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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.
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List of abbreviations
Abbreviation

Definition

ACS

Acute chest syndrome

AE

Adverse event
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Akaike information criterion
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10th edition
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B.1 Decision problem, description of the technology and
clinical care pathway
Decision problem
The submission covers the expected marketing authorisation for crizanlizumab as a treatment
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The decision
problem addressed within this submission is consistent with the NICE final scope for this
appraisal as outlined in Table 1.
Please note that HC and HU have been referred to throughout the submission as HC/HU. HC,
which is referred to in the NICE final scope, is also known as HU, and so it has been assumed in
the submission that these terms (which both refer to the same drug) can be considered
interchangeable.
Please also note that sickle cell crises and VOC, which are referred to in the NICE final scope,
are considered to be interchangeable. Within the context of the SUSTAIN trial, which represents
the primary source of evidence for crizanlizumab in this indication, VOC are referred to as sickle
cell-related pain crises (SCPC), which during the study were defined as “acute episodes of pain,
with no medically determined cause other than a vaso-occlusive event that resulted in a visit to a
medical facility and treatment oral/parenteral narcotic agents or parenteral non-steroidal antiinflammatory drugs (NSAID).
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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

Population

People with SCD aged 16 years
and over

As per the final scope

Not applicable
In line with the anticipated licensed indication, the
company submission specifically relates to the use of
crizanlizumab xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx in
this population.

Intervention

Crizanlizumab with or without
hydroxycarbamide

As per the final scope

Not applicable

Comparator(s)

Established clinical management
without crizanlizumab including:
 Hydroxycarbamide
 Blood transfusions
(exchange and top-ups)
 Allogenic stem-cell
transplants
 Best supportive care

Established clinical management
without crizanlizumab including:
 Hydroxycarbamide
 Blood transfusions
(exchange and top-ups)
 Best supportive care

Established clinical management for the prevention of
VOC consists of supportive care (e.g. hydration with
intravenous fluids and keeping warm) with or without
HC/HU.1, 2 HC/HU is currently the only licensed therapy
for the prevention of VOC, but is not received by all
patients due to concerns from patients about toxicity and
perceived side effects of the treatment.1 HC/HU has
demonstrated some efficacy versus placebo in reducing
the frequency of VOC, however some patients that
receive HC/HU continue to experience high rates of
VOC, and due to the lack of other available treatment
options, these patients may continue HC/HU treatment.3,
4
There is therefore a role for crizanlizumab as an add-on
therapy to HC/HU, when HC/HU alone does not
adequately reduce the number of VOC, as well as an
unmet need for alternative treatments to HC/HU when
HC/HU is inappropriate or inadequate.
Blood transfusions may also be used for the prevention
of VOC in patients who have failed treatment with HC/HU
or for whom HC/HU is contraindicated.5-7 In practice, the
proportion of patients receiving blood transfusions for this
purpose is small (less than 10% - see Section B.1.3.2;
and is expected to vary between centres), and evidence
of the efficacy of blood transfusions in reducing the
frequency of VOC is limited. Given the use of blood
transfusions for only a proportion of patients, as part of
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope
current standard of care, these have not been included
as a direct comparator but are considered as part of
established clinical management.
Allogeneic stem cell transplantation is primarily used in
paediatric SCD patients and is only considered for adults
with severe SCD or existing comorbidities (e.g. stroke or
pulmonary hypertension) who have failed to respond to
currently available treatment.8, 9 Furthermore, it is only
routinely funded by NHS England for patients with a
related, fully human leucocyte antigen (HLA) matched
donor and so of those patients who are otherwise eligible
for transplantation, few undergo transplantation due to a
lack of donor availability.9 Crizanlizumab is expected to
be licensed for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, it is not
expected that crizanlizumab would displace
transplantation as a treatment option of last resort or
necessarily alter the number of patients who would
ultimately receive a transplant.10 Allogeneic stem cell
transplantation has therefore not been considered as a
direct comparator or as part of established clinical
management for SCD as part of this submission.

Outcomes

The outcome measures to be
considered include:
 Mortality
 Number and severity of
sickle cell crises
 Recurrent event
 Complications arising
from VOC (including
stroke, acute chest
syndrome, organ damage)
 Adverse effects of

As per the final scope
Note: sickle cell crises and VOC,
as described in the final scope,
are considered to be the same.
The definition of VOC used in the
SUSTAIN trial is provided in the
next column
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Annual rate of VOC and time to first and second VOC
event were outcomes measured in the SUSTAIN trial
(see Section B.2.3.1).11 A VOC was defined in SUSTAIN
as an acute episode of pain with no medically determined
cause other than a vaso-occlusive event, that resulted in
a medical facility visit and treatment with pain relief.11
VOC which did not meet this definition were not captured
as an outcome in the SUSTAIN trial. Only the more
severe crises experienced by patients (i.e. those that
require a medical facility visit) have therefore been
considered as an outcome in the submission, and the

Final scope issued by NICE



Decision problem addressed in
the company submission

Rationale if different from the final NICE scope
potential impact of treatment on less severe VOC has not
been assessed.

treatment
Health-related quality of
life

Death and other complications were also reported in
SUSTAIN but few events occurred during the 52-week
trial. The annual rate of acute chest syndrome (ACS),
one of the main and severe complications of VOC, was
included as an outcome in the SUSTAIN trial. Stroke was
not included as a separate outcome in the SUSTAIN trial,
however ischaemic stroke was captured as an adverse
event.12 The relationship between VOC and long-term or
less frequent outcomes, such as death and SCD-related
complications, has been assessed as part of analyses of
the Hospital Episode Statistics (HES) database (see
Section B.3.3).13
Subgroups to be
considered

If evidence allows, the following
subgroups will be considered:
 Subgroups defined by
combination treatment
with/without HC
 Subgroups defined by
genotypes of SCD
 Subgroups defined by
severity of disease

As per final scope

Evidence from the SUSTAIN trial for the efficacy of
crizanlizumab in these subgroups (concomitant HC/HU:
yes or no; SCD genotype: HbSS or non-HbSS; history of
VOC: 2–4 or 5–10 crises in the 12 months prior to the
study) versus placebo has been presented as part of the
submission.

Special
considerations
including issues
related to equity or
equality

Not applicable

Not applicable

In the UK, SCD predominantly affects individuals of
African or African-Caribbean ethnicity, and as a group,
these individuals tend to have poorer health outcomes
compared to other ethnicities, such as White British, as
has been seen during the COVID-19 pandemic14-18
Patients with SCD may be registered disabled due to the
morbidity associated with their disease e.g. strokes,
chronic leg/foot ulcers and osteonecrosis.13
Patients with SCD may also experience stigma relating to
the management of their condition, which can deter them
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope
from seeking medical support.19 In particular, the use of
opioids to manage VOC pain may cause SCD patients to
be perceived as drug seeking, especially if healthcare
professionals are not aware of the condition and how it is
managed.20, 21 This stigma may be linked to other factors
such as patient ethnicity or socioeconomic status.20, 21
SCD patients are more likely to live in an impoverished
area of the UK, with approximately 66% of SCD patients
living in one of the lowest two quintiles of deprivation
according to the English Index for Multiple Deprivation.22,
23
In a UK analysis of the Sickle Cell World Assessment
Survey (SWAY), 72% of patients with SCD reported that
SCD limited their career, whilst 74% of patient reported
reducing their working hours due to SCD, which could
further negatively impact the socioeconomic status of
patients with SCD.24 Given the aim of reducing
inequalities in health, it is important that patients with
SCD should not be further disadvantaged should a new,
clinically- and cost-effective treatment become available
for the prevention of VOC.25

Abbreviations: ACS: acute chest syndrome; HC/HU: hydroxycarbamide/hydroxyurea; HES: Hospital episode statistics; HLA: human leucocyte antigen; SCD: sickle cell disease;
SWAY: Sickle Cell World Assessment Survey; VOC: vaso-occlusive crises.
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Description of the technology being appraised
A summary of the mechanism of action, expected marketing authorisation status, costs and
administration requirements associated with crizanlizumab for the prevention of VOC in patients
with SCD is presented in Table 2.
Table 2: Technology being appraised
UK approved
name and brand
name
Mechanism of
action

Crizanlizumab (AdakveoTM)
Crizanlizumab is a selective IgG2 kappa humanised monoclonal antibody that
binds to P-selectin with high affinity and blocks the interaction with its ligands,
including P-selectin glycoprotein ligand 1.10 P-selectin is an adhesion
molecule expressed on activated endothelial cells and platelets.10 It plays an
essential role in the initial recruitment of leukocytes and the aggregation of
platelets to the site of vascular injury during inflammation. In the chronic proinflammatory state associated with SCD, P-selectin is over-expressed and
circulating blood cells and the endothelium are activated and become hyperadhesive.10 P-selectin-mediated multi-cellular adhesion is a key factor in the
pathogenesis of vaso-occlusion and VOC, and the sickling of red blood cells
(a main feature of SCD), without abnormal selectin-mediated multi-cellular
adhesion, is not sufficient to initiate a vaso-occlusive episode.26 Elevated
levels of P-selectin are found in patients with SCD.10
Binding P-selectin on the surface of the activated endothelium and platelets
has been shown to effectively block interactions between endothelial cells,
platelets, red blood cells and leukocytes, thereby preventing vaso-occlusion.10
Therefore, the use of crizanlizumab to block the activity of P-selectin in
patients with SCD offers a therapeutic approach for the prevention of vasoocclusion and the painful episodes and subsequent complications associated
with VOC.27

Marketing
authorisation/CE
mark status

An application for a conditional marketing authorisation for crizanlizumab for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx was
submitted to the European Medicines Agency (EMA) in xxxxxxxx with
Committee for Medicinal Products for Human Use (CHMP) opinion anticipated
in xxxxxxxxxxxx and conditional marketing authorisation in xxxxxxxxxxxxx.

Indications and
any restriction(s)
as described in
the summary of
product
characteristics
(SmPC)

The anticipated EU marketing authorisation for crizanlizumab in the indication
of interest for this submission is: “xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx”.

Method of
administration
and dosage

The expected licensed dose of crizanlizumab is 5 mg/kg administered over a
period of 30 minutes by intravenous infusion at week 0, week 2, and every 4
weeks thereafter.10 Crizanlizumab should be diluted with sodium chloride 9
mg/ml 0.9% or dextrose 5% before administration.10 The diluted solution
containing crizanlizumab must be administered through a sterile, nonpyrogenic 0.2 micron in-line filter by intravenous infusion over a period of 30
minutes. It must not be administered by intravenous push or bolus.10
Crizanlizumab can be given alone or in combination with HC/HU, and is
intended for use under the guidance and supervision of a physician
experienced in the management of SCD.10

Crizanlizumab is not currently licensed for use in any other indication.
There are no expected contraindications or restrictions for crizanlizumab other
than contraindication due to hypersensitivity to the active substance or to any
of the excipients listed in the draft SmPC.10
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Additional tests
or investigations

There are no additional tests or investigations required for starting treatment
with crizanlizumab.

List price and
average cost of a
course of
treatment

Crizanlizumab is available as a 10 mg/ml concentrate for solution for infusion
in 10 ml vials (100 mg crizanlizumab). After the first 4 weeks of treatment,
crizanlizumab is expected to be taken as continuous treatment every 4
weeks; treatment with crizanlizumab is expected to be stopped upon death,
lack of efficacy, treatment switching or serious adverse events.
Crizanlizumab (1x 10 ml vial of 10 mg/ml concentrate) will be associated with
a list price in the UK of xxxxxxxxx

Patient access
scheme (if
applicable)

A confidential Patient Access Scheme (PAS) discount of xx% has been
submitted to Patient Access Scheme Liaison Unit (PASLU). Results within
this submission are presented with crizanlizumab at list price and at the
proposed PAS price.

PASLU: Patient Access Scheme Liaison Unit;

Health condition and position of the technology in the
treatment pathway
Disease overview


SCD is a group of inherited haematological disorders, which predominantly affects
individuals from African or African-Caribbean ethnicity, and with a prevalence of 1 in 4,600
in the UK is considered to represent an orphan condition.14, 28 Individuals with SCD
represent a group of patients who may experience health inequalities due to their ethnicity
and socioeconomic status: individuals of African or African-Caribbean ethnicity have
poorer health outcomes compared to other ethnic groups in the UK, as has been seen in
the COVID-19 pandemic, and patients with SCD are more likely to live in more
impoverished areas of the UK.16-18, 22, 23



The clinical signs and symptoms of SCD typically present in early childhood and patients
continue to experience complications related to SCD throughout their entire lifetime.2 As a
consequence, life expectancy of individuals with SCD is considerably reduced compared
to the general population.29, 30 For example, a meta-analysis of North American and
European studies reported a median age of death for patients with SCD ranging between
39.7–53.0 years.31



The major hallmark of SCD are VOC, which are acute and severe episodes of pain caused
by vaso-occlusion. VOC are recurrent and unpredictable, and the pain associated with
VOC can be highly debilitating and may lead patients to seek medical support at hospital.
Consequently, VOC are the primary cause of hospitalisation among patients with SCD.32,
33 However, due to the stigma associated with seeking pain-relief support at hospital and
feeling that healthcare professionals may not understand their condition, some patients
may choose to manage VOC at home, despite the debilitating pain and risk of acute
complications associated with VOC.19



Vaso-occlusion can occur throughout the vascular system, leading to the potential for
multi-organ damage and a range of acute and chronic complications.34 ACS is one of the
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main severe outcomes of VOC and is responsible for up to 25% of SCD-related deaths.35,
36



Higher rates of VOC (≥3 VOC in the previous 12 months) are linked with higher rates of
mortality and reductions in patient health-related quality of life (HRQoL). Reducing each
and every VOC is therefore an important outcome to patients, in order to avoid debilitating
and painful crises and also reduce the risk of serious complications, including death.37-39



Due to the impact of VOC and hospitalisations, SCD has a substantial impact on work and
school absenteeism, and the employment status or prospects of patients.22, 24, 40-42
Furthermore, SCD is associated with a considerable burden for caregivers.43

Current treatment pathway for VOC in patients with SCD


The standard approach to the management of SCD involves prevention of VOC and
supportive therapy to reduce pain and the risk of acute complications. The main strategies
for preventing VOC are however limited to supportive care, including hydration and
keeping warm.2



HC/HU is the only treatment currently licensed for the prevention of VOC and represents
the current standard of care in the UK.1 However, due to concerns over the side effects
and toxicity of HC/HU not all SCD patients that have been offered treatment with HC/HU
will receive this (14.2% of SCD patients in the UK are expected to receive HC/HU based
on data from the National Haemoglobinopathy Registry).1, 44, 45 Furthermore, although
HC/HU has demonstrated efficacy versus placebo in reducing the frequency of VOC, some
patients continue to experience acute painful episodes despite treatment with HC/HU.3, 4
These patients may still continue to receive HC/HU (if appropriate) due to the limited
alternative treatment options available and the unmet medical need to control the
frequency of VOC. There therefore remains a high level of clinical unmet need for a welltolerated and effective treatment for the prevention of VOC in patients with SCD.



Chronic blood transfusions may be used to prevent VOC in patients who fail treatment with
HC/HU or for whom HC/HU is contraindicated or not acceptable, however the proportion of
patients in the UK who receive chronic blood transfusions specifically for the prevention of
VOC is low (<10%).5, 6, 23, 44-46 Instead, blood transfusions are more commonly used in an
acute context to manage complicated VOC and other complications of SCD (in particular
ACS), or in preparation for surgery, or on a chronic basis for the prevention of stroke in
patients who are at a high risk of stroke.5 Regular blood transfusions (exchange or top-up)
are therefore not considered as a direct comparator for this appraisal but are considered
as part of established clinical management for the prevention of VOC for a proportion of
SCD patients.



Haematopoietic stem cell transplantation (HSCT) is the only known cure for SCD. However,
it is primarily used in paediatric patients and is only considered for adults with severe SCD
or existing comorbidities (e.g. stroke or pulmonary hypertension) who have failed to respond
to currently available treatment, and is limited to those adults with a related, fully HLA
matched donor.8, 9 HSCT therefore presents a viable treatment option for only a very small
number of patients with SCD. In 2018, the total number of patients (adult and child) with
haemoglobinopathies that underwent HSCT in the UK and Ireland was just 38.47 Treatment
with crizanlizumab, as an add-on therapy to established clinical management, is not
expected to displace HSCT as a treatment option of last resort or necessarily alter the
number of patients who would ultimately receive HSCT, and so HSCT has not been
considered as a comparator in this submission.
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Crizanlizumab is expected to be used with or without concomitant HC/HU as a treatment
for xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx(i.e.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx), as per the anticipated licensed indication.
In UK clinical practice, in which HC/HU represents current standard of care for both
children and adults, all SCD patients experiencing recurrent VOC and being considered for
treatment with crizanlizumab are expected to have been previously offered (or at least
considered for) treatment with HC/HU. Crizanlizumab is therefore expected to be used
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, as
per the anticipated licensed indication.

Disease overview
SCD is a group of inherited disorders caused by the presence of point mutations in the β-globin
gene encoding a subunit of the oxygen-carrying molecule haemoglobin (Hb) found in
erythrocytes. Sickle cell erythrocytes have a mutant form of Hb known as sickle Hb (HbS) which
causes the normally round, pliable erythrocytes to become rigid and sickle shaped.48 SCD is
classified by genotype (i.e. according to the type of Hb expressed). Individuals who are
homozygous for HbS (HbSS) only produce HbS.48 Homozygous HbS is the most common sicklecell genotype and 67% of SCD patients in the UK are homozygous HbS.49 Homozygous HbS
SCD patients tend to have the most clinically severe disease, but other genotypes which include
HbS in addition to one other variant of Hb, also exist and these patients can have variable levels
of disease severity.34
The major hallmark of SCD are VOC, which are acute and severe episodes of pain caused by
vaso-occlusion. VOC occur due to increased cell-cell interactions between sickled erythrocytes,
other blood cells and the endothelial cells lining the blood vessel wall, which leads to the
formation of a multi-cellular aggregate within the blood vessel lumen.26 Erythrocyte sickling is one
of the main features of SCD but without abnormally increased intercellular adhesion between
blood cells and the endothelium it is not sufficient on its own to initiate a vaso-occlusive
episode.26 The increased cell-cell interactions that play an essential role in vaso-occlusion are
mediated via adhesion molecules such as P-selectin.26 As a result of vaso-occlusion and the
presence of a multi-cellular aggregate, insufficient oxygen is delivered to the surrounding tissues
which results in ischaemic injuries and severe pain.50 Vaso-occlusion can occur throughout the
vascular system, leading to the potential for multi-organ damage and a range of acute and
chronic complications.34
Due to the protection that the sickle cell trait (i.e. heterozygosity for the sickle cell mutation in the
β-globin gene) provides against malaria, SCD is most prevalent in areas where malaria is
endemic, such as sub-Saharan Africa.51 However, increasing migration has led to a rise in the
number of births affected by SCD outside of these countries.29, 51 Worldwide SCD remains a
largely neglected disease and the life expectancy of individuals with SCD is still considerably
reduced compared to the general population, particularly in low-income settings where a high
proportion of individuals with SCD will die in childhood, and often without a diagnosis.34, 52
In the UK, SCD predominantly affects individuals of African or African-Caribbean ethnicity.15
Based on recent estimates, the prevalence of SCD in the UK is 1 in 4,600 and around 14,000
people in the UK are living with SCD.14 SCD is therefore considered to represent an orphan
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condition.28 A national screening programme for SCD (the NHS Sickle Cell and Thalassemia
Screening programme) is available to pregnant women, which offers to identify HbS carriers
whose babies may be at risk of inheriting SCD, in addition to providing tests for new born
babies.2, 53, 54 Despite the availability of screening programmes and the ability to better manage
some of the complications of SCD, the life expectancy of individuals with SCD is considerably
reduced compared to that of the general population.29, 30 A meta-analysis of ten studies of risk
factors for mortality in SCD patients across North America and Europe reported a median age of
death ranging between 39.7–53.0 years.31 Similarly in a UK-based observational study of
patients with SCD, the median age of death was reported as 42 years (interquartile range 31–48
years; with 43/712 patients [6.0%] having died), and median overall survival was estimated to be
67 years amongst patients with HbSS/HbSβ0 SCD, based on analyses using the Kaplan-Meier
method.55 This represents a reduction in life expectancy of more than 10 years compared to the
general population.55, 56 For patients with recurrent VOC specifically and those requiring frequent
hospitalisation, life-expectancy can be expected to be reduced even further.55
Symptoms and health-related quality-of-life impact of SCD
The signs and symptoms of SCD are related to recurrent VOC and increased haemolysis, the
effects of which mean that SCD can be considered a multi-organ, systemic and progressive
disease.34 VOC are themselves associated with severe pain caused by ischaemic tissue injury as
a consequence of vaso-occlusion. These painful episodes can recur and are often unpredictable,
although common triggers include dehydration, extreme temperature and emotional stress.57
VOC episodes do vary in length, however patients may still be experiencing pain and reduced
HRQoL >1 week after the onset of an event.58 Chronic pain may also develop due to the damage
caused by recurrent VOC as well as high levels of inflammation, and the daily intensity of pain,
outside of the acute VOC, experienced by patients with SCD can be similar to that reported in
chronic pain conditions, such as rheumatoid arthritis.32
The pain experienced by individuals with SCD during a crisis is often severely debilitating and
may lead to patients being admitted to hospital.32, 33 For example, in 2009/10 there were 16,558
hospital admissions for SCD in England of which more than half (51.8%) had a primary diagnosis
of a sickle cell crisis (i.e. had experienced a VOC).59 Consequently, VOC are the primary cause
of hospitalisation among patients with SCD and thus represent a major burden of SCD to both
patients and the healthcare system.32, 33 Although VOC are the primary cause of hospital
admissions for patients with SCD, not all VOC will result in patients seeking medical care at a
hospital.59 Despite the debilitating pain associated with VOC, patients may manage VOC
themselves at home because of perceptions about the care they may receive and the stigma
attached to seeking pain relief at hospital (e.g. with opioids), when the individuals otherwise look
fit and healthy. In response to this stigma, SCD patients have reported adjusting their careseeking behaviours by treating their pain at home until the level of pain becomes unbearable.20
The SWAY study is an ongoing, multi-country, cross-sectional survey of SCD patients (N=2,145)
and healthcare professionals (N=365), and in an analysis of UK patients (n=299), 42% of VOC
reported were managed at home.19 Amongst the most commonly cited reasons for home
management of VOC were a previous poor experience in hospital (56% of patients) and a
perception that healthcare professionals did not understand SCD (40% of patients).19 The stigma
experienced by SCD patients seeking pain relief in hospital provides an additional and unwanted
barrier for patients to receive the medical support they need, and stigma surrounding their
disease can have a detrimental effect on the psychological and physiological wellbeing of SCD
patients.20, 21
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In addition to the pain experienced by patients during VOC, organ damage caused by vasoocclusion and abnormal blood flow is responsible for both acute and chronic complications of
SCD. The main severe outcome of VOC is acute chest syndrome (ACS), which is an acute and
life-threatening complication of SCD.35 ACS has an incidence rate of 12.8 per 1,000 patient years
(PY) and is responsible for up to 25% of SCD-related deaths.35, 36 The prevalence of ACS
amongst cohorts of patients with SCD has been shown to be significantly associated with the
frequency of VOC.30, 60 Other complications of SCD include gallstones, avascular necrosis,
ischaemic stroke and silent infarcts, splenic sequestration, leg ulcers, priapism (in males), and
pulmonary hypertension.34, 61 Haemolysis, as the other main feature of SCD, can lead to
anaemia and subsequently other symptoms such as fatigue.34, 61 The clinical signs and
symptoms of SCD typically present in early childhood, and patients continue to experience
complications related to SCD throughout their entire lifetime.2 The avoidance of each and every
single VOC is an important outcome to patients due to the severe pain often experienced during
VOC. However, regardless of how painful an individual event is, every VOC is clinically important
as patients who experience a higher frequency of VOC are more likely to experience
complications, and it is difficult to determine how much how much organ damage will have
occurred or predict which crises will result in catastrophic consequences.13 VOC can also be
detrimental to the emotional wellbeing of patients with SCD, and in the UK analysis of SWAY
69% of patients reported that SCD had a high impact on their emotional wellbeing, mainly due to
frustration at their symptoms and worry that their disease would get worse.19 Patients also
reported a greater impact on their emotional wellbeing with increasing number of VOC.19
Reducing the frequency of VOC is therefore a highly desirable outcome for patients with SCD.
For most patients with SCD, the occurrence of multiple VOC in a year (i.e. recurrent VOC) is the
reality of their condition. In the UK analysis of SWAY, 94% of patients reported experiencing
VOC within in the previous year, at a mean frequency of 5.4 (standard deviation [SD] 5.1) per
year.19 In this analysis, 41%, 24% and 16% of patients reported experiencing 2–4, 5–10 VOC,
and ≥11 VOC in the previous year.62 Of all VOC reported, only 32% were managed within a
hospital setting, which suggests that the number of VOC experienced by patients is likely to be
substantially underestimated in studies that only consider hospitalised VOC.19 Higher rates of
VOC in patients with recurrent VOC (and consequently higher rates of hospitalisation events and
ACS) are also linked with higher rates of mortality.31, 38, 39, 63 For example, patients with an
average of three or more VOC per year across their lifetime have been shown to have worse
survival outcomes compared to those with an average of 1–<3 VOC or 0–<1 VOC per year (3.74
versus 1.77 and 1.81 deaths per 100 patient years; P = 0.009).63 Furthermore, in multivariate
analyses of patients from one centre in the USA (N=161), the risk of death was significantly
increased based on the number of VOC in the previous year (hazard ratio [HR], 1.20; 95%
confidence intervals [CI]: 1.06, 1.35).31 In contrast, mortality rates are lower amongst patients
who receive therapies that reduce the frequency of VOC, thus providing further rationale for the
clinical need for effective treatments for the prevention of VOC.64
Impact of SCD on HRQoL, caregiver burden and employment status
Due to the nature and impact of VOC, as well as the high symptom burden and risk of serious
comorbidities associated with the disease, patients with SCD experience substantial reductions
in HRQoL, in addition to reduced life expectancy. In the US-based Pain in Sickle Cell
Epidemiology Study (PiSCES), which compared HRQoL of SCD patients to that of healthy adults
and patients with other chronic diseases including cystic fibrosis, asthma, or patients undergoing
haemodialysis, it was found that patients with SCD reported significantly lower 36-Item Short
Form questionnaire (SF-36) scores than healthy adults across all subscales except mental
health.65 Patients with SCD also scored lower than patients with cystic fibrosis, asthma, or
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patients undergoing haemodialysis for several domains including general health, vitality and
bodily pain.65 The often severe and debilitating pain experienced by patients with SCD as a result
of VOC can have a considerable negative impact on their HRQoL. For example, a UK-based
longitudinal study of 510 adult SCD patients found that improvements in pain during and after a
hospitalisation for VOC were associated with improvements in health utility values as measured
by EQ-5D, thus demonstrating the negative impact of VOC-related pain specifically on patients’
HRQoL.58 This study also found that SCD patients had a lower utility at baseline (0.75) than
healthy patients, suggesting that SCD patients who experience VOC may continue to experience
pain even outside of a VOC event and that steady-state HRQoL as well as daily functioning may
remain impaired in the long-term.58 Furthermore, the impact of experiencing VOC on HRQoL has
also been investigated in the three-year, prospective, LEGACY registry study in the US.
Published analyses from this registry study have shown that that SCD patients with three or more
VOC in the previous 12 months had lower HRQoL across all subscales of SF-36 compared to
patients with fewer VOC.37 The study also showed, via mapping to EQ-5D, that these responses
translate to lower utility scores for SCD patients who had experienced three or more VOC in the
previous 12 months.37 In conclusion, both the pain experienced by patients with SCD during
individual crises as well as the burden of past VOC can be associated with a negative impact on
the patients’ HRQoL.
Due the impact of VOC on HRQoL and the increased need for hospitalisation, SCD is also
associated with high rates of absenteeism from work and school.24, 42 In the UK analysis of
SWAY, 14% of employed patients reported missing work in the last 7 days and in a US-based
observational study it was shown that 22.2% of adults with SCD had missed more than 20 days
of work and that 14.7% of children with SCD had missed more than 20 days of school over the
span of a year.24, 42 Additionally, SCD patients may experience low rates of employment,. For
example, in the UK analysis of SWAY, 61% of patients reported a reduction in working hours and
30% of patients had voluntarily stopped worked altogether, with 17% of patients also retiring
early.24 Importantly, higher rates of VOC are associated with a negative impact on employment
status. In a US-based study, 73% of patients who had experienced ≥4 VOC in the previous year
reported that SCD negatively impacted their employment status, compared with 45% of patients
who had experienced 1–3 VOC in the previous year.40
SCD is further associated with a significant caregiver burden, particularly for parents and
guardians looking after children with SCD. Correspondingly, a study in the Netherlands found
that female caregivers of children with SCD had significantly lower HRQoL scores (as measured
by the TNO-AZL Adult QoL questionnaire) on subscales covering depressing mood, daily
activities and vitality, compared to caregivers of healthy children.43

