients receive a kidney transplant whilst a 


probability for kidney transplant is included in the standard care transition probabilities. This 


contradicts part of the argument set out in the MS for the benefits of eculizumab over standard care. 


In Section 7 of the MS,1 the manufacturer states: “One of the goals of the specialised service will be 


to enable successful kidney transplants in aHUS patients who already have kidney failure and are on 


dialysis. In most cases, without treatment with eculizumab, patients were told that they are not 


recommended to receive and organ transplant…” (MS page 45). In addition, one patient in studies 


C08-002A/B and C08-003A/B did receive a transplant. Therefore, the validity of assuming that no 


eculizumab-treated patients receive transplant is questionable. It should also be noted that two 


patients discontinued study C08-002A/B due to a decrease of worsening of renal function. Both these 


patients discontinued the study in ESRD. One patient had started the study in ESRD and after an 


improvement to CKD4 had returned to ESRD before discontinuing. The other patient started the 


study in CKD4 but progressed to ESRD and lost their kidney transplant before discontinuing the 


study.52 


 


The ERG is also concerned that the observations for the patient who received the transplant in either 


study C08-002A/B or study C08-003A/B have not been censored after the transplant. If the 


observations are not censored, the effectiveness of eculizumab represented in the transition matrices 


will be overestimated as improvements in renal state for this patient may be related to the transplant 


rather than eculizumab treatment. 


 


(3) Highly favourable assumption for the benefits of eculizumab 


The model assumes that eculizumab eliminates the non-renal complications of aHUS; this assumption 


is used to justify the different HRQoL values used for eculizumab patients and standard care patients 


(utility difference = -0.208 for standard care versus eculizumab) and the elimination of the excess 


death risk for eculizumab patients (4% for standard care, 0% for eculizumab). The eculizumab studies 


reported in the MS1 include three deaths and a number of complications that may indicate that 
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treatment with eculizumab does not fully eliminate the risk of non-renal complications of aHUS. The 


MS lists neurological, cardiac, and gastrointestinal complications as non-renal complications of 


aHUS (MS page 33). The three reported deaths in the studies fall under the above categories: two 


deaths occurred in the retrospective study (C09-001r) and were “related to cerebrovascular accident 


(stroke) and fatal carotid artery dissection…” (MS page 105) whilst the third death occurred during 


the extension period of study C08-003 and was due to gastrointestinal haemorrhage. However, these 


deaths may reflect a continuation of damage caused by complications of aHUS before the patient 


started on eculizumab. Of the 37 patients in studies C08-002A/B and C08-003A/B, xxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. 


Even if these deaths and adverse events were not related to eculizumab, they may indicate that 


eculizumab did not eliminate all complications of aHUS or reverse all previous damage caused by 


complications of aHUS before treatment on eculizumab was started. 


 


The manufacturer’s model does not include any adverse events for eculizumab. All studies reported a 


number of treatment-related AEs. In study C08-002A/B 10 (59%) of patients reported a treatment-


related AE with one patient experiencing a severe treatment-related AE of hypertension. In study 


C08-003, six patients reported treatment-related AEs and there were two cases of severe treatment-


related AEs listed as peritonitis and vein disorder. Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Treatment-related AEs were not listed for study C09-


001r but one case of meningococcal meningitis was reported.1  


 


The use of the study-derived HRQoL values may also overestimate the benefit of eculizumab. The 


use of a value of 1.0 for the health state CKD 0-2 is higher than the UK general population EQ-5D 


norms87,88 and given that it is based on the reported values of two patients may not be appropriate to 


use. In addition, the single arm design of the studies from which the HRQoL values are derived may 


have influenced the elicited EQ-5D values. For example, if a double-blind RCT design had been used 


then the difference in HRQoL values between the patients on eculizumab and those on the 


comparator treatment could have been used to estimate the additional HRQoL benefit of eculizumab. 


However, given the absence of randomisation and blinding within the prospective eculizumab 


studies, the considerable expense of eculizumab, and the absence of an alternative effective treatment 
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for aHUS, it is possible that some patients valued their health on treatment because they were 


receiving eculizumab rather than because the drug had a noticeable impact upon the patients’ 


HRQoL. In the absence of comparative evidence, this possible explanation remains conjecture, 


however, it should be considered as a possible source of bias.  
 


Given the evidence discussed above, the ERG indicates that the large HRQoL decrement applied to 


standard care compared to eculizumab-treated patients may not be plausible.  
 


It should also be noted that the HRQoL values used for eculizumab-treated patients in ESRD are 


generally much higher than those used in previous NICE submissions (see Table 33), whilst the 


utility value for patients receiving standard care are generally slightly lower. 
 


Table 33: HRQoL values used for ESRD in previous NICE submissions 


NICE submission Value Source 
Renal failure – home versus 
hospital haemodialysis (TA 48) 


0.66 hospital haemodialysis 
0.81 satellite haemodialysis 


DeWitt et al89 


Hyperparathyrodism – cinacalcet 
(TA 117) 


0.6735 Weighted average* DeWitt et al89 


Organ preservation (renal) – 
machine perfusion and static 
storage (TA 165) 


0.76 The difference between 
dialysis and function transplant 


Greiner et al90 


Eculizumab for aHUS 0.867  Eculizumab-treated patients 
0.659 Standard care patients 


MS1 


  *Based on UK average of 73% of patients receiving haemodialysis and 23% receiving peritoneal dialysis 


 


(4) Use of a restrictive model structure 


Further to the issues identified above, the ERG has concerns with respect to the restrictive nature of 


the manufacturer’s model structure. The previous model submitted to AGNSS13 allowed for time-


dependent transition probabilities in both treatment groups. This flexibility is not a characteristic of 


the model submitted to NICE. For both eculizumab and standard care groups, the model applies a 


single fixed transition matrix, thus structurally imposing an assumption that CKD transition 


probabilities in both groups are time-invariant (excluding mortality effects). This is a highly 


restrictive assumption that does not make the best use of the available evidence. Within the 


eculizumab group, the manufacturer estimates time-dependent transitions between CKD states but 


then produces a single time-independent transition matrix weighted by the number of observations at 


each 6-month timepoint. This is mathematically questionable and does not reflect the available 


evidence on the nature of the hazard of CKD progression over time. Within the standard care group, 


again a single CKD transition matrix is assumed; this does not reflect data from other sources e.g. the 


Noris et al registry analysis11 in which the hazard of ESRD and death appear to be very high at the 


initial aHUS episode, but considerably lower thereafter (see Table 15). Irrespective of whether it is 
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appropriate to treat the hazard of CKD progression as being time-dependent or time-independent, the 


manufacturer’s model structure does not allow this to be explored as it only includes a single matrix 


in each treatment group. This presents an important limitation of the model.  


 


(5) Inappropriate handling of competing risks 


Within both treatment groups, the model is implemented such that probabilities of events (CKD 


transition, transplantation, aHUS death or other cause-death) are treated as if they are independent. 


This leads to a total probability of experiencing all events being greater than 1.0. This is handled in 


the model using a “mortality-pull” which downweights all transitions by the probability of death in 


each cycle. This is an inappropriate way of handling competing risks as it does not account for 


conditionality between events. It also appears that this does not allow for very high death 


probabilities. For example, in the eculizumab group, if the excess death risk for patients in ESRD is 


arbitrarily inputted as 0.80 (cell X13 markov_ecu worksheet), the probability of remaining in ESRD 


becomes -0.377. This is mathematically impossible and raises further questions regarding the 


robustness of the manufacturer’s model results.  


 


(6) Inappropriate estimation of background mortality 


Within the model, other-cause mortality is modelled using 6-month probabilities applied over 


(mostly) 10-year age bands. Within each year, the model calculates the 6-month rate of death and 


then calculates an overall probability of death within each age band weighted by gender. This is 


unnecessarily “blunt” since annual probabilities are available from the life tables. A more appropriate 


approach would have involved calculating the mortality rate for each age-year, and then transforming 


this to a 6-month probability applied each year using standard formulae.91 


 


(7) Inappropriate use of probabilistic sampling and use of deterministic model results 


Whilst the manufacturer’s model includes a probabilistic sensitivity analysis routine, some of the 


model parameters are held fixed at their point estimates, whilst others are characterised using 


inappropriate distributions. Table 34 highlights a number of differences between how parameter 


uncertainty has been characterised in the manufacturer’s model and how the ERG would recommend 


characterising this uncertainty. Overall, the ERG would argue that the probabilistic results presented 


by the manufacturer are unlikely to reflect the true uncertainty surrounding the incremental costs and 


QALYs associated eculizumab versus standard care.  
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Table 34: Actual and preferred characterisation of uncertainty surrounding model parameters 


Parameter group Distributions 
assumed within 
manufacturer’s 
PSA 


ERG preferred 
approach given 
nature of defined 
parameter 


ERG comment 


Initial patient distribution Non-parametric 
bootstrap 


Dirichlet with 
minimally 
informative priors91 


Bootstrapping tells us about variability 
rather than uncertainty 


Eculizumab CKD 
transition probabilities 


Non-parametric 
bootstrap 


Dirichlet with 
minimally 
informative priors91 


Bootstrapping tells us about variability 
rather than uncertainty.  


Standard care CKD 
transition probabilities 


Normal Beta Normal distributions are not bounded 
by 0 or 1 


Probability patient 
undergoes transplant 


Beta Beta - 


Probability transplant is 
successful 


Uniform Beta Uniform distributions (with equal 
likelihood of any value within 
bounded range) are unlikely to reflect 
the true uncertainty around this 
probability parameter 


Excess death rate standard 
care (CKD0-4) 


Beta Beta The standard error appears to be 
arbitrarily defined. More complex 
calibration methods (e.g. Markov 
Chain Monte Carlo) could be used to 
fit this parameter 


ESRD excess death rate 
both groups  


Normal Beta Normal distributions are not bounded 
by 0 or 1 


Other-cause mortality Fixed Fixed This is probably reasonable 
CKD, transplant and 
dialysis costs 


Gamma Normal/gamma SEs appear to be arbitrarily defined  


Eculizumab costs Fixed Acquisition cost 
fixed, uncertainty 
surrounding 
administration cost  


The true costs of drug administration 
costs are uncertain 


Plasmapheresis costs Fixed Normal/gamma This parameter is uncertain and should 
be sampled within the PSA 


CKD health utilities  Beta Beta Health utility for state CKD0-2 is held 
fixed. Uncertainty appears to be 
sampled using the standard deviation 
rather than the standard error. 


 


(8) Conceptually unclear model population 


The model population begins with a cohort of patients aged 28 years. This drives the time horizon of 


the model and the probability of dying due to other causes during each model cycle. However, the 


model also includes dose reductions for xxx patients who are assumed to be children upon entry into 


the model. These dose reductions are based on assumptions about the relationship between 


bodyweight and age (see Table 18). It is therefore conceptually inconsistent, if not uninterpretable, to 


model the prognosis of adult patients but to include dose-reductions for paediatric patients. It should 
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further be noted that studies C08-003A/B and C08-002A/B did not include any patients under the age 


of 12 years. 


 


(9) Pooling of potentially heterogeneous study populations  


The manufacturer’s model uses simple pooling of patient-level data from studies C08-002A/B and 


C08-003A/B to inform transition probabilities for both treatment groups. The 2012 eculizumab safety 


and efficacy update52 states: 


 


Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxx 


 


Whilst the manufacturer reports simple sensitivity analyses using the individual study 


populations, it is unclear whether it is appropriate to pool these data. 


 


(10) Presence of technical modelling errors  


Aside from the problems outlined above (in particular, refer to the identified issues regarding 


handling conditional probabilities), the ERG noted a number of technical programming errors in the 


manufacturers model.  


 


(i) Sum of standard care transition probabilities greater than 1.0 


In the calculations for the standard care transition probabilities (cell X33, markov_SOC worksheet) 


there is a clear programming error in the calculation of the transition probability from transplant to 


ESRD. This error is caused by the probability of remaining in transplant being calculated as one 


minus the transition from transplant to CKD3-4 rather than one minus the sum of all other transitions. 


As a consequence, the sum of this row of transition probabilities exceeds 1.0.  


 


(ii) Incorrect cell references for transplant death and ESRD death 


Within the eculizumab group patients there is a programming error with respect to which risk of 


death is used for patients receiving transplant and for patients in ESRD. For transplant patients, the 


risk of death due to ESRD is used, whilst for patients with ESRD, the risk of death due to transplant 


is used. This does not affect the base case results as both probabilities are the same and no 


eculizumab patients are assumed to undergo a transplant. However, it does impact on the standard 


care transplant excess mortality rate (+/- 50%) sensitivity analysis as the eculizumab costs and 


benefits are both affected by this error (see Table 30). 
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(iii) Double-discounting of transplant costs 


For the standard care group, the ongoing costs of transplants are discounted twice. In the 


‘markov_SOC’ worksheet, the cost of immunosuppressants are discounted using the =PV() formula; 


these costs are then discounted again when applied to the number of patients receiving the treatment.  


 


(iv) Underestimation of immunosuppressant costs 


The costs of immunosuppressants for patients undergoing transplantation are applied only for one 


cycle for those patients in whom transplant is successful. This cost should be applied to the length of 


time that the patient’s transplanted kidney survives. However, the manufacturer’s model does not 


include the functionality to track which patients received a successful transplant, how long they 


remained alive or how long their transplanted kidney survived. Consequently, the costs of standard 


care are likely to be underestimated. 


 


(v) Reporting errors 


The sensitivity analysis presented in Table D21 of the MS1 (also presented in Table 30 of this ERG 


report) includes analyses in which the price of eculizumab was increased/decreased by 10%. 


However, these analyses do not result in different costs from those presented in the base case. This is 


interesting to note as the MS states that the price increase and price decrease are one of three factors 


for which the model results are most sensitive (see MS1 page 174). 


 


5.6  Discussion of available evidence relating to value for money for the NHS and PSS 


The focus of this chapter has been on the economic evidence for eculizumab submitted to NICE by 


the manufacturer. This manufacturer’s analysis takes the form of a QALY-based cost-consequence 


model comparing eculizumab versus standard care. The manufacturer’s model indicates that 


eculizumab is expected to produce an additional 37.65 years of life and 38.47 QALYs compared to 


standard care per patient. The undiscounted incremental cost of eculizumab versus standard care is 


estimated to be approximately xxxxxxxxxxxxx per patient. When discounted at a rate of 1.5%, the 


manufacturer’s model suggests that eculizumab produces an estimated 24.08 additional years of life 


and 25.22 additional QALYs compared to standard care per patient. The discounted incremental cost 


of eculizumab versus standard care is estimated to be xxxxxxxxxxxx per patient.  


 


The ERG critique identified several problems relating to the manufacturer’s cost-consequence model. 


The most important of these concerns relate to the restrictive structural assumptions of the model, the 


inappropriate interpretation of evidence relating to the benefits of eculizumab over time, the 


inappropriate use of evidence to characterise CKD damage for patients receiving standard care, the 


inappropriate method for handling competing event risks and the highly questionable choice of 
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relevant evidence used to characterise the prognosis of patients receiving standard care. Whilst some 


of these problems could be resolved easily within the existing model, other more serious 


programming issues cannot not be resolved within the manufacturer’s model structure (in particular, 


the inappropriate approach used to handle competing risks). The resolution of these problems requires 


the development of a new model. Overall, the ERG has concerns regarding the suitability of the 


manufacturer’s model structure, the integrity of the pre-model analysis and the robustness of the 


manufacturer’s model results. 


 


In order to address some of the problems identified within the critical appraisal of the manufacturer’s 


economic analysis, the next chapter outlines the development of a new model which attempts to 


address those problems which can be resolved, whilst as far as possible, retaining the model structure, 


assumptions and evidence choices employed by the manufacturer.  
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6.  IMPACT ON THE COST-CONSEQUENCE ANALYSIS OF ADDITIONAL 


EXPLORATORY CLINICAL AND ECONOMIC ANALYSES UNDERTAKEN BY THE ERG 


 
6.1  Introduction 


This chapter presents two groups of additional analysis. Firstly, based on the critique of the economic 


analysis presented in the MS (see Section 5.5), the ERG present a re-analysis of the manufacturer’s 


model which corrects for some, but not all, of the technical programming errors identified. The extent 


to which this analysis resolves the problems with the manufacturer’s economic analysis is however 


very limited and a number of more substantial errors cannot be fixed within the constraints of the 


manufacturer’s model structure. To this end, the second set of analyses involves the development of a 


new ERG model which addresses the more serious problems relating to the handling of competing 


risks and inappropriate modelling of the prognosis of patients receiving standard care. It should be 


emphasised that whilst this latter model has been developed with the intention of providing a more 


robust basis for informing decision-making, it should also be considered exploratory. 


 


6.2  Re-analysis of the manufacturer’s economic analysis following the correction of 


technical programming errors  


This section presents a re-analysis of the manufacturer’s model which includes the correction of 


technical programming errors. It should be re-iterated that despite these corrections, the ERG do not 


believe that the manufacturer’s model synthesises the best available evidence appropriately or uses an 


adequate model structure, hence its value in informing decision-making is questionable. The 


problems relating to mathematical inconsistency are still present in this model. As a consequence, the 


ERG believes that the results of this re-analysis should be given very little consideration. The 


following technical errors were corrected by the ERG. 


• The standard care transplant transition probabilities were corrected  


• Paediatric dose reductions were removed for eculizumab and plasmapheresis  


• The model was amended such that the transplant death probabilities and ESRD death 


probabilities are drawn from the correct input cells 


• The double-discounting of ongoing transplant costs was removed 


• The discount rate for costs and health outcomes was amended to 3.5% (see final 3 rows of results 


presented in Table 35). 


 


The results of this re-analysis are presented in Table 35; all estimates are based on point estimates of 


parameters rather than the expectation of the mean. Full details of amendments to the executable 


model are presented in Appendix 1. 
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Table 35: Revised results following ERG correction of technical errors within the 


manufacturer’s model 


Outcome Eculizumab Standard care Incremental 
Cost-consequence results (undiscounted) 
LYGs 47.62 10.07 37.55 
QALYs 45.06 6.66 38.41 
Cost xxxxxxxxxxx £354,757 xxxxxxxxxxx 
Cost-consequence results (costs and outcomes discounted at 1.5%) 
LYGs 32.82 8.80 24.01 
QALYs 30.99 5.82 25.17 
Cost xxxxxxxxxxx £310,421 xxxxxxxxxxx 
Cost-consequence results (costs and outcomes discounted at 3.5%) 
LYGs 21.99 7.55 14.44 
QALYs 20.71 4.99 15.72 
Cost xxxxxxxxxxx £266,407 xxxxxxxxxxx 


 


The results presented in Table 35 show that the correction of the technical errors in the model does 


have some impact upon estimates of health outcomes and costs. Assuming a discount rate of 1.5%, 


the corrected estimate of incremental cost is xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx per 


patient. The corresponding estimate of incremental QALYs gained is also decreased from 25.22 


additional QALYs to 25.17 additional QALYs.  


 


6.3  Development of the exploratory ERG model 


6.3.1 Summary of similarities to the manufacturer’s model 


In light of the more substantive problems with the manufacturer’s model discussed in Chapter 5, the 


ERG developed a new model. This process was undertaken to allow the ERG to explore the likely 


impact of making more plausible assumptions about the nature of CKD event hazards over time and 


to more appropriately handle competing risks. This was not possible within the manufacturer’s 


model. It should be noted that the rebuilt ERG model is identical to the manufacturer’s model in 


terms of model structure, assumptions and evidence choices with the exception of six factors: 


1. The transition probabilities for the eculizumab and standard care groups are allowed to be time-


dependent. This was not possible in the manufacturer’s model as only a single CKD transition 


matrix was applied within the model. 


2. The risk of death is modelled using an iterative looping approach which conditions competing 


events at time t on the proportion of the population alive at time t. This was necessary as the 


manufacturer’s model did not handle conditional probabilities appropriately, hence it was 


possible to produce negative transition probabilities; this problem could not be fixed in the 


manufacturer’s model without adapting its structure. 


3. The transition probabilities for the standard care group (CKD damage, transplant probability and 


mortality risk) are fitted to outcomes data reported at different timepoints by Noris et al.11 This 
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amendment was made for two reasons: (i) the manufacturer’s methods for estimating this 


quantity are mathematically incorrect (see Section 5.5), and (ii) registry data provide a more 


appropriate source of evidence for estimating standard care transition probabilities. 


4. Transition probabilities are estimated and applied based on groups of CKD states (CKD0-2, 


CKD3-4, ESRD) rather than individual CKD states. This amendment was required to avoid the 


over-specification of the standard care transition probabilities (although this is essentially the 


same as how the manufacturer’s model is structured).   


5. Other cause mortality is applied using age-specific annual probabilities, adjusted down to 6-


month transition probabilities, rather than using probabilities for particular age-bands. This 


amendment is minor and simply increases the accuracy of the other-cause mortality parameters. 


6. Costs and health outcomes are discounted at 3.5%; this is in line with NICE’s Reference Case for 


technology appraisals. 


 


A brief manual describing how to amend the model’s input parameters is provided in Appendix 2. 


