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Instructions for companies

This is the template for submission of evidence to the National Institute for Health
and Care Excellence (NICE) as part of the single technology appraisal (STA)
process. Please note that the information requirements for submissions are
summarised in this template; full details of the requirements for pharmaceuticals and

devices are in the user guide.

This submission must not be longer than 150 pages, excluding appendices and the

pages covered by this template. If it is too long it will not be accepted.

Companies making evidence submissions to NICE should also refer to the NICE
guide to the methods of technology appraisal and the NICE guide to the processes

of technology appraisal.

In this template any information that should be provided in an appendix is listed in

a box.

Highlighting in the template (excluding the contents list)

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields, so
to replace the prompt text in [grey highlighting] with your own text, click anywhere

within the highlighted text and type. Your text will overwrite the highlighted section.
To delete grey highlighted text, click anywhere within the text and press DELETE.

Grey highlighted text in the footer does not work as an automatic form field but
serves the same purpose — as prompt text to show where you need to fill in relevant
details. Replace the text highlighted in [grey] in the header and footer with
appropriate text. (To change the header and footer, double click over the header or

footer text. Double click back in the main body text when you have finished.)
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B.1. Decision problem, description of the technology and

clinical care pathway

B.1.1. Decision problem

The submission covers the technology’s full marketing authorization for this

indication, as summarized in Table 1.
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Table 1: The decision problem

Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

considered include:

e Overall survival

e Disease recurrence

e Response to treatment

e Cessation or avoidance of dialysis

e Maintenance or improvement of
kidney function

e Other major non-renal clinical
outcomes

o Eligibility for/success of
transplantation

e Development of antibodies and
resistance

¢ Adverse effects of treatment

considered include:

e Overall survival

o Disease recurrence

e Response to treatment

e Cessation or avoidance of dialysis

e Maintenance or improvement of
kidney function

e Other major non-renal clinical
outcomes

o Eligibility for/success of
transplantation

¢ Development of antibodies and
resistance

e Adverse effects of treatment

Population People who weigh 10 kg or more with | People with a body weight of 10 kg or | Not applicable but it should be noted that
atypical haemolytic uremic syndrome | above with atypical haemolytic wording has been aligned to the marketing
(aHUS) and: uremic syndrome (aHUS) and: authorization.
¢ who have not had complement- ¢ who are complement inhibitor
inhibitor treatment, or treatment-naive, or
¢ who have had eculizumab for at ¢ have received eculizumab for at
least 3 months and whose disease least 3 months and have evidence
has responded to eculizumab. of response to eculizumab.
Intervention Ravulizumab Ravulizumab Not applicable
Comparator(s) | Eculizumab Eculizumab Not applicable
Outcomes The outcome measures to be The outcome measures to be Not applicable but it should be noted that:

e Overall survival was not a pre-specified
endpoint in the ravulizumab trial
programme, although deaths were
captured as a safety outcome. Overall
survival has been modelled in the
pharmacoeconomic analyses using
Office of National Statistics data and
mortality data from the literature.

e Disease recurrence was not a pre-
specified endpoint in the ravulizumab
trial programme, but TMA parameters
were collected both in patients who
discontinued treatment but remained on
study and those who demonstrated
complete TMA response and continued
treatment. However, no data on
recurrence are available yet, given the

Company evidence submission for ravulizumab for treating atypical haemolytic uremic syndrome (aHUS) [ID1530] Alexion (2020). All rights
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Final scope issued by NICE Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

¢ Health-related quality of life e Health-related quality of life

limited follow up to date. Disease
recurrence has been modelled in the
pharmacoeconomic analyses using
longer-term data from eculizumab trials
and aHUS registry data.

¢ Non-renal clinical outcomes assessed in

the ravulizumab trial programme include
haematological parameters (platelets,
LDH, Hb). Major non-renal clinical
outcomes such as thrombosis or cardiac
events were captured as safety events.

¢ Eligibility for/success of transplantation

was not a pre-specified endpoint in the
ravulizumab trial programme. CKD
stage data (evaluated by eGFR at select
target days) were captured and are
used to inform transplant considerations
in the economic modelling.

Key: aHUS, atypical haemolytic uraemic syndrome; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; LDH,
lactate dehydrogenase; NRCTC, National Renal Complement Therapeutics Centre; TMA, thrombotic microangiopathy.
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B.1.2. Description of the technology being appraised

Ravulizumab is a monoclonal antibody (mAB) therapy that acts as a complement
inhibitor, binding to the complement protein C5 within the terminal complement
pathway. As a terminal complement inhibitor, ravulizumab antagonizes terminal
complement-mediated inflammation, cell activation and subsequent cell lysis, while
preserving the early components of complement activation that are essential for

opsonization of microorganisms and clearance of immune complexes.

Ravulizumab was designed by re-engineering eculizumab, the current standard of
care in aHUS, to approximately quadruple the half-life of the drug. The extended
half-life supports a longer dosing interval of 8 weeks for ravulizumab, compared with

2 weeks for eculizumab (or 4 weeks versus 2 weeks for paedeatric patients < 20 kg).

Figure 1 summarizes the mechanism of antibody recycling that confers the longer
half-life for ravulizumab compared with eculizumab. The complement pathway that
helps contextualize the ravulizumab mechanism of action is presented in Section

B.1.3.1 (Figure 2). Table 2 summarizes the technology being appraised.

The summary of product characteristics (SmPC) and the European public

assessment report (EPAR) are provided in Appendix C.
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Figure 1: Mechanism of action of ravulizumab compared with eculizumab

Both ravulizumab and eculizumab bind to C5 in the bloedstream and preventits activation.

Ravuliumab is engineered to release C5 in the endosome as pH levels drop, leaving C5 to be degraded by the
lysosome while allowing ravulizumah to use a natural pathway to recycle back into the bloodstream via FcRn.
Ravulizumab differs from eculizumab in how it behaves after binding to C5. For eculizumab, binding to C5 inhibits
FeRn-mediated recycling, leading to its lysosomal degradation along with 5.

'-n 0'.){__ o

Rawvulizumab has also been engineered to bind to FcRn with greater affinity. Through these modifications, ravulizumab

has over a 4x longer half-life than eculizumab, providing immediate, complete, and sustained inhibition of C5 for 8
weeks.
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Table 2: Ravulizumab in aHUS Product Characteristics

UK approved name
Brand name

Ravulizumab
Ultomiris®

Mechanism of action

Ravulizumab is a monoclonal antibody IgG2/4K that specifically
binds to the complement protein C5, preventing cleavage of C5
to C5a and C5b and subsequent generation of the terminal
complement complex C5b-9.

Marketing authorization
status

Positive CHMP opinion for the aHUS indication was received
on 30 April 2020 with European Commission marketing
authorization granted on 25 June 2020.

Indications and any
restriction(s) as
described in the SmPC

‘Ultomiris is indicated in the treatment of patients with a body
weight of 10 kg or above with atypical haemolytic uremic
syndrome (aHUS) who are complement inhibitor treatment-
naive or have received eculizumab for at least 3 months and
have evidence of response to eculizumab.’

Method of
administration and
dosage

Ravulizumab is administered by intravenous infusion.
Dosage is determined by weight as detailed below.

Dosing schedule consists of an initial loading dose, followed by
maintenance dosing, starting 2 weeks after the loading dose.

Adult patients (and paediatric patients = 40 kg):

Body weight | Loading Maintenance | Maintenance
(kg) dose (mg) | dose (mg) dosing interval
240to<60 | 2,400 3,000 Every 8 weeks
260to <100 | 2,700 3,300 Every 8 weeks
> 100 3,000 3,600 Every 8 weeks

Paediatric patients:

cost of a course of
treatment

Body weight | Loading Maintenance | Maintenance
(kg) dose (mg) | dose (mg) dosing interval
=210to <20 | 600 600 Every 4 weeks
=220to<30 | 900 2,100 Every 8 weeks
=230to<40 | 1200 2,700 Every 8 weeks

Additional tests or None.

investigations

List price and average | List price:

£4,533 for 30 mL vial (10 mg/mL)

Regulatory review of two new vial sizes (3 mL and 11 mL)
containing 100 mg/mL of ravulizumab is also ongoing with
CHMP positive opinion received on 21 September 2020 and

marketing authorization expected to extend to these vial sizes
by November (2020)._
o £4,533 for 3 mL vial (100 mg/mL)

o I for 11 mL vial (100 mg/mL)
« Cost per mg: NG

Average cost of treatment per month: £27,678*

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
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Patient access scheme | A simple PAS is offered to the NHS. -

PAS price:
o [ for 30 mL vial (10 mg/mL)

o [ for 3 mL vial (100 mg/mL)
o I ior 11 mL vial (100 mg/mL)
« Cost per mg: NG

Average cost of treatment per month: || ||l

Key: aHUS, atypical haemolytic uremic syndrome; CHMP, Committee for Medicinal Products for
Human Use; NHS, National Health Service; PAS, patient access scheme; SmPC, Summary of
Product Characteristics.

Note: *Average monthly cost for patients on treatment over 5 years.

Source: Ultomiris SmPC'

B.1.3. Health condition and position of the technology in the

treatment pathway

B.1.3.1 Disease overview

Atypical haemolytic uremic syndrome (aHUS) is a life-threatening ultra-rare disease
in which patients are susceptible to sudden and progressive episodes of thrombotic
microangiopathy (TMA) that can damage vital organs, most commonly the kidneys. ?
It can occur in both adults and children and can develop at any age?®, with most
patients presenting with haemolysis, thrombocytopenia, and organ damage typically
in the form of acute kidney injury (AKI).2 Without complement-inhibitor treatment,
nearly 80% of patients will die, require renal replacement therapy or have chronic

kidney disease (CKD) within 3 years of diagnosis.*

The underlying pathophysiology of aHUS is uncontrolled terminal complement
activation in the alternative pathway of complement, as depicted in Figure 2. There is
no single known cause of this uncontrolled terminal complement activation, and
defects in the regulatory components of the complement system can be inherited or
acquired.® Complement regulatory gene/protein mutations (including Complement
Factor H [CFH], Complement Factor | [CFI], Complement Factor B [CFB], membrane
cofactor protein [MCP], thrombomodulin [THBD] and C3 mutations), CFH
polymorphisms affecting the function of various complement proteins, or anti-CFH

autoantibodies are identified in 45-70% of patients.®-°

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
syndrome (aHUS) [ID1530] Alexion (2020). All rights reserved 13 of 166



Figure 2: Underlying pathophysiology of TMA in aHUS
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Sources: Adapted from Campistol et al. 2015'%; Koscielska-Kasprzak et al. 2014""; Sakari Jokiranta 2017'2; Maga et al. 2010"%; Nester 2012."
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The true incidence and prevalence of aHUS in the UK are uncertain as aHUS is a
diagnosis of exclusion (see Section B.1.3.2) and some patients remain undiagnosed.
The National Renal Complement Therapeutics Centre (NRCTC) in Newcastle upon
Tyne, where the care of patients with aHUS across England is managed (see
Section B.1.3.2) is currently treating | people for aHUS (Il adult patients and [}
paediatric patients) with complement inhibitor (eculizumab), with B patients started

on treatment in the last annual data cut (2019-2020) (data on file).

B.1.3.2 Clinical pathway of care
The National aHUS Service, which operates as part of the NRCTC, manages the

diagnosis and treatment of aHUS for NHS England.'® This follows a decision from
the National Institute for Health and Care Excellence (NICE), recommending

eculizumab for treating aHUS, only if the following arrangements are in place’®:

e Coordination of eculizumab use through an expert centre

e Monitoring systems to record the number of people with a diagnosis of aHUS and
the number who have eculizumab, and the dose and duration of treatment

e A national protocol for starting and stopping eculizumab for clinical reasons

¢ A research programme with robust methods to evaluate when stopping treatment

or dose adjustment might occur

There is no single diagnostic test for aHUS due to the heterogeneous aetiology (see
Section B.1.3.1). aHUS is suspected when patients present with signs of TMA and
kidney impairment, and a clinical diagnosis is made once biochemical and
haematological analyses have demonstrated microangiopathic haemolytic anaemia,
thrombocytopenia and acute renal failure and/or renal biopsy shows a thrombotic
microangiopathy.'” Following clinical diagnosis, exclusion of other potential causes
of TMA (for example, Shiga toxin-related haemolytic uraemic syndrome [STEC-
HUS]) is necessary but in emergency cases, patients can be initiated on
complement-inhibitor treatment (currently eculizumab) for aHUS while screening for
differential diagnosis continues.' The exception to this is that a negative ADAMTS13
test for a differential diagnosis of thrombotic thrombocytopenia purpura (TTP) is a
prerequisite for eculizumab initiation in adults. Until the ADAMTS13 test results are

available, the NRCTC recommend that plasma therapy is undertaken where
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appropriate. In paediatric patients with a clinical diagnosis of aHUS, eculizumab can
be initiated before ADAMTS13 test results are available as TTP is rare in children

and plasma therapy can be challenging.®

Patients without a differential diagnosis continue to be treated with eculizumab and
are monitored for renal recovery. Those who do not show signs of renal recovery
discontinue treatment on the assumption that these patients do not have
complement-mediated aHUS (referred to as non-responders) or have such late
presentation of disease that complement-inhibitor treatment is futile (referred to as
late-presenters).® Typically this occurs after 3—4 months of treatment in current
practice®® but would not occur before 6 months of treatment with ravulizumab, as this

is the recommended minimum treatment duration (see Appendix C).

Patients who show signs of renal recovery have historically continued treatment
indefinitely; however, discontinuation may be considered for those with stabilization
or normalization of renal function in modern practice. Currently in the UK, these
patients would be enrolled to the Stopping Eculizumab Treatment Safely in aHUS
(SETS) study before discontinuation.?! This study is designed to assess the safety
and impact of eculizumab withdrawal after at least 6 months of treatment in line with
this change in practice. Patients who relapse after eculizumab withdrawal will be
reinitiated on treatment and are expected to remain on treatment indefinitely.?° The
outcomes of the SETS study will dictate treatment discontinuation and reinitiation

decisions in future, that would apply to ravulizumab as well as eculizumab.

Patients initiated on eculizumab treatment who do not show signs of renal recovery
due to late presentation may be placed on the kidney transplant list and often receive
pre-emptive eculizumab, consisting of a single dose of eculizumab prior to transplant
(900 mg for adults, adjusted for body weight in children).?? 23 Following transplant,
patients continue to receive eculizumab treatment and are likely to remain on
treatment indefinitely.?® Ravulizumab is expected to be used in a similar way to

eculizumab in transplant patients.?*

In the treatment initiation phase, adult patients receive eculizumab 900 mg via 25-45
minute intravenous infusion every week for the first four weeks.?® In the treatment

maintenance phase, adult patients receive eculizumab 1,200 mg via 25-45 minute
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intravenous infusion every 14 + 2 days. Paediatric patients with body weight <40 kg

receive eculizumab in accordance with the dosing schedule detailed in Table 3.

Table 3: Eculizumab dosing regimen for paediatric aHUS patients with body

weight below 40 kg

Body weight | Initiation 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

5to <10 kg 300 mg weekly x 1 300 mg at Week 2; then 300 mg every 3 weeks

Key: aHUS, atypical haemolytic uremic syndrome.
Source: Soliris, summary of product characteristics.?

For all patients in England, treatment is initiated by the local nephrology team in the
hospital setting. However, once patients are stabilized, treatment can be
administered at each patient’s home through a homecare service. This homecare
service, including the delivery of the drug to the patient’'s home and the nurse’s time
needed to mix and infuse the drug, is fully funded by Alexion (only blood tests
occasionally requested by the attending nurse are funded by the NHS). In current
practice, approximately 75% of patients transfer to the homecare service once it has
been determined that they will require ongoing, long-term treatment to manage their

condition (data on file).

Figure 3 summarizes the clinical pathway of care for patients with aHUS in NHS
England. The proposed positioning for ravulizumab is as an alternative treatment
option to eculizumab, with the exception of paediatric patients with body weight

below 10 kg who are not covered in the marketing authorization (Table 2).
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Figure 3: Clinical pathway of care for patients with aHUS

Clinician refers patient
to the National aHUS
Service

Samples taken for
diagnostic tests to aid
confirmation of aHUS

Suspected diagnosis of
aHUS

« PLEX at either stage due to suspicion of
TTP, but mostly after referral
- ADAMTS13 test at either stage

ADAMTS13
deficiency excluded
for adults?

Discontinuation : : » Kidney transplant list —|

Patients discontinued as non-
responder or late-presenter

Patient stabilized

Renal recovery? Eculizumab continued on treatment?

Discontinuation
Patients discontinued due to

Discontinuation differential diagnosis

Patients discontinued due to safety
reasons, patient choice, death etc.

Eculizumab continued

Stabilization or Discontinuation
normalization of renal Patients discontinued Relapse? Eculizumab re-initiated

function? within SETS study

Yes

Ecuiizumab approval

and initiation

Including pre-emptive
eculizumab prior to
kidney transplant

Key:

Diagnosis
Treatment
Discontinuation
Decision

Key: aHUS, atypical haemolytic uremic syndrome; PLEX, plasma exchange; SETS, Stopping Eculizumab Treatment Safely in aHUS; TTP, thrombotic

thrombocytopenic purpura.
Sources: Adapted from the National Renal Complement Therapeutics Centre website.'” 1821, 22
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B.1.3.3 Remaining unmet medical need

Eculizumab has transformed the treatment landscape and prognosis of patients with
aHUS, significantly reducing TMA event rates, acute renal failure event rates,
progression to end-stage renal disease (ESRD) and mortality rates.* 263" The latest
NRCTC report states that no deaths were attributable to a diagnosis of complement-
mediated aHUS or its treatment from April 2018 to March 2019.'® However, there are

some remaining areas of unmet need in the aHUS setting.

Eculizumab is associated with a high administration burden due to its relatively short
half-life, with patients requiring bi-weekly infusions to maintain terminal complement
inhibition. The 2016 Global aHUS Survey reported that 35% and 29% of patients
described venous access and lost school or work time as key concerns related to
receiving eculizumab, respectively.3? Other difficulties of eculizumab treatment
include disruption to patients’ families, emotional distress related to venous access,

travel to receive treatment (for those not receiving homecare), and infection.3?

Further evidence relating to the burden of treatment with eculizumab derives from
another complement-mediated condition, paroxysmal nocturnal haemoglobinuria

(PNH). In a series of interviews with patients with PNH and their caregivers in the
UK, participants noted the negative effect of bi-weekly infusions of eculizumab on
their quality of life.33 This ranged from anxiety on the day of their infusion, to the

impact of travelling, loss of their independence and disruption to their working life.

B.1.4. Equality considerations

No equality issues are anticipated for the appraisal of ravulizumab.
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B.2. Clinical effectiveness

B.2.1. Identification and selection of relevant studies

Full details of the process and methods used to identify and select the clinical

evidence relevant to this appraisal are provided in Appendix D.

B.2.2. List of relevant clinical effectiveness evidence

Two pivotal trials provide evidence of the clinical benefits of ravulizumab for the
treatment of aHUS: ALXN1210-aHUS-311 and ALXN1210-aHUS-312, as
summarized in Table 4. ALXN1210-aHUS-311 provides evidence for the treatment of
adult patients and ALXN1210-aHUS-312 provides evidence for the treatment of
paediatric patients. Both report outcomes of relevance to the decision problem and

are used to populate the subsequent economic modelling.

Table 4: Clinical effectiveness evidence

ALXN1210-aHUS-311 ALXN1210-aHUS-312
NCT02949128 NCT03131219

Study design | Phaselll Phase lll
Single group assignment Single group assignment
Open-label Open-label

Population Adults with aHUS who are Children and adolescents with
complement inhibitor treatment- aHUS who are (i) complement
naive inhibitor treatment-naive or (ii)

clinically stable following 290 days
treatment with eculizumab

Intervention(s) | Ravulizumab Ravulizumab
Comparator(s) | None None
Trial supports | Yes | ¥ | Indicateif |Yes | v"|Yes | v |Indicateif | Yes | v
application for trial used trial used
marketing No in the No No in the No
authorisation economic economic

model model
Rationale for Pivotal evidence of the clinical Pivotal evidence of the clinical
use/non-use benefits of ravulizumab in adult benefits of ravulizumab in
in the model patients with aHUS. paediatric patients with aHUS.

Pivotal evidence of the clinical
benefits of ‘switching’ patients
clinically stable on eculizumab to
ravulizumab.
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ALXN1210-aHUS-311 ALXN1210-aHUS-312
NCT02949128 NCT03131219
Reported e Response to treatment e Response to treatment
outcomes (complete TMA response, (complete TMA response,
specified in haematological parameters and haematological parameters and
the decision serum creatinine improvement) serum creatinine improvement)
problem ¢ Cessation or avoidance of e Cessation or avoidance of
dialysis (dialysis requirement dialysis (dialysis requirement
status) status)
¢ Maintenance or improvement | ¢ Maintenance or improvement
of kidney function (CKD of kidney function (CKD
stage, as evaluated by eGFR at stage, as evaluated by eGFR at
select target days) select target days)
o Development of antibodies and | ¢ Development of antibodies and
resistance resistance
o Adverse effects of treatment | ¢ Adverse effects of treatment
¢ Health-related quality of life ¢ Health-related quality of life
Other e Treatment exposure e Treatment exposure
reported e PKand PD endpoints e PKand PD endpoints
outcomes
Complete Rondeau et al. 20203 None to date
published
reports
Conference Rondeau et al. 2019%° Greenbaum et al. 201938
proceedings Rondeau et al. 20193 Cataland et al. 2019%
Cataland et al. 2019%7
Regulatory European Public Assessment European Public Assessment
materials Report® Report®
Summary of Product Summary of Product
Characteristics’ Characteristics’
Clinical study | Clinical study report (52-week)* Clinical study report (52-week)*’
reports

Key: CKD, chronic kidney disease; HRQL, health-related quality of life; LDH, lactate
dehydrogenase; PD, pharmacodynamic; PK, pharmacokinetic; PNH, paroxysmal nocturnal

haemoglobinuria.
Notes: Outcomes in bold are those directly used in the economic modelling.

In the absence of head-to-head data, estimates of the comparative benefits of
ravulizumab compared with eculizumab in the aHUS setting are provided through
indirect treatment comparison (ITC), described in Section B.2.9. Outcomes of the
ITC are supported with head-to-head data formally proving non-inferiority of

ravulizumab compared with eculizumab in the PNH setting (see Section B.2.13)
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B.2.3. Summary of methodology of the relevant clinical

effectiveness evidence

Table 5 fully details the methodology of ALXN1210-aHUS-311 and ALXN1210-

aHUS-312, and each are summarized in turn below.
B.2.3.1 Summary of methodology

B.2.3.1.1 ALXN1210-aHUS-311

ALXN1210-aHUS-311 is a Phase lll single-arm trial, designed to assess the efficacy
and safety of ravulizumab in adults with a documented diagnosis of aHUS who are
complement inhibitor treatment-naive. Adolescents were also eligible for enrolment
to ALXN1210-aHUS-311 but enrolment completed with only adult patients.
Consequently, enrolment of adolescents was deferred to ALXN1210-aHUS-312.

Diagnosis of aHUS was based on evidence of TMA (including thrombocytopenia),
haemolysis and kidney injury in the absence of ADAMTS13 deficiency (which
confirms a differential diagnosis of TTP), Shiga toxin (which confirms a differential
diagnosis of Shiga-toxin producing Escherichia coli-HUS [STEC-HUS]), a positive
direct Coombs test (which confirmed a differential diagnosis of autoimmune
haemolytic anaemia [AIHA]) or systemic bacterial infection that could confound an
accurate diagnosis of aHUS (in the investigator’s opinion). There were no restrictions
on enrolment based on kidney transplant status or dialysis status, except for chronic
dialysis needs. Patients with onset of TMA post-partum were eligible if they showed

persistent evidence of TMA for >3 days after the day of childbirth.

The study consisted of a Screening Period of up to 7 days, a 26-week Initial
Evaluation Period and an Extension Period of up to 4.5 years (or until the product is
registered or approved). Data are currently available up to 2 July 2019 when all
patients had received at least 52 weeks of treatment. The primary efficacy endpoint
was complete TMA response during the Initial Evaluation Period. Strict criteria were
used to define complete TMA response, encompassing simultaneous normalization
of haematologic parameters (platelet count and lactate dehydrogenase [LDH]) and
=225% improvement in serum creatinine at two separate assessments obtained at

least 4 weeks (28 days) apart (and any measurement in-between).

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
syndrome (aHUS) [ID1530] Alexion (2020). All rights reserved 22 of 166



B.2.3.1.2 ALXN1210-aHUS-312

ALXN1210-aHUS-312 is a Phase lll single-arm trial, designed to assess the efficacy
and safety of ravulizumab in children and adolescents with a documented diagnosis
of aHUS. The trial includes two cohorts: Cohort 1 enrolled complement inhibitor
treatment-naive patients and Cohort 2 enrolled patients clinically stable following at

least 90 days of eculizumab treatment (eculizumab-experienced patients).

Diagnosis of aHUS was based on the same evidence of TMA in the absence of
differential diagnosis test results as described for ALXN1210-aHUS-311, and the trial
used the same primary efficacy endpoint. Study periods were also aligned except for
the Screening Period for Cohort 2 that could continue for up to 28 days. Data are
currently available up to 3 December 2019 when all patients had received at least 52

weeks of treatment.
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Table 5: Methodology of ALXN1210-aHUS-311 and ALXN1210-aHUS-312

ALXN1210-aHUS-311
NCT02949128

ALXN1210-aHUS-312
NCTO03131219

2. Evidence of TMA (including thrombocytopenia,
evidence of haemolysis, and kidney injury) based on:

— Platelet count < 150,000/uL at screening

— LDH = 1.5 x ULN and Hb < LLN for age and gender
at screening

— Serum creatinine level 2 ULN in adults or 2 97.5%
percentile for age
3. Among patients with a kidney transplant:

— Known history of aHUS prior to current kidney
transplant, or

— No known history of aHUS, and persistent evidence
of TMA at least 4 days after modifying the
immunosuppressive regimen

Trial design Phase lll, open-label, single arm, multi-centre study Phase lll, open-label, single arm, multi-centre study
41 sites across 14 countries (including the UK where ] | 20 sites across eight counties (including the UK where
patients were recruited across [ sites) Il patients were recruited across [ sites)
The study consists of a: The study consists of a:
e Screening Period of up to 7 days e Screening Period of up to 7 days for Cohort 1 or up to
e Initial Evaluation Period of 26 weeks 28 days for Cohort 2
e Extension Period of up to 4.5 years ¢ [nitial Evaluation Period of 26 weeks
e Extension Period of up to 4.5 years
Inclusion 1. Male or female patients aged 12 or older, weighing 240 | 1. Male or female patients aged <18 years, weighing =25
criteria kg at the time of consent kg at the time of consent, who:

— For Cohort 1 patients, had not been previously
treated with complement inhibitors

— For Cohort 2 patients, were between 12 and < 18
years of age (non-Japanese sites) or < 18 years of
age (Japanese sites) and had been treated with
eculizumab according to the labelled dosing
recommendation for aHUS for at least 90 days prior
to screening

2. For Cohort 1 patients, evidence of TMA (including
thrombocytopenia, evidence of haemolysis, and kidney
injury) based on:

— Platelet count < 150,000/pL at screening

— LDH=1.5x ULN and Hb < LLN for age and gender
at screening

— Serum creatinine level =2 97.5™ percentile for age
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4. Among patients with onset of TMA postpartum,
persistent evidence of TMA for > 3 days after the day of
childbirth

5. Patients vaccinated against meningococcal infections
within 3 years prior to, or at the time of, initiating study
drug. Patients who received the meningococcal vaccine
less than 2 weeks before initiating ravulizumab treatment
must have received treatment with appropriate
prophylactic antibiotics until 2 weeks after vaccination.
Patients who had not been vaccinated prior to initiating
ravulizumab treatment should have received prophylactic
antibiotics prior to and for at least 2 weeks after
meningococcal vaccination

6. Patients < 18 years of age must have been vaccinated
against Haemophilus influenzae type b and Streptococcus
pneumoniae according to national and local vaccination
schedule guidelines

7. Female patients of childbearing potential and male
patients with female partners of childbearing potential
must follow protocol-specified guidance for avoiding
pregnancy while on treatment and for 8 months after last
dose of study drug.

8. Patients must have been willing and able to give written
informed consent and to comply with all study visits and
procedures. For patients < 18 years of age, patient's legal
guardian must have been willing and able to give written
informed consent and the patient must have been willing
to give written informed assent

3. For Cohort 2 patients, documented diagnosis of aHUS,
including increase in LDH > ULN, increase in creatinine >
ULN, and decrease in platelets < LLN at the time of the
TMA event

4. For Cohort 2 patients, clinical evidence of response to
eculizumab indicated by stable TMA parameters at
screening, including:

— Platelet count = 150,000/uL, and
— LDH < 1.5 x ULN, and
— eGFR > 30 mL/min/1.73 m?
5. Among patients with a kidney transplant:

— Known history of aHUS prior to current kidney
transplant, or

— No known history of aHUS, and persistent evidence
of TMA at least 4 days after modifying the
immunosuppressive regimen

6. Among patients with onset of TMA postpartum,
persistent evidence of TMA for > 3 days after the day of
childbirth

7. Patients vaccinated against meningococcal infections
within 3 years prior to, or at the time of, initiating study
drug. Patients who received the meningococcal vaccine
less than 2 weeks before initiating ravulizumab treatment
must have received treatment with appropriate
prophylactic antibiotics until 2 weeks after vaccination.
Patients who had not been vaccinated prior to initiating
ravulizumab treatment should have received prophylactic
antibiotics prior to and for at least 2 weeks after
meningococcal vaccination.

8. Patients must have been vaccinated against
Haemophilus influenzae type b and Streptococcus

Company evidence submission for ravulizumab for treating atypical haemolytic uremic syndrome (aHUS) [ID1530] Alexion (2020). All rights
25 of 166




ALXN1210-aHUS-311
NCT02949128

ALXN1210-aHUS-312
NCTO03131219

pneumoniae according to national and local vaccination
schedule guidelines

9. Female patients of childbearing potential and male
patients with female partners of childbearing potential
must follow protocol-specified guidance for avoiding
pregnancy while on treatment and for 8 months after last
dose of study drug.