Current treatment pathway for VOC in patients with SCD
Overview
The current approach to the management of VOC involves prevention and supportive therapy to
reduce pain and the risk of acute complications.2 VOC may require hospitalisation and according
to NICE guidance on managing acute painful sickle cell episodes in hospital (CG143), patients
presenting at a hospital with VOC should be treated as an acute medical emergency, be
continuously assessed for possible acute complications, and offered appropriate analgesia within
30 minutes.66 However, not all VOC result in hospitalisation and patients may choose to manage
painful episodes at home, despite experiencing considerable pain (see Section B.1.3.1).67
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Strategies to prevent the occurrence of VOC are mainly limited to supportive care (e.g. hydration
and keeping warm), with HC/HU representing the only pharmacological treatment option
currently available.2 As described below, blood transfusions may also be used to help prevent
recurrent VOC for a small proportion of patients.
Haematopoietic stem cell transplantation (HSCT) is the only known cure for SCD.67 However,
HSCT presents a viable treatment option only for a very small proportion of patients, namely
those with clinically severe disease but without irreversible organ damage, and tends to only be
considered in children with SCD.2, 68 HSCT is only considered for adults with severe SCD or
existing comorbidities (e.g. stroke or pulmonary hypertension) who have failed to respond to
currently available treatment, and can therefore be considered as a treatment of last resort.9
Furthermore, it is only routinely funded by NHS England for patients with a related, fully HLA
matched donor and so the use transplantation will be limited by donor availability. According to
the British Society for Blood and Marrow Transplantation (BSBMT), the total number of patients
(adults and children) who received HSCT for all haemoglobinopathies in 2018 in the UK and
Ireland was just 38.47 Crizanlizumab is expected to be licensed for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, it is not expected that
crizanlizumab would displace transplantation as a treatment option of last resort or necessarily
alter the number of patients who would ultimately receive a transplant. HSCT has therefore not
been considered as a direct comparator or as part of established clinical management for SCD
as part of this submission.
Interventions for the prevention of VOC and the positioning of crizanlizumab
As the only licensed treatment currently available, HC/HU represents the current standard of
care for the prevention of VOC in the England and Wales, and treatment guidelines for the use of
HC/HU in children and adults with SCD have been published by the British Society for
Haematology (BSH).1 HC/HU is indicated for the prevention of recurrent painful VOC including
ACS in adults, adolescents and children older than two years suffering from symptomatic SCD.69,
70 The mechanism of action for HC/HU is based primarily on its ability to induce high levels of
HbF (foetal haemoglobin), which inhibits HbS polymerisation and hence reduces sickling of
erythrocytes. The distinct mechanism of action of HC/HU from crizanlizumab provides the
opportunity for these therapies to be used in combination.
HC/HU has demonstrated efficacy in decreasing the frequency of VOC, however, some patients
continue to experience acute painful episodes despite treatment with HC/HU.3, 4 In the absence
of other available treatment options, patients who experience recurrent VOC with HC/HU alone
may continue to receive treatment with HC/HU in an attempt to limit the frequency of VOC. As a
cytotoxic chemotherapy, there are potentially serious side effects and toxicity, including
myelosuppression, associated with HC/HU.1 Patients treated with HC/HU must therefore be
monitored closely and undergo routine complete blood and reticulocyte counts every 8-12 weeks
for the duration of treatment.1 Furthermore, it is currently uncertain how HC/HU may affect male
fertility and therefore it is recommended that post-pubertal males are offered sperm analysis and
cryopreservation prior to initiation of treatment with HC/HU.1 Due to concerns relating to the
toxicity and side effects of HC/HU, not all SCD patients will consent to receive treatment with
HC/HU and according to information available from the National Haemoglobinopathy Registry,
14.2% of all patients with SCD (17.8% of patients aged ≥18 years) received treatment with
HC/HU in 2016 in the UK.44 The proportion of patients in the UK who receive HC/HU is expected
to vary between clinics, but information provided by a Consultant Haematologist who specialises
in the treatment of SCD at a large London hospital about the use of HC/HU at their clinic (~16%
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of patients) is consistent with the figure reported by the National Haemoglobinopathy Registry.45
For those patients that do receive HC/HU, non-adherence to HC/HU and failure to reach the
maximum tolerated dose accounts for a significant proportion of patients failing to respond to
treatment with HC/HU.1
Aside from HC/HU, the prevention of VOC is mainly limited to supportive care measures (i.e.
hydration and keeping warm). In line with BSH guidelines, chronic blood transfusions may also
be used to prevent VOC in patients who fail treatment with HC/HU or for whom HC/HU is
contraindicated or not acceptable.5 Blood transfusions are however more commonly used either
in an acute context to manage complicated VOC and other complications of SCD (e.g. for ACS
and splenic sequestration) or in preparation for surgery, or they are used on a chronic basis for
the prevention of stroke and other major complications in high-risk patients.5, 71 The proportion of
patients in the UK who receive regular blood transfusions specifically for the prevention of VOC
is however expected to be low, and, as with HC/HU, use will vary between different clinics. In a
retrospective analysis of all adult patients with SCD attending a single centre in the UK, the
proportion of patients receiving an elective transfusion for the control of frequent VOC was <1%
(3/490).6 Additionally, transfusion data are available in the National Haemoglobinopathy Registry
annual report 2018/2019 for 6.6% of SCD patients but further details aren’t provided (e.g. on
reasons for use), and data from an audit of transfusion services in the UK and Republic of Ireland
suggest that 17% of elective transfusions in adults are for the prevention of recurrent VOC.44, 46
According to a UK clinician, as many as 20% of adult patients with SCD could be receiving
regular blood transfusions, of which approximately half will be receiving transfusions for the
prevention of VOC.45 This is consistent with an analysis undertaken of the Hospital Episode
Statistics (HES) database to inform clinical inputs for the cost-effectiveness model (see Section
B.3.3). In the last two years of this study, it was reported that xx of patients aged ≥16 years with
a diagnosis of SCD (excluding those with a previous diagnosis of stroke), had received a blood
transfusion.23 The use of blood transfusions as an intervention is reliant on the availability of
blood from suitable donors, and this is further complicated by the very high rate of
alloimmunisation (~30%) observed in transfused SCD patients, which means that patients with
SCD often require additional antigen matching.72 The BSH guidelines recommend that patients
with SCD are transfused with suitable antigen matched blood where feasible, to reduce the risk
of alloimmunisation.73 Therefore, increases in the use of regular blood transfusions for patients
with SCD may in future be limited by suitable donor availability, particularly given the differences
in red-blood cell (RBC) antigen expression between the predominantly white donor base, and the
mostly African or African-Caribbean ethnicity of patients with SCD.72
In summary, established clinical management without crizanlizumab, which represents the
comparator for this appraisal, is considered to consist of supportive care for the prevention of
VOC (i.e. hydration and keeping warm), with a proportion of patients receiving HC/HU or regular
blood transfusions (see Figure 1).
Crizanlizumab is expected to be used with or without concomitant HC/HU as a treatment for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, as stated as
part of the anticipated licensed indication:
“xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.” With HC/HU representing the current standard of care
for both children and adult patients experiencing VOC, all SCD patients experiencing recurrent
VOC and being considered for treatment with crizanlizumab in UK clinical practice (i.e. also aged
16 years and older) are expected to have been previously offered (or at least been considered
for) treatment with HC/HU. Crizanlizumab is therefore expected to be used
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx, as per the
anticipated licensed indication. In practice, chronic blood transfusions for the purpose of reducing
VOC are not expected to be used in patients also receiving crizanlizumab. This is similar to the
recommended use of blood transfusions in patients receiving HC/HU, where chronic blood
transfusions should only be considered for patients for whom HC/HU is ineffective or
contraindicated.5

Figure 1: Positioning of crizanlizumab in the current treatment pathway as an intervention
for the prevention of VOC

Patients receiving chronic blood transfusions for prevention of recurrent VOC would not be expected to receive
treatment with crizanlizumab alongside their chronic transfusion programme.
Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea; SCD: sickle cell disease; VOC: vaso-occlusive crises.

The expected positioning of crizanlizumab in clinical practice is consistent with the SUSTAIN trial
which provides the primary source of evidence to support the use of the crizanlizumab in this
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indication (see Section B.2).11 The SUSTAIN trial included patients who had experienced
multiple (2–10) VOC in the previous 12 months and those patients who had been prescribed
HC/HU for at least six months at the time of entry to the trial, and who had been on a stable dose
for at least three months, were permitted to continue receiving concomitant HC/HU.11 Patients
who were receiving chronic blood transfusion were however excluded from the trial.11 With
HC/HU also representing the standard of care in the countries where the SUSTAIN trial was
conducted, it is expected that the majority of patients would have received or at least been
offered treatment with HC/HU prior to entry into the study.74 It is not therefore correct to assume
that the patients in the SUSTAIN trial who were not receiving concomitant HC/HU can be
considered to be ‘HC/HU-naïve’. Instead, these patients more likely represent those for whom
HC/HU is inappropriate or inadequate.

Equality considerations
In the UK, SCD predominantly affects individuals of African or African-Caribbean ethnicity, and
as a group, these individuals tend to have poorer health outcomes compared to other ethnicities,
such as White British, as has been seen during the COVID-19 pandemic.14-18 Patients with SCD
may also be registered disabled due to the morbidity associated with their disease e.g. strokes,
chronic leg/foot ulcers and osteonecrosis. Furthermore, patients with SCD may experience
stigma relating to the management of their condition, which can deter them from seeking medical
support.19 In particular, the use of opioids to manage VOC pain, may cause SCD patients to be
perceived as drug seeking, especially if healthcare professionals are not aware of the condition
and how it is managed.20, 21 This stigma may be linked to other factors such as patient ethnicity
or socioeconomic status.20, 21 SCD patients are more likely to live in an impoverished area of the
UK, with approximately 66% of SCD patients living in one of the lowest two quintiles of
deprivation according to the English Index for Multiple Deprivation.22, 23 In a UK analysis of the
SWAY survey, 72% of patients with SCD reported that SCD limited their career, whilst 74% of
patient reported reducing their working hours due to SCD, which could further negatively impact
the socioeconomic status of patients with SCD.24
Given the aim of reducing inequalities in health, it is important that patients with SCD should not
be further disadvantaged should a new and effective treatment become available for the
prevention of VOC.25
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B.2 Clinical effectiveness
A systematic literature review (SLR) identified the SUSTAIN trial as the primary source
of clinical evidence for the treatment with crizanlizumab for the prevention of VOC in
SCD patients


SUSTAIN was a double-blind, randomised, placebo-controlled phase II trial to determine
the efficacy and safety of crizanlizumab for the prevention of VOC (referred to SCPC in the
context of the trial) in patients aged 16–65 years with SCD and a history of 2–10 SCPC in
the previous 12 months.11



Patients in SUSTAIN (n=198) were randomised to receive either high-dose (5 mg/kg;
n=67) or low-dose (2.5 mg/kg; n=66) crizanlizumab, or placebo (n=65) during the 52-week
treatment phase; randomisation included a stratification according to the number of SCPC
in the previous year (2–4 or 5–10) and by concomitant HC/HU use (yes or no). At baseline,
xxxx% of patients across all treatment arms were receiving concomitant HC/HU and
xxxx% of patients had 2–4 SCPC in the last 12 months.11, 12



Patients across all three treatment arms were permitted concomitant use of HC/HU
provided that they had been receiving the drug for at least six months, including taking a
stable dose for at least three months prior to the study.11 Patients receiving concomitant
HC/HU were not permitted to have any dose alteration during the 52-week treatment
phase of the study, except for safety reasons.11



The primary study endpoint was the median annual rate of SCPC. Pre-specified subgroup
analyses of annual SCPC rate were also performed according to concomitant HC/HU use
(yes or no), history of SCPC (2–4 or 5–10 crises in the year prior to the study) and SCD
genotype (HbSS or non-HbSS).11, 75

The SUSTAIN trial met its primary endpoint and demonstrated improved secondary
outcomes for patients treated with crizanlizumab 5 mg/kg


The median annual SCPC rate was significantly reduced in the high-dose crizanlizumab
arm when compared with placebo (with an indicated 45.3% lower rate with crizanlizumab 5
mg/kg, P = 0.01) and a higher proportion of patients treated with crizanlizumab 5 mg/kg
had a SCPC rate of zero (35.8%, compared to 16.9% in the placebo arm).11



Subgroup analyses also demonstrated consistent improvements of the median annual
VOC rate with crizanlizumab 5 mg/kg (compared to placebo) across different pre-specified
patient subgroups, including patients who were not receiving concomitant HC.11



Patients treated with 5 mg/kg crizanlizumab further experienced significantly longer times
to first SCPC (4.07 versus 1.38 months; HR, 0.50 [95% CI, 0.33, 0.74]; P = 0.001) and
second SCPC (10.32 versus 5.09 months; HR, 0.53 [95% CI, 0.33, 0.87]; P = 0.02) when
compared with placebo, and numerical (but not statistically significant) improvements
regarding the annual rate of days hospitalised (4.00 per year [interquartile range, 0.00–
25.72] versus 6.87 per year [interquartile range, 0.00–28.30]) and uncomplicated crises
(1.08 versus 2.91; P = 0.02) when compared with placebo.11
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Treatment with crizanlizumab was also well tolerated, with the incidence of adverse
events, serious adverse events and discontinuation due to adverse events being similar
across all treatment arms. Serious adverse events that occurred in higher frequency in
either of the crizanlizumab treatment arms than in the placebo arm were pyrexia (2
patients in the high-dose crizanlizumab arm) and influenza (3 patients in the low-dose
crizanlizumab arm).11

The demonstrated effectiveness of treatment with crizanlizumab in the SUSTAIN trial
indicates crizanlizumab is likely to be a valuable addition to the clinical management of
patients with SCD


The SUSTAIN trial population is consistent with the anticipated licensed indication for
crizanlizumab and the population specified in the NICE final scope. The baseline
characteristics of patients included in the SUSTAIN trial are consistent with those of
patients with SCD in the UK who are expected to be treated with crizanlizumab (e.g. with
regards to age, ethnicity and genotype). The permitted use of concomitant HC/HU across
all SUSTAIN treatment arms is consistent with the expected use of crizanlizumab in UK
clinical practice (either as an add-on therapy to HC/HU for patients who continue to
experience VOC, or as a monotherapy for those patients who do not receive HC/HU), and
the placebo arm of the SUSTAIN trial can be considered a reasonable proxy for the
comparator considered as part of the decision problem. The results from the SUSTAIN trial
can therefore be considered generalisable to the UK setting.



The reduction of VOC rates is an important and highly relevant outcome for patients with
SCD, and the significant benefits of crizanlizumab 5 mg/kg demonstrated in the SUSTAIN
trial with regards to this outcome can be expected to translate into further benefits that are
not directly shown in the 52-week SUSTAIN trial, including a reduction in hospitalisationrelated resource use (including resource use related to emergency presentation),
improvements in HRQoL, and reductions in the occurrence of serious complications and
mortality.30, 38, 39, 60, 64, 76

Identification and selection of relevant studies
A systematic literature review (SLR) was conducted in August 2019, with a subsequent update in
January 2020, to identify clinical studies reporting the efficacy and safety of crizanlizumab and its
relevant comparators as treatments for the prevention of VOC in patients with SCD.
The searches across both the original SLR and subsequent update identified a total of 47
publications, representing 21 unique studies, which were considered relevant for the review. Of
these, 18 publications, representing three studies (SUSTAIN, SUCCESSOR and SOLACEadults), were identified which included patients who had received crizanlizumab.
Full details of the SLR, including search strategy, study selection process and detailed results,
can be found in Appendix B.
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List of relevant clinical effectiveness evidence
The primary source of clinical evidence for the use of the crizanlizumab is the SUSTAIN trial, a
double-blind, randomised, placebo-controlled, multi-centre, phase II trial to determine the efficacy
and safety of crizanlizumab for the prevention of VOC in patients with SCD aged 16–65 years
(see Table 3).11i
Table 3: Clinical effectiveness evidence
Study

SUSTAIN (NCT01895361)

Study design

Double-blind, randomised, placebo-controlled, phase II triala

Population

Patients aged 16–65 years with SCD and history of 2–10 SCPC in
the previous 12 months (N=198)b

Interventions

Crizanlizumab administered intravenously 14 times over a period of
52 weeks at:
 low dose (2.5 mg/kg, N=66) or
 high dose (5 mg/kg, N=67)

Comparator

Placebo (N=65) administered intravenously 14 times over a period
of 52 weeks

Indicate if trial supports
application for marketing
authorisation

Yes

Indicate if trial used in the
economic model

Yes

Rationale for use/non-use
in the model

SUSTAIN is the primary source of evidence for the clinical efficacy
and safety of crizanlizumab. Data reported from the SUSTAIN trial
is relevant to the decision problem and data for the primary
endpoint from the SUSTAIN trial (annual rate of SCPC) has been
used in the model

Reported outcomes
specified in the decision
problem

Primary outcome:
 Annual rate of SCPC
Secondary outcomes:
 Number of patients with zero crises at the end of the trial
 Annual rate of days hospitalised
 Time to first and second SCPC
 Number of patients with no SCPC during the study duration
 Annual rate of uncomplicated crises (defined as crises other
than ACS, hepatic sequestration, splenic sequestration or
priapism)
 Annual rate of ACS

i

In the context of the SUSTAIN trial, VOC are referred to as SCPC, which during the study were defined as “acute
episodes of pain, with no medically determined cause other than a vaso-occlusive event that resulted in a visit to
a medical facility and treatment oral/parenteral narcotic agents or parenteral NSAID”
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All other reported
outcomes

Frequency and severity of adverse events and other safety
data in each arm
HRQoL as measured by Brief Pain Inventory (BPI)
questionnaire (long-form with 1-week recall) and SF-36 v2
questionnaire

The following outcomes were also measured in the SUSTAIN but,
with the exception of annual rate of days with SCPC and annual
rate of packed red blood cells (RBC) transfused, details of these
outcomes are not reported in the submission:











Annual rate of days with SCPC
Annual rate of packed RBC transfused
Anaemia-related laboratory parameter: absolute change from
baseline in haemoglobin
Haemolysis-related laboratory parameter: absolute change
from baseline in lactate dehydrogenase (LDH)
Absolute change from baseline in number of reticulocytes
Absolute change from baseline in haptoglobin
Absolute change from baseline in indirect bilirubin
Biomarkers of crizanlizumab activity: Soluble P-selectin,
soluble vascular cell adhesion molecule (VCAM-1), C-reactive
protein (CRP), tissue factor, and D-dimer
PK and PD analysis

a

Concomitant HC/HU was permitted in all treatment arms of the trial provided patients were prescribed HC/HU
for at least six months and were dose-stable for at least three months prior to the beginning of the study.
Randomisation to treatment arms was stratified according to the number of SCPC in the previous year (2–4 or 5–
10) and by concomitant HC/HU use (yes or no).b SCPC were defined as acute episodes of pain, with no
medically determined cause other than a vaso-occlusive event that resulted in a visit to a medical facility and
treatment oral/parenteral narcotic agents or parenteral NSAIDs.
Abbreviations: ACS: acute chest syndrome; BPI: Brief Pain Inventory; CRP: C-reactive protein; HRQoL: healthrelated quality of life; LDH: lactate dehydrogenase; NSAID: non-steroidal anti-inflammatory drug; PD:
pharmacodynamics; PK: pharmacokinetics; RBC: red blood cell; SCD: sickle cell disease; SCPC: sickle cellrelated pain crises; SF-36 v2: Short Form 36-item questionnaire version 2; VCAM-1: soluble vascular cell
adhesion molecule.
Source: Ataga et al. (2017)11 and Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October
2016).12

The SLR also identified the SUCCESSOR trial, a retrospective study of patients from US sites
who completed the SUSTAIN trial which reports data on the frequency of VOC and the time to
first VOC in the 52 weeks post-SUSTAIN.77 However, no patients in the SUCCESSOR study
were administered crizanlizumab during the study follow-up.77 This study was not included as a
source of clinical inputs in the economic model but provides evidence to support the ongoing
(post-treatment) benefits of crizanlizumab on VOC-related outcomes. Additional information on
the SUCCESSOR study, including study design, patient characteristics and outcomes, are
presented in Appendix B.
The SLR also identified one publication reporting a pooled safety analysis of the SUSTAIN trial
and the SOLACE-adults study. SOLACE-adults is an ongoing, open label, PK/PD study of
crizanlizumab in patients with SCD aged 16–70 years. However, there are currently no results
available for SOLACE-adults.78 SOLACE-adults was not included as a source of clinical inputs in
the economic model, but information from the pooled analysis (as reported in the draft SmPC for
crizanlizumab) has been reported in Section B.2.10.79
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Summary of methodology of the relevant clinical
effectiveness evidence
Trial design and methodology
A summary of the trial design and methodology for SUSTAIN (NCT01895361) is presented in
Figure 2 and Table 4.
Figure 2: SUSTAIN trial design

a

Patients receiving HC/HU or erythropoietin were included if prescribed for the preceding six months and dose
stable for at least three months.
Abbreviations: SCPC; sickle cell-related pain crises; SCD: sickle cell disease.