 


6.3.2 Changes to the model structure 


The approach used to estimate health state populations is shown diagrammatically in Figure 7. The 


model begins with the initial state population, based on the pooled data from studies C08-002A/B and 


C08-003A/B,1 defined in terms of states CKD0-2, CKD3-4 and ESRD. During the first step, this 


population is adjusted by (i) moving a proportion of ESRD patients to the transplant state, (ii) moving 


patients in whom transplantation has been successful from the transplant state to CKD3-4 and (iii) 


moving patients in whom transplantation has been unsuccessful from the transplant state back to the 


ESRD state. This adjusted state population forms the population for Step 2. During Step 2, patients 


who die of other causes are moved to the dead state. This adjusted state population forms the 


population for Step 3. During Step 3, patients who die of aHUS-related causes are transited to the 


dead state. This adjusted state population then forms the population for Step 4. During Step 4, simple 


matrix multiplication is applied to the adjusted state population using time-variant transition matrices. 


This adjusted state population then forms the population for Step 1. This adjustment cycle then 


repeats until the time horizon has been reached. 
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Figure 7: Iterative approach used to estimate health state populations conditional on competing 


events 


 
6.3.3 Parameter values used in the ERG model 


Table 36 shows all parameter values implemented in the ERG model, except for CKD transition 


probabilities. With the exceptions noted above, these are exactly the same as those used in the 


manufacturer’s model, irrespective of whether the ERG believes them to be appropriate. Owing to 


time and resource constraints for this appraisal, the ERG model was developed deterministically and 


does not include uncertainty surrounding the model parameters.  


 


  


Step 1 Step 2 Step 3 Step 4
Move proportion of ESRD patients Move patients dying of Move patients dying of Apply matrix multiplication
to transplant state other causes at current age aHUS (excess death risk) to state population at end of
Move successful transplants to dead state to dead state previous cycle (step 3) using
to CKD3-4 state time-dependent transition 
Move unsuccessful transplants matrix 
to ESRD state
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Table 36: List of parameter values used in the ERG model (excluding CKD transition 


probabilities) 


Parameter Value Source 
General 
Discount rate - health outcomes 0.035* NICE Methods Guide86 
Discount rate –costs 0.035* NICE Methods Guide86 
Population parameters 
Patient start age 28 C08-002/C08-0031 
Probability patient is female 0.65 C08-002/C08-0031 
Other transition parameters 
Probability transplant | ESRD – eculizumab 0.00 MS assumption 
Probability transplant | ESRD - standard care 0.04* Noris et al (fitted)11 
Probability transplant success 0.25 Legendre et al39 
Probability excess death - SC first 6-month cycle 0.08* Noris et al (fitted)11 
Probability excess death - SC subsequent cycles 0.01* Noris et al (fitted)11 
Probability excess death aHUS - SC post-transplant 0.05 UK Renal Registry 15th 


Annual Report77 
Health utilities 
HRQoL eculizumab CKD0-2 1.00 Manufacturer’s 


assumptions based on 
studies C08-002A/B and 
C08-003A/B1 


HRQoL eculizumab CKD3-4 0.87 
HRQoL eculizumab CKD5/ESRD 0.87 
HRQoL eculizumab transplant 0.66 
HRQoL standard care state utility loss 0.21 
HRQoL standard care CKD0-2 0.79 
HRQoL standard care CKD3-4 0.66 
HRQoL standard care CKD5/ESRD 0.66 
HRQoL standard care transplant 0.66 
Resource costs  
CKD0-2 (annual) £960.00 Black et al79 
CKD3-4 (annual) £971.00 
CKD5/ESRD (annual) £24,282.00 Black et al79 and NHS 


Reference Costs 2011/1280 
Transplant cost (one-off) £18,792.00 NHS Reference Costs 


2011/1280 
Successful transplant maintenance  (annual) £6,641.00 NICE TA8585 
Plasmapheresis (annual) £31,148 NHS Reference Costs 


2011/1280 
Cost per dose eculizumab (300mg) £3,150.00 BNF25 
% administration covered by Alexion Homecare 
service 


0.80 manufacturer’s 
submission/model1 


Cost eculizumab administration £197.00 NHS Reference Costs 
2011/1280 


Meningococcal vaccine (once-only) £30.00 BNF25 
First 6-month eculizumab cost (including induction) £177,454.40* BNF25 
Subsequent 6-month eculizumab cost (maintenance) £164,824.40* BNF25 


*Different to manufacturer’s model 
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6.3.3.1 CKD transition probabilities – eculizumab group 


The ERG has several concerns regarding the calculation of transition probabilities in the eculizumab 


group within the manufacturer’s model. Separate data are available for 6-month intervals up to 42 


months and the manufacturer’s model calculates time-dependent CKD transition matrices using these 


data. However, in the manufacturer’s analysis, these time-dependent matrices are then made time-


invariant by weighting all matrices according to the number of observations at each time point. 


Whilst this approach uses all of the available data, the ERG believes this approach to be 


mathematically inappropriate as it fails to reflect the time-dependent nature of the observed data. In 


order to better reflect the available evidence relating to the effect of eculizumab on chronic kidney 


damage, the ERG calculated transition probabilities for each 6-month interval. Table 37 presents the 


time-dependent transition matrices together with the number of evaluable patients from whom these 


estimates are drawn. It should be noted that whilst full matrices could be calculated for the first six 


model cycles, there is noticeable attrition by 24-months, hence the model uses time-specific matrices 


for the first four cycles, then subsequently assumes that the matrix for 18-24 months applies 


indefinitely for all subsequent cycles. This extrapolation assumption is tested in the sensitivity 


analysis (see Table 41). 
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Table 37: Time-dependent transition probabilities calculated using patient-level data from 
studies C08-002A/B and C08-003A/B 
 


Transition probabilities Number of 
evaluable 
patients 


Baseline to 6 months (applied in cycle 1 in ERG model) 
 CKD0-2 CKD3,4 CKD5 xxxx 
CKD0-2 xxxx xxxx xxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
6 months to 12 months (applied in cycle 2 in ERG model) 
 CKD0-2 CKD3,4 CKD5  xxxx 
CKD0-2 xxxx xxxx xxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
12 months to 18 months (applied in cycle 3 in ERG model) 
 CKD0-2 CKD3,4 CKD5 xxxx 
CKD0-2 xxxx xxxx xxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
18 months to 24 months (applied in cycle 4 and subsequently in ERG model) 
 CKD0-2 CKD3,4 CKD5 xxxx 
CKD0-2 xxxx xxxx xxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
24 months to 30 months (not used in ERG base case) 
 CKD0-2 CKD3,4 CKD5 xxxx 
CKD0-2 xxxx xxxx xxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
30 months to 36 months (not used in ERG base case) 
 CKD0-2 CKD3,4 CKD5 xxxx 
CKD0-2 xxxx xxxx xxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
30 months to 42 months (not used in ERG model) 
 CKD0-2 CKD3,4 CKD5 xxxx 
CKD0-2 xxxxxxxxxxxxxxxxxxxxxxxxx 
CKD3,4 xxxx xxxx xxxx 
CKD5 xxxx xxxx xxxx 
 
  
Figure 8 presents the Markov trace for the first three years of the ERG model compared against the 


observed CKD state data from studies C08-002A/B and C08-003A/B. A comparison of Figure 8 and 


Figure 6 clearly indicates that the ERG model provides a closer fit to the observed data than the 


manufacturer’s model. Given the method for estimating transition probabilities in the ERG model, the 


only source of error between predicted and observed CKD state membership arises from the presence 


of censored observations at each timepoint. 
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Figure 8: Comparison of observed and predicted CKD state during the first two years of 


eculizumab treatment  
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6.3.3.2 CKD transition probabilities – standard care group 


The ERG has serious concerns regarding the calculation of the CKD transitions for the standard care 


group, as detailed in Section 5.5. In order to address these problems, the ERG model was fitted to 


observed data relating to the probability of ESRD and death (i) following the initial aHUS episode, 


and (ii) at 3-years from an analysis of registry data reported by Noris et al.11 In this registry, 273 


consecutive patients were recruited and followed up for up to 10 years. A summary of these data are 


presented in Tables 14 and 38. Following the initial aHUS episode, 36% patients were in ESRD and 


8% patients had died. At 3-years following entry into the registry, 45% patients were in ESRD and 


11% patients had died. Noris et al11 also report data on the number of transplants over the observed 


period (n=64); the distribution of transplants at each timepoint is not calculable from the publication. 


It should be noted that the ERG did not have access to information on the initial distribution of 


patients by CKD state upon entry into the registry. However, Professor Noris, Principal Investigator 


of the registry, informed the ERG that the proportion of patients in ESRD was approximately 0.44 


(Personal communication: Professor Marina Noris, Clinical Research Center for Rare Diseases 


"Aldo e Cele Daccò", Italy). Within the fitting process, we assumed that the initial CKD distribution 


reflects that observed in studies C08-002A/B and C08-003A/B; this may bias against standard care.  
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Table 38: Summary of patients reaching ESRD or death in Noris et al registry11 


 Abnormality CFH CFI C3 THBD MCP CFH 
antibodies 


None All 
patients 


Initial 
aHUS 
episode 


N 62 10 12 13 17 8 128 250 
ESRD  0.31 0.6 0.58 0.46 0.06 0.37 0.37 0.36 
Death 0.19 - - 0.31 - - 0.04 0.08 


3 years N 64 10 12 13 17 8 119 243 
ESRD 0.53 0.6 0.67 0.23 0.06 0.63 0.43 0.45 
Death 0.23 - - 0.31 - - 0.07 0.11 


 


In order to better reflect the apparent time-dependent nature of the estimates reported by Noris et al,11 


the ERG model includes two transition matrices. The first matrix of transition probabilities is applied 


only for the first cycle and is assumed to reflect the timepoint of the initial aHUS episode (the mean 


timepoint of the first aHUS episode is not reported by Noris et al11). The second matrix is applied 


indefinitely for all subsequent cycles. We set up a simple Solver routine using the mean squared error 


(MSE) between the model and the data to fit the following model transition probabilities:  


• 6 month transition probability from CKD0-2 to CKD3-4 (first cycle) 


• 6 month transition probability from CKD3-4 to ESRD (first cycle) 


• 6 month transition probability from CKD0-2 to CKD3-4 (subsequent cycles) 


• 6 month transition probability from CKD3-4 to ESRD (subsequent cycles) 


• 6 month transition probability of undergoing transplant conditional on the patient being in ESRD 


• aHUS excess death probability for all CKD states (first cycle) 


• aHUS excess death probability for all CKD states (subsequent cycle). 


 


No constraints were set within the Solver fitting routine except that all probability values were 


bounded by 0 and 1. All other transitions for the standard care group (e.g. the probability that 


transplantation is successful) reflect the values used in the manufacturer’s model. The model uses 


initial values of 0.50 for all fitted parameters. 


 


Table 39 shows the model fit compared against the observed data reported by Noris et al. It can be 


seen that the MSE is very small, hence the ERG model fits the observed data very closely. This is not 


surprising as this approach involves fitting seven unknown parameters to five observed data points. In 


other words, it is highly likely that the model has been over-fitted; this is unfortunately unavoidable 


given the limited data reported in the Noris publication. The stability of the model fitting process is 


examined in Section 6.4.3. For information, the table also shows the manufacturer’s estimate of the 


proportion of patients in ESRD and death at each timepoint. It can be seen that the manufacturer’s 


model produces broadly similar estimates of ESRD at each timepoint, however the probability of 


death is markedly higher than that observed within Noris et al.11  
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Table 39: Observed versus predicted events from Noris et al11 


Timepoint Event Data ERG 
model 


MSE Manufacturer’s 
model 


Initial episode 
  


ESRD 0.36 0.36  0.000000 0.39 
Dead 0.08 0.08  0.000000 0.04 


3 years 
  
  


ESRD 0.45 0.45 0.000000 0.51 
Dead 0.11 0.11  0.000000 0.25 
Transplant 0.10 0.10  0.000000 0.13 


- Sum - - 0.000000 - 
 


Table 40 presents the standard care CKD transition probabilities estimated by fitting the model to 


data reported by Noris et al.11  


 


Table 40: Transition probabilities calculated by fitting the model to observed events reported 


by Noris et al11 


Transition probabilities Number of 
patients in 
registry at 
timepoint 


Baseline to 6 months 
 CKD0-2 CKD3,4 CKD5 250 
CKD0-2 0.51 0.49 0.00 
CKD3,4 0.00 0.86 0.14 
CKD5 0.00 0.00 1.00 
6 months to 12 months and all subsequent 6-month cycles 
 CKD0-2 CKD3,4 CKD5 243 
CKD0-2 0.52 0.48 0.00 
CKD3,4 0.00 0.95 0.05 
CKD5 0.00 0.00 1.00 


 


6.3.4 Summary of additional analyses undertaken using the ERG model 


The following analyses were undertaken using the ERG’s exploratory model: 


• Base case analysis (costs and outcomes discounted at 3.5%) 


• Costs and outcomes undiscounted  


• Costs and outcomes discounted at 1.5% 


• Same utilities for eculizumab and standard care based on eculizumab values 


• Same utilities for eculizumab and standard care based on standard care values 


• Future eculizumab transition probabilities based on matrix derived from interval 12 months to 18 


months 


• Future eculizumab transition probabilities based on matrix derived from interval 30 months to 36 


months 
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• Future eculizumab transition probabilities based on matrix derived from interval 36 months to 42 


months 


• Standard care probabilities fitted to data on ESRD and death reported by Fremeaux-Bacchi et al32 


(death = 0.8% at 1-year and 0.8% at 5-years; ESRD = 55% at 1-year and 63% at 5-years). 


• Standard care probabilities fitted to data on ESRD and death reported by Fremeaux-Bacchi et al32 


(death = 0.8% at 1-year and 0.8% at 5-years; ESRD = 55% at 1-year and 63% at 5-years) plus 


same utilities for eculizumab and standard care based on eculizumab values 


• Standard care probabilities fitted to data on ESRD and death reported by Fremeaux-Bacchi et al32 


(death = 0.8% at 1-year and 0.8% at 5-years; ESRD = 55% at 1-year and 63% at 5-years) plus 


same utilities for eculizumab and standard care based on standard care values 


 


6.4  Cost-consequence results produced using the ERG model 


6.4.1 Headline cost-consequence results produced using the ERG model 


Table 41 presents the headline cost-consequence results of the ERG model. As noted above, these do 


not reflect uncertainty in model parameters and thus do not capture any potential non-linearity 


between the model inputs and outputs. 


 


Table 41: Headline cost-consequence results produced using the ERG model (discounted at 


3.5%) 


Outcome Eculizumab Standard care Incremental 
Undiscounted results 
Life years gained   53.80   35.47   18.33  
QALYs gained   48.97   23.40   25.57  
Total costs  xxxxxxxxxxx £951,600 xxxxxxxxxxx 
Health outcomes and costs discounted at 3.5% 
Life years gained   23.99   17.71   6.28  
QALYs gained   21.83   11.69   10.14  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 


 
Without discounting, the model estimates a mean survival of 53.80 years for patients receiving 


eculizumab and a mean survival of 35.47 years for patients receiving standard care; the incremental 


survival gain for eculizumab versus standard care is estimated to be 18.33 undiscounted life years 


gained. The model suggests that patients receiving eculizumab will gain 48.97 QALYs whilst patients 


in the standard care group will gain 23.40 QALYs; this gives an undiscounted difference of 25.57 


additional QALYs for the eculizumab group. The estimated cost per patient within the eculizumab 


group is xxxxxxxxxxxx compared against xxxxxxxx in the standard care group. 
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Given a discount rate of 3.5% for costs and health outcomes, the model suggests that eculizumab is 


expected to produce 10.14 additional QALYs compared against standard care at an additional 


discounted cost of xxxxxxxxxxx.  


 


These results indicate a substantial difference between the manufacturer’s model and the ERG model. 


In particular, the estimates of overall survival for the standard care group is substantially higher in the 


ERG model (ERG model=35.47 undiscounted life years, manufacturer’s model=9.97 undiscounted 


life years), although it is also noteworthy that the manufacturer’s model likely underestimates overall 


survival in the eculizumab group due to the inappropriate method of handling other-cause mortality 


(ERG model=53.80 undiscounted life years, manufacturer’s model=47.62 undiscounted life years). 


These differences in survival, together with different sojourn times in CKD states and lower 


transplant rates for standard care patients, lead to comparatively lower estimates of incremental 


QALYs gained between the groups within the ERG model. In addition, the ERG estimate of the 


incremental cost of eculizumab versus standard care is higher than that presented by the manufacturer 


(ERG model [discounted at 3.5%]=xxxxxxxxxxxx, manufacturer’s model [discounted at 


3.5%]=xxxxxxxxxxxx). 


 


6.4.2 Intermediate results produced by the ERG model 


Figures 9 and 10 present a breakdown of undiscounted costs for the eculizumab and standard care 


groups respectively. It is evident from these figures that the vast bulk of total cost between the two 


groups is attributable to the acquisition cost of eculizumab (ssssssssssssss per patient). 


 


Figure 9: Cost breakdown for eculizumab group (undiscounted) 
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Figure 10: Cost breakdown for standard care group (undiscounted) 


 


 


 


 


 


 


 


 


 


 


 


 
 


Figure 11 presents projected overall survival curves from the ERG model (note the curve starts at age 


28 years – the age of the cohort at entry into the model). Unsurprisingly, given the manufacturer’s 


potentially optimistic assumptions regarding the elimination of the risk of aHUS-related death (an 


assumption maintained within the ERG model), the overall survival curve for eculizumab broadly 


reflects that of a normal healthy population. Within the standard care group, the model predicts an 


immediate drop in survival (reflected in the transition matrix for the first aHUS episode) with a faster 


rate of death compared to eculizumab thereafter. This reflects the observed data reported by Noris et 


al.11  
 


Figure 11: Modelled survival curves for patients receiving eculizumab and patients receiving 


standard care 
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Figures 12 and 13 present the Markov traces for the eculizumab group and the standard care groups 


respectively. The trace for the eculizumab group indicates that initially patients undergo rapid 


changes in health state, with the overall membership of all living health states remaining relatively 


stable over time. Conversely, within the standard care group, the proportion of patients in CKD0-2 


remains low throughout, whilst the proportion of patients reaching ESRD increases considerably and 


becomes the predominant living health state within the first 15-years of the modelled time horizon. 


These traces are very different to those predicted using the manufacturer’s model (see Figures 2 and 


3). 
 


Figure 12: Markov trace for eculizumab group 


 
 


Figure 13: Markov trace for standard care group 
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6.4.2 Exploratory sensitivity analyses produced using the ERG model 
Table 42 presents the results of the exploratory sensitivity analysis using the ERG model.  
 


Table 42: Exploratory sensitivity analysis using the ERG model 
Outcome Eculizumab Standard care Incremental 
Costs and outcomes discounted at 1.5% 
Life years gained  36.47  25.37  11.10  
QALYs gained  33.19  16.74  16.45  
Total costs  xxxxxxxxxxx £520,627 xxxxxxxxxxx 
Health utilities same for eculizumab and standard care (eculizumab values) 
Life years gained  23.99  17.71  6.28  
QALYs gained  21.83  15.29  6.54  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 
Health utilities same for eculizumab and standard care (standard care values) 
Life years gained  23.99  17.71  6.28  
QALYs gained  16.84  11.69  5.15  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 
Transition probabilities projected from matrix for interval 12 months to 18 months 
Life years gained  23.99  17.71  6.28  
QALYs gained  23.58  11.69  11.90  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 
Transition probabilities projected from matrix for interval 24 months to 30 months 
Life years gained  23.99  17.71  6.28  
QALYs gained  21.85  11.69  10.16  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 
Transition probabilities projected from matrix for interval 30 months to 36 months 
Life years gained  23.99  17.71  6.28  
QALYs gained  21.05  11.69  9.36  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 
Standard care probabilities fitted using Fremeaux-Bacchi et al32 
Life years gained  23.99  23.07  0.92  
QALYs gained  21.83  15.23  6.60  
Total costs  xxxxxxxxxxx £367,758 xxxxxxxxxxx 
Standard care probabilities fitted using Fremeaux-Bacchi et al32 plus health utilities same for 
eculizumab and standard care (eculizumab values) 
Life years gained  23.99  23.07  0.92  
QALYs gained  21.83  19.94  1.89  
Total costs  xxxxxxxxxxx £367,758 xxxxxxxxxxx 
Standard care probabilities fitted using Fremeaux-Bacchi et al32 plus health utilities same for 
eculizumab and standard care (standard care values) 
Life years gained  23.99  23.07  0.92  
QALYs gained  16.84  15.23  1.61  
Total costs  xxxxxxxxxxx £367,758 xxxxxxxxxxx 


 


The results presented in Table 42 indicate that the assumption of differential HRQoL for the same 


CKD state has a substantial impact upon the incremental QALYs gained for eculizumab versus 


standard care. Across these exploratory scenarios, the incremental health gain for eculizumab versus 


standard care range from 1.61 to 16.45 QALYs gained. The incremental cost for eculizumab versus 


standard care is similar across all scenarios except where the discount rate is changed. The analysis 
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indicates that the manufacturer’s assumption of differential HRQoL produces a very favourable result 


for eculizumab. In addition, the exploratory sensitivity analysis suggests that the incremental QALY 


estimates are sensitive to which 6-month transition matrix is used to extrapolate future CKD damage.  