10. Patient's legal guardian must have been willing and
able to give written informed consent and the patient must
have been willing to give written informed assent and
comply with the study visit schedule

Exclusion
criteria

1. Known familial or acquired ADAMTS13 deficiency
2. Known STEC-HUS

3. Positive direct Coombs test

4. Known HIV infection

5. Unresolved meningococcal disease

6. Confirmed diagnosis of ongoing sepsis within 7 days
prior to the start of screening

7. Presence or suspicion of active and untreated systemic
bacterial infection that confounded an accurate diagnosis
of aHUS or impeded the ability to manage the aHUS
disease

8. Pregnancy or breastfeeding
9. Heart, lung, small bowel, pancreas, or liver transplant

10. Among patients with a kidney transplant, acute kidney
dysfunction within 4 weeks of transplant consistent with
the diagnosis of AMR

1. Known familial or acquired ADAMTS13 deficiency
2. Known STEC-HUS

3. Positive direct Coombs test

4. Known HIV infection

5. Unresolved meningococcal disease

6. Confirmed diagnosis of ongoing sepsis within 7 days
prior to the start of screening

7. Presence or suspicion of active and untreated systemic
bacterial infection that confounded an accurate diagnosis
of aHUS or impeded the ability to manage the aHUS
disease

8. Females who planned to become pregnant during the
study or were currently pregnant or breastfeeding

9. Heart, lung, small bowel, pancreas, or liver transplant

10. Among patients with a kidney transplant, acute kidney
dysfunction within 4 weeks of transplant consistent with
the diagnosis of AMR
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ALXN1210-aHUS-311
NCT02949128

ALXN1210-aHUS-312
NCTO03131219

11. Among patients without a kidney transplant, history of
kidney disease other than aHUS

12. Identified drug exposure-related HUS

13. Received plasma exchange/plasma infusion, for 28
days or longer, prior to the start of screening for the
current TMA

14. History of malignancy within 5 years of screening
except for nonmelanoma skin cancer or carcinoma in situ
of the cervix that had been treated with no evidence of
recurrence

15. Bone marrow transplant/hematopoietic stem cell
transplant within the last 6 months prior to the start of
Screening

16. HUS related to known genetic defects of cobalamin C
metabolism

17. Known systemic sclerosis (scleroderma), systemic
lupus erythematosus, or antiphospholipid antibody
positivity or syndrome

18. Chronic dialysis (defined as dialysis on a regular basis
as renal replacement therapy for ESKD)

19. Chronic intravenous immunoglobulin (IVIg) within 8
weeks prior to the start of screening, unless for unrelated
medical condition; or chronic rituximab therapy within 12
weeks prior to the start of screening

20. Patients who received other immunosuppressive
therapies unless part of an established post-transplant
antirejection regimen, the patient had confirmed anti-
complement factor antibodies requiring

11. Among patients without a kidney transplant, history of
kidney disease other than aHUS

12. Identified drug exposure-related HUS

13. For Cohort 1, patients who received plasma
exchange/plasma infusion, for 28 days or longer, prior to
the start of screening for the current TMA

14. History of malignancy within 5 years of screening
except for nonmelanoma skin cancer or carcinoma in situ
of the cervix that had been treated with no evidence of
recurrence

15. Bone marrow transplant/hematopoietic stem cell
transplant within the last 6 months prior to the start of
Screening

16. HUS related to known genetic defects of cobalamin C
metabolism

17. Known systemic sclerosis (scleroderma), systemic
lupus erythematosus, or antiphospholipid antibody
positivity or syndrome

18. Chronic dialysis (defined as dialysis on a regular basis
as renal replacement therapy for ESKD)

19. Chronic intravenous immunoglobulin (IVIg) within 8
weeks prior to the start of screening, unless for unrelated
medical condition; or chronic rituximab therapy within 12
weeks prior to the start of screening

20. Patients who received other immunosuppressive
therapies unless part of an established post-transplant
antirejection regimen, the patient had confirmed anti-
complement factor antibodies requiring
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ALXN1210-aHUS-311
NCT02949128

ALXN1210-aHUS-312
NCTO03131219

immunosuppressive therapy, or steroids were being used
for a condition other than aHUS

21. Participation in another interventional treatment study
or use of any experimental therapy within 30 days before
initiation of study drug on Day 1 in this study or within 5
half-lives of that investigational product, whichever was
greater

22. Prior use of eculizumab or other complement
inhibitors

23. Hypersensitivity to any ingredient contained in the
study drug, including hypersensitivity to murine proteins

24. Any medical or psychological condition that could
have increased the risk to the patient by participating in
the study or confound the outcome of the study

25. Known or suspected history of drug or alcohol abuse
or dependence within 1 year prior to the start of screening
26. Use of tranexamic acid within 7 days prior to
screening

immunosuppressive therapy, or steroids were being used
for a condition other than aHUS

21. Participation in another interventional treatment study
or use of any experimental therapy within 30 days before
initiation of study drug on Day 1 in this study or within 5
half-lives of that investigational product, whichever was
greater

22. For Cohort 1, prior use of eculizumab or other
complement inhibitors

23. For Cohort 2, prior use of complement inhibitors other
than eculizumab

24. For Cohort 2, any known abnormal TMA parameters
within 90 days prior to screening

25. Hypersensitivity to any ingredient contained in the
study drug, including hypersensitivity to murine proteins
26. Any medical or psychological condition that could
have increased the risk to the patient by participating in
the study or confound the outcome of the study

27. Known or suspected history of drug or alcohol abuse
or dependence within 1 year prior to the start of screening

28. Use of tranexamic acid within 7 days prior to
screening
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ALXN1210-aHUS-311
NCT02949128

ALXN1210-aHUS-312
NCTO03131219

Trial drugs

Ravulizumab (n=58): Loading dose was given on Day 1
with maintenance doses on Day 15 and Q8W thereafter
by IV infusion. Dosages were based on the patient’s body
weight as shown below:

Body weight Ravulizumab Ravulizumab
loading dose maintenance dose

240 to <60 kg 2,400 mg 3,000 mg

260 to <100 kg | 2,700 mg 3,300 mg

2100 kg 3,000 mg 3,600 mg

Ravulizumab Cohorts 1 (n=21) and 2 (n=10): Loading
dose was given on Day 1 with maintenance doses on Day
15 and Q8W thereafter for patients weighing = 20 kg, or
Q4W for patients weighing < 20 kg by IV infusion. For
Cohort 2 patients, Day 1 of study treatment occurred 14
days from the patient’s last dose of eculizumab. Dosages
were based on the patient’s body weight as shown below:

Body weight | Ravulizumab | Ravulizumab
loading dose | maintenance dose
(frequency)
25to <10 kg 600 mg* 300 mg (Q4W)
210to <20 kg | 600 mg 600 mg (Q4W)
220to <30 kg | 900 mg 2,100 mg (Q8W)
>30to<40kg | 1,200 mg 2,700 mg (Q8W)
240 to <60 kg | 2,400 mg 3,000 mg (Q8W)
=260 to <100 kg | 2,700 mg 3,300 mg (Q8W)
2100 kg 3,000 mg 3,600 mg (Q8W)

*loading dose of 300 mg in the = 5 to < 10 kg group was
used for patients enrolled prior to a protocol amendment

Permitted and

disallowed
concomitant
medications

Patients were prohibited from receiving any of the
following medications and procedures at any time after
the first dose of study drug for all patients in the study
until completion of the study or early termination of the
patient from the study:

e Eculizumab or other complement inhibitors

e Use of any other investigational drug or device as part
of a clinical study

e [VIg (unless for an unrelated medical need)

Patients were prohibited from receiving any of the
following medications and procedures at any time after
the first dose of study drug for all patients in the study
until completion of the study or early termination of the
patient from the study:

e Eculizumab or other complement inhibitors

¢ Use of any other investigational drug or device as part
of a clinical study

e [VIg (unless for an unrelated medical need)
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NCT02949128

ALXN1210-aHUS-312
NCTO03131219

¢ Rituximab
e Plasma exchange/plasma infusion

¢ New dialysis within the first 48-hour period following
the first dose of ravulizumab unless there was a
compelling medical need

Use of other immunosuppressive therapies (such as
steroids, mTORI, CNI) during the study were not allowed
unless: a) part of an established post-transplant
antirejection regimen, or b) patient had confirmed anti-
complement factor antibodies requiring
immunosuppressive therapy, or c) steroids were being
used for a condition other than aHUS, or d) steroids
initiated empirically prior to enrolment and were being
tapered as standard of care.

Corticosteroid use for empiric treatment of indications
including ‘thrombotic microangiopathy,” ‘renal failure
standard of care,’ or ‘prevention of systemic disease’ prior
to or during screening was not exclusionary or prohibited.

e Rituximab
e Plasma exchange/plasma infusion

¢ New dialysis within the first 48-hour period following
the first dose of ravulizumab unless there was a
compelling medical need

Use of other immunosuppressive therapies (such as
steroids, mTORIi, CNI) during the study were not allowed
unless: a) part of an established post-transplant
antirejection regimen, or b) patient had confirmed anti-
complement factor antibodies requiring
immunosuppressive therapy, or c) steroids were being
used for a condition other than aHUS, or d) steroids
initiated empirically prior to enrolment and were being
tapered as standard of care.

¢ Dialysis requirement status at endpoint
e Observed value and change from baseline in eGFR

Primary ¢ Complete TMA Response during the 26-week Initial o Complete TMA Response during the 26-week Initial

efficacy Evaluation Period, as evidenced by normalization of Evaluation Period, as evidenced by normalization of

outcome haematological parameters (platelet count and LDH) haematological parameters (platelet count and LDH)
and 225% improvement in serum creatinine from BL and =225% improvement in serum creatinine from BL
sustained for at least 2 consecutive measures over a sustained for at least 2 consecutive measures over a
period of at least 4 weeks period of at least 4 weeks (Cohort 1)

Secondary ¢ Time to Complete TMA Response e Time to Complete TMA Response (Cohort 1)

efficacy e Complete TMA Response status over time o Complete TMA Response status over time (Cohort 1)

outcomes

¢ Dialysis requirement status at endpoint (both cohorts)
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e CKOD stage, as evaluated by eGFR at select target
days and classified as improved, stable (no change), or
worsened compared to baseline

¢ Observed value and change from baseline in
haematological parameters (platelets, LDH, Hb)

¢ Increase in Hb of 2 20 g/L from baseline

e Change from baseline in QoL, as measured by EQ-5D-
3L and FACIT-Fatigue

e TMA parameters in patients who discontinued
treatment but remained in the study

e Observed value and change from baseline in eGFR
(both cohorts)

e CKD stage, as evaluated by eGFR at select target
days and classified as improved, stable (no change), or
worsened compared to baseline (both cohorts)

¢ Observed value and change from baseline in
haematological parameters (platelets, LDH, Hb) (both
cohorts)

¢ Increase in Hb of = 20 g/L from baseline (Cohort 1)

e Change from baseline in QoL, as measured by
Paediatric FACIT-Fatigue (patients = 5 years of age)
(both cohorts)

o TMA parameters in patients who discontinued
treatment but remained in the study (Cohort 1)

Safety and
PK/PD
outcomes

The long-term safety and tolerability of ravulizumab was
evaluated by:

e Physical examinations

o Vital signs

e Electrocardiograms

e Laboratory assessments

¢ Incidence of AEs and SAEs

e The proportion of patients who developed ADAs
PK/PD endpoints:

¢ Changes in serum ravulizumab concentration over time
¢ Changes in serum free C5 concentrations over time

The long-term safety and tolerability of ravulizumab was
evaluated by:

Physical examinations

Vital signs

Electrocardiograms

Laboratory assessments

¢ Incidence of AEs and SAEs

e The proportion of patients who developed ADAs
PK/PD endpoints:

¢ Changes in serum ravulizumab concentration over time
¢ Changes in serum free C5 concentrations over time
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e Changes in serum free C5 and ravulizumab e Changes in serum free C5 and ravulizumab
concentration in patients who discontinued treatment concentration in patients who discontinued treatment
but remained in the study but remained in the study

Key: ADAs, antidrug antibodies; AEs, adverse events; aHUS, atypical haemolytic uremic syndrome; AMR, acute antibody-mediated rejection; BL,
baseline; C5, component 5; Cl, confidence interval; CKD, chronic kidney disease; CNI, calcineurin inhibitor; eGFR, estimated glomerular filtration rate;
EQ-5D-3L, EuroQol 5-Dimension 3-Level; FACIT, Functional Assessment of Chronic lliness Therapy; FAS, full analysis set; Hb, haemoglobin; HIV,
human immunodeficiency virus; HUS, haemolytic uremic syndrome; IV, intravenous; KM, Kaplan—Meier; LDH, lactate dehydrogenase; LLN, lower limit
of normal; mTORIi, mammalian target of rapamycin inhibitor; PD, pharmacodynamics; PK, pharmacokinetics; PP, per protocol; Q4W, every 4 weeks;
Q8W, every 8 weeks; QoL, quality of life; SAEs, serious adverse events; SD, standard deviation; STEC-HUS, Shiga toxin-related haemolytic uremic
syndrome; TMA, thrombotic microangiopathy; ULN, upper limit of normal.

Sources: ALXN1210-aHUS-311 CSR*’; ALXN1210-aHUS-312 CSR.#!
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B.2.3.2 Baseline characteristics

Table 6 summarizes the demographic and clinical characteristics of patients in the
full analysis set (FAS) of ALXN1210-aHUS-311 and ALXN1210-aHUS-312, defined
as patients who received at least one dose of ravulizumab and had at least one
efficacy assessment, a serum creatinine level = upper limit of normal (ULN) during
screening and had no known familial or acquired ADAMTS13 deficiency or STEC-
HUS.

Differences observed across trials and cohorts were expected a priori with more
severe disease characteristics displayed in complement inhibitor treatment-naive
patients. Most patients in this group (complement inhibitor treatment-naive) had
laboratory values outside of normal ranges at baseline and substantially impaired
kidney function, manifesting in a high proportion of patients requiring dialysis prior to
study enrolment and presenting with CKD stage 24. In comparison, eculizumab
experienced patients enrolled to ALXN1210-aHUS-312 Cohort 2 had laboratory
values within normal ranges at baseline and normal kidney function with most

patients presenting with CKD stage 1.

Generalizability of these baseline characteristics to the UK patient population and
potential direction of bias resulting from differences is discussed in Section B.2.13.
Overarching observations are that there is a high proportion of Asian patients in the
trial populations, and a lower proportion of patients with a known pathogenic variant
or autoantibody in the trial populations than expected in patients treated with
complement-inhibitor in UK clinical practice.?* Very few patients (JJff) were <10 kg in
weight across trials, as reflected by the exclusion of these patients in the final

marketing authorization (Table 2).
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Table 6: Baseline characteristics of patients in ALXN1210-aHUS-311 and

ALXN1210-aHUS-312

ALXN1210-
aHUS-311

NCT02949128

ALXN1210-aHUS-312

NCT03131219

Ravulizumab

Ravulizumab

Ravulizumab

(n=56) Cohort 1 Cohort 2 (n=10)
(n=18)

Male, n (%) 19 (33.9) 8 (44.4) 9 (90.0)
Race, n (%)
White/Caucasian 29 (51.8) 9 (50.0) 5 (50.0)
Asian 15 (26.8) 5(27.8) 4 (40.0)
Undisclosed 8 (14.3) 1(5.6) 0
Other 4(7.1) 4 (22.2) 1(10.0)
Age at time of first aHUS symptoms
Median years (range) 40.1 9.3-76.6) | KK T
Age at first infusion of study drug
Median years (range) 40.1 (19.5-76.6) | | EG@@ | 125 (1.2-15.5)
<2 years, n (%) 0 2(11.1) 1(10.0)
2 to <6 years, n (%) 0 9 (50.0) 1(10.0)
6 to <12 years, n (%) 0 5(27.8) 1(10.0)
12 to <18 years, n (%) 0 2(11.1) 7 (70.0)
18 to <30 years, n (%) 11 (19.6) 0 0
30 to <40 years, n (%) 17 (30.4) 0 0
40 to <50 years, n (%) 15 (26.8) 0 0
50 to <60 years, n (%) 5(8.9) 0 0
260 years, n (%) 8 (14.3) 0 0
Weight at first infusion of study drug -
Median kg (range) B B /738 (9-69)
<10 kg | I I
10 to <20 kg i I I
20 to <30 kg i I I
30 to <40 kg | I N
40 to <60 kg ] i N
60 to <100 kg ] I I
2100 kg I i |
Unknown ] B |
Platelets (normal: 130—400 10°%/L) 281.8
Median x 10%L (range) 95.3 (18-473) 51.3 (14-125) | (207-416)

LDH (normal: 120-246 U/L)
Median U/L (range)

508 (230-3,249)

1,963
(772-4,985)

207 (139-356)
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aHUS-311 NCT03131219
NCT02949128
Ravulizumab Ravulizumab | Ravulizumab
(n=56) Cohort 1 Cohort 2 (n=10)
(n=18)

Serum creatinine n=582 Not available | Not available

Median pmol/L (range) 284 (51-1,027)

Haemoglobin (normal: 130-175 g/L)

Median g/L (range) 85 (60.5-140) 74.3 (32-106) | 132 (115-148)

eGFR (normal: 2 60 mL/min/1.73 m?)

Median mL/min/1.73 m? (range) 10 (4-80) 22 (10-84) 100 (54-137)

Dialysis within 5 days of first dose

n (%) 29 (51.8) 6 (33.3) 0

Kidney transplant prior to enrolment

Any transplant, n (%) 8 (14.3) 1 (5.6) 1(10.0)

Related to aHUS, n (%) ] I

Onset of TMA post-partum, n (%) 8 (14.3) |

CKD stage, n (%) n=54

1 0 8 (80.0)

2 3(5.4) 1(10.0)

3A 1(1.8) 1(10.0)

3B 2 (3.6) 0

4 9(16.1) 0

5 40 (71.4) 0

Missing 1(1.8) 0

Systolic blood pressure, mmHg I

Median (range) ] .

Patients with 21 known pathogenic n=39 n=10 Not available

variant or autoantibody, n (%) 8 (20.5) 2 (20.0)

C3 1(2.6)

CD46 2(5.1)

CFB 1(2.6)

CFH 2(5.1)

CFH autoantibody 2(5.1)

Extra-renal signs or symptoms

Cardiovascular, n (%) 39 (69.6) 1(10.0)

Pulmonary, n (%) 25 (44.6) 0

Central nervous system, n (%) 29 (51.8) 0

Gastrointestinal, n (%) 35 (62.5) 0

Skin, n (%) 17 (30.4) 0

Skeletal muscle, n (%) 13 (23.2) 0
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ALXN1210-aHUS-312

aHUS-311 NCT03131219

NCT02949128

Ravulizumab Ravulizumab Ravulizumab

(n=56) Cohort 1 Cohort 2 (n=10)
(n=18)

Medical history prior to study®, n (%)
Hypertension

Acute kidney injury

Headache

Renal failure

Nausea

Constipation

PE/PI before first dose of study drug
and related to current TMA, n (%)

Hospitalization history prior to study
Emergency room visit, n (%)

Other hospitalization, n (%)

ICU stay, n (%)

Length of ICU stay
N
Median days (range)

FACIT-Fatigue score® at baseline
Mean (SD)
Median (range)

EQ-5D-3L scored at baseline
Mean VAS (SD)
Mean TTO (SD)

Not collected

Not collected

Report®’; Rondeau et al. 2020.34

Key: aHUS, atypical haemolytic uremic syndrome; C3, Complement 3; CD46, cluster of differentiation
46; CFB, Complement Factor B; CFH, Complement Factor H; CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; EQ-5D-3L, EuroQol-5 Dimension-3 Level; FACIT, Functional
Assessment of Chronic lliness Therapy; ICU, intensive care unit; LDH, lactate dehydrogenase; PE,
plasma exchange; PI, plasma infusion; SD, standard deviation; TMA, thrombotic microangiopathy,
TTO, time trade-off; VAS, visual analogue scale.
Notes: 2, data reported for the safety set; °, reported in >20% of patients — dashes represent this
criteria not being met in individual trials/cohorts; ¢, paediatric FACIT-Fatigue questionnaire used to
assess HRQL in patients =5 years of age in ALXN1210-aHUS-312. The FACIT-Fatigue score ranges
from 0 to 52, with higher score indicating less fatigue; ¢, the EQ-5D VAS has end points of 0 and 100
with higher scores indicating better quality of life. TTO value set for the US.
Sources: ALXN1210-aHUS-311 CSR*%; ALXN1210-aHUS-312 CSR.#"; EMA Variation Assessment
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B.2.4.

Statistical analysis and definition of study groups in the

relevant clinical effectiveness evidence

B.2.4.1

Statistical analysis

Table 7 fully details the statistical analysis and analysis sets in ALXN1210-aHUS-
311 and ALXN1210-aHUS-312.

The primary population for efficacy analyses in both trials was the FAS. Safety

analyses were conducted on patients who received at least one dose of ravulizumab.

Table 7: Statistical analysis in ALXN1210-aHUS-311 and ALXN1210-aHUS-312

ALXN1210-aHUS-311
NCT02949128

ALXN1210-aHUS-312
NCT03131219

proportion of complete TMA
responders in ravulizumab-
treated patients. The 95% Cl was
based on the asymptotic
Gaussian approximation method
with a continuity correction.

e Fortime to event analyses, a KM
cumulative distribution curve was
generated along with a 2-sided
95% CI; for dichotomous
variables (dialysis status, CKD
stage) a 2-sided 95% Cl was
provided.

e Descriptive statistics for
continuous variables (eGFR,
platelets, LDH, Hb, HRQL) were
used to summarize the observed
value as well as the change from
baseline. A MMRM with the fixed,
categorical effect of visit and
fixed, continuous effect of the
specific test’s baseline value as
covariates was fit to test whether

Primary To assess the efficacy of To assess the efficacy of

objective | ravulizumab in complement inhibitor | ravulizumab in complement inhibitor
treatment-naive adult patients with treatment-naive paediatric patients
aHUS to inhibit complement- with aHUS to inhibit complement-
mediated TMA as characterized by mediated TMA as characterized by
thrombocytopenia, haemolysis, and | thrombocytopenia, haemolysis, and
renal impairment. renal impairment.

Statistical | ®* Complete TMA response: point e Complete TMA response in

testing estimate and a 95% ClI for the Cohort 1: point estimate and a

95% ClI for the proportion of
complete TMA responders in
ravulizumab-treated patients. The
95% CI was based on exact
confidence limits using the
Clopper-Pearson method.

e Fortime to event analyses, a KM
cumulative distribution curve was
generated along with a 2-sided
95% CI; for dichotomous
variables (dialysis status, CKD
stage) a 2-sided 95% Cl was
provided.

¢ Descriptive statistics for
continuous variables (eGFR,
platelets, LDH, Hb, HRQL) were
used to summarize the observed
value as well as the change from
baseline. A MMRM with the fixed,
categorical effect of visit and
fixed, continuous effect of the
specific test’s baseline value as
covariates was fit to test whether
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changes differ from zero at each
time point.

o Safety analyses were presented
using descriptive statistics. No
formal hypothesis testing was
performed for the safety
parameters.

changes differ from zero at each
time point.

o Safety analyses were presented
using descriptive statistics. No
formal hypothesis testing was
performed for the safety
parameters.

received at least one dose of
ravulizumab and had at least one
efficacy assessment, a serum
creatinine level = ULN during
screening and had no known familial
or acquired ADAMTS13 deficiency
or STEC-HUS.

PP: sensitivity population for efficacy
analyses — included patients in the
FAS who met the following criteria:

— Received 100% of the planned
number of infusions during the
26-week Initial Evaluation
Period

— Did not take any prohibited
medications or undergo any
prohibited procedures

— Met Inclusion Criteria 2 and 8

— Did not meet Exclusion Criteria
3,7,10-13, 15-18, 21, 22 or
26
Safety: population for all safety
analyses — included all patients who

Power Approximately 55 patients were The original protocol had a planned
calculation | Planned to be enrolled to the trial to | sample size of 16 patients.
yield at least 50 evaluable patients This sample size was deemed
by Day 183. appropriate to get proper
This sample size was deemed representation in each of the 4
appropriate to provide complete planned age groups (birth to < 2
safety information and the necessary | years, 2 to <6 years, 6 to < 12
precision level for the planned years, 12 to < 18 years) and provide
estimation. The sample size was adequate safety information and
increased to 55 patients to account precision level for the planned
for a potential 10% dropout rate. estimation.
The total planned sample size was
increased to include approximately
23 to 28 patients to account for the
addition of Cohort 2 in a protocol-
amendment.
Analysis FAS: primary population for efficacy | FAS: primary population for efficacy
sets analyses — included all patients who | analyses —included all patients who

received at least one dose of
ravulizumab and had at least one
efficacy assessment, and in the case
of Cohort 1, a serum creatinine level
297.5™ percentile for age during
screening and had no known familial
or acquired ADAMTS13 deficiency
or STEC-HUS.

PP: sensitivity population for efficacy
analyses — included patients in the
FAS who met the following criteria:

— Received 100% of the planned
number of infusions during the
26-week Initial Evaluation
Period

— Did not take any prohibited
medications or undergo any
prohibited procedures

— Met Inclusion Criteria 2 and 10
in the case of Cohort 1 or
Criteria 3, 4 and 10 in the case
of Cohort 2
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received at least one dose of
ravulizumab.

— Did not meet Exclusion Criteria
3, 10-13, 15-18, 21, 22 or 28
in the case of Cohort 1 or
Criteria 3, 10-12, 15-18, 21,
23, 24 or 28 in the case of
Cohort 2

Safety: population for all safety
analyses — included all patients who
received at least one dose of
ravulizumab.

Missing
data

e Patients missing an efficacy
assessment that was part of the
definition of Complete TMA
Response while still on study, had
their LOCF.

¢ A confirmatory result could not be
from an assessment that was
carried forward from the initial
assessment when all Complete
TMA Response criteria were met.

e Complete TMA Response in
patients who withdrew from the
study prior to Week 26 was
assessed based on their data up
to the time of withdrawal.

e Patients missing an efficacy
assessment that was part of the
definition of Complete TMA
Response while still on study, had
their LOCF.

¢ A confirmatory result could not be
from an assessment that was
carried forward from the initial
assessment when all Complete
TMA Response criteria were met.

e Complete TMA Response in
patients who withdrew from the
study prior to Week 26 was
assessed based on their data up
to the time of withdrawal.

Key: aHUS, atypical haemolytic uremic syndrome; Cl, confidence interval; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; FAS, full analysis set; Hb, haemoglobin; HRQL,
health-related quality of life; KM, Kaplan—Meier; LDH, lactate dehydrogenase; LOCF, last
observation carried forward; MMRM, mixed model for repeated measures; PP, per protocol; STEC-
HUS, Shiga toxin-related haemolytic uremic syndrome; TMA, thrombotic microangiopathy; ULN,
upper limit of normal.
Sources: ALXN1210-aHUS-311 CSR*%; ALXN1210-aHUS-312 CSR.#!

B.2.4.2

Patient disposition data

B.2.4.2.1 ALXN1210-aHUS-311

Figure 4 summarizes patient disposition data up to Extension Period entry.

A total of 58 patients were enrolled to the ALXN1210-aHUS-311 trial and received
one or more doses of ravulizumab. Two patients discontinued after the first dose
because of differential diagnosis (they both tested positive for STEC-HUS). Of the
remaining 56 patients, 49 completed the Initial Evaluation Period.
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Figure 4: Participant flow in ALXN1210-aHUS-311 (up to Extension Period)

Patients with TMA and presumptive
diagnosis of aHUS enrolled and
received first ravulizumab dose

(N = 58)
Safety set
Eligibility confirmed and Discontinued (per protocol)
treated with ravulizumab due to ineligibility
(n = 56) (n=2)
Full analysis set Death after discontinuation (n = 1)

Discontinued (n = 7)
Physician decision (n = 1)
Major protocol deviation (n = 1)
Death (n = 2)
Treatment-emergent AEs (n = 3, one of

Completed 183-day
initial evaluation period
(n=49)

which resulted in death)®

Key: AE, adverse event; aHUS, atypical haemolytic uremic syndrome; TMA, thrombotic
microangiopathy.

Notes: 2, both patients discontinued due to a positive test for Shiga toxin — producing Escherichia coli;
b, Treatment-emergent AEs leading to study discontinuation were autoimmune haemolytic anaemia,
intracranial haemorrhage (resulting in patient death), and immune thrombocytopenic purpura. Major
protocol deviation was the receipt of plasma exchange.

Source: Rondeau et al. 2020.34

As of data cut-off (2 July 2019), || patients continue to be treated with ravulizumab
in the Extension Period,; I further patients continue to be monitored without study
treatment.® The most common reason for discontinuation in the Extension Period
was physician or patient choice (n=Jl}), which was most frequently made due to
complete TMA response and low risk of disease recurrence/relapse (n=}] including
- patients who had onset of TMA post-partum) (data on file). Participant flow up to
data cut-off is provided in Appendix D.

B.2.4.2.2 ALXN1210-aHUS-312
A total of - patients were enrolled to Cohort 1 of the ALXN1210-aHUS-312 trial and

received one or more doses of ravulizumab.*' Three patients discontinued after one
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or two doses because of differential diagnosis ([ I tested positive for STEC-
HUS) or failure to meet the eligibility criteria for laboratory values. Of the remaining
[ patients, ] completed the Initial Evaluation Period with || ]l discontinuing
due to an adverse event (AE). As of data cut-off (3 December 2019), ] patients
continue to be treated with ravulizumab in the Extension Period with one patient
discontinuing due to physician choice. Participant flow up to data cut-off is provided

in Appendix D.

A total of ] patients were enrolled to Cohort 2 of the ALXN1210-aHUS-312 trial; all
patients completed the Initial Evaluation Period and continue to be treated in the

Extension Period as of data cut-off (3 December 2019).4’

B.2.5. Quality assessment of the relevant clinical effectiveness

evidence

The complete quality assessment for ALXN1210-aHUS-311 and ALXN1210-aHUS-
312 is provided in Appendix D.

Both trials were conducted in accordance with the Declaration of Helsinki and the
Council for International Organizations of Medical Sciences International Ethical
Guidelines, and trial protocols were approved by the institutional review board or

independent ethics committee at each participating site.

Although open-label in design, each complete TMA response outcome measure
(which made up the primary endpoint of both trials) was objectively assessed at a
central laboratory and therefore the lack of blinding is not expected to affect the
results of the study. The primary analysis population was pre-defined as the FAS
rather than an intention-to-treat (ITT) population: this included all patients who
received at least one dose of treatment and a clinical diagnosis of aHUS with
exclusion of other potential causes of TMA, reflecting the indication of relevance to

this appraisal.

A randomized controlled trial in patients with aHUS was not deemed feasible within a
reasonable time frame given the rarity of the disease. As such, regulatory agencies

agreed to the single-arm design adopted but the lack of comparative efficacy is a
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limitation of the ravulizumab evidence base. There are also some differences
observed in the patients enrolled to ALXN1210-aHUS-311 and ALXN1210-aHUS-
312 compared with those treated with complement-inhibitor treatment in UK clinical
practice. These are discussed in Section B.2.13, but importantly would bias against
ravulizumab, such that trial outcomes can be considered a conservative estimate of

the true treatment effect.
B.2.6. Clinical effectiveness results of the relevant trials

B.2.6.1 Initial Evaluation Period

Table 8 provides an overview of efficacy results for the FAS population. Primary and
secondary outcomes of interest to the decision problem are summarized for each

trial in turn below. PP population analyses are provided in Appendix L.

Table 8: Summary of efficacy results from ALXN1210-aHUS-311 and
ALXN1210-aHUS-312: Initial Evaluation Period (FAS)

ALXN1210- ALXN1210-aHUS-312
aHUS-311 NCT03131219
NCT02949128

Ravulizumab Ravulizumab Ravulizumab

(n=56) Cohort 1 (n=18) | Cohort 2 (n=10)
Complete TMA response, n (%) 30 (53.6) [39.6— | 14 (77.8) Not relevant
[95% CI] 67.5] [52.4-93.6]
Platelet count normalization, n 47 (83.9) 17 (94.4) Platelet count
(%) [73.4-94 4] [72.7-99.9] remained stable
[95% CI]
Change in platelet count, 125 247 |
Median x10%/L (range) (-126, 338) I I
LDH normalization, n (%) 43 (76.8) 16 (88.9) LDH remained
[95% CI] [64.8-88.7] [65.3-98.6] stable
Change in LDH, -310.8 -1,851.5 ||
Median U/L (range) (-3,072, 9) I e
225% improvement in serum Not relevant
creatinine, 33 (58.9) e
n (%) [45.2-72.7] ]
[95% CI]
Haematologic normalization?, n 41 (73.2) 16 (88.9) Not relevant
(%) [60.7-85.7] [65.3-98.6]
[95% CI]
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ALXN1210- ALXN1210-aHUS-312

aHUS-311 NCT03131219
NCT02949128

Ravulizumab Ravulizumab Ravulizumab

(n=56) Cohort 1 (n=18) | Cohort 2 (n=10)
Haemoglobin response®, n (%) 40 (71.4) 16 (88.9) Hb remained
[95% CI] [69.1-91.7] [65.3-98.6] stable
Change in haemoglobin,
Median g/L (range) 35 (9, 69) I I
Time to complete TMA response, | 86.0 [ ] Not relevant
median days (95% Cl) . |

eGFR (normal range = 60)

Median mL/min/1.73 m? (range) | | KKGG_G ]
Change in eGFR,

Median mL/min/1.73 m? (range) 29 (-13, 108) s
Dialysis requirement status

Discontinuation from baseline, 17/29 (58.6) Not relevant
n/N (%) 6/27 (22.2)° I
Initiation from baseline, n/N (%)

CKD stage improvement, n/N (%) | 32/47 (68.1) 15/17 (88.2) -
CKD stage worsening, n/N (%) 2/47 (4.3) 0/17 (0.0) B
Change in FACIT-Fatigue score?,

Median (range) 20.0 (-16, 48) 10.0 N ]
Mean (SD) I I
>3-point improvement in FACIT- | 37/44 (84.1) ] Not relevant
Fatigue score?, n/N (%)

Change in EQ-5D-3L score®, Not collected Not collected

Mean VAS (SD) (n=45)
Mean TTO (SD) (n=46)

Key: aHUS, atypical haemolytic uremic syndrome; Cl, confidence interval; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; EQ-5D-3L, EuroQol-5 Dimension-3 Level,
FACIT, Functional Assessment of Chronic lliness Therapy; HRQL, health-related quality of life;
LDH, lactate dehydrogenase; SD, standard deviation; TMA, thrombotic microangiopathy; TTO, time
trade-off; VAS, visual analogue scale.

Notes: 2, platelet count and LDH normalization; ®, = 20 g/L increase; ¢, one additional patient
initiated and discontinued dialysis within the Initial Evaluation Period; ¢, paediatric FACIT-Fatigue
questionnaire used to assess HRQL in patients 25 years of age in ALXN1210-aHUS-312. The
FACIT-Fatigue score ranges from 0 to 52, with higher score indicating less fatigue; ¢, the EQ-5D
VAS has end points of 0 and 100 with higher scores indicating better quality of life. TTO value set
for the US.

Sources: ALXN1210-aHUS-311 CSR*%; ALXN1210-aHUS-312 CSR.#"; EMA Variation Assessment
Report®; Rondeau et al. 2020.3*
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B.2.6.1.1 ALXN1210-aHUS-311

Primary endpoint: ravulizumab treatment resulted in complete TMA response for
54% of patients during the Initial Evaluation Period (Table 8). Complete TMA
response occurred as early as 7 days from the first ravulizumab infusion and was
attained in a median time of 86 days; the number of patients with a complete TMA

response continued to increase over time, as depicted in Figure 5.

Figure 5: Kaplan—Meier plot of time to complete TMA response in ALXN1210-
aHUS-311: Initial Evaluation Period (FAS)

1001 + Censored

+ =) =1}
(=] = (=]
1 1 1

Proportion of patients with a
complete TMA response (%)
)
g

o + T T T T T T T T T T T T T

Visit(d) BL 8 1522 29 43 57 71 85 89 13 127 141 156 169 183

NMumber of 56 34 51 43 36 33 3 29 27 24 22 21 21 20 20 19
patients at risk

Key: BL, baseline; d, day; FAS, full analysis set; TMA, thrombotic microangiopathy.

Notes: Patients who did not have a response were censored on the day of their last study visit or at
study discontinuation.

Source: Rondeau et al. 2020.34

Haematological endpoints: over two-thirds of patients (73%) achieved
haematological normalization, with 84% of patients achieving platelet count
normalization and 77% of patients achieving LDH normalization (Table 8). Platelet
counts showed the earliest response, with || | |  llllll of patients achieving

platelet count normalization by Day 15.4°

A substantial increase in haemoglobin from baseline was observed (median
increase: 35 g/L) with 71% of patients achieving an increase in haemoglobin of at
least 20 g/L by the end of the Initial Evaluation Period (Table 8).

Observed laboratory values over time are presented graphically in Appendix L.
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Renal endpoints: renal function improvement defined as 225% reduction in serum
creatinine from baseline was observed in 59% of patients (Table 8). A substantial
increase in the estimated glomerular filtration rate (eGFR) from baseline was
observed by Day 15 with a median increase of 29 mL/min/1.73 m? by the end of the

Initial Evaluation Period (Table 8).