SUSTAIN was a double-blind, randomised, placebo-controlled, multi-centre, phase II trial to
determine the efficacy and safety of crizanlizumab for the prevention of SCPC in SCD.11 The trial
consisted of a 30-day screening phase, a 52-week treatment phase, and a 6-week follow-up
evaluation phase.11 Patients eligible for inclusion in the trial were SCD patients aged 16–65 years
who had experienced 2–10 SCPC in the 12 months prior to enrolment in the trial.11
Concomitant medication consistent with the standard care for patients with SCD was allowed in
the SUSTAIN trial.12 Specifically, enrolment of patients treated with concomitant HC/HU was
permitted in all of the treatment arms provided that prior to the beginning of the study, HC/HU
had been prescribed for at least six months, with a stable dose for at least three months.11
Patients that were receiving chronic blood transfusion (either exchange or top-up) were excluded
from the study in order to minimise confounding from the possible impact that transfusion may
have on outcomes, rather than because of any safety concerns related to the use of
crizanlizumab in patients receiving transfusions. Patients were also excluded if they received
Company evidence submission template for ID1406

© Novartis Pharmaceuticals Ltd. (2020). All rights reserved

Page 30 of 140

chronic anticoagulant therapy (other than aspirin).12 Patients were randomised by an interactive
web- or voice-response system in a ratio of 1:1:1 to one of three treatment arms: low-dose
crizanlizumab (2.5 mg/kg; n=66); high-dose crizanlizumab (5 mg/kg; n=67), or placebo (n=65), all
of which were administered intravenously 14 times over a period of 52 weeks.11 Randomisation
was performed centrally on the basis of a block design with stratification according to the number
of SCPC in the previous year (2–4 or 5–10) and by concomitant HC/HU use (yes or no).11
The recommended, licensed dose for crizanlizumab is expected to be 5 mg/kg (see Table 2),
which corresponds to the high-dose crizanlizumab arm of the SUSTAIN trial.10, 11 For
completeness, results from both the high-dose crizanlizumab (5 mg/kg) and low-dose
crizanlizumab (2.5 mg/kg) treatment arms are however presented in the subsequent sections of
this submission.
The primary endpoint of the trial was the annual rate of SCPC, defined as acute episodes of
pain, with no medically defined cause other than a vaso-occlusive event, that resulted in a
medical facility visit and treatment with oral or parenteral narcotic agents or with a parenteral
NSAID.11 Secondary endpoints included the annual rate of days hospitalised, time to first and
second SCPC, annual rate of uncomplicated crises (defined as crises other than ACS, hepatic
sequestration, splenic sequestration or priapism), annual rate of ACS, and patient-reported
outcomes (PRO) including the BPI and SF-36 v2 questionnaires.11, 12
Table 4: Summary of trial methodology of the SUSTAIN trial
Trial name

SUSTAIN (NCT01895361)

Location

International: 60 study centres in three countries (USA, Brazil and
Jamaica)

Trial design

Double-blind, randomised, placebo-controlled, multi-centre phase II
trial
The trial consisted of a 30-day screening phase, a 52-week
treatment phase, and a 6-week follow-up evaluation phase. The
patients, care providers, and those assessing outcomes were
unaware of the group assignments. Randomisation was stratified
according to the number of SCPC in the previous year (2–4 or 5–10)
and by concomitant HC/HU use (yes or no).

Eligibility criteria for
participants

A summary of inclusion and exclusion criteria, as reported in Ataga
et al. (2017), are provided below. Full details of eligibility criteria are
to be presented within Appendix B
Key inclusion criteria
 16 to 65 years of age
 Confirmed medical history or diagnosis of SCD (including HbSS,
HbSC, HbSβ0-thalassemia or HbSβ+-thalassemia patients)
 2–10 SCPC within the 12 months before enrolment
 Patients receiving HC/HU must have been prescribed HC/HU for
the preceding six months and be dose-stabilised for at least
three months (see “Permitted and disallowed concomitant
medication”)
Key exclusion criteria
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Settings and locations
where the data were
collected
Method of study drug
administration

Patients who were undergoing long-term red-cell transfusion
therapy

The study was conducted at study sites in the USA (51 sites), Brazil
(8 sites) and Jamaica (1 site)

Treatment arms:
 Low-dose crizanlizumab (2.5 mg/kg; N=66)
 High-dose crizanlizumab (5 mg/kg; N=67)
 Placebo (N=65)
Patients received two doses of either crizanlizumab or placebo two
weeks apart (loading dose) and then received a dose every four
weeks. A total of 14 doses were administered over the 52-week
study duration. Each dose was administered intravenously over a
period of 30 minutes.

Permitted and
disallowed concomitant
medication

General medication consistent with the standard care for patients
with SCD was allowed. Aspirin was permitted but any other chronic
anticoagulant therapy (e.g. warfarin, heparin) was disallowed.
HC/HU was permitted in any treatment arm provided patients were
prescribed HC/HU for at least six months and were dose-stable for
at least three months prior to the beginning of the study. HC/HU
dosing was not to be altered or terminated throughout the 52-week
study treatment period, other than for safety reasons. Patients not
on HC/HU at the start of the study were not permitted to initiate
treatment with HC/HU during the 52-week study period.
Erythropoietin was permitted in any treatment arm provided patients
were prescribed erythropoietin for at least six months and were
dose-stable for at least three months. Emergent and occasional
blood transfusions were permitted.

Primary outcomes

Secondary and other
outcomes

The primary endpoint was the annual rate of SCPC, which was
calculated as follows: total number of crises x 365 ÷ (end date −
date of randomisation + 1).
SCPC were defined as acute episodes of pain, with no medically
determined cause other than a vaso-occlusive event that resulted in
a visit to a medical facility and treatment oral/parenteral narcotic
agents or parenteral NSAIDs. ACS, hepatic sequestration, splenic
sequestration, and priapism were also considered to be crisis
events. All crises that were identified by trial investigators were
adjudicated in a blinded fashion by an independent crisis-review
committee, which comprised of three independent haematologists.
Secondary outcomes included:
 The annual rate of days hospitalised
 The times to first and second crises
 The annual rate of uncomplicated crises (defined as crises other
than ACS, hepatic sequestration, splenic sequestration, or
priapism)
 The annual rate of ACS
 BPI questionnaire
 SF-36 v2 questionnaire
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Changes in clinical laboratory parameters; biomarker analyses;
pharmacokinetic and pharmacodynamic analyses (not reported
here)
Safety – frequency and severity of adverse events

During the treatment phase, the efficacy, safety, and
pharmacokinetic and pharmacodynamic assessments were
completed for each patient on the day of receipt of the initial dose,
two weeks later, every four weeks through week 50, and at week 52,
for a total of 15 visits.

Pre-planned subgroup
analyses

Duration of study and
follow-up

Pre-specified subgroup analyses for the annual rate of SCPC were
performed according to concomitant HC/HU use (yes or no), history
of SCPC (2–4 or 5–10 crises in the year prior to the study) and SCD
genotype (HbSS or non-HbSS).11, 75 Post-hoc analysis of other
selected efficacy and safety outcomes were also performed for
these sub-groups.75
The study was ongoing from July 2013 to March 2016 and consisted
of a 30-day screening phase, a 52-week treatment phase and a 6week follow-up phase.

Abbreviations: ACS: acute chest syndrome; BPI: Brief Pain Inventory; Hb: haemoglobin; HC/HU:
hydroxycarbamide/hydroxyurea; NSAID: non-steroidal anti-inflammatory drug; SCD: sickle cell disease; SCPC:
sickle cell-related pain crises; SF-36 v2: Short Form 36-item questionnaire version 2; USA; United States of
America.
Source: Ataga et al. (2017)11 and Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October
2016).12

Baseline characteristics
The baseline characteristics of the patients randomised to each of the three treatment arms in
the SUSTAIN trial are presented in Table 5.
Baseline characteristics were generally similar across all three treatment arms.11 Across all
randomised patients, the median age was xx years (range, xxxxx) and the vast majority of
patients reported their race as ‘Black’ (xxxx%).12 HbSS was the most common genotype of
patients included in the trial (xxxx%).12 With regards to the stratification factors, xxxx% of patients
were receiving concomitant HC/HU and xxxx% of patients had 2–4 SCPC in the last 12
months.12
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Table 5: Baseline characteristics of patients in the intention-to-treat (ITT) population of the
SUSTAIN trial
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

Median

29

29

26

Range

16–63

17–57

16–56

Male

32 (48)

30 (45)

27 (42)

Female

35 (52)

36 (55)

38 (58)

Black

60 (90)

62 (94)

60 (92)

White

4 (6)

2 (3)

3 (5)

Other

3 (4)

2 (3)

2(3)

HbSS

47 (70)

47 (71)

47 (72)

Other

20 (30)

19 (29)

18 (28)

Yes

42 (63)

41 (62)

40 (62)

No

25 (37)

25 (38)

25 (38)

2–4 crises

42 (63)

41 (62)

41 (63)

5–10 crises

25 (37)

25 (38)

24 (37)

Characteristic
Age – years

Sex – N (%)

Race – N (%)

SCD genotype – N (%)

Concomitant HC/HU use –
N (%)

SCPC during previous 12
months – N (%)

Abbreviation: HC/HU: hydroxycarbamide/hydroxyurea; SCD: sickle cell disease; SCPC: sickle cell-related pain
crises.
Source: Ataga et al. (2017) – Table 1.11
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Statistical analysis and definition of study groups in the
relevant clinical effectiveness evidence
Trial populations
The analysis sets used in the analysis of the SUSTAIN trial are presented in Table 6.
Table 6: Analyses sets used in the analysis of outcomes of the SUSTAIN trial
Analysis set
Intention-to-treat (ITT)
population

Description

Per-protocol (PP)
population

The PP population is made up of all ITT patients who received at
least 12 of the 14 planned study drug doses, completed a visit at
least 14 days after final dose of study drug, and had no major
protocol violations that impacted the efficacy assessments. The PP
population was documented prior to database lock. The PP
population was analysed according to the randomised treatment
arm.

Safety population

The safety population is made up of all patients who received at
least one dose of study drug. The safety population was analysed
by actual treatment received.

The ITT population is made up of all patients who were
randomised. The ITT population was analysed according to the
randomised treatment arm.

Abbreviation: ITT: intention-to-treat; PP: per-protocol.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016).12

Primary efficacy analysis
Details of the statistical methods for the primary analysis in the SUSTAIN trial are presented in
Table 7. The primary endpoint of the SUSTAIN trial was the annual rate of SCPC, which was
calculated as the total number of crises x 365 ÷ (end date − date of randomisation + 1), where
the end date is the last dose date + 14 days.11 SCPC were defined as acute episodes of pain
with no other cause than a vaso-occlusive event that required a medical facility visit and
treatment with oral or parenteral narcotics, or parenteral NSAIDs. By definition, ACS, hepatic
sequestration, splenic sequestration and priapism were also considered SCPC for the purposes
of analysis.11 The calculation of the annual rate of SCPC accounted for early dropouts or patients
who were lost to follow-up by extrapolating the SCPC rate of every patient to one year.11
The primary efficacy analysis was performed on data from the ITT population which included all
of the 198 patients who underwent randomisation.11 A PP analysis was also conducted for the
annual rate of SCPC, which only considers those patients who received at least 12 of the 14
planned study drug doses, completed a visit at least 14 days after final dose of study drug, and
had no major protocol violations that impacted the efficacy assessments (N=125).
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Table 7: Statistical methods for the primary analyses of SUSTAIN
Trial name

SUSTAIN (NCT01895361)

Hypothesis objective

The primary efficacy analysis was performed by testing the null
hypothesis that the distribution of annual rates of SCPC in patients
treated with crizanlizumab and placebo are identical against the
alternative hypothesis that the distribution of annual rates of SCPC
in patients treated with crizanlizumab and placebo are not identical.

Statistical analysis

A stratified Wilcoxon rank sum test, with randomisation stratification
factors of HC/HU therapy and SCPC history as strata, was used to
test the above hypotheses. Medians, median differences, and 95%
CIs for the median differences were estimated using HodgesLehmann method, and the following hierarchical testing procedure
was followed: α = 0.05 was utilised to test high-dose crizanlizumab (5
mg/kg) versus placebo, and if significant, to test low dose (2.5
mg/kg) versus placebo. This controlled the overall alpha level for the
study at 0.05 for the primary endpoint.

Sample size, power
calculation

Sample size calculations were performed based upon the following
assumptions: a 40% relative reduction (versus placebo) in the
number of SCPC with a mean placebo event rate of 3.0 and
standard deviation of 1.7; and, patients were randomized in 1:1:1
ratio into placebo:high dose:low dose, stratified by concomitant
usage of HC/HU (yes; no) as well as by number of prior SCPC (2–4;
5–10) per year. Based on these assumptions, a total of 50 patients
per arm were required for the study to have approximately 90%
power to detect a 40% reduction in SCPC, using Wilcoxon’s rank
sum test (α = 0.05). Assuming a 15% dropout rate, approximately
174 total patients were to be randomised into the study.

Data management,
patient withdrawals

The primary analysis utilised the ITT principle and included all
patients who were randomised to treatment. The SCPC rate for
every patient was annualised to 12 months and the annual crisis rate
was imputed for patients who did not complete the trial. For patients
who never received a dose, the end date used to calculate the
annualised rate is the end of study date, which was the last site
contact for these patients.

Abbreviation: CI: confidence intervals; HC/HU: hydroxycarbamide/hydroxyurea; ITT: intention-to-treat; SCPC:
sickle cell-related pain crises.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016).12

Participant flow
Of the 198 patients randomised to one of the three treatment arms of the SUSTAIN trial, 129
patients completed the study, with a similar dropout rate seen across all three treatment arms:
43/67 (64.2%), 45/66 (68.2%), and 41/65 (63.1%) patients in the high-dose crizanlizumab arm,
low-dose crizanlizumab arm and the placebo arm, respectively, completed the study.11 This rate
of discontinuation seen in the SUSTAIN trial also appears similar to rates reported in other recent
placebo-controlled trials in patients with SCD.80
One patient in the high-dose crizanlizumab arm, two patients in the low-dose crizanlizumab arm,
and three patients in the placebo arm did not receive a single dose of study treatment, and were
consequently excluded from the safety population.11 The PP population included 40/67 (59.7%),
44/66 (66.7%), and 41/65 (63.1%) patients in the high-dose crizanlizumab arm, low-dose
crizanlizumab arm, and the placebo arm, respectively.11, 12 Further details of the participant flow
in the SUSTAIN trial can be found in Appendix B.
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Concomitant medications
Concomitant medications used by ≥20% of the patients within a treatment arm are presented in
Table 8.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.12 Generally, concomitant medication use was relatively
balanced with
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.12
Table 8: Concomitant medications used by ≥20% of patients within any treatment arm (ITT
population)
Concomitant medication

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

Number of patients with
≥1 concomitant
medicationa,b – N (%)

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Acetaminophen
(paracetamol)

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Azithromycin

xxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Benadryl

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Dilaudid

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Diphenhydramine

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Folic acid

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Heparin

xxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Hydromorphone

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Ibuprofen

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Ketorolac

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxx

xxxxxxxxx

xxxxxxxxxx

Morphine

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Ondansetron

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Oxycodone

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Percocet

xxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Phenergan

xxxxxxxxxx

xxxxxxxxx

xxxxxxxxxx

xxxxxxxx

xxxxxxxxx

xxxxxxxxxx

Sodium chloride

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Toradol

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

Zofran

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

HC/HU

c

Miralax

Potassium chloride

a Medications

were coded using World Health Organization drug dictionary Version 01DEC2013E. b Concomitant
medications were medications received at or after the first dosing of study drug through the last safety follow-up
visit, or medication that was received prior to the first dosing with study drug and continued after dosing of study
drug. c Hydrea and hidroxiurea (sic) were also listed as being taken by xxxxxxxxxxxxxxx patients, respectively, in
the high-dose crizanlizumab arm, xxxxxxxxxxxxxxxxxxxxxx patients, respectively, in the low-dose crizanlizumab
arm and xxxxxxxxxxxxxxxxxxxxx, respectively, in the placebo arm
Abbreviation: HC/HU: hydroxycarbamide/hydroxyurea; ITT: intention-to-treat.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 6.12
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Patients were excluded from the SUSTAIN trial if they were on a chronic transfusion program or
if planning on undergoing an exchange transfusion during the duration of the study; therefore,
transfusions occurred infrequently.12 The median annual rate of packed RBC units transfused
was
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx in
the high-dose crizanlizumab arm, low-dose crizanlizumab arm and placebo arm, respectively.12

Quality assessment of the relevant clinical effectiveness
evidence
A quality assessment of the SUSTAIN trial was performed using the University of York’s Centre
for Reviews and Dissemination (CRD) checklist for RCTs (as per recommendations in the NICE
user guide).81 Full details of the SLR, including methods and results of the quality assessment
can be found in Appendix B.

Clinical effectiveness results of the relevant trials
Primary endpoint and VOC-related outcomes: in the SUSTAIN trial crizanlizumab
demonstrated significant improvements in the annual rate of SCPC versus placebo,
with improvements in SCPC-related outcomes with crizanlizumab also demonstrated
across various relevant subgroups


The SUSTAIN trial met its primary endpoint, demonstrating a significant reduction of the
median annual SCPC rate in patients treated with crizanlizumab 5 mg/kg. The median
annual SCPC rate was 1.63 (range, 0.00–3.97) in the high-dose crizanlizumab arm, as
compared with 2.98 (range, 1.25–5.87) in the placebo arm (indicating a 45.3% lower rate
with crizanlizumab 5 mg/kg, P = 0.01), and the number of patients with a SCPC rate of
zero was 24/67 patients (35.8%) in the high-dose crizanlizumab arm and 11/65 (16.9%) in
the placebo arm.11



Compared to placebo, patients treated with crizanlizumab 5 mg/kg showed significantly
longer times to first SCPC (4.07 versus 1.38 months; HR, 0.50 [95% CI, 0.33, 0.74]; P =
0.001) and second SCPC (10.32 versus 5.09 months; HR, 0.53 [95% CI, 0.33, 0.87]; P =
0.02).11



Pre-specified subgroup analyses demonstrated consistent improvements of the median
annual VOC rate with crizanlizumab 5 mg/kg (compared to placebo) across different
patient subgroups based on concomitant HC/HU use (yes or no), history of SCPC (2–4 or
5–10 crises in the previous year) or SCD genotype (HbSS or non-HbSS).11



Post-hoc subgroup analyses were also performed for selected secondary outcomes,
including the time to first SCPC and the proportion of patients with an annual SCPC rate of
zero, with crizanlizumab 5 mg/kg being associated with improved secondary outcomes
versus placebo across all subgroups.75

Secondary and supportive outcomes: the occurrence of SCD-related complications in
SUSTAIN were generally low and the addition of treatment with crizanlizumab did not
have any significant detrimental impact on patient HRQoL
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Patients in the high-dose crizanlizumab arm experienced numerically lower median rates
of days hospitalised (4.00 [interquartile range, 0.00–25.72] versus 6.87 per year [range,
0.00–28.30]; indicating a 41.8% lower rate with crizanlizumab 5 mg/kg).



The rates of ACS, priapism, hepatic or splenic sequestration were low with a median
annual rate of 0.00 across all treatment arms.11



Differences in PROs (BPI and SF-36 v2)
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx but this may be due to
the difficulty in detecting changes in scores as part of a clinical trial, and given the acute
and unpredictable nature of SCPC it is possible that the HRQoL measured at the time of
the treatment visit missed or did not fully capture the detrimental impact of VOC on patient
HRQoL and assessments of pain during the VOC event.11, 12 For example, in the SUSTAIN
trial xxxxxxxxxxxxx SF-36 questionnaires that were administered were not completed
within a 7-day window of a VOC, and only xx individual patients completed a SF-36
questionnaire within a 7-day window of a VOC.82
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.