 


6.4.3 Examination of stability of standard care transition probabilities 


As noted in Section 6.3.3.2, the standard care group is likely to have been over-fitted due to the 


limitations of the data reported in the paper by Noris et al.11 We undertook further analyses to 


examine the potential impact of this by using different initial values within the fitting routine. Initial 


values for all fitted parameters were set to 0, 0.25, 0.50, 0.75 and 1.0. Table 43 shows the results of 


these analyses. 


 


The results presented in Table 43 show that the initial values selected do have an impact upon the 


model fitting results. For higher initial values, the model does not fit the registry data well 


(MSE=0.9877) hence the results using these values cannot be considered to be reliable. For lower 


initial values (0 to 0.5), the model provides a very good fit and the estimates of incremental costs and 


incremental QALYs gained remain stable. 


 


Table 43: ERG results given different initial values of standard care transition probabilities 


Outcome Eculizumab Standard care Incremental 
All initial values set to 0 (MSE=0.0000) 
Life years gained  23.99  17.72  6.27  
QALYs gained  21.83  11.82  10.01  
Total costs  xxxxxxxxxxx £306,736 xxxxxxxxxxx 
All initial values set to 0.25 (MSE=0.0000) 
Life years gained  23.99  17.70  6.29  
QALYs gained  21.83  11.69  10.14  
Total costs  xxxxxxxxxxx £305,449 xxxxxxxxxxx 
All initial values set to 0.50 (MSE=0.0000) 
Life years gained  23.99  17.71  6.28  
QALYs gained  21.83  11.69  10.14  
Total costs  xxxxxxxxxxx £305,672 xxxxxxxxxxx 
All initial values set to 0.75 (MSE=0.9877) 
Life years gained  23.99  0.72  23.27  
QALYs gained  21.83  0.48  21.35  
Total costs  xxxxxxxxxxx £21,878 xxxxxxxxxxx 
All initial values set to 1.00 (MSE=0.9877) 
Life years gained  23.99  0.72  23.27  
QALYs gained  21.83  0.48  21.35  
Total costs  xxxxxxxxxxx £21,878 xxxxxxxxxxx 
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6.5  Discussion 


This chapter has presented the methods and results of an exploratory ERG model which resolves the 


mathematical errors and irregularities identified in the manufacturer’s model, yet, as far as possible, 


retains the structure and assumptions employed by the manufacturer. The main difference between 


the ERG model and the manufacturer’s model reflects the use of registry data to characterise 


prognosis in patients receiving standard care, rather than the use of short-term pre-treatment phase 


data from studies C08-002A/B and C08-003A/B (see Section 5.5, point 2a). The ERG model suggests 


a substantially lower incremental QALY gain compared to that estimated by the manufacturer. This 


difference is driven principally by the very poor prognosis indicated by the manufacturer’s model 


analysis, which applies a 4% risk of aHUS death every 6-months,1 as compared against the 


considerably less poor mortality rate indicated in the aHUS registries, whereby the initial risk of 


death is high but reduces considerably thereafter. The estimated incremental cost of eculizumab 


versus standard care is also higher in the ERG model; this likely to be largely driven by the exclusion 


of paediatric dose reductions. 


 


The ERG believes that the model presented in this chapter is more suitable for decision-making than 


the analysis presented by the manufacturer. However, there remain a number of limitations. Firstly, 


the number of datapoints within the registry publications to fit the standard care transition parameters 


is limited; the consequence of this is that the model is likely to be over-fitted hence multiple 


combinations of parameter values may provide a suitable fit to the data. The ERG contacted Professor 


Noris, the principal investigator of the Italian aHUS registry, to request further data on CKD 


distributions at baseline, following the initial aHUS episode and at 3-years. However, these data were 


not available prior to the completion of this report. The ERG also note that the method used to fit the 


data do not adequately reflect the uncertainty in the parameters. It would be preferable to use more 


sophisticated calibration methods, such as Markov Chain Monte Carlo (MCMC) approaches to 


produce samples from the posterior distribution of the correlated parameters. The ERG also note that 


the two aHUS-specific registries considered within this economic analysis have not been identified 


through a detailed systematic review, hence other potentially relevant data may exist elsewhere. The 


long-term prognosis of patients with aHUS, with eculizumab treatment or without, remains an area of 


considerable uncertainty.  
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7. COST TO THE NHS AND PSS AND OTHER SECTORS 


7.1 Summary of submitted evidence relating to the costs to the NHS and PSS  


Alongside the cost-consequence model used to examine the extent to which eculizumab offers value 


for money for the NHS, the MS1 also includes details of a budget impact model. The two models are 


related. The cost-consequence model estimates total costs and QALYs over a lifetime horizon for a 


hypothetical cohort of aHUS patients. The budget impact model estimates the total costs to the NHS 


for the period beginning of 2013 to the end of 2017. 


 


This budget impact model draws on intermediate estimates of cost and health state membership from 


the cost-consequence model (see Chapter 5). The model defines two scenarios: (1) a scenario in 


which a proportion of patients receive eculizumab with the remainder receiving standard care, and (2) 


a scenario in which all patients receive standard care. The net budget impact for the NHS is 


calculated as the difference between these two scenarios. 


 


The manufacturer’s budget impact model estimates the total number of diagnosed aHUS patients 


given a starting population for England of 52.6million, a growth rate of 1.008, a prevalence of 5.5 


persons per million and an incidence rate of 0.60 persons per million.1 The model predicts a total 


eligible population of xxx patients in 2013, rising to xxx patients in 2017. For the scenario in which 


eculizumab is available, the model assumes a staggered increase in uptake of the technology over 


time (see Table 44); the MS states that these estimates are based on Alexion’s recent experience in 


PNH and their experience to date with aHUS (MS page 181). 


 


Table 44: Assumed uptake of eculizumab in England during the period 2013-2017 


Time Percent patients receiving 
eculizumab 


Percent patients receiving 
standard care 


Year 1 (2013) Xxx xxx 
Year 2 (2014) Xxx xxx 
Year 3 (2015) Xxx xxx 
Year 4 (2016) Xxx xxx 
Year 5 (2017) Xxx xxx 
 


The model includes estimated costs per incident and prevalent patient separately for eculizumab-


treated patients using the Markov trace for the first 5-years of the cost-consequence model and the 


costs of eculizumab and CKD management. This includes reduced costs of eculizumab associated 


with dose adjustments for paediatric patients (xxx of the assumed population). Administration costs 


do not appear to have been included in the analysis. The death rate due to aHUS or other causes 


during the period 2013-2017 is assumed to be zero. For patients receiving standard care, the Markov 


trace for the first 5-years of the cost-consequence model is used together with the associated costs of 
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CKD management and plasmapheresis to produce a mean cost per year of treatment. Plasmapheresis 


is costed only using the unit cost estimate for adults and does not include the paediatric cost applied 


in the cost-consequence model. A mortality rate of 8% is applied to patients receiving standard care 


each year. 


 


Table 45 presents the headline budget impact analysis results based on the assumptions employed by 


the manufacturer (note this has been re-labelled by the ERG to aid interpretation). 


 


Table 45: Headline budget impact analysis results presented by the manufacturer 


 Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Total over 
period 


Scenario in which eculizumab is available (a proportion receive standard care) 
Eculizumab 
costs (A) 


xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 


Other direct 
medical 
costs (B) 


£194,571 £405,336 £638,437 £750,363 £872,424 £2,861,130 


Standard 
care costs 
(C) 


£5,460,838 £4,684,307 £3,864,755 £3,716,426 £3,535,340 £21,261,665 


Total 
(A+B+C) 


Xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 


Scenario in which eculizumab is not available (all receive standard care) 
Standard 
care costs 
(D) 


£6,424,516 £6,614,841 £6,795,528 £6,967,395 £7,131,198 £33,933,477 


Net budget 
impact 
(A+B+C-D) 


Xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 


 


The analysis presented by the manufacturer suggests that without eculizumab, the absolute cost of 


treating patients with aHUS is between £6.4million and £7.1million each year. Based on the 


manufacturer’s analysis, the net budget impact of recommending eculizumab will be approximately 


xxxxxxxxxx in 2013, rising to xxxxxxxxxx in 2017. The overall 5-year predicted net budget impact 


will be around xxxxxxxxxxx over the period 2013-2017. 


 


7.2 ERG critique of the manufacturer’s budget impact analysis 


The ERG notes the following key points with respect to the manufacturer’s budget impact analysis: 


• These estimates are based on optimistic assumptions about detecting patients with early disease 


and may not reflect the current distribution of disease severity in England.  


• The analysis does not include estimates of PSS costs; this is inconsistent with the manufacturer’s 


estimates of wider societal benefits (see Chapter 8) as carer costs are likely to be relevant for a 


proportion of aHUS patients. 
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• The estimates of uptake appear very low and are likely to reflect a situation in which eculizumab 


has not been granted a positive recommendation for coverage/reimbursement. The ERG believes 


that a positive NICE recommendation would lead to considerably higher rates of uptake and that 


the manufacturer’s analysis therefore underestimates the anticipated NHS budget impact 


resulting from the introduction of this technology. 


• The costs of administration do not appear to be included in the costs of treating a patient with 


eculizumab. This will lead to an underestimation of the net budget impact. 


• The budget impact model seems inconsistent in that paediatric dose reductions are included for 


eculizumab but not for plasmapheresis. This inconsistency may serve to dilute the incremental 


cost of eculizumab. 


• Some patients receiving eculizumab will likely die during the projected 5-year period considered 


within the analysis. This is not reflected in the budget impact model; its inclusion would reduce 


the net budget impact estimates. 


 


In light of these concerns, the ERG presents an additional analysis in which varying levels of uptake 


are assumed (see Table 46). For brevity, only the net NHS budget impact is presented for each 


scenario. 


 


Table 46: Budget impact assuming varying levels of uptake of eculizumab 


 


This analysis indicates that given an uptake of 100%, the net NHS budget impact associated with the 


introduction of eculizumab would be substantially higher than the estimates presented by the 


manufacturer. Assuming 100% uptake, the budget impact model predicts a 5-year net budget impact 


of in excess of xxxxxxxxxx over the period 2013 to 2017. 


 


 


 


  


Scenario  Year 1 
(2013) 


Year 2 
(2014) 


Year 3 
(2015) 


Year 4 
(2016) 


Year 5 
(2017) 


Total over 
period 


Manufacturer's 
estimate 


xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 


Uptake=100%/yr  xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 
Uptake=80%/yr xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 
Uptake=60%/yr xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 
Uptake=40%/yr xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 
Uptake=20%/yr xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx xxxxxxxxxx 
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8.  IMPACT OF THE TECHNOLOGY BEYOND DIRECT HEALTH BENEFITS AND 


ON THE DELIVERY OF THE SPECIALISED SERVICE 


 


8.1  Summary of cost savings estimated within the MS 


8.1.1  Nature of estimates presented 


The MS includes estimates of impacts of eculizumab on (i) lost productivity, government benefits and 


tax revenues for patients and current/ex carers of aHUS patients, (ii) estimates of cost-savings 


associated with out-of-pocket expenditures for patients and carers including, transportation, housing 


and other costs; and (iii) other carer costs (see MS1 pages 189-201).1 These estimates have been 


produced using a large number of disparate sources. The three groups of wider societal benefits are 


summarised in turn, based on information presented in the MS, and accompanied by a brief 


commentary on each from the ERG. It should be noted that the MS implies that these cost-savings 


would accrue annually (see MS1 pages 18, 191, 194 and 198).  


 


Each group of estimated cost-savings is presented across three scenarios based on the potential 


effectiveness of eculizumab (full effectiveness for 289 patients, 75% effectiveness and 25% 


effectiveness). Whilst not clear from the MS, the ERG assumes that lower levels of effectiveness are 


intended to relate to the percentage of patients receiving eculizumab (with complete cure for each 


individual patient) rather than the percentage of patients in whom eculizumab is clinically effective. 


None of the three scenarios however reflect the levels of uptake assumed within the NHS budget 


impact analysis presented in Chapter 7 (xxx rising to xxx over 5 years). 


 


8.1.2  Societal costs 


Table 47 presents a summary of estimated non-health cost-savings presented by the manufacturer.  


 


Lost productivity for patients was estimated by comparing the proportion of adult aHUS patients who 


were unemployed (not retired) in the UK aHUS patient survey1 with the current UK unemployment 


rate (assumed to be 20%). The monetary value of this difference in employment status was valued 


assuming a median salary of £26,500.92 Lost productivity for carers was estimated in a similar 


manner using findings from the UK aHUS patient survey which suggested that 54% of patients had 


an informal carer and that carers lost an average of 18 hours of paid work a week due to their carer 


responsibilities. 


 


Government disability-related benefit payments were estimated by assuming that 25% of aHUS 


patients would be in receipt of benefits, with a monetary value of £235 per week (based on Wood et 


al, full reference not included in MS1). The manufacturer also assumed that 61% of carers receive a 
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carer’s allowance of £59.75 per week (based on “Carers UK, 2007”, full reference not included in 


MS1). 


 


Lost tax revenues associated with aHUS were estimated based upon the estimates of lost productivity 


for patients and carers assuming that the mean percentage of salaries paid to the government in tax is 


17.8%.93 


 


Table 47: Estimated societal cost savings presented by the manufacturer 


Manufacturer’s description 
of cost component  


Scenario 1: Cost 
savings 
assuming 100% 
effective  


Scenario 2: Cost 
savings assuming 
75% effective 


Scenario 3: Cost 
savings assuming 
25% effective 


Patient lost productivity £784,400 £588,300 £196,100 
Carer lost productivity (current 
carers) 


£1,597,729 £1,198,297 £399,432 


Carer lost productivity (ex-
carers) 


£804,010 £603,008 £201,003 


Patient receipt of government 
benefits  
 


£904,280 £678,210 £226,070 


Carer receipt of government 
benefits 
 


£248,411 £186,308 £62,102 


Lost tax revenues for patients  £279,246 £209,434 £69,812 
Lost tax revenues for carers £284,396 £213,297 £71,098 
 


The ERG has not undertaken a detailed critique of these analyses, but notes the following issues: 


• These estimates relate to a current assumed cohort of 289 aHUS patients and do not account for 


rising rates of aHUS diagnosis over time. 


• The analysis considers non-NHS cost-savings for eculizumab versus standard care given that an 


aHUS patient is still alive. The appropriate societal valuation of production over consumption 


should take account of differential survival between the treatment options. 


• Receipt of government benefits and lost tax revenues should not be included in the analysis as 


they are transfer payments (payments whereby a transfer is made without any exchange of goods 


or services). Transfer payments may change the distribution of income or wealth, but do not give 


rise to economic costs,94 and should not be included in a societal analysis. The inclusion of these 


items will result in a substantial overestimate of the potential non-health cost-savings. 


• The estimates appear to assume that all aHUS patients will no longer lose productivity after 


starting treatment with eculizumab. This appears to implicitly assume that all patients will 


effectively be cured by the treatment. 
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• Lost productivity appears to have been calculated assuming a human-capital approach. This 


method can produce considerably higher estimates of lost productivity compared to friction 


costing approaches.95  


• It is unclear why ex-carers should be included in any analysis of productivity losses. Their 


inclusion seems to assume that these individuals, if out of work, will be unemployed indefinitely. 


This is unlikely to be a reasonable assumption and will overestimate projected cost-savings.  


• No consideration is given to the impact on lost productivity of other diseases and conditions 


which may impact upon the future health of aHUS patients. In other words, the analysis appears 


to assume that (a) every aHUS patient will be cured and (b) after starting eculizumab treatment 


they will never lose productivity due to other unrelated diseases they develop in the future. 


• The MS indicates that these cost-savings are accrued annually hence costs saved in future years 


should be discounted. 


• Estimates are presented as absolute costs rather than net cost savings. No consideration is given 


to the potential productivity loss savings associated with the displacement of other technologies 


in order to fund eculizumab. 


 


8.1.3  Costs borne by patients 


The MS includes estimates of out-of-pocket expenses incurred by aHUS patients. Table 48 presents a 


summary of the estimated out-of-pocket cost savings borne by patients as presented by the 


manufacturer; it should be noted that there appears to be a presentation error in the manufacturer’s 


table hence the estimates for accommodation and direct financial expenditures have been imputed by 


the ERG.1 Again, this analysis is presented across three scenarios based on the potential effectiveness 


of eculizumab.  


 


Transport costs were estimated based on the assumption that aHUS patients spend four hours 


travelling each week for activities associated with their aHUS (e.g. hospital visits).1 A mean cost of 


£7.50 per trip is assumed. The MS notes uncertainty surrounding this cost. 


 


Household expenses were assumed to relate to adaptations required for home dialysis. The 


manufacturer assumes that 31% of aHUS patients are on home dialysis. The cost of home conversion 


was assumed to be £1,291 annually over four years.96  


 


Accommodation costs were estimated to reflect the circumstance in which a patient moves into a 


carer’s home. The MS attempts to value this in terms of the opportunity cost of earning a market rent, 


which is estimated to be £4,834 per year based on the assumption that 10% of informal carers take in 


aHUS patients. No further details are presented to support these values. 
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Costs associated with moving house were included to reflect the situation in which patients had to 


move home as a result of their (or their child’s) aHUS. The average cost associated with moving 


home in the UK was assumed to be £8,922.97 


 


Table 48: Estimated out-of-pocket cost savings presented by the manufacturer 


Manufacturer’s description 
of cost component 


Scenario 1: Cost 
savings 
assuming 100% 
effective  


Scenario 2: Cost 
savings assuming 
75% effective 


Scenario 3: Cost 
savings assuming 
25% effective 


Transport  Up to £230,880 Up to £173,160 
 
 


Up to £57,720 


Direct financial expenditure on 
goods and services, such as 
additional household expenses 
or extra lighting/heating. 


£40,277 £30,208 £10,069 


Accommodation costs: where 
the cared-for person moves into 
the carer’s house, the cost of 
the room can be costed in terms 
of the opportunity to earn a 
market rent. 


£63,359 £47,518 £15,840 


Requirement to move house, 
e.g. due to mains water supply 
needed for haemodialysis 


£581,048 £435,786 £145,262 


 


The ERG has not undertaken a detailed critique of these analyses, but notes the following issues: 


• These estimates relate to a current assumed cohort of 289 aHUS patients and do not account for 


rising rates of aHUS diagnosis over time. 


• The transport costs appear to assume that no aHUS patients will be required to attend hospital 


after starting eculizumab. Given the nature of the disease, this is unrealistic. 


• Costs associated with home adaptation and moving house are likely to be incurred only once; 


assuming that these would recur each year would likely substantially overestimate savings in out-


of-pocket expenses. 


• The MS indicates that these cost-savings are accrued annually hence costs saved in future years 


should be discounted. 


• Estimates are presented as absolute costs rather than net cost savings. No consideration is given 


to the potential out-of-pocket costs associated with the displacement of other technologies in 


order to fund eculizumab. 
 


8.1.4  Other carer costs 


The MS also includes estimates of other carer costs, defined in terms of the value of informal care, 


healthcare service use by carers and social care opportunity costs. These estimates are summarised in 
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Table 49. Again, there appears to be a formatting error in the MS, hence the ERG have imputed some 


of the values in Table 49. 


 


The cost of informal care was estimated to be £33,176 per year (based on “NHS Information Centre”, 


full reference not included in MS1); this was assumed to apply to 44% of aHUS patients. 


 


Costs associated with healthcare use by carers were assumed to cost £475 per carer, based on a study 


of the effectiveness and cost-effectiveness of support and services to informal carers of older 


people.98 


 


The average cost to the carer was estimated in 1990 to be £31.42 a week.99 This cost is reported to 


include direct financial expenditure on goods and services, forgone non-waged time, forgone waged 


time, forgone career prospects, and forgone accommodation costs.   


  


Table 49: Estimated other carer cost savings presented by the manufacturer 


Manufacturer’s description 
of cost component 


Scenario 1: Cost 
savings 
assuming 100% 
effective  


Scenario 2: Cost 
savings assuming 
75% effective 


Scenario 3: Cost 
savings assuming 
25% effective 


Value of informal care 
provided by carers 


£4,348,339 £3,261,254 £1,087,085 


Mean healthcare service use by 
carers which includes GP, other 
doctor, nurses, therapist, 
psychologist, counsellor, 
dentist, in-patient care, and 
support groups 


£62,214 
 


£46,660 £15,553.50 


Social opportunity cost – carer, 
includes direct financial 
expenditure on goods and 
services; forgone non-waged 
time; forgone waged time; 
forgone career prospects; and 
forgone accommodation costs. 


£160,609 £53,536 £40,152.25 
 


 


The ERG has not undertaken a detailed critique of these analyses, but notes the following issues: 


• These estimates relate to a current assumed cohort of 289 aHUS patients and do not account for 


rising rates of aHUS diagnosis over time. 


• It is unclear whether carer health care resource use would be impacted at all by the introduction 


of eculizumab (presumably carers would still need to see their GP, dentist etc.) irrespective of 


whether eculizumab is available or not. 


• The source for social opportunity cost is old and may not reflect current values. 
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• The MS indicates that these cost-savings are accrued annually hence costs saved in future years 


should be discounted. 


• Estimates are presented as absolute costs rather than net cost-savings. No consideration is given 


to the potential carer costs associated with the displacement of other technologies in order to fund 


eculizumab. 