Improvement in eGFR aligning to a CKD stage improvement was seen in 68% of

patients with available data (Table 8). Two patients had a worsening in CKD stage:

I

I Table 9 shows how patients moved

between CKD stages during the Initial Evaluation Period.

Dialysis was discontinued in 59% of patients who were on dialysis at baseline by a
median time of 30 days.3* Of patients not on dialysis at baseline, 78% remained off
dialysis at the last available follow-up evaluation (which may have occurred after Day
183).
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Table 9: CKD stage shift from baseline in ALXN1210-aHUS-311: Initial
Evaluation Period (FAS)

CKD Baseline CKD stage at Day 183
stage n (%) 1 2 3A 3B 4 5

n (%) n (%) n (%) n (%) n (%) n (%)
1 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) | 0(0.0) 0 (0.0) 0(0.0)
2 3(6.4) 2 (4.3) 1(2.1) 0(0.0) | 0(0.0) 0 (0.0) 0 (0.0)
3A 1(2.1) 1(2.1) 0 (0.0) 0(0.0) 10(0.0) 0 (0.0) 0 (0.0)
3B 2(4.3) 2(4.3) 0(0.0) 0(0.0) 1 0(0.0) 0 (0.0) 0(0.0)
4 7 (14.9) 1(2.1) 0 (0.0) 0(0.0) | 3(6.4) 1(2.1) 2 (4.3)
5 34 (72.3) 6(12.8) |6(12.8) |3(6.4) | 3(6.4) 5(10.6) | 11(23.4)
Total 47 (100.0) 12 (25.5) | 7(14.9) | 3(6.4) | 6(12.8) | 6(12.8) | 13(27.7)

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FAS, full analysis
set.

Notes: Green text indicates improvement compared to baseline and red text indicates worsening
compared to baseline. Baseline was derived based on the last available eGFR before starting
treatment. Patients with both baseline and at least one value at post-baseline visits were included
in the summary. Percentages were based on the total number of patients with non-missing data at
both the baseline visit and the post-baseline visit. The CKD stage is classified based on the
National Kidney Foundation Chronic Kidney Disease Stage. Stages of CKD: Stage 1 = eGFR =90
(normal); Stage 2 = eGFR 60 to 89; Stage 3A = eGFR 45 to 59; Stage 3B = eGFR 30 to 44; Stage
4 = eGFR15 to 29; Stage 5: eGFR < 15 (including dialysis: end stage).

Source: Rondeau et al. 2020.%*

Health-related quality of life (HRQL) endpoints: of patients with FACIT-Fatigue data
at baseline and at the end of the Initial Evaluation Period (n=44), 84% reported a =3-
point improvement in FACIT-Fatigue score (Table 8) that has previously been
reported to represent clinically meaningful improvement in fatigue for adults.? At the
end of the Initial Evaluation Period, the mean FACIT-Fatigue score was [}
compared with a baseline value of i, representing very little fatigue across the

study group (maximum score representing no fatigue is 52).4°

Of patients with EQ-5D-3L data at baseline and at the end of the Initial Evaluation
Period (), a clinically meaningful improvement in HRQL was reported with a
mean change in visual analogue scale (VAS) score of [l and a mean change in
time trade-off (TTO) of || (TTO value set for the US) (Table 8). At the end of the
Initial Evaluation Period, the mean EQ-5D VAS score was - compared with a
baseline value of ], representing good quality of life on this 0-100 scale.40
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Pharmacokinetic (PK)/pharmacodynamic (PD) endpoints: ravulizumab achieved
immediate, complete and sustained terminal complement inhibition (defined as
serum free C5 < 0.5 ug/mL) by the end of the first infusion and this was sustained
throughout the Initial Evaluation Period, as depicted in Figure 6. No resistance in C5
was noted, with the majority of post-dose samples (852/856; 99.5%) having shown
complete C5 inhibition.34

Figure 6: Serum free C5 concentration-time profile in ALXN1210-aHUS-311:

Initial Evaluation Period (PK/PD analysis set)

B Batwaan infusions B End of infusions W Baforn infusions
100+

5 (ugh)
—

.........................................................

pe complement

Serum free
o

o

[

Visit (d} 1 15 29 43 57 71 85 a9 M3 127 155 168 183

Number of patients 54 ] 52 52 5 51 50 49 44 49 48 46 45 47

Key: d, day; PD, pharmacodynamic; PK, pharmacokinetic.

Notes: Horizontal line is drawn at free C5 at 0.5 ug/ml to denote the threshold for complete terminal
complement inhibition. The horizontal line in the middle of each box indicates the median, a diamond
indicates the mean, and the top border and the bottom border of the boxes mark the 75th and 25th
percentiles, respectively. The whiskers represent the highest and lowest values within 1.5 x the
interquartile range from the lower quartile and upper quartile. Outliers are represented by an asterisk
beyond the whiskers.

Source: Rondeau et al. 2020.34

B.2.6.1.2 ALXN1210-aHUS-312 — Cohort 1

Primary endpoint: ravulizumab treatment resulted in complete TMA response for
78% of patients during the Initial Evaluation Period (Table 8). Complete TMA
response occurred as early as ] days from the first ravulizumab infusion and was
attained in a median time of ] days; the number of patients with a complete TMA

response continued to increase over time, as depicted in Figure 7.
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Figure 7: Kaplan—Meier plot of time to complete TMA response in ALXN1210-
aHUS-312: Initial Evaluation Period + Extension Period up to Day 351 (FAS;
Cohort 1)

Key: BL, baseline; Cl, confidence interval; FAS, full analysis set; NO, number; TMA, thrombotic
microangiopathy.

Notes: Patients who did not have a response were censored on the day of their last study visit or at
study discontinuation.

Source: ALXN1210-aHUS-312 CSR.4!

Haematological endpoints: the majority of patients (89%) achieved haematological

normalization, with all but one patient achieving platelet count normalization and all
but two patients achieving LDH normalization (Table 8). Platelet counts showed the
earliest response, with |||l of patients achieving platelet count

normalization by Day 15.41

A substantial increase in haemoglobin from baseline was observed (median
increase: ] g/L) with 89% of patients achieving an increase in haemoglobin of at
least 20 g/L by the end of the Initial Evaluation Period (Table 8).

Renal endpoints: renal function improvement defined as 225% reduction in serum
creatinine from baseline was observed in % of patients (Table 8). A substantial
increase in eGFR from baseline was observed by Day 15 with a median increase of
[l mL/min/1.73 m2by the end of the Initial Evaluation Period (Table 8).
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Improvement in eGFR aligning to a CKD stage improvement was seen in [J§% of
patients with available data and ||l had a worsening in CKD stage (Table
8). Table 10 shows how patients moved between CKD stages during the Initial

Evaluation Period.

Table 10: CKD stage shift from baseline in ALXN1210-aHUS-312: Initial
Evaluation Period (FAS; Cohort 1)

CKD Baseline CKD stage at Day 183

stage n (%) 1 2 3A 3B 4 5
n (%) n (% n%) | n®%) | n(%) | n(%)

-
N

1 B I N N N
2 | T [ I Il .
3A ] I B I e
3B | Il B BN N .
4 I I I I N .
5 I N N § = B
o [N N TN TN TN N

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FAS, full analysis
set.

Notes: Green text indicates improvement compared to baseline and red text indicates worsening
compared to baseline. Baseline was derived based on the last available eGFR before starting
treatment. Patients with both baseline and at least one value at post-baseline visits were included
in the summary. Percentages were based on the total number of patients with non-missing data at
both the baseline visit and the post-baseline visit. The CKD stage is classified based on the
National Kidney Foundation Chronic Kidney Disease Stage. Stages of CKD: Stage 1 = eGFR =90
(normal); Stage 2 = eGFR 60 to 89; Stage 3A = eGFR 45 to 59; Stage 3B = eGFR 30 to 44; Stage
4 = eGFR15 to 29; Stage 5: eGFR < 15 (including dialysis: end stage).

Source: ALXN1210-aHUS-312 CSR.#!

Dialysis was discontinued in [J|% of patients who were on dialysis at baseline within

the first ] days of ravulizumab exposure *' | G

HRQL endpoints: of patients =5 years old with Paediatric FACIT-Fatigue data at
baseline and at the end of the Initial Evaluation Period (n=9), % reported a >3-
point improvement in FACIT-Fatigue score (Table 8). At the end of the Initial
Evaluation Period, the mean FACIT-Fatigue score was I compared with a mean

baseline value of |, representing very little fatigue across the study group.4!
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PK/PD endpoints: ravulizumab achieved immediate, complete and sustained
terminal complement inhibition (defined as serum free C5 < 0.5 ug/mL) by the end of
the first infusion and this was sustained throughout the Initial Evaluation Period, as

depicted in Figure 8.

Figure 8: Serum free C5 concentration-time profile in ALXN1210-aHUS-312:
Initial Evaluation Period (PK/PD analysis set; Cohort 1)

Key: PD, pharmacodynamic; PK, pharmacokinetic; NO, number.

Notes: Horizontal line is drawn at free C5 at 0.5 ug/ml to denote the threshold for complete terminal
complement inhibition. The horizontal line in the middle of each box indicates the median, a diamond
indicates the mean, and the top border and the bottom border of the boxes mark the 75th and 25th
percentiles, respectively. The whiskers represent the highest and lowest values within 1.5 x the
interquartile range from the lower quartile and upper quartile. Outliers are represented by an asterisk
beyond the whiskers.

Source: ALXN1210-aHUS-312 CSR.#!
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B.2.6.1.3 ALXN1210-aHUS-312 — Cohort 2

Haematological endpoints: haematological parameters remained stable following the

‘switch’ from eculizumab to ravulizumab, as depicted in Figure 9.

Figure 9: Observed laboratory values (a) platelet count (b) LDH (c)
haemoglobin in ALXN1210-aHUS-312: Initial Evaluation Period (FAS; Cohort 2)

a 4954
455
435+

D e I e S e

225+ = -
155
163

Dlbsened Walues

105 ]
754
45 4

15
45

T T T T T T
29 a3y 57 1 a5 9 13 127 141 155 169 123

-
™ -
LA
k
e}

NO afpatens [ 10 10 10 10

~
=
&
a
=]
o
=
=
]
£
=1
a

Dbserved Values
"
=
o
i
kY
!
hY

T T T
112 1z7 14 155 169 181

p_
m -
n
K
L]
e
-]
&
wn
4]
]
-]
tn
B

Visit {Days)
Ho.ofpatienss [ 1019 10 10 9 10 1] 10 h[+] 10 19 10 3 [ 10 10

c 165
160 =
155
150
145 T
1404

4 T | e =
138 P, o S L o S = =
1304 . — — e i e — | 'h._x‘
i : ]
st | | .

10 - B £ : L

Obsened Values

115
1104
105~
100

—T T T T T T T T 7 T T T T T
BL 8 15 22 A 43 57 71 5 2o 13 127 a1 155 169 183

Wisit (Days)
NO. of pagents L T T U - 10 0 10 10 10 10 10 3 a 10 11}

@ CObserved values

Key: LDH, lactate dehydrogenase; FAS, full analysis set; NO, number.
Source: EMA Variation Assessment Report.*®
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Renal endpoints: renal function generally remained stable following the ‘switch’ from

eculizumab to ravulizumab, although a [ G
N - shown in Table 11. [N

Individual eGFR charts for these patients are provided in Appendix F. | Gz

were initiated on dialysis while receiving ravulizumab.*’

Table 11: CKD stage shift from baseline in ALXN1210-aHUS-312: Initial
Evaluation Period (FAS; Cohort 2)

CKD Baseline CKD stage at Day 183

stage n (%) 1 2 3A 3B 4 5
n (%

1 H LB

2 I I

3A N |

3B I I

4 I L1

5 I L1

Total |1 | L&

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FAS, full analysis
set.

Notes: Green text indicates improvement compared to baseline and red text indicates worsening
compared to baseline. Baseline was derived based on the last available eGFR before starting
treatment. Patients with both baseline and at least one value at post-baseline visits were included
in the summary. Percentages were based on the total number of patients with non-missing data at
both the baseline visit and the post-baseline visit. The CKD stage is classified based on the
National Kidney Foundation Chronic Kidney Disease Stage. Stages of CKD: Stage 1 = eGFR =90
(normal); Stage 2 = eGFR 60 to 89; Stage 3A = eGFR 45 to 59; Stage 3B = eGFR 30 to 44; Stage
4 = eGFR15 to 29; Stage 5: eGFR < 15 (including dialysis: end stage).

Source: ALXN1210-aHUS-312 CSR.4!

HRQL endpoints: HRQL remained stable following the ‘switch’ from eculizumab to
ravulizumab, with no notable improvements or worsening in Paediatric FACIT-

Fatigue scores for patients 25 years old ().’
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PK/PD endpoints: ravulizumab achieved immediate, complete and sustained
terminal complement inhibition (defined as serum free C5 < 0.5 ug/mL) by the end of
the first infusion and this was sustained throughout the Initial Evaluation Period, as

depicted in Figure 10.

Figure 10: Serum free C5 concentration-time profile in ALXN1210-aHUS-312:
Initial Evaluation Period (PK/PD analysis set; Cohort 2)

Key: PD, pharmacodynamic; PK, pharmacokinetic; NO, number.

Notes: Horizontal line is drawn at free C5 at 0.5 ug/ml to denote the threshold for complete terminal
complement inhibition. The horizontal line in the middle of each box indicates the median, a diamond
indicates the mean, and the top border and the bottom border of the boxes mark the 75th and 25th
percentiles, respectively. The whiskers represent the highest and lowest values within 1.5 x the
interquartile range from the lower quartile and upper quartile. Outliers are represented by an asterisk
beyond the whiskers.

Source: ALXN1210-aHUS-312 CSR.#!

B.2.6.2 Extension Period

Table 12 provides an overview of efficacy results as of data cut-off for the FAS
population. Primary and secondary outcomes of interest to the decision problem are

summarized in turn below.
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Table 12: Summary of efficacy results from ALXN1210-aHUS-311 and
ALXN1210-aHUS-312: Extension Period up to data cut-off (FAS)

ALXN1210-
aHUS-311

NCT02949128

ALXN1210-aHUS-312
NCT03131219

Ravulizumab

Ravulizumab

Ravulizumab

Median U/L (range)

(n=56) Cohort 1 Cohort 2 (n=10)
(n=18)
Complete TMA response, n (%) - Not relevant
[95% CI] I
Platelet count normalization, n (%) f
[95% CI] I
Change in platelet count, Day 407
Median x 10%/L (range) ]
I
LDH normalization, n (%) r
[95% Cl] I
Change in LDH, Day 407

n (%)
[95% ClI]

225% improvement in serum creatinine,

Haematologic normalization?, n (%)
[95% CI]

Haemoglobin response®, n (%)
[95% CI]

Not relevant

Not relevant

Change in haemoglobin,
Median g/L (range)

eGFR (normal range = 60)
Median mL/min/1.73 m? (range)

Change in eGFR,
Median mL/min/1.73 m? (range)

O O O
O ) O
< < <
w w w
a1 o a1
— — —

Dialysis requirement status
Discontinuation from baseline, n/N (%)
Initiation from baseline, n/N (%)

CKD stage improvement, n/N (%)

CKD stage worsening, n/N (%)

) ) )
Q V) Q
< < <
N N N
o o o

Not relevant

Change in FACIT-Fatigue score?,
Median (range)
Mean (SD)

O O O O O O
) Q ) O ) )
< < < < < <
w S » S B P
a o o o o o

Day 351
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ALXN1210- ALXN1210-aHUS-312
aHUS-311 NCT03131219
NCT02949128
Ravulizumab Ravulizumab Ravulizumab
(n=56) Cohort 1 Cohort 2 (n=10)
(n=18)
23-point improvement in FACIT-Fatigue Day 351 Day 351 Not relevant
scoref, N (%) I | .
Change in EQ-5D-3L score, Day 351 Not collected Not collected
Mean VAS (SD) (n=41) ]
Mean TTOe (SD) (n=42) ]

Key: Cl, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; EQ-
5D-3L, EuroQol-5 Dimension-3 Level; FACIT, Functional Assessment of Chronic lliness Therapy; HRQL,
health-related quality of life; LDH, lactate dehydrogenase; SD, standard deviation; TMA, thrombotic
microangiopathy; TTO, time trade-off; VAS, visual analogue scale.

Notes: 2, platelet count and LDH normalization; ®, = 20 g/L increase; ¢, data presented across the initial
evaluation and extension periods; ¢, paediatric FACIT-Fatigue questionnaire used to assess HRQL in
patients 25 years of age in ALXN1210-aHUS-312. Day 351 data reported as patient numbers markedly
drop off after this point; ¢, TTO value set for the US.

Data are presented up to data cut-off unless otherwise stated.

Sources: ALXN1210-aHUS-311 CSR*%; ALXN1210-aHUS-312 CSR.#'

B.2.6.2.1 ALXN1210-aHUS-311
The median follow-up duration at data cut-off was || weeks (range: | N

weeks).40

Primary endpoint: | additional patients to those who achieved the primary endpoint
achieved a complete TMA response in the Extension Period up to data cut-off (2 July
2019) (Table 12). The latest complete TMA response was observed at [ +°

Haematological endpoints: || GGG o those who achieved

platelet count and LDH normalization in the Initial Evaluation Period reached this
goal in the Extension Period, respectively (Table 12). An additional Il patients
achieved a haemoglobin response, bringing the total to [[§% (Table 12).

Renal endpoints: renal function improvement observed in the Initial Evaluation

Period was maintained in the Extension Period with a median eGFR at Day 407 of

Il mL/min/1.73 m? (Table 12). Dialysis was discontinued in || GcNG of
those who were on dialysis at baseline. | | GcIEIzGzGgGgdgNgNNNEEEEEE
|
|

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
syndrome (aHUS) [ID1530] Alexion (2020). All rights reserved 55 of 166



Il ° In UK practice, these patients would likely be classed as ‘late presenters’ with
little expectation of a response to complement-inhibitor treatment. Tabulation of how
patients moved between CKD stages from baseline to Day 407 is provided in Table
13.

Table 13: CKD stage shift from baseline in ALXN1210-aHUS-311: Extension
Period up to Day 407 (FAS)

CKD Baseline CKD stage at Day 407

stage n (%) 4 5

n (%)

1
2

3A
3B

4

5
Total

[inuus

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FAS, full analysis
set.

Notes: Green text indicates improvement compared to baseline and red text indicates worsening
compared to baseline. Baseline was derived based on the last available e GFR before starting
treatment. Patients with both baseline and at least one value at post-baseline visits were included
in the summary. Percentages were based on the total number of patients with non-missing data at
both the baseline visit and the post-baseline visit. The CKD stage is classified based on the
National Kidney Foundation Chronic Kidney Disease Stage. Stages of CKD: Stage 1 = eGFR = 90
(normal); Stage 2 = eGFR 60 to 89; Stage 3A = eGFR 45 to 59; Stage 3B = eGFR 30 to 44; Stage
4 = eGFR15 to 29; Stage 5: eGFR < 15 (including dialysis: end stage).

Source: Rondeau et al. 2020.%*

HRQL endpoints: HRQL, as measured by FACIT-Fatigue, remained stable
throughout the extension period, as depicted in Figure 11. At Day 351, the mean
FACIT-Fatigue score was [JJl] compared with a mean baseline value of i},
representing very little fatigue in patients following ravulizumab treatment.*° The
same was observed with EQ-5D data, with a Day 351 mean EQ-5D VAS of ||l}}

compared with a baseline value of [JJJj (0-100 scale).4°
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Figure 11: Observed FACIT-Fatigue score in ALXN1210-aHUS-311 from
baseline: Extension Period up to Day 575 (FAS)

Key: FACIT, Functional Assessment of Chronic lliness Therapy; FAS, full analysis set.

Notes: Mean scores are displayed with error bars representing standard deviation. The FACIT-
Fatigue score ranges from 0 to 52, with higher score indicating less fatigue.

Source: adapted from ALXN1210-aHUS-311 CSR.4°

PK/PD endpoints: ravulizumab continued to provide immediate, complete and
sustained terminal complement inhibition (defined as serum free C5 < 0.5 ug/mL)

across an 8-week dosing interval in the Extension Period.

B.2.6.2.2 ALXN1210-aHUS-312 — Cohort 1
The median follow-up duration at data cut-off was ||l weeks (range: | NN

weeks).#!

Primary endpoint: JJJli] additional patients to those who achieved the primary
endpoint achieved a complete TMA response in the Extension Period up to data cut-

off (3 December 2019) (Table 12). The latest complete TMA response was observed

at [
Haematological endpoints: || | | | | | N to those who achieved (i) LDH

normalization and (ii) haemoglobin response in the Initial Evaluation Period reached

this goal in the Extension Period (Table 12).

Renal endpoints: renal function improvement observed in the Initial Evaluation

Period was maintained in the Extension Period with a median eGFR at Day 407 of
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Bl L/min/1.73 m2 (Table 12). The | \/ho entered the study on

dialysis were able to discontinue dialysis in the Extension Period and | | I who
were not on dialysis at baseline remained off dialysis (Table 12). Likewise, for
patients with available data at baseline and on Day 407, il an improvement in
CKD stage. Tabulation of how patients moved between CKD stages from baseline to
Day 407 is provided in Table 14.

Table 14: CKD stage shift from baseline in ALXN1210-aHUS-312: Extension
Period up to Day 407 (FAS; Cohort 1)

CKD Baseline CKD stage at Day 407
stage n (%) 1 2 3A 3B 4
n (%) n (%) n (%) n (%) n (%) n

—_—
[3,]

X

-

1

2

3A
3B

4

5
Total

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FAS, full analysis
set.

Notes: Green text indicates improvement compared to baseline and red text indicates worsening
compared to baseline. Baseline was derived based on the last available eGFR before starting
treatment. Patients with both baseline and at least one value at post-baseline visits were included
in the summary. Percentages were based on the total number of patients with non-missing data at
both the baseline visit and the post-baseline visit. The CKD stage is classified based on the
National Kidney Foundation Chronic Kidney Disease Stage. Stages of CKD: Stage 1 = eGFR =90
(normal); Stage 2 = eGFR 60 to 89; Stage 3A = eGFR 45 to 59; Stage 3B = eGFR 30 to 44; Stage
4 = eGFR15 to 29; Stage 5: eGFR < 15 (including dialysis: end stage).

Source: ALXN1210-aHUS-312 CSR.4!

HRQL endpoints: HRQL, as measured by Paediatric FACIT-Fatigue score, remained
stable throughout the extension period, as depicted in Figure 12. At Day 351, the
mean FACIT-Fatigue score was ] compared with a mean baseline value of i},

representing very little fatigue in patients following ravulizumab treatment.*!
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Figure 12: Observed Paediatric FACIT-Fatigue score in ALXN1210-aHUS-312
from baseline: Extension Period up to Day 575 (FAS; Cohort 1)

Key: BL, baseline; Cl, confidence interval; FACIT, Functional Assessment of Chronic lliness Therapy;
FAS, full analysis set.

Notes: Mean scores are displayed with error bars representing 95% confidence intervals. The FACIT-
Fatigue score ranges from 0 to 52, with higher score indicating less fatigue.

Source: ALXN1210-aHUS-312 CSR.#!

PK/PD endpoints: ravulizumab continued to provide immediate, complete and
sustained terminal complement inhibition (defined as serum free C5 < 0.5 ug/mL)

across an 8-week dosing interval in the Extension Period.

B.2.6.2.3 ALXN1210-aHUS-312 — Cohort 2
The median follow-up duration at data cut-off was [} weeks (range: | EEENEGEN

weeks).#!

Haematological endpoints: haematological parameters remained stable throughout

the Extension Period, as depicted in Figure 13.
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Figure 13: Observed laboratory values (a) platelet count (b) LDH (c)
haemoglobin in ALXN1210-aHUS-312: Extension Period up to Day 407 (FAS;
Cohort 2)

Key: LDH, lactate dehydrogenase; FAS, full analysis set; NO, number.
Source: ALXN1210-aHUS-312 CSR.*
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Renal endpoints: renal function remained stable throughout the Extension Period
with a median eGFR at Day 407 of [JlimL/min/1.73 m2 (Table 12). | GzGzB
I -main off dialysis and I
N
Tabulation of how patients moved between CKD stages from baseline to Day 351 is
provided in Table 15.

Table 15: CKD stage shift from baseline in ALXN1210-aHUS-312: Extension
Period up to Day 351 (FAS; Cohort 2)

CKD Baseline CKD stage at Day 351

stage n (%) 1 2 3A 3B 4
n (% n%) | n(%) | n(%) | n

(3}

N
o
o~
N

1

2

3A
3B

4

5
Total

L L&
LN} i1}
LNl = L1}
__B L1
= L =
| L =
L& L&

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FAS, full analysis
set.

Notes: Green text indicates improvement compared to baseline and red text indicates worsening
compared to baseline. Baseline was derived based on the last available eGFR before starting
treatment. Patients with both baseline and at least one value at post-baseline visits were included
in the summary. Percentages were based on the total number of patients with non-missing data at
both the baseline visit and the post-baseline visit. The CKD stage is classified based on the
National Kidney Foundation Chronic Kidney Disease Stage. Stages of CKD: Stage 1 = eGFR =90
(normal); Stage 2 = eGFR 60 to 89; Stage 3A = eGFR 45 to 59; Stage 3B = eGFR 30 to 44; Stage
4 = eGFR15 to 29; Stage 5: eGFR < 15 (including dialysis: end stage).

Source: ALXN1210-aHUS-312 CSR.4!

HRQL endpoints: HRQL remained stable throughout the Extension Period, with no
significant change in Paediatric FACIT-Fatigue score from baseline at the Day 351
visit (median change: ) (Table 12).

PK/PD endpoints: ravulizumab continued to provide immediate, complete and
sustained terminal complement inhibition (defined as serum free C5 < 0.5 ug/mL)

across an 8-week dosing interval in the Extension Period.
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B.2.7. Subgroup analysis

Subgroup analysis was conducted for the primary endpoint based on sex, race,
ethnicity, geographic region, age, kidney transplant history, immunogenicity status
and dialysis status at baseline in both trials. A further subgroup based on TMA status
at baseline was also explored in ALXN1210-aHUS-311.

The complete TMA response rate was generally consistent across subgroups in
ALXN1210-aHUS-311 compared with the overall population, although lower rates
were noted among patients with a history of kidney transplant and Asian patients.
Non-responders were predominantly at the older end of the age distribution and

mostly at CKD stage 5.

Although not a prespecified subgroup, it was also noted in the ALXN1210-aHUS-311
trial that || | | S patients who had onset of TMA post-partum achieved
complete TMA response by Day 43.4°

Subgroup analysis was limited to Cohort 1 patients in ALXN1210-aHUS-312 but the
number of patients contributing to the data were very small and the results are not

considered meaningful in consideration of these low patient numbers.

Forest plots of subgroup analysis are provided in Appendix E.

B.2.8. Meta-analysis

Meta-analysis is not appropriate as the ALXN1210-aHUS-311 and ALXN1210-
aHUS-312 trials provide data for distinct populations: adult and paediatric patients,

respectively.
B.2.9. Indirect and mixed treatment comparisons

B.2.9.1 Introduction to the indirect treatment comparisons

In the absence of head-to-head data, estimates of the comparative benefits of
ravulizumab compared with eculizumab are provided through ITC. Full details of the
methodology for the ITC are provided in Appendix D. In summary, patient-level data
from ravulizumab trials (described in previous sections of this submission) and
pivotal eculizumab trials (described in Appendix D) were pooled into a single dataset
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and propensity scoring used to balance groups across treatment arms based on

observed patient characteristics. Table 16 summarizes these trials.

Table 16: Summary of trials and populations used to carry out the indirect

treatment comparison

Trial ID Study design Population Intervention
ALXN1210- Phase IlI Adults with aHUS who are Ravulizumab
aHUS-311% | single group assignment | complement inhibitor
NCT02949128 | open-label treatment-naive (n=58)
Multinational
ALXN1210- Phase IlI Children and adolescents Ravulizumab
NCT03131219 | Open-label complement inhibitor
o treatment-naive (n=21)2
Multinational
aHUS-CO08- Phase Il People with aHUS who are Eculizumab
0023 Single group assignment | complement inhibitor
NCT00844545 | Open-label :Leatment-ng'ive tand plasma
erapy-resistant:
NCT00844844 | Multinational Py
¢ adults (n=16)
¢ adolescents (n=1)
aHUS-C10- Phase Il Paediatric patients with Eculizumab
003 Single group assignment | @HUS who are complement
NCT01193348 | Open-label inhibitor treatment-naive
n=22
Multinational ( )
aHUS-C10- Phase Il Adults with aHUS who are Eculizumab
00428 Single group assignment | complement inhibitor
NCTO01194973 | Open-label treatment-naive (n=44)
Multinational

Key: aHUS, atypical haemolytic uremic syndrome.
Note: 2, Cohort 2 (patients clinically stable following 290 days treatment with eculizumab) not
considered within the ITC as there are no comparable data for eculizumab.

Analyses were conducted on three populations:

e Adult patients, non-transplant

¢ Adult patients, transplant

e Paediatric patients, non-transplant

Adult and paediatric populations, and non-transplant and transplant populations were

analysed separately as differences were seen in the absolute effect of complement-
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inhibitor treatments across outcomes. Although the ‘paediatric patients, transplant’
population was considered for additional analyses, small patient numbers prevented

this (see Figure 14).

Where there were differences in baseline definitions or outcome definitions, these
were standardized prior to analyses. The definitions used in the pivotal ravulizumab
trials provided the baseline for standardization. Data collected at 26-weeks were

used to populate the analyses, aligning to the primary endpoints of all included trials.

Extensive clinical input was sought to inform the important characteristics to balance
across treatment arms (that is, the variables used within the propensity score
specification). In hierarchical order of importance, the characteristics considered

important were:

¢ Dialysis status at baseline
e eGFR at baseline

e Platelet count at baseline
e LDH at baseline

e Systolic blood pressure at baseline

Because of similar systolic blood pressure at baseline values across treatment arms,
this characteristic was not included in the propensity score formula. All other
characteristics considered important were included. In the base case analysis,
‘stabilized weights’ were used to produce balanced groups*3; when applying the
stabilized weights, differences in characteristics included that were significant at the

p<0.1 level were deemed sufficient to refactor the propensity score model.
All analysis was performed using the statistical software R version 3.6.3.

B.2.9.2 Results of the indirect treatment comparison

Figure 14 summarizes data availability for the populations considered for analyses.
The number of patients from each trial that made up these populations are detailed

in Appendix D; as are patient numbers for sensitivity analyses.
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To be included in the final (base case) analysis, patients had to have:

e Complete data for the variables used within the propensity score specification
e No more than one missing laboratory variable at either baseline or endpoint

e QOutcome data within 56 days of the 6-month study endpoint

The application of these restrictions reduced the patient numbers, as detailed in
Figure 14. Death was considered as an outcome, and thus patients who died were
included in the main analysis, regardless of the absence of endpoint laboratory
values. A sensitivity analysis was performed excluding patients who died (n=3), as

death may be seen as a non-treatment related random event.

Figure 14: Data availability for the populations considered for analyses

All patients
Ravulizumab: n =79
Eculizumab: n = 80
Children Adults
Ravulizumab: n = 21 Ravulizumab: n = 58
Eculizumab: n = 23 Eculizumab: n = 57

Ravulizumab: n = 1 Ravulizumab: n = 20 Ravulizumab: n = 8 Ravulizumab: n = 50

Children with kidney transplant Children without kidney transplant Adults with kidney transplant Adults without kidney transplant
Eculizumab: n = 2 Eculizumab: n = 21 Eculizumab: n = 16 Eculizumab: n = 41

Patients included in final Patients included in final Patients included in final
analysis? analysis? analysis®
Ravulizumab: n =12 Ravulizumab: n=7 Ravulizumab: n = 46
Eculizumab: n = 20 Eculizumab: n = 15 Eculizumab: n = 39

Note: 2, patients included in final analyses were those meeting the criteria described above.

Results of the base case analyses for the three populations considered are
presented in this section, as well as sensitivity analyses of the ‘adult patients, non-
transplant’ population that excluded patients who died in the study period. This
sensitivity analyses is used to reflect adult, non-transplant patients in the subsequent

economic scenario analysis (see Section B.3.3). Further sensitivity analyses are
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provided in Appendix D. Propensity score specification results are also provided in

Appendix D.

B.2.9.2.1 Baseline characteristics

Table 17 summarizes the baseline characteristics of patients before and after
stabilized weights for the ‘adult patients, non-transplant’ population and Table 18
summarizes the same data excluding patients who died in the study period. The
application of stabilized weights did not change the effective sample size calculated

as the sum of weights in each treatment arm.

Prior to weighting, of those characteristics considered important, imbalances were
observed in LDH levels at baseline, which were higher in the ravulizumab treatment
arm (suggestive of more severe haemolysis). Patients also appeared older in the
ravulizumab treatment arm and there was a higher proportion of Asian patients
enrolled to the pivotal ravulizumab trials. After the application of stabilized weights,
there were no clear imbalances between treatment arms in important characteristics;

however, age and region differences remained (Table 17; Table 18)

Table 19 summarizes the baseline characteristics of patients before and after
stabilized weights for the ‘paediatric patients, non-transplant’ population. The
application of stabilized weights resulted in minor changes to the effective sample

size calculated as the sum of weights in each treatment arm.

Prior to weighting, of those characteristics considered important, imbalances were
observed in platelet count, eGFR for non-dialysis patients and systolic blood
pressure at baseline, which were all lower in the ravulizumab arm (suggestive of
more severe presentation). There was also a higher proportion of Asian patients
enrolled to the pivotal ravulizumab trials. After the application of stabilized weights,
there were no clear imbalances between treatment arms in important characteristics,

however, region differences remained (Table 19).