Primary efficacy endpoint (ITT and per-protocol [PP] populations)
The SUSTAIN trial was successful in meeting its primary endpoint.11
At the end of the treatment phase, the median annual SCPC rate in the ITT population was 1.63
(range, 0.00–3.97) in the high-dose crizanlizumab arm, as compared with 2.98 (range, 1.25–5.87)
in the placebo arm (indicating a 45.3% lower rate with crizanlizumab 5 mg/kg, P = 0.01) (see
Table 9).11 Additionally, a total of 24/67 patients (35.8%) in the high-dose crizanlizumab arm had
a crisis rate of zero at the end of the trial compared to 11/65 (16.9%) in the placebo arm.11
The primary endpoint findings were supported by a sensitivity analysis of the annual SCPC rate
among the 125 patients in the PP population, which only included those patients who had
received at least 12 of the 14 planned study drug doses, completed a visit at least 14 days after
final dose of study drug, and had no major protocol violations that impacted the efficacy
assessments. The median annual SCPC rate in the PP population was 1.04 (range, 0.00–3.42) in
the high-dose crizanlizumab arm, as compared to 2.18 (range, 1.96–4.96) in the placebo arm
(indicating a 52.3% lower rate with crizanlizumab 5 mg/kg, P = 0.02).11 The number of patients
who had a crisis rate of zero in the PP population was 15/40 patients (37.5%) in the high-dose
crizanlizumab arm and 5/41(12.2%) in the placebo arm.11
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Table 9: Annual rates of SCPC in the SUSTAIN trial (ITT and PP populations)
High-dose
crizanlizumab, 5
mg/kg

Low-dose
crizanlizumab, 2.5
mg/kg

Placebo

67

66

65

1.63 (0.00–3.97)

2.01 (1.00–3.98)

2.98 (1.25–5.87)

Difference from
placebo, %

-45.3

-32.6

-

P-value

0.01

0.18

-

Number of patients
with rate of zero at
the end of the trial

24

12

11

PP population, N

40

44

41

1.04 (0.00–3.42)

2.00 (1.00–3.02)

2.18 (1.96–4.96)

Difference from
placebo, %

-52.3

-8.3

-

P-value

0.02

0.13

-

15

7

5

ITT population, N
Median rate per year
(IQR)

Median rate per year
(IQR)

Number of patients
with rate of zero at
the end of the trial

Abbreviation: IQR: inter-quartile range; ITT: intention-to-treat; PP: per-protocol; SCPC: sickle cell-related pain
crises.
Source: Ataga et al. (2017) – Table 2.11

Secondary and exploratory efficacy outcomes (ITT population only)
A summary of the results from the secondary efficacy outcomes of the SUSTAIN trial are
presented in Table 10, and are described in further detail below.
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Table 10: Secondary efficacy end points in the SUSTAIN trial (ITT population)
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

4.00 (0.00–25.72)

6.87 (0.00–18.00)

6.87 (0.00–28.30)

Difference from
placebo, %

-41.8

0.00

-

P-valuea

0.45

0.84

-

Median time to first
crisis (IQR), months

4.07 (1.31–NR)b

2.20 (0.95–6.60)

1.38 (0.39–4.90)

HR (95% CI)

0.50 (0.33–0.74)

0.75 (0.52–1.10)

-

0.001

0.14

-

Median time to
second crisis (IQR),
months

10.32 (4.47–NR)b

9.20 (3.94–12.16)

5.09 (2.96–11.01)

HR (95% CI)

0.53 (0.33–0.87)

0.69 (0.44–1.09)

-

0.02

0.10

-

1.08 (0.00–3.96)

2.00 (0.00–3.02)

2.91 (1.00–5.00)

Difference from
placebo, %

-62.9

-31.3

-

P-valuea

0.02

0.12

-

0 (0.00–0.00)

0 (0.00–0.00)

0 (0.00–0.00)

Difference from
placebo, %

0.0

0.0

-

P-valuea

0.78

0.87

-

Outcome
Annual rate of days
hospitalised
Median rate per year
(IQR)

Time to first SCPC

P-value

c

Time to second
SCPC

P-value

c

Annual rate of
uncomplicated
SCPCd
Median rate per year
(IQR)

Annual rate of ACS
Median rate per year
(IQR)

a P-values

are for the comparison between the active-treatment group and the placebo group and were calculated
with the use of a stratified Wilcoxon rank-sum test. b The 75% value for the interquartile range was not observed
within the 52-week trial and was considered to be not reportable (NR). c P-values are for the comparison between
the active-treatment group and the placebo group during the treatment phase and were calculated with the use of
the log-rank test. d Uncomplicated SCPC are defined as crises other than ACS, hepatic sequestration, splenic
sequestration, or priapism.
Abbreviation: ACS: acute chest syndrome; CI: confidence intervals; HR: hazard ratio; IQR: inter-quartile range;
ITT: intention-to-treat; SCPC: sickle cell-related pain crises.
Source: Ataga et al. (2017) – Table 3.11
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Rate of days hospitalised
The median annual rate of days hospitalised was numerically lower in the high-dose
crizanlizumab arm (4.00 per year [interquartile range, 0.00–25.72]), compared to the placebo arm
(6.87 per year (interquartile range, 0.00–28.30]; indicating a 41.8% lower rate with crizanlizumab
5 mg/kg), although the difference was not statistically significant (P = 0.45).11
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xx.12 This numerical reduction in the annualised rate of hospitalisation is however considered to
be clinically relevant and the lack of statistical significance between the treatment arms for this
endpoint is likely due to the variability and skewed nature of the data.12 For example, the full
range in the rate of annual days hospitalised was xxxxxxxxxx in the high dose crizanlizumab arm
and xxxxxxxxx in the placebo arm, meaning that a small proportion of patients in each group
were hospitalised for a much longer period of time than average.12
The analyses described above included all hospitalisation days, and not just hospitalisation days
due to SCPC. In a subsequent post-hoc analysis of the SUSTAIN trial, analyses were conducted
to determine the number of SCPC events across all medical facilities, and by medical facility
type.83 Crizanlizumab 5 mg/kg was shown to be associated with a significant reduction in the
event rate for SCPCs leading to a medical facility visit compared to placebo (2.3 versus 3.67
events per person year; incident rate ratio [IRR] of SCPC leading to medical facility visit, 0.63
[95% CI, 0.5, 0.79]; P <0.0001).83 The reduction in SCPCs leading to medical facility visits with
crizanlizumab 5 mg/kg as compared to placebo was largely driven by a reduction in visits to
emergency care units (IRR, 0.55 [95% CI, 0.35, 0.87]; P = 0.01), and specialised SCD crisis
centres (IRR, 0.34 [95% CI, 0.18, 0.62]; P = 0.0005), as well as a trend towards a decrease in
hospital inpatient admissions (IRR, 0.76 [95% CI, 0.56, 1.05]; P = 0.094).83
Time to first and second crisis
The median time to first SCPC was significantly longer among patients receiving crizanlizumab 5
mg/kg than among those receiving placebo (4.07 versus 1.38 months; HR, 0.50 [95% CI, 0.33,
0.74]; P = 0.001), as was the median time to the second crisis (10.32 versus 5.09 months; HR,
0.53 [95% CI, 0.33, 0.87]; P = 0.02).11 Kaplan-Meier plots for each of these outcomes are
presented in Figure 3 and Figure 4.
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Figure 3: Kaplan-Meier estimates of time to first SCPC (ITT population)

SelG1 = crizanlizumab
Abbreviation: ITT: intention-to-treat; SCPC: sickle cell-related pain crisis.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Figure 1.12

Figure 4: Kaplan-Meier estimates of time to second SCPC (ITT population)

SelG1 = crizanlizumab
Abbreviation: ITT: intention-to-treat; SCPC: sickle cell-related pain crisis.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Figure 2.12

Rate of uncomplicated crises and ACS
Uncomplicated crises were defined as SCPC other than the ACS, hepatic sequestration, splenic
sequestration, or priapism.11 The median rate of uncomplicated crises per year was 62.9% lower
in the high-dose crizanlizumab arm than in the placebo arm (1.08 versus 2.91; P = 0.02).11
The incidence of ACS in the SUSTAIN trial was low, and there were no statistically significant
differences between either of the active treatment arms and the placebo arm in the median
annual rate of ACS (0.00 in all treatment arms).11 Other complications, such as hepatic
sequestration, splenic sequestration, and priapism, also occurred infrequently (median annual
rate, 0.00 in all treatment arms).11 A breakdown of treatment-emergent SCPC that occurred in
the trial by event category (from the safety population) is provided in Table 11. The low incidence
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of ACS and other complications observed in SUSTAIN may be due to the limited (52-week)
duration of the trial (see Section B.2.13).
Table 11: Treatment-emergent SCPC by event (safety population)a

SCPC event

High-dose
crizanlizumab, 5 mg/kg,
N=66

Low-dose
crizanlizumab, 2.5
mg/kg, N=64

Placebo, N=62

Patients, N
(%)b

Events,
Nb

Patients, N
(%)b

Events,
Nb

Patients,
N (%)b

Events,
Nb

Any SCPC

xxxxxxxxx

xxx

xxxxxxxxx

xxx

xxxxxxxxx

xxx

Uncomplicated
SCPC

xxxxxxxxx

xxx

xxxxxxxxx

xxx

xxxxxxxxx

xxx

ACS

xxxxxxxxx

xx

xxxxxxxxx

xx

xxxxxxxxx

xx

Hepatic
sequestration

x

x

xxxxxxx

x

x

x

Splenic
sequestration

x

x

xxxxxxx

x

x

x

Priapism

x

x

xxxxxxx

x

xxxxxxx

x

xxxxxxx

x

xxxxxxx

x

xxxxxxx

x

Death

c

a

Treatment-emergent SCPC are defined as all SCPC which start (or increase in severity) after the date of first
dose of study medication. All treatment-emergent SCPC were adjudicated by the CRC.
b Patients with multiple events in the same category are counted only once in that category. Patients with events
in more than one category are counted once in each of those categories. Multiple events for a patient that are in
the same event category are counted multiple times in that event category. Multiple events belonging to more than
one event category are counted multiple times in each of those event categories.
c While death was removed as an SCPC event category by Amendment 2 to the Protocol, the CRC subsequently
indicated that four events which met the criteria for SCPC should be given the event classification of “death”.
Abbreviations: ACS: acute chest syndrome; CRC: Crisis Review Committee; SCPC: sickle-cell related pain crises.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 14.3.1.10.12

Annual rate of days with SCPC
The annual rate of days with SCPC was assessed as an exploratory outcome in the SUSTAIN
trial and was defined as the total number of days with SCPC by the patient from randomisation,
analysed using the same method for the primary efficacy analysis to determine an annual rate.12
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxx.12
Patient-reported outcomes
In the SUSTAIN trial, the BPI and SF-36 v2 questionnaires (both 1-week recall) were
administered to patients at each treatment visit, i.e. at Days 1 and 15, and then every 4 weeks
from Week 6, and at Week 52 and the Week 58 follow-up visit. Results from these
questionnaires are presented in Table 12 (SF-36 physical health domain), Table 13 (SF-36
mental health domain), Table 14 (BPI pain severity domain), and Table 15 (BPI pain interference
domain).
Changes in the pain-severity domain and pain interference domain of the BPI questionnaire were
small and there were no statistically significant changes from baseline in the least squares mean
over the course of the trial.11
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxx.12
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx12
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx.
Given the unpredictable timing and acute nature of VOC, it is possible that the HRQoL measured
at the time of the treatment visits missed or did not fully capture the detrimental impact of VOC
on patient HRQoL and assessments of pain. In the SUSTAIN trial xxxxxxxxxxxxx SF-36
questionnaires that were administered were not completed within a 7-day window of a VOC, and
only xx individual patients completed a SF-36 questionnaire within a 7-day window of a VOC,
meaning that the detrimental impact of VOC on HRQoL is only likely to have been captured in
xxxx of cases.82
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Table 12: Treatment comparisons in change from baseline in physical health domain from SF-36 (ITT population)
Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Baseline, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

Day 15, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 14, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 26, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 38, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

Day 15 CfB, N
Mean (SD)
LS mean (95% CI)
P-value

Week 14 CfB, N
Mean (SD)
LS mean (95% CI)
P-value

Week 26 CfB, N
Mean (SD)
LS mean (95% CI)
P-value
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Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 52, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xx

xx

xx

-

-

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 38 CfB, N
Mean (SD)
LS mean (95% CI)
P-value

Week 52 CfB, N
Mean (SD)
LS mean (95% CI)
P-value
Week 58 followup, N
Mean (SD)
Week 58 followupa CfB, N
Mean (SD)
LS mean (95% CI)
P-value
a For

patients who discontinue crizanlizumab or placebo, assessments six weeks or more after final dose are considered in the Week 58 Follow-up windowed visit.
Abbreviations: CfB: change from baseline; CI: confidence Interval; ITT: intention to treat; LS: least squares; SD: standard deviation.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 14.2.10.1.9.12
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Table 13: Treatment comparisons in change from baseline in mental health domain from SF-36 (ITT population)
Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Baseline, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

Day 15, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 14, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 26, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Day 15 CfB, N
Mean (SD)
LS mean (95%
CI)
P-value

Week 14 CfB, N
Mean (SD)
LS mean (95%
CI)
P-value

Week 26 CfB, N
Mean (SD)
LS mean (95%
CI)
P-value
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Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Week 38, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 52, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xx

xx

xx

-

-

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 38 CfB, N
Mean (SD)
LS mean (95%
CI)
P-value

Week 52 CfB, N
Mean (SD)
LS mean (95%
CI)
P-value
Week 58 followup, N
Mean (SD)
Week 58 followupa CfB, N
Mean (SD)
LS mean (95%
CI)
P-value
a For

patients who discontinue crizanlizumab or placebo, assessments six weeks or more after final dose are considered in the Week 58 Follow-up windowed visit.
Abbreviations: CfB: change from baseline; CI: confidence Interval; ITT: intention to treat; LS: least squares; SD: standard deviation.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 14.2.10.1.10.12
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Table 14: Treatment comparisons in change from baseline in pain severity domaina (ITT population)
Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Baseline, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

Day 15, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 14, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 26, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 38, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

Day 15 CfB, N
Mean (SD)
LS mean (95% CI)
P-value

Week 14 CfB, N
Mean (SD)
LS mean (95% CI)
P-value

Week 26 CfB, N
Mean (SD)
LS mean (95% CI)
P-value
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Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 52, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 38 CfB, N
Mean (SD)
LS mean (95% CI)
P-value

Week 52 CfB, N
Mean (SD)
LS mean (95% CI)
P-value
Week 58 followup, N
Mean (SD)
Week 58 followupb CfB, N
Mean (SD)
LS mean (95% CI)
P-value
a

12-15.b For

BPI severity is calculated as the average of non-missing responses to pain severity questions
patients who discontinue crizanlizumab or placebo, assessments six
weeks or more after final dose are considered in the Week 58 Follow-up windowed visit.
Abbreviations: CfB: change from baseline; CI: confidence Interval; ITT: intention to treat; LS: least squares; SD: standard deviation.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 14.2.6.1.1.12
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Table 15: Treatment comparisons in change from baseline in pain interference domaina (ITT population)
Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5 mg/kg,
N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Baseline, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

Day 15, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 14, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 26, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

Day 15 CfB, N
Mean (SD)
LS mean (95%
CI)
P- value

Week 14 CfB,
N
Mean (SD)
LS mean (95%
CI)
P- value

Week 26 CfB,
N
Mean (SD)
LS mean (95%
CI)
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Treatment group comparison
(active – placebo)

Treatment group
High-dose
crizanlizumab, 5 mg/kg,
N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 38, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

Week 52, N

xx

xx

xx

-

-

Mean (SD)

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

xx

xx

xx

-

-

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

-

-

xx

xx

xx

-

-

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx

-

-

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxx

P- value

Week 38 CfB,
N
Mean (SD)
LS mean (95%
CI)
P- value

Week 52 CfB,
N
Mean (SD)
LS mean (95%
CI)
P- value
Week 58
follow-up, N
Mean (SD)
Week 58
follow-upb CfB,
N
Mean (SD)
LS mean (95%
CI)
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Treatment group comparison
(active – placebo)

Treatment group

P- value

High-dose
crizanlizumab, 5 mg/kg,
N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

xxxxx

xxxxx

xxxxx

xxxxx

xxxxx

a

BPI interference is calculated as the average of non-missing responses to pain interference questions 23a-23g.b For patients who discontinue crizanlizumab or placebo,
assessments six weeks or more after final dose are considered in the Week 58 Follow-up windowed visit.
Abbreviations: CfB: change from baseline; CI: confidence Interval; ITT: intention to treat; LS: least squares; SD: standard deviation.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 14.2.6.2.1.12
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Subgroup analysis
Pre-specified subgroup analyses of the annual rates of SCPC in the ITT population were
performed according to concomitant HC/HU use (yes or no), history of SCPC (2–4 or 5–10 crises
in the 12 months prior to the study) and SCD genotype (HbSS or non-HbSS).11 Across all
subgroups, crizanlizumab 5 mg/kg was associated with a lower median annual SCPC rate
compared to placebo.11 The subgroup analyses did not often meet statistical significance (P <
0.05), however the study was not powered to detect differences between treatment arms in these
subgroups.12 Similar (post-hoc) subgroup analyses were also performed for selected secondary
outcomes, including the time to first and second crises, the proportion of patients with an annual
SCPC rate of zero, and the annual rate of uncomplicated SCPC and ACS.75 Full details and
results of the subgroup analyses from SUSTAIN are presented in Appendix C.
Given that not all patients receive HC/HU in current UK clinical practice and that crizanlizumab is
expected to be used either as an add-on therapy to HC/HU or as a monotherapy, the results of
the pre-specified subgroup analyses for patients receiving concomitant medication with HC/HU
(yes or no) are considered to be particularly relevant for this appraisal. This subgroup analysis
allows the trial results to be made more applicable to the UK population, which is important in
order to better reflect the HC/HU use in the UK clinical practise, given that less patients in the UK
receive HC/HU compared to the US (where the majority of patients in SUSTAIN were enrolled)
(see Section B.2.13). The annual rate of SCPC in these subgroups are therefore also presented
in Table 16 below. As noted above, the SUSTAIN trial was not powered to detect differences
between treatment arms in the concomitant HC/HU use subgroups, and so the results from the
statistical tests for these analyses should be interpreted with caution.
Table 16: Annual rates of SCPC (subgroup analysis by concomitant HC/HU use)
High-dose crizanlizumab, 5
mg/kg, N=67

Low-dose crizanlizumab,
2.5 mg/kg, N=66

Placebo, N=65

Concomitant
HC/HU, Yes

N=42

N=41

N=40

Median annual
rate of SCPC
(IQR)

2.43 (0.00–4.01)

2.00 (1.00–3.93)

3.58 (1.31–6.23)

Difference from
placebo – %

-32.1

-44.1

-

HodgesLehmann
median annual
rate of SCPCa

xxxx

xxxx

xxxx

Difference from
placebo (95%
CI; p-value)b

xxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxx

-

Concomitant
HC/HU, No

N=25

N=25

N=25

Median annual
rate of SCPC
(IQR)

1.00 (0.00–2.00)

2.16 (1.89–3.98)

2.00 (1.63–3.90)

Difference from
placebo – %

-50.0

8.0

-

HodgesLehmann

xxxx

xxxx

xxxx
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High-dose crizanlizumab, 5
mg/kg, N=67

Low-dose crizanlizumab,
2.5 mg/kg, N=66

Placebo, N=65

xxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxx

-

median annual
rate of SCPCa
Difference from
placebo (95%
CI; p-value)b
a The

Hodges-Lehmann median is a non-parametric estimator of the location parameter.
Median differences and confidence intervals were estimated using Hodges-Lehmann method. P-values were from
a Stratified Wilcoxon Rank Sum Test, with HC/HU therapy (yes, no) and categorised crises history (2 to 4, 5 to 10)
as reported in the Integrated Interactive Voice/Web Response System as the strata.
Abbreviations: CI: confidence interval; HC/HU: hydroxycarbamide/hydroxyurea; IQR: interquartile range; SCD:
sickle cell disease; SCPC: sickle cell-related pain crises.
Source: Ataga et al. (2017) – Table 2 and Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October
2016) – Table 12.11, 12

b

Meta-analysis
Due to the identification of only one study evaluating the efficacy and safety of crizanlizumab for
the prevention of VOC in patients with SCD (i.e. the SUSTAIN trial), no meta-analysis was
performed.

Indirect and mixed treatment comparisons
As discussed in Section B.2.3.1, the placebo arm of the SUSTAIN trial is considered to provide a
reasonable proxy for ‘established clinical management’ in UK clinical practice. No other
randomised controlled trials were identified as part of the SLR of clinical evidence that were
considered to represent a more relevant source of data for established clinical management
compared to the placebo arm of SUSTAIN, and therefore no indirect treatment comparison has
been conducted.
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Adverse reactions
Summary of safety of crizanlizumab


The safety of crizanlizumab was evaluated through the analysis of (treatment-emergent)
adverse events in the SUSTAIN safety population, including all patients who received at
least one dose of the study drug.11



The incidence of adverse events and serious adverse events was similar across all
treatment arms and treatment-emergent serious adverse events were reported by 25.8%
(crizanlizumab 5 mg/kg), 32.8% (crizanlizumab 2.5 mg/kg) and 27.4% (placebo) of patients
in each treatment arm, respectively.11



Most frequent adverse events in the high-dose crizanlizumab arm included nausea (18%),
arthralgia (18%), headache (17%) and pain in one of the extremities (17%). Serious
adverse events that occurred in higher frequency in either of the crizanlizumab treatment
arms than in the placebo arm were pyrexia (2 patients in the high-dose crizanlizumab arm)
and influenza (3 patients in the low-dose crizanlizumab arm).11



Study discontinuation due to adverse events was relatively uncommon and similarly
frequent across all treatment arms (x,x and x patients in the high-dose crizanlizumab, lowdose crizanlizumab and placebo arms, respectively).12



None of the five deaths that have occurred during the trial (including two in the high-dose
crizanlizumab arm)
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
.11, 12



In summary, crizanlizumab was well tolerated and the use of crizanlizumab in combination
with HC/HU did not result in any meaningful differences in the safety profile.10

Treatment exposure
The duration of exposure to the study drug was consistent across all treatment arms (median
duration was xxx days in the high-dose crizanlizumab treatment arm, xxx days in the low-dose
crizanlizumab treatment arm, and xxx days in the placebo arm), and is therefore not expected to
impact on any of the outcomes or safety assessments of the study.12 Compliance to
crizanlizumab in the SUSTAIN trial was relatively high, with mean study drug compliance, which
was measured as the number of infusions received relative to the expected number of infusions
(based on duration of exposure and the planned treatment schedule), at xxxx% in both
crizanlizumab treatment arms, compared to xxxx% in the placebo arm.12
Safety analysis
An overview of adverse events observed within the SUSTAIN safety population, which included
all patients who received at least one dose of study drug, is shown in Table 17. Overall,
crizanlizumab was well tolerated and the incidence of serious adverse events was similar across
all treatment arm.12
Treatment-emergent serious adverse events were reported by 17 patients (25.8%) in the highdose crizanlizumab arm, 21 patients (32.8%) in the low-dose crizanlizumab arm, and 17 patients
(27.4%) in the placebo arm.11 Discontinuation from the study due to adverse events was
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relatively uncommon (xxx across all treatment arms) and was reported in a similar frequency
across each treatment arm (see Table 17).12
A total of five patients died during the trial, including two patients in the high-dose crizanlizumab
arm (one patient from ACS and one patient from endocarditis and sepsis), one patient in the lowdose crizanlizumab arm (from ACS, aspiration, respiratory failure, and progressive vascular
congestion), and two in the placebo arm (one from right ventricular failure, and one from VOC,
ischaemic stroke, coma, sepsis, and venous thrombosis of the right lower limb).11
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx.12 Three additional single-occurrence adverse events that were considered to
be both serious and life-threatening, but did not result in death, included sepsis (in the placebo
arm), anaemia, and intracranial haemorrhage (both in the low-dose crizanlizumab arm).11 With
regards to the incidence of stroke in the SUSTAIN trial, as a complication specifically mentioned
in the final scope of this appraisal, ischaemic stroke was reported as a treatment-emergent
adverse event in xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx and intracranial haemorrhage was
reported in xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.12
Table 17: Overview of adverse events in the SUSTAIN trial (safety population)
High-dose
crizanlizumab, 5
mg/kg, N=66

Low-dose
crizanlizumab, 2.5
mg/kg, N=64

Placebo, N=62

Any AE

57 (86.4)

56 (87.5)

55 (88.7)

Any AE related
to study drugb

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Any SAE

17 (25.8)

21 (32.8)

17 (27.4)

Any SAE
related to
study drugb

xxxxxxx

xxxxxxx

xxxxxxx

Any AE leading
to
discontinuation

xxxxxxx

xxxxxxx

xxxxxxx

2 (3.0)

1 (1.6)

2 (2.3)

Patients, N (%)a

Death
a Patients

with multiple events in the same category are counted only once in that category. Patients with events
in more than one category are counted once in each of those categories. b Related is defined as any Investigator
assessment of possibly related, probably related, or definitely related.
Abbreviation: AE: adverse event; SAE: serious adverse event.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 24.12

Adverse events with an incidence of ≥10% in any of the treatment arms and the most frequent
serious adverse events are presented in Table 18. The adverse events that occurred at the
highest frequency in the high-dose crizanlizumab arm included nausea (18%), arthralgia (18%),
headache (17%), and pain in one of the extremities (17%).11 The serious adverse events that
occurred in at least two patients in either of the crizanlizumab treatment arms and at a higher
frequency than in the placebo arm were pyrexia and influenza.11 Study drug-related adverse
events were reported for a
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (see Table
17 and Appendix D for full details).12
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Table 18: Most frequent adverse events and serious adverse events in the SUSTAIN trial
(safety population)
High-dose
crizanlizumab, 5
mg/kg, N=66

Low-dose
crizanlizumab, 2.5
mg/kg, N=64

Placebo, N=62

17 (26)

21 (33)

17 (27)

2 (3)

0

1 (2)

0

3 (5)

0

3 (5)

2 (3)

3 (5)

57 (86)

56 (88)

55 (89)

11 (17)

14 (22)

10 (16)

Back Pain

10 (15)

13 (20)

7 (11)

Nausea

12 (18)

11 (17)

7 (11)

Arthralgia

12 (18)

9 (14)

5 (8)

Pain in extremity

11 (17)

8 (12)

10 (16)

Urinary tract
infection

9 (14)

7 (11)

7 (11)

Upper respiratory
tract infection

7 (11)

7 (11)

6 (10)

Pyrexia

7 (11)

6 (9)

4 (6)

Diarrhoea

7 (11

5 (8)

2 (3)

Musculoskeletal
pain

8 (12)

4 (6)

6 (10)

Pruritus

5 (8)

7 (11)

3 (5)

Vomiting

5 (8)

7 (11)

3 (5)

Chest pain

1 (2)

7 (11)

1 (2)

Adverse event, N
(%)
Number of patients
with ≥1 SAE
Pyrexia

Influenza
Pneumonia
Number of patients
with ≥1 AE
Headache

Adverse events were coded with the use of preferred terms from the Medical Dictionary for Regulatory Activities.
The safety population included patients who underwent randomisation and received at least one dose of
crizanlizumab or placebo. The most frequent serious adverse events were those that occurred in at least two
patients in either crizanlizumab treatment arm. The most frequent adverse events were those that occurred in at
least 10% of the patients in either crizanlizumab treatment arm.
Abbreviation: AE: adverse event; SAE: serious adverse event.
Source: Ataga et al. (2017) – Table 4.11

The draft SmPC for crizanlizumab reports further safety analyses incorporating patients from
SOLACE-adults, a single-arm, open-label pharmacokinetics/pharmacodynamics and safety study
who also received crizanlizumab 5 mg/kg (N=45), in addition to those from SUSTAIN.10, 79
Among the 111 patients exposed to crizanlizumab 5 mg/kg across both studies (median
exposure 46 weeks), the most frequently reported adverse drug reactions were back pain,
nausea, pyrexia and arthralgia.10 The majority of the adverse drug reactions were mild to
moderate (Grade 1 to 2).10 Severe events were observed for pyrexia and arthralgia (1 case each
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[0.9%]; both Grade 3).10 The use of crizanlizumab in combination with HC/HU did not result in
any meaningful differences in the safety profile.10
Across these studies, infusion-related reactions (defined as occurring within 24 hours) were
observed in 2 patients (1.8%) treated with crizanlizumab 5 mg/kg.10 Consequently, the SmPC
recommends that patients should be monitored for signs and symptoms of infusion-related
reactions.10

Ongoing studies
The STAND trial (NCT03814746) is a randomised, double-blind, placebo-controlled, multicentre
phase III trial investigating the efficacy and safety of 5 mg/kg or 7.5 mg/kg crizanlizumab (with or
without concomitant HC/HU use) in patients aged ≥12 years with SCD and a history of VOC.
Recruitment for this trial began in March 2019, and primary completion is expected in May 2022.
The STAND trial is recruiting patients at UK study sites, in addition to sites in the USA, Canada,
Brazil, Columbia, India, the Middle East, and elsewhere in Europe. Patients will be followed-up
and assessed for secondary outcomes measures for up to five years from treatment initiation.84
The full marketing authorisation of crizanlizumab would be dependent on outcomes from the
STAND trial. This study will provide confirmatory efficacy and safety data for crizanlizumab from
240 patients including analysis of the impact on rates of VOC leading to healthcare visits and
being treated at home. The study will also assess healthcare resource utilisation and the effect of
treatment on SCD-related renal damage.
In addition to STAND, the clinical development for crizanlizumab also includes trials to assess
the impact of p-selectin inhibition on SCD-related complications and organ damage:


The SOLACE trial (NCT03474965) is an open-label, multicentre phase II trial to confirm
and establish appropriate dosing and to evaluate the safety of crizanlizumab in paediatric
patients aged 6 months to <18 years with SCD and a history of VOC (with or without having
received treatment with HC/HU). Recruitment for this trial began in October 2018, and
primary completion is expected in June 2021, with patients receiving crizanlizumab for two
years.85 Patients from the UK, Belgium, Brazil, Canada, Columbia, France, Germany,
India, Italy, Lebanon, Oman, Spain, Switzerland, Turkey, and the US are enrolled into the
SOLACE trial.85



The STEADFAST trial (NCT04053764) is an open-label, randomised, multicentre phase II
study investigating the impact of treatment with crizanlizumab 5 mg/kg on the renal function
of patients aged ≥16 years with SCD and chronic kidney disease. Recruitment for this trial
began in December 2019, and primary completion is expected in June 2022, with patients
receiving crizanlizumab for one year.86 Patients from the UK, France, Spain and the US
are enrolled into the STEADFAST trial.86



The SPARTAN trial (NCT03938454) is a prospective, open-label, single-arm, multicentre
phase II study to assess the efficacy and safety of crizanlizumab 5mg/kg in SCD patients
aged ≥16 years with priapism. Recruitment for this trial began in October 2019, and primary
completion is expected in May 2021, with patients receiving crizanlizumab for one year.87
Patients from the US are enrolled into the SPARTAN trial.87

Ongoing real-world evidence studies
In addition to the ongoing clinical trials for crizanlizumab presented above, the following realworld evidence studies are either planned or ongoing, with the aim to derive further insights into
the burden of SCD that is attributable to recurrent VOC for SCD patients in the UK:
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An analysis of data from the National Haemoglobinopathy Registry is being conducted to
investigate the relationship between frequency of VOC and rates of SCD-related
complications.