 


8.1.5 Discussion of wider societal (non-health) benefits 


The ERG would suggest that the projected cost-savings presented by the manufacturer can only be 


interpreted in the context of other non-health costs and cost-savings associated with other treatments 


that would be displaced by the introduction of eculizumab. No information relating to net cost 


savings is presented in the MS taking into account the non-health benefits likely to be forgone 


through the introduction of eculizumab; as a consequence, the ERG believe that the value of these 


estimates for decision-making is limited. 


 


8.2  Staffing and infrastructure requirements associated with the use of the technology 


The MS states the following with respect to staffing and infrastructure requirements: 


 


“Eculizumab is simple to administer via intravenous (IV) infusion and is generally well-tolerated.  It 


is therefore suitable for administration at appropriate centres throughout England and should be 


administered by a healthcare professional and under the supervision of a physician experienced in the 


management of patients with haematological and/or renal disorders… Infrastructure requirements 


are limited to the additional resource requirements within centres of expertise which might be 


designated by NHS England to run a national aHUS service, whereby such centres would need full-


time equivalent (FTE) resources to ensure adequate and immediate support of local centres on a 


constant basis (24 hours a day, 7 days a week).No additional staffing and infrastructure requirements 


will be needed in local centres where aHUS patients may present.” 


 


Whilst the MS indicates that eculizumab is suitable for administration in centres by healthcare 


professionals, it is unclear how this will fit in with the manufacturer’s proposed Homecare Initiative 


(note that the cost-consequence analysis detailed in Chapter 5 indicates that 80% of all eculizumab 


administration costs will be borne by the manufacturer). The overall resource requirements associated 


with the use of eculizumab are thus unclear to the ERG. 
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9.  DISCUSSION 


9.1  Statement of principal findings – clinical effectiveness 


The clinical evidence in the MS is based on a systematic review of eculizumab for the treatment of 


patients with aHUS. In the absence of RCT evidence, the systematic review identified and included 


two published (C08-002A/B, C08-003A/B) and two unpublished (interim data from C10-003 and 


C10-004) prospective studies and one retrospective study (C09-001r).   


 


All prospective studies were manufacturer sponsored, phase 2, open label, non–randomised, single 


arm studies that included a diverse range of patients. Study C08-002A/B included aHUS patients 


(aged ≥12 years) resistant to plasma therapy (n=17), whereas study C08-003A/B included aHUS 


patients (aged ≥12 years) that were plasma therapy sensitive (n=20). The unpublished C10-003 study 


included children (aged between 1 month to 18 years) with aHUS exhibiting thrombocytopenia, 


haemolysis and elevated serum creatinine (n=22). In this study, patients could receive no more than 


five weeks of PE/PI prior to enrolment. In contrast, the C10-004 study included adult patients (aged 


over 18 years) with aHUS exhibiting thrombocytopenia, haemolysis and elevated serum creatinine 


(n=41). In this study there was no requirement for the patients to be undergoing plasma therapy. The 


retrospective observational study included 30 patients (paediatrics, adolescents, and adults) who had 


been diagnosed with aHUS who received at least one dose of eculizumab between 2007 and 2009 


outside of a manufacturer sponsored study.44 


 


The prospective efficacy data generally indicated that eculizumab was effective in a diverse range of 


patients with aHUS. Compared with baseline, improvements were observed in normalisation of 


platelet count, TMA activity, renal function and quality of life by 26 weeks. Similar effects were 


observed by 26 weeks in the retrospective study. Study extension results (median 114 weeks in study 


C08-002A/B, C08-003A/B; xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxx) found that the benefits of treatment were sustained. Almost every patient in the 


prospective studies (and most in the retrospective study) experienced one adverse event; however, not 


all were considered by the study investigators to be treatment-related. SAEs associated with 


eculizumab therapy appeared to be uncommon. Three deaths were observed in the prospective (n=1) 


and retrospective studies (n=2); however, none were deemed by the study investigators to be related 


to eculizumab. Similarly, three reports of meningococcal infection with eculizumab treatment in 


aHUS patients has been reported in prospective (n=2) and retrospective (n=1, post market report) 


studies. 


 


These findings should however be interpreted with caution. Due to the absence of a control group in 


all four prospective studies, inference of treatment effects (including magnitude) may be confounded.  
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Similarly, due to the absence (or clear presentation) of a systematic review (efficacy and safety) of 


comparator evidence in the MS, outcome differences cannot be examined with the comparators 


specified in the NICE scope (e.g. plasma therapy, dialysis or transplantation). In addition, AEs 


deemed to be treatment-related were identified by the study investigators (no details were available 


on whether safety outcomes were also assessed by an independent endpoint assessment adjudication 


committee) and as such may have been open to bias. The key uncertainties in the clinical evidence 


relate to optimal dosing an frequency (no dose-response studies have been undertaken to establish an 


optimal dose) and duration of treatment (there are no well controlled long-term prospective studies of 


eculizumab therapy and therefore it is unclear whether all patients need to continue long-term 


therapy).   


 


9.2  Statement of principal findings – cost-consequence evaluation, NHS budget impact and 


societal analysis 


9.2.1 Cost-consequence analysis 


The manufacturer submitted a QALY-based cost-consequence analysis to NICE, undertaken from the 


perspective of the NHS, to inform judgements about whether eculizumab offers good value for 


money for the NHS. This analysis took the form of a Markov model based principally on CKD 


progression. Without discounting, the manufacturer’s model indicates that eculizumab is expected to 


produce an additional 37.65 years of life and 38.47 QALYs compared to standard care per patient. 


The undiscounted incremental cost of eculizumab versus standard care is estimated to be in excess of  


xxxxxxxxxxx per patient. When discounted at a rate of 1.5%, the manufacturer’s model suggests that 


eculizumab produces an estimated 24.08 additional years of life and 25.22 additional QALYs 


compared to standard care per patient. The undiscounted incremental cost of eculizumab versus 


standard care is estimated to be approximately xxxxxxxxxxxxx per patient.  


 


The critical appraisal undertaken by the ERG identified numerous problems within the 


manufacturer’s cost-consequence model. The most important of these relates to the highly restrictive 


structural assumptions of the model, the inappropriate interpretation of evidence relating to the 


benefits of eculizumab over time, the inappropriate use of evidence to characterise CKD damage for 


patients receiving standard care, the mathematically inconsistent method for handling competing 


event risks, and the questionable choice of relevant evidence used to characterise the prognosis of 


patients receiving standard care. Whilst some of these problems could be resolved within the existing 


model, other more serious programming issues cannot be rectified within the constraints of the 


manufacturer’s model structure (in particular the handling of competing risks). The ERG takes the 


view that the manufacturer’s model submitted is unlikely to produce robust results hence value in 


informing decision-making is questionable. 
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In light of the substantive problems with the manufacturer’s model, the ERG developed a new 


exploratory model. This process was undertaken to allow the ERG to explore the likely impact of 


making more plausible assumptions about the nature of CKD event hazards over time and to more 


appropriately handle competing risks. The majority of assumptions made by the manufacturer were 


retained within the ERG model, although rather than using the pre-treatment data from studies C08-


002A/B and C08-003A/B, the ERG model characterises the prognosis of standard care using 


published aHUS registry data. It should be noted that the outcomes within the registry data may be 


skewed to favour those patients who received better care as their clinicians made the diagnosis, were 


aware of the registry, and administered plasma therapy; those patients with aHUS not in the registry 


may have received a lower standard of care as a result of misdiagnosis, no use of plasma therapy, and 


therefore had a much poorer outcome. Whilst this is a potentially relevant bias, the same may be true 


for patients who were recruited into the eculizumab studies compared against those who were not. 


The ERG model indicates a considerably better prognosis for patients receiving standard care 


compared with the predictions of the manufacturer’s model, hence the incremental QALY gain is 


estimated to be considerably lower than that suggested by the MS. In addition, the ERG estimate of 


the incremental cost of eculizumab versus standard care is higher than that presented by the 


manufacturer. 
 


The ERG notes that the interim process and methods guide for Highly Specialised Technologies 


highlights concern for the achievement of three types of economic efficiency: productive efficiency, 


technical efficiency and allocative efficiency. Efficiency arises when benefits are maximised and 


opportunity costs are minimised. The presentation of disaggregated costs and health benefits is useful 


and is in line with the HST methods guide. However, the ERG recognises that such disaggregated 


information does not explicitly address the opportunity costs associated with the decision nor does it 


indicate whether the incremental net benefit associated with the recommendation for a new 


technology is expected to be positive. 


 


9.2.2 Cost to the NHS and PSS 


In addition to the cost-consequence model, the manufacturer submitted a budget impact model. Based 


on the manufacturer’s analysis, the net budget impact of recommending eculizumab will be 


approximately xxxxxxxxxx in 2013, rising to xxxxxxxxxx in 2017. The overall 5-year predicted net 


budget impact will be around xxxxxxxxxx over the period 2013-2017. The ERG believes that the 


estimates of uptake of eculizumab following a positive NICE recommendation would likely be higher 


than those assumed by the manufacturer. A re-analysis of the manufacturer’s budget impact model 
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assuming an uptake rate of 100% results in a predicted 5-year net budget impact of in excess of 


xxxxxxxxxx over the period 2013 to 2017. 


9.2.3 Non-health benefits 


The MS1 includes details of wider societal (non-health) benefits, valued in terms of cost-savings 


associated with the use of eculizumab. The ERG believes that these estimates are substantially over-


estimated due to the inclusion of inappropriate resource items (e.g. transfer payments) and the use of 


highly unrealistic assumptions. Further, since the manufacturer’s societal analysis does not consider 


the non-health benefits forgone associated with curtailing existing treatments and services to fund 


eculizumab, the ERG does not consider this analysis to be helpful in informing decision-making.  
 


9.3  Strengths and limitations 


9.3.1  Strengths of the MS 


The ERG believes that the following represent strengths within the MS: 


• The MS contains relevant information relating to the retrospective and prospective studies of 


eculizumab for the treatment of patients with aHUS. 


• The MS also contains details of a recent UK survey sponsored by aHUS UK which provides 


relevant information concerning the impact of the disease on patients and their families. Some of 


this information is used to inform the analysis of wider societal benefits. 


• The MS includes details of a systematic search used to identify RCTs and single-arm studies of 


eculizumab for aHUS. 


• The MS includes a range of economic information including a QALY-based cost-consequence 


model, an assessment of the expected costs to the NHS and an assessment of wider societal (non-


health) benefits associated with recommending eculizumab. 


 


9.3.2  Weaknesses of the MS 


The ERG notes the following weaknesses of the MS: 


• The ERG is confident that all relevant studies of eculizumab were included in the MS; however, 


it is not entirely clear if all relevant comparator studies were identified or included. Relevant 


outcomes data for the specified comparators have not been systematically reported. Additional 


evidence in the form of case series (and case studies) was also identified, however, these data 


were excluded from the manufacturer’s review. 


• The clinical evidence base for eculizumab is restricted to non-randomised studies with very small 


sample sizes. The primary endpoints within these studies are intermediate outcomes. There is no 


direct comparative evidence relating to the benefit of eculizumab versus standard care in terms of 


long-term patient-relevant outcomes (survival and HRQoL). 
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• The manufacturer’s model suffers from a number of errors. Further, the credibility of the 


outcomes for patients receiving standard care are questionable, as relevant registry data have not 


been used to inform the modelled prognosis of patients receiving standard care. The ERG does 


not believe that the results of the model can be considered robust. 


• The manufacturer’s budget impact analysis appears to underestimate the likely uptake of 


eculizumab following a positive recommendation. 


• The manufacturer’s analysis of wider societal (non-health) benefits includes several inappropriate 


items and unrealistic assumptions. The analysis does not consider the expected cost-savings lost 


due to the displacement of other technologies and services in order to fund eculizumab. 


 


9.4  Uncertainties 


There exist a number of uncertainties within the current evidence base:  
 


9.4.1  Comparative benefits of eculizumab versus standard care  


There currently do not exist any direct head-to-head randomised studies of eculizumab versus any 


other active comparator. All of the clinical evidence relating to eculizumab presented in the MS takes 


the form of single-arm studies. Whilst the MS mentions the existence of registry studies, this 


evidence has not been reviewed systematically. 


 


9.4.2  Long-term patient-relevant outcomes of eculizumab and standard care  


The prospective and retrospective studies of eculizumab discussed in the MS are relatively short-term 


and focus on intermediate endpoints. Whilst these endpoints are clinically relevant, their translation to 


longer-term patient-relevant outcomes (e.g. survival) is subject to considerable uncertainty. 


 


9.4.3  Comparative HRQoL benefits of eculizumab versus standard care  


The available evidence on the impact of eculizumab on patients’ HRQoL may be subject to 


confounding as it is drawn from single arm studies which did not include a control group. The 


incremental HRQoL benefits of eculizumab versus standard care remain at best, highly uncertain. 


 


9.4.4  Effectiveness and costs of eculizumab in paediatric patients  


The evidence base for paediatric populations is comparatively weaker than that for the adult 


population. Ongoing eculizumab studies may help to elucidate the effectiveness of eculizumab in 


younger patients. 


 


9.4.5  Optimal treatment duration and frequency strategy  
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There remains uncertainty with respect to the optimal treatment strategy using eculizumab. There 


exists no published evidence on alternative dosing to that described in the license or on the use of 


intermittent treatment to manage flares. As aHUS may follow a relapsing/remitting type of disease 


course for some patients, continual use of eculizumab may not be necessary once the patient has 


stabilised (the same is true of plasmapheresis in a proportion of patients). There is also some evidence 


that patients with certain genetic abnormalities (e.g. MCP) have a better prognosis than others. It 


should also be noted that indefinite treatment using eculizumab requires fortnightly infusions which 


will present a burden for some patients. Future research should consider the careful balance of risks 


and benefits of alternative treatment strategies using eculizumab. Ideally, such research should take 


the form of randomised controlled trials. 
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Appendix 1: ERG corrections to the manufacturer’s executable model  


 


The following corrections were made to the manufacturer’s model: 


1. Correction of standard care transition probabilities which exceed 1.0: Worksheet 


“markov_SOC” cell X33 – formula changed from “=1-R33-Z33” to “=markov_SOC!X13”  


2. Removal of paediatric dose reductions: Worksheet “Inputs” cells F32:F35 and worksheet 


“markov_SOC” cells BA25:B141 amended to “0” 


3. Correction of double-discounting of immunosuppressant costs: Worksheet “markov_SOC” cell 


A23 – formula changed from =-PV(AT20,AW21,AW20) to “=AW20” 


4. Correction of incorrect discount rates: Worksheet “Inputs” cells Q25 and Q41 – value amended 


to “0.035” 
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Appendix 2: Manual for amending ERG model parameters 


 


(a) Main input parameters 


The ERG model is comprised of 11 worksheets. The key model parameter values are contained in the 


spreadsheet “Parameters.” Table A2i below shows the baseline values and cell references for these 


parameters. Values highlighted with an asterisk (*) are derived from the Solver fitting routine and 


should not be amended on this worksheet. 


 


Table A2i: Key model parameter values and cell references 


Model parameter Baseline value Cell reference 
Discount rate QALYs 0.035 C6 
Discount rate costs 0.035 C7 
Population parameters  - 
Patient start age 28 C9 
Probability female 0.65 C10 
Other transition parameters  - 
Probability transplant | ESRD – eculizumab 0.00 C12 
Probability transplant | ESRD - standard care 0.04 C13 
Probability transplant success 0.25 C14 
Probability excess death - SC initial event 0.08 C15 
Probability excess death - SC subsequent events 0.01 C16 
Probability excess death aHUS - SC post-transplant 0.05 C17 
Health utilities  - 
HRQoL eculizumab CKD0-2 1.00 C19 
HRQoL eculizumab CKD3-4 0.87 C20 
HRQoL eculizumab CKD5/ESRD 0.87 C21 
HRQoL eculizumab transplant 0.66 C22 
HRQoL standard care state utility loss 0.21 C23 
HRQoL standard care CKD0-2 0.79 C24 
HRQoL standard care CKD3-4 0.66 C25 
HRQoL standard care CKD5/ESRD 0.66 C26 
HRQoL standard care transplant 0.66 C27 
State costs (annual except transplantation)  - 
CKD0-2 £960.00 C29 
CKD3-4 £971.00 C30 
CKD5/ESRF £24,282.00 C31 
Transplant cost (one-off) £18,792.00 C32 
Successful transplant maintenance  £6,641.00 C33 
Plasmapheresis £31,148 C34 
Cost per dose eculizumab (300mg) £3,150.00 C35 
% admin covered by Alexion Homecare service 0.8 C36 
Cost admin £197.00 C37 
Meningococcal vaccine (once-only) £30.00 C38 
First 6-month eculizumab cost (incl induction) £177,454.40 C39 
Subsequent 6-month eculizumab cost (maintenance) £164,824.40 C40 
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(b) Re-running the Solver routine for the standard care group 


The model solver fitting routine can be re-run using the following steps: 


1. Go to the “StandardCare” worksheet 


2. In the Excel ribbon (MS Excel 2010) click “Data” and then click “Solver” 


3. In the Solver window, click “Solve” 


 


Different initial values can be assigned to the fitted transition probabilities by amending the following 


cells in the “StandardCare” worksheet: D7, E8, D12, E13, C25, C26, C27. These cells are highlighted 


in yellow. 


 


(c)Altering the 6-month interval used to extrapolate forward 


The base case model uses data from the interval 18-24 months to extrapolate future transitions within 


the eculizumab group. This can be altered in the “Eculizumab” worksheet by changing which cells 


are looked up by the transition matrices. The relevant cells are in the range C7:E39. 


 





		Evidence Review Group’s Report

		2.2.1  Haemolytic uraemic syndrome

		Haemolytic uraemic syndrome (HUS) was first described in 1955P2P and is recognised as the most common cause of acute renal failure in the paediatric population. It is a disease characterised by thrombotic microangiopathy (TMA), defined by vessel wall ...

		Approximately 10% of HUS cases are identified as being atypicalP6,7P because the cause is not due to infections from Escherichia coli or other bacteria. aHUS is a TMA affecting kidney function that can lead to irreversible renal damage as well as non-...

		aHUS is a rare disease with varying figures on its reported incidence and prevalence. The prevalence of aHUS in children, estimated from European community data (France, Germany, Austria and Italy), is approximately 7 cases per million. aHUS can be fa...

		aHUS is a condition that develops due to dysregulation of the alternative complement activation pathway.P15P The alternative pathway of complement is part of the innate immune system that does not require antibodies to trigger an immune response. It i...

		Four alternative pathway regulatory proteins are implicated in the dysregulation of the alternative complement activation pathway ([1] Factor H; [2] membrane cofactor protein (MCP or CD46); [3] Factor I, and; [4] thrombomodulin), and two proteins of t...

		Several causative agents have been identified including nonenteric infections, viruses, drugs, malignancies, transplantations, and pregnancy. Streptococcus pneumoniae accounts for nearly 40% with a less favourable short-term course and good recovery o...

		Young children typically present with a sudden onset of the illness, with pallor, general distress, poor feeding, vomiting, fatigue, drowsiness and sometimes oedema. Adults may also complain of fatigue and general distress. In addition, central nervou...

		In about 20% of children, the onset of aHUS progresses over several weeks or months and manifests with subclinical anaemia and fluctuating thrombocytopenia without renal dysfunction.P9P The illness may then go into remission, followed by an acute rela...

		The diagnosis of aHUS is difficult where there is no family history of the disease. The diagnostic criteria associated with aHUS are haemolytic anaemia (anaemia in the presence of broken red blood cells), low platelet count (thrombocytopenia) and seve...

		Differentiation of classical HUS and aHUS is important for both treatment and outcome, as patients with aHUS have historically required plasmapheresis with replacement by fresh frozen plasma (FFP).P6P Familial occurrence of aHUS is reported in sibling...

		aHUS has a worse prognosis than HUS with mortality rates of up to 10 to 15% during the acute phase and up to 50% of cases later progressing to end stage renal disease (ESRD).P20P The prognosis for patients with aHUS is partly determined by the underly...

		2.3.1  Plasma exchange/infusion

		Plasma therapy has traditionally been the first-line treatment for aHUS based largely upon consensus, as no controlled studies have been performed. Guidelines for the initial therapy of aHUS have been published by the British Transplantation SocietyP4...

		Response to plasma therapy is variable and results are partly dependent on the gene mutation present in patients. Renal function may continue to deteriorate after plasma therapy with progression to ESRF or death in most patients with CFH, CFI, THBD ge...

		The MSP1P recognises that a large proportion of patients do not have an identifiable genetic mutation, but does not include due consideration of differential prognoses of patients with particular genetic abnormalities.P1P This is important information...

		4.2.2 Details of relevant studies not included in the submission

		4.2.3  Summary and critique of manufacturer’s analysis of validity assessment

		Table 6: ERG’s methodological quality assessment of included prospective studies
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National Institute for Health and Care Excellence 
Centre for Health Technology Evaluation 


 
Pro-forma Response  


 
ERG report 


 
Eculizumab for the treatment of atypical haemolytic uraemic syndrome (aHUS) 


 
 
You are asked to check the ERG report from ScHARR to ensure there are no factual inaccuracies contained within it. 
 