Table 20 summarizes the baseline characteristics of patients before and after
stabilized weights for the ‘adult patients, transplant’ population. The application of
stabilized weights resulted in minor changes to the effective sample size calculated

as the sum of weights in each treatment arm.
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Prior to weighting, of those characteristics considered important, imbalances were
observed in LDH levels at baseline, which was higher in the ravulizumab treatment
arm (suggestive of more severe haemolysis); and in eGFR at baseline, which was
lower in the ravulizumab arm (suggestive of more severe presentation). There was
also a higher proportion of Asian patients enrolled to the pivotal ravulizumab trials.
After the application of stabilized weights, there was an imbalance in systolic blood
pressure, which was higher in the eculizumab treatment arm (suggestive of higher
cardiac risk); there was also a higher proportion of males in the ravulizumab arm and

region differences remained (Table 20).

Further detail on baseline characteristics before and after stabilized weight

application for all populations is provided in Appendix D.

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
syndrome (aHUS) [ID1530] Alexion (2020). All rights reserved 67 of 166



Table 17: Summary of baseline characteristics of patients before and after stabilized weights application: adult patients,

non-transplant

Prior to weighting

After the application of stabilized weights

Ravulizumab | Eculizumab | p-value Ravulizumab | Eculizumab | p-value
(n=46)? (n=39) (95% Cl)> | (ESS=46) (ESS=39)° | (95% CI)°
Male, n (%) - - - f-
N
Region, n (%)
Asia - - - _ -
Ex-Asia I I I I I
CKD stage, n (%)
1 I I | I ]
2 I I I I
3.1 | ] I I
3.2 ] [ I I
4 I I I I
5 R I I I
Dialysis at baseline, n (%) - - - f-
I
Age, years
Mean (SD) I N I I I
Median (range) I I I I I
Age 265 years, n (%) [ [ [ ] T
I
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Prior to weighting After the application of stabilized weights

Ravulizumab | Eculizumab | p-value Ravulizumab | Eculizumab | p-value
(95% cl)> | (ESS=46)° (ESS=39)° (95% CI)®

—_
=)
Il
Y
(=)
~—
Q
—_
=)
1]
w
©
~—
Q

Platelet count x 10%/L
Mean (SD)
Median (range)

LDH, U/L
Mean (SD)
Median (range)

eGFR, mL/min/1.73 m?
Mean (SD)
Median (range)

eGFR in non-dialysis patients, mL/min/1.73 m?
Mean (SD)
Median (range)

Systolic blood pressure, mmHg
Mean (SD)
Median (range)

e n
nj
npe pp
i
npmnn
U

Key: aHUS, atypical haemolytic uremic syndrome; Cl, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; LDH,
lactate dehydrogenase; SD, standard deviation.

Notes: 2, unless otherwise stated; °, represents the 95% CI of the mean difference between treatments for continuous variables, and the 95% ClI of the
mean difference in proportions for categorical variables. For categorical variables, 95% ClI are only presented for binary outcomes and refer to the 95% CI
around the difference between treatments for the first listed category (i.e. ‘Yes’ for dialysis at baseline).
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Table 18: Summary of baseline characteristics of patients before and after stabilized weights application: adult patients,

non-transplant excluding patients who died in the study period

Prior to weighting After the application of stabilized weights
Ravulizumab | Eculizumab | p-value Ravulizumab | Eculizumab | p-value
(n=43) (n=39) (95% clyp | (ESS=43)° (ESS=39) (95% CI)°

Male, n (%) N LI I
Region, n (%)
Asia I I N I
Ex-Asia I I I I
CKD stage, n (%)
1 I - I I
2 I I I I
3.1 I I I I
3.2 I I I I
4 ] I I I
5 I I I I
Dialysis at baseline, n (%) - - _—-

I I
Age, years
Mean (SD) I H I R
Median (range) N H I I
Age 265 years, n (%) ] [ ] T
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Prior to weighting After the application of stabilized weights

Ravulizumab | Eculizumab | p-value Ravulizumab | Eculizumab | p-value
(n=43) (95% Cl)> | (ESS=43)° (ESS=39)" | (95% CI)®

—
=
1l
w
©
S
Q

Platelet count x 10%/L
Mean (SD)
Median (range)

LDH, U/L
Mean (SD)
Median (range)

eGFR, mL/min/1.73 m?
Mean (SD)
Median (range)

eGFR in non-dialysis patients, mL/min/1.73 m?
Mean (SD)
Median (range)

Systolic blood pressure, mmHg
Mean (SD)
Median (range)

Hirjin
nipn
ppupp
| Ilﬂll L
nnn
ppupp

Key: aHUS, atypical haemolytic uremic syndrome; Cl, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; LDH,
lactate dehydrogenase; SD, standard deviation.

Notes: 2, unless otherwise stated; °, represents the 95% CI of the mean difference between treatments for continuous variables, and the 95% ClI of the
mean difference in proportions for categorical variables. For categorical variables, 95% CI are only presented for binary outcomes and refer to the 95% CI
around the difference between treatments for the first listed category (i.e. ‘Yes’ for dialysis at baseline).
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Table 19: Summary of baseline characteristics of patients before and after stabilized weights application: paediatric

patients, non-transplant

Prior to weighting After the application of stabilized weights
Ravulizumab | Eculizumab | p-value Ravulizumab | Eculizumab | p-value
(n=12)2 (n=20)? (95% CI)® (ESS=10.7)? (ESS=21.3)? (95% CI)°
Male, n (%) | | I HE
N
Region, n (%)
Asia - - - - -
Ex-Asia I I I I I
CKD stage, n (%)
1 I N | I I
2 I I I I
3.1 [ [ I I
3.2 ] ] I I
4 I I I N
5 I I I N
Dialysis at baseline, n (%) - - - r- -
I I
Age, years
Mean (SD) I I I I I I
Median (range) I I I I I I
Age 265 years, n (%) | | N I - I
| |
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Prior to weighting After the application of stabilized weights

Ravulizumab | Eculizumab | p-value Ravulizumab | Eculizumab | p-value
(n=12)? (n=20)? (95% cl)> | (ESS=10.7)° (ESS=21.3)* | (95% CI)®

Platelet count x 10%/L
Mean (SD)
Median (range)

LDH, U/L
Mean (SD)
Median (range)

eGFR, mL/min/1.73 m?
Mean (SD)
Median (range)

eGFR in non-dialysis patients, mL/min/1.73 m?
Mean (SD)
Median (range)

Systolic blood pressure, mmHg
Mean (SD)
Median (range)

LN
i
] | o
L
WL

Key: aHUS, atypical haemolytic uremic syndrome; Cl, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; LDH,
lactate dehydrogenase; SD, standard deviation.

Notes: 2, unless otherwise stated; °, represents the 95% CI of the mean difference between treatments for continuous variables, and the 95% ClI of the
mean difference in proportions for categorical variables. For categorical variables, 95% ClI are only presented for binary outcomes and refer to the 95% CI
around the difference between treatments for the first listed category (i.e. ‘Yes’ for dialysis at baseline).
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Table 20: Summary of baseline characteristics of patients before and after stabilized weights application: adult patients,

transplant

Prior to weighting

After the application of stabilized weights

Ravulizumab
(n=7)*

Eculizumab
(n=15)?

Male, n (%)

p-value

(95% CI)°

Ravulizumab
(ESS=9.3)?

Eculizumab
(ESS=12.7)°

p-value
(95% CI)°

Region, n (%)
Asia
Ex-Asia

CKD stage, n (%)
1

2

3.1

3.2

4

5

wp

Dialysis at baseline, n (%)

Age, years
Mean (SD)
Median (range)

Age 265 years, n (%)

Il NNNNRER AR 1

J
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Prior to weighting

After the application of stabilized weights

Ravulizumab
(n=7)*

Eculizumab

—
=
]
-_—
n
S
Q

p-value
(95% CI)°

Ravulizumab
(ESS=9.3)?

Eculizumab
(ESS=12.7)°

p-value
(95% CI)°

Platelet count x 10%/L
Mean (SD)
Median (range)

LDH, U/L
Mean (SD)
Median (range)

eGFR, mL/min/1.73 m?
Mean (SD)
Median (range)

eGFR in non-dialysis patients, mL/min/1.73 m?
Mean (SD)
Median (range)

Systolic blood pressure, mmHg
Mean (SD)
Median (range)

pnpEppEp
Il IIﬂll i

Key: aHUS, atypical haemolytic uremic syndrome; Cl, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; LDH,

lactate dehydrogenase; SD, standard deviation.

Notes: 2, unless otherwise stated; °, represents the 95% CI of the mean difference between treatments for continuous variables, and the 95% ClI of the
mean difference in proportions for categorical variables. For categorical variables, 95% CI are only presented for binary outcomes and refer to the 95% CI

around the difference between treatments for the first listed category (i.e. ‘Yes’ for dialysis at baseline).
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B.2.9.2.2 Outcomes

Table 21 summarizes outcomes of patients after stabilized weights for the ‘adult
patients, non-transplant’ population (base case and sensitivity analyses excluding

patients who died in the study period).

As expected, there were no statistically significant differences observed between
treatment groups for any outcomes after stabilized weights were applied in the base
case analyses or the sensitivity analyses. Both ravulizumab and eculizumab were
associated with substantial improvements in renal function, haematological markers
and HRQL. There were some numerical differences observed but these did not
represent consistent trends in favour of one treatment or the other. For example,
although a higher proportion of patients appeared to come off dialysis with
eculizumab, eGFR improved more with ravulizumab, and while mean LDH values
were lower after eculizumab treatment, the reduction in LDH from baseline was
greater with ravulizumab treatment. There was a difference in the number of deaths
between treatment arms; this is discussed in Section B.2.10.3 but in summary, is not
considered related to treatment. Sensitivity analyses that excluded patients who died
in the study period supported the base case analyses (Table 21), advocating the use

of these sensitivity analyses in the subsequent economic scenario analysis.

Table 22 summarizes outcomes of patients after stabilized weights for the ‘adult
patients, transplant’ population and for the ‘paediatric patients, non-transplant’

population.

Again, as expected, there were no statistically significant differences observed
between treatment groups for any outcomes after stabilized weights were applied in
these populations. Both ravulizumab and eculizumab were associated with
substantial improvements in renal function, haematological markers and HRQL.
Again, there were some numerical differences observed but these did not represent
consistent trends in favour of one treatment or the other. There was one death in the
ravulizumab arm of the ‘adult patients, transplant’ population (not related to

treatment) that is discussed in Section B.2.10.3.
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Table 21: Outcomes of patients after stabilized weights application: adult patients, non-transplant base case analysis and

sensitivity analysis that excluded patients who died

Adult patients, non-transplant

Adult patients, non-transplant, excluding

patients who died

Ravulizumab
(ESS=46)?

cTMA response, n (%)
[95% CI]

Eculizumab
(ESS=39)?

p-value
(95% CI)®

Ravulizumab
(ESS=43)?

Time to cTMA response, days
Mean (SD)
Median (range)

Dialysis at endpoint, n (%)
[95% CI]

Eculizumab
(ESS=39)?

p-value
(95% CI)°

Died in trial, n (%)
[95% CI]

CKD stage, n (%) [95% CI]
0

1

2

3A

3B

4

5

THTY!

TR
T[Ty o

||'||'||| I"ﬁlllll
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Adult patients, non-transplant

Adult patients, non-transplant, excluding
patients who died

Ravulizumab
(ESS=46)?

Eculizumab
(ESS=39)?

p-value
(95% CI)®

Ravulizumab
(ESS=43)?

p-value
(95% CI)°

Eculizumab
(ESS=39)?

Change in CKD stage, n (%) [95% CI]
Improved

Unchanged

Worsened

Creatine in non-dialysis patients, ymol/L
Mean (SD)
Median (range)

CFB in creatinine in non-dialysis patients
Mean (SD)
Median (range)

Improvement in creatinine in non-dialysis
patients, n (%)
[95% CI]

Platelet count x 10%/L
Mean (SD)
Median (range)

CFB in platelet count
Mean (SD)
Median (range)

Platelet count normalization, n (%)
[95% CI]
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T

I )
e
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Adult patients, non-transplant

Adult patients, non-transplant, excluding

patients who died

Ravulizumab
(ESS=46)?

Eculizumab
(ESS=39)?

p-value
(95% CI)®

Eculizumab
(ESS=39)?

Ravulizumab

m
(]
T
IS
W
==

p-value
(95% CI)°

LDH, U/L
Mean (SD)
Median (range)

CFB in LDH
Mean (SD)
Median (range)

LDH normalization, n (%)
[95% CI]

Haematologic normalization, n (%)
[95% CI]

eGFR, mL/min/1.73 m?
Mean (SD)
Median (range)

CFB in eGFR
Mean (SD)
Median (range)

Improvement in eGFR, n (%)
[95% CI]

eGFR for non-dialysis patients
Mean (SD)
Median (range)
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Adult patients, non-transplant

Adult patients, non-transplant, excluding

patients who died

CFB in eGFR for non-dialysis patients
Mean (SD)
Median (range)

Improvement in eGFR for non-dialysis
patients, n (%) [95% CI]

Systolic blood pressure, mmHg
Mean (SD)
Median (range)

CFB in systolic blood pressure
Mean (SD)
Median (range)

FACIT subscale score
Mean (SD)
Median (range)

CFB in FACIT subscale score
Mean (SD)
Median (range)

23-point improvement in FACIT subscale

score, n (%) [95% CI]

EQ-5D VAS score
Mean (SD)
Median (range)

Ravulizumab Eculizumab p-value Ravulizumab Eculizumab p-value
(ESS=46)" (ESS=39)? (95% CI)® (ESS=43)? (ESS=39)? (95% CI)P
HE N I
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Adult patients, non-transplant Adult patients, non-transplant, excluding
patients who died

Ravulizumab Eculizumab p-value Ravulizumab Eculizumab p-value
(ESS=39)? (95% CI)® (ESS=43)? (ESS=39)? (95% CI)®

CFB in EQ-5D VAS score
Mean (SD)
Median (range)

=210-point improvement in EQ-5D VAS
score, n (%) [95% CI]

EQ-5D TTO score®
Mean (SD)
Median (range)

CFB in EQ-5D TTO score®
Mean (SD)
Median (range)

I
T
g
LT
LT

Key: BMI, Body Mass Index; CFB, change from baseline; Cl, confidence interval, CKD, chronic kidney disease; LDH, lactate dehydrogenase;
eGFR, estimated Glomerular Filtration Rate; EQ-5D, EuroQol-5 Dimension; FACIT, Functional Assessment of Chronic lliness Therapy; SD,
standard deviation; TTO, time trade-off; VAS, visual analogue scale.

Notes: 2, unless otherwise stated; °, 95% Cls represents the 95% CI of the mean difference between treatments for continuous variables,
and the 95% CI of the mean difference in proportions for categorical variables. For categorical variables, 95% CI are only presented for
binary outcomes and refer to the 95% CI around the difference between treatments for the first listed category (i.e. ‘Yes’ for dialysis at end
point). Percentages may not sum to 100% due to rounding; ¢, TTO value set for the US.
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Table 22: Outcomes of patients after stabilized weights application: adult patients, transplant and paediatric patients, non-

transplant

Adult patients, transplant

Paediatric patients, non-transplant

Ravulizumab
(ESS=9.3)?

cTMA response, n (%)
[95% CI]

Time to cTMA response, days
Mean (SD)
Median (range)

Dialysis at endpoint, n (%)
[95% CI]

Eculizumab
(ESS=12.7)?

p-value
(95% CI)°

Ravulizumab
(ESS=10.7)?

Eculizumab
(ESS=21.3)?

p-value
(95% CI)°

Died in trial, n (%)
[95% CI]

CKD stage, n (%) [95% CI]
0

1

2

3A

3B

4

5
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Adult patients, transplant

Paediatric patients, non-transplant

Ravulizumab
(ESS=9.3)?

Eculizumab
(ESS=12.7)?

p-value
(95% CI)°

Ravulizumab
(ESS=10.7)?

Eculizumab
(ESS=21.3)?

p-value
(95% CI)°

Change in CKD stage, n (%) [95% CI]
Improved

Unchanged

Worsened

Creatine in non-dialysis patients, pmol/L
Mean (SD)
Median (range)

CFB in creatinine in non-dialysis patients
Mean (SD)
Median (range)

Improvement in creatinine in non-dialysis
patients, n (%)

[95% CI]

Platelet count x 109/L
Mean (SD)
Median (range)

CFB in platelet count
Mean (SD)
Median (range)

Platelet count normalization, n (%)
[95% CI]
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Adult patients, transplant

Paediatric patients, non-transplant

Ravulizumab
(ESS=9.3)?

LDH, U/L
Mean (SD)
Median (range)

CFB in LDH
Mean (SD)
Median (range)

LDH normalization, n (%)
[95% CI]

Haematologic normalization, n (%)
[95% CI]

eGFR, mL/min/1.73 m?
Mean (SD)
Median (range)

CFB in eGFR
Mean (SD)
Median (range)

Improvement in eGFR, n (%)
[95% CI]

eGFR for non-dialysis patients
Mean (SD)
Median (range)

CFB in eGFR for non-dialysis patients

Mean (SD)
Median (range)

i

Eculizumab p-value Ravulizumab Eculizumab p-value

(ESS=12.7)? (95% cl)> | (ESS=10.7)* (ESS=21.3)? (95% Cl)°
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Adult patients, transplant

Paediatric patients, non-transplant

Ravulizumab
(ESS=9.3)?

Improvement in eGFR for non-dialysis
patients, n (%) [95% CI]

Systolic blood pressure, mmHg
Mean (SD)
Median (range)

CFB in systolic blood pressure
Mean (SD)
Median (range)

FACIT subscale score
Mean (SD)
Median (range)

CFB in FACIT subscale score
Mean (SD)
Median (range)

Eculizumab
(ESS=12.7)?

p-value
(95% CI)°

Eculizumab
(ESS=21.3)?

Ravulizumab
(ESS=10.7)?

p-value
(95% CI)°

24 .7-point improvement in FACIT
subscale score®, n (%) [95% CI]

23-point improvement in FACIT subscale

score, n (%) [95% CI]

EQ-5D VAS score
Mean (SD)
Median (range)

CFB in EQ-5D VAS score
Mean (SD)
Median (range)

IIWIIH :IIWIIWIIWIIWIW
LT LT T

: :HIIWIIWII Il |1
T HT IW
T T IW

Company evidence submission for ravulizumab for treating atypical haemolytic uremic syndrome (aHUS) [ID1530] Alexion (2020). All rights

reserved 85 of 166



Adult patients, transplant Paediatric patients, non-transplant

Ravulizumab Eculizumab p-value Ravulizumab Eculizumab p-value
(ESS=9.3)? (ESS=12.7)? (95% cl)> | (ESS=10.7)* (ESS=21.3)? (95% Cl)°

=210-point improvement in EQ-5D VAS
score, n (%) [95% CI]

EQ-5D TTO score? | | |
Mean (SD)

Median (range)

CFB in EQ-5D TTO score
Mean (SD)
Median (range)

Key: BMI, Body Mass Index; CFB, change from baseline; Cl, confidence interval; CKD, chronic kidney disease; LDH, lactate dehydrogenase; eGFR,
estimated Glomerular Filtration Rate; FACIT, Functional Assessment of Chronic lliness Therapy; SD, standard deviation.

Notes: 2, unless otherwise stated; ®, 95% Cls represents the 95% Cl of the mean difference between treatments for continuous variables, and the 95% CI
of the mean difference in proportions for categorical variables. For categorical variables, 95% CI are only presented for binary outcomes and refer to the
95% ClI around the difference between treatments for the first listed category (i.e. ‘Yes’ for dialysis at end point). Percentages may not sum to 100% due to
rounding; ¢, 4.7-point improvement used to represent a clinically meaningful improvement in the paediatric population; ¢, TTO value set for the US.
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B.2.9.3 Uncertainties in the indirect treatment comparison

The analyses performed represent best practice in using statistical methods to
account for differences between populations and allow an unbiased cross-study
comparison in the absence of head-to-head data. In general, the pooled datasets
appeared well matched for patient characteristics, which is unsurprising given they
were built from patient-level data taken from Alexion sponsored clinical studies in the
same patient population. However, there were some notable differences that the
propensity scoring addressed to give a more comparable dataset. In terms of
method selection, the use of stabilized weights was preferred to maintain sample

size, but also as it provided the best match across groups.

Assessment of outcomes after application of stabilized weights demonstrated that
ravulizumab and eculizumab both result in substantial improvement in clinically
relevant outcomes across adult and paediatric patients with aHUS. This included
improvements in renal function, haematological markers and HRQL and was
observed across base case and sensitivity analyses. As expected, there were no
statistically significant differences observed between treatment groups for any
outcomes, and although some numerical differences were observed, these did not
represent consistent trends in favour of one treatment or the other. As such, we
cannot conclude there are any clinically relevant differences between treatments
based on the evidence available. One difference that should be acknowledged is in
the number of deaths with three deaths in the ravulizumab arm compared to no
deaths in the eculizumab arm in the ‘adult patients, non-transplant’ population
analysis. This is discussed in Section B.2.10.3 but in summary, is not considered

related to treatment.

While the availability of patient-level data allowed for standardization of baseline and
outcome definitions in the majority, complete alignment for dialysis criteria was not
possible. In the ravulizumab trials, a dialysis patient was defined as a patient who
received dialysis within 5 days of the baseline/endpoint measure. The closest data
available in the eculizumab patient-level data was dialysis within 7 days of the
baseline/endpoint measure. Although this is a small difference, it could potentially

impact results.
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The main limitation of propensity scoring is that it provides an unbiased estimate
conditional only on the observed characteristics. Should there be unobserved
characteristics of importance, the effect of these on outcomes will not be accounted
for. As patient-level data were available for both comparators of interest in this ITC,
baseline characteristics were sufficiently captured, although some factors such as
known pathogenic variant or autoantibody and use of plasma therapy were not
consistently captured across studies and therefore could not be accounted for. There
is also a ten-year gap in the trial programmes, over which time there are likely to
have been changes in clinical care practice and general health and wellbeing that
cannot be accounted for. A key difference observed in the baseline characteristics of
patients across treatment arms was the high proportion of Asian patients enrolled to
the pivotal ravulizumab trials. This was the result of Asian centres being included in
the ravulizumab clinical trial programme, but not being included in the eculizumab
clinical trial programme. A sensitivity analysis was conducted that excluded Asian
patients with no impact on the overarching conclusion of the ITC, although outcomes

were improved in the ravulizumab arm with the removal of Asian patients.

A further limitation of this analysis is the low number of patients, particularly in the
‘adult patients, transplant’ population and ‘paediatric patients, non-transplant’
populations. This is unavoidable in the context of an ultra-rare disease such as
aHUS but does put a limit on the number of characteristics that could be included in

the propensity score approach and increases the uncertainty around the result.

In conclusion, no statistically significant or clinically relevant differences were
observed between ravulizumab and eculizumab, supporting an inference of
equivalence between these complement-inhibitor treatments. A conclusion of
equivalence is further supported by biological rationale, head-to-head data from the

PNH setting, and the clinical community (see Section B.2.13).
B.2.10. Adverse reactions

B.2.10.1 Treatment exposure data

Table 23 provides treatment exposure data as of data cut-off for ALXN1210-aHUS-
311 and ALXN1210-aHUS-312.
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In the Initial Evaluation Period, the median treatment duration in both studies (and
both cohorts in the case of ALXN1210-aHUS-312) was [l weeks.4% 41 In the

Extension Period, the median treatment duration ranged from ||l weeks

(Table 23). ] patients treated with ravulizumab across both studies were compliant

with treatment as of the data cut-off date.

Table 23: Summary of treatment exposure data from ALXN1210-aHUS-311 and

ALXN1210-aHUS-312: Extension Period up to data cut-off (Safety Set)

ALXN1210-
aHUS-311

NCT02949128

ALXN1210-aHUS-312
NCT03131219

Ravulizumab
n=58)

—~

Ravulizumab
Cohort 1
n=21)

—~

Ravulizumab
Cohort 2
(n=10)

Treatment duration
Mean weeks (SD)
Median weeks
[range]

Number of infusions, n (%)

I I I
I I I
I I

1 I I |

2 I I |

3 I i i

4 I | |

5 I i |

6 I i i

7 I | |

8 I i I

9 I I I

10 I I i

11 I I |

12 I I i

13 I I |

14 I I I

15 I i i

16 | I I

>16 i I |

Compliance, n (%)

2100% I I I

Key: SD, standard deviation.

Sources: ALXN1210-aHUS-311 CSR*%; ALXN1210-aHUS-312 CSR.#!
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B.2.10.2 Adverse event data

Table 24 provides an overview of safety results as of data cut-off for ALXN1210-
aHUS-311 and ALXN1210-aHUS-312. Key safety outcomes are summarized for

each trial in turn below.

Table 24: Summary of safety results from ALXN1210-aHUS-311 and ALXN1210-
aHUS-312: Extension Period up to data cut-off (Safety Set)

ALXN1210- ALXN1210-aHUS-312
aHUS-311 NCT03131219
NCT02949128
Ravulizumab Ravulizumab Ravulizumab
(n=58) Cohort 1 (n=21) | Cohort 2 (n=10)

Patients with any AE, n (%)
Common adverse events?, n (%)
Headache

Diarrhoea

Vomiting

Hypertension

Nausea

Urinary tract infection
Dyspnoea

Arthralgia

Pyrexia

Cough

Constipation

Peripheral oedema

Fatigue

Nasopharyngitis

Upper respiratory tract infection
Oropharyngeal pain
Abdominal pain

Otitis media

Pharyngitis

Viral upper respiratory tract
infection

Contusion
Rash
Rhinorrhoea
Myalgia

|| (1111111111 ﬁ
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ALXN1210- ALXN1210-aHUS-312

aHUS-311 NCT03131219
NCT02949128

Ravulizumab Ravulizumab Ravulizumab
(n=58) Cohort 1 (n=21) | Cohort 2 (n=10)

AE severity, n (%)
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Patients with any treatment-
related AE, n (%)

Patients with any serious adverse
event, n (%)

Common SAEs®, n (%)
Hypertension

Pneumonia

Malignant hypertension

Urinary tract infection

Septic shock

aHUS

Viral gastroenteritis

Abdominal pain

Meningococcal infections, n (%)
Discontinuation due to AE, n (%)
Death, n (%)

Death due to AE, n (%)

Key: AE, adverse event; aHUS, atypical haemolytic uremic syndrome; SAE, serious adverse
event.

Notes: 2, Defined as = 15% of patients — dashes represent events not meeting these criteria in
individual trials/cohorts; °, Defined as >1 patient — dashes represent events not meeting these
criteria in individual trials/cohorts.

Sources: ALXN1210-aHUS-311 CSR*%; ALXN1210-aHUS-312 CSR.4!
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B.2.10.2.1 ALXN1210-aHUS-311

Although all patients experienced an AE, most were medically manageable with only
three patients discontinuing study due to an AE (autoimmune haemolytic anaemia,
intracranial haemorrhage, immune TTP). The most common AEs were headache,
diarrhoea and vomiting and the most common serious adverse events (SAE) were
hypertension and pneumonia (Table 24). There were no cases of meningococcal

infections.
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Four patients died during the study (three who were included in the FAS and one
further patient included in the safety analysis set), none of which were deemed
related to study drug.3* The three deaths in the FAS were the result of a fatal
treatment-emergent AE: two patients died from septic shock and one patient died
from a cerebral haemorrhage. The other patient who died suffered a cerebral artery
thrombosis; this patient had been discontinued from the study after a single dose of
ravulizumab due to differential diagnosis (positive STEC test), which is why they
were only included in the safety analysis set (and not the FAS used for ITC and
economic analyses). All these patients had significant comorbidities and presented in

a critical state, with three receiving mechanical ventilation at baseline.

Clinical experts were asked to review narratives for all patients who died (see
Appendix F) and give their opinion on the study investigator opinion that none were
related to study drug at a recent UK advisory board.?* They confirmed that the three
patients in the FAS were high-risk at presentation and would probably not have been

treated with complement-inhibitor treatment in UK clinical practice.?*

Most AEs occurred within the Initial Evaluation Period with no additional SAEs,
discontinuations or deaths observed in the Extension Period. An overview of safety
results for the Initial Evaluation Period of ALXN1210-aHUS-311 is provided in
Appendix F.

One treatment-emergent antidrug antibody (ADA) positive sample was observed but
with low-titre, no neutralizing antibodies and no apparent effect on efficacy, safety or
PK/PD.3*

B.2.10.2.2 ALXN1210-aHUS-312
Although I in both cohorts experienced an AE, most were medically

manageable with only | | S ciscontinuing study due to an AE
()

The most common AEs in treatment-naive patients were || [ |Gz§5 TN

I -nd the most common SAEs were [N

_ (Table 24). The most common AEs in patients ‘switching’ from
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eculizumab to ravulizumab were |

I B SAEs were experienced in more than one patient (Table 24).

There were . cases of meningococcal infections across cohorts, and . patients
died during the study (Table 24).

[l treatment-emergent ADA positive samples were observed in [ | -+

B.2.10.3 Safety overview

Ravulizumab treatment resulted in no unexpected AEs across the pivotal trial
programme, demonstrating a comparable safety profile to eculizumab relating to
their common mechanism of action. Indeed, all potential undesirable effects
described in the ravulizumab SmPC are also listed as potential undesirable effects in

the eculizumab SmPC.25 44

A qualitative comparison of safety results across the treatment-naive populations of
pivotal ravulizumab and eculizumab trials used to inform the ITC is provided in
Appendix F. The only clear difference between safety results are the number of
deaths observed with no deaths across eculizumab trials, compared to the four
deaths observed in the safety analysis set of ALXN1210-aHUS-311. As discussed
previously, none of the deaths in ALXN1210-aHUS-311 were deemed related to
study drug, and clinical experts in the UK considered those patients who died high-
risk at presentation and unlikely to be treated with complement-inhibitor treatment in
clinical practice.?* Patients enrolled to the eculizumab trials are thought to better
reflect patients who would be treated with complement-inhibitor treatment in UK
clinical practice.?* This difference is not therefore considered to represent a safety
concern of ravulizumab compared to eculizumab; rather a difference in the
underlying nature of disease of some individual patients enrolled across trials.
Indeed, the EMA note that a similar safety profile is expected for ravulizumab and

eculizumab, considering their shared mechanism of action.®

Important identified risks for eculizumab and ravulizumab include infections
(meningococcal infections, aspergillus infections, sepsis, and other serious
infections), infusion reactions, serious cutaneous adverse reactions, cardiac

disorders and angioedema. Few events of this nature occurred in the ravulizumab
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trial programme. The most important risk associated with C5 complement inhibition
is increased susceptibility to infections caused by Neisseria meningitidis. This
inherent risk with terminal complement inhibition has been well characterized with
the use of eculizumab. To reduce the risk of infection, all patients must be
vaccinated against meningococcal infections; patients who initiate treatment less
than 2 weeks after receiving a meningococcal vaccine must receive treatment with
prophylactic antibiotics until 2 weeks after vaccination." In the UK, the NRCTC
advocate the use of long-term prophylactic antibiotics, and they are routinely
prescribed throughout the duration of complement-inhibitor treatment. No cases of

meningococcal infection were observed in the ravulizumab trial programme.

Overall, the conclusion of the EMA was that the safety profile of ravulizumab in
aHUS appears to be comparable to that observed in adult patients with PNH, and
that the safety profile in paediatric patients appears similar to that of adults.3® The
EMA had previously concluded that the safety profile of ravulizumab appears similar
to that of eculizumab in patients with PNH, both in complement-inhibitor naive
patients and in patients clinically stable on eculizumab treatment.*® Some differences
in safety profiles were noted, namely the reported incidence of some events that
seem to be higher in aHUS patients compared to PNH patients, which may be partly
explained by the underlying disease, and the incidence of pyrexia, nasopharyngitis
and constipation that seem to be higher in paediatric patients compared to adult

patients.3°

B.2.11. Ongoing studies

The Extension Periods of ALXN1210-aHUS-311 and ALXN1210-aHUS-312 are
ongoing with further data expected towards the end of | .

Regulatory review of two new vial sizes (3 mL and 11 mL) containing 100 mg/mL of
ravulizumab is also ongoing with CHMP positive opinion received on 21 September
2020 and marketing authorization expected to extend to these vial sizes by
November 2020. The increased drug concentration in these new vial sizes reduces
the infusion times for ravulizumab. With the previous vial size (30 mL) containing 10
mg/mL of ravulizumab, the minimum infusion time ranged from 102—-114 minutes for
the loading dose and 120-140 minutes for maintenance doses in adult patients. With
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the new vial sizes, the minimum infusion time for adults ranges from 25-45 minutes
for the loading dose and 30-55 minutes for maintenance doses, bringing infusion
times for adults treated with ravulizumab generally in line with those of eculizumab.*®
For paediatric patients, the minimum infusion times for ravulizumab 100 mg/mL vials
range from 30—42 minutes for the loading dose and 42—72 minutes for maintenance
doses. As the new vial sizes should be authorized prior to ravulizumab market
launch in the UK (CHMP positive opinion received September 2020), they form the

base case of the cost effectiveness analysis presented in Section B.3.

B.2.12. Innovation

Although ravulizumab was derived from eculizumab, small differences in their design
have a substantial impact on health-related benefits for patients, carers and wider
society. Ravulizumab provides immediate, complete and sustained terminal
complement inhibition across an 8-week dosing interval (for patients above 20kg),
reducing the frequency of regular infusions to 6—7 per year in the treatment
maintenance phase, compared with the 26 infusions needed for effective eculizumab
treatment. For paediatric patients under 20 kg, 4-weekly dosing interval reduces the

frequency of ravulizumab infusions compared with eculizumab to 13 per year.