A longitudinal pathway analysis of the Whole Systems Integrated Care (WSIC) database
is being conducted in order to better understand the relationship between VOC and SCDrelated complications. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.



The Sickle Cell Pain Diary-Self Report study (SCPD-S) is a planned non-interventional,
online study of adolescent and adult patients with SCD. The primary objective is to perform
psychometric validation of the SCPD-S in patients with SCD (including reliability, construct
validity, and sensitivity to change over time). The secondary objective is to generate
prospective HRQoL data in patients living in countries with a high burden of SCD including
the UK.

Innovation
Crizanlizumab would represent an important step-change innovation in the prevention of VOC for
patients with SCD in the UK, and it is not possible to capture all aspects of the value it offers to
patients with SCD within a cost-effectiveness analysis.
VOC is the hallmark of SCD and these are extremely painful, debilitating events that can affect
the HRQoL and daily activities of patients for several days on each occurrence. A reduction in
the annual rate of VOC requiring a medical facility visit and pain-relief medication, as measured
in the SUSTAIN trial, is therefore an important and highly relevant outcome for patients with SCD
(see Section B.1.3.1). Data on the annualised rate of VOC from the SUSTAIN trial has been
used to inform the cost-effectiveness analysis presented in Section B.3. However, the use of
SUSTAIN does not capture the full expected benefit of treatment with crizanlizumab, for the
reasons provided below.
Not all patients with SCD will go to hospital in order to seek care for VOC, with patient
perceptions about the level of care that might be received being one of the main reasons for
managing VOC at home.19 According to information from the UK analysis of SWAY, 42% of VOC
reported were managed by patients at home.19 When patients self-manage VOC at home their
treatment options are very limited and patients in the UK analysis of SWAY mainly reported
managing pain by drinking fluids (92% of patients), resting (86% of patients), and taking opioids
(76% of patients).19 Reducing the number of VOC experienced by patients is important
regardless of the setting for managing VOC, but is particularly important if patients feel like they
have to manage VOC at home and in doing so potentially receive sub-optimal care when
compared to treatment at hospital. By reducing the frequency of VOC, crizanlizumab may also
reduce the use of analgesics, NSAIDs and opioids, which are used in both the hospital setting
and by patients at home in order to help manage the pain associated with VOC.66 Reductions in
the use of pain-relief medication is desirable as this may help avoid side effects associated with
repeat and chronic use, as well as issues of dependency or addiction in certain cases.
Due to the impact of VOC and hospitalisations, SCD has a substantial impact on work and
school absenteeism, and the employment status or prospects of patients.24, 40, 42 Furthermore,
SCD is associated with a considerable burden for caregivers.43 The impact that crizanlizumab
may have on the ability of individuals with SCD to work and attend school, via reductions in the
frequency of VOC and the need to seek medical support, and the related impact on caregiver
time and HRQoL, is not captured as part the cost-effectiveness analyses presented in Section
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B.3. These additional aspects of value should however still be regarded, particularly given that
the disease has an impact throughout the lives of individuals with SCD, as well as their careers,
and employers or social care budgets.
SCD is an orphan condition that primarily affects individuals of African or African-Caribbean
ethnicity in the UK, and as a group, these individuals tend to have poorer health outcomes
compared to other ethnicities such as White British.14-17, 28 Patients with SCD are also more likely
to live in impoverished areas of the UK and some SCD patients will be registered as disabled
due to the impact of SCD-related complications.22, 23 Patients with SCD may also experience
stigma, particularly in relation to the use of opioids to manage VOC, which may cause SCD
patients to be perceived as drug seeking.20, 21 This stigma may be linked to other factors such as
patient ethnicity or socioeconomic status.20, 21 New treatments that can help to effectively
manage SCD, given the health inequalities and current stigma that exist for patients with SCD,
would therefore be highly valued. This value has also not been captured as part of the costeffectiveness analysis presented in Section B.3.
Clinical unmet need in SCD
Patients with SCD who experience a greater frequency of VOC have a higher rate of mortality
and SCD-related complications that patients who experience fewer VOC (see Section B.1.3.1).
Therefore, treatments are required which prevent or reduce the frequency of VOC, rather than
just managing the symptoms of VOC when they occur.
Currently, HC/HU is the only licensed treatment for the prevention of VOC in patients with SCD.3,
4 As a cytotoxic chemotherapy, it is associated with potentially serious side effects, and although
HC/HU has demonstrated efficacy in reducing the frequency of VOC, some patients continue to
experience acute painful episodes despite treatment with HC/HU.3, 4 However, with few other
treatments available, these patients may continue to receive HC/HU in order to help control the
frequency of VOC, and alternative treatment options with a different mechanism of action would
be a valuable addition to the treatment of these patients. There is therefore a considerable unmet
need for new and effective treatments to be used alongside or instead of HC/HU to prevent the
occurrence of VOC in patients with SCD (see Section B.1.3.2). Based on the results of the
SUSTAIN trial (see Section B.2.6 and Section B.2.7), crizanlizumab would offer a valuable
treatment for reducing the frequency of VOC, both as an alternative to HC/HU (in patients not
already receiving HC/HU), or as an add-on therapy to HC/HU (in patients who continue to
experience VOC with HC/HU alone). Since the introduction of HC/HU several decades ago, there
have been no more recent treatment options for prevention of VOC in patients with SCD. As
such, there remains a high level of unmet need for a novel, well-tolerated, and effective treatment
for prevention of VOC in patients with SCD. Crizanlizumab would be the first approved therapy
that was specifically developed for patients with SCD and so would represent a step-change in
the management of SCD for patients with recurrent VOC. In recognition of the potential for
crizanlizumab to provide significant improvements in the prevention of a serious condition,
crizanlizumab received Breakthrough Therapy designation from the U.S. Food and Drugs
Administration (FDA) in December 2018 and has since been granted Priority Review.88, 89
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Interpretation of clinical effectiveness and safety
evidence
Principal findings of the clinical evidence base
The SUSTAIN trial is the primary and most relevant source of data for the safety and efficacy of
crizanlizumab for the indication under consideration. In the SUSTAIN trial, crizanlizumab 5 mg/kg
(which is the expected licensed dose) was effective in significantly improving the median annual
rate of VOC (known as SCPC in the trial) and time to first VOC compared to placebo, and further
resulted in numerical improvements regarding the proportion of VOC-free patients after one year
(see Section B.2.6).11 Crizanlizumab 5 mg/kg was also associated with a significant improvement
of the median annual SCPC rate (1.63 [0.00–3.97] versus 2.98 [1.25–5.87] in the placebo arm;
indicating a 45.3% reduction, P = 0.01) and median time to first SCPC (4.07 versus 1.38 months
in the placebo arm, P = 0.001).11 Additionally, 35.8% of patients in the high-dose crizanlizumab
arm had a crisis rate of zero (compared with 16.9% in the placebo arm).11 Subgroup analyses
further demonstrated consistent improvements of the median annual SCPC rate with
crizanlizumab 5 mg/kg (compared to placebo) across different patient subgroups based on
concomitant HC/HU use (yes or no), history of SCPC (2–4 or 5–10 crises in the previous year) or
SCD genotype (HbSS or non-HbSS) (see Section B.2.7).11 Safety results demonstrate that
treatment with crizanlizumab is well tolerated, either as add-on therapy in patients receiving
concomitant HC/HU or as a monotherapy, with a similar incidence of serious adverse events
across the active treatment and placebo arms (see Section B.2.9).11
The significant benefits of crizanlizumab 5 mg/kg demonstrated in the SUSTAIN trial with regards
to the annual rate of VOC can also be expected to translate into additional, longer-term benefits
that are not directly shown in the 52-week SUSTAIN trial, including a reduction in hospitalisationrelated resource use, improvements in HRQoL, and reductions in occurrence of serious
complications and mortality.11 This is based on evidence from post-hoc analyses of the SUSTAIN
trial and other studies that have investigated the relationship between the frequency of VOC and
other outcomes (as described below). The SUSTAIN trial did measure these outcomes as
secondary endpoints, but non-significant differences between treatment arms in the rate of ACS,
number of days hospitalised, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx were reported (see Section
B.2.6).11, 12 However, it should be noted that the SUSTAIN trial was designed primarily to assess
differences in the annual rate of VOC for SCD patients, rather than identify differences in these
secondary outcomes.
Post-hoc analyses for SUSTAIN further showed that treatment with crizanlizumab 5 mg/kg was
associated with a 45.3% reduction in the annual rate of VOC leading to healthcare visits
compared to placebo (e.g. AE and specialised SCD crisis centres), indicating the potential for a
substantial reduction in healthcare resource utilisation for patients treated with crizanlizumab.83
In addition, the prevalence of ACS, which is an acute, life-threatening complication which
represents the leading cause of death in patients with SCD, has been shown to be significantly
associated with the frequency of VOC.30, 35, 36, 60 Higher rates of VOC, hospitalisation events and
ACS are also linked with higher rates of mortality, and mortality rates are reduced amongst
patients with SCD who receive therapies that reduce the frequency of VOC.64 These findings are
supported by the analysis of the HES database which informs some of the clinical inputs in the
cost-effectiveness model. As shown in Section B.3.3.4, patients experiencing an average annual
rate of ≥3 or ≥1–<3 VOC have a higher risk of mortality or acute complications than those with an
average annual rate of <1 VOC.
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Furthermore, analyses of the US-based LEGACY registry, which is also used to inform the costeffectiveness model, demonstrated the impact of VOC burden on HRQoL, finding a negative
correlation between the number of VOC in the previous 12-months and HRQoL, as measured by
SF-36.37
Strengths and limitations of the clinical evidence base
The evidence presented in this submission for the safety and efficacy of crizanlizumab has been
derived from a SLR, which identified SUSTAIN as the only RCT for crizanlizumab for which data
are available (see Section B.2.1). SUSTAIN is a high-quality study (i.e. randomised, doubleblind) and data from SUSTAIN has been used as the basis of the submitted EMA marketing
authorisation application.
The SUSTAIN trial population is consistent with the anticipated licensed indication for
crizanlizumab and the population specified in the NICE final scope (see Section B.1.1).11
Furthermore, the baseline characteristics of patients in the SUSTAIN trial are also consistent with
those of SCD patients in the UK and the generalisability of the SUSTAIN trial has been confirmed
by a Consultant Haematologist in the UK who specialises in the treatment of SCD.90 For
example, in the SUSTAIN trial the median age of patients in years (xxxxxxxx), the proportion of
patients who reported race as ‘Black’ (xxxxx), and the proportion of patients with homozygous
HbS (xxxxx) were similar to the patient characteristics reported in the National
Haemoglobinopathy Registry 2018/19 annual report: the median age group amongst those aged
≥15 was 25–29 years; approximately 86% of patients were reported to be of African, Caribbean,
or other Black descent; and 67% of SCD patients were homozygous HbS.12, 44, 49 Pre-specified
subgroup analyses of the SUSTAIN data further demonstrate the efficacy of crizanlizumab 5
mg/kg with regards to reducing the median annual VOC rate, irrespective of the rate of VOC over
the previous 12 months (2–4 or 5–10), concomitant HC/HU use (yes or no) or SCD genotype
(HbSS or non-HbSS) (see Section B.2.7).11 The use of crizanlizumab in SUSTAIN for patients
with multiple VOC in the previous 12 months (i.e. recurrent VOC), and with or without
concomitant HC/HU, is consistent with the expected use of crizanlizumab in UK clinical practice.1
Of the two crizanlizumab treatment arms in the SUSTAIN trial, the dose and posology of the
high-dose crizanlizumab arm (5 mg/kg) is in line with the recommended licensed dose expected
for crizanlizumab.10
The permitted use of concomitant HC/HU in the SUSTAIN trial is also consistent with the
expected use of crizanlizumab in UK clinical practice (either as an add-on therapy to HC/HU for
patients who continue to experience VOC whilst receiving HC/HU, or as a monotherapy for those
patients who do not receive HC/HU having been offered this already) (see Section B.1.3.2).11 In
the SUSTAIN trial, which included sites in the USA (51 sites), Brazil (8), and Jamaica (1),
medications consistent with the standard care of patients with SCD were allowed during this
study.12 The clinical management of SCD does not differ substantially between these countries
and clinical practice in the UK, and there are no novel treatments for SCD. For example, HC/HU
is recommended for use in SCD patients experiencing multiple VOC in a 12-month period or
experiencing VOC which impacts daily activity or HRQoL, by both the US National Heart, Lung
and Blood institute (NHLBI) and the BSH.1, 74 Similarly, both NHLBI and BSH guidance
recommends that chronic blood transfusions should be used primarily for prevention of
complications such as stroke in high risk patients, particularly children.5, 74 Because of the
similarity in the clinical guidance provided by the NHLBI and the BSH, the standard of care
received by patients in the SUSTAIN trial is expected to be generalisable to UK clinical practice,
as confirmed in feedback from a Consultant Haematologist in the UK who specialises in the
treatment of SCD.90
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The placebo arm of the SUSTAIN trial can therefore be considered a reasonable proxy for the
comparator considered as part of the decision problem, i.e. established clinical management
without crizanlizumab in the UK. The use of HC/HU in UK clinical practice is likely to be lower
than the proportion observed in SUSTAIN (xxxx% of patients in the placebo arm) based on data
from the National Haemoglobinopathy Registry.44 However, pre-specified subgroup analyses of
the SUSTAIN trial have demonstrated the similar levels efficacy of crizanlizumab 5 mg/kg
irrespective of concomitant HC/HU use (yes or no) (see Section B.2.7), and the level of HC/HU
use in UK clinical practice has been taken into account as part of the cost-effectiveness analysis
(see Section B.3.3.2).11 Although patients in SUSTAIN were permitted acute blood transfusions,
patients receiving chronic blood transfusions were excluded from the SUSTAIN trial.11 Therefore,
the use of the placebo arm of the SUSTAIN trial as a proxy for established clinical management
without crizanlizumab does not capture the potential efficacy of chronic blood transfusions that
may be received by a small proportion of patients in UK clinical practice; however, there is only
limited published evidence demonstrating the efficacy of chronic blood transfusion for prevention
of recurrent VOC in patients with SCD (see results of the SLR in Appendix B).
The primary endpoint of the SUSTAIN trial was the median annual rate of SCPC, with a SCPC
defined as acute episodes of pain, with no medically determined cause other than a vasoocclusive event that resulted in a visit to a medical facility and treatment oral/parenteral narcotic
agents or parenteral NSAIDs (see Section B.2.3.1). Time to recurrent events (i.e. a second
SCPC) was also assessed in SUSTAIN. The prevention of each and every VOC that is severe
and debilitating enough for patients to seek medical support is an important outcome. Other
outcomes, including patient-reported HRQoL outcomes and the rate of complications, were also
assessed in SUSTAIN (see Section B.2.3.1).
Whilst HRQoL data were collected during SUSTAIN using the BPI and SF-36 v2 questionnaires,
the trial was not primarily designed to capture differences between treatment arms in these
outcomes specifically.12 Furthermore, it is difficult to assess the impact of acute and relatively
short-lived VOC events on HRQoL through fixed time points, independent of the occurrence of
VOC, as mandated by the trial design.12 Tellingly, xxxxxxxxxxxxx of the SF-36 questionnaires
that were administered in the SUSTAIN trial were not completed within a 7-day window of a
VOC, and only xx individual patients did complete a SF-36 questionnaire within a 7-day window
of a VOC, meaning that the detrimental impact of VOC on HRQoL is unlikely to have been
captured by the vast majority of completed SF-36 questionnaires.82 The relationship between
average annual VOC rate and HRQoL, as assessed using SF-36 v2, has however been
demonstrated as part of an analysis of the 3-year LEGACY registry study (N=181 adult patients),
which is used to inform utility inputs for the cost-effectiveness analysis (see Section B.3.4).
In addition, the SUSTAIN trial did not allow for the determination of differences in long-term
outcomes (e.g. mortality) or relatively rare events (e.g. ACS, hepatic sequestration, splenic
sequestration, and priapism), given the sample size and 52-week duration of follow-up. However,
evidence from other sources indicate that a lower annual rate of VOC is associated with a
reduction in the risk of serious complications and mortality.30, 38, 39, 60, 64, 76 Based on the results of
the SUSTAIN trial with regards to the frequency of VOC, it is therefore reasonable to expect that
treatment with crizanlizumab would also lead to improved long-term outcomes and reductions in
serious complications and their associated healthcare costs.11 Additional analyses to establish
the relationship between the annual rate of VOC experienced by patients and the incidence of
complications and mortality have been conducted in order to inform the cost-effectiveness model,
using data from an analysis of the HES database (see Section B.3.3.4).
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Results of the SUCCESSOR study further indicate a positive, prolonged post-treatment effect of
crizanlizumab with regards to the occurrence of VOC.77 Long-term data (for up to five years) for
the use of crizanlizumab in patients aged ≥12 years with SCD will also be available from the
currently ongoing phase III STAND randomised, placebo-controlled trial.84 The efficacy of
crizanlizumab versus current standard of care has been demonstrated in the SUSTAIN trial, and
the results from SUSTAIN are considered to be both highly relevant for this decision problem and
generalisable to UK clinical practice, and so have been used to inform the cost-effectiveness
analysis for this appraisal.
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B.3 Cost-effectiveness
Summary of the de novo cost-effectiveness model


A de novo model was developed to assess the cost-effectiveness of crizanlizumab versus
SoC (established clinical management without crizanlizumab) as a treatment for the
prevention of recurrent VOC in people with SCD aged 16 years and older. The analysis
was conducted from a NHS and Personal Social Services perspective with a lifetime time
horizon, and with costs and outcomes discounted at 3.5% per annum.



In both the crizanlizumab and SoC arms, a proportion of patients were assumed to receive
HC/HU, in line with current clinical practice and the expected use of crizanlizumab (i.e. as
an add-on therapy to HC/HU or as a monotherapy). In the SoC arm, a proportion of
patients were also modelled to receive chronic blood transfusions.



A Markov cohort state-transition model was employed in which patients in each cohort
could occupy one of three health states depending on the number of VOC experienced in
that cycle (‘<1 VOC’, ‘≥1–<3 VOC’, or ‘≥3 VOC’). During each 1-year model cycle, patients
could experience the following events: acute SCD-related complications or death, in
addition to VOC; and the probability of experiencing either an acute complication or death
was modelled to be dependent on the VOC health state occupied in that cycle. Patients in
the crizanlizumab arm could also discontinue and receive SoC.



The distribution of patients to each VOC health state in each model cycle was based on
the mean annualised rate of VOC in the high-dose crizanlizumab and placebo arms of the
SUSTAIN trial (for the crizanlizumab and SoC model cohorts, respectively). Results from
an analysis of the HES database, which was used to identify hospital admissions for
patients with SCD in the UK, were used in the model to relate the number of VOC
experienced in each cycle with the probability of death or an acute complication.



Costs and utility were applied based on the events that occurred in the model (i.e. VOC
events and complications). Utility values for each VOC health state were derived from an
analysis of the 3-year LEGACY registry study, and decrements in utility for individual VOC
events were based on a published study of UK patients hospitalised due to VOC.58

Base case cost-effectiveness results


In the base case analysis, the ICER for crizanlizumab versus SoC was £329,868.32 (with
PAS applied for crizanlizumab).



In line with discussions with members of the NICE team, and following the delivery of our
evidence submission, it is our intention to discuss the potential for a Managed Access
Agreement with NICE and NHS England, in order to improve the cost-effectiveness of
crizanlizumab.

Sensitivity analyses


The impact of uncertainty and alternative inputs/assumptions in the model were explored as
part of sensitivity analyses. The results of the cost-effectiveness analysis were seen to be
sensitive to changes in parameters related to the cost of treatment (e.g. body weight,
discontinuation rates) and also utility values.



The cost-effectiveness analysis does not however take into account wider (health and nonhealth) benefits of crizanlizumab that could potentially be achieved via a reduction in VOC
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e.g. reducing dependency on pain relief medication, improving caregiver utility, and reducing
absenteeism from work and school, all of which would be highly valued by patients with
SCD.