If you do identify any factual inaccuracies you must inform NICE by 5pm on 26 November 2013 using the below proforma 
comments table. All factual errors will be highlighted in a report and presented to the Evaluation Committee and will subsequently 
be published on the NICE website with the Evaluation report. 
 
The proforma document should act as a method of detailing any inaccuracies found and how and why they should be corrected. 
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Alexion appreciates the opportunity to respond to the Economic Review Group’s (ERG’s) report and model prepared by The 
University of Sheffield School of Health and Related Research (ScHARR).  In the extremely short time period (seven business days) 
Alexion was given to review the materials, a number of factual inaccuracies related both to the ERG’s critique of the manufacturer’s 
data and model, as well as several key errors in the ERG’s own model have been identified.  Whereas the ERG had two months to 
review the manufacturer’s model and report, and to ask clarifying questions, Alexion has not had the same opportunity.  As such, 
combined with the short review timeline, Alexion cannot be sure that other technical errors do not exist in the ERG’s model.  Alexion 
also did not have sufficient time to address each of the individual errors noted in the report; however, in an attempt to streamline 
comments for NICE and the Appraisal Committee, Alexion has grouped its responses to the most important factual inaccuracies into 
the following categories: 
 


1. Factual inaccuracies in the structure and parameterisation of the ERG’s model (Issues 1, 4-6); 
2. Factual inaccuracies in terms of technical errors in the ERG’s model (Issues 2-3); 
3. Factual inaccuracies in the description of the manufacturer’s model or documentation (Issues 7-19); 
4. Factual inaccuracies related to systematic review, clinical data, and interpretation of decision problem (Issues 20-22); and 
5. Factual inaccuracies related to the impact of the technology beyond direct health benefits (Issues 23-24). 


 
Our responses illustrate that the results of the ERG’s model, when corrected for several notable errors and factual inaccuracies, 
approximates the manufacturer model’s outputs.  As such, Alexion believes that most of the ERG’s critique of the manufacturer’s 
model is more stylistic than substantive, with most of the ERG’s suggested changes, including those we consider to be valid, having 
only a minimal impact on results. 
 
Issue 1 Factual inaccuracies in the structure and parameterization of the ERG’s model: End-stage renal failure (ESRF) is 


not associated with excess mortality in the ERG’s model.  
 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The structure and parameterization of 
the ERG’s model suffer from a major 
problem that Alexion believes invalidates 
its outcome estimates.  Specifically, the 
ERG contends that ESRF is a “pooling 
state” where a majority of modelled SOC 


The ERG should 
update their model 
to include the UK 
Renal registry 
parameter for 
excess mortality, 


ESRF is a highly morbid condition associated with 
tremendous mortality.  This should be recognized in the 
ERG’s model, as well as the infeasibility of assuming only 
a slight increase in mortality in ESRF patients. 
 
There are numerous high quality data publicly available, 


This is not a factual 
inaccuracy nor is it a 
structural error in the model.  
 
The ERG report already 
highlights that the exploratory 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


patients exist for 40 model cycles or 20 
years.  This is contrary to commonly 
available clinical data, UK Renal 
Registry data, and the manufacturer’s 
aHUS physician interviews.  Instead, the 
ERG base the standard of care (SOC) 
arm in its model on the aHUS cohort 
described in Noris et al. 2010, claiming 
that these data are more representative 
than the pretreatment period of the 
eculizumab clinical trials sample (see 
also Issue 5 below).  The ERG uses a 
model-fitting exercise so that the 
constant hazard to death, ESRF, and 
transplant can be fitted to the Noris et al 
data. 
 
The structural error in the ERG’s model 
is that the likelihood of dying when 
patients are in dialysis/ESRF is 
incorrect, because its model is 
essentially over-fitted to the Noris et al. 
data.  The ERG misinterprets the Noris 
et al. data (and disregards the 
manufacturer’s discussion of these data 
in the Validation Section of the 
manufacturer’s initial submission, 
Appendix G, pages 175-177) by 
assuming that patients were followed 
after entering ESRF.  Noris et al. reports 
Kaplan Meier estimates to the first event 
of ESRF or death in Figure 2, which the 


similar to the 
manufacturer’s 
model calculation, 
for patients in 
ESRF. 
 
 


including age-adjusted mortality rates from the UK Renal 
Registry used in the manufacturer’s submission, 
supporting that any patient in ESRF is more likely to die 
than is reflected in the ERG’s model.  In fact, the rate could 
be even higher, considering that patients on SOC still have 
an underlying complement disorder.   
 
To obtain further validation of the excess mortality rate 
associated with ESRF, Alexion consulted a leading aHUS 
physician, Professor Tim Goodship, for expert advice.  
Specifically, the manufacturer asked Dr. Goodship the 
following questions and received the following replies: 
 
Question 1: Do you believe that patients with aHUS who 
are in ESRF have a death rate that is higher than an age 
and gender-matched normal population (i.e., no chronic 
disease identified and not on dialysis)?  
 
Answer 1: “Yes.  For the UK there are numerous reports 
on this at the Renal Registry Website.  For example see 
presentation at 
http://www.renalreg.com/Downloads/presentations.html 
and the report at http://www.renalreg.com/Report-
Area/Report%202012/Chapter_5.pdf.  I think that the UK 
Renal Registry data is excellent and you should use it.” 
 
Question 2: If so, do you think that patients with aHUS who 
are in ESRF have a death rate equal to or greater than the 
average death rate for the average person in ESRF (e.g., 
the UK Renal Registry age-adjusted rate)? 
 
Answer 2: “Don’t know but I suspect that the mortality is 


model is over-fitted. Whilst 
the ERG sought more 
detailed information on the 
distribution of patients from 
Professor Noris, these data 
were unfortunately not 
available at the time of the 
assessment. 
 
The manufacturer is incorrect 
in stating that we used 
Kaplan-Meier estimates in 
Figure 2 of Noris et al. We 
used data from Table 2 in 
Noris which does not censor 
patients at the first event. The 
data in the table do take 
account of mortality after 
developing ESRF.  
 
The ERG believes that there 
is a problem in the 
manufacturer’s use of 1-year 
survival from the UK Renal 
Registry to characterise the 
conditional probability of 
death given ESRF indefinitely 
within their model. One-year 
survival estimates may not 
apply over the longer term 
and appears to be highly 
dependent on age group (see 



http://www.renalreg.com/Downloads/presentations.html

http://www.renalreg.com/Report-Area/Report%202012/Chapter_5.pdf

http://www.renalreg.com/Report-Area/Report%202012/Chapter_5.pdf
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


ERG uses to estimate its lifetime model.   
This method does not take into account 
the mortality of patients after reaching 
ESRF; the ERG’s model assumes that 
the likelihood of dying is the same for 
patients in CKD 0-2, CKD 3-4, and 
ESRF, which does not match outcomes 
observed in clinical practice.  By making 
this incorrect assumption, the ERG’s 
model calculates an extremely low six-
month likelihood of dying from 
ESRF/dialysis (0.0051%).   
 
The problem with the ERG’s assumption 
is best visualized in Figure 13 in the 
ERG’s report which shows Markov 
traces for SOC patients and illustrates 
that patients pool in the ESRF state.  For 
59 model cycles or about 29.5 years, 
ESRF is the most likely outcome for an 
SOC patient in the ERG’s model, 
meaning that a plurality of modelled 
patients is in ESRF.  As noted above, 
the reason that pooling in ESRF occurs 
is because the ERG modellers only fit 
health state transitions to the Noris et al. 
data and do not consider other data.  In 
short, the ERG modellers do not 
consider that ESRF, in and of itself, is a 
severe outcome associated with 
substantial mortality, which contradicts 
what is seen in clinical practice.   


not different.” 
 
When the ERG’s model is modified using the UK Renal 
Registry data to indicate that aHUS patients in ESRF face 
an age-adjusted excess mortality rate, the results of the 
ERG’s model approximate those calculated by the Alexion 
model and the majority of the difference in outcomes of the 
manufacturer’s model and the ERG model disappear.  
Specifically, the SOC Life Years Gained (LYGs) and 
Quality-Adjusted Life Year (QALYs) predicted by the 
ERG’s model both decrease by 42%.  


remainder of the registry 
report chapter 5, particularly 
page 106 Figure 5.5, page 
107 Figure 5.6 and page 108 
Figure 5.12). The UK registry 
report itself states that the 
median life years remaining 
for incident patients aged 25-
28 years is 18 years. 
Applying the probability of 
5.2% (which excludes other 
cause mortality) to an 
incident cohort would appear 
to substantially overestimate 
mortality in the population 
(estimated survival = ~9.37 
years). Adding in other cause 
mortality would skew the 
results further. The ERG 
would therefore advise 
against applying this rate 
indefinitely.  
 
It is also worth noting that the 
UK renal registry reports 
survival for an incident cohort 
of patients with ESRD aged 
18-34. At 10 years, the 
probability of survival is 
approximately 0.82. Within 
the fitted standard care arm 
of the ERG model, assuming 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


 
There are numerous, high quality peer-
reviewed published data that disprove 
the ERG’s assumption and illustrate the 
excess mortality associated with 
ESRD/ESRF/dialysis.  Conversely, 
Alexion is unable to find data illustrating 
no excess mortality for patients with 
ESRF.  In the manufacturer’s model, the 
six-month probability of dying when in 
the ESRF state was derived from the UK 
Renal Registry 15th Annual Report 
(2012): Chapter 5 Survival and Causes 
of Death of UK Adult Patients on Renal 
Replacement Therapy in 2011: national 
and centre-specific analyses which 
states: "One year age adjusted survival 
for prevalent dialysis patients improved 
to 89.8% in the 2010 cohort from 89.1% 
in the 2009 cohort."  The 95% 
confidence interval for these data is: 
89.3–90.2, based on a sample size of 
N=25,685.  The 5.2% six-month 
mortality probability calculated in the 
manufacturer’s model is derived directly 
from these data. 
 
The ERG does not comment on the 
validity of the six-month probability of 
dying for ESRF patients used in the 
manufacturer’s model.  Importantly, 
however, the ERG uses this parameter 


that all patients enter the 
model in ESRD, survival at 
10-years is approximately 
0.80. Given this information, 
the fitted model appears quite 
reasonable in predicting 
survival in this cohort of 
patients. 
 
In summary, we implemented 
the model as intended, this is 
not a structural error and the 
model predictions are 
supported by the UK renal 
registry data.  
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


in its own model, but only for patients 
undergoing transplant.  Using the 
probability for the transition for transplant 
patients, but not for patients in ESRF, is 
not explained anywhere in the ERG’s 
report.  More importantly, the ERG 
upholds its Noris et al-based data fitting 
approach, which leads to counterintuitive 
results contrary to consistent research 
findings on ESRF mortality. 
 
The UK Renal Registry does not break 
out survival for patients in ESRF who 
have a rare, highly morbid and deadly 
blood disorder like aHUS.  However, 
Alexion discusses aHUS and dialysis on 
page 144 of the manufacturer’s 
submission (Appendix G), including a 
paragraph on how the causes of death 
while on dialysis overlap with the 
systemic complications due to 
complement-mediated TMA in aHUS 
patients.   
   
Again, given the mechanics of dialysis 
and pathology of kidney failure, Alexion 
is aware of no set of patients who could 
withstand decades of ESRF without 
excess mortality.  The effects of this 
omission from the ERG’s model are 
critical—when implementing a “fix” to the 
ERG’s model using the UK Renal 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


Registry mortality rate, the results 
produced by the ERG’s model begin to 
approximate the results of the 
manufacturer’s model as the SOC LYGs 
and QALYs calculated in the ERG’s 
model both decrease by 42%.   
 
Issue 2 Factual inaccuracies in terms of technical errors in the ERG’s model: The ERG counted only one-half of the 


costs of SOC, but all costs for eculizumab.  
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


The ERG only counts half of SOC costs in its 
model, but counts all costs for eculizumab.    The 
error occurred because of the ERG’s correct use 
of the half-cycle for eculizumab patients, but an 
incorrect use of it for SOC-treated patients, 
which biases the ERG’s model against 
eculizumab. 
 
For example, cell BA6 on the sheet 
'StandardCareMarkov' in the ERG model uses 
the following formula: 
"=0.25*M6*Parameters!$C$31".  This formula is 
supposed to represent the costs of the SOC 
patients in ESRF in the second model cycle 
which lasts 6 months.  Cell BA6 on the sheet 
'EculizumabMarkov’ in the ERG model uses the 
following formula: "=0.5*M6*Parameters!$C$31".  
This formula is supposed to represent the costs 


The ERG should correct 
this error in its model 
and report by changing 
the 0.25 to 0.5 in the 
columns “AZ-BD” on the 
'StandardCareMarkov' 
sheet. 
 
 
 


No justification exists for counting one-
half of SOC costs while counting all 
eculizumab costs in the ERG’s model.  
Not only is the calculation incorrect for 
SOC patients, but the effect biases the 
model inappropriately against 
eculizumab.   
 
 
 


The manufacturer is correct and 
the ERG thanks them for raising 
these issues – these were 
unintentional errors and no bias 
was intended, either for or against 
eculizumab. We have amended 
the model accordingly in the final 
report. The incremental costs are 
not materially affected. 
 
The ERG does however note that 
the problems with the 
manufacturer’s model necessitated 
the development of a new model. 
This is not ideal as the timescales 
for the HST appraisal process do 
not accommodate such additional 
work.  
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


of the ECU patients in ESRF in the second 
model cycle. 
 
The inputs M6 (% in ESRF in the second model 
cycle) and Parameters!$C$31 (the cost for one 
year of ESRF treatment) are correctly 
linked/calculated.  But, then the SOC calculation 
includes a quarter year of costs (0.25) while the 
eculizumab calculation includes a half year of 
costs (0.5).  This error continues throughout the 
cells in columns “AZ-BD” on the 
'StandardCareMarkov' sheet after the first cycle, 
effectively reducing SOC costs by half while 
keeping eculizumab costs at 100%.  It appears 
as though the model developer did not correct 
the half cycle adjustment in the SOC arm of the 
model, but did so only for the eculizumab arm.  
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Issue 3 Factual inaccuracies in terms of technical errors in the ERG’s model: The ERG excludes entirely the cost of 
plasmapheresis (PE/PI) from the cost of SOC. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


In addition to only counting half of SOC costs 
as described in Issue 2 above, the ERG 
excludes entirely the cost of plasmapheresis 
(PE/PI) from the cost of SOC.  Specifically, 
Column “BD” in the 'StandardCareMarkov' 
sheet is not part of the sum in column “BF”, 
which should account for total costs of all 
components of SOC.  
 
Although the costs for eculizumab are 
counted in full in the ERG’s model, costs of 
plasmapheresis (PE/PI) —one of the most 
expensive components of SOC—are totally 
excluded, which inappropriately biases the 
model against eculizumab. 


The ERG should correct 
this error in its model 
and report by making 
Column “BD” in the 
'StandardCareMarkov' 
sheet part of the total 
sum in column “BF”. 


No justification exists for the ERG to 
exclude plasmapheresis (PE/PI) costs, 
which is an expensive component of SOC, 
from its model. 


See response to issue 2. This error 
has been corrected in the model. 


 
Issue 4 Factual inaccuracies in the structure and parameterization of the ERG’s model: The ERG’s use of a discount rate 


of 3.5% for costs and benefits is not aligned with the NICE Methods Guide. 
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment  


The discount rate of 3.5% for costs and benefits 
used by ERG is inappropriate according to the 
NICE guidelines.  As quoted in the manufacturer’s 
submission (Appendix G), the NICE guide to the 


The ERG should 
update its model to 
include a discount 
rate of 1.5% for 


Based on the model the ERG submitted, 
the incremental QALY gains for 
eculizumab are very large (26 QALYS 
when undiscounted; 10 QALYs when 


This is not a factual inaccuracy.  
 
The preferred discount rate within 
HSTs is not yet clear. In the 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment  


methods of technology appraisal 2013 states the 
following:  
 
“In cases when treatment restores people who 
would otherwise die or have a very severely 
impaired life to full or near full health, and when 
this is sustained over a very long period (normally 
at least 30 years), cost-effectiveness analyses are 
very sensitive to the discount rate used. In this 
circumstance, analyses that use a non-reference-
case discount rate for costs and outcomes may be 
considered. A discount rate of 1.5% for costs and 
benefits may be considered by the Appraisal 
Committee if it is highly likely that, on the basis of 
the evidence presented, the long-term health 
benefits are likely to be achieved.”(Section 6.2.19 
of the NICE Methods Guide to the methods of 
technology appraisal. NICE. April 2013. 
http://publications.nice.org.uk/pmg9, Last accessed 
September 8, 2013.) 
 
A precedent was set for using the 1.5% discount 
rate for health benefit during the NICE evaluation 
of mifamurtide for osteosarcoma.  In this review, 
NICE accepted a discount rate of 1.5% for QALYs 
and 3.5% for costs on the grounds that criteria 
similar to those included in the NICE Methods 
Guide were applicable.  
 
For eculizumab, the ERG model assumes a 
discount rate of 3.5% for both costs and benefits, 
implying that the ERG does not accept that 


benefits instead of 
the 3.5% used. 


discounted at 3.5%).  Plus, when 
correcting for the above identified errors in 
the ERG’s model, there is even greater 
evidence that “long-term health benefits 
are likely to be achieved,” based on 
higher incremental QALYs (e.g., from 
assuming an excess mortality likelihood 
from ESRF).  This further justifies the use 
of a 1.5% discount rate as outlined in the 
NICE guidelines where it is stated “a 1.5% 
discount rate should be used if “long-term 
health benefits are likely to be achieved”.   


absence of clearer guidance, the 
ERG believe that the choice of 
appropriate discount rate lies with 
the Appraisal Committee therefore 
it would have been helpful for the 
manufacturer to present results for 
discount rates of 1.5% and 3.5%. 
This was not done in the MS. 
 
The choice of discount rate will 
either make incremental costs 
appear lower and incremental 
QALYs higher, or make incremental 
costs higher and incremental 
QALYs lower. It is unclear how 
such information will be used. 
Given this uncertainty, both sets of 
analyses are presented by the ERG 
so that the Committee can decide 
the basis of their decision-making. 
 
 



http://publications.nice.org.uk/pmg9
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment  


eculizumab meets the criteria in the NICE Methods 
Guide.  This is surprising given that the ERG’s 
base case model (without correction of errors 
described herein) estimates an undiscounted 
incremental life gain of 18 years (54 years gained 
on eculizumab vs. 36 years gained for SOC) and 
26 QALYs gained.   When discounted at 3.5%, 
these gains fall by more than half, representing the 
situation described above in the NICE Methods 
Guide where “cost-effectiveness analyses are very 
sensitive to the discount rate used”. 
 
Furthermore, the gain in undiscounted and 
discounted life years and QALYs is substantially 
higher for the use of eculizumab in aHUS than for 
mifamurtide in osteosarcoma as reported in the 
ERG report for TA235, where the incremental 
QALY gain was less than 3 QALYs under all 
scenarios.  Indeed, the incremental QALY gains 
with eculizumab in the ERG model are large 
relative to any published cost effectiveness 
analysis.  For example, see “Table D23: 
Comparative QALY gains from select cost-
effectiveness analyses publications” in the 
manufacturer’s submission (Appendix G), which 
lists QALY gains reported in Tufts University’s 
Cost-effectiveness Registry, which provides 
systematic review of cost-effectiveness results 
from studies published since 2003 in any journal 
whose impact factor is ≥10.  Across 14 studies, 
changes in QALYs ranged from -0.05 (heparin 
sodium and alteplase for haemodynamically stable 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment  


patients with a sub-massive pulmonary embolism 
and right ventricular dysfunction) to 3.0 
(implantable cardioverter defibrillator to prevent 
sudden cardiac death for patient who are at risk for 
sudden death due to left ventricular systolic 
dysfunction).   
 
An argument could be made for the use of 
discount rates of 1.5% for health gains and 3.5% 
for costs when appraising eculizumab, as these 
were the rates used by NICE when appraising 
mifamurtide.  Alexion chose to be conservative in 
its submission by using the 1.5% discount rate for 
both costs and benefits as stated in the NICE 
Methods Guide.  It may be helpful to demonstrate 
to the Appraisal Committee the effect on costs and 
QALYs gained by using the same discount rates as 
were accepted for mifamurtide in osteosarcoma. 
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Issue 5 Factual inaccuracies in the structure and parameterization of the ERG’s model:  The ERG disregards Coppo et 
al. and Hovinga et al., which are large, well-designed cohort studies with minimal justification.    


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


Coppo et al. and Hovinga et al. are large, 
well-designed and conducted cohort 
studies.  The ERG excludes data from 
these studies in its analysis with minimal 
discussion.  On page 48 of the ERG report, 
it’s stated: “The presented results for 
Fremeaux-Bacchi et al and Noris et al are 
for aHUS patients.  Results for Hovinga et 
al and Coppo et al are presented for the 
ADAMTS13 ≥10% and detectable 
ADAMTS13 subgroups respectively.  There 
are likely to be differences in prognosis and 
outcomes between aHUS-specific patients 
and other populations.”  This comment fails 
to acknowledge that the criteria used for the 
submitted analysis to identify aHUS patients 
within the Coppo and Hovinga cohorts are 
closely aligned to the inclusion criteria for 
the eculizumab clinical trials and the 
diagnostic algorithm presented in the 
manufacturer’s submission. 
 