The economic base case considers the impact of reduced infusion frequency on
healthcare resources (cost savings) but not on patient quality of life. This is
considered in a scenario analysis that utilizes discrete choice experiment (DCE) data
from a UK population which reports a || |G Jtiity gain for the
reduced frequency of regular infusions with ravulizumab (100 mg/mL vial size)
compared with eculizumab.*” This is unlikely to capture the full potential benefit of
the ravulizumab administration schedule compared with that of eculizumab, as the
DCE descriptions did not consider potential complications of frequent treatment

administration or the impact of frequency on daily living.

The need for frequent infusions puts patients’ veins at risk of long-term damage and
can result in a need for venous access ports in some patients, especially children,
which subsequently puts them at risk of port-related complications.*® The ‘difficulty of
access to veins’ was the most frequently reported difficulty associated with
eculizumab treatment in the 2016 Global aHUS Survey, and was similarly a common
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theme across the PNH patient and carer interviews previously described (see
Section B.1.3.3).32 33 The second most frequently reported difficulty associated with
eculizumab treatment in the 2016 Global aHUS Survey and again a common theme
across the PNH patient and carer interviews was the disruption to family life that the
need for frequent infusions causes. For example, holidays must be limited to the
period between infusions. Ravulizumab could reduce the risk of vein damage and

minimize the disruption caused by the need for regular infusions.

The high frequency of regular infusions can also negatively impact children’s
education due to missed time at school. In the case of adults, it can negatively
impact their work productivity due to missed time at work. Assuming a loss of
earnings of £15/hour (based on full-time employee weekly earning reported for the
UK*4), eculizumab infusions cost each patient approximately £728 per year on
average, while equivalent lost earnings for ravulizumab infusions are approximately
£375 per year on average. This represents a potential gain of £353 per patient per
year. Of course, for parents of paediatric patients who attend infusions and for
informal carers of all patients who attend infusions, similar loss of earnings would
apply. For patients who receive treatment in the hospital setting, lost earnings are
likely to be even higher as travel and waiting times add to the total time needed for

each infusion.

Wider societal benefits could additionally be incurred from increased productivity, as
well as from the ‘freeing-up’ of healthcare professional time and healthcare

resources that could be used to provide care elsewhere.
B.2.13. Interpretation of clinical effectiveness and safety evidence

B.2.13.1  Principal findings from the clinical evidence

Across the pivotal trial programme, ravulizumab demonstrated similar efficacy to that
previously demonstrated by eculizumab, which has transformed both the clinical

prognosis of aHUS and the quality of life of patients.

In adult patients who were complement-inhibitor naive, over half of all those treated
with ravulizumab achieved complete TMA response and over three-quarters
achieved haematologic normalization. Furthermore, over two-thirds of patients
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showed improvement in renal function (according to CKD staging), and of patients
requiring dialysis at baseline, over half had discontinued within 6 months of
ravulizumab initiation. An even higher proportion of paediatric patients who were
complement-inhibitor naive achieved these clinically meaningful outcomes with
ravulizumab treatment. In patients who were clinically stable following =290 days
treatment with eculizumab, ‘switching’ to ravulizumab did not impact haematological
parameters, which remained clinically stable. Haematological normalization and
improvements in renal function continued to be observed up to and beyond a year of

treatment.

An ITC demonstrated no statistically significant or clinically relevant differences in
effectiveness when formally comparing ravulizumab with eculizumab. A qualitative
synthesis of pivotal trial data suggests no differences in safety profiles. Although
both analyses highlighted that there were three deaths observed in the FAS of the
ravulizumab trials compared with no deaths in the FAS of the eculizumab trials, none
were deemed related to study drug and the patients who died had significant
comorbidities and presented in a critical state. They would have been considered
high-risk at presentation and as such would probably not have been treated with
complement-inhibitor treatment in UK clinical practice.?* No fatal AEs have been

observed with ravulizumab in the PNH setting.#® %0

An assumption of equivalence is strongly supported when considering the
technologies share over 99% homology and the same fundamental mechanism of
action. Differences that are seen in their design do not impact the clinical
effectiveness or safety of ravulizumab compared to eculizumab, but rather allow a
natural recycling of complement-inhibitor that extends its half-life and reduces the
frequency of regular infusions (see Section B.2.12). Non-inferiority has been formally
assessed in the PNH trial programme where ravulizumab was shown to be

statistically non-inferior to eculizumab.49 50

Taking all these factors into consideration, despite the absence of head-to-head
data, the EMA accepted that comparative efficacy has been substantiated in the
adult population and the clinical community consulted in the UK is confident that

ravulizumab has similar efficacy and safety to eculizumab.?4 39
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B.2.13.2 Strengths and limitations of the evidence base

B.2.13.2.1 Applicability of the evidence base to the decision problem

The pivotal trial programme supporting the use of ravulizumab consists of two single-
arm studies and therefore does not provide head-to-head data of relevance to the
decision problem. As concurred by the EMA, the lack of a comparator arm is
considered acceptable bearing in mind the low prevalence of aHUS and the severity
of the condition.3® The sample size for a randomized, active-controlled non-inferiority
study would need to have been at least twice as large and have required twice as
many sites; as noted by the EMA, conducting a non-inferiority trial with >300 centres
and >100 patients would be prohibitive.3® A comprehensive series of ITCs have been
conducted to fill this evidence gap with consistency of outcomes across base case

and sensitivity analyses supporting the robustness of conclusions made.

The outcomes assessed in ALXN1210-aHUS-311 and ALXN1210-aHUS-312 were
chosen to represent the health-related benefits and potential side-effects expected
with ravulizumab treatment in practice. They encompassed the continuum of disease
pathophysiology from the biochemical (change in free C5), to downstream
haemolytic parameters (LDH and platelet normalization), to clinical outcomes (renal
function and dialysis), safety outcomes, and HRQL outcomes. The clinical
community confirmed that the trial outcomes represent outcomes measured in

clinical practice to assess response to treatment.?*

B.2.13.2.2 Generalizability of trial populations to patients in clinical practice

In the absence of a single known cause, aHUS remains a diagnosis of exclusion,
making it more complex to align trial eligibility criteria to real-word patient
characteristics. The clinical community believe the ALXN1210-aHUS-311 trial
population is slightly broader than patients who would receive eculizumab in UK
practice.?* They specifically note a smaller proportion of patients with a known
complement regulatory gene/protein mutation or anti-CHF autoantibody (20.5%34)
than reported for the real-world population (45-70%°%9). This was not the case in the
eculizumab clinical trial programme, where the proportion of patients with a known
complement regulatory gene/protein mutation or anti-CHF autoantibody ranged from
49-76%.28-30
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Those that would be less likely to be treated with complement-inhibitor treatment in
UK practice generally had the worse outcomes, including those patients who died in
ALXN1210-aHUS-311. Their inclusion would therefore bias against ravulizumab. If
used to treat the same patient population in UK clinical practice, ravulizumab would

be expected to provide comparable health benefits to eculizumab.?*

There was also a high proportion of Asian patients enrolled to the clinical trial
programme, and lower rates of complete TMA response were noted among Asian
patients (see Appendix E). This is thought to be related more to management and
diagnostic differences at the South Asian sites, rather than a reflection of ethnic
variance, but this could further bias against ravulizumab when applying trial
outcomes to expected effectiveness in UK clinical practice. In an ITC sensitivity
analysis that excluded Asian patients, an increased proportion of patients had a
complete TMA response and improved CKD stage compared to the base case

analysis (see Appendix D).

B.2.13.2.3 Evidence for patients responsive to eculizumab

‘Ultomiris is indicated in the treatment of patients with a body weight of 10 kg or
above with atypical haemolytic uremic syndrome (aHUS) who are complement
inhibitor treatment-naive or have received eculizumab for at least 3 months and have

evidence of response to eculizumab’.

Evidence for patients responsive to eculizumab is available from a cohort of
paediatric patients with clinically stable disease following =90 days treatment with
eculizumab ‘switching’ to ravulizumab (Cohort 2 of ALXN1210-aHUS-312).
Supportive evidence for the safe ‘switching’ of patients can be taken from the use of
ravulizumab in the PNH setting. In the ALXN1210-PNH-302 trial, adult patients with
PNH who were clinically stable following = 6 months treatment with eculizumab
(n=197) were randomized to continue receiving eculizumab or ‘switch’ to
ravulizumab.*® Ravulizumab was shown to be statistically non-inferior to eculizumab
across all efficacy endpoints, and the study concluded that patients may be safely

and effectively ‘switched’ from eculizumab to ravulizumab.
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Based on these results, the EMA concluded that the indication for patients with
aHUS could include patients who are complement inhibitor treatment-naive or have
received eculizumab for at least 3 months and have evidence of response to
eculizumab.?® The extrapolation of the indication to a population of patients refractory
to eculizumab treatment is not supported, and this is not the intended positioning of

ravulizumab (see Section B.1.3.2).

B.2.13.2.4 Ravulizumab infusion in trials compared with clinical practice

At the time of trial initiation, only the 30 mL vial size containing 10 mg/mL of
ravulizumab was available, and all patients enrolled to ALXN1210-aHUS-311 and
ALXN1210-aHUS-312 were thus infused according to minimum infusion times

recommended for this concentration of the drug.

At the time of market launch of ravulizumab in the UK, new vial sizes (3 mL and 11
mL) containing 100 mg/mL of ravulizumab are expected to be authorized and will
supersede use of the 30 mL vial. The new vial sizes offer reduced infusion times
(see Section B.2.11) that are expected to have a quality of life benefit that the trial
HRQL data would not have captured. Importantly, there are no pharmacokinetic
differences observed across vial sizes such that the pharmacodynamic effects
including clinical efficacy and safety outcomes will be maintained with the new vial
sizes, while infusion times are aligned to those for eculizumab, but with the

significantly reduced infusion frequency offered by ravulizumab.

B.2.13.3 Clinical effectiveness conclusion

Ravulizumab offers immediate, complete and sustained terminal complement
inhibition, and benefits patients and carers by reducing the treatment burden
compared with eculizumab, while maintaining clinical effectiveness. Ravulizumab

thus addresses some remaining areas of unmet need in the aHUS setting.
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B.3. Cost effectiveness

B.3.1. Published cost-effectiveness studies

A combined systematic review of the published literature was conducted to identify
all relevant economic evaluations/modelling studies, HRQL studies and costs and
resource use publications for the treatment of patients with aHUS. Full details of the

search strategy are provided in the Appendix G.

The search was originally conducted on 12 March 2019. It was updated on 3 April

2020 using the following electronic databases:

MEDLINE® and MEDLINE® In-Process

Embase®
EconLit® (assessed via EBSCOhost)

The Cochrane Library, including the following:

— Database of Abstracts of Reviews of Effects (DARE)
— NHS Economic Evaluation Database (NHS EED)

— Health Technology Assessment Database (HTAD)

Note: Additionally, EconLit was assessed via EBSCOhost.

Additionally, conference abstracts from the most recent 2 years (2017 to the date of
the original search) were included to capture research not yet published as
manuscripts. Conference abstracts identified in the updated search were also

reviewed for relevance.

The details for the studies identified, including those from both the original and the
updated search, are presented in Figure 15 using the Preferred Reporting ltems for

Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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Figure 15: PRISMA flow diagram for the economic studies
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Notes: 2, Grey literature; ®, Removal of duplicates was built into the strategy.

Of the 10 studies included in the combined economic review, three papers discussed

two cost-effectiveness analyses: one in the UK for an aHUS population'® %' and one

in the Netherlands for an aHUS population with ESRD.5? The remaining seven

studies reported HRQL or costs. The published cost-effectiveness analyses are

summarized in Table 25.
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Table 25: Summary of published cost-effectiveness studies

Patient QALYs
Summary of population . . Costs (currency) ICER (per QALY
Study Year . (intervention, . - -
model (average age in comparator) (intervention, comparator) gained)
years) P
Tappenden | 2013 State-transition | aHUS (28 years) | Total QALYs: Total costs: No ICERs reported from
2013, model with five Eculizumab: 30.99 | Eculizumab: [ N NN the analysis®
NICE 2015 health states: Standard care: 5.77 | Standard care: £322,313
(HST1) oKD 02, 34, | tal: 2522 || tal:
5, transplant ncremental: 25. ncremental:
and death
Van Den 2017 State-transition | aHUS with ESRD | Transplantation Transplantation without €18,748 per QALY (for
Brand, Markov model without eculizumab: | eculizumab: €402,412 kidney transplantation
2017 looking at 8.34 Dialysis: €406,897 with eculizumab upon
different Dialysis: 3.73 Eculizumab upon recurrence of aHUS)
treatment

pathways for
patients with
aHUS with
ESRD

Eculizumab upon
recurrence: 9.55

Eculizumab
induction: 9.53

Eculizumab lifelong:

9.36

recurrence: €425,097

Eculizumab induction:
€918,347

Eculizumab lifelong:
€5,441,576

Key: aHUS, atypical haemolytic uraemic syndrome; CKD, chronic kidney disease; ESRD, end-stage renal disease; HST, highly specialized technology;
ICER, incremental cost-effectiveness ratio; QALY's, quality-adjusted life years; NHS, National Health Service; NICE, National Institute of Health and Care

Excellence.

Notes: @ Makes reference to an NHS England commissioning policy that reports £521,000 per QALY gained for a 23-year-old cohort of patients; For a 2-
year-old cohort of patients it was £376,000 per QALY gained.>®
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The UK model was reported in the Evidence Review Group’s (ERG’s) appraisal of
the economic evidence submitted to NICE (HST1), which describes the analysis of

the costs and benefits of eculizumab compared with standard care.® 51

This is the only model identified in the review that is relevant to our decision problem.
The model uses a state-transition model (Markov cohort) and has five mutually
exclusive health states that consider a patient’s kidney function (CKD 0-2, 3—4 and

5), a temporary health state for those who undergo transplant and a death state.

For the eculizumab group, transitions to better or worse CKD health states were
possible in any model cycle. Eculizumab-treated patients have the same risk of
death as the general population, unless they develop ESRD (CKD 5). In the standard
care group, only transitions to worse health states were possible, except when
transplantation was assumed to be successful. Plasma therapy-treated patients
suffer a constant additional risk of death due to aHUS, irrespective of their CKD
level. Transitions to the transplant health state were assumed to apply only to the

standard care group.

The Committee recommended eculizumab, based on the HST1 submission and
ERG analyses for funding as an aHUS treatment, under the following conditions:
arrangements of coordinated eculizumab use through an expert centre, monitoring
systems to record the number of people with a diagnosis of aHUS and who have
eculizumab, a national protocol for starting and stopping eculizumab and a research
programme to evaluate when stopping treatment might occur. Both analyses by the
ERG and manufacturer produced substantial quality-adjusted life year (QALY) gains

of a magnitude that is rarely seen for any new drug treatment.

B.3.2. Economic analysis

The analysis presented in this submission is adapted from the HST1 model, taking
into account feedback from the ERG and NICE. The ERG had several concerns
regarding the key assumptions made within the model and the derivation of some of
the efficacy inputs. A detailed description of this feedback, and its consideration in

this analysis, is presented in Table 26.
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Table 26: Feedback from HST1 model and changes made for this analysis

Issue

Critique

How this is addressed in this analysis

Discount rate

Discount rate of 1.5% was applied in the previous model base case
vs discount rate of 3.5% specified in the reference case. This was
criticised by the ERG but accepted by the committee.

Discount rate of 3.5% has been applied in the base case
in line with the reference case for an STA because the
comparison is conducted vs another active treatment that
restores people to near full health rather than to
supportive care.

Population Only considered an adult population but included a lower dose for The model considers both adults and children separately,
children. but the results are presented together by combining the
The model population began with a cohort of patients aged 28 individual results.
years, which drove the time horizon of the model and background To address the range of ages, dosing calculations are
mortality. The model also included dose reductions for patients who | informed by age/weight distributions. Similarly,
are assumed to be children on entry into the model. This approach background mortality is based upon an age distribution
was criticized as being conceptually inconsistent as it modelled the | instead of a mean starting age.
prognosis of adult patients but included dose-reductions for
paediatric patients.

Costs/Perspective Perspective seems to be NHS only and does not include PSS costs. | This submission includes resource use costs, which were

validated at the UK advisory board. PSS costs have
been included where possible (e.g. administration).

Adverse Events

The eculizumab studies reported in C11-003 included three deaths
and several complications that may indicate that treatment with
eculizumab does not fully eliminate the risk of non-renal aHUS
complications. The manufacturer’s model was criticized for not
including any adverse events for eculizumab in comparison to
supportive care.

Adverse events have not been included in the model.
Given that the relevant comparator is eculizumab, the
adverse event profiles are similar, and this is no longer
considered relevant.

Utilities

Using study-derived HRQL values was considered to potentially
overestimate the benefit of eculizumab.

Using a value of 1.0 for the health state CKD 0-2 is higher than the
UK general population EQ-5D norms.

The Committee felt that it was likely that other benefits of a
substantial nature had not been adequately captured in the model,
and therefore, may have caused underestimation of the overall
effectiveness of eculizumab.

Given the similarity between treatments, utilities are not
considered in the base case analysis. In the scenario
looking at different effectiveness, utilities have been
capped against general population norms and age-
related utility decrements are applied per cycle.

Uncaptured benefits due to lack of data are assumed to
be less of an issue as these would be expected to be of
similar magnitude for ravulizumab and eculizumab.
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Issue

Critique

How this is addressed in this analysis

Modelling
discontinuations

In line with the eculizumab marketing authorization, the previous
model envisaged lifelong treatment with eculizumab for patients with
aHUS, with treatment discontinuations largely limited to adverse
events.

Clinical practice in the UK has evolved since the
introduction of eculizumab, with lifelong treatment no
longer considered as standard. The model reflects
discontinuation in current UK clinical practice based on
early discontinuations related to differential diagnoses,
non-response to treatment, renal recovery/stabilization or
other reasons (e.g. safety, pregnancy, patient choice).

Pooling of potentially
heterogeneous study
populations

The model used simple pooling of patient-level data from studies
C08-002A/B and C08-003A/B to inform transition probabilities for
both treatment groups. It was unclear whether this was appropriate.

Based on evidence supporting the same efficacy
between treatments, equal effectiveness is modelled in
the base case. As a scenario, differential efficacy is
modelled. As there are no head-to-head data available
for ravulizumab and eculizumab, the scenario model
uses the ITC reported in Section B.2.9 to estimate
relative efficacy. The ITC is limited by small sample sizes
and heterogeneity across the different studies (see
Appendix D.1.4). Additionally, only CKD stage
information is taken forward into the model, whereas for
other endpoints the ITC shows mostly benefit for
ravulizumab vs eculizumab.

Use of restrictive model
structure

The ERG had concerns with respect to the restrictive nature of the
manufacturer’s model structure. For both eculizumab and standard
care groups, the model applied a single fixed-transition matrix, thus
structurally imposing an assumption that CKD transition probabilities
in both groups are time-invariant (excluding mortality effects).This
was considered a highly restrictive assumption that does not make
the best use of the available evidence.

In the scenario looking at differential efficacy from the
ITC, time-dependent transition probabilities are
calculated based on the ordinal probit models up to 1
year. Transitions are assumed constant after 1-year.

Problems of derivation
of transition matrices

The ERG had several issues with the derivation of transition
probabilities in the HST1 model, including inappropriate handling of
competing risks.

In the scenario looking at differential efficacy from the
ITC, CKD transition probabilities are now estimated using
the multi-state modelling approach.

Key: CKD, chronic kidney disease; ERG, Evidence Review Group; HRQL, health-related quality of life; HST, highly specialized technology; ITC, indirect treatment
comparison; PSS, Personal Social Services; STA, single technology appraisal.
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As discussed in Section B.1.2, ravulizumab (ULTOMIRIS®) was developed to share
over 99% homology with eculizumab; therefore, there is reason to consider that
ravulizumab and eculizumab have similar efficacies. While no head-to-head trial in
aHUS is available to confirm this assumption, the results from the ITC, using
propensity score weightings, demonstrate no significant, systematic or clinically
relevant differences between treatment arms. This was shown to be the case for all
subpopulations analysed (see Section B.2.9). While there are limitations with the ITC
data and trial populations?#, discussed in Section B.2.9, evidence from two head-to-
head Phase lll trials in patients with PNH, which were designed to assess the non-
inferiority of ravulizumab compared to eculizumab, show that ravulizumab is non-
inferior to eculizumab and has similar efficacy and safety outcomes.*® %° Considering
all these factors, despite the absence of head-to-head data, the EMA accepted that
comparative efficacy has been substantiated in the adult population and the clinical
community consulted in the UK is confident that ravulizumab has similar efficacy and

safety to eculizumab.?4 3°

Based on this evidence, the economic analysis base case assumes that the two
treatments are equally effective. The base case, which assumes that all efficacy is
the same between treatment arms, only compares the differences in treatment costs.
A scenario analysis considering differential effectiveness is also presented as a
worst-case scenario. The worst-case scenario, based solely upon CKD stage
outcomes from the ITC, models the differences between health states and captures
the differences between life years, QALY's and costs. This is presented as a single
technology appraisal (STA) and not a fast-track appraisal (FTA), was requested by
NICE.

This document presents all the information relevant to the model base case, which
assumes equal effectiveness. Additional details of the scenario analysis, assuming

differential effectiveness, are presented in Appendix N.

B.3.2.1 Patient population

The patient population considered is in line with the license: adults and children

10 kg or above with aHUS who are complement-inhibitor treatment-naive or have
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received eculizumab for at least 3 months and show evidence of response to

eculizumab.

The model explicitly considers treatment-naive patients due to the lack of evidence
on patients who have switched from eculizumab. However, patients who have

switched are assumed to have the same outcomes as treatment-naive patients.

The model considers adults and children separately due to the multiple evidence
sources and expected cost differences due to differing weights. For the base case
analysis, patient characteristics are based on the pooled eculizumab and
ravulizumab trial data in the ITC analysis (using the weighted values, see Section
B.2.9). A summary has been provided in Table 27. It is important to note that four
patients in the ALXN1210-aHUS-312 trial were under 10 kg (6.9 kg, 8.5 kg, 8.8 kg
and 9.1 kg). However, one patient was not included in the FAS due to a positive
Shiga toxin test (6.9 kg). Additionally, four patients in the C10-003 eculizumab trial
were under 10 kg (6.7 kg, 8.3 kg, 8.5 kg and 9.9 kg). Despite these patients not
being included within the licensed patient population, they were included in the ITC
due to the small patient numbers available for analysis. As most of these patients are
close to 10 kg, it is unlikely that their inclusion will impact the direction of the results.
However, removal of these patients from the ITC would increase uncertainty due to
the small numbers of patients available for analysis in this ultra-orphan population.
Despite this, to reflect the characteristics of the population expected to receive
ravulizumab, these patients are not included in the dataset used for patient

characteristics within the analysis.

Using weight data specific to European patients was considered; however, as the
weight for European patients in the trials was similar to the full population (mean
73.1 kg and 72.8 kg, respectively, for adult patients and 25.3 kg and 24.3 kg,
respectively, for children), it was decided to use data from the full trial population.
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Table 27: Baseline patient demographics by population

Patient demographic | Adults Children Source
Age, mean - . 311
Percentage female I Bl 2 312
Weight, mean (kg) | ] N C08-002
Weight distribution C10-003
>10to <20 | |l T C10-004
>20to <30 | [N I
>30to <40 | |l |
>40t0 <60 | I e
>60to < 100 | |G N
>100 | N ]
CKD stage distribution
-2 | [l I
32-3b | | ]
4N H
5/ESRD | NI I
Key: CKD, chronic kidney disease; ESRD, end-stage renal disease.

B.3.2.2 Model structure

As discussed in Section B.3.1, the previous model for eculizumab in HST1 used a
state-transition model, with health states based around kidney function and
transplant. This model was designed to simulate the experience of patients with
aHUS receiving eculizumab or standard care. There was no direct critique relating to
the model structure within HST1, and the health states are considered representative
of the aHUS pathway.

Renal damage in patients with aHUS varies and is classified according to CKD
stages. As per clinical guidelines, CKD is defined by the presence of kidney damage
or decreased kidney function for 3 or more months, irrespective of the cause.
Persistence of the damage or decreased function for at least 3 months is necessary
to distinguish CKD from acute kidney injury.>* Transplants are also an important
feature of the aHUS pathway, although since the availability of eculizumab the
transplant rate has decreased.’® As such, the model structure presented in HST1
seemed appropriate to represent the aHUS pathway and was therefore taken

forward in this analysis. In addition to health states capturing CKD stage and
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transplant, treatment discontinuation was considered an important part of the clinical
pathway for patients on complement C5 treatment; therefore, it is explicitly modelled
in this submission. In the HST1 submission model, discontinuation was not explicitly
modelled because it envisaged lifelong eculizumab treatment and treatment
discontinuation was limited to discontinuation caused by AEs. Clinical practice in the
UK has evolved since the introduction of eculizumab, with lifelong treatment no

longer considered as standard for all patients.

A cohort state-transition model was developed that included health states around
treatment discontinuation and subhealth states, reflecting aHUS-associated renal

function and transplant.

A cohort-transition model is considered appropriate if patient prognosis does not
demonstrate sufficiently important individual heterogeneity. The clinical literature was
reviewed to identify patient characteristics driving major outcomes, such as the
impact of age of presentation and complement-related mutations. The literature
review indicated that there may be meaningful differences in the prognoses of
children versus adults presenting with aHUS. As described in the Rathbone et al.
(2013)%° literature review, observational data suggest that the mortality rate is higher
in children than in adults, but progression to ESRD is more frequent in adults.
Beyond age at presentation, a degree of heterogeneity in prognosis in the first 1-3
years of disease has been observed relating to underlying mutation types associated
with aHUS. However, with the exception of membrane cofactor protein-related
mutations, rates of progression to ESRD are similar, as observed by Fremeaux-
Bacchi et al. (2013).6 Data from patient registries show no systematic differences in
aHUS prognosis between patients with and without an identified pathogenic
variant.%® Finally, recent research has sought to determine the predictors of CKD
progression among patients with aHUS. For instance, Jamme et al. (2017) found that
a high serum creatinine level, a high mean arterial pressure, and a mildly decreased
platelet count are predictive of CKD, consistent with the pathophysiology of kidney
damage in aHUS.%” However, Jamme et al. concluded that while their model
accurately predicts development of 1-year CKD in patients, further validation is

required before it may be applied in clinical practice.
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In light of the considerations above, it was deemed that a cohort state-transition
model with analyses conducted separately for children and adults would be most
appropriate for informing reimbursement decision making. While progression of
aHUS in an individual patient may occur in ‘episodes’, due to uncertainty around the
incidence of such episodes, modelling to match clinical study observations of CKD

outcomes was deemed preferable.

Clinical studies of ravulizumab and eculizumab for aHUS did not restrict enrolment
based on genetic abnormalities. As such, transitions that are modelled based on
clinical study data should be viewed as reflecting a mix of patients with and without

mutations and not specifically accounting for the differences.

The model structure consists of four main health states: initiate treatment,
discontinuation, relapse and reinitiate treatment. Within each health state, there are
eight subhealth states describing aHUS progression: CKD Stage 0-2, 3a-3b, 4,
5/ESRD, transplant, transplant success, excess death and background death (as
demonstrated in the ‘initial treatment’ health state in the model diagram in Figure 16).
CKD Stages 0, 1 and 2 were pooled as CKD 0-2 and CKD Stage 3a and 3b were
pooled as these groups would have minimal differences in costs®® and utilities and
there were small numbers in the individual groups. Clinicians felt that the model
structure appeared to accurately reflect the potential for both improvement and
deterioration across CKD stages and agreed that the model structure seemed

appropriate.?*

The 311 and 312 trial endpoints for CKD stage are evaluated by eGFR at select
days (see Table 28). As such, CKD stage was modelled based on eGFR data
collected in the eculizumab and ravulizumab trials and defined using classifications
based on the Kidney Disease Improving Global Outcomes (KDIGO) clinical
guidelines (see Table 28).%° In the eculizumab studies, CKD Stage 0 was recorded
based on the classification system developed by the US National Kidney Foundation
and reported by Levey et al. (2003).%° It is defined as = 60 mL/min per 1.73 m? with
CKOD risk factors.
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Table 28: CKD stage definitions (KDIGO 2012)%°

CKD stage eGFR (mL/min/1.73 m?) Terms

1 =90 Normal or high

2 60-89 Mildly decreased

3a 45-59 Mildly to moderate decreased

3b 30-44 Moderately to severely decreased
4 15-29 Severely decreased

5 <15 Kidney failure

Key: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KDIGO, Kidney
Disease Improving Global Outcomes.

Transitions to transplant, transplant success and death due to aHUS are modelled
from the literature due to a lack of data from clinical trials. Only patients who are
within the CKD 5/ESRD state can transition to the transplant subhealth state, which
acts as a tunnel state while they undergo a transplant for one model cycle. Patients
are then either deemed successful and transition to ‘transplant success’ or deemed a
‘failure’ and transition back to CKD 5/ESRD or die (excess death) from their
transplant. Excess death includes increased mortality from aHUS CKD 5/ESRD,
transplant surgery or post-transplant, whereas background death represents general

population mortality that can occur from any health state at any time.

Treatment discontinuation can happen at any time in the model based on numerous
reasons (see Section B.3.3). Given the variation of discontinuations in clinical
practice and based on individual patient circumstances, various sources and

scenarios are considered. Figure 16 presents the model structure diagram.

The same model structure is used in the base case and scenarios with differential
efficacy; however, in the base case, transitions through CKD stages are assumed
the same for both arms because the ITC showed no systematic, significant or

clinically relevant differences between treatments.
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Figure 16: Economic model diagram

Initiate treatment

| Initial patient distribution ‘ Excess

’ ' death

' Transplant
success
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death
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Key: aHUS, atypical haemolytic uremic syndrome; CEA, cost-effectiveness analysis; CKD, chronic
kidney disease; ESRD, end-stage renal disease

Notes: Excess death includes the increased mortality risk from aHUS, ESRD, transplant surgery and
post-transplant, whereas background death accounts for the natural risk of mortality associated with
age. Transitions to background mortality may occur from any living health state. Dashed black arrows
represent patients’ entry into the CEA model. Solid black arrows represent transitions possible in the
model. Blue boxes represent the main health states; each of these are split into the disease-
specific subhealth states as shown in the ‘Initiate treatment’ health state.

Table 29 summarizes the key features of the economic analysis compared to HST1,

the previous appraisal in the same disease area within the aHUS setting.

As per the NICE reference case, a 3.5% discount rate (DR) was used for costs, and
the perspective is of the NHS and Personal Social Services (PSS). A cycle length of
14 days is used in the model. This captures the dosing frequency of eculizumab and
is considered sufficiently short to accurately capture key clinical outcomes and
dosing regimens. Given the relatively short cycle length, half-cycle correction is not

applied.®’

The model time horizon considers a patient’s lifetime and runs for a maximum of 100
years. Given that the population considers some patients younger than a year old,

100 years captures the full lifetime of all patients. The model assumes that all
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patients die at age 100. Shorter time horizons are tested in scenario analysis (see

Section B.3.8).

Table 29: Features of the economic analysis

Previous appraisals

Current appraisal

Factor

HST1'®

Chosen values

Justification

Time horizon

100 years, lifetime
horizon

100 years, lifetime
horizon

Chronic disease so
important to capture
a patient’s lifetime

Model structure

State-transition

State-transition

Accurately capture
transitions between
health states to
reflect the aHUS
clinical pathway and
make use of
available data

Discontinuation

Not captured because
the model envisaged
lifelong treatment

Various sources to
capture different
reasons for patients
discontinuing,
including trial data

Variation in why
patients discontinue
in clinical practice
versus trial data.
There is also
variation in clinical
practice between
patients

Source of costs

Dialysis and transplant
costs were included
based upon HRGs.
CKD stage costs for
monitoring and
medications were
included based upon
published literature

Literature sources
used for disease-
specific monitoring
costs. Treatment-
specific costs based
on clinical opinion

These were chosen
to reflect monitoring
of patients with
aHUS in clinical
practice. Clinical
opinion used due to
lack of aHUS-
specific guidance

Key: aHUS, atypical haemolytic uremic syndrome; CKD, chronic kidney disease; HRG, Healthcare
Resource Group; HST1, highly specialized technology 1.

B.3.2.3

Intervention technology and comparators

The ravulizumab dosing schedule within the model is based on the license and is

summarized in Table 30. Depending on a patient’s weight, a loading dose is given

via intravenous infusion followed by the first maintenance dose 2 weeks after the

loading dose and subsequent maintenance doses every 8 weeks. Children between

10 and 20 kg receive the maintenance dose every 4 weeks, while those over 40 kg

receive their maintenance dose every 8 weeks (the same as adults). The dosing
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schedule for ravulizumab is consistent with the dosing schedules within the
ALXN1210-aHUS-311 and ALXN1210-aHUS-312 clinical trials.4?: 41

The comparator considered in the model is eculizumab, a complement C5 treatment
that was approved for use in aHUS by NICE in 2015.' As discussed in Section

B.1.3, eculizumab is the current standard of care in UK clinical practice.