Published cost-effectiveness studies
A SLR was conducted on 19th August 2019 and was subsequently updated using the same
review protocol on 27th January 2020, to identify all relevant literature published on the following
topics:
 Economic evaluations of interventions for the prevention of VOC in SCD


Health state utility values (HSUV) for patients experiencing VOC in SCD, or their caregivers



Cost and/or resource use (CRU) studies reporting data for patients experiencing VOC in
SCD

The SLR was conducted following current best practices, as recommended by the Cochrane
Collaboration. The reporting of the methods and results of the SLR has been done in line with the
guidance provided by NICE and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.91 Further details of the methods of the SLR and the
findings from the review of economic evaluations identified by the searches are presented in
Appendix E.
Of all records identified in the SLR (economic evaluations and studies reporting HSUV and CRU
data), no economic evaluations relevant to the decision problem of this submission were
identified. Additionally, NICE have not published technology appraisal guidance for the
prevention of VOC in patients with SCD, but the supplementary searches of HTA websites did
identify economic evaluations of patient-controlled analgesia and low-molecular weight heparin
for patients presenting at hospital with VOC in NICE CG143 (Appendix F).66 These evaluations
were ultimately excluded from the SLR as these interventions were for the management rather
than the prevention of VOC. However, given the relevance of this economic evaluation to the
appraisal, inputs from these evaluations relating to the management of VOC have been utilised.
Although not identified as part of the SLR, the Institute for Clinical and Economic Review (ICER;
US) are conducting an assessment of treatments for SCD, including crizanlizumab, which at the
time of this submission had been postponed. The ICER assessment was not identified in the
SLR as only UK and Republic of Ireland HTA websites were included in the supplementary
searches, but Novartis were aware that a report of the ICER assessment was due to be
published prior to this submission.
A summary of the economic evaluation conducted as part of this assessment (based on the
Evidence Report published on March 12th 2020) is presented in Table 19. The ICER model
employed a similar approach to the analyses that are described in the subsequent sections of
this submission in that long-term outcomes (i.e. death and complications) and changes in HRQoL
were modelled based on the differences in trial outcomes, such as VOC rates, between the
intervention and placebo arms of the relevant clinical trials (SUSTAIN in the case of
crizanlizumab). However, there are a number of differences between the models, such as the
inclusion of chronic conditions in the ICER model; the use of changes in haemoglobin levels as a
measure of treatment effect in the ICER model, in addition to VOC rates; and the modelling of
correlation between different acute and chronic conditions (again only in the ICER model).
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Multiple sources of evidence are utilised in the ICER assessment in order to model the various
relationships between trial outcomes and the other conditions included in the model. In contrast,
an approach relying on fewer assumptions (i.e. the relationship between VOC rates and longterm outcomes) has been taken in the de novo model described in the subsequent sections
below. Clinical data for the model have been derived from the SUSTAIN trial and an analysis of
the UK HES database, with the primary trial outcome from SUSTAIN (annualised VOC rate)
informing the occupancy of health states and the risk of other long-term outcomes in the model
(as determined by the HES database analysis). Given the relevance and availability of these data
to model the cost-effectiveness of crizanlizumab as a treatment in the UK, the economic analysis
presented below has been conducted in order to make best use of these data.
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Table 19: Summary of published cost-effectiveness studies
Study

Year

Summary of model

Patient population

QALYs
(intervention
and
comparator)

Costs (USD)
(intervention
and
comparator)

ICER (USD per
QALY gained)

Institute for
Clinical and
Economic
Review92

March
2020
(ongoing)

Markov cohort state-transition model
with health states for uncomplicated
SCD, acute conditions (including
VOC), chronic conditions, acute
conditions on top of chronic
conditions, and death.
Treatment effect was modelled based
on changes in VOC and haemoglobin
levels (as measured in clinical trials),
which in turn indirectly impacted other
acute and chronic outcomes (based
on multiple sources and assumptions
e.g. using data from the Centers for
Medicare and Medicaid Services).
Crizanlizumab (and other treatments
for SCD) were compared versus
Usual Care. Treatment effects versus
Usual Care were based comparisons
to the placebo arms of the relevant
clinical trials and the cost of HC/HU
and blood transfusions were included
as part of drug costs in the model.

Patients with SCD aged 24
years with a baseline rate of
3 VOC per year. On entry
into the model a proportion
of patients were assumed
to have already developed
chronic conditions by the
age of 24 years old.

Crizanlizumab:
8.87

Crizanlizumab:
$2,046,000

Usual Care:
8.07

Usual Care:
$1,174,000

Crizanlizumab
versus Usual
Care:
$1,086,000 per
QALY gained

Incremental:
0.80

Incremental:
$872,000

Analyses were also
conducted using a starting
age of 16 years.

Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year; SCD: sickle cell disease; USD: US dollars;
VOC: vaso-occlusive crises.
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Economic analysis
A de novo cost-effectiveness analysis has been conducted for the purpose of this appraisal and
is described below. The cost-effectiveness model employed for this economic analysis was built
in Microsoft Excel®.
The objective of this economic analysis was to assess the cost-effectiveness of crizanlizumab
compared with current clinical management in the UK as a treatment for the prevention of
recurrent VOC in people with SCD aged 16 years and older. In line with the NICE reference
case, the analysis was conducted from the perspective of the NHS and Personal Social Services
(PSS) and included direct medical costs over a lifetime time horizon.

Patient population
In line with the decision problem addressed in this submission and the anticipated licensed
indication for crizanlizumab, the patient population considered in the economic analysis was
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Patients included in the economic analysis were
also
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
x, in line with the anticipated licensed indication, with efficacy inputs for VOC experienced in the
model based on data from the SUSTAIN trial.10, 93 As described in Section B.2.13, the patient
population included in the SUSTAIN trial is considered to be reflective of patients with SCD in the
UK who are expected to be treated with crizanlizumab (e.g. with regards to age, ethnicity and
genotype). A summary of baseline characteristics of patients from SUSTAIN is presented in
Section B.2.3.2.
The baseline characteristics of patients entering the model are described in Section B.3.3.1.

Model structure
A Markov cohort state-transition model was employed to evaluate the cost-effectiveness of
crizanlizumab versus established clinical management without crizanlizumab (herein, referred to
as standard of care [SoC]) as a treatment for the prevention of VOC in patients with SCD. The
model consists of two cohorts of patients, which differ in terms of the treatments that patients
receive on entering the model: one cohort receives treatment with crizanlizumab (“crizanlizumab”
treatment arm), whilst the other cohort receives treatment with standard of care alone (i.e.
established clinical management without crizanlizumab) (“SoC” treatment arm). In both cohorts a
proportion of patients were assumed to receive HC/HU, as per the expected use of crizanlizumab
in clinical practice and the current use of HC/HU as part of the established clinical management
of patients with SCD in the UK. In the base case analysis, 14.2% of patients in both the
crizanlizumab and SoC arms received concomitant HC/HU, based on the information available
from the National Haemoglobinopathy Registry annual report 2018/2019 (see Section B.3.2.3).44
In the first cycle of the model (with each cycle representing one year in the model), patients in the
crizanlizumab and SoC treatment arms were stratified into one of three health states based on
the number of VOC that patients are modelled to experience in that cycle (‘<1 VOC’, ‘≥1–<3
VOC’, or ‘≥3 VOC’). The distribution of patients into these three health states was based on data
from SUSTAIN and their current treatment regime (crizanlizumab or SoC, with or without
HC/HU). For patients receiving crizanlizumab, the occupancy of health states was based on the
mean annualised rate of VOC from the high-dose crizanlizumab arm of SUSTAIN, and for
patients receiving SoC, the corresponding data from the placebo arm were used (see Section
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B.3.3.2). In order to assign costs and changes in utility on a ‘per event’ basis, each health state
was associated with an absolute number of VOC that were modelled to occur in a given cycle,
which was again based on data from the SUSTAIN trial.
During the course of each model cycle, it was also possible for patients to experience a variety of
acute complications related to SCD within their current health state, and patients could also die
(thus entering the absorbing ’Death’ health state) (see Figure 5). During the course of the model,
the probability of death and SCD-related complications were modelled to vary over time and
were dependent on baseline characteristics (age and gender) and the VOC health state that was
occupied within that given cycle (i.e. the number of VOC experienced that year in the model).
Based on data derived from an analysis of the HES database, patients in the ≥3 and ≥1–<3 VOC
health states were modelled to have a higher probability of death and SCD-related complications,
compared to patients experiencing <1 VOC (see Section B.3.3). The occurrence of complications
and death were modelled to be independent of one another, and in each cycle the occurrence of
complications was taken into account first, before mortality was applied.
At the beginning of each new model cycle, the patients who remained alive at the end of the last
model cycle were redistributed into the three VOC health states, such that patients who entered
the model in a particular health state were not consigned to that same health state until the end
of the model (i.e. until death). The number of VOC that each patient experienced in each cycle
was not therefore fixed over time, reflecting the variable nature of VOC in SCD. In the absence of
any other longer-term data on the efficacy of crizanlizumab, the mean annualised rate of VOC
from SUSTAIN was used to determine the distribution of patients between the VOC health states
in all cycles.
Patients in the crizanlizumab arm could discontinue treatment with crizanlizumab in any given
cycle, and from the next cycle these patients were then modelled to receive SoC (with or without
HC/HU) (see Section B.3.3.3). To reflect differences in efficacy between patients receiving
crizanlizumab and those who had discontinued treatment, the model health states in the
crizanlizumab arm were additionally defined by whether patients were still on treatment (‘On
treatment’; in which case the distribution of patients between VOC health states was based on
the crizanlizumab arm of the SUSTAIN trial) or had discontinued (‘Off treatment’; in which case
the distribution of patients between VOC health states was based on the placebo arm of the
SUSTAIN trial). Additional tunnel health states (‘Off treatment incident’) were included in the
model to allow for different efficacy assumptions to be applied in the two years following
discontinuation with crizanlizumab (see Section B.3.3.3). In these tunnel states, patients were
assumed to receive the costs of SoC, but the efficacy of either crizanlizumab or SoC could be
applied, depending on the assumptions made about post-discontinuation efficacy (see Section
B.3.3.3). Patients entered these tunnel states (Year 1 followed by Year 2) following
discontinuation of crizanlizumab (i.e. from ‘On treatment’) and then, having spent one year in
each if these tunnel states, patients entered the ‘Off treatment’ health state. Patients receiving
SoC, either due to discontinuation in the crizanlizumab arm or from entering the model in the
SoC arm, were assumed to continue receiving SoC for the remainder of their lifetimes, with the
costs and efficacy assumptions for the SoC arm applied until death.
Costs and utility were accrued across the model time horizon for as long as patients remained
alive. The costs included in the model relate to the management of events that may have
occurred (i.e. VOC and acute complications) in each treatment arm and also to the specific
treatments received. Utility is primarily assigned in the model according to the health state
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occupied in a given cycle (i.e. number of VOC per cycle), with decrements in utility applied on the
occurrence of events (i.e. individual VOC and acute complications).
Rationale for the chosen model structure and how this reflects the clinical course of SCD
In addition to VOC, patients with SCD may experience other complications which are also
associated with significant costs and reductions in HRQoL, and compared to the general
population SCD patients have a reduced life expectancy.23, 31, 34 Published literature has reported
that a higher number of VOC experienced by patients with SCD is associated with an increased
risk of SCD-related complications, including death.30, 31, 60, 63
The structure of this de novo cost-effectiveness model has been designed not only to capture
differences between treatments in terms of the effect on the rate of VOC, but importantly, the
impact that this has in terms of mortality and other SCD-related complications. Specifically, the
health states included within the model structure (<1 VOC, ≥1–<3 VOC or ≥3 VOC) are based on
findings from Platt et al. (1991) which showed that patients who experienced ≥3 VOC per year
had a significantly higher mortality rate than patients experiencing <3 VOC per year.63
Furthermore, more recent analyses of the HES database and LEGACY registry have also found
that the number of VOC experienced by SCD patients impacts the risk of SCD-related
complications and HRQoL, as well as mortality.13, 37, 94 Whilst analyses of the HES database and
LEGACY registry study have previously been published, full details of the specific analyses used
in the cost-effectiveness model for this submission are detailed in the subsequent sections.13, 37,
94

Given the ability to model the effect of treatment and the course of the disease using defined
health states, a Markov cohort state-transition model, which provides a relatively simple and
intuitive approach to decision analytic modelling, was utilised.
Figure 5: Model structure

Abbreviation: VOC: vaso-occlusive crisis.

As described above, patients within the crizanlizumab arm are further categorised into ‘On
treatment’, ‘Off treatment’ or ‘Off treatment incident – Year 1 and Year 2’ (tunnel states) health
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states depending on whether patients have discontinued treatment with crizanlizumab (see
Figure 6).
Figure 6: Further health states in the crizanlizumab arm of the model

Time horizon and cycle length
A cycle length of 12 months was employed in the model. This cycle length was chosen as it
aligns with how the key efficacy data from SUSTAIN were analysed (i.e. annualised rate of
VOC), and is sufficient in length to adequately capture the frequency of events in the model (i.e.
VOC and complications, including death, and treatment discontinuation).11 A 12-month cycle
length also aligns with how the impact of VOC on other outcomes has previously been assessed
in the published literature.23, 31, 37 A half-cycle correction was applied to the calculation of costs,
LYs and QALYs to account for events and transitions that occurred mid-way through the cycle.
A 55-year time horizon was considered for the base case analysis. The mean starting age of
patients in the model was 37.1 years (see Section B.3.3.1), and given the reduced lifeexpectancy of patients with SCD, it is expected that all patients will have died within 55 years (in
the model all patients are predicted to have died within 55 model cycles).55 This time horizon is
therefore considered to represent a lifetime time horizon for this patient population, which is the
time horizon preferred in the NICE reference case.95 SCD is a chronic disease and therefore a
lifetime time horizon is considered the most appropriate to fully capture the differences in costs
and HRQoL between different interventions. A lifetime time horizon is also required to capture
the expected differential effects of treatment on mortality.3
Discounting
An annual discount rate of 3.5% was applied to both costs and benefits, in line with the NICE
reference case.95
Perspective
The cost-effectiveness analysis was performed from the perspective of the NHS and PSS in
England.
Table 20: Summary of the features of the economic analysis
Feature
Time horizon

Base-case analysis
55 years

Discount rate

3.5% for both costs and benefits

In line with the NICE reference case.95

NHS/PSS in England

In line with the NICE reference case.95

QALYs

In line with the NICE reference case.95

Perspective
Measure of
health effects

Justification
55 years is considered to represent a
lifetime horizon in this patient population,
which is the time horizon preferred in the
NICE reference case.95

Abbreviations: NHS: National Health Service; PSS Personal Social Services; QALYs: quality-adjusted life years.
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Intervention technology and comparators
Intervention – crizanlizumab
The intervention considered in the cost-effectiveness analysis was crizanlizumab, as described in
Section B.1.2. Crizanlizumab is provided as an intravenous infusion over a period of 30 minutes
and is dosed on the basis of body weight (anticipated licensed dose: 5 mg/kg). In the model,
crizanlizumab is given in line with the suggested posology in the draft SmPC for crizanlizumab,
and is given continuously up to the point of treatment discontinuation (as described in Section
B.3.3.3).10 As per the anticipated licensed indication, crizanlizumab may be given as
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx The modelling of crizanlizumab in addition to established clinical
management (i.e. with and without HC/HU) is described below.
Comparator – established clinical management
Established clinical management in the UK without crizanlizumab (i.e. SoC) was the only
comparator considered in the cost-effectiveness analysis. SoC consists of supportive care (e.g.
hydration with intravenous fluids and keeping warm), HC/HU, and blood transfusions (see
Section B.1.3.2), as per the final scope. Given that supportive care (i.e. hydration with and
keeping warm) are associated with low costs (if any) to the healthcare system, only HC/HU and
blood transfusions have been explicitly included in the model. HSCT has not been considered as
SoC as this is only considered for adults with severe SCD, who have failed to respond to
currently available treatment and who have no other therapeutic options (see Section B.1.3.2).9
Treatment with crizanlizumab, as an add-on therapy to established clinical management, is not
expected to displace HSCT as a treatment option of last resort or necessarily alter the number of
patients who would ultimately receive HSCT.
In the UK, not all patients are expected to receive HC/HU and so only a proportion of patients in
the crizanlizumab and SoC arms were assumed to receive HC/HU in the model. Based on the
information available from the National Haemoglobinopathy Registry annual report 2018/2019
(total SCD patients), it was assumed that 14.2% of patients would receive HC/HU as part of the
SoC arm in the model, with the same proportion also applied to the crizanlizumab arm.44 The
majority of HC/HU use is expected to be in patients with recurrent VOC, as per BSH treatment
guideline recommendations, but in the absence of a specific estimate for the recurrent VOC
population, the value from the National Haemoglobinopathy Registry was used in the costeffectiveness analysis.1, 44 The proportion of patients who receive HC/HU is expected to vary
between clinics (hence the reliance on data from a national registry for the base case analysis),
but information provided by a Consultant Haematologist who specialises in the treatment of SCD
at a large London hospital about the use of HC/HU at their centre (~16%) is consistent with the
value used in the model.45 This value, which was used in the model to reflect expected clinical
practice in the UK, is lower than the use of concomitant HC/HU at baseline in the SUSTAIN trial
(xxxx%).12 Given the use of efficacy data from SUSTAIN in the model, attempts have been made
in the base case analysis to account for this difference in HC/HU use by utilising the relevant
subgroup data available from SUSTAIN. Specifically, data from the concomitant HC/HU
subgroups of SUSTAIN (yes and no), weighted by the proportion of patients in the model
receiving HC/HU, were used to model VOC rates in the crizanlizumab and SoC arms (see
Section B.3.3.2).
In the base case analysis, the proportion of patients receiving chronic blood transfusions was
assumed to be xx in the SoC treatment arm, based on data available from the HES database.23
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The majority of patients receiving blood transfusions are expected to receive transfusions for the
prevention of stroke, rather than to prevent recurrent VOC.5, 46 In order to exclude patients who
may be receiving transfusions for stroke prevention, only patients without a previous diagnosis of
stroke were included in the analysis of blood transfusion data from the HES database. Over the
last two years of the study period, xx of patients included in the analysis were coded as receiving
a blood transfusion (and this value was used to inform the proportion of patients receiving blood
transfusions in SoC arm of the model).23 As with HC/HU use, the proportion of patients receiving
blood transfusions for reasons other than stroke is expected to vary between clinics – transfusion
data are available in the National Haemoglobinopathy Registry annual report 2018/2019 for 6.6%
of SCD patients but further details aren’t provided (e.g. on reasons for use), although data from
an audit of transfusion services in the UK and Republic of Ireland suggest that 17% of elective
transfusions in adults are for the prevention of recurrent VOC.44, 46 The experience of one centre
in London in 2008/2009 was that less than 1% of SCD patients (3/490) received a planned
transfusion for the control of acute pain.6 According to a Consultant Haematologist in the UK who
specialises in SCD, as many as 20% of adult patients with SCD could be receiving regular blood
transfusions, of which approximately half will be receiving transfusions for the prevention of
recurrent VOC.45
In the crizanlizumab treatment arm, the proportion of patients receiving chronic blood
transfusions was assumed to be 0%. This reflects the eligibility criteria for the SUSTAIN trial, in
which patients receiving chronic blood transfusions were not eligible for inclusion.11 In practice,
chronic blood transfusions for the purpose of reducing VOC are not expected to be used in
patients receiving crizanlizumab. This is similar to the recommended use of blood transfusions in
patients receiving HC/HU, where chronic blood transfusions should only be considered for
patients for whom HC/HU is ineffective or contraindicated.5 In addition to patients receiving
chronic transfusions for the prevention of VOC, patients in both treatment arms were assumed to
receive acute transfusions for the management of certain complications included in the model
(i.e. ACS, sepsis and priapism), based on guidelines from the BSH and feedback from a
Consultant Haematologist in the UK who specialises in SCD.5, 45, 71
For adults, exchange transfusions account for the majority of blood transfusions in patients
receiving chronic transfusions, and so it was assumed that all transfusions in the model would be
exchange transfusions rather than top-up transfusions.23 According to feedback from a
Consultant Haematologist in the UK who specialises in SCD, top-up transfusions are typically
used in children for stroke prevention when exchange transfusion is difficult to perform, and for
adults who are severely anaemic.45 This is consistent with the guidelines from the BSH on the
use of transfusions, which states that simple (top-up) transfusions are typically preferred when
the primary reason for transfusion is to prevent or reverse the effects of severe anaemia.96 It was
also noted by the clinical expert that manual exchange is rarely used for chronic transfusions and
so all transfusions were assumed to be done via automated exchange transfusion.45 This again
reflects the guidelines produced by the BSH which describes automated exchange as the
preferred technique for exchange transfusions, where available, and provides a clear
recommendation that all patients should have access to automated exchange transfusions.96 Iron
overload is a potential complication associated with blood transfusions, which is managed by the
provision of iron chelation therapy, and the rate of iron accumulation is known to differ between
the various transfusion techniques that are available (top-up versus exchange, and manual
versus automated).96 With all patients receiving automated exchange transfusions, which can
achieve neutral or even negative iron balance, it was assumed that no patients would require iron
chelation therapy for iron overload.96 Further details on the inputs and assumptions used to
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model chronic blood transfusions (e.g. frequency of transfusions) are presented in Section
B.3.5.1.
The proportion of patients receiving HC/HU in each treatment arm impacts both efficacy, via the
use of data from the SUSTAIN trial to determine the occupancy of VOC health states (see
Section B.3.3.2), and costs in the model (see Section B.3.5.1). In contrast, the use of chronic
blood transfusions in the model only impacts costs. Patients receiving chronic transfusions were
not eligible for inclusion in the SUSTAIN trial and so the impact of transfusions on annual VOC
rates is not captured implicitly via the use of data from SUSTAIN. Furthermore, very limited
evidence is available from RCTs on the efficacy of chronic transfusions for the prevention of VOC
in adults, as reported in the findings from the SLR described in Appendix B – studies in children
(aged less than 16 years old) were excluded from the review and each of the two studies
identified in the review that included adult patients were limited in their relevance or usefulness
for the cost-effectiveness analysis (Koshy et al. (1998) which included only pregnant women with
SCD, and Vichinsky et al. (2010) which only reported very limited details on VOC).7, 97

Clinical parameters and variables
The clinical inputs presented in the base case analysis are derived from multiple sources. The
primary source of efficacy data for crizanlizumab in the patient population relevant to this
submission is the SUSTAIN trial (see Section B.2.2). The primary endpoint of the SUSTAIN trial
was to assess the difference in the median annual rate of VOC between the crizanlizumab (5
mg/kg) and placebo treatment arms. The model utilises the efficacy data from SUSTAIN on the
mean annualised rate of VOC reported from the relevant treatment arms and based on the
number of VOC experienced in a given cycle (<1 VOC, ≥1–<3 VOC, and ≥3 VOC) calculates the
risk of death and other complications.
However, the SUSTAIN trial did not allow for determination of differences in long-term outcomes
(e.g. mortality) or relatively rare events (e.g. ACS, hepatic sequestration, splenic sequestration,
and priapism), and given the duration (52 weeks) and size (67 patients in the high-dose
crizanlizumab arm and 65 patients in the placebo arm) of the study, few deaths or complications
(such as ACS) occurred during the trial. Additional sources of data were therefore required to
model the impact of VOC on the risk of death and other complications. SCD has only recently
become prevalent in high-income settings, and there is limited published data on the long-term
natural history of SCD in this setting. An analysis of the HES database, which provides
information on patient admissions in the UK, was therefore undertaken to establish the
relationship between VOC and mortality, and other SCD-related complications.23
To further understand the real-world impact of VOC on patients with SCD in England, analyses
are planned from the National Haemoglobinopathy Registry and the WSIC databases (see
Section B.2.11). All data currently included from the National Haemoglobinopathy Registry in this
submission is available in the relevant annual reports.44 The analyses planned are intended to
further interrogate the National Haemoglobinopathy Registry for information on rates of VOC and
SCD complications. The WSIC data set provides a de-identified linked primary care, acute,
mental health, and community health and social care records for over 2.6 million patients who
live and are registered with a GP in North West London.98 Coded primary care data from birth,
including prescriptions, events, and hospital activity data covering diagnosis, procedures and
events will be linked to provide a longitudinal pathway analysis to assess the burden of SCD.
This analysis aims to analyse and link codes for VOC and its surrogates to the complications of
SCD in order to better understand the relationship between VOC and complications of SCD.
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These analyses have been impacted by the COVID-19 pandemic and have not been completed
in time for inclusion this this submission.
HES Database Analysis
The analysis undertaken was a retrospective observational cohort study using the HES
database, which contains details of all admissions, outpatients and emergency room visits at
NHS hospitals and therefore provides real-world evidence of hospital resource utilisation for
patients in the UK. The inclusion period for the study ranged from 1st January 2008 to 30th
September 2018.
For inclusion in the analysis patients identified in the HES database were required to meet each
of the following criteria:


Patients aged 16 years or older as of 1st January 2008



Patients with a recorded hospital appointment (inpatient, outpatient, or accident and
emergency [A&E]) due to any cause during the period 1st January 2008 to 30th September
2018



Patients with a hospitalisation for SCD (principle, related or associated diagnosis) during
the period 1st January 2008 to 30th September 2018, with a hospitalisation due to SCD
defined as a visit that was reimbursed and relating to one of the following ICD-10 codes:
o