Aside from speculating that non-aHUS 
patients could be in these subgroups, the 
ERG does not address these studies, 
despite the diagnostic criteria used to 
identify these subgroups being more similar 
to the indicated use of eculizumab for aHUS 
than the selection criteria in Noris et al. and 


The ERG should 
use Coppo et al. 
and Hovinga et al. 
as the base case 
parameter for 
excess non-renal 
death in the ERG’s 
model.  At the very 
least, the Coppo 
and Hovinga data 
should be included 
as a sensitivity 
analysis in the 
ERG’s model. 


Alexion used the TMA registry data from 
Coppo et al and Hovinga et al to validate both 
the CKD-based model and non-renal mortality 
its model.  While use of registries can have 
inherent limitations to estimate incidence and 
prevalence of clinical complications, Alexion 
believes both of these TMA databases 
identify and follow aHUS patients as defined 
and enrolled in the FDA and EMA-approved 
eculizumab registration trials.  More 
importantly, for modelling purposes, these 
registries consecutively and non-selectively 
recruit aHUS patients in order to better 
evaluate aHUS patient outcomes with 
supportive care and treatment with 
eculizumab and therefore avoid selection 
biases seen in other aHUS registries.  In both 
the Coppo and Hovinga registries, as well as 
the eculizumab registration trials, aHUS is 
clearly diagnosed as patients presenting with: 
(i) evidence of haematological TMA; (ii) TMA-
related organ damage; and (iii) no deficient 
ADAMTS13 activity.  This diagnosis is 
consistent with current medical practice.   
 
With regard to the aHUS registries reported in 
Noris et al. 2010 and Fremeaux-Bacchi et al. 
2013, Alexion notes below some of the 
limitations and assumptions associated with 


This is not a factual inaccuracy.  
 
The publications reported by Coppo et 
al and Hovinga et al are not aHUS-
specific registries and the prognoses of 
patients with other pathologies may not 
be similar to those for aHUS patients. 
Noris et al and Fremeaux-Bacchi et al 
relate specifically to aHUS patients 
and this is why we have used these 
data. This view was supported by 
clinical advisors to the ERG. It is also 
noteworthy that much less information 
is presented on ESRF and mortality 
outcomes in the Coppo and Hovinga 
studies than Noris and Fremeaux-
Bacchi papers (see ERG report Tables 
14 and 15). As noted in the ERG 
report, the ERG model is exploratory. 
 
The ERG wishes to correct the error in 
the manufacturer’s statement - Noris et 
al did recruit consecutive patients. This 
is clearly stated in the text. 
 
The ERG believes that the aHUS-
specific registry data are more 
appropriate for characterising the 
prognosis of patients in terms of ESRF 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


Fremeaux-Bacchi et al.  The ERG also does 
not acknowledge that both the Noris and 
Fremeaux-Bacchi cohorts are renal-focused 
registries that did not enroll consecutive 
aHUS patients, did not adequately assess 
other organ damage, and did not follow 
patients after ESRF.  As discussed in the 
manufacturer’s submission (Appendix G, 
Section D-12.7, p. 175-177) and in the 
justification for this amendment section, 
each of these factors could lead to 
enrolment or survival bias that would 
underestimate mortality in these cohorts.    


these registries for use in modelling disease 
outcomes.  We also highlight the potential 
impact between our model and the aHUS 
renal-focused registries to account for some 
differences in survival analysis outcomes.  
 
First, the Noris et al. 2010 and Fremeaux-
Bacchi et al. 2013 registries did not enrol 
consecutive patients as they presented with 
aHUS, which leads to a potential survival bias 
in the registry.  For example, the Noris et al 
registry relied on patients voluntarily enrolled 
by physicians from multiple countries.  There 
is no mechanism in place to ensure 
consecutive enrolment for all patients.  
Considering the high and early rate of 
mortality in patients presenting with aHUS, it 
can be assumed that most of the patients 
registered are those with the best survival, 
leading to a survival bias at study entry.     
 
Second, the physicians participating in the 
aHUS registries also may not have enrolled or 
followed up with patients with extra renal 
organ impairment or damage, given that 
enrolment was limited to renal failure.  
Therefore, the aHUS registry may select out 
aHUS patients with mild renal and extra-renal 
organ damage. 
 
Third, once a patient reaches ESRF, it cannot 
be assumed that mortality is not prevalent as 


and death (which are states within the 
manufacturer’s model) than using 
flawed regression analyses based on 
the pre-treatment phase of the 
eculizumab studies.  
 
The ERG notes that despite a request 
for clarification (question 6), the 
manufacturer has provided virtually no 
information concerning how patients 
were identified and enrolled into the 
prospective eculizumab studies. It is 
therefore very difficult to draw any firm 
judgements about comparative risks of 
potential selection or survivor biases in 
the registry data and the eculizumab 
studies. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


chronic dialysis presents a high mortality risk.  
Noris et al. 2010 and Fremeaux-Bacchi et al. 
2013 follow patients to ESRF who require 
chronic dialysis, but do not capture the high 
rate of mortality due to dialysis after the short 
period of follow-up.  The overall five-year 
mortality rate of dialysis patients in 2004 in 
the United States and Europe is 61% to 65%, 
indicating generally poor long-term 
outcomes.(United States Renal Data System 
2011; European Renal Association 2011)  
Further, TMA continues for patients on 
dialysis and may lead to greater mortality in 
aHUS patients.  Perkins et al (2006) reported 
that the incidence of TMA in aHUS patients 
on dialysis was the highest in the first year 
after aHUS diagnosis and the incidence 
progresses annually.  One-year mortality 
following a TMA for patients on dialysis is only 
42%.(Perkins et al, 2006)   Together, this 
evidence demonstrates that the high mortality 
rate in dialysis patients is compounded for 
aHUS patients by on-going complement-
mediated TMA in patients receiving 
supportive care alone . 
 
In contrast, both the Coppo et al and Hovinga 
et al registries present a “real world” 
expectation of the consistently defined aHUS 
presentation and outcomes.  Both registries 
present a large sample of “all comers” who 
are defined by the aHUS diagnostic criteria 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


used to identify patients who would be eligible 
for eculizumab and currently receive standard 
of care including PE/PI.  These registries 
include patients from disease onset and 
follow consecutive TMA patients with any 
organ damage; they do not limit patients to 
voluntary patient enrolment by the treating 
physician.  Based on these points, the use of 
the Coppo and Hovinga datasets is more 
reliable than use of Noris or Fremeaux-
Bacchi.     


 
Issue 6 Factual inaccuracies in the structure and parameterization of the ERG’s model: The ERG’s does not consider the 


effect of children as lower dose/higher life expectancy patients in its analysis.   
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


The ERG’s report does not consider the 
effect of children as patients with a lower 
body weight and background higher life 
expectancy in its analysis.   
 
The ERG states that there are less data to 
support the use of eculizumab in children; 
for example, on page 8 of its report: “The 
evidence base for paediatric populations is 
comparatively weaker than that for the adult 
population.”  However, children form a 
substantial proportion of the aHUS 
population, and are part of the EMA-


The ERG should 
revise its model to 
include the average 
patient distribution by 
age since a large 
proportion of patients 
with aHUS are under 
age 18.  By making 
this revision, the 
ERG will recognize 
that younger children 
need less 
eculizumab (due to 


Clinical trial results submitted for EMA 
registration resulted in regulatory approval of 
eculizumab for all aHUS patients, both 
paediatric and adult.  As such, the ERG 
should consider the effect of children with 
lower body weight and background higher 
life expectancy in its analysis.     
 
Interim results from an additional prospective 
clinical trial including 21 paediatric patients 
are consistent with efficacy and safety of the 
eculizumab retrospective clinical trials used 
for regulatory approval, further supporting 


This is not a factual inaccuracy.  
 
A model for a cohort of 28-year old 
patients should reflect the expected 
costs and effects for 28-year old 
patients, projected into the future. It 
should not include dose reductions for 
paediatric patients as 28-year old 
patients are by definition not paediatric. 
Had the manufacturer wished to 
undertake subgroup analyses for 
paediatric patients, these should have 
been undertaken in a way which 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


approved eculizumab SmPC for aHUS.   
 
The ERG uses a methodological argument 
to remove children from the manufacturer’s 
model, namely that health state models 
such as the one submitted by the 
manufacturer consider only cohorts identical 
individuals.  This argument has some merit, 
but as included in the manufacturer’s 
October response document answering the 
ERG’s questions, the full age distribution of 
indicated patients was modelled, and a 
proportion of aHUS patients below age 18 
were assumed, as this is what is seen in 
medical practice.  A microsimulation would 
have been a more precise way of including 
children as a part of the base case complete 
distribution of aHUS patients, but we did not 
have time to complete such an analysis.  
The manufacturer’s existing model likely 
produces similar results. 


weight-based 
dosing), yet gain 
more QALYs due to 
a greater 
background life 
expectancy.   
 
Ideally, the ERG 
should model an 
average cohort as in 
the manufacturer’s 
submission (or 
proposed in its 
response document), 
or conduct a 
microsimulation of 
patient ages.  
However, at 
minimum, the ERG 
should address this 
point in a sensitivity 
analysis and update 
its report 
accordingly.   


efficacy and safety in paediatric patients 
(manufacturer submission, Appendix G, 
Section C-9.4.4 and 9.9.1).  Therefore, the 
value of eculizumab should be considered 
for the entire patient age distribution.  QALYs 
increase more rapidly than do costs in a 
younger patient population, and excluding 
them biases the model against eculizumab.   


reflects the costs and outcomes 
applicable to that subgroup.  
 
The ERG did not undertake a separate 
subgroup analysis for children as new 
subgroup analyses were beyond our 
remit. We are not responsible for the 
absence of economic evidence in this 
subgroup.  
 
The ERG notes that evidence for the 
paediatric population is limited and it 
would be difficult to fully examine 
heterogeneities in risks of CKD 
damage for patients receiving 
eculizumab or standard care. The 
economic evidence available is thus 
insufficient to determine whether 
results would be similar or different for 
children and adults. 
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Issue 7 Factual inaccuracies in the description of the manufacturer’s model or documentation: The ERG misrepresents 
the causes of the differences between its model and the manufacturer’s model. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The ERG misrepresents the differences 
between its model and the manufacturer’s 
model (in particular, see Issues 8-10 below).  
On page 106 of the ERG’s report it states: 
“The ERG critique identified several 
problems relating to the manufacturer’s 
cost-consequence model.  The most 
important of these concerns relate to the 
restrictive structural assumptions of the 
model, the inappropriate interpretation of 
evidence relating to the benefits of 
eculizumab over time, the inappropriate use 
of evidence to characterise CKD damage for 
patients receiving standard care, the 
inappropriate method for handling 
competing event risks and the highly 
questionable choice of relevant evidence 
used to characterise the prognosis of 
patients receiving standard care. Whilst 
some of these problems could be resolved 
easily within the existing model, other more 
serious programming issues cannot not be 
resolved within the manufacturer’s model 
structure (in particular, the inappropriate 
approach used to handle competing risks).” 
 
However, after reviewing, it appears as 
though none of these issues is meaningful 


The ERG should 
adjust its model 
based on the prior 
six issues described 
above.  Upon doing 
so, it should then 
revise its report on 
page 106, given that 
its revised model 
would then be quite 
similar to the 
manufacturer’s 
model after these 
changes are made. 


The justification for this change is based on 
two factors:  First, if the prior six issues are 
corrected in the ERG’s model, its model 
would produce similar results to that of the 
manufacturer’s.  (Please see attached a 
corrected version of the ERG’s model with 
red highlighting of cells that have been 
modified to address the prior six issues 
described above.)  Second, the critiques the 
ERG makes of the manufacturer’s model 
have minimal impact on model results once 
revised.     
 
 


This is not a factual inaccuracy.  
 
The ERG model rectifies the structural 
problems in the manufacturer’s model 
whilst remaining as close as possible 
to it.  
 
The ERG would suggest that whether 
a problem has an impact on the model 
results or not does not influence 
whether the problem exists.  
 
The ERG agrees that there were two 
technical errors in the ERG exploratory 
model (see response to point 2). We 
have rectified these and they do not 
have a material impact upon the 
incremental results. The other issues 
purported to be errors by the 
manufacturer, are not errors.  
 
The difference between the results of 
the ERG model and the manufacturer’s 
model remain substantial. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


to the difference in results between the 
manufacturer’s model and ERG’s model.  It 
is inaccurate for ERG to indicate that the 
above reasons causes the difference 
between the two models, when in fact the 
biggest difference between the two models 
is due to the errors in the ERG’s model 
described in Issues 1-6 above.  After 
addressing and correcting for these errors, 
the incremental life years gained in the 
ERGs model increase by 25.14 and 
incremental QALYs gained increase by 
20.50 in the ERG’s model, bringing the 
results close to the manufacturer’s model.  


 


Issue 8 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG states that the 
manufacturer’s model’s structural restrictiveness with regard to eculizumab is a major concern, but the ERG’s 
recommendation modifications have an extremely small impact on the results.   


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The ERG states on page 101 of its report: 
“the ERG has concerns with respect to the 
restrictive nature of the manufacturer’s 
model structure.”   
 
The ERG’s main point has to do with its 
premise that the Markov traces should be 


The ERG should 
make clear that its 
recommended 
approach to 
eculizumab 
modelling leads to 
essentially the same 


The ERG’s comments are misleading and 
could be construed inappropriately to mean 
that there is a substantial difference in the 
manufacturer’s model and the ERG’s model 
with regards to model structure, when in fact 
a large discrepancy does not exist. 


This is not a factual inaccuracy.  
 
The manufacturer’s model is restrictive 
as it includes a single transition matrix 
which means that time-dependent 
event risks cannot be considered within 
the model structure. The results of the 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


time varying.  Markov models are by 
definition memoryless, and do not condition 
future likelihoods on past state transitions.  
In other words, the manufacturer’s modelling 
approach is consistent with standard 
practices.  For example, in Briggs, Andrew 
Harvey, Karl Claxton, and Mark J. Sculpher. 
Decision modelling for health economic 
evaluation. Oxford University Press, 2006, 
such a memoryless Markov model is 
described to model HIV in a sample 
containing almost 5,000 transitions 
(Chancellor et al., 1997).  Given that the 
manufacturer’s model—based on data from 
the C08-002 and C08-003 clinical trials—
has only 211 transitions, Alexion thought it is 
empirically sound to be parsimonious and 
not make assumptions about the 
relationship of time to the transitional 
probabilities.  
 
The factual inaccuracy in the ERG’s report 
is that the approach that the ERG takes, 
with regard to eculizumab modelling, leads 
to modestly different results (e.g., page 
106), despite stating that the model’s 
restrictive structure is problematic.  The 
ERG’s model results in similar (even larger) 
QALYs and life years for eculizumab 
compared to the manufacturer’s model.  
Further, the ERG assumes that the model’s 
transition in cycle 7, for which the fewest 


results as the 
manufacturer’s 
model and that the 
manufacturer’s 
model structure is 
not inappropriately 
restrictive.   


ERG model are not similar to those 
produced by the manufacturer. 
 
The ERG draws attention to Figure 6 
and Figure 8 in the ERG report. The 
ERG method fits the data closely as it 
is based on the actual observed 
transitions within the trial. The 
manufacturer’s method (Figure 6) fits 
the data less well and is likely to 
produce an unnecessary bias in the 
modelling of the eculizumab arm. This 
does have an important impact on the 
long-term survival and QALY gains for 
patients receiving eculizumab. In 
addition, the ERG have examined the 
impact of alternative extrapolation 
assumptions on model results; there is 
little more that can be done in the 
absence of longer-term data. 
 
Based on the data from the two aHUS 
registries, the evidence suggests a 
high risk of ESRF/death in the short-
term but a lower risk in surviving 
patients. This would suggest time-
dependence. The manufacturer’s 
model does not allow for this time-
dependence.  
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


observations are available, continues to 
perpetuity.  This is a stronger assumption 
than that used in the manufacturer’s model 
write-up, given that there are fewer 
observations by cycle 7, but patients are 
presumed to continue in the model for the 
next several decades only based on the 
observations in this cycle.  


 
Issue 9 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG states that 


competing risks are a major issue, noting only an extreme case for a highly improbable situation.  
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


In Section “(5) Inappropriate handling of 
competing risks” on page 102 of its report, 
the ERG writes: “For example, in the 
eculizumab group, if the excess death risk 
for patients in ESRD is arbitrarily inputted as 
0.80 (cell X13 markov_ecu worksheet), the 
probability of remaining in ESRD becomes -
0.377. This is mathematically impossible and 
raises further questions regarding the 
robustness of the manufacturer’s model 
results.”  
 
The ERG means that the model “breaks” if a 
user changes the base case and assumes 
that 80% of eculizumab-treated patients die 
in one six-month interval.  In fact, any value 


The ERG should 
remove the 
statement reference 
from its report.   
 


The scenario the ERG uses to justify its 
comment is disconnected from the actual 
observations and data seen with eculizumab 
in aHUS, on which the manufacturer’s model 
was built. 
 
Considering that there has been only one 
death in all eculizumab trials (C10-003 and 
C08-004, and up to 3.5 years exposure time 
for in C08-002 and C08-003, for a total of 
392 six-month periods, yielding a six-month 
death rate of 0.26%), a 42.3% chance of 
patients dying, as outlined in the ERG 
scenario, seems unnecessary.  The model 
could be amended if a greater rate of death 
is observed.     


This is not a factual inaccuracy.  
 
If changing a probability parameter 
leads other transition probabilities to 
turn negative, as is the case here, 
there is unequivocally an error in the 
model. The fact that the data estimates 
used in the model are not large enough 
to produce the error is irrelevant. It is 
still an error, and if it cannot be 
resolved, the model should be 
interpreted with considerable caution. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


over 42.3% of patients dying in one six-
month period would “break” the model.  
However, such a scenario is not consistent 
with the data, given that there has been one 
death in the C08-002, C08-003, C10-003 
and C10-004 trials over a total of 392 
modeled six-month periods, yielding a six-
month death rate of 0.26% (1/392), which is 
less than 1% of 0.423.  The death was 
determined not to be related to the study 
drug.  In other words, the rate of patients 
dying would have to be more than 100 times 
greater than it has been observed to be for 
such an outcome to occur.  Accordingly, we 
did not develop the model to handle such an 
anomaly.   
 
If a higher mortality rate had been observed 
in the trials, we would have programmed the 
model differently, but due to the low mortality 
rate, the model created was the most 
reasonable.    


 
Issue 10 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG engages in 


speculation about the EQ-5D data, which are refuted based on the HRQoL scores provided from the eculizumab 
trials. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


On page 101, the ERG speculates about The ERG should The ERG engages in speculation about how This is not a factual inaccuracy.  
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


the EQ-5D data reported in Legendre et al., 
New England Journal of Medicine, 2013: 
“However, given the absence of 
randomisation and blinding within the 
prospective eculizumab studies, the 
considerable expense of eculizumab, and 
the absence of an alternative effective 
treatment for aHUS, it is possible that some 
patients valued their health on treatment 
because they were receiving eculizumab 
rather than because the drug had a 
noticeable impact upon the patients’ 
HRQoL.”  
 
This speculation is not based on empirical 
research of which Alexion is aware.  
Specifically, Alexion is unaware of any 
empirical evidence to date, in the form of a 
health utility analysis (e.g., time trade-off) or 
a study of preferences (e.g., discrete choice 
experiment), where patients indicated a 
preference for a technology solely because 
it was expensive.  The ERG does not cite 
such evidence in their report so the source 
of its argument is not known. 


remove the 
statement on page 
101 from its report.   
 


the health utility gain for eculizumab could be 
lower than it is reported in the trials.  No 
evidence is provided in support of this 
conjecture. 
 
As noted in the manufacturer’s October 2013 
response to the ERG’s questions, Alexion is 
unaware of any empirical evidence to date, in 
the form of a health utility analysis (e.g., time 
trade-off) or a study of preferences (e.g., 
discrete choice experiment). 
 
Also in Alexion’s October response 
document addressing the ERG’s requests for 
additional information, in the answer to 
question 53, the HRQoL scores by week are 
presented.  Because patient HRQoL does 
not peak until week 4 or later, the ERG 
speculation could only be true if patients 
learned how expensive the drug was at or 
after week 4.  The slope between week 0 and 
this time point would have to be interpreted 
as the patient’s gradual learning about the 
drug’s expense, which it is not.   


 
It is speculation and is stated as such in 
the ERG report. The absence of a 
control group may have introduced 
bias. It is not unreasonable to raise 
concerns about the manufacturer’s 
assumption that patients in the same 
health state receiving different 
treatments will have such different 
levels of HRQoL. This is an uncertainty 
due to the lack of evidence and is 
recognised as such within the ERG 
report. 
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Issue 11 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG misquotes the 
manufacturer’s report about missing data imputation, and then speculates how their misconception could affect 
results. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The ERG misquotes text in the 
manufacturer’s report about missing data 
imputation for patients on dialysis, then 
goes on to speculate how results could be 
affected were this misconception actually 
true. 
 