Eculizumab dosing in the model is in line with the SmPC schedule?®; for adults and
children over 40 kg, this consists of 900 mg every week for the first 4 weeks then
1,200 mg for the fifth week followed by 1,200 mg every 2 weeks via intravenous

infusion. Doses for children under 40 kg vary by weight (summarized in Table 30).
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Table 30: Model intervention and comparator with dosing schedules

Treatment Population Body weight (kg) Dose Source
Ravulizumab | Adults >401to <60 2,400 mg followed by 3,000 mg every 8 weeks SmPC'
260 to <100 2,700 mg followed by 3,300 mg every 8 weeks
>100 3,000 mg followed by 3,600 mg every 8 weeks
Children? >210to <20 600 mg followed by 600 mg every 4 weeks
220to <30 900 mg followed by 2,100 mg every 8 weeks
= 301to <40 1,200 mg followed by 2,700 mg every 8 weeks
Eculizumab Adults NA 900 mg weekly for four doses and 1,200 mg for the fifth week SmPC?
followed by 1,200 mg every 2 weeks
Children* 210to <20 600 mg weekly for one dose followed by 300 mg every 2 weeks
>220to <30 600 mg weekly for two doses followed by 600 mg every 2 weeks
>30to <40 600 mg weekly for two doses followed by 900 mg every 2 weeks

Key: SmPC, summary of product characteristics; kg, kilograms; NA, not applicable.
Note: @ Children over 40 kg have the same dosing schedule as adults.
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B.3.3. Clinical parameters and variables

As discussed in Section B.2.13.1, the ITC demonstrated no systematic, statistically
significant or clinically relevant differences in effectiveness when formally comparing
ravulizumab with eculizumab. A qualitative synthesis of pivotal trial data suggests no
differences in safety profiles. Assuming equivalence is strongly supported when
considering that the technologies share over 99% homology and the same
fundamental mechanism of action. Non-inferiority was formally assessed in the PNH
trial programme and ravulizumab was shown to be statistically non-inferior to
eculizumab.*® %0 Moreover, despite the absence of head-to-head data, the EMA
accepted that comparative efficacy has been substantiated in the adult population
and the clinical community consulted in the UK is confident that ravulizumab has
similar efficacy and safety to eculizumab.?* *°® As such, the base case assumes the
same efficacy and safety between eculizumab and ravulizumab and only considers

differences that impact treatment costs.

A scenario analysis is also presented that models the differences between efficacy
using the ITC data. This is considered a worst-case scenario as only one endpoint
(which by chance favours eculizumab) is carried forward from the ITC. For the equal
efficacy analysis, all health state occupation inputs for ravulizumab were assumed to
be the same as per eculizumab. Further details of the clinical inputs used to inform

health state occupation in this analysis are presented in Appendix N.

B.3.3.1 Treatment discontinuation

According to the eculizumab and ravulizumab SmPCs, patients with aHUS should
only discontinue treatment if medically justified as there are no specific data on
treatment discontinuation.’ 2° The SETS study is currently investigating safety and
impact in patients who discontinue eculizumab (as recommended in the HST1
outcome); this will likely inform how and when patients can discontinue therapy (see
Section B.1.3.2).52 In a long-term prospective observational study, discontinuation of
eculizumab resulted in a 13.5-fold higher rate of thrombotic microangiopathy
recurrence and showed a trend toward reduced renal function compared with
patients who continued treatment.®® Therefore, until the results of the SETS study

are produced, clinicians are hesitant to discontinue long-term maintenance therapy
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in patients with aHUS unless there is a clear clinical need identified or knowledge of

which patients would be suitable for discontinuation.

In the aHUS clinical trials, patients could only discontinue treatment if they suffered

from AEs, become pregnant or based on clinical judgement.4% 4! Additional criteria

for discontinuation from the eculizumab trials include aHUS crisis, disease

progression and newly developed antimicrobial resistance.4-¢7

In clinical practice, patients can discontinue eculizumab treatment for numerous

reasons, many of which depend on individual patient circumstances and needs.

These can be grouped into four categories:

e Patients who initially start treatment but are found to have a differing diagnosis:

Patients presenting with aHUS symptoms are treated while tests are conducted
to confirm the diagnosis. Additionally, screening for differential diagnosis
continues, including screening for STEC-HUS and thrombotic
thrombocytopenic purpura in children

Some patients do not respond to treatment and have a different diagnosis once
test results return

The NRCTC service aims to complete screening within 1 month of treatment
initiation, although in practice this will vary and test results may come sooner or
later?

The NRCTC reports show that between 2016 and 2019, on average, 17% of

patients initiated on eculizumab discontinue due to differential diagnosis'? 68 6°

e Patients who have no renal recovery after treatment:

These patients are assumed to either not have complement-mediated aHUS or
have been initiated on treatment too late for complement-inhibitor treatment to
be effective

Discontinuation in this group usually happens approximately 3—4 months after
treatment initiation for patients on eculizumab?*

The NRCTC reports show that between 2016 and 2019, on average, 23% of

patients discontinued treatment due to lack of renal recovery'® 68 69

e Patients who do have renal recovery and are discontinued based on low risk of

recurrence or patient preference:
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These patients will have achieved stabilization if not normalization of renal

function and are considered for discontinuation on a case-by-case basis

Currently, patients being considered for discontinuation for this reason are
enrolled to the SETS study, which is designed to assess the safety and impact
of eculizumab withdrawal

— This could occur at any time point after the first month of treatment and
confirmed diagnosis. The KDIGO guidelines recommend discontinuing on a
case-by-case basis after at least 6-12 months of treatment and at least 3
months of normalized kidney function.® Current clinical opinion seems to
suggest that patients do not discontinue for at least 12 months if they respond

well to treatment, unless they enrol onto the SETS study

There are little data to inform how many patients may discontinue for these
reasons in future clinical practice given that this is not current standard practice.
The NRCTC report shows that some patients did withdraw from eculizumab
treatment due to renal recovery; however, it was because the aHUS diagnosis
was revised following the availability of additional clinical data and an
alternative diagnosis was made. Consequently, the clinical improvement was
not attributed to eculizumab and treatment was subsequently withdrawn.
Therefore, no patients with aHUS discontinued due to renal recovery between
2016 and 2019; however, clinicians confirm that patients do discontinue for this
reason (currently managed through the SETS study) and, depending on the
SETS outcome, this may become more common in the future
— As discontinuation due to renal recovery is not a common clinical occurrence at
present, and future rates are depend on the SETS study outcomes, this type of
discontinuation is not included in the model base case; however, it is included
in a scenario
= In the scenario, the SETS protocol informs the proportion of patients who
discontinue and at which time point. The SETS protocol states that the
minimum treatment duration before patients can enrol is 6 months and that,
after a preliminary assessment, approximately 60—70% of prevalent patients
will be eligible to participate in the study.”® Therefore, this scenario uses the
minimum treatment duration for both arms (6 months) and assumes that

65% of patients on treatment at 6 months discontinue
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= Clinical opinion from the previous UK advisory board suggested that
approximately 25% of patients would discontinue for this reason??, which is
considerably less than estimated from the SETS protocol. Thus, 25% is also
tested in this scenario
e Patients who discontinue due to safety reasons, pregnancy, patient choice, death
or other reasons (general discontinuation):
— This could happen at any time point and is more in line with the discontinuation

seen in the clinical trials

Based on the above, treatment discontinuation is complex with no generally applied
current approach and a potential shift in future clinical practice is likely following
results from the SETS study. While the treatment discontinuation data from the
international clinical trials do help to inform general discontinuation (as detailed
above), they do not fully reflect UK clinical practice, where management with

eculizumab — particularly in terms of treatment initiation — is likely to differ.?*

To capture expected treatment discontinuation in UK clinical practice as accurately
as possible, the model captures the four elements of discontinuation separately
using different sources and timings. These are then varied in sensitivity analyses and

scenarios to ensure uncertainty around these inputs is captured.

B.3.3.1.1 Misdiagnosis

A simplified approach has been taken to capture the initial treatment period of
patients before confirmed diagnosis. The drug and administration costs during the
diagnosis period are calculated and applied as a one-off upfront cost within the
model. This is expected to be the same in both treatment arms. These costs are
uplifted to account for the fact that 100% of confirmed patients with aHUS ‘start’ the
model. The base case for both treatment arms assumes that patients have a
confirmed diagnosis in 1 month and that 17% of patients discontinue based on the
NRCTC reports. This results in the costs being uplifted by 20% at the start of the
model (1/(1-0.17) = 1.205).
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B.3.3.1.2 General discontinuation

To capture patients who discontinued at any time point due to AEs, patient choice
and so on, the data from the clinical trials are used. The patient-weighted data from
the ravulizumab and eculizumab trials are pooled and fitted with parametric curves.
Clinicians consulted did not expect discontinuation to differ between eculizumab and
ravulizumab; therefore, pooling the data was considered appropriate for the base

case.?

To maximize data, data from the long-term eculizumab trial (C11-003) were used for
eculizumab and were pooled with the ravulizumab trials. Eleven patients within the
weighted eculizumab data set did not enter the C11-003 follow-up trial; therefore,
their time to treatment discontinuation (TTD) was based on their last treatment date

in the parent study.

The pooled weighted patient-level data were fitted with parametric survival
distributions: exponential, generalized gamma, Gompertz, log-normal, log-logistic
and Weibull. Selecting the most appropriate distribution for the base case was done
in accordance with NICE TSD 14.7" Visual inspection and comparison of the Akaike
information criterion (AIC) and Bayesian information criterion (BIC) were used to
determine which distribution fitted the Kaplan—Meier (KM) data best during the

observed period.

Table 31 presents the AIC and BIC fit statistics for each distribution. As can be seen,
there is little difference in statistical fit between any of the curves. For the adult
population, the data are relatively mature with a maximum follow-up of 7.6 years for
eculizumab patients and 2.3 years for ravulizumab patients; however, the low patient
numbers for the prior transplant and paediatric groups mean that individual events

have a larger impact on the KM data, resulting in poorer curve fits.

For the non-transplant population, all the curves seem to fit the KM reasonably well,
with some overestimation between 3 and 4 years. Weibull predicts the lowest
proportion of patients still on treatment long-term, and log-normal predicts the
highest proportion of patients still on treatment (Figure 17). For the prior transplant

population, the shape of the KM curve (due to small patient numbers) meant that the
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parametric curves did not fit well, underestimating the first 2 years and
overestimating from 3 to 6 years (Figure 18). The curves fan out at 4 years,
predicting very different proportions of patients on treatment by 20 years (0—-15%).
For the paediatric population, the shape of the KM curve (due to small patient
numbers) meant that the parametric curves did not fit well, underestimating patients
on treatment between 2 to 5 years (Figure 19). Visually, Gompertz and generalized
gamma fit the data best but estimate that no patients are on treatment after 10 years,

which is considered clinically implausible.

Clinical validation was sought to confirm the expectation of the proportion of patients
on treatment over time; however, given the current complexity of treatment
discontinuation, the changing of clinical practice and dependency on patient
circumstances, clinicians could not provide estimates to use for validation. Available
UK registry data provide some information on treatment discontinuation rates for
patients receiving eculizumab in practice but do not provide longer-term data than
the trials (n=82 total; n=15 remaining at 6 years). The UK registry data show that
most patients who discontinue do so early on; however, it should be noted that these

data include all types of discontinuation and not just general discontinuation.

Given the complexity of treatment discontinuation and the lack of data and clinical
uncertainty associated with long-term outcomes, the base case choice is primarily
driven by visual fit to the non-transplant data (where the most information exists), the
implied assumption of the hazard from the curve selected with other curves tested in
scenario analysis and the expectation that some patients will remain on treatment in
the long term (>10 years) in all populations. The exponential curve has been
selected as the base case for all groups; this curve sits between the lower and upper
predicted curves and assumes a constant rate of treatment discontinuation over
time. This assumption seems reasonable given that it represents general reasons to
discontinue treatment and can happen at any time point. All other curves are tested

in scenario analysis.

Given that the same curves are used for both treatment arms, the choice of curve

does not have much influence on the model results.
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Table 31: TTD: AIC and BIC - pooled C11-003 and 311/312

Distribution Adults (non- Adults (prior Children
transplant) transplant)

AlIC BIC AIC BIC AlIC BIC
Exponential | 280.98 283.38 78.77 79.87 102.02 103.49
Generalized
gamma NA NA 82.32 85.59 103.34 107.74
Gompertz 282.93 287.75 80.67 82.85 100.40 103.33
Log-logistic | 280.82 285.63 80.13 82.31 103.31 106.24
Log-normal | 278.75 283.56 81.32 83.50 104.59 107.52
Weibull 282.44 287.26 80.34 82.52 102.35 105.29

Key: AIC, Akaike information criterion; BIC, Bayesian information criterion; NA, not applicable;
TTD, time to treatment discontinuation.

Notes: Generalized gamma did not converge for the non-transplant adult population.

Bold and underlined represents the best-fitting curves. Bold represents curves with a similar
goodness of fit to the best-fitting curve (AIC within 5).

Figure 17: TTD parametric curves — pooled C11-003 and 311 (adults — non-

transplant)
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Figure 18: TTD parametric curves — pooled C11-003 and 311 (adults — prior

transplant)

Time to discontinuation - adults with prior transplant
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Key: Exp, exponential; gen gamma; generalized gamma; gomp, Gompertz; log-log, log-logistic; log-
norm, log-normal; KM, Kaplan—Meier; TTD, time to treatment discontinuation.

Figure 19: TTD parametric curves — pooled C11-003 and 312 (children)
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norm, log-normal; KM, Kaplan—Meier; TTD, time to treatment discontinuation.
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For the adult population, the selected curves are weighted based on how many
patients have received a prior transplant (see Appendix N). The final curves chosen
to represent treatment discontinuation for adults and children are presented in Figure
20.

The global aHUS registry is an alternative source of treatment discontinuation data,
and these are used in a scenario analysis. The global aHUS registry was initiated in
April 2012 and aimed to assess the long-term effects of aHUS and to collect and
evaluate the safety and effectiveness of using eculizumab to treat patients with
aHUS.3" The registry covers all types of discontinuation and so, when the associated
data are applied in the scenario analysis, all other types of discontinuation described
above are excluded. Treatment discontinuation data from the April 2020 data cut for
the UK population were used and fitted with parametric curves as above. Details of

these data are provided in the Appendix O.2.

Figure 20: Final TTD parametric curves
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B.3.3.1.3 No renal response

In UK clinical practice, patients on eculizumab with no renal response would usually
discontinue treatment after 3-4 months?4; according to the NRCTC reports, this
occurs in around 23% of patients who are initiated on therapy.'® 68 69 However,
according to the SmPC, ravulizumab should be given for a minimum of 6 months to
resolve TMA manifestations (with the exception of misdiagnosis).' Therefore, for the
model base case, it is assumed that ravulizumab patients would not discontinue due
to no renal response for a minimum of 6 months, in line with the SmPC. As clinicians

felt that in UK clinical practice it is unlikely that patients with no renal recovery would

receive ravulizumab for the full 6 months, the impact of discontinuation due to non-

response at the same time point as eculizumab is tested in a scenario analysis. In

the model, eculizumab patients experiencing no renal response are discontinued at

3.5 months. The remaining patients on treatment continue to follow the treatment

discontinuation rate estimated from the extrapolated curves from general

discontinuation.

B.3.3.1.4 Summary

Table 32 summarizes treatment discontinuation timings and expected % of patients.

Table 32: Treatment discontinuation summary

Reason for Eculizumab Ravulizumab
discontinuing . N . - o .
treatment Timing % of patients Timing % of patients
Different 1 month 17% (NRCTC)'® | 1 month As per
diagnosis 68,69 eculizumab
General Any time Pooled weighted | Any time Pooled weighted

(continuous) | ITC data (continuous) ITC data

extrapolated extrapolated

No renal 3.5 months 23% (NRCTC)'® | 6 months As per
recovery (mid-point 68,69 (SmPC) ! eculizumab

between 3—4 (3.5 months in

months)** scenario

analysis)
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Renal recovery | Not applied in | Not applied in Not applied in Not applied in
base case base case base case base case
(6 months in | (65% and 25% (6 months in (65% and 25% in
scenario in scenario scenario scenario
analysis) analysis) analysis) analysis)

Key: ITC, indirect treatment comparison; SmPC, summary of product characteristics; NRCTC,
National Renal Complement Therapeutics Centre.

B.3.3.2 Relapse and treatment reinitiation

In the aHUS registry, 82 patients from the UK were included and were treated with
eculizumab (56 adults and 26 children). Of the 82 patients, 40 patients discontinued
(26 [46.4%] adults and 14 [53.8%] children). Eighteen patients subsequently
relapsed and reinitiated eculizumab treatment (11 [42.3%] adults and 7 [50.0%]

children).”

A similar rate was reported in the long-term eculizumab study C11-003, as reported
in Menne et al. (2019), whereby 42 patients discontinued eculizumab treatment.?3 Of
those, 21 (50.0%) patients relapsed and resumed eculizumab treatment. Literature
sources also show similar rates of TMA recurrence after discontinuing eculizumab,
ranging from 20% to 67%.73-80

Therefore, in the model we have assumed that 42.3% of adults and 50.0% of
children relapse and all patients who relapse reinitiate treatment, as per the aHUS
registry. The rate used for children is only used until the mean age of the population
reaches 18; after this time, the adult rate is used for the remaining time horizon. This

is assumed for both eculizumab and ravulizumab.

B.3.3.3 Safety

The AEs associated with ravulizumab and eculizumab are expected to be similar for
patients with aHUS and, therefore, have a small impact on the model results. Both
drugs had similar safety profiles based on clinical trial results, and clinicians agree
that they would expect the safety profiles of the two treatments to be similar.?* Four
deaths were observed in the ravulizumab trial, but they were not deemed to be drug-
related by the investigators. Furthermore, the patients who died were considered
severely ill before entering the trial and clinical expert opinion is that, in practice,
these patients would not have been eligible for complement-inhibitor treatment in the
UK (see Section B.2.10.3).?* The head-to-head PNH trial also demonstrated similar
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safety profiles for eculizumab and ravulizumab, which is unlikely to differ for patients

with aHUS .49 50 Therefore, AEs are not considered in the model.

B.3.4. Measurement and valuation of health effects

As discussed in Section B.3.2, the primary analysis assumes equivalent efficacy
between ravulizumab and eculizumab, and therefore, does not consider QALY
differences between treatment arms. In the secondary analysis looking at differential
efficacy, health-states are measured in QALY's. Further details of the utilities used to

measure the health states are described in Appendix N.2.

B.3.4.1 Health-related quality of life data from clinical trials

EQ-5D-3L data were collected in some of the ravulizumab and eculizumab trials,
mainly for the adult population. The trials that only recruited paediatric patients did
not collect any EQ-5D data, but some EQ-5D paediatric data were collected within
the C08-003 trial. The frequency of the EQ-5D data collection varied by trial, but all
trials had data for the start and end of the initial evaluation phase (26 weeks) with

some data beyond 26 weeks.

Responses to the EQ-5D-3L collected in clinical studies were scored using a time-
trade off value set for the UK.8! Patients with missing data from any of the five
domains were removed from the analysis in addition to patients who had a missing

or unknown CKD stage at the time of EQ-5D questionnaire.

UK time-trade off summaries were stratified by baseline treatment, baseline CKD
stage and post-baseline treatment and post-baseline CKD stage (presented in Table
33). While observation numbers are limited, it can be seen that patients receiving
ravulizumab had lower utilities at baseline (0.39 vs 0.63) and therefore showed a
greater improvement in utilities post-baseline (0.39 to 0.81 for patients receiving

ravulizumab vs 0.63 to 0.86 for patients receiving eculizumab).

Mixed-effects models were derived to estimate utilities adjusted for health states and
for repeated measures within subjects. The full methods and results of the

exploratory analysis and mixed-effects modelling are shown in Appendix M.
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Table 33: EQ-5D estimates from clinical studies descriptive summaries

CKD Treatment Baseline Post-baseline
stage N observations | N patients Mean (95% CI) N observations | N patients Mean (95% CI)
0-2 Eculizumab 2 2 0.84 (0.54, 1.15) 208 21 0.94 (0.92, 0.95)
Ravulizumab | 3 3 0.35(-0.09,0.78) | 85 22 0.89 (0.84, 0.93)
Pooled 5 5 0.55 (0.20, 0.90) 293 43 0.92 (0.91, 0.94)
3 Eculizumab 14 14 0.70 (0.50, 0.91) 395 44 0.88 (0.87, 0.90)
Ravulizumab | 3 3 0.56 (0.20, 0.93) 50 23 0.85 (0.80, 0.91)
Pooled 17 17 0.68 (0.50, 0.86) 445 67 0.88 (0.86, 0.90)
4 Eculizumab 14 14 0.73 (0.61, 0.85) 308 31 0.80 (0.78, 0.82)
Ravulizumab | 9 9 0.65 (0.40, 0.90) 29 17 0.77 (0.66, 0.88)
Pooled 23 23 0.70 (0.58, 0.82) 337 48 0.80 (0.78, 0.82)
5 Eculizumab 32 32 0.55 (0.40, 0.69) 154 27 0.78 (0.74, 0.82)
Ravulizumab | 34 34 0.31 (0.14, 0.48) 110 35 0.74 (0.68, 0.80)
Pooled 66 66 0.42 (0.31, 0.54) 264 62 0.76 (0.73, 0.79)
Overall Eculizumab 62 62 0.63 (0.54, 0.73) 1065 71 0.86 (0.84, 0.87)
Ravulizumab | 49 49 0.39 (0.25, 0.52) 274 54 0.81 (0.78, 0.84)
Pooled 111 111 0.52 (0.44, 0.61) 1,339 125 0.85 (0.83, 0.86)

Key: Cl, confidence interval; CKD, chronic kidney disease; FAS, Full Analysis Set; ITT, intention-to-treat.
Note: This table includes baseline and post-baseline data for prior transplant and no transplant patients from aHUS-311 (FAS), C08-002 (ITT), C08-003
(ITT) and C10-003 (ITT). Utility records were excluded for which a CKD stage was missing or unknown at time of baseline.
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Table 34 presents the final mixed-effects model after selecting the most appropriate
regression model. Baseline utility, CKD stage, and the expected decreases in utility
outcome that occur as CKD stages increase all have a significant effect on post-
baseline utility. In this model, treatment does not have a significant effect on utility;
however, the direction of effect was 0.05 (p=0.132) in favour of ravulizumab when

accounting for differences in baseline utility (see Appendix M).

Table 34: Summary of final fitted mixed-effects model

Coefficient Parameter value SE p-value
(Intercept) 0.78 0.03 | <0.001
Baseline utility 0.24 0.04 | <0.001
CKD Stage 3 -0.05 0.02 | 0.006
CKD Stage 4 -0.15 0.02 | <0.001
CKD Stage 5 -0.21 0.02 | <0.001
Baseline utility <0.001
CKD stage <0.001

Model fit diagnostics

AIC -1,041.45

BIC -1,005.62

Key: AIK, Akaike information criterion; BIC, Bayesian information criterion; CKD, chronic kidney
disease; SE, standard error.

B.3.4.2 Mapping

EQ-5D values were collected directly from the clinical trials; therefore, no mapping

was required.

B.3.4.3 Health-related quality of life studies

A systematic literature review was conducted to identify all relevant utility studies for
the treatment of patients with aHUS. Of the 10 studies identified in the economic
systematic review (see Section B.3.1 and Figure 15), four reported HRQL outcomes.
The process of study identification, search strategies and a description of the

included utility studies are presented in Appendix H.
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HRQL was not well reported among the included studies. All four of the publications
discussed HRQL data from the ravulizumab or eculizumab trials. Details of these

descriptions are provided in Appendix H.

The previous NICE aHUS submission (HST1) used EQ-5D utility values estimated
from the C08-002 and C08-003 trials.'® EQ-5D values for CKD 0-2, CKD 3—4 and
ESRD at Day 364 were assumed to reflect the utility scores for patients receiving
eculizumab. 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
estimate the difference in HRQL for patients receiving standard care versus
eculizumab and was applied as a disutility to all standard care CKD states. The utility
within the transplant tunnel state was assumed to be the same as the utility for the
standard care CKD 3—4 state (value = 0.662).

The van de Brand et al. (2017) study used utility values from a systematic review
and meta-analysis of utility-based quality of life in CKD treatments for dialysis and
patients living with transplant.8? A utility reduction of 5.5% on average (ranging
between 1 and 11%), due to the recurrence of aHUS without suffering graft loss, was

based on expert opinion.

Table 35 summarizes the utility studies identified in the review that were not based

on the clinical trials.

Table 35: HRQL studies identified in the SLR

Study Year Utility measure Mean utility
Tappenden 2013, 2013 EQ-5D Eculizumab: CKD 0-2 =1, CKD
NICE 201516 3-4 =0.87, ESRD = 0.867

Transplant = 0.662

Standard care: CKD 0-2 = 0.792,
CKD 3-4 =0.662, ESRD = 0.659

Transplant = 0.662

Van de Brand®? 2017 Systematic review®? | 5.5% utility reduction due to aHUS
and expert opinion recurrence

Key: aHUS, atypical haemolytic uremic syndrome; CKD, chronic kidney disease; ESRD, end-stage
renal disease; HRQL, health-related quality of life; NICE, National Institute for Health and Care
Excellence; SLR, systemic literature review.
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B.3.44 Adverse reactions

As discussed in Section B.3.3, no differences in AEs associated with ravulizumab
and eculizumab are expected. Therefore, no disutilities associated with adverse

reactions have been included in the economic model.

B.3.4.5 Health-related quality of life data used in the cost-effectiveness
analysis

Full details of the HRQL data used in the scenario analysis are presented in

Appendix N.2.

B.3.5. Cost and healthcare resource use identification,

measurement and valuation

In line with the NICE reference case, the perspective on costs in all cost-
effectiveness analyses is that of the NHS and PSS in England. A systemic literature
review for healthcare resource use and cost data is reported in Appendix |. Three
publications reported two studies on direct and indirect costs. One study reported the
impact of early versus late eculizumab initiation® 8 and the other reported a US-
based cost-consequence model investigating the productivity loss of treating patients
with aHUS with eculizumab or ravulizumab.8 These studies report US costs and do

not provide any useful inputs for this model structure.

Table 36 summarizes the associated health care resource use costs. Further details

of how these costs have been calculated are provided in the sections below.
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Table 36: Healthcare resource costs

£352,800 (adults), £168,407

(children)

Health state Cost Sourceljustification
First year:
poiy LTI .
DFUQ_ - (children) Costs are based on patient weight
acquisition? . _ distribution dosing frequency as per their
Eculizumab:

SmPC' 25

Administration
costsP

Ravulizumab: Average
£208 per dose

Eculizumab: £195

PSSRU (2019)87

Combination of associated nurse
specialist (£113) and pharma specialist
(£57). Infusion times as per SmPC with
additional 1-hour nurse observation
time*. 25

Meningococcal

Hampstead Health Pharmacy?®?
Combination of MenACWY (£60) and

2-week cycle)

vaccine £290 MenB vaccine (£115) (see Table 41 for
further details)
£69.70 (first year per 2- NRCTC®?
Treatment week CyCIG) NHS ref 18/19°
monitoring £69.57 (after first year per NHS 2015.'

Discontinuation
cost

£98.87 (per 2-week cycle)

SETS protocol™
NHS ref 18/1%0
NHS 2015°!

Relapse cost

£1,272.84 (per 2-week
cycle)

Silver 201792, cost of diagnosis of acute
kidney injury, inflation adjusted

Health state costs (per 2-week cycle)

CKD 0-2 £17.35
CKD 3a-3b £17.35
CKD 4 £16.92
CKD 5/ESRD £22.61
Transplant £1,059.38
s

Costs are calculated based on annual
hospital care costs in the absence of
diabetes and cardiovascular
complications (Kent et al. [2015])%8

Key: CKD, chronic kidney disease; ESRD, end-stage renal disease; MIMS, Monthly Index of
Medical Specialities; NRCTC, National Renal Complement Therapeutics Centre; PSSRU,
Personal Social Services Resource Unit; SmPC, summary of product characteristics.

Note: @ Drug costs shown exclude VAT, are based on PAS price for ravulizumab and list price for
eculizumab (no PAS applies) and assume no discontinuation. ® Administration costs are only
applied to patients who do not receive homecare — % of patients (funded by Alexion).
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B.3.5.1 Intervention and comparator costs and resource use

B.3.5.1.1 Drug acquisition costs

Table 37 summarizes the drug unit size, pack size and associated cost for
ravulizumab and eculizumab. A description of the cost per pack, source and the

proposed patient access scheme (PAS) is included.

Table 37: Drug unit size, pack size and pack cost

Treatment Unit size Pack size | Cost per pack Source

Ravulizumab | 300 mg 1 £4,533 (I with | Alexion pricing®
PAS)

1,100 mg 1 “ with | Alexion pricing

PAS)

Eculizumab 300 mg 1 £3,150 MIMS (2019)86

Key: MIMS, Monthly Index of Medical Specialities; PAS, patient access scheme.

Note: A PAS of was applied to ravulizumab vials.

The dosing schedules for eculizumab and ravulizumab are presented in Section
B.3.2, Table 30. To accurately account for the variation in patient weights, the per-
cycle treatment cost for eculizumab and ravulizumab uses the weight distribution
from the associated clinical trial data to calculate the average cost per cycle.
Accurately capturing the patient weight distribution has been considered particularly
important due to the large variation in patient weights within the patient population;
this is due to both the paediatric population and adults being considered in the ITT
population. The weight distribution was used to calculate the average costs of

ravulizumab treatment and eculizumab treatment.

The changing weight of paediatric patients is accounted for within the model. The
average weight of children in the UK per age, taken from the Royal College of
Paediatrics and Child Health (RCPCH) UK-World Health Organization (WHO) growth
charts, was used to calculate the average growth rate per 6 months for paediatric
patients less than 18 years old.®* % This was estimated as an increase of 3.2 kg per
6 months, assuming a linear increase (see Figure 21), and was applied to the

baseline weight distribution over time. To ensure that paediatric patients are not
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heavier than the adult starting population when they reach adulthood, their weight is
assumed to remain the same when either the patient turns 18 (adult patient weights
remain consistent over the model time horizon) or the mean overall weight matches

the mean overall weight of the adult population.

Figure 21: RCPCH UK-WHO growth charts per age®* %
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Key: RCPCH, Royal College of Paediatrics and Child Health; WHO, World Health Organization.

The cost of the first year of treatment for ravulizumab and eculizumab in the base
case is presented in Table 38. Due to the different dosing schedules, the average
treatment cost of ravulizumab for the first year of treatment is [l and |l cheaper

than eculizumab for adults and children, respectively.

Table 38: Cost of the first year of treatment

Treatment Ravulizumab Eculizumab
First year — adults [ £352,800
First year — children _ £168,407

B.3.5.1.2 Administration costs

Ravulizumab and eculizumab are administered intravenously; eculizumab is

administered via a 25—45-minute infusion?® but the ravulizumab infusion time varies
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depending on age and weight band (see Table 39). The model uses a 15-minute

preparation time for each administration for both ravulizumab and eculizumab.

Table 39: Infusion times (hours) for ravulizumab (100 mg/mL formulation)

Body weight Induction Maintenance

(kg) Prep time Infusion time Prep time Infusion time
>210to <20 0.25 0.8 0.25 0.8

>20to <30 0.25 0.6 0.25 1.3

=30 to <40 0.25 0.5 0.25 1.1

240to <60 0.25 0.8 0.25 0.9

=60 to <100 0.25 0.6 0.25 0.7

=100 0.25 0.4 0.25 0.5

The costs of specialist nurse and pharmacist time have been incorporated in the
administration costs for both eculizumab and ravulizumab. Associated PSS
Resource Unit costs have been used to inform the overall cost.?” This includes a
combination of associated nurse specialist (£113) and pharmacist specialist (£57)
time. An additional observation time of 1 hour has been assumed in the
administration cost calculation and is included in the nurse time allocation. The total

administration cost per dose is summarized in Table 40.

Table 40: Total administration cost per dose (100 mg/mL formulation)

Body weight (kg) Ravulizumab Eculizumab
Induction Maintenance

>210to <20 £218 £218 £195

220 to <30 £195 £274

=30 to <40 £184 £252

>40to <60 £218 £229

=60 to < 100 £195 £206

=100 £172 £184

After a certain time, some patients responding well to treatment will receive their
administrations at home through Alexion’s homecare programme. Most patients will
receive homecare after approximately their fifth eculizumab dose. Based on personal
communication with NRCTC, | o atients currently on eculizumab

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
syndrome (aHUS) [ID1530] Alexion (2020). All rights reserved 136 of 166



treatment are receiving homecare (data on file). Therefore, in the model, the base
case assumes that % of patients receive homecare after their fifth dose. It is
assumed that .% of patients on ravulizumab also receive homecare, but this will be
after the initial loading dose and two maintenance doses. Administration costs for
patients receiving homecare are not included in the model as these costs are

covered by Alexion.

B.3.5.1.3 Meningococcal vaccine and prophylactic antibiotics

Ravulizumab and eculizumab administration, and the associated complement
system inhibition, may increase the risk of meningococcal infection. The SmPCs for
eculizumab and ravulizumab suggest that all patients must be vaccinated against
meningococcal infections at least 2 weeks before receiving treatment, unless the risk
of delaying treatment outweighs the risks of developing a meningococcal infection.
25 Costs and dosing for the two necessary vaccines, MenACWY and MenB, were
derived from Hampstead Health Pharmacy.? Additionally, the MenACWY SmPC
indicates that a booster vaccination is available up to 5 years after vaccination®;
therefore, in the model, MenACWY vaccination is given every 5 years for patients
receiving complement-inhibitor treatment. Given that no specific advice was
identified for MenB, the same was assumed and confirmed by clinical opinion. Table

41 provides an overview of the dosing regimens required.

Table 41: Meningococcal vaccination cost and dose frequency

Vaccine Cost Number of | Source Frequency of | Source
per doses booster
dose required doses
MenACWY | £60 1 Hampstead Every 5 years | MenACWY
vaccine Health SmPC®
MenB £115 |2 Pharmacy®® Every 5 years | Assumption
only)

Key: SmPC, summary of product characteristics.
Note: As the vaccination history is assumed unknown for treatment experienced patients, a booster
vaccine is given at the start of model and every 5 years thereafter.