D57.0 – Sickle-cell anaemia with crisis

o

D57.1 – Sickle-cell anaemia without crisis

o

D57.2 – Double heterozygous sickling disorders

A total of 15,076 people with SCD aged 16 years or older (as of 1st January 2008) were identified
from the HES database, of which 60% were of African or Caribbean ethnicity and 62% were
female. The mean age of patients included in the study was 37.1 years (at index date). The
characteristics of patients included in the HES database analysis were therefore similar to those
of patients in SUSTAIN (see Section B.2.3.2), in that the majority of patients were female and of
African or Caribbean ethnicity. Overall, patients in the HES database analysis were slightly older
than those in SUSTAIN (median age xx years in the HES database analysis compared to xx
years in SUSTAIN), although when only looking at patients from the HES database analysis with
≥1–<3 VOC (mean age of xxxx years) or ≥3 VOC (mean age of xxxx years) in the previous 12
months, the difference in average age compared to SUSTAIN is reduced (2–10 VOC in the
previous 12 months; mean age of xxxx years).12 According to clinical experts age itself is not
considered to be an important factor in determining the frequency of VOC and expected
outcomes with crizanlizumab. Rather, the number of previous VOC in the previous 12 months
(and whether or not patients have recurrent VOC) is the main contributing factor for the
frequency of future VOC – as seen by the difference in annualised VOC rates in SUSTAIN
between patients in the placebo arm with 2–4 VOC or 5–10 VOC in the previous 12 months (see
Appendix C).11 In the model, the HES data are used to inform the underlying risk of complications
or death associated with varying frequency of VOC, with SUSTAIN data used to determine the
treatment effect on the frequency of VOC in a population with recurrent VOC at baseline. It is not
therefore necessarily expected that the HES population would fully reflect the population of the
SUSTAIN trial, and that there are differences between SUSTAIN and the HES database analysis
(overall) in terms of patient age is not considered to be a major concern.
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Patients were followed from their individual index date (defined as 12 months after the first
recorded hospitalisation due to VOC and/or a relevant complication during the inclusion period)
until the end of the study (30th of September 2018), or until the patient died or was flagged as lost
to follow up (24 months without any hospital-related activity), whichever came first. Deaths were
identified by matching to the Office of National Statistics (ONS) data on deaths. Overall, deaths
occurred in 8% of patients included in the analysis and the median age of death for those
individuals who had died was 56 years.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx.23 The 12-month ‘follow-back period’ (prior to the index date) was required
in order to establish the number of VOC experienced by patients in the 12 months prior to
baseline – information that was subsequently utilised in the published analyses of the HES
database analysis, but which is not directly utilised in the cost-effectiveness analysis.13
The primary objective of the HES database analysis was to assess the long-term association
between the rate of hospitalised VOC and death among SCD patients aged 16 years or older.
Similarly, an analysis was conducted to assess the long-term association between the rate of
hospitalised VOC and SCD-related complications (ACS and other acute complications). ICD-10
codes used in the analysis (e.g. to identify relevant complications) were validated by clinicians.
For the purpose of the cost-effectiveness analysis, the data from the HES database were used to
estimate the effect of the annualised rate of hospitalised VOC (≥1–<3 VOC and ≥3 VOC versus
<1 VOC) on death and acute SCD-related complications. The output from these analyses were
subsequently used in the model to determine the per-cycle probability of death and acute SCDrelated complications for each VOC health state, as described below. To align with the definition
of VOC used in the SUSTAIN trial, priapism and ACS were also counted as VOC events in the
HES database analysis. However, due to the low incidence of splenic and hepatic sequestration
within the HES follow-up period, these events were not included in the definition of VOC in the
HES analysis.
Table 21: Data sources used for clinical inputs in the model
Clinical data source
SUSTAIN trial12, 93

Clinical inputs in model




HES database
analysis23




Annualised rate of VOC for determining the distribution of patients
in the crizanlizumab and SoC arms to each VOC health state
Mean absolute number of VOC within each VOC health state for
each treatment arm
Patient body weight for determining the required dose of
crizanlizumab and HC/HU
Survival inputs for mortality and acute complications based on
VOC health state (<1 VOC, ≥1–<3 VOC and ≥3 VOC)
Patient baseline characteristics: age and gender

Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea; SCD: sickle-cell disease; SoC: standard of care; VOC:
vaso-occlusive crises.

Patient baseline characteristics
The patient baseline characteristics which were used in the model are summarised in Table 22.
The same patient baseline characteristics were applied in both treatment arms.
As part of the analysis of the HES database age and gender were each used as covariates in the
models predicting the risk of mortality and complications (see Section B.3.3.4). The inputs used
in the model for these patient characteristics were therefore based on patients included in the
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HES analysis in order for consistency with the natural history data used in the model, and also to
reflect the patient characteristics of individuals with SCD in the UK.
In order to calculate the drug costs associated with crizanlizumab and HC/HU treatment, both of
which require weight-based dosing, patient body weight was also included within the model. Data
on patient body weight was not available from the HES database analysis and so the inputs used
in the NICE CG143 economic evaluations for the average body weight of adult SCD patients in
the UK were utilised for the base case analysis.66 For both treatment arms it was assumed that
the average body weight would be 58.69 kg, given the proportion of females included in each
cohort.
A scenario analysis was also conducted in which the mean body weight of patients in the
SUSTAIN trial (xxxxxxxx) was used.12 The assumptions regarding average weight used in NICE
CG143, which were specific for SCD patients in the UK, are considered to be more applicable to
the UK patient population than those in SUSTAIN (centres in the USA, Brazil and Jamaica).
Table 22: Patient demographic inputs for base case analysis
Patient
Characteristics
Mean age, years (SD)
% Female

Value

Source

37.1 (15.4)

Novartis Data on File: HES database analysis

63%

HES database analysis, as reported in Morgan et al.
(2019)94

55 kg
(females)
65 kg (males)

NICE CG143 (Appendix F) – Average weight of adults
with SCD.66 Assumptions following discussions with
the Guideline Development Group

a

Body weight (kg)

a

Of patients included in the HES analysis (N=15,076), 9,407 were female (62%), 5,491 were male (36%) and
gender was missing for 178 patients (1%). For the purpose of the cost-effectiveness analysis, it was assumed that
62% of patients with missing gender were female and the remainder were male.
Abbreviations: HES: Hospital Episode Statistics; SD: standard deviation.

Treatment efficacy
As described in Section B.3.2.2, for each 1-year cycle of the cost-effectiveness model, patients
were distributed into one of three VOC health states (<1 VOC, ≥1–<3 VOC or ≥3 VOC). The
distribution of patients into these health states was based on individual patient-level data from
the SUSTAIN trial. Annualised VOC rates were first calculated for each patient based on the total
number of VOC experienced in the trial and the length of follow-up for each patient, using the
same approach as for the primary endpoint in the SUSTAIN trial. The proportion of patients in
each health state was then determined for each treatment arm based on the number of patients
falling in each VOC category. The absolute mean annualised number of VOC was also
calculated for each health state based on the absolute number of VOC for each patient within the
same VOC category. The mean values from SUSTAIN were used in the cost-effectiveness
model in order to account for the full range of VOC rates that patients with SCD may experience
in a given year.
As described in Section B.3.2.3, the proportion of patients receiving concomitant HC/HU in the
SUSTAIN trial (xxxx% across all treatment arms) is higher than what has been reported from the
National Haemoglobinopathy Registry (14.2%).12, 44 In order to align the efficacy inputs included
in the model to what has been observed in current UK clinical practice, data from the prespecified subgroups in SUSTAIN (concomitant HC/HU use: yes or no) on the number of VOC
experienced by patients have been utilised in the base case analysis, rather than using data from
the overall ITT population. The distribution of patients to each VOC health state (<1 VOC, ≥1–<3
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VOC or ≥3 VOC) and the absolute number of VOC experienced in each cycle was therefore
based on data from each subgroup (concomitant HC/HU use: yes or no), weighted by the
proportion of patients expected to receive HC/HU:


For patients receiving crizanlizumab, 14.2% and 85.8% of patients were assumed to
receive crizanlizumab with and without HC/HU, respectively, with efficacy inputs for each
group based on the corresponding subgroup (concomitant HC/HU ‘yes’ and ‘no’) of the
crizanlizumab arm of SUSTAIN



For patients receiving SoC, 14.2% and 85.8% of patients were assumed to receive SoC
with and without HC/HU, respectively, with efficacy inputs for each group based on the
corresponding subgroup (concomitant HC/HU ‘yes’ and ‘no’) of the placebo arm of
SUSTAIN

A summary of the efficacy inputs that were used in the model for crizanlizumab and SoC (by
concomitant HC/HU use) are shown in Table 23, and the weighted efficacy inputs included in the
base case analysis (taking into account the proportion HC/HU use in each treatment arm) are
shown in Table 24.
Table 23: Efficacy model inputs (distribution to health states and annualised mean
number of VOC for each health state, by treatment arm)
HC/HU use

Distribution
(%)

Annualised
mean number
of VOC

Standard
error

Patients with <1 VOC

xxxx

xxxx

xxxx

Patients with ≥1 to <3 VOC

xxxx

xxxx

xxxx

Patients with ≥3 VOC

xxxx

xxxx

xxxx

Patients with <1 VOC

xxxx

xxxx

xxxx

Patients with ≥1 to <3 VOC

xxxx

xxxx

xxxx

Patients with ≥3 VOC

xxxx

xxxx

xxxx

Patients with <1 VOC

xxxx

xxxx

xxxx

Patients with ≥1 to <3 VOC

xxxx

xxxx

xxxx

Patients with ≥3 VOC

xxxx

xxxx

xxxx

Patients with <1 VOC

xxxx

xxxx

xxxx

Patients with ≥1 to <3 VOC

xxxx

xxxx

xxxx

Patients with ≥3 VOC

xxxx

xxxx

xxxx

VOC health state

Efficacy by HC/HU use (base case)
Crizanlizumab
With HC/HU

No HC/HU
SoC
With HC/HU

No HC/HU

Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea; ITT: intention-to-treat; SoC: standard of care; VOC:
vaso-occlusive crises.
Source: Novartis – Data on File: individual patient-level data from SUSTAIN.
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Table 24: Weighted efficacy model inputs based on HC/HU use (distribution to health
states and annualised mean number of VOC, by treatment arm)
Treatment arm

Crizanlizumab

SoC

Distribution (%)

Annualised mean
number of VOC

Patients with <1 VOC

xxxx

xxxx

Patients with ≥1 to <3 VOCs

xxxx

xxxx

Patients with ≥3 VOCs

xxxx

xxxx

Patients with <1 VOC

xxxx

xxxx

Patients with ≥1 to <3 VOCs

xxxx

xxxx

Patients with ≥3 VOCs

xxxx

xxxx

VOC health state

Abbreviations: SoC: standard of care; VOC: vaso-occlusive crises.

Treatment discontinuation
As described in Section B.3.2.2, patients who entered the model receiving crizanlizumab could
discontinue in any given cycle and were subsequently assumed to receive SoC. For patients in
the model receiving SoC, no discontinuation was modelled (i.e. patients were assumed to
receive SoC until death, as there is no alternative treatment option available to these patients).
Discontinuation of crizanlizumab in the model is based on the disposition of patients in the 52week SUSTAIN trial (see Section B.2.4.1) The discontinuation rate in the first model cycle (i.e.
the first year) was 32.8%, based on the proportion of patients who discontinued crizanlizumab for
reasons other than death in the high-dose crizanlizumab arm of the SUSTAIN trial.11 In the
absence of data beyond 52 weeks from the SUSTAIN trial, assumptions were required to model
the discontinuation rate in subsequent cycles. It was assumed that discontinuation in subsequent
years would be lower than the first year, and of those reasons for discontinuation reported in the
SUSTAIN trial ‘physician choice’, ‘AEs’ and ‘lack of efficacy’ were deemed the most likely
reasons for patients to discontinue treatment in subsequent years. (other reasons for
discontinuation in the high-dose crizanlizumab arm of the SUSTAIN trial included: lost to followup, non-compliance, withdrawal by the patient and ‘other reasons’). The draft SmPC for
crizanlizumab does not provide any explicit recommendations for stopping treatment, but it is
expected that treatment with crizanlizumab would continue until the supervising physician deems
the patient to be no longer benefiting from and/or tolerating treatment.10
The discontinuation rate of crizanlizumab in subsequent years was therefore assumed to be
4.5% based on the discontinuation rate due to physician choice (3%), AEs (1.5%) and lack of
efficacy (0%) for the high-dose crizanlizumab arm of SUSTAIN (see Table 25; a full list of
reasons for discontinuation during the SUSTAIN trial is presented in Appendix B). Scenario
analyses have been conducted in which alternative inputs for the discontinuation rate in
subsequent years are explored (0%, 15%, 25% and 32.8%).
Table 25: Annual discontinuation model inputs for base case analysis
Model arm

Discontinuation (%): first year

Discontinuation (%): subsequent
years

Crizanlizumab

32.8%

4.5%

SoC

0.0%

0.0%

Abbreviations: SoC: standard of care.
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Efficacy following discontinuation
In the SUCCESSOR study, which was a retrospective chart review of patients who completed
the SUSTAIN trial (n=48), of which 15 patients were originally from the high-dose crizanlizumab
(5 mg/kg) treatment arm, it was reported that patients from the high-dose crizanlizumab (5
mg/kg) group had a similar mean annual VOC rate in the 52 weeks of follow-up of SUCCESSOR,
during which time they did not receive crizanlizumab, compared with the SUSTAIN trial (2.7
versus 2.89).77 Full details of SUCCESSOR are presented in Appendix B.
The results from SUCCESSOR suggest that there is the potential for crizanlizumab to have an
effect on VOC rates after treatment has been discontinued. This ongoing benefit postdiscontinuation could be due to a remodelling of the vasculature as a result of crizanlizumab
treatment, which could lead to a reduction in inflammation and potentially allow for the repair of
the endothelium. However, it is not known how long-lasting this effect would be.
In the base case analysis, it was assumed that the efficacy of crizanlizumab (in terms the
distribution of patients to the VOC health states and the absolute number of VOC experienced)
would be maintained for two additional cycles (i.e. 2 years) after the patient had discontinued
treatment with crizanlizumab. The efficacy of SoC was then applied in the third year following
discontinuation and for the remainder of the model time horizon. This was implemented in the
model via patients entering the two ‘Off treatment incident’ (Year 1 and Year 2) tunnel states (in
which crizanlizumab efficacy was applied), followed by the ‘Off treatment’ health state (in which
SoC was efficacy applied). In all other aspects (i.e. costs), the inputs associated with SoC were
applied in the cycles following discontinuation (i.e. in both ‘Off treatment incident’ tunnel states
and the ‘Off treatment’ health state). Scenario analyses were also conducted in which postdiscontinuation efficacy was only maintained for one year after discontinuation, and also in which
no post-discontinuation benefit of crizanlizumab was assumed (i.e. SoC efficacy was applied in
each of the ‘Off treatment incident’ tunnel states).

Mortality and complications
As described in Section B.3.2.2, the probability of death or acute SCD-related complications in
any given cycle of the model was assumed to be dependent on the number of VOC in that cycle
(<1 VOC, ≥1–<3 VOC or ≥3 VOC), as well as age and gender. The approach taken for modelling
these events is described below:


The baseline hazard of an event (death or first occurrence of each complication) was
estimated using time-to-event data from patients included in the HES database analysis
with an average annual VOC rate of <1. First, the cumulative frequency of VOC for each
patient was estimated from the index hospitalised VOC until the patient died or was
censored. This cumulative frequency was then divided by the number of years in the followup period to obtain the average annual VOC rate for each patient, from which patients
could be categorised as having an average annual VOC rate of <1 VOC, ≥1–<3 VOC or
≥3 VOC. The average annual rate of VOC was <1 VOC, ≥1–<3 VOC and ≥3 VOC for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx patients included in the HES database
analysis, respectively.



Survival analyses were conducted using parametric survival models (exponential, Weibull,
Gompertz, lognormal, loglogistic, and generalised gamma) to extrapolate the observed
data for the <1 VOC cohort across the entire model time horizon. Age and gender were
included as covariates in the survival models. The model selected for the base case
analysis was determined based on consideration of the following (where possible), as per
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the recommendations in NICE Decision Support Unit (DSU) Technical Support Document
(TSD) 14:99
o

Goodness-of-fit statistics (Akaike information criterion [AIC] and the Bayesian
information criteria [BIC])

o

Visual inspection of the curves against the observed survival data

o

Clinical plausibility of survival predicted by the models



To estimate the effect of the average annual VOC rate on the hazard of the event and
generate hazard ratios (HRs) for the ≥1–<3 VOC or ≥3 VOC groups versus the <1 VOC
group (baseline hazard), a Cox proportional hazards regression model, with adjustments
for age at baseline (centred at 16 years) and gender, was used



The hazard of an event for patients with an average annual VOC rate of ≥1–<3 or ≥3 was
then estimated by applying the HR for the corresponding VOC group (≥1–<3 or ≥3 VOC)
versus <1 VOC to the baseline hazard



The probability of an event occurring in each cycle of the cost-effectiveness model, based
on the number of VOC in that given cycle (<1 VOC, ≥1–<3 VOC, or ≥3 VOC), could
therefore be estimated, using the baseline hazard for the proportion of patients with <1
VOC and applying the corresponding HR for the proportion of patients with ≥1–<3 VOC
and ≥3 VOC

Mortality
Modelling baseline hazard for mortality
Parametric curve fit statistics and extrapolated curves for mortality are presented in Table 26 and
Figure 7.
In the base case analysis, the Gompertz model was chosen for the extrapolation of survival for
patients with an average annual VOC rate of <1, as this was associated with the best statistical
fit (in terms of AIC and BIC) of all the survival models explored. The use of the Gompertz
distribution also resulted in estimates of survival (for the entire cohort) that were consistent with
the reduced life-expectancy of SCD patients with recurrent VOC (versus the entire SCD
population; see Section B.3.10).55, 100 A scenario analysis has also been presented in which the
generalised gamma was used. The generalised gamma was amongst the distributions with
lowest AIC and BIC values (after the Gompertz) and also produced estimates of survival which
were not inconsistent with life-expectancy for patients with SCD. The use of other distributions to
extrapolate survival were not considered to produce plausible estimates of life-expectancy in
patients with SCD – for example, with the Weibull distribution a not inconsiderable proportion of
patients with an average annual rate of <1 VOC are still predicted to be alive after 60 years in the
model (i.e. life expectancy >95 years of age, given a starting age of 37.1 years) – and so were
not explored in scenario analyses.
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Figure 7: Extrapolated curves for overall survival (average annual rate of VOC <1)

The observed Kaplan-Meier overall survival data are represented by the black line.
Abbreviations: VOC: vaso-occlusive crises.

Table 26: Goodness-of-fit statistics for the extrapolation of overall survival (average
annual rate of VOC <1)
Survival model

AIC

BIC

Exponential

7841.7

7849.2

Weibull

7618.6

7633.5

Gompertz

7581.1

7596.0

Lognormal

7710.4

7725.3

Loglogistic

7624.1

7639.0

Generalised gamma

7615.4

7637.8

Abbreviations: AIC: Akaike’s information criterion; BIC: Bayesian information criterion; VOC: vaso-occlusive
crises.

VOC adjustment of OS
As described above, the probability of survival in any given cycle was adjusted according to the
VOC health state occupied in that cycle, with baseline survival given by the <1 VOC group. The
HRs for mortality (≥1–<3 VOC and ≥3 VOC versus <1 VOC) derived from the HES database
analysis and applied in the model are shown in Table 27. The analyses of OS from the HES
database analysis show that mortality is higher amongst patients with an average annual rate of
VOC of ≥3 when compared to those with a VOC rate of <1, which is consistent with the findings
from Platt et al. (1991).63
Table 27: HRs for mortality based on average annual rate of VOC
HR (SE) based on
average annual rate of
VOC
Mortality

<1 VOC

≥1–<3 VOC

≥3 VOC

Reference

xxxxxxxxx

xxxxxxxxx
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Abbreviations: HR: hazard ratio; SE: standard error; VOC: vaso-occlusive crisis.

General population mortality
To ensure that the probability of death in each cycle was never lower than that of the general
population, the model selected the maximum probability of death from either the VOC-adjusted
mortality estimates or age- and gender-matched mortality for the general population from UK life
tables.56
SCD-related complications
In addition to the effects of VOC on mortality, the HES database was also analysed to assess the
impact of VOC on the risk of complications related to SCD. The probability of complications
occurring the model, based on the average annual rate of VOC of patients included in the HES
database analysis, was estimated in the same way as mortality (as described above). Only acute
complications or those requiring acute management were included as part of the analysis, as
these were considered to be best captured by the information available from HES. Patients
experiencing complications were identified in the HES database by examining the ICD-10 codes
that accompanied any one of the ICD-10 codes used to identify SCD patients for the analysis.
The list of complications included from the HES database and the use of ICD-10 codes to identify
relevant diagnoses for complications were validated as part of discussions with clinical experts.
Those complications included in the model (and the ICD-10 codes used to identify them in the
HES database) are presented in Table 28. In the model, priapism was only modelled as a
possible complication for the proportion of patients in each cohort who were male.
Table 28: Acute SCD-related complications identified in the HES database analysis and
included in the cost-effectiveness model
Complication

Prevalence
(%)

ICD-10 codes

ACS

27%

J18 – Pneumonia, organism unspecified
J22 – Unspecified acute lower respiratory infection
J12 – Viral pneumonia, not elsewhere classified
J13 – Pneumonia due to Streptococcus pneumoniae
J14 – Pneumonia due to Haemophilus influenzae
J15 – Bacterial pneumonia, not elsewhere classified
J16 – Pneumonia due to other infectious organisms, not
elsewhere classified
J17 – Pneumonia in diseases classified elsewhere

Gallstones

10%

K80 – Cholelithiasis
K81 – Cholecystitis
K82 – Other disease of the gallbladder
K83 – Other diseases of the biliary tract

Sepsis

7%

A41 – Other sepsis

Pulmonary
hypertension

4%

I27.0 – Primary pulmonary hypertension
I27.2 – Other secondary pulmonary hypertension

Cardiac

4%

I46.9 – Cardiac arrest, unspecified
I47 – Paroxysmal tachycardia
I48.9 – Atrial fibrillation and atrial flutter, unspecified
I49.0 – Ventricular fibrillation and flutter
I49.1 – Atrial premature depolarisation

Company evidence submission template for ID1406
© Novartis Pharmaceuticals Ltd. (2020). All rights reserved

Page 87 of 140

Complication

Prevalence
(%)

ICD-10 codes
I49.3 – Ventricular premature depolarisation
I49.3 – Other and unspecified premature depolarisation
I49.5 – Sick sinus syndrome
I49.8 – Other specified cardiac arrhythmias
I49.9 – Cardiac arrhythmia, unspecified

Cellulitis

4%

K12.2 – Cellulitis and abscess of mouth
L03 – Cellulitis
H05.0 – Acute inflammation of orbit

Leg ulcer

4%

L97 – Ulcer of lower limb, not elsewhere classified

Osteomyelitis

2%

M86 – Osteomyelitis

Priapism
(males only)

1%

N48.3 – Priapism

Abbreviations: ACS: acute chest syndrome; ICD-10: international classification of diseases 10th revision.