On page 92 of its report, the ERG states 
that “The manufacturers state that for any 
missing data, eGFR measurements are 
assumed to take a value of 10; however, 
this seems an arbitrary choice…” 
(manufacturer’s emphasis.)  The ERG goes 
onto speculate that “The graph of the 
applied LOWESS regression indicates a 
considerable amount of missing data (the 
data suggest a lot of values of eGFR=10); 
this crude imputation approach may skew 
the results of the regression models.  It 
would have been preferable to explore 
scenarios in which a more sophisticated 
multiple imputation approach was used and 
no imputation.”  In fact, the ERG misread 
the manufacturer’s submission, and created 
a false premise that Alexion imputed a 


The ERG should 
remove the 
statement on page 
92 from its report.   
 
 


Patients not on dialysis do not have imputed 
scores, as is clearly described in the text in 
the manufacturer’s submission (Appendix G). 


This is a minor discrepancy over 
wording. The text has been changed 
from “any patients” to “patients 
receiving dialysis.” The evidence in the 
submission did not justify the choice of 
the imputed value and is thus not 
factually incorrect.  
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


substantial amount of missing data when 
that is not the case.   
 
As stated on page 143 of the manufacturer’s 
submission (Appendix G), a limitation of the 
manufacturer’s analysis is as follows: “Third, 
most patients on dialysis do not have eGFR 
measurements.  In these cases, measures 
were imputed to be “10”, so there is a higher 
“floor” or minimum value for many patients 
in ESRF.”  Patients on dialysis often do not 
have their eGFR measured, given that their 
kidneys no longer function.  These missing 
eGFR data were imputed to be 10 for 
patients on dialysis, based on suggestion of 
peer reviewer comments from reviewers at 
the New England Journal of Medicine.   
 
In short, patients not on dialysis do not have 
imputed scores in the manufacturer’s model 
and the ERG does not note how this 
imputation biases the days-eGFR estimation 
upward in the regression analysis. 
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Issue 12 Factual inaccuracies in the description of the manufacturer’s model or documentation: The ERG incorrectly 
describes the manufacturer’s random effects model with a trial dummy specification then suggests an incorrect 
specification to address the issue. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


On page 92 of its report, ERG states that 
“The second mixture model (model c) 
attempted to take into account that the data 
were drawn from two studies by including a 
dummy variable, although this is not handled 
appropriately. The model yields a common 
coefficient, β, for the number of days and the 
trial indicator variable, which adds an extra 
day to the number of days before baseline if 
the data arises from one of the two trials… A 
more appropriate model specification would 
thus be: eGFRt = α + β1(daysit)+β2(trialit) + 
uit + e it.” 
 
The ERG’s critique of the manufacturer’s 
random effects model is incorrect.  Alexion 
clearly indicates that a specification with a 
trial dummy is used on page 142 of the 
manufacturer’s submission.  Nothing in the 
manufacturer’s submission supports the 
interpretation that a model that “yields a 
common coefficient” was included.  Alexion 
believes that the ERG misread the second 
column header from Table D3: eGFR decline 
per day in the pre-treatment period in 
patients receiving SOC, which clearly reads 
“Coefficient on days (β)”.   


The ERG should 
remove and/or 
correct the 
statement from 
page 92 of its 
report.   
 


The ERG did not read the manufacturer’s 
description of the random effects model with 
a trial dummy variable specification carefully; 
Alexion indicates the correct specification in 
the original manufacturer’s submission 
document (Appendix G).   


The ERG believes that even if the 
manufacturer has undertaken the 
analysis correctly, the model specified 
in the submission is written incorrectly.  
 
The manufacturer’s specification of 
model (3) is as follows: 
egfr_it=α+ 
β(days)_it+β(trial)_it+u_i+e_it   
 
However, this would simplify to: 
egfr_it=α+ β(days+trial)_it+u_i+e_it 
 
As the trial variable is a dummy 
variable, suppose it takes the value of 
0 for trial 1 and 1 for trial 2.  
 
The model is therefore as follows for 
trial 1: 
egfr_it=α+ β(days)_it+u_i+e_it, 
 
where β is the coefficient for the 
number of days. However, for trial 2, 
the model takes the following form: 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


 
It is also clearly stated on page 142 of the 
manufacturer’s submission (Appendix G) that 
the manufacturer’s third model specification 
is: egfr


it
 = α + β(days)


it
 + β(trial)


it
 + u


i
 + e


it
.  


 
In fact, the specification the ERG suggests is 
incorrect, as it has the “u” and “e” error terms 
both varying across “i” patients and “t” time 
when only “e” varies across patients and time 
and “u” only varies within patients (i.e., ui not 
uit). 


egfr_it=α+ β(days+1)_it+u_i+e_it, 
now β is the coefficient for the number 
of days+1. This is not reflected in 
Table D3. 
 
By the model specification, the 
manufacturer is assuming that the 
coefficient is identical for the number 
of days and the trial under observation. 
 
However, there was a typing error with 
regards to the indices which should be 
amended in the report. 
 
The ERG agree that there is an error 
in the suggested re-specification. We 
have amended this in the final report. 


 


Issue 13 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG claims that the 
manufacturer’s fixed effects model is wrong without evidence and misquotes the manufacturer’s description of 
the fixed effects model. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


On page 92 of their report, the ERG states: 
“The manufacturer’s interpretation of a fixed 
effects model (model d) seems to be 


The ERG should 
remove this 
statement from 


Our model specification was a correct use of 
fixed effects.  This is consistent with 
common econometrics, for example, JM 


There is a misunderstanding of the 
fixed effects model by the ERG. The 
ERG however believes that the 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


incorrect”.  However, the ERG does not 
provide evidence to support its claim.  In fact, 
this seems to be a misunderstanding, as the 
manufacturer’s model is correct. 
 
The manufacturer’s STATA code was: xtreg 
egfr adyx if adyx<1, i(subjid_n) fe  
 
The “fe” command at the end of the 
procedure line specifies a fixed effects 
specification.  See STATA, v13; xtreg, 
options.  
 
Alexion also did not state that the “fixed 
effect model enables patient characteristics 
to be removed”.  Rather, on page 141, 
Alexion states patient characteristics are 
“demeaned, meaning that the average time 
invariant effects are controlled for each 
patient.  Static patient characteristics, such 
as observables like patient race or 
unobservable characteristics like the 
patient’s (static) genetic propensity to suffer 
from aHUS, are removed as sources that 
could bias β, which is the change in eGFR 
per day on SOC.”  This is a correct 
description of the procedure. 
 
Note that differences in the trials also are 
controlled for with the correct use of fixed 
effects. 


page 92 of its 
report.   
 


Woolridge, Introductory Econometrics. 
Thomson, Southwestern, 2003. 


description of the model in the 
manufacturer’s submission was not 
clear. Given the additional information 
presented in this document, the ERG 
accepts the proposed solution. 
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Issue 14 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG suggests the 
wrong model test for assessing which model specification should be estimated.  


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


On page 92 of the ERG report, the ERG 
states that “The manufacturer does not 
report any form of formal model checking to 
assess the suitability of any of the four 
regression models.  The ERG believes it 
would be appropriate to produce diagnostic 
plots and/or Akaike Information Criterion 
(AIC) and Bayesian Information Criterion 
(BIC) values to assist with model selection.”   
 
Although these tests suggested by the ERG 
can have value, given that Alexion was 
asked to model expectations, and that a 
limited sample exists, the AIC and BIC tests 
would not be informative about which 
specification to use.  Given that data from 37 
patients does not allow sufficient statistical 
power for multiple covariates to be included, 
specifications are not an issue, though model 
functional form is.  
 
A correct model test would distinguish 
between the fixed effects and random effects 
models.  The correct econometric test to 
achieve this would be the Hausman test (i.e., 
Durbin-Wu-Hausman test), but this test is 
irrelevant because the RE and FE 
coefficients were the same, and the model 
operates on coefficients. 


The ERG should 
remove this 
statement from 
page 92 of its 
report.   
 


The correct econometric test would be the 
Hausman test, but this test is irrelevant 
because the RE and FE coefficients were 
the almost the same, and the model 
operates on expected values so uses the 
coefficients. 
 
The manufacturer also uses LOWESS to 
assess linearity, which is another way in 
which the regressions were assessed as 
valid for a prediction model. 
 
 


This is not a factual inaccuracy. The 
manufacturer even suggests that there 
would be value in undertaking these 
tests. This suggestion is not included 
in the MS. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


 
Additionally, the ERG’s statement that: “The 
manufacturer does not report any form of 
formal model checking to assess the 
suitability of any of the four regression 
models” is factually not true.  The 
manufacturer uses LOWESS to assess 
linearity nonparametrically. 


 
Issue 15 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG incorrectly 


states that Alexion pooled trial data in all analyses. 
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


On page 92 of its report, the ERG states 
that “This OLS model, the first mixture 
model (random intercept, fixed slope) and 
the fixed effects regression model (models 
a, b and d) each use pooled data from both 
trials which implicitly assumes that the two 
studies, and the patients recruited into 
them, are identical.”  This is not true—in 
specification (3), Alexion includes a dummy 
variable controlling for trial, correctly 
specifying the effect (see page 141 of the 
manufacturer’s submission (Appendix G). 
 
Additionally, in the fixed effects regression, 
since the trial into which a patient was 
randomized is time invariant, Alexion 


The ERG should 
remove this 
statement from page 
92 of its report and 
note that Alexion 
controls for trial 
differences in 
specifications (3) 
and (4).    
   


As noted in the manufacturer’s submission, 
controls for trial differences in specifications 
(3) and (4) were implemented.   
 
A univariate sensitivity analysis also looked 
at results for the different samples 
independently. 
 


The ERG has recognised that model 
(3/c) in the manufacturer’s submission 
does attempt to adjust for the trial 
variable and so we only suggest that 
models a, b and d don’t adjust for trial 
identity. 


We agree that the fixed effects model 
controls for the patient-specific time-
invariant effects, however, it does not 
adjust for trial-specific effects. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


controls for the differences in trials again in 
this specification (see page 141 of the 
manufacturer’s submission (Appendix G). 
 
A univariate sensitivity analysis also looked 
at results for the different samples 
independently. 


 
Issue 16 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG includes a note 


that “not all transitions are allowed for standard care”, which is not correct. 
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


On page 80 of its report, the ERG states: 
“*note – not all transitions are allowed for 
standard care“.  The manufacturer’s model 
handles transitions of eculizumab and SOC 
in a symmetric way.  The Markov matrices 
are identical.   Alexion parameterized all 
inputs with data from the C08-002 and 003 
trials.  Inputs vary in the two models, which 
is a function of the data. 


The ERG should 
remove this 
statement from 
page 80 of its 
report.   
 


The Markov matrices are identical, which 
disproves ERG’s comment.  


This is not a factual inaccuracy.  
 
If a model structure includes a transition 
but that transition is fixed at a value of 
zero, the transition is not allowed. The 
manufacturer’s model does not allow 
CKD improvements for the standard 
care arm whilst the eculizumab arm 
does. Transplants are not allowed for 
patients receiving eculizumab even 
though a patient did undergo transplant 
in the studies. Patients receiving 
eculizumab cannot die of aHUS whilst 
those receiving standard care can.  
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Issue 17 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG states there is 
an error in the manufacturer’s SOC model related to boundedness, based on an extreme scenario, which is not 
based on data. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


On page 94 in its report, the ERG states 
that “In their response to clarification 
(question #32) the manufacturer stated ‘The 
boundedness issue is only a problem when 
we are close to 0% or 100%.  In our case, it 
would require 12 times the standard error to 
reach the lower bound and 20+ times the 
standard error to reach the upper bound—
which are likelihoods that are vanishingly 
small given the data.’”  The ERG believes 
that the fact that the probability does not 
exceed 1 is irrelevant; the issue is that it 
could do and the manufacturer’s approach 
is not estimating a transition 
probability.”(The ERG’s emphasis.) 
 
This comment is reasonable in a pure 
mathematical sense; however, given the 
data available, the event is extremely 
unlikely (i.e., there is less than a 
0.0000000001% chance of this occurring).  
The ERF.PRECISE function in MS Excel 
2010 is incapable of measuring the 
probability of an event more than 7 standard 
deviations from mean, as it is so rare. 


The ERG should 
remove this 
statement from 
page 94 of its 
report.   
 


The model should not be required to allow for 
events occurring at a probability of below 
0.0000000001%.   


This is not a factual inaccuracy.  
 
The manufacturer even notes that our 
comment is reasonable. Fitting a linear 
unbounded model to estimate 
probabilities may produce highly 
erroneous results. It would have been 
advisable to consider alternative 
analyses to estimate these parameters. 
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Issue 18 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG notes a 
discrepancy in the manufacturer’s description of the pretreatment period, but then inappropriately calls into 
question the manufacturer’s entire data analysis as a result. 


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The ERG reasonably points out that Alexion 
has included inconsistent figures on the 
duration of the pretreatment period; 
however, this inconsistency was a minor 
mistake and is easily corrected.  The entire 
results of the manufacturer’s analysis 
should not be discarded because of this 
typographical error.   
 
The ERG states on page 105 of its report: 
“The ERG also is unclear regarding which 
patients were included in the pre-study 
population analysis…,” pointing out that 
Alexion has included (inadvertently) 
different figures in Table C8 and in the 
description of the pretreatment period 
model.  While the ERG is correct and 
makes a good point, the ERG goes on to 
state on page 95 that “The exclusion of 
either patients with long standing aHUS or 
observations from earlier in their disease 
process may bias the results of the 
regression analysis.”  It does not follow that 
the manufacturer excluded patients or 
dropped observations in the analysis.   
 
The ERG goes on to write in its report that 


The ERG should 
revise its report to 
not speculate that 
observations were 
dropped in the 
manufacturer’s 
model for the eGFR 
pretreatment period.  
Instead, the ERG 
should 
acknowledge that a 
typographical error 
was made in the 
manufacturer’s 
report.   
 


Alexion’s clarification that the pretreatment 
period in the SOC model begins with the first 
eGFR measure is consistent with the rest of 
the section on page 140 of the 
manufacturer’s initial submission (Appendix 
G), where all eGFR measures in the 
pretreatment period are discussed.   In 
addition, the ERG did not ask for clarification 
of the pretreatment period in its October 
request for additional information so Alexion 
presumed the explanation given in the 
manufacturer’s submission was sufficient.   


It is not entirely clear from the 
manufacturer’s description of the 
problem where the typographical error 
occurred. 
 
The ERG has interpreted the error as 
an error in the definition of the pre-
treatment period. In the MS the pre-
treatment period used to estimate the 
standard care transition probabilities 
was mistakenly referred to as being 
from diagnosis to baseline when it 
should have been referred to as being 
from first eGFR measurement to 
baseline. Therefore the data presented 
on P140 of the MS are correct and 
represent first eGFR measurement to 
baseline, and the data in Table C8 
correctly represents time from 
diagnosis to baseline. 
 
If the ERG has interpreted this 
correctly, then we still have concern 
over this analysis. The manufacturer 
has not explained why there is such a 
delay between diagnosis (Table C8) 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


the “MS states that ‘the pre-treatment 
period was defined as the time from 
diagnosis to baseline in the trials’ (MS1 
page 140).”  Alexion acknowledges that this 
should have been written as “the pre-
treatment period was defined as the time 
from diagnosis and first eGFR measure to 
baseline in the trials” (new text in bold) and 
apologizes for the omission.   
 
It should be pointed out that the complete 
section reads: “The pre-treatment period 
was defined as the time from diagnosis to 
baseline in the trials. The two trials 
combined contained 1,847 eGFR pre 
eculizumab treatment observations.  The 
median interval between diagnosis and 
baseline was 186 days with a range of (965, 
1) and interquartile range (IQR) of (334, 
67).  In the pre-treatment period, eGFR 
observations per patient average (min/max) 
31.2 per patient (1/108).  Note that prior to 
the screening period, these observations 
were collected retrospectively for enrolled 
patients.”  That is, the manufacturer was 
discussing a model based on eGFR 
measures, and characterized the 
pretreatment period based on those 
measures.   
 
Alexion also would note that the ERG did 
not ask for clarification of the pretreatment 


and the first eGFR measurement taken 
(data P140). 
 
This delay is not only evident in Table 
C8 but is also evident in the time to 
transplant shown in Figure 5 in the 
ERG report. This shows that the one of 
the transplant patient was diagnosed 
over 250 months before baseline and 
their first transplant occurred at about 
250 months before baseline. According 
to the data on P140 of the MS, the 
median interval between first eGFR 
measurement and baseline was 186 
days with a range of (965,1). Given 
these data, it seems surprising that a 
patient with diagnosed aHUS and 
undergoing three renal transplants 
would not have an eGFR measurement 
taken for over 17 years which is the 
ERG's interpretation of the evidence 
given the manufactures explanation. 
Therefore the ERG is still concerned 
that no explanation is given as to why 
there is such a delay between 
diagnosis and the first eGFR 
measurement being taken and that the 
potential bias that might arise from this 
discrepancy is not mentioned or 
explored in the MS. 
 
Irrespective of the lack of clarity in the 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


period in its October request for additional 
information so Alexion assumed the ERG 
accepted the explanation given.   
 
Alexion also thinks it is inappropriate that 
the ERG speculates that observations were 
dropped when in fact no pretreatment 
period eGFR observations were dropped. 


MS concerning this point, the ERG 
does not believe that these pre-
treatment data are appropriate for 
informing the standard care arm of the 
model. 


 


Issue 19 Factual inaccuracies in the description of the manufacturer’s model or documentation:  The ERG identifies 
minor technical errors in the manufacturer’s calculations, but does not indicate the effect of these on results; 
had the ERG incorporated these corrections, the results only would have changed by less than 0.5%.  


 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The ERG correctly identifies a few technical 
errors in the manufacturer’s model including 
page 96-97: “Problem 7: Issues relating to 
the calculation of the probability of 
undergoing transplant” that the transplant 
rate was not correctly counted; page 104: 
“the sum of standard care transition 
probabilities greater than 1.0” for the 
transition out of kidney transplant; a mis-
linking of inputs, but acknowledges that this 
issue does not affect the base case output 
of the manufacturer’s model; and a point 
about double discounting about which 


The ERG should 
acknowledge that 
the technical errors 
identified in the 
analysis, while 
correct, do not have 
a material effect on 
the model outcome. 


Without acknowledging that the errors 
identified in the analysis do not have a 
material effect on the model’s outcome, a 
reader could be misled that the 
manufacturer’s model is not valid, or at least 
substantially more valid that the ERG’s 
model, for which is illustrated above has 
serious technical flaws.   


This is not a factual inaccuracy.  
 
The manufacturer notes that the ERG is 
correct. The impact of resolving minor 
technical errors on the manufacturer’s 
model is already reported in Table 35 of 
the ERG report. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


Alexion disagrees. 
 
Alexion thanks the ERG for bringing these 
issues to its attention; however, these errors 
have an extremely small impact on the final 
results.  Modifying all of these issues would 
change the ICER, had one been calculated, 
by less than 1%. 


 


Issue 20 Factual inaccuracies related to systematic review, clinical data, and interpretation of decision problem: 
Completeness of systematic review  
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


The ERG states that it “is not convinced 
that all available evidence on the 
comparators in the MS has been 
systematically identified, quality assessed 
and the outcomes fully reported…” 
(Section 1.3, p. 2, and similar statements 
repeated throughout the report).   
 
Identification and systematic review of 
studies including comparators, but not 
comparing them to the technology under 
assessment, is not requested under the 
NICE HST specifications and therefore 
was not included in the manufacturer’s 


Any critique 
describing the 
systematic review 
of comparator 
studies should be 
removed from the 
ERG’s report as 
this is not 
applicable to the 
specifications and 
direction given by 
NICE.  
Additionally, the 
ERG’s report 


This critique from the ERG demonstrates a 
fundamental disconnect between the 
independent review methods performed by the 
ERG and the requirements for the submission 
defined by NICE.  In addition, it assumes 
Alexion did not pursue due diligence when in 
fact the comparator studies requested by the 
ERG do not exist.   
 
The NICE HST specifications for submission of 
evidence clearly state that sponsors are required 
to “present published and unpublished clinical 
evidence for [the] technology” (Appendix G 
HST INTERIM evidence submission template, 


This is not a factual inaccuracy.  
 
The ERG critique highlights that a 
systematic review of the comparators 
was unlikely to have been undertaken 
based on the information provided in 
the MS and the manufacturer’s 
clarification response. It is noteworthy, 
that the manufacturer now states that 
an ‘independent systematic review of 
the comparator only studies was not 
conducted for the reasons described 
above’ and considers this to be a 
‘…typographical error...’ The ERG 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


submission. should be updated 
to indicate there 
are no studies 
comparing the 
noted comparators 
to eculizumab. 


July 2013; Section C-9, p 19) and that “details of 
all published and unpublished studies that 
compare the technology with other 
treatments for the relevant group of patients 
should be presented…” (Appendix G HST 
INTERIM evidence submission template, July 
2013; Section C-9.3.1, p 23).  
 
There is no requirement in the evidence 
submission specifications for identification of 
published or unpublished studies which include 
the “comparators” but do not include a direct 
comparison to the technology under evaluations.  
Accordingly, no studies that included the 
comparators alone would be identified in the 
search conducted according to the NICE 
specifications.  Therefore, Alexion believes that 
the critique regarding the lack of systematic 
review of comparators as well as the ERG-
conducted systematic review is not appropriate 
to include in the report because they are not 
relevant to the requirements set forth by NICE.  
 