The costs provided include the costs of administration and consultation. These costs

are applied to both treatment arms.
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The aHUS National Service recommends continuous prophylactic antibiotics,
specifically penicillin, for all eculizumab-treated patients and the same is expected to
apply to ravulizumab. The drug cost was derived from the drugs and pharmaceutical
electronic market information tool (eMIT).®” Multiple price options were presented at
differing doses; therefore, it was assumed that the pack providing the cheapest cost

per mg would be used (see Table 42).

Table 42: Penicillin cost per pack

Description Cost per pack

Phenoxymethylpenicillin 250 mg £0.36
tablets/pack size 28 (DEA229)

It was assumed that prophylactic penicillin would be given at a dose of 500 mg, twice
daily. This results in a cost per cycle of £0.72. The costs were applied to both

treatment arms.

B.3.5.1.4 Treatment monitoring

According to the NRCTC, testing for evidence of the complement blockade, by
CH100, AH100 (or CH50/AH500) and soluble C5b-9, is recommended during follow-
up while patients are on eculizumab. These are recommended every 3 months in the
first year and annually thereafter. Additionally, monthly blood tests are
recommended.? It is assumed that these tests take place at an outpatient
consultation. Treatment monitoring is not expected to differ for ravulizumab;

therefore, treatment monitoring costs are assumed the same for both treatments.

Costs for treatment monitoring have been sourced from NHS reference costs 18/19%
or NHS preoperative costs 2016°! uplifted to 2019 costs. The total costs per model
cycle are £69.97 for the first year and £69.85 thereafter.

Table 43 summarizes the treatment monitoring frequencies and unit costs used in

the model.
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Table 43: Summary of treatment monitoring costs

Resource use Frequency Cost Source

Outpatient consultant Monthly £131.01 | NHS ref 18/19 - Total
outpatient attendances 822
Chemical Pathology®®

Evidence of blockade Every 3 months for £1.10 NHS ref 18/19 - DAPS04 -

(CH100, AH100 or the first year and Clinical Biochemistry®°
CH50/AH500) and annually thereafter
soluble C5b-9)
Renal function Monthly NHS ref 18/19 - DAPS04 -
£1.10 - : e %
Clinical biochemistry
Full blood count NHS ref 18/19 - DAPSO05 -
£2.79 %
Haematology
Lactate dehydrogenase NHS ref 18/19 - DAPSO05 -
£2.79 %
Haematology
Haptoglobin NHS ref 18/19 - DAPSO05 -
£2.79 %
Haematology
Urinalysis NHS 2015. Preoperative

£4.33 tests, Appendix M, Table 2.
Uplifted to 2019 costs®’

Urine protein/creatinine NHS 2015. Preoperative
ratio £6.36 tests, Appendix M, Table 3.
Uplifted to 2019 costs®’

B.3.5.1.5 Discontinuation costs

The outcomes of patients who discontinue treatment are being assessed in the
ongoing SETS trial. The SETS study is a UK multicentre, open-label, prospective,
single-arm study of the safety and impact of eculizumab withdrawal in patients with
aHUS.%? Outcomes from SETS will inform future practice which will likely be in line
with SETS criteria (see Section B.1.3.2). Therefore, costs to inform discontinuation
monitoring are based on the SETS protocol. It is likely that monitoring will be less
intensive compared with the SETS study in UK practice. However, these costs are

used as an upper bound of the costs incurred by the NHS.

Patients are assessed regularly for evidence of disease relapse for the duration of
the 2-year study period. Patients are reviewed weekly for the first month, then
alternate weeks until Week 6 and then monthly until the end of the 2 years.”® Not all
tests are conducted at every visit (see Table 44). In addition to frequent visits,

patients are also expected to conduct regular self-monitored urinalysis. These are
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performed daily by the patient or carer for the first month, then three times per week

for the duration of the study. The SETS study includes patients with Stages 0-3

CKD, although clinical opinion suggests that patients with Stage 4 CKD will be

monitored like those with other stages of CKD therefore the same monitoring costs

have been used. However, patients with Stage 5 CKD would be monitored like

patients on dialysis; therefore, specific health state costs covering dialysis are used

for this health state (see Section on CKD stage costs).

Table 44: Discontinuation monitoring (SETS protocol)

period

Resource Frequency Unit Cost source
cost
General (temperature, Weekly for the first £131.01 | NHS ref 18/19 - Total
blood pressure, pulse, month outpatient attendances
concomitant medication Bi-weekly until 6 822 Chemical
review) months, then monthly Pathology®
Renal function (eGFR) £1.10 NHS ref 18/19 - DAPS04
- Clinical Biochemistry®°
Urinalysis and diary review £4.57 NHS 2015. Preoperative
tests, Appendix M, Table
2. Uplifted to 2019
costs®
Haemolysis markers £2.79 NHS ref 18/19 - DAPS05
- Haematology®®
Electrolyte profile £1.10 NHS ref 18/19 - DAPS04
- Clinical biochemistry®°
Liver function £1.10 NHS ref 18/19 - DAPS04
- Clinical biochemistry®°
Self-monitored urinalysis Daily for the first £4.08 NHS 2015. Preoperative
month, then three tests, Appendix M, Table
times per week during 1. Uplifted to 2019
the 2-year period costs®'
Biomarkers and 11 times during the 2- | £1.10 NHS ref 18/19 - DAPS04
complement activation year period - Clinical biochemistry®°
samples
Haptoglobin and blood film | Seven times during £2.79 NHS ref 18/19 - DAPS05
the 2-year period - Haematology®®
Urine protein/creatinine £6.72 NHS 2015. Preoperative
ratio tests, Appendix M, Table
3. Uplifted to 2019
costs®'
Physical examination Twice in the 2-year £62.11 NHS ref 18/19 - Total

outpatient attendances
304 Clinical Physiology®°

Key: eGFR, estimated glomerular filtration rate.
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Given the different frequencies and complexity of the visits, the total costs over the
2-year period are calculated and applied as an average 2-weekly cost in each model
cycle. This results in a total cost of £5,159 over the 2 years and a £99 average cost
per 2 weeks. The impact of this simplification is expected to be very small as these
costs represent only 0.4% and 0.3% of the total costs of the ravulizumab and
eculizumab arms, respectively, and there will only be a minor loss of accuracy from

discounting.

B.3.5.1.6 Costs of relapse

A one-off cost is applied at the time of relapse. Fakhouri et al. (2017) report that
among patients who experienced relapse ‘all but one patient presented with
mechanical haemolysis and acute kidney injury’.”® It is therefore assumed that a
patient experiencing acute kidney injury on relapse would require increased medical
visits at a minimum and, in more severe cases, they may require dialysis. Given the
lack of data on the medical resource use and costs of relapsed patients with aHUS,
published literature on the economic burden of acute kidney injury was used. Silver
et al. (2017) reported that the inpatient costs related to acute kidney injury were
approximately £1,100 per episode®; therefore, the average cost of a patient

relapsing is £1,273 after inflation to 2019 costs.

B.3.5.1.7 Reinitiate treatment

Patients who reinitiate treatment due to relapse incur drug, administration,
meningococcal vaccine and antibiotics costs; it is assumed that these patients will
remain on lifelong treatment. Although many factors may cause patients to
discontinue treatment again, due to lack of data and for simplicity, this assumption

has been carried forward.

The costs incurred by patients are applied using a pay-off approach, where the
lifetime cost per patent is calculated and applied upfront to each patient entering the
reinitiation health state. The total cost per patient involves numerous factors: the
timing of reinitiation, patient weight and cost DR. The mean treatment duration is
calculated based on the treatment-specific mean survival at each time point
predicted by the model. For example, at the start of the model, the average survival

for adults receiving ravulizumab is 31.2 years. This value is then used to look up the

Company evidence submission for ravulizumab for treating atypical haemolytic uremic
syndrome (aHUS) [ID1530] Alexion (2020). All rights reserved 141 of 166



total cost per patient of receiving ravulizumab treatment for 31.2 years. These costs
are calculated at each time point. For the paediatric population, the weight
distribution change is accounted for and updated per time point to accurately reflect

the weight distribution of patients who relapse at each time point.

To calculate the DR between two discrete time points, the following formulae was

used. First the instantaneous discount rate (iDR) was calculated from the annual DR:
iDR =1n (1 + DR)

Using the iDR, the continuous discount rate between two discrete time points could

then be calculated:

(tnew event — iDR)e - (tprevious event — iDR)e
—iDR

Discounted number of years =

tnew event Was calculated as the current time point (i.e. time of reinitiation) plus the
mean survival at time of relapse and tprevious event Was the current time point at time of

reinitiation.

The continuous DR per time point was then applied to the total cost to produce the

total discounted cost per patient per time of treatment reinitiation.
B.3.5.2 Health state unit costs and resource use

B.3.5.2.1 CKD stage costs

Patients with aHUS can require hospitalization, and the costs can vary by CKD
stage. Therefore, specific costs for hospitalizing patients with aHUS are applied

separately per CKD stage.

To identify CKD medical management costs attributable to aHUS, a targeted
literature search was conducted. Specifically, a PubMed search was performed in
June 2019 based on the Medical Subject Heading ‘Renal Insufficiency, Chronic’,
subheading ‘economics’ and key term ‘United Kingdom’. Results were identified and
reviewed for relevant information on costs from the UK perspective. Titles and
abstracts were reviewed for relevance, with a preference for studies after 2010. Of

the evidence identified via the targeted search, three studies were considered for
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estimates of the UK costs for managing CKD: Kent et al. (2015), Li et al. (2015) and
Kerr et al. (2012).58 98,99

Kent et al. estimated the cost of hospital care using a regression analysis of
individual data from more than 7,000 patients with CKD. The reported hospital cost
model allows the annual hospital care costs (in UK prices) to be estimated for a
patient with CKD.%8 Li et al. analysed a Hospital Episodes Statistics dataset that was
linked to the UK Renal Registry for patients who started renal replacement therapy
for ESRD in England between 2003 and 2006. The paper explores the hospital
inpatient and outpatient costs over a number of years, among both dialysis and
transplant patients.%® Kerr et al. estimated the annual cost to the NHS in England of
Stages 3-5 CKD, including ESRD.®®

Kent et al. is the most recent source and provided a uniform source for costs for
CKOD stage, dialysis and transplant. Therefore, the estimate by Kent et al. of the cost
of hospital care for patients with CKD is used to parametrize CKD 0 to CKD 5 (not on
dialysis) costs. For ESRD (CKD 5, on dialysis), it was assumed that over a 2-week

ESRD period, patients would require dialysis.

The total costs per CKD stage are inflated to 2019 costs and transformed to 2-
weekly costs to match the model cycle length (Table 45). Due to assuming equal
efficacy in the base case, these health state costs only account for 0.017% of the
total absolute cost differences between treatment arms (this is due to different

treatment discontinuation timings).

Table 45: CKD stage hospital costs

CKD stage 2-weekly cost Source

0-2 £17.35 Kent et al. (2015)5%8
3a-3b £17.35 Inflated to 2019 costs
4 £16.92

5/ESRD £22.61

Key: CKD, chronic kidney disease; ESRD, end-stage renal disease.
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B.3.5.2.2 Kidney transplant costs

For patients who undergo kidney transplant, the cost of the 2-week period in which
the transplant is received is required in addition to costs in later periods (e.g. for
monitoring, complications and drugs such as immunosuppressants). These costs
were taken from Kent et al., who reported a first-year transplant cost of £24,602
(2011) and a maintenance cost of £1,148 per annum thereafter. These costs were
inflated to 2019 values and transformed to 2-weekly costs for the model, resulting in

a cost of £1,059.38 for transplant and £49.43 for maintenance.
B.3.6. Summary of base case analysis inputs and assumptions

B.3.6.1 Summary of base case analysis inputs

A summary of all base case parameters and distributions are provided in Appendix
Q.

B.3.6.2 Assumptions

As aHUS is an ultra-rare disease with very few patients, a head-to-head trial was not
considered feasible by the EMA.3° The lack of head-to-head data and sparsity of
literature in general means that the model includes some assumptions. Where
possible, Alexion has sought information from available registries, longer-term
eculizumab data and clinical opinion to supplement the available ravulizumab trial
data. The key assumptions of the primary economic analysis are described in Table
46. Key assumptions relating to the secondary analysis are presented in Appendix
N.3.

Table 46: Summary of model assumptions

Topic Assumption Justification/reason
Efficacy Ravulizumab and Data from the PNH trial show non-
eculizumab have the same | inferiority between treatment arms.4° 0
efficacy. Results from the ITC show no systematic,

clinically relevant or significant differences
between arms. ' Clinical opinion
suggests that they would expect similar
outcomes.?*

Treatment Patients with a misdiagnosis | Clinical opinion suggests that diagnoses
discontinuation | are confirmed within 1 of patients with aHUS are correctly
month. confirmed within 1 month.24
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Topic

Assumption

Justification/reason

Treatment discontinuation
represents the ‘general’
reasons patients
discontinue using an
exponential distribution.

The clinical trials had no set
discontinuation criteria. Consequently,
patients mainly discontinued for adverse
events or patient preferences, and
therefore, data from the trials are more
representative of these general reasons.
Without any other information to inform
selection of the most appropriate
distribution, and given that these could
happen at any time, the exponential
distribution assuming a constant rate over
time seems appropriate.

Patients who discontinue
due to no renal response
will not discontinue until at
least 6 months post
ravulizumab treatment.

This is based on the ravulizumab SmPC,
which states a minimum treatment
duration of 6 months.!

This contradicts clinical opinion, which
does not see the need of an additional 3
months of ravulizumab treatment
compared to eculizumab?*, and therefore,
this assumption is considered
conservative.

Treatment
costs

Children’s weights increase
linearly over time but
become constant at the age
of 18.

To represent accurate treatment costs for
children whose weight increases with age,
data from the RCPCH UK-WHO growth
charts were used to calculate the average
growth rate per 6 months for children
under 18.%% % The data show an
approximately linear trend, and therefore,
a linear increase was deemed
appropriate.

Treatment monitoring costs
for children are the same as
those for adults.

There is limited data to inform specific
paediatric monitoring costs. These costs
are applied to both treatment arms, so the
impact is likely to be minimal.

Patients who reinitiate
treatment remain on
treatment for life.

Many factors might cause patients to
discontinue treatment again; however,
due to a lack of data and for simplicity, it
is not considered in this model.

Key: ITC, indirect treatment comparison; PNH, paroxysmal nocturnal haemoglobinuria; SmPC,
summary of product characteristics; RCPCH, Royal College of Paediatrics and Child Health;
WHO, World Health Organization.
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B.3.7. Base case results

B.3.7.1 Base case incremental cost-effectiveness analysis results

Base case results of the cost-effectiveness comparison between ravulizumab and
eculizumab, using the PAS, are presented in Table 47. Adult and child populations
are modelled separately with the results weighted based on the proportion of adults
(I versus children (Il currently treated in clinical practice (based on
personal communication from the NRCTC as of August 2020) to create a single set
of results. Results for each population are presented separately in Appendix R.
These results assume the same efficacy between ravulizumab and eculizumab and

show a total ] decrease in costs for ravulizumab compared to eculizumab (total

saving [N

Disaggregated results are presented in Table 48 and indicate that drug costs are the
primary driver of cost savings within the model. Based on these results, ravulizumab

is considered cost saving compared to eculizumab.
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Table 47: Same efficacy applied — base case results (PAS price)

Ravulizumab

Costs Eculizumab
Total costs _
Incremental costs _

Key: PAS, patient access scheme.

Table 48: Same efficacy applied — base case disaggregated results (PAS price)

Ravulizumab

Eculizumab

Incremental costs (£)

Parameter Costs (£) Costs (£) Increment Absolute inc | % abs increment
Pre-discontinuation health state costs

CKD Stage 0-2 I ] | | 0.000%
CKD Stage 3a-3b ] ] | | 0.001%
CKD Stage 4 [ ] [ ] | | 0.001%
CKD Stage 5 | | ] | ] | ] 0.010%
Transplant . . I I 0.000%
Transplant success | | B | | 0.000%
Discontinuation ] | | ] || 0.008%
aHUS relapse - - I l 0.000%
Post relapse health state costs I I I l

CKD Stage 0-2 ] I | || 0.001%
CKD Stage 3a-3b | I H | 0.001%
CKD Stage 4 | ] | ] || | 0.000%
CKD Stage 5 I I [ ] [ | 0.002%
Transplant . . I l 0.000%
Transplant success - - l I 0.000%
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Ravulizumab Eculizumab Incremental costs (£)

Parameter Costs (£) Costs (£) Increment Absolute inc | % abs increment

Drug and administration costs _ _—- 99.975%

I
Total ] ____ I Bl 0%

Key: aHUS, atypical haemolytic uremic syndrome; CKD, chronic kidney disease; PAS, patient access scheme.

Company evidence submission for ravulizumab for treating atypical haemolytic uremic syndrome (aHUS) [ID1530] Alexion (2020). All rights
reserved 148 of 166



B.3.8. Sensitivity analyses

Probabilistic and deterministic sensitivity analysis was conducted to explore the
uncertainty in the model results. The sensitivity analysis for the primary analysis is
presented below; the sensitivity analysis for the differential scenario is presented in

Appendix N.

B.3.8.1 Probabilistic sensitivity analysis
Probabilistic sensitivity analysis (PSA) was performed within the model for 1,000
iterations. The mean incremental costs from ravulizumab versus eculizumab are

displayed in Table 49. The visual results of the PSA runs are displayed in Figure 22.

The overall mean probabilistic values are similar to the deterministic values and
conclude that ravulizumab is cost saving versus eculizumab in 100% of the 1,000

PSA iterations run.

Table 49: Mean results of PSA (1,000 runs) and comparison with deterministic

results

Technology Total costs (£) Incremental costs
PSA Deterministic PSA Deterministic

Ecuizumab | NN |
Ravuizvmeb NI HEEEE HEHEE EEE 2

Key: PSA, probabilistic sensitivity analysis.
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Figure 22: Spread of incremental costs (1,000 PSA runs)

Key: PSA, probabilistic sensitivity analysis

B.3.8.2 Deterministic sensitivity analysis

One-way sensitivity analysis was conducted to explore the sensitivity in the
deterministic base case model results when one parameter is varied at a time
between its lower and upper bounds. Appendix Q summarizes the parameters varied

in the one-way sensitivity analysis and the lower and upper bounds used.

The top 10 influential parameters on the incremental costs for the ravulizumab PAS
price are presented as a tornado diagram in Figure 23 and in tabular format in Table
50. The parameters with the largest impacts are the relapse rates, length of aHUS
diagnosis period and treatment discontinuation. Ravulizumab remained cost saving

for all parameters tested.
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Figure 23: Incremental costs tornado diagram (PAS price)

Key: CKD, chronic kidney disease; ECU, eculizumab; ESRD, end-stage renal disease; PAS, patient
access scheme.

Table 50: OWSA tornado table, lower and upper values (PAS price)

Parameter

Lower bound
incremental cost

ECU: relapse rate (adults)

Absolute
difference

Upper bound
incremental cost

Length of diagnosis period
(months) — ECU

Proportion of patients who
discontinue for misdiagnosis

ECU: relapse rate (children)

ECU: CKD Stage 3a—-3b excess
mortality rate (adults)

ECU: ESRD excess mortality rate
(adults)

ECU: CKD Stage 0-2 excess
mortality rate (adults)

Percentage with prior transplant

Cost of a nurse specialist

ECU proportion who have home
care (adults)

min

T

LI
|
I
LI
|
|
I
N
1IN
|

Key: CKD, chronic kidney disease; ECU, eculizumab; ESRD, end-stage renal disease; OWSA, one-
way sensitivity analysis; PAS, patient access scheme.
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B.3.8.3 Scenario analysis

The worst-case scenario analysis using differential efficacy for CKD stage based solely on the ITC (Table 51) also shows that,
compared to eculizumab, ravulizumab reduces costs by [l (a total saving of | ll). Using efficacy data from the ITC, the
results show a decrease in QALYs (Jil) for ravulizumab compared to eculizumab. Therefore, the ICER sits within the South-West
quadrant of the cost-effectiveness plane and remains well above the threshold to consider eculizumab more cost-effective than
ravulizumab ([ ). The negative QALYs are due to more patients in the ravulizumab arm being predicted to transition
to the CKD 5 health state (which has higher mortality rates, an increased possibility of transplants and lower utilities). These
differences are not considered plausible based on the evidence of no systematic or statistical differences and on expert opinion of

expected similarities.

Table 51: Cost-effectiveness analysis using the ITC — scenario analysis results (PAS price)

ICER iNMB (WTP
Technologies Total Total Total Incremental Incremental Incremental incremental £30,000)
9 costs (£) | LYG QALYs | costs (£) LYG QALYs ’
(E/QALY)
Eculizumab HE |
Ravuizumab | N [ T - - HE Bl

Key: ICER, incremental cost-effectiveness ratio; ITC, indirect treatment comparison; LYG, life years gained; PAS, patient access scheme; QALY, quality-
adjusted life year; iNMB, incremental net monetary benefit; WTP, willingness to pay.
Notes: Adults represent - of the combined adult and children population.

Additional scenario analyses were performed to analyse the effect of varying a given model parameter on the base case model

results. The results of the scenario analyses are presented below in Table 52 at the ravulizumab PAS price.
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The scenarios with the largest impact are those related to discounting and treatment discontinuation. Ravulizumab remained cost

saving for all scenarios tested.

Table 52: Scenario results (PAS price)

Incremental costs

(£)

Change from base case
incremental cost (£)

discontinuation

Scenario category | Base case Scenario
Base case
Discount rates Costs: 3.5% 0%
6%
Time horizon 100 years 20 years
50 years
70 years
Patient weight data | All patients Using European patients only
Treatment Diagnosis period included Excluded

General discontinuation using
pooled ITC

Treatment specific

aHUS registry

Treatment discontinuation for no
renal response included

Excluded

Ravulizumab discontinuation
due to no renal response time is
6 months

Same as eculizumab (3.5
months)

Discontinuation due to renal
recovery excluded

65% discontinue at 6 months
due to renal recovery

25% discontinue at 6 months
due to renal recovery

Exponential

Generalized gamma

Gompertz

i | I IIWI!!“WI
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Scenario category | Base case Scenario Incremental costs Change from base case
(£) incremental cost (£)
Treatment Log-logistic _ -
discontinuation Log-norml EE .
curve distributions Weibull _ -
Treatment Exponential Generalized gamma _ -
discontinuation Gompertz _ -
CUI:VG distributions LOg-lOgiStiC _ -
(prior transplant
only) Log-normal . I
Weibull I ]
Patients with prior 20.9% 30% as per clinician
I |

transplant

feedback on expected UK %

Key: aHUS, atypical haemolytic uremic syndrome; CKD, chronic kidney disease; PAS, patient access scheme.
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B.3.8.4 Summary of sensitivity analyses results

The sensitivity analysis results demonstrate the robustness of the base case

conclusion that ravulizumab is cost saving versus eculizumab.

The probabilistic results are consistent with the deterministic results, and
ravulizumab remained cost saving in 100% of PSA iterations. OWSA identified the
parameters with the biggest impact on the incremental costs and qualified the
impacts of taking extreme values of each parameter on the model results. The
OWSA showed that the model results were not overly sensitive to these parameters,

with all incremental cost values remaining in favour of ravulizumab.

A wide range of scenarios were performed to assess the key model assumptions
and alternative choices on model results. All scenarios were consistent with the base
case conclusion that ravulizumab is cost saving, even the worst-case scenario

analysis, which assumes that eculizumab is more effective than ravulizumab.

B.3.9. Subgroup analysis

Results for the adults and paediatric subgroups are supplied in Appendix R and are

consistent with the base case.
B.3.10. Validation

B.3.10.1 Validation of economic analysis

The following key aspects of the model methods and inputs were validated by health

economic and clinical experts following a virtual advisory board?*:

e The model structure and its appropriateness to reflect the clinical pathway

e Assumptions in the efficacy inputs to compare ravulizumab to eculizumab

e Extrapolation of treatment discontinuation

e Data sources considered to inform resource use costs

¢ Clinical validity of utilities derived from the clinical trials

In addition to the above, internal and external data sources were used to validate the
projected model survival outcomes and internal sources were used to validate the

treatment discontinuation outcomes. Validation of the model survival outcomes are
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presented in Appendix N.5 using the results of the scenario analysis investigating

differential efficacy informed by the ITC.
B.3.10.2 Internal validation

B.3.10.2.1 Time to treatment discontinuation

Internal validation uses the TTD KM data from the weighted trial data to compare the
model treatment discontinuation outputs. Table 53 shows the model-projected TTD
compared to the KM from the weighted trial data. To make the comparison fair, only
general treatment discontinuation was compared with the raw data, as other
treatment discontinuations came from alternative sources and therefore would not
compare to the weighted trial data. The modelled TTD shows similar estimates when

compared with the weighted pooled trial data.

Table 53: Trial KM TTD versus model TTD

Data Year 1 Year 2 Year 3 Year 4 Year 5
median
(years)
Adults — no prior transplant
Weighted trial data (KM) | 5.5 86.8% 78.3% 64.4% 57.4% 51.0%
Model TTD 5.2 87.6% 76.7% 67.2% 58.9% 51.6%
Adults — prior transplant
Weighted trial data (KM) | 2.7 94.8% 75.2% 45.0% 45.0% 35.3%
Model TTD 4.8 86.6% 74.9% 64.8% 56.1% 48.6%
Children
Weighted trial data (KM) | NA 93.8% 90.3% 85.5% 75.9% 51.7%
Model TTD 7.4 91.1% 82.9% 75.5% 68.8% 62.6%
Key: KM, Kaplan—Meier; TTD, time to treatment discontinuation.

B.3.11. Interpretation and conclusions of economic evidence

The economic analysis performed is based on a previous model (HST1) taking in
feedback from the ERG and committee, with a structure designed to reflect the
aHUS pathway in UK clinical practice and to capture the relevant outcomes. The
model structure is consistent with the previous HST1 submission with added health
states around treatment discontinuation, capturing an important element of the aHUS

pathway for eculizumab and ravulizumab.
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The key limitation of the analysis is the lack of comparative data between
ravulizumab and eculizumab; however, due to the availability of patient-level data for
both trials, robust statistical techniques were used to adjust the patient populations
to make a fairer comparison. Additionally, a lack of evidence for patients with aHUS
in the literature in general, especially for the paediatric population, meant relying on

assumptions and clinical opinion to inform model inputs.

Although there is a lack of head-to-head trial data informing a comparison between
eculizumab and ravulizumab, there is an abundance of evidence suggesting that
these two treatments have similar efficacy. Head-to-head data from the PNH trials
confirm non-inferiority between the two arms, similar outcomes were observed in the
aHUS clinical trials and clinical opinion confirms no expectation of any differences.
The ITC confirms these expectations, demonstrating no clinically relevant or
statistically significant differences between treatment groups and, although some
numerical differences were observed, these did not represent consistent trends in
favour of one treatment or the other. Considering that the two treatments are
effectively the same apart from the moderated half-life, and the evidence described
above, there is no reason to suggest clinical differences between ravulizumab and

eculizumab.

Based on the strong evidence of non-inferiority, a cost-minimization approach has

been presented showing a - reduction in total costs per person (total saving of
B o ravulizumab compared to eculizumab, which is mainly due to drug
costs from the drastically reduced number of infusions required for patients on

ravulizumab.

The model also presents a cost-effectiveness analysis as a scenario analysis using
the efficacy for CKD stage solely estimated from the ITC. The survival estimates of
the eculizumab arm were validated against external sources showing consistent
outcomes (Appendix N.5). This scenario analysis showed lower QALY (il for
the ravulizumab patients compared to the eculizumab patients due to more patients
in the ravulizumab arm being predicted to transition to the CKD 5 health state (which
has higher mortality rates, an increased possibility of transplants and lower utilities).

Based on the evidence mentioned previously on the expected similar outcomes, it
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seems implausible to believe that more patients on ravulizumab would have renal
failure, require a transplant and/or die compared to those on eculizumab. Despite
this worst-case scenario analysis showing worse outcomes for ravulizumab, it still
demonstrated a [l reduction in costs (total saving | ) compared to
eculizumab, concluding that ravulizumab is considerably more cost-effective than
eculizumab at the £20-£30,000 willingness to pay threshold. This conclusion is
robustly supported by the array of sensitivity analysis undertaken where ravulizumab
remained cost-effective for every PSA iteration, parameter variation and scenario
tested (Appendix N.4). Moreover, based on a saving of | |} . ravulizumab
would need to demonstrate a QALY loss of at least ] before eculizumab would be
considered more cost effective than ravulizumab, which is considered wildly

implausible.

Despite the limitations of the analysis for the clinical comparison, ravulizumab offers
drastic savings to the NHS and benefits patients through less frequent dosing with

no evidence to suggest worse outcomes.
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text that
should be replaced with your own text or deleted. These are set up as form fields,
so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

Positioning of ravulizumab

A1. Priority question: In the absence of direct trial evidence for adults with aHUS
who have received eculizumab for at least 3 months and have evidence of response
to eculizumab, please provide available evidence to support a recommendation for

ravulizumab use in this population.

Uncontrolled terminal complement activation is central to the pathogenesis of aHUS.
The targeted blockade of C5 with complement inhibitor represents an important
therapeutic mechanism and is the only pharmacological treatment with established
efficacy in aHUS. Ravulizumab and eculizumab share this fundamental mechanism

of action, that is, targeting complement component C5 with high affinity.

Clinical evidence to support a recommendation of ravulizumab use in adults with
aHUS who have received eculizumab for at least 3 months and have evidence of

response to eculizumab include:

1. Data from Cohort 2 of the ALXN1210-aHUS-312 trial (n=10) — these are fully
detailed in the company submission (CS) and show that paediatric and
adolescent patients (<18 years of age) with aHUS who were clinically stable
following =90 days treatment with eculizumab maintained disease control

following a ‘switch’ to ravulizumab. Complete free C5 inhibition data (Figure
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10 of the CS) further show maintained target complement C5 inhibition

throughout the dosing interval when patients are ‘switched’ from eculizumab.

2. Data from the Phase |l ALXN1210-PNH-302 trial (n=197) — these are

summarized in the CS but are further detailed in Table 1. Data show that adult

patients with paroxysmal nocturnal haemoglobinuria (PNH) who were

clinically stable following 26 months treatment with eculizumab maintained

target complement C5 inhibition and disease control following a ‘switch’ to

ravulizumab. Data also show ravulizumab was statistically non-inferior to

eculizumab across all efficacy endpoints in this patient group.

Table 1: ALXN1210-PNH-302 trial evidence

Trial methodology

Study design

Phase llI

Open-label; parallel assignment
Non-inferiority

Randomized Period: 26 weeks
Extension Period: up to 2 years

Population

Adult patients with PNH who are clinically stable following
= 6 months treatment with eculizumab

Intervention (n)

Ravulizmab (n=97)

Comparator (n)

Eculizumab (n=98)
In the Extension Period, all patients were treated with
ravulizumab

Objective

To assess the non-inferiority of ravulizumab compared with
eculizumab in adult patients with PNH who are clinically
stable following = 6 months treatment with eculizumab.

Trial outcomes

Ravulizumab Eculizumab Treatment
(n=97) (n=98) effect® (95% CI)
Percent change in LDH, -0.82 8.4 9.21
LSM (95% Cl)° (-7.8,6.1) (1.5, 15.3) (-0.42, 18.8)
BTH rate, % (95% ClI) 0 5.1 5.1
(0, 3.7) (1.7, 11.5) (-8.9, 19.0)
Change in FACIT-Fatigue 2.0 0.54 1.5
score, LSM (95% Cl) (0.6, 3.4) (-0.8, 1.9) (-0.2,3.2)
Transfusion avoidance rate, | 87.6 82.7 55
% (95% Cl) (81.1, 94.2) (75.2, 90.2) (-4.3,15.7)
Haemoglobin stabilization 76.3 75.5 14
rate, % (95% Cl) (67.8, 84.8) (67.0, 84.0) (-10.4, 13.3)

nocturnal haemoglobinuria.

Key: BTH, breakthrough haemolysis; Cl, confidence interval; FACIT, Functional Assessment of
Chronic lliness Therapy; LDH, lactate dehydrogenase; LSM, least squares mean; PNH, paroxysmal
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Notes: 2, treatment effect is estimated as difference: ravulizumab—eculizumab except for percent
change in LDH and breakthrough haemolysis rate, where treatment effect is estimated as
difference: eculizumab—ravulizumab; ®, primary endpoint of trial.

Source: Kulasekararaj et al. 2019."

The aHUS clinical development programme was initiated concurrently with the PNH
clinical development programme. During consultation with regulatory agencies, a
common ravulizumab dosing strategy for the treatment of aHUS and PNH and the
reliance on a single pivotal study to support approval in each indication was agreed.
Based on the data described above, the European Medicines Agency (EMA)
considered a marketing authorization for the treatment of patients with aHUS,
regardless of the previous treatment with eculizumab, acceptable provided that

patients have been treated with eculizumab and are stable.?

Following market launch of ravulizumab in the US, the aHUS alliance Global Action
sent out a call to the aHUS community appealing for volunteers who had
experienced treatment with eculizumab and switched to ravulizumab to participate in
a Global Action research study on the comparative impact on patients of the two
technologies.? Although the call for volunteers was to global aHUS patients, only
patients from the US offered to participate. While these patients may not fully reflect
the UK patient, their insight does provide further evidence supporting a ‘switch’ from
eculizumab to ravulizumab. Ten adult patients and three carers of paediatric patients
responded to the appeal and participated in online interviews; patients had ‘switched’
to ravulizumab (from eculizumab) 4 to 10 months before study participation.
Responses to study questions indicate that respondents were generally confident
that ravulizumab was as effective at treating their aHUS as eculizumab had been.
Several respondents noted that their blood results showed little difference following
their ‘switch’ to ravulizumab, with one respondent reporting a slight improvement on
ravulizumab compared with eculizumab. Respondents’ experiences of side effects
were mixed, with some reporting similar side effects with both treatments, some
reporting reduced side effects with ravulizumab over eculizumab and some reporting
increased side effects. One patient reported a serious side effect with ravulizumab
that warranted a ‘switch’ back to eculizumab but full details of the reasoning were not
provided. In the ALXN1210-PNH-302 trial, there were no discontinuations due to
adverse events in patients ‘switching’ from eculizumab to ravulizumab', and the EMA

concluded that the safety of ravulizumab and eculizumab appear similar, as detailed
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in our response to question A3 below. All respondents in the Global Action research
study referred to the longer infusion intervals as a key benefit of ravulizumab
treatment (compared with eculizumab), using descriptions including “game changer”,
“improved freedom” and “convenience” to convey the impact on their experience of

treatment.