Modelling baseline hazard for complications
Parametric curve fit statistics and extrapolated curves for each of the SCD-related complications
which were included in the model are presented in the following pages. For certain complications
(gallstones, pulmonary hypertension, cardiac, leg ulcer, osteomyelitis and priapism), the
generalised gamma distribution failed to converge and so was not a viable option for the
extrapolation of these complications.
For each of the SCD-related complication events, the parametric curves used in the base case
analysis are shown in Table 29. In each case, the curve type with the best statistical fit (i.e.
lowest AIC or BIC) was selected for the base case analysis, as long as it also produced a
reasonable visual fit to the observed data. If the survival model with the lowest AIC was different
to the survival model with the lowest BIC, the survival model with the lowest BIC was chosen for
the base case analysis. For ACS, which is the complication expected to have the greatest impact
on cost-effectiveness results due to the higher prevalence of this complication compared to all
others, the use of the Gompertz distribution (which was associated with the second best
statistical fit after the exponential distribution, but which produces a very different long-term
extrapolation) was also explored as part of a scenario analysis. Alternative curves for other
complications were not explored given the relatively minimal impact that these complications had
on the cost-effectiveness results (see results of sensitivity analyses in Section B.3.8.2).
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Table 29: Parametric curves selected for the base case analysis for SCD-related
complications
SCD-related complication

Parametric curve selected for the base case analysis

ACS

Exponential

Gallstones

Exponential

Sepsis
Pulmonary hypertension

Gompertz
Exponential

Cardiac

Gompertz

Cellulitis

Exponential

Leg ulcer

Exponential

Osteomyelitis

Exponential

Priapism (males only)

Exponential

Abbreviations: ACS: acute chest syndrome; SCD: sickle cell disease.
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Table 30: Extrapolated curves and goodness-of-fit statistics for SCD-related complications (average annual rate of VOC <1)
Extrapolated curves

Survival Model

AIC

BIC

Exponential

17826.41

17833.87

Weibull

17827.68

17842.59

Gompertz

17827.1

17842.01

Lognormal

17912.85

17927.75

Loglogistic

17833.89

17848.8

Generalised
gamma

17829.34

17851.7

ACS
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Extrapolated curves

Survival Model

AIC

BIC

Gallstones
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Exponential

8894.80

8902.25

Weibull

8896.46

8911.36

Gompertz

8896.22

8911.12

Lognormal

8906.05

8920.95

Loglogistic

8896.20

8911.10

Extrapolated curves

Survival Model

AIC

BIC

Sepsis
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Exponential

7766.55

7774.00

Weibull

7736.24

7751.15

Gompertz

7708.52

7723.43

Lognormal

7795.38

7810.29

Loglogistic

7740.79

7755.70

Generalised
gamma

7766.55

7774.00

Extrapolated curves

Survival Model

AIC

BIC

Pulmonary hypertension
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Exponential

4171.72

4179.17

Weibull

4171.09

4186.00

Gompertz

4173.50

4188.41

Lognormal

4178.05

4192.96

Loglogistic

4171.41

4186.32

Extrapolated curves
Cardiac

Survival Model
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AIC

BIC

Exponential

4817.93

4825.39

Weibull

4737.93

4752.84

Gompertz

4681.01

4695.92

Lognormal

4797.25

4812.15

Loglogistic

4740.83

4755.73

Extrapolated curves

Survival Model

AIC

BIC

Cellulitis
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Exponential

3793.91

3801.37

Weibull

3789.13

3804.04

Gompertz

3791.45

3806.35

Lognormal

3794.12

3809.02

Loglogistic

3789.06

3803.97

Generalised
gamma

3791.21

3813.57

Extrapolated curves

Survival Model

AIC

BIC

Leg Ulcer
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Exponential

3961.40

3968.85

Weibull

3963.19

3978.10

Gompertz

3963.39

3978.29

Lognormal

3968.66

3983.57

Loglogistic

3963.29

3978.20

Extrapolated curves

Survival Model

AIC

BIC

Osteomyelitis

Company evidence submission template for ID1406
© Novartis Pharmaceuticals Ltd. (2020). All rights reserved

Page 97 of 140

Exponential

1895.38

1902.83

Weibull

1896.31

1911.21

Gompertz

1896.15

1911.06

Lognormal

1896.00

1910.91

Loglogistic

1896.29

1911.19

Extrapolated curves

Survival Model

AIC

BIC

Priapism

Exponential

1099.69

1106.11

Weibull

1100.74

1113.59

Gompertz

1101.30

1114.15

Lognormal

1101.17

1114.02

Loglogistic

1100.76

1113.61

If the survival model with the lowest AIC was different to the survival model with the lowest BIC, the survival model with the lowest BIC was chosen for the base case analysis.
Abbreviations: ACS: acute chest syndrome; AIC: Akaike’s information criterion; BIC: Bayesian information criterion; KM: Kaplan-Meier.
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VOC adjustment for complications
As described above, the probability of a complication occurring in any given cycle was adjusted
according to the number of VOC experienced in that cycle, with baseline survival given by the <1
VOC group. The HRs for each complication (≥1–<3 VOC and ≥3 VOC versus <1 VOC) derived
from the HES database analysis and applied in the model are shown in Table 31. The resultant
HRs from these analyses suggest that the risk (or hazard) of each complication is increased for
patients with an average annual rate of VOC of ≥1–<3 or ≥3 VOC, when compared to those in
the <1 VOC group. The risk of an event increases with VOC burden in a logical ordinal fashion
for all complications, although the effect of the annual VOC rate on the risk of an event is greater
for certain complications (e.g. ACS and priapism) compared to others (e.g. sepsis).
Table 31: HRs for SCD-related complications based on average annual rate of VOC
HR (SE) based average
annual rate of VOC

<1 VOC

≥1–<3 VOC

≥3 VOC

ACS

Reference

xxxxxxxxxxx

xxxxxxxxxxxx

Gallstones

Reference

xxxxxxxxxxx

xxxxxxxxxxx

Sepsis

Reference

xxxxxxxxxxx

xxxxxxxxxxx

Pulmonary hypertension

Reference

xxxxxxxxxxx

xxxxxxxxxxxx

Cardiac

Reference

xxxxxxxxxxx

xxxxxxxxxxx

Cellulitis

Reference

xxxxxxxxxxx

xxxxxxxxxxx

Leg ulcer

Reference

xxxxxxxxxxx

xxxxxxxxxxx

Osteomyelitis

Reference

xxxxxxxxxxx

xxxxxxxxxxxx

Priapism

Reference

xxxxxxxxxxx

xxxxxxxxxxxx

Abbreviations: ACS: acute chest syndrome; HR: hazard ratio; SCD: sickle cell disease; SE: standard error; VOC:
vaso-occlusive crisis.

Measurement and valuation of health effects
Health-related quality-of-life data from clinical trials
The SUSTAIN trial collected HRQoL data using the SF-36v2 and BPI, at various points during
the study (at each treatment visit, and again at Week 52 and the follow-up evaluation on Week
58). For both SF-36v2 and BPI, xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx were observed in
either outcome between the high and low dose crizanlizumab arms compared with placebo, at
any assessment (see Section B.2.6).11, 12
It is expected that the greatest impact on HRQoL would occur during a pain crisis. HRQoL
measurements were taken at predetermined points in SUSTAIN, which may or may not have
corresponded to the occurrence of a VOC. It is therefore possible that the HRQoL measured in
SUSTAIN missed or did not fully capture the expected impact of VOC on patient HRQoL and
assessments of pain. Therefore, the HRQoL captured in SUSTAIN is more representative of the
HRQoL of SCD patients between VOC events than the HRQoL experienced during a VOC
(xxxxx of SF-36 questionnaires completed in the SUSTAIN trial were administered outside of a 7day recall period that included a VOC).82 In addition, the 52-week duration of SUSTAIN was likely
too short to demonstrate an overall change in HRQoL related to SCD-related complications and
long-term organ damage.
Due to the limitations of the SUSTAIN trial (with regards to the collection of HRQoL data), the
utility values used in the cost-effectiveness model were derived from published studies identified
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via the SLR for studies reporting utility values (see Section B.3.4.3), and not from the SUSTAIN
trial. Specifically, decrements in utility associated with individual VOC events were derived from
Anie et al. (2012) which was a UK hospital-based longitudinal study of 510 SCD patients, in
which health utility was measured and the EQ-5D assessed at hospital admission, discharge and
1-week follow-up.58 Additionally, baseline SCD utility values stratified by the average annual rate
of VOC (<1 VOC, ≥1–<3 VOC, or ≥3 VOC) were derived from an unpublished analysis of the
LEGACY registry (a related analysis was published by Besser et al. [2019]), which reported SF36 data that were mapped to EQ-5D-3L, as described in Section B.3.4.2.37

Mapping
In the LEGACY registry study, adult SCD patients (N=181) were assessed at baseline and every
six months onwards for a maximum of three years. Assessments included the number of VOC
experienced and the collection of HRQoL data using the SF-36.
For each patient, the annualised rate of VOC was calculated from the first visit to each visit with
an SF-36 assessment, with each administration of SF-36 then grouped accordingly into one of
the three VOC categories (<1 VOC, ≥1–<3 VOC, or ≥3 VOC). Using the random effects
generalised least squares (GLS) mapping algorithm published by Rowen et al. (2009), who
developed the mapping algorithm using data collected from hospital patients in the UK, the SF36 scores, stratified according to annualised VOC rate, were then mapped to the 3-level version
of EQ-5D.101 The mean EQ-5D scores derived from the mapping exercise are presented in
Figure 8. These values were used in the base case analysis for each of the three VOC health
states. These values were treated as the baseline utility value in each cycle to which decrements
in utility related to individual VOC events and complications were applied (see Section B.3.4.4).
The same VOC health state utility values were applied in both treatment cohorts.
As shown in Figure 8, patients with an annualised VOC rate of ≥3 had mapped EQ-5D scores
that were significantly lower (xxxxxxxxxxxxxx) than those patients with an annualised VOC rate
of <1, thus supporting the inclusion of different baseline SCD utility values for patients in the
model which are dependent on the burden of VOC experienced in a given year. HRQoL data in
LEGACY were collected at specific time intervals (every six months) and not on the occurrence
of specific events. LEGACY is therefore considered to provide a broader picture of patient
HRQoL that would include the impact of recurrent VOC on chronic pain and other chronic
complications (which are not otherwise explicitly included in the model). It is therefore expected
that the loss in utility for patients experiencing multiple VOC per year would not be accounted for
fully by the HRQoL impact of acute pain crises and complications alone. The use of different
VOC health state utility values, in addition to utility decrements for individual VOC events and
acute complications (see Section B.3.4.3 and B.3.4.4), is therefore considered appropriate.
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Figure 8: EQ-5D scores mapped from SF-36 for patients with annualised VOC rate of <1,
≥1–<3, or ≥3

*xxxxxxxxxxxxxxx compared to <1 VOC. Error bars represent standard error.
Abbreviations: EQ-5D: EuroQoL five-dimension questionnaire; SF-36: Short-Form 36 questionnaire; VOC: vasoocclusive crises.

Health-related quality-of-life studies
Due to the limitations of the SUSTAIN trial HRQoL data for modelling the impact of individual
crises and the burden of VOC on HRQoL, the utility values used in the cost-effectiveness model
were based on the values from the published literature, which were identified via an SLR for
studies reporting utility values. Details of the SLR are presented in Appendix F. In total, only
three studies were identified in the SLR that reported relevant utility data.37, 58, 102 Of these, two
studies were used to inform HRQoL inputs in the cost-effectiveness model, Besser et al. (2019)
(LEGACY registry study) and Anie et al. (2012).37, 58
The LEGACY registry study
The LEGACY registry study was a 3-year, prospective, non-interventional multicentre registry in
498 SCD patients, which was sponsored by Novartis.37 The study was conducted from 13th
January 2010 to 30th September 2014, and enrolled patients from 54 centres in the USA. The
primary objective was to document clinical outcomes in SCD patients, under current treatment
practices. One of the outcomes assessed in this study was HRQoL of SCD patients (measured
using SF-36 collected every six months).
In the analyses published by Besser et al. (2019), SF-36 data collected from adult patients during
the study were first stratified by the number of VOC experienced by patients in the previous 12
months (from the time of each SF-36 administration), and were then mapped to EQ-5D.37
Further, unpublished analyses of the LEGACY registry have been conducted to determine utility
values according to annualised rate of VOC for each SF-36 administration. The HRQoL results
from the unpublished analyses of the LEGACY registry study and the utility values used in the
model that were derived from these are described in Section B.3.4.2.
Anie et al. (2012)58
Anie et al. (2012) was a UK hospital-based longitudinal study with 510 SCD patients, which
collected self-assessments of pain, mood and HRQoL (measured using the EQ-5D) at three time
points: on admission, before discharge and at 1-week post-discharge. Health utilities for each
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time point were also derived using the EQ-5D data collected in the study and UK value sets. The
utility values at admission, discharge, and 1-week follow-up were 0.39 (SD: 0.40), 0.65 (SD:
0.29) and 0.75 (SD: 0.26), respectively, and the study concluded that increases in SCD-related
pain were associated with reductions in utility. The study also concluded that patients were not
pain-free, even at discharge or after one week of follow up.
Anie et al. (2012) specifically provides relevant HRQoL data for SCD patients during
hospitalisation for VOC and therefore addresses a key limitation of the HRQoL data collected in
SUSTAIN. In using EQ-5D data collected from UK patients, the utility values are also highly
relevant for this appraisal and these values were also used in the health economic model
conducted as part of the NICE CG143 clinical guidelines (Appendix F).66
Based on the results from Anie et al. (2012) a decrement in utility per VOC was applied in the
model which included both the loss of utility during the VOC and during the 1-week following
discharge from hospital. In the base case analysis, it was assumed that the duration of VOC in
hospital would be 3 days, based on the average length of inpatient stay for uncomplicated pain
crises reported in Anie et al. (2012). Following feedback from clinicians, it was also assumed that
the disutility associated with VOC should also be applied for a period of time prior to hospital
admission (2 days) to reflect the fact that patients would be experience pain related to the crises
prior to seeking medical support at hospital.45


The disutility value for the time during a VOC (both prior to and during hospitalisation) was
based on the difference in utility reported in Anie et al. (2012) for T3 (1-week follow-up post
discharge) and T1 (admission) (0.75 – 0.39 = 0.36)



The disutility value for the time post-VOC hospitalisation was based on the difference in
utility for T3 (1-week follow-up post discharge) and T2 (discharge) (0.75 – 0.65 = 0.10)

In the model, decrements in utility were applied per VOC event in each cycle (i.e. based on the
absolute number of VOC), and the disutility values used were adjusted for the duration of the
VOC. Based on the disutility values and durations described above for the ‘during VOC’ and
‘post-hospitalisation’ periods, the per cycle disutility for each individual VOC included in the
model was 0.007. The model inputs for deriving the decrement in utility per VOC event are
presented in Table 32.
The SLR also identified a study by Thom et al. (2019) in which patients with SCD were asked to
complete the EQ-5D questionnaire twice: ‘once in reference to their health status when they were
not experiencing a VOC and once in reference to their health status when experiencing a
VOC’.102 The study included patients recruited in the USA and so the utility values from Thom et
al. (2019) are not considered to be as relevant as the UK-specific data from Anie et al. (2012)
(the study was also highly susceptible to recall bias). However, the utility values derived by Thom
et al. (2019) for the ‘during VOC’ (0.311) and ‘not during VOC’ (0.775 and 0.713, depending on
the VOC history of patients) were generally similar to those from Anie et al. (2012) that were
used in the model.
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Table 32: VOC utility decrements for the base case analysis
Model input

Value

Source

A: Days of pain prior to
hospitalisation (per VOC)

2 days

Clinical expert opinion

B: Days of hospitalisation
per VOC

3 days

Based on the average length of stay for
inpatient hospital admissions for
uncomplicated VOC from Anie et al. (2012)58

C: Days post-hospitalisation
per VOC

7 days

Based on 1-week follow-up post discharge
from Anie et al. (2012)58

Duration of VOC

Utility decrements
D: Utility decrement during
VOC

0.36

Calculated as the difference in the utility after
a VOC (utility at 1-week follow up postdischarge) and utility at hospitalisation from
Anie et al. (2012)58
(0.75 – 0.39)

E: Utility decrement for postVOC hospitalisation period

0.10

Calculated as the difference in the utility after
a VOC (utility at 1-week follow up postdischarge) and utility at discharge from Anie et
al. (2012)58
(0.75 – 0.65)

Utility decrement per event
applied per cycle in the
model

0.007

Calculated as D/365.25×(A+B) + E/365.25×C

Abbreviations: VOC: vaso-occlusive crises.

As in NICE CG143 (Appendix F), the additive approach to applying multiple decrements in utility
(for both VOC events and acute complications) was taken for the base case analysis so as not to
underestimate the substantial changes in HRQoL that could be experienced by patients at the
time of hospitalisation for VOC and acute complications.66

Adverse reactions
Decrements in utility for adverse events associated with treatment with crizanlizumab or SoC
were not included in the model. In the SUSTAIN trial, the incidence of serious adverse events
was similar between the high-dose crizanlizumab and placebo treatment arms. The serious
adverse events that occurred in two or more patients in either of the active treatment arms at a
higher rate than the placebo arm were pyrexia (2% of high-dose crizanlizumab patients) and
influenza (3% of low-dose crizanlizumab patients) (see Section B.2.10). As such the inclusion of
adverse events, based on safety data from SUSTAIN, was not expected to have a major impact
on the results of the cost-effectiveness analysis and so were not included in the model.
Complication event disutilities
To reflect the impact of SCD-related complications on HRQoL, decrements in utility were applied
for those acute complications included in the model (ACS, gallstones, sepsis, pulmonary
hypertension, cardiac, cellulitis, leg ulcer, osteomyelitis, and priapism [males only]). The disutility
associated with individual complications of SCD were not identified as part of the SLR for utility
studies or published economic evaluations. Therefore, the inputs used in the model were based
on values and assumptions identified through targeted literature searches and those that have
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been used previously as part of NICE appraisals and guidelines, with proxy conditions used in
absence of utility values for the specific complication of interest.
The disutility for an ACS event, which is the most prevalent complication included in the model,
and which is the complication expected to have the greatest impact on cost-effectiveness results,
is reported in the health economic analysis conducted as part of the NICE clinical guideline
CG143 (Appendix F).66 This health economic report noted that there were no published SCDspecific utility decrements for ACS, and a proxy was therefore used. The ACS disutility proxy was
calculated to be 0.56 by deducting the reported utility value for asthma exacerbation requiring
hospitalisation (0.33) from the utility for chronic asthma (0.89), as reported in Lloyd et al.
(2007).103
Details of the utility decrements for all other complications are shown in Table 33. As with
individual VOC events, ‘per event’ decrements in utility were applied in each cycle. As the acute
complications are by definition short-term events, the disutility value for each event was applied
in the model using the assumption that patients would experience a loss of utility for one month
before returning to baseline utility levels (in the model the disutility values presented below were
adjusted by 1/12 to derive a ‘per cycle’ input for each event). As with the disutility associated with
VOC and baseline SCD utility, it was assumed that there were no treatment-specific differences
in disutility values used for complications.
Table 33: Complication utility decrements (for the base case analysis) and multipliers (for
a scenario analysis)
Complication

ACS

Gallstones

Sepsis

Pulmonary
hypertension

Cardiac

Decrementa

Source

0.56

The disutility value used for ACS was taken from Lloyd et al.
(2007)103 which is consistent with NICE CG143.66
Disutility is calculated as the difference in utility value between
patients with chronic asthma (0.89) and patients with
exacerbation requiring hospitalisation (0.33).

0.12

The disutility value for gallstones was taken from NICE
CG188.104
Disutility is calculated as the difference between the utility of
patients at 6-weeks post recovery from surgery for gallstones
(0.849) and patients hospitalised with gallstones (0.729).

0.16

The disutility value for sepsis was taken from Drabisnski et al.
(2001).105
Disutility is difference between the utility of sepsis survivors at
day 180 (0.69) and sepsis survivors at day 30 (0.53). This value
is likely to underestimate the loss of utility associated with the
acute sepsis event (which would involve time in intensive care).

0.21

The disutility value for pulmonary hypertension was taken from
Keough et al. (2007).106
Disutility is the difference in utility of patients in functional class I
(0.73) and functional class IV (0.52); assuming patients would
have more severe pulmonary hypertension if admitted to hospital
for acute event, as used in NICE ID12.

0.07

The disutility value for cardiac was taken from Evans et al.
(2019), assuming the majority of events would be for cardiac
arrhythmia.107
Disutility is the difference in utility of patients with cardiac
arrhythmia undergoing ablation therapy 1-year after procedure
(0.84) and before procedure (0.77). This value is likely to
underestimate the loss of utility associated with all cardiac
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events, which may include cardiac arrest (which would involve
time in intensive care).

Cellulitis

Leg ulcer

Osteomyelitis

Priapism
(males only)

0.29

The disutility value for patients with cellulitis was taken from
Mason et al. (2014).108
Disutility is the difference in utility value at baseline visits
between patients with no infection (0.733) and patients with
infection (0.436).

0.11

The disutility value for patients with leg ulcer was taken from
Michaels et al. (2009).109
Disutility is the difference between patients after 12 months of
treatment with silver-donating antimicrobial dressings for venous
leg ulcers (at which point the majority of patients had healed
venous leg ulcer) (0.7526) and at patients with venous leg ulcers
at baseline (0.6446).

0.46

The disutility value for patients with osteomyelitis is taken from
Hotchen et al. (2019).110
Disutility is the difference in utility value for patients with longbone osteomyelitis undergoing surgery at baseline 1-year after
procedure (0.740) and before surgery (0.284).

0

Assumption: an appropriate disutility value could not be identified
for priapism and so no disutility value was applied in the model.
As priapism is only expected to last a few hours, the per cycle
disutility value would be close to zero and so the assumption of
zero disutility is not expected to have a major impact on the costeffectiveness results.

a

It was assumed that the change in utility for each event would be applied for one month of the model cycle in
which the event occurred. The values presented here have not been adjusted.
Abbreviations: ACS: acute chest syndrome; NICE: National Institute for Health and Care Excellence; SCD:
sickle cell disease.

Health-related quality-of-life data used in the cost-effectiveness
analysis
The utility values used in the base case analysis are presented in Table 34.
In the base case analysis, the health state utility values (i.e. for <1 VOC, ≥1–<3 VOC, and ≥3
VOC) were also age-adjusted, using the methods described by Brazier et al. (2019).111
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Table 34: Summary of utility values for cost-effectiveness analysis
Health state/event

Utility input

Standard error

Baseline SCD (<1 VOC)

xxxxx

0.0248

B.3.4.2

Baseline SCD (≥1–<3
VOC)

xxxxx

0.0232

B.3.4.2

Baseline SCD (≥3 VOC)

xxxxx

0.0217

B.3.4.2

VOC

ACS

Gallstones

0.007 disutility per
cycle per event

0.047 disutility per
cycle per event

0.010 disutility per
cycle per event

Not available

Not available

Not available

Reference in
submission

Justification
SF-36 data collected from adult patients with SCD in the
LEGACY registry were analysed according to the
annualised rate of VOC up to each assessment visit.
SF-36 data stratified into VOC categories (<1 VOC, ≥1–
<3 VOC, and ≥3 VOC) were mapped to EQ-5D using
the algorithm published by Rowen et al. (2009) to derive
health state utility values.101

B.3.4.4

Based on utility values from Anie et al. (2012) which
reported EQ-5D data from UK patients at the time of
hospital admission for VOC, at discharge and 1-week
post-discharge.58 Per cycle disutility values captured
loss of utility before hospitalisation, during
hospitalisation and in the week post-discharge and were
adjusted for the duration of VOC.

B.3.4.4

Based on the disutility value used in NICE CG143 which
was taken from Lloyd et al. (2006), using asthma
exacerbation as a proxy for ACS.66, 103 It was assumed
that an ACS event would occur over a 1-month period.
Therefore, the disutility per event of 0.56 was divided by
12 to obtain a per cycle per event disutility of 0.047

B.3.4.4

Based on the disutility value for gallstones used in NICE
CG188.104 It was assumed that a gallstones event
would occur over a 1-month period. Therefore, the
disutility per event of 0.12 was divided by 12 to obtain a
per cycle per event disutility of 0.010.

Sepsis

0.013 disutility per
cycle per event

Not available

B.3.4.4

Based on the value from Drabisnski et al. (2001).105 It
was assumed that a sepsis event would occur over a 1month period. Therefore, the disutility of 0.160 was
divided by 12 to obtain a per cycle per event disutility of
0.013.

Pulmonary hypertension

0.018 disutility per
cycle per event

Not available

B.3.4.4

Based on the value from Keough et al. (2007).106 It was
assumed that a pulmonary hypertension event would
occur over a 1-month period. Therefore, the disutility of
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0.210 was divided by 12 to obtain a per cycle per event
disutility of 0.018.
Cardiac

Cellulitis

Leg ulcer

Osteomyelitis

Priapism (males only)

0.006 disutility per
cycle per event

0.025 disutility per
cycle per event

0.009 disutility per
cycle per event

0.038 disutility per
cycle per event

0

Not available

Not available

Not available

Not available

Not available

B.3.4.4

Based on the value from Evans et al. (2019).107 It was
assumed that a cardiac event would occur over a 1month period. Therefore, the disutility of 0.070 was
divided by 12 to obtain a per cycle per event disutility of
0.006.

B.3.4.4

Based on the value from Mason et al. 2014.108 It was
assumed that a cellulitis event would occur over a 1month period. Therefore, the disutility of 0.29 was
divided by 12 to obtain a per cycle per event disutility of
0.025.

B.3.4.4

Based on the value from Michaels et al. (2009).109 It
was assumed that a leg ulcer event would occur over a
1-month period. Therefore, the disutility of 0.108 was
divided by 12 to obtain a per cycle per event disutility of
0.009.

B.3.4.4

Based on the value from Hotchen et al. (2019).110 It was
assumed that a leg ulcer event would occur over a 1month period. Therefore, the disutility of 0.456 was
divided by 12 to obtain a per cycle per event disutility of
0.038.

B.3.4.4

Assumption