Alexion maintains that the submission has 
fulfilled specifications set forth by NICE, as 
acknowledged in the report that the “ERG is 
confident that all relevant studies (published and 
unpublished) of eculizumab were included in the 
MS, including data from ongoing studies.”(ERG 
Report, section 4.5.1, p 62)  The manufacturer’s 
submission clearly states that there were “no 
studies identified that compare the intervention 


notes that the response from the 
manufacturer provided at clarification 
(question 1), presented in italics below, 
is not simply a typographical error. 
 
“We did in fact provide a systematic 
review of standard of care (SOC) 
interventions in our September 2013 
submission; however, the information 
is not included in one location or 
specific section.  Specifically, we 
reviewed four thrombotic 
microangioapthy (TMA)/HUS registries 
available in the literature that identified 
and followed a large number of aHUS 
patients.  The results of these 
registries are described in the following 
publications:  Caprioli et al 2006, Noris 
et al 2010, Hovinga et al 2010, and 
Coppo et al 2010.   
 
Below, we provide some examples 
from our September submission 
explaining how the use of SOC 
methods, prior to the availability of 
eculizumab, are inadequate and leave 
patients at continued risk of 
progression to ESRF, dialysis, and 
early mortality.   
 
• Alexion Submission Page 31: 
“The disease affects both children and 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


with relevant comparators” (Appendix G, section 
9.3.1, p 66) as specified by the submission 
template which indicates that “The studies that 
compare the intervention directly with the 
appropriate comparator(s) referred to in the 
decision problem should be clearly highlighted.  
If there are none, please state this.” (Appendix G 
HST INTERIM evidence submission template, 
July 2013; Section C-9.3.1, p 23) 
 
However, the manufacturer’s submission does 
include discussion of the comparators defined in 
the scope elsewhere in the submission.  As 
described in the rationale for variation from 
scope, “Current data available and actual clinical 
practice do not allow this information to be 
presented in the distinct groups described in the 
final scoping document…”(Appendix G, Section 
A-1, Table A1, p. 21) 
 
The comparators defined in the scope are 
limited supportive care options used in clinical 
practice that are not indicated or designed to 
directly treat aHUS, and there is no controlled 
evidence demonstrating that supportive care can 
alter the course of disease.  Therefore, these 
options cannot be directly compared to the 
eculizumab evidence presented in the 
submission.  The issues relating to the use of 
these supportive care options are described 
further in the manufacturer’s submission 
(Appendix G, Section B-8.3, p. 51).  


adults and has a very poor prognosis, 
demonstrated by the fact that 33% to 
40% of aHUS patients die or progress 
to end-stage renal failure (ESRF) 
requiring dialysis with the first clinical 
manifestation.(Caprioli et al, 2006; 
Noris et al, 2010)  The chronic nature 
of aHUS results in progressive, on-
going morbidity as 65% of all patients 
die, require dialysis, or have 
permanent renal damage within the 
first year of diagnosis while on plasma 
exchange or plasma infusion (PE/PI) 
or dialysis and a progressive increased 
mortality rate thereafter.” 
 
• Alexion Submission Page 31: 
“Long-term data have shown a 
mortality rate of 32% at 4.4 years 
median follow-up.(Hovinga et al, 2010)  
The significant morbidity and mortality 
associated with aHUS represents an 
unmet medical need for patients with 
an ultra-rare and life-threatening 
disorder.”  [Please note: All patients in 
the Hovinga et al database received 
SOC (PE/PI) at the time of diagnosis of 
their TMA.  Thus, this dataset provides 
medical evidence of a 32% mortality 
rate with PE/PI as a SOC method prior 
to the availability of eculizumab.] 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


 
Also as noted in the manufacturer’s submission, 
the authors of the eculizumab clinical trials noted 
that the significantly lower rate of interventions 
including PE/PI and dialysis highlight the 
inadequate efficacy of management with PE/PI 
and confirm the clinically relevant treatment 
effect of eculizumab on TMA and organ 
outcomes, with a striking improvement in renal 
function upon discontinuation of PE/PI and 
initiation of eculizumab (Appendix G, Section C-
9.8, p. 109).  
 
Separately, Alexion would like to acknowledge 
an inaccurate statement that was unintentionally 
submitted in response to the ERG’s request for 
clarification received on October 4, 2013.  As 
noted in the ERG report, it was incorrectly stated 
in response to question #1 that a systematic 
review of the comparators was provided (ERG 
report, Section 3.3.3, p. 23).  In fact, an 
independent systematic review of the 
comparator only studies was not conducted for 
the reasons described above.  Alexion 
apologizes for this typographical error and 
requests that it be corrected and marked as 
such for the record. 
 
The remainder of the response to this request 
for clarification is however accurate in 
referencing the discussion of four key TMA 
registries and the outcomes associated with 


• Alexion Submission Page 128: 
“Medical evidence demonstrates that 
despite the use of supportive care 
[PE/PI], there is a progression of 
aHUS, continued on-going risk of TMA, 
and life threatening complications for 
aHUS patients.(Noris and Remuzzi, 
2009; Noris et al, 2010; Hovinga et al, 
2010; Legendre et al, 2013; SmPC, 
2013)”   
 
• Alexion Submission Page 139: 
“aHUS is a progressive and life-
threatening disease with 33% to 40% 
of patients reaching ESRF or death 
following the diagnosis.  In two TMA 
registries (described in Coppo et al 
2010 and Hovinga et al 2010) [where 
all patients were receiving SOC], 
mortality of aHUS patients (TMA with 
ADAMTS13 >10%) reached 13% (17.8 
month mean follow up) and 32% (4.4 
year median follow up), respectively.  
Further, the percentage of patients 
with reported acute renal failure was 
21% and 54%, respectively, 
exemplifying the life-threatening and 
progressive nature of aHUS.” 
 
• Alexion Submission Page 139: 
“The Coppo and Hovinga datasets 
consist of adults with confirmed 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


supportive care (comparators relevant to the 
scope) that are described elsewhere in the 
submission. 


ADAMTS13 activity and no Shiga-
Toxin producing enterohaemorrhagic 
Escherichia coli (STEC) infection, 
which is closely aligned to both the 
proposed clinical pathway of care and 
the eculizumab clinical trials 
population.  Therefore, both the Coppo 
and Hovinga datasets present a 
realistic expectation of aHUS 
presentation and outcomes in adults.”   
 
 


 
Issue 21 Factual inaccuracies related to systematic review, clinical data, and interpretation of decision problem: Clinical 


trial evidence  
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


The ERG inaccurately characterizes the 
relevancy and certainty of the eculizumab 
clinical trial outcomes and their impact on 
longer-term, patient relevant-outcomes, 
including ESRF and survival, stating that 
“The prospective and retrospective studies 
of eculizumab discussed in the MS are 
relatively short-term and focus on 
intermediate endpoints. Whilst these 
endpoints are clinically relevant, their 
translation to longer-term patient-relevant 
outcomes (e.g. survival) is subject to 


The ERG’s report 
should be modified 
throughout to 
recognise the 
impact and 
relevance of the 
reported outcomes 
on long-term renal 
function and 
survival. 


While Alexion agrees with the ERG that the 
endpoints are intermediate outcomes, it is 
clear and with a high level of certainty, that 
renal function in particular is an evidence-
based outcome that is translatable to longer-
term patient-relevant outcomes, including 
ESRF and mortality.  
 
The outcomes chosen for the eculizumab 
clinical trials were extensively reviewed and 
accepted by regulatory agencies, expert 
physicians, and peer-reviewed publications.  


This is not a factual inaccuracy.  
 
We have not said they are not relevant 
outcomes, and as pointed out by the 
manufacturer in their response, we 
have said the exact opposite. There are 
no long term studies of eculizumab on 
survival. Translating an intermediate 
endpoint to longer-term outcomes is 
thus subject to uncertainty. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


considerable uncertainty.” (Section 9.4.2, p. 
138) 


The uncertainty expressed by the ERG 
demonstrates a lack of understanding the 
progression of kidney disease in aHUS and its 
impact on patient survival, as described in the 
manufacturer’s submission (Appendix G, 
Section D-12.2.1, p. 144; Section D-12.7.1, p. 
175) 
 
As quoted in the manufacturer’s submission 
and the ERG’s report, 33-40% of aHUS 
patients die or progress to ESRF with the first 
aHUS clinical manifestation, despite the use of 
PE/PI in the vast majority of these patients.  
However, the ERG report fails to recognize the 
unquestionable evidence presented in the 
manufacturer’s submission from large and 
well-resourced UK and US renal disease 
databases describing the survival of ESRF 
patients.  While there is no well-controlled 
aHUS-specific data describing this progression 
from ESRF to death, it is reasonable to 
assume that this progression is similar to that 
of the general ESRF population.  This 
reasoning is incorporated in the justification of 
the use of the renal registry survival data for 
the SOC arm of the cost-consequence model 
presented in the manufacturer’s submission.  
 
The primary goal of therapy in aHUS is to halt 
disease progression and TMA-mediated organ 
damage.  The outcomes chosen for the clinical 
trials clearly demonstrate the ability of 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


eculizumab to achieve this treatment goal by 
improving or stabilising renal function.  
Disease progression in patients receiving 
supportive care including PE/PI is 
demonstrated in the eculizumab clinical trial 
population by the large proportion of patients 
with significant renal impairment including 
progression to ESRF prior to eculizumab 
treatment.  As described by Legendre et al 
2013, this pre-treatment data serves as within-
patient control.  The improvement in renal 
function and lack of progression to ESRF with 
eculizumab compared to the pre-treatment 
period demonstrates the ability of eculizumab 
to alter the disease process, having a 
significant impact on patient-relevant 
outcomes.  The improved survival and lack of 
progression to ESRF in eculizumab-treated 
patients compared to aHUS and TMA registry 
aHUS patients receiving supportive care 
demonstrates the translation of the 
intermediate renal outcomes to long-term 
outcomes including ESRF and survival. 


The ERG report disregards its stated remit 
for its report to evaluate the benefits and 
costs of eculizumab within its licensed 
indication, speculating that “There exists no 
published evidence on alternative dosing to 
that described in the license or on the use of 
intermittent treatment to manage flares.  As 
aHUS may follow a relapsing/remitting type 
of disease course for some patients, 


The ERG should 
remove 
speculation from 
its report on 
modification of 
eculizumab dosing 
outside of the 
licensed indication 
of for aHUS.  


As described in the ERG report, “The remit of 
this appraisal, as defined in the final agreed 
NICE scope, is to evaluate the benefits and 
costs of eculizumab within its licensed 
indication for the treatment of aHUS for 
national commissioning by NHS 
England.”(Section 3.1, p 19)  The approved 
dose and dosing regimen for eculizumab was 
demonstrated to be effective in clinical trials 


This is not a factual inaccuracy.  
 
The ERG critique highlights that there 
are uncertainties in the optimal dosing 
of eculizumab.  In addition, despite the 
SmPC recommending lifelong 
treatment, the ERG highlight that 
current practice at the national aHUS 
centre in Newcastle (led by Professor 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


continual use of eculizumab may not be 
necessary once the patient has stabilised 
(the same is true of plasmapheresis in a 
proportion of patients).” (Section 1.10, p. 8) 
 
In addition, the ERG states that “the current 
interim national service for aHUS in 
Newcastle, implemented by NHS England, 
considers withdrawing (or restarting) 
eculizumab therapy based on a set of 
criteria that depend on the patients 
circumstances” and cites aHUS Action 
physician group submission (Section 4.5.3, 
p.64).  However, the ERG neglects to 
acknowledge that this opinion described by 
the physician group is not within the 
licensed indication of eculizumab for aHUS 
and is not recommended under the current 
NHS England Clinical Commissioning Policy 
Statement. 


Specifically, the 
ERG should 
correctly state in 
its report that NHS 
England’s 
commissioning 
document 
indicates lifetime 
eculizumab 
treatment is 
aligned with the 
approved SmPC.  
The ERG should 
also amend its 
report to indicate 
the UK physician 
group’s 
considerations of 
eculizumab 
withdrawal are not 
within the licensed 
indication of 
eculizumab aHUS 
and beyond the 
ERG’s remit.  
Finally, the ERG 
should remove all 
references to 
alternative 
eculizumab dosing 
from its report.  


and approved by regulatory authorities within 
the licensed indication.  Speculation about 
alternative dosing schedules is not based on 
any clinical data and is outside of the remit of 
the ERG’s scope and assignment.   
 
The SmPC indication as well as the current 
NHS England Clinical Commissioning Policy 
Statement for eculizumab for aHUS state that 
life-long treatment with eculizumab is 
necessary, citing disease risks with treatment 
discontinuation.  The speculation of the ERG 
that continual use of eculizumab may not be 
necessary demonstrates a lack of 
understanding by the ERG of this ultra-rare 
disease and constitutes an attempt to evaluate 
the benefits of eculizumab outside of its 
licensed indication.  Meanwhile, the ERG’s 
citation of the physician group submission as 
considering conditions for eculizumab 
withdrawal are not aligned with the licensed 
indication and not recommended under the 
current NHS England Clinical Commissioning 
Policy Statement.  Nevertheless, the ERG 
itself states in its report that “there exists no 
published evidence on alternative dosing to 
that described in the license or on the use of 
intermittent treatment to manage flares.” 
(Section 1.10, p. 8) 
 
As described in the manufacturer’s 
submission, aHUS is a chronic, life-long 


Tim Goodship), does not consider 
lifelong eculizumab treatment for all 
patients but considers withdrawing (or 
restarting) eculizumab therapy based 
on a set of criteria that depend on the 
patient’s circumstances. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


disease due to genetic mutations in the 
complement system.  Historical views of aHUS 
as an intermittent disease were likely based 
upon measurable levels of thrombocytopenia 
and haemolysis that may fluctuate during the 
course of disease. However, as demonstrated 
by the eculizumab clinical trials and Legendre 
et al, 2013, patients with platelet levels within 
normal range are not “stable” and still have 
manifestations of complement-mediated TMA 
including renal impairment and ESRF.  
 
Furthermore, it is factually inaccurate for the 
ERG to state that there exists no published 
evidence on alternative dosing in aHUS since 
as described in the manufacturer’s submission, 
a number of patients in the prospective and 
retrospective eculizumab trial that discontinued 
eculizumab, or did not receive indicated 
dosing, experienced severe TMA 
complications (manufacturer’s submission, 
Appendix G, Section C-9.7.3, p. 107-109).  
These events led to the inclusion of a safety 
warning in the SmPC describing the risks and 
monitoring for TMA complications in the event 
of discontinuation.  In addition to this clinical 
trial evidence, a number of published case 
reports describe TMA complications and 
disease progression, including irreversible 
end-organ damage (Appendix G, Section C-
9.9.3, p. 117), when patients discontinue 
eculizumab treatment. 
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Issue 22 Factual inaccuracies related to systematic review, clinical data, and interpretation of decision problem: The ERG 


did not follow NICE’s instructions related to including ICERs and referencing past submissions. 
 


Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


NICE explicitly instructed both the ERG and 
Alexion at the scoping meeting and during a 
follow-up teleconference that incremental 
cost-effectiveness ratios (ICERs) should not 
be included.  Despite these instructions, the 
ERG begins Section 5 of its report by 
suggesting that NICE use ICERs to 
evaluate UODs and continues to report 
ICERs throughout the document.  The 
ERG’s focus on ICERs not only ignore 
NICE’s instructions, but also indicates 
ERG’s bias against ultra-orphan drugs by 
providing an unsolicited opinion about 
evaluation of highly specialized 
technologies.   
 
Additionally, NICE instructed both the ERG 
and Alexion to treat the current NICE 
submission separately from previous 
eculizumab submissions, including the 
submission made to the Advisory Group for 
National Specialised Services (AGNSS). 


The ERG should 
remove all ICERs 
and discussion of 
ICERs from its 
report.  The ERG 
also should 
remove references 
to previous 
eculizumab 
submissions 
including the 
AGNSS 
submission.   


NICE’s instructions to the ERG and Alexion 
were to not include ICERs and references to 
previous submissions.   


This is not a factual inaccuracy. 
 
At the request of NICE, the ERG has 
removed ICERs produced using the 
manufacturer’s model and the ERG’s 
exploratory model. 
 
The ICERs for eculizumab versus 
standard care, based on the 
manufacturer’s model to AGNSS, are 
available in the public domain. These 
represent the only existing relevant 
economic evidence for eculizumab in the 
literature / grey literature and were not 
discussed in the manufacturer’s 
submission to NICE. Therefore we have 
mentioned them. 
 
The inclusion of ICERs in the ERG 
report does not reflect a bias against 
eculizumab or any other highly 
specialised technology. Rather, it 
reflects a view that there is a need to 
consider the balance between the 
additional health benefits generated by a 
technology and the health forgone as a 
consequence of curtailing existing 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


treatments and services in order to fund 
that technology. The ERG also note 
however that at no point did the ERG 
report suggest whether eculizumab is 
cost-effective or not, nor did it suggest 
whether a threshold exists or what value 
this might take.  
 
 


 
Issue 23 Factual inaccuracies related to the impact of the technology beyond direct health benefits: Scenario analysis 
 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment  ERG response 


The ERG’s report on page 128 states the 
following: 
 
“Whilst not clear from the MS, the ERG 
assumes that lower levels of effectiveness 
are intended to relate to the percentage of 
patients receiving eculizumab (with 
complete cure for each individual patient) 
rather than the percentage of patients in 
whom eculizumab is clinically effective. 
None of the three scenarios however reflect 
the levels of uptake assumed within the 
NHS budget impact analysis presented in 
Chapter 7 (15% rising to 55% over 5 
years).”…“The estimates appear to assume 
that all aHUS patients will no longer lose 


The ERG should 
clarify in its report 
that this scenario 
analysis does not 
relate to the 
percentage of 
patients receiving 
eculizumab. 


The ERG appears to have misunderstood the 
purpose of the scenario analysis the 
manufacturer presented related to the impact 
of the technology beyond direct health 
benefits; a clarification is needed in the ERG’s 
report. 


This is not a factual inaccuracy.  
 
The submission was unclear and we 
have raised this as an issue within the 
ERG report. 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment  ERG response 


productivity after starting treatment with 
eculizumab. This appears to implicitly 
assume that all patients will effectively be 
cured by the treatment.” 
 
The estimate of non-direct healthcare costs 
was provided to help NICE appreciate the 
potential for economic benefits from a 
broader societal perspective.  As the ERG 
is undoubtedly aware, given the rarity of 
aHUS and the challenges in collecting data, 
there is little information to directly link the 
benefits of eculizumab to cost savings 
outside of the health and social care 
system.  Accordingly, when presenting the 
estimates, Alexion chose to present three 
scenarios concerning the extent to which 
the clinical benefit translated to a reduction 
in the societal costs associated with aHUS.  
These scenarios were a 100%, 75% or 25% 
reduction.  These estimates were not 
supposed to represent a level of patient 
uptake and are unrelated to the budget 
impact modelling. 
 
Issue 24 Factual inaccuracies related to the impact of the technology beyond direct health benefits: Ex-carer costs 
 
Description of problem  Description of 


proposed 
amendment  


Justification for amendment ERG response 


The ERG report states on page 130: “It is The ERG should As the data provided in the manufacturer’s The MS does not include bibliographic 
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


unclear why ex-carers should be included in 
any analysis of productivity losses.  Their 
inclusion seems to assume that these 
individuals, if out of work, will be 
unemployed indefinitely.  This is unlikely to 
be a reasonable assumption and will 
overestimate projected cost-savings.” 
 
Data included in the manufacturer’s 
submission provides evidence as to why ex-
carers should be included in analyses of 
productivity loses.  Specifically, on page 
191 of the manufacturer’s submission 
(Appendix G), its noted: “The household 
income of ex-carers is about a half of 
household income of general population 
(McLaughlin and Ritchie 1994).”   
 
McLaughlin and Ritchie’s survey of ex-
carers concludes “that there are long-term 
negative financial effects of caring, which 
the social security system appears to 
ignore.”  They cite previous research stating 
that “long-term financial losses… were 
experienced by almost all the carers”.  The 
survey found that the potential earning 
capacity after caring was greatly reduced. 
Specifically, “Even if they do return to some 
employment their job prospects will be low 
because of loss of skills, careers or 
occupational moves.  Moreover, their 
opportunities to save money or to accrue 


update its report to 
clarify the reason 
why ex-carer 
productivity losses 
were included in 
the manufacturer’s 
submission.  


submission notes, ex-carers face large 
household income loses and therefore should 
be included in an analysis of productivity 
loses.  


details for McLaughlin and Ritchie. 
Without the opportunity to see this 
paper/source, it is not possible to 
determine its validity. We do note 
however that the publication is nearly 20 
years old and that the survey was likely 
undertaken even earlier, and that no 
details are provided with respect to the 
characteristics of the study subjects 
included.  
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Description of problem  Description of 
proposed 
amendment  


Justification for amendment ERG response 


pension entitlement will have been greatly 
reduced. It is in these financial 
circumstances that many long-term carers 
will find themselves in their fifties as they 
move towards pensionable age.” 
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