A2. Priority question: Does the company expect that all adults with aHUS who
have not had complement-inhibitor treatment (‘complement-therapy naive patients’),
and who are considered eligible for complement-therapy, would receive ravulizumab
as first-line treatment, or is it expected that some patients would receive ravulizumab
as second-line/maintenance treatment following evidence of disease response to
eculizumab? Please detail which eligible patients, if any, may be preferred for

treatment with eculizumab as first-line.

As per the marketing authorization, ravulizumab could be considered as a treatment
option for patients with a body weight of 10 kg or above who are complement
inhibitor treatment-naive (first-line treatment) or have received eculizumab for at
least 3 months and have evidence of response to eculizumab (second-

line/maintenance treatment).

As acknowledged throughout the CS, the diagnosis and management pathway for
aHUS in the UK is complex and evolving. Complement inhibitor treatment is often
initiated in parallel to ongoing screening for potential causes of thrombotic
microangiopathy (TMA) and response to complement inhibitor treatment is part of
the diagnostic pathway. Discontinuation of complement inhibitor treatment is also
considered for both lack of renal recovery and stabilization/normalization of renal

function.

Where there is uncertainty around the need for long-term (26 months) complement
inhibitor treatment, it may be that clinicians would choose to use eculizumab over
ravulizumab. At a UK advisory board, clinical experts acknowledged that the

following patient groups may benefit the most from ravulizumab treatment*:
1. Patients with a known complement regulatory gene/protein mutation

2. Patients with a family history of aHUS or relapse history
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3. Patients who are dissatisfied with eculizumab due to administration and/or

travel-related burden

These patient groups are represented across the first-line and second-
line/maintenance settings and we expect clinicians and patients to want the option of

treatment with eculizumab or ravulizumab based on their individual circumstances.
Generalisability of the trial populations

A3. Priority question: Please explain to what extent the ravulizumab trial evidence
on safety and efficacy in ‘complement-therapy naive patients’ is generalisable to

adult patients with aHUS whose disease has evidence of response to eculizumab.

The ravulizumab trial evidence on safety and efficacy in ‘complement-therapy naive
patients’ represents a different patient group at baseline to patients with aHUS
whose disease has evidence of response to eculizumab, however, the safety and

efficacy profile of ravulizumab is consistent across patient groups.

For patients with complement inhibitor treatment-naive disease, the aim of treatment
is to normalize haematological parameters and improve renal function. For patients
whose disease has evidence of response to eculizumab, the aim of ravulizumab
treatment is to maintain haematological stabilization and renal function. The majority
of complement inhibitor treatment-naive patients enrolled to ALXN1210-aHUS-311
and Cohort 1 of ALXN1210-aHUS-312 had achieved normalization of haematological
parameters and improvement in renal function at the end of the Initial Evaluation
Period (26 weeks), that is, their disease had evidence of response to ravulizumab.
Ravulizumab shares over 99% homology with eculizumab and the same
fundamental mechanism of action (see response to A1). We could therefore consider
patients with evidence of response to ravulizumab at the end of the Initial Evaluation
Period a good proxy for patients with evidence of response to eculizumab. Continued
ravulizumab treatment throughout the Extension Period of ALXN1210-aHUS-311

and ALXN1210-aHUS 312 maintained haematological stabilization and renal

function.

As detailed in our response to A1, the EMA considered it acceptable to issue a

marketing authorization for the treatment of patients with aHUS, regardless of the
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previous treatment with eculizumab, provided that patients have been treated with
eculizumab and are stable.? More specifically to safety, the EMA noted that the
safety profile of ravulizumab in aHUS appears to be comparable to that observed in
adult patients with PNH (the PNH trial programme did not include paediatric patients
as PNH is extremely rare in children), and that the safety profile in paediatric patients
appears similar to that of adults.? The EMA had previously concluded that the safety
profile of ravulizumab appears similar to that of eculizumab in patients with PNH,
both in complement-inhibitor naive patients and in patients clinically stable on

eculizumab treatment.®

A4. Priority question: In Document B page 99, it states “Those that would be less
likely to be treated with complement-inhibitor treatment in UK practice generally had
the worse outcomes, including those patients who died in ALXN1210-aHUS-311.”
Please clarify which patient subgroups (other than the patients who died) would be

considered less likely to receive treatment in England, and the reasons why.

This statement is based on patients who died and patients who had a worsening in
CKD stage. All of these patients presented with significant extrarenal signs and
symptoms and/or relevant medical history/comorbidities. According to UK clinicians
who were asked in an advisory board to consider the trial data, these patients would
likely be classed as high-risk ‘late presenters’ in UK practice with little expectation of
a response to complement-inhibitor treatment. Specifically on those patients who
died, UK clinicians stated they would “probably not have been treated with

ravulizumab in UK clinical practice” when asked to comment.®

Additional data for trials ALXN1210-aHUS-311 and ALXN1210-
aHUS-312

AS5. Priority question: Please provide appendices (complete section 16) for the
Clinical Study Reports of trials ALXN1210-aHUS-311 and ALXN1210-aHUS-312

Appendices requested are provided alongside this response document.
Trial ALXN1210-aHUS-311

AG6. Priority question: The company refer to two main sources of interpretation for
the four participant deaths in ALXN1210-aHUS-311, including whether any could be
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related to ravulizumab. The main trial publication (ref 34. in Document B, page 161)
stated that none of the deaths were deemed related to the study drug, whilst the
recent UK advisory board (ref. 24 in Document B, page 160) stated that it was
“difficult to draw any definitive conclusion from the data presented and not possible
to say with certainty that these deaths were not treatment-related.” Please clarify

what the conclusions are for the interpretation of the 4 participant deaths?

The conclusions for the deaths that occurred in the study, as stated in the Clinical
Study Report” and the Rondeau trial publication®, are that these were assessed by
the Investigator to be unrelated to study drug. As it is important for Alexion to
understand UK-specific clinician views on the trial data, the summary narratives of
the patient deaths were shared at the recent UK advisory board, and the clinician
feedback on this is summarised in the submission document. The UK clinician
feedback was based only on the brief narratives provided and does not represent the

conclusion of the 311 Study Investigator or the Alexion position.

A7. Priority question: Trial ALXN1210-aHUS-311 Clinical Study Report, Figure 2,
shows that the total number of patients excluded due to physician decision was 8
across the initial evaluation period and extension period. Please provide the reasons

for the physician decision

As detailed in Figure 2 and the accompanying footnote, only 5 patients discontinued
drug treatment due to physician decision, rather than the 8 patients cited in question
A7. This included 1 patient in the Initial Evaluation Period (0044-603) and 4 patients
in the Extension Period (0044-605; 0297-606; 0596-601; 0733-601). Please note, the
three patients who are shown in Figure 2 to have discontinued study drug while
remaining in the study without treatment are already counted in the Extension Period
discontinuations and are therefore not additional discontinuations; two of these three
patients (0297-606 and 0733-601) discontinued due to physician decision.

The reasons for the physician decision to discontinue from treatment for each of the

5 patients is listed in the table below.
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Table 2: Reasons for physician decision to discontinue treatment in
ALXN1210-1210-311

Patient | Initial Extension Reason Comments
ID Evaluation | Period (EP)
Period (IEP)
0044- Discontinued | - Physician | Pl withdrew the patient for an
603 from decision alternative diagnosis, sepsis from
Treatment fungemia. The patient was treated
Discontinued with antifungals and TMA resolved
from IEP
0044- Completed Discontinued | Physician | cTMA responder; physician judgement
605 IEP from decision of low risk for disease recurrence or
Treatment relapse
Discontinued
from EP
0297- Completed Discontinued | Physician | cTMA responder; Pl decision no further
606 IEP from decision treatment required after initial
Treatment evaluation period
0596- Completed Discontinued | Physician | Postpartum; cTMA responder; patient
601 IEP from decision and Pl agreed on study discontinuation
Treatment
Discontinued
from EP
0733- Completed Discontinued | Physician | Remained with ESRD on dialysis; PI
601 IEP from decision and patient decided on no further
Treatment treatment
Key: cTMA, complete thrombotic microangiopathy; EP, Extension Period; ESRD, end stage renal
disease; IEP, Initial Evaluation Period; PI, principal investigator; TMA, thrombotic microangiopathy.
Source: Alexion data on file.

A8. Priority question: Subgroup analyses in trial ALXN1210-aHUS-311 showed

better complement-gene-variant-mediated thrombotic microangiopathy (cTMA)

outcomes in the European site subpopulation, compared with the Asian and North

America sites.

Please note cTMA is the abbreviation used for complete thrombotic

microangiopathy, as described in the CS and not complement-gene-variant-

mediated thrombotic microangiopathy as defined in this question.

a. Please provide an explanation for this result, in addition to reasons provided

in Section B.2.13.2.2, pages 98 and 997

Given the small numbers involved and the lack of statistical power in relation to the

data set by subgroup, it is difficult to draw any meaningful conclusions on the
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comparisons across the geographic subgroups analysed. The North American
numbers in particular (n=6) are very small with a very wide confidence interval so
that comparisons particularly in this group should not be made. It is possible that
patients recruited to the Asian sites may have presented later in their disease
pathway compared to those at the European sites, and as such intervention was not
sufficiently timely to result in a full response. As already cited in the CS, it is thought
any difference is more due to these differences in diagnosis and management

pathways rather than an underlying difference due to ethnicity.

b. Please comment on why this difference in cTMA outcomes was not

observed in the paediatric trial data.

The numbers available in the subgroup analysis for the paediatric population in the
ALXN1210-aHUS-312 study are even smaller compared to the ALXN1210-aHUS-
311 study, and no geographical variance was observed. This is consistent with
previous statement that any differences which might exist are unlikely to be a
reflection of ethnic variance. In addition, the paediatric population of aHUS tends to
be more homogenous by nature of the disease and approach to management, which

may also account for a more consistent picture across the subgroup analysis.

A9. In Table 24 Document B, pages 90 and 91 (Summary of safety results for the
aHUS ravulizumab trials) and Table 35, pages 131 and 132 of ALXN1210-aHUS-311

Clinical Study Report, aHUS is listed as a serious adverse event. Please explain why

AEs and SAEs can occur any time after consent which includes screening. The two
patients (3.4%) with aHUS listed as an SAE were two cases of patients with the TMA
inclusion criteria in whom aHUS was confirmed during screening. The principal

investigators (PI) opted to report the diagnosis as an AE in these two instances.
Indirect treatment comparison

A10. Priority question: Given the clinical relevance of complement regulatory
gene/protein mutations or anti-CHF autoantibodies and differences in prevalence in

the ravulizumab trial population compared with the eculizumab trial and real-world
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populations (as noted in Document B, page 98), please clarify why matching for

these characteristics was not performed.

It is important to note that while a number of genetic variants and the presence of
autoantibodies to complement proteins have been identified as the underlying driver
of disease in a significant proportion of aHUS patients, not all patients have identified
genetic markers. Indeed, as detailed in the CS, published analyses suggest only 45-
70% of diagnosed aHUS patients have either a currently identifiable underlying
genetic mutation or anti-complement autoantibodies.®'? In the UK, based on the
most recent NRCTC report, 69% of aHUS patients who are currently treated with

eculizumab, have an identified genetic variant.'?

The characteristics considered important for matching in the indirect treatment
comparison (ITC) were selected by expert clinicians with experience of managing
patients with aHUS and then ranked in order of importance. If any variables needed
to be excluded due to sample size, then the ranking allowed the most important
variables to be matched first. Complement regulatory gene/protein mutations and
anti-CHF- autoantibodies were not discussed as part of the clinical validation
process or raised by clinicians as an important variable for balancing populations in
the ITC.

If matching by genetic variant or auto-antibodies had been cited as important, in
order to have considered matching patients in the ITC by these characteristics, the
relevant data would need to be available for patients across both the eculizumab and
ravulizumab cohorts included in the analysis. As assessments of genetic variants
and presence of autoantibodies to complement proteins were assessed only as
exploratory analyses in the ALXN1210-aHUS-311 and ALXN1210-aHUS-312
studies, they were performed in a limited number of consenting patients only (Table
3). Moreover, as genetic analysis in this area has moved on since the eculizumab
trials were conducted, and new variants have been identified in recent years, any
comparison between eculizumab and ravulizumab would not be possible on a like for
like basis. With data on genetic variants only available in a limited number of
ravulizumab patients, and no like-for-like comparison possible, it is not feasible to

match patients on the basis of their genetic variants in the ITC.
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Table 3: Number of patients with pathogenic variants or autoantibodies

Study Number of patients tested for Proportion of total patients with 21
both pathogenic variant or identified variant or autoantibody
autoantibody

ALXN1210- 39/56 (70%) 8/56 (14%)

aHUS-311

ALXN1210- 10/18 (56%) 9/18 (50%)

aHUS-312

Cohort 1

ALXN1210- 4/10 (40%) 3/10 (33%)

aHUS-312

Cohort 2

A11. Priority question: Please provide justification for why patients with greater
than one missing laboratory variables were excluded from the analysis. In addition,
please provide the numbers for how many patients were excluded for this reason for
ravulizumab and eculizumab in each of the populations analysed (adults non-

transplant, adults with transplant, children non-transplant).

In order for the ITC outcomes to be compared, three of the four key laboratory
measures (estimated glomerular filtration rate [eGFR], lactate dehydrogenase [LDH],
creatinine for non-dialysis patients and platelet count) at either baseline or endpoint
were required, hence patients with greater than one missing variable were removed
from the analysis. No imputation of missing data was performed given the trials were
registration studies with high rates of completion, and hence this only affected a
minimal number of patients. The total number of patients excluded for having one

missing variable is summarised in Table 4.

Table 4: Number of patients with greater than one missing key laboratory
measure

Population Eculizumab Ravulizumab Total
Adults (non-transplant) I I I
Adults with transplant I I I
Children (non-transplant) | [ | [ |

A12. Document B, Table 26, page 106, states “only CKD stage information is taken

forward into the model, whereas for other endpoints the ITC shows mostly benefit for

ravulizumab vs eculizumab.” This statement does not seem to be consistent with the
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interpretation of the indirect treatment comparison (ITC) results in B.2.9.2.2 page 76

and B.2.13.1.pages 96 and 97. Please clarify this inconsistency.

Apologies for the oversight. This interpretation was based on early analyses and not
updated in line with the final analyses that showed no consistent trends in favour of

one treatment or the other (as discussed in B.2.9.22 and B.2.13.1).

A13. Priority question: In Document B, page 98 it states, “An ITC demonstrated no
statistically significant or clinically relevant differences in effectiveness when formally
comparing ravulizumab with eculizumab”. Please explain how “clinically relevant
differences” were defined? In addition, please clarify whether these criteria were

determined before analyses were conducted.

Criteria for determining clinically relevant differences between treatments were not
pre-defined but rather were determined through clinical consultation. Experts were
asked to comment on whether there were any clinically relevant differences
observed in a selection of data sets prior to ITC outcomes being revealed. Criteria
for determining clinically relevant improvements from baseline were determined
before analyses were conducted for health-related quality of life (HRQL) outcomes
based on minimally important differences for EQ-5D and Functional Assessment of

Chronic lliness Therapy (FACIT) scores reported in the literature as:
e 10 points for adult patients on the EQ-5D visual analogue scale'
e 3 points for adult patients on the FACIT-Fatigue subscale'®

e 4.7 points for paediatric patients on the FACIT-Fatigue subscale'®
Criteria for determining clinically relevant improvements from baseline for some
clinical endpoints were also pre-defined as = 25% improvement for serum creatinine
and = 20 g/L improvement for haemoglobin.” '” Normal ranges for other clinical
endpoints are also well-established as:

e 130-400 10%L for platelets

e 120-246 U/L for lactate dehydrogenase

e 130-175 g/L for haemoglobin

e =60 mL/min/1.73 m?for estimated glomerular filtration rate
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A14. NICE DSU Technical Support document 18 recommends submissions, “present
an estimate of the likely range of residual systematic error in the “adjusted”
unanchored comparison.” If not already provided in the submission, please provide
either, i) a likely range of residual systematic error, or ii) justify why this is not

possible.

Revised question following TC:

a) Please could you justify further why you opted to use methods outlined in
TSD17 rather than the methods recommended in TSD18 which provide

specific guidance on ITC analyses of single arm trials?

NICE TSD 18 details how comparisons should be performed in two instances, firstly
reweighting individual level data to match aggregate level data i.e. when patient level
data is not available (unanchored MAIC, and STC), and reweighting data to account
for imbalances between trials before inclusion in Network Meta-Analysis (termed
anchored MAIC). NICE TSD 17 provides recommendations for the analysis of
comparative individual patient data from non-RCTs to obtain estimates of treatment

effect.

Given that no common comparator was available for anchoring and individual patient
data is available for all treatment arms for this analysis, techniques from NICE TSD
17, were utilised. Using Figures 1-3 in TSD 17 lead to the choice between ‘Inverse
probability weighting’, ‘Doubly robust’ and ‘matching’; all of which involve propensity
scoring. For this analysis, propensity scoring according to best practice was
implemented, for instance using Brookhart et al. 2006 and Austin et al. 2011,
preferring matching over weighting to ensure comparability of patients, and

performing analyses in subgroups to avoid confounding by indication. '8 1°

b) Although we agree there are advantages in having access to IPD for all trials,
we do not think this is relevant to the issue we are raising. It is generally
accepted that residual systematic error (due to unknown prognostic factors or
imbalances in effect modifiers) is likely to remain whether you have access to
IPD for some or all included trials. Therefore, where possible, please could
you present some estimate of the likely range of residual systematic error or a

justification of why this is not possible or necessary.
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The assessment of residual systematic error is not appropriate for propensity score
analysis. This term applies to regression methods. NICE TSD 18 contains
suggestions from the authors on measures of residual systematic error (bias
resulting from unobserved prognostic variables and effect modifiers) but also notes
that further research is necessary to refine and validate these methods (page 66).
The context of NICE TSD 18 and our analysis are very different. TSD 18 addresses
unanchored comparison across one trial with and one trial without patient level data.
We compare two ravulizumab trials with patient level data with three eculizumab

trials with patient level data.

Given this, as described above, NICE TSD 17 was used to choose the appropriate
method of analysis and hence why propensity score was selected. However, the
main limitation of propensity scoring is that groups are balanced on observable
characteristics. The residual error is therefore zero based on what we observed; any

unobserved characteristics however may not be matched.

Although best efforts (including clinical input and the literature) have been used to
inform the matching, it is possible an important variable is omitted as its importance

has not been recognised.

The two methods suggested in NICE TSD 18 for characterisation of residual error

from unobserved prognostic variables and effect modifiers are:

- Out of sample methods (comparison of prediction to a different dataset)

- In sample methods (cross-validation or R? are suggested)

Out of sample comparison was considered. However, given that other datasets not
used for the matching are not in the same format and that an out of sample
comparison wouldn't necessarily prove or disprove an unobserved covariate this was

not considered to be possible or useful.

Considering the in sample methods, the TSD only provides specific guidance on
methods for regression analysis or simulated treatment comparison; neither of which
are relevant to the comparison we have made. Instead we provide sensitivity and
scenario analyses varying the methods used, the characteristics matched on, patient

subgroups and the definitions of outcomes. Full cross validation was not possible
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due to the small sample sizes (n=12, 7 and 46 for ravulizumab and n=20, 15 and 39
for eculizumab for the paediatric, adults with kidney transplant and adults without
kidney transplant respectively). The scenario analysis conducted around the different
characteristics being matched on can be seen as having a similar underlying
principle to the cross-validation discussed in TSD 18. Scenario and sensitivity
analyses were conducted to ensure that the findings were accurate and not specific
to the methods or applications chosen and generalisable. Results were consistent in
all these methods, and in subgroups, there was nothing in the sensitivity analyses
which questioned the robustness of the conclusions (see separate ITC report?).
However, as expected in a rare disease, the small patient numbers can limit the

strength of conclusions that can be drawn.

A further limitation relates to the underlying data which is used for matching.
Unavoidably the studies used were conducted approximately 10 years apart, and it is
possible that standards of care or diagnosis have evolved in the disease area. This
could change the patients enrolled in the trials such that even for the same values of
eGFR and platelet count, for example, different outcomes would be expected. This is
a structural uncertainty which cannot be explicitly tested for and is considered to be

the main limitation of the analysis.
Safety profiles of ravulizumab and eculizumab

A15. Priority question: Document B, page 97 states that “a qualitative synthesis of
pivotal trial data suggests no differences in safety profiles”. Please provide further
details on the qualitative synthesis methods and results. In addition, please provide a
breakdown of the adverse events (including types and severity) in the eculizumab
evidence in adults and children (as per Document B, Table 24, pages 90 and 91)
and provide a comparison with the ravulizumab evidence to justify this conclusion,

including any limitations.

The qualitative synthesis consisted of a naive comparison of safety data across trials
deemed feasible for ITC of clinical and HRQL outcomes. This qualitative synthesis is

provided in Appendix F of the company submission (Table 25).

The Global aHUS Registry was not deemed feasible for ITC of clinical and HRQL

outcomes due to several data gaps. Safety data are similarly lacking but those
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reported in a 5-year experience publication have been including in the expanded

qualitative synthesis provided in Table 5.

As detailed in our response to A3, the EMA noted that the safety profile of
ravulizumab in aHUS appears to be comparable to that observed in adult patients
with PNH (the PNH trial programme did not include paediatric patients as PNH is
extremely rare in children), and that the safety profile in paediatric patients appears
similar to that of adults.? The EMA had previously concluded that the safety profile of
ravulizumab appears similar to that of eculizumab in patients with PNH, both in
complement-inhibitor naive patients and in patients clinically stable on eculizumab

treatment.®
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Table 5: Summary of safety results across treatment-naive populations of ravulizumab and eculizumab trials

Any adverse event, n (%)

ALXN1210- ALXN1210- aHUS-C08- aHUS-C10- aHUS-C10- Global aHUS Registry
aHUS-311 aHUS-312 002 003 004
NCT02949128 | NCT03131219 | NCT00844545 | NCT01193348 | NCT01194973
Ravulizumab Ravulizumab Eculizumab Eculizumab Eculizumab Eculizumab Eculizumab
(n=58) Cohort 1 (n=17) (n=22) (n=41) Adult patients | Paediatric
(n=21) (n=535) patients
(n=330)
58 (100) 41 (100) Not reported Not reported

AE severity n (%)
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

Not reported

Not reported

B

I

I

I

I

i
Any TRAE, n (%) 20 (34.5) I Not reported | Not reported
Any SAE, n (%) 33 (56.9) _— 18 (44) Not reported Not reported
Meningococcal 0 (0) | | 2 (4.9) 2(0.4) 1(0.3)
infections, n (%)
DC due to AE, n (%) 3(5.2) I 1 (4.5) 1(2.4) Not reported | Not reported
Death, n (%) 4 (6.9 | | 0 0 25 (4.7) 6 (1.8)
Death due to AE, n (%) | 3 (5.2) I 0 0 8 (1.5)° 2 (0.6)°
Common AEs?, n (%) Not reported Not reported
Headache e - 15 (37)
Diarrhoea e 7 (32) 13 (32)
Vomiting e 6 (27) -
Hypertension I - -
Nausea | - -
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ALXN1210- ALXN1210- aHUS-C08- aHUS-C10- aHUS-C10- Global aHUS Registry
aHUS-311 aHUS-312 002 003 004
NCT02949128 | NCT03131219 | NCT00844545 | NCT01193348 | NCT01194973
Ravulizumab Ravulizumab Eculizumab Eculizumab Eculizumab Eculizumab Eculizumab
(n=58) Cohort 1 (n=17) (n=22) (n=41) Adult patients | Paediatric
(n=21) (n=535) patients
(n=330)
Arthralgia I | - -
Pyrexia I N - -
Cough i e 8 (36) 8 (20)
Peripheral oedema i i - 9 (22)
Fatigue i e - -
Nasopharyngitis | | 6 (27) -
Abdominal pain | I 7 (32) -
Fever i i 11 (50) -
Anaemia i i e - -
URTI | | I 7 (32) -
Urinary tract infection | | I - -
Leukopenia i i e - -
Renal impairment | | I - -
Common SAEs®, n (%)
Hypertension 3(5.2) | 2(12) 2(9) - Not reported Not reported
Pneumonia 3(5.2) i - - - Not reported | Not reported
Malignant hypertension 2(3.4) | - - - Not reported Not reported
Urinary tract infection 2(3.4) i - - - Not reported Not reported
Septic shock / sepsis 2(3.4) | - - 2(5) 14 (2.6) -
aHUS 2(3.4) i - - - Not reported Not reported
Viral gastroenteritis - e - 2 (9) - Not reported | Not reported
I

Abdominal pain

Not reported

Not reported
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ALXN1210- ALXN1210- aHUS-C08- aHUS-C10- aHUS-C10- Global aHUS Registry
aHUS-311 aHUS-312 002 003 004
NCT02949128 | NCT03131219 | NCT00844545 | NCT01193348 | NCT01194973
Ravulizumab Ravulizumab Eculizumab Eculizumab Eculizumab Eculizumab Eculizumab
(n=58) Cohort 1 (n=17) (n=22) (n=41) Adult patients | Paediatric
(n=21) (n=535) patients
(n=330)
Fever - I - 2(9) - Not reported Not reported
URTI - i - 2(9) - Not reported Not reported
Serious infection - i - - - 46 (8.6) 32 (9.7)
Convulsion - i - - 2 (5) - -
Acute renal failure - i - - 2 (5) - -
Chronic renal failure - | - - 2 (5) - -
Dyspnoea - i - - 2 (5) - -
Pulmonary oedema - i - - 2 (5) - -

Key: AE, adverse event; aHUS, atypical haemolytic uremic syndrome.
Notes: 2, Defined as = 20% of patients — dashes represent events not meeting these criteria in individual trials/cohorts; ®, Defined as >1 patient — dashes
represent events not meeting these criteria in individual trials/cohorts; ¢, death due to infection.
Sources: aHUS-C08-002 CSR?'; aHUS-C10-004 CSR?2; ALXN1210-aHUS-311 CSR”; ALXN1210-aHUS-312 CSR."7; Fakhouri et al. 201623; Greenbaum et al.
201624; Legendre et al. 2013%5; Rondeau et al. 2019.%%; Rondeau et al. 2020.8
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A16. Document B, page 96 states that ravulizumab “could reduce the risk of vein
damage" compared with eculizumab. Please clarify whether there is any evidence

available to support this.

There are no specific data demonstrating a lower risk of vein damage with
ravulizumab compared to eculizumab. However, the complications of long-term
intravenous (V) therapy are well documented, and include among others, venous
depletion over time, with a number of these risks associated with repeated IV
infusion.?”- 28 Given the frequency and often chronic administration of eculizumab, it
is not surprising that both venous access (12/34) and emotional distress related to
venous access (3/34) have been identified by aHUS patients as difficulties
associated with eculizumab treatment (Figure 1). As ravulizumab represents a
treatment option with a very significant reduction in number of annual infusions
compared to eculizumab (6—7 vs 26 infusions), it is reasonable to expect a

corresponding reduction in the risks associated with chronic, frequent IV infusions.

Figure 1: Difficulties of eculizumab treatment reported by European patients
in the Global aHUS Survey

Q 28 What are the difficulties of eculizumab treatment ?
n=34

EMOTIONAL DISTRESS VENOUS ACCESS
VENOUS ACCESS

INFECTION

LOST SCHOOL/WORK TIME

TRAVEL TO TREATMENT

DISRUPTION TO FAMILY G | | ‘

0 2 4 6 8 10 12 14
Source: Global aHUS Survey 2016 — European aHUS Patients Voice.?®
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Section B: Clarification on cost-effectiveness data

Cost-effectiveness analysis and economic model

B1. Priority question. The appropriateness of a cost-minimisation analysis (CMA)
for evaluating the cost-effectiveness of ravulizumab is dependent not only on the
clinical evidence from the trials, but also on evidence relating to health-related quality
of life and adverse events. The treatments cannot be considered exactly equivalent

given the uncertainty in estimating their effectiveness and safety.

a. Please comment on why uncertainty has not been considered in justifying
the use of CMA.

The uncertainty of the effectiveness has been fully explored by providing a cost-
effectiveness analysis within the submission as a scenario and providing full
deterministic and probabilistic sensitivity analysis results (see Document B, Section
B.3.8.3, page 152 and Appendix N). This was considered a worse-case scenario
given that the model only considers CKD stage from the ITC with other clinical
outcomes not explicitly modelled. CKD stage was one of the clinical outcomes which
numerically favoured eculizumab. The CMA was presented as the base case given
the evidence supporting equivalent efficacy and lack of evidence supporting the
alternative (see Document B, Section B.2.13, Page 96). In addition, the NICE CMA
documentation (for the fast-track appraisal), does not require exact equivalence to
support the use of the cost-minimisation analysis. Therefore, by providing the CMA
and cost-effectiveness analysis as a scenario, we feel we have provided a fully
comprehensive analysis assessing the uncertainty on the assumption of equivalent

efficacy.

b. The assumption of no clinical difference in efficacy and safety between
eculizumab and ravulizumab is based on the lack of statistically significant
differences between the 2 treatments from the ITC analysis; however, this
analysis is only based on a very small number of patients and only supports
the statement that there is not enough evidence to demonstrate any potential
differences. Please justify how the assumption of no clinical difference in
efficacy and safety is supported by the existing data from eculizumab and

ravulizumab studies.
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The assumption of no clinical difference in efficacy and safety between eculizumab
and ravulizumab is not solely based on the lack of statistically significant differences

between the two treatments from the ITC analysis.

Direct evidence is available from Cohort 2 Patients in the ALXN-1210-aHUS-312
trial, who were previously stable on eculizumab and ‘switched’ to ravulizumab.2°
These patients maintained stability in haematological and renal parameters following
treatment switch, demonstrating sustained efficacy of ravulizumab with no

unexpected safety concerns.

Ravulizumab was derived from eculizumab and the treatments share over 99%
homology and the same fundamental mechanism of action (see response to A1).
Differences in their design do not impact the clinical effectiveness or safety of
ravulizumab compared to eculizumab, but rather allow a natural recycling of
complement-inhibitor that extends its half-life and reduces the frequency of regular
infusions (see B.2.12 of the CS for further detail).

Non-inferiority between the two treatments was formally assessed in the PNH ftrial
programme where ravulizumab was shown to be statistically non-inferior to
eculizumab." 3! As detailed in our response to A1, the aHUS clinical development
programme was initiated concurrently with the PNH clinical development
programme. During consultation with regulatory agencies, a common ravulizumab
dosing strategy for the treatment of aHUS and PNH and the reliance on a single
pivotal study to support approval in each indication was agreed. The EMA also
concluded within their variation report for extending the ravulizumab indication to
aHUS that the population pharmacokinetic and pharmacodynamic parameter
estimates of aHUS patients were no different from that of PNH patients, and that
ravulizumab has already demonstrated an activity comparable to the one of
eculizumab in the treatment of adult patients with PNH.? The EMA subsequently
concluded that comparative efficacy has been substantiated in the adult population
(the PNH trial programme did not include paediatric patients as PNH is extremely

rare in children).?

The aHUS clinical community consulted in the UK were also confident that

ravulizumab has similar efficacy and safety to eculizumab.? ©

Clarification questions Page 23 of 48



The assumption of no clinical difference in efficacy and safety between eculizumab
and ravulizumab is therefore based on data from a cohort of patients who ‘switched’
from eculizumab treatment to ravulizumab, sound biological rationale and expert
opinion supportive of non-inferiority head-to-head data in the PNH setting, as well as
on the lack of statistically significant differences between the treatments observed in

the ITC analysis.

B2. Priority question. The ERG considers the submitted model is not sufficiently
flexible to consider treatment discontinuation after re-initiation of treatment. As a

result, please provide the following:

a. Justification for why the model allows for discontinuation after initial
treatment but then assumes lifelong treatment once patients are re-initiated
on treatment, i.e., patients are only permitted to discontinue therapy once in
the model. Please support this assumption with a review of the literature to
identify evidence that could inform the relapse rates after a second or

subsequent treatment discontinuation.

As discussed in Section B.3.3.1, Page 117, treatment discontinuation in clinical
practice is complex and patient specific. The summary of product characteristics
(SmPC) for eculizumab recommends treatment for the patient’s lifetime and the
SmPC for ravulizumab does not give specific reasons why a patient may
discontinue.3? 33 The Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines explain that there are no prospective controlled studies which define
criteria for discontinuation and makes recommendations based on clinical expert
opinion.®* A more recent publication looking into defining treatment duration for
aHUS patients concludes that given the complex and unpredictable nature of aHUS

prospective trials are needed to define optimal treatment duration.3°

The economic model already simplifies the first treatment discontinuation by splitting
the reasons patients can discontinue into four categories, defined based on feedback
from UK clinical experts. Patients will generally discontinue if they have a confirmed
misdiagnosis of aHUS (usually within the first month), have no renal response
(usually within the first 3-4 months) or can discontinue for other reasons such as
adverse events, patient or physician preference or pregnancy. Discontinuing for

renal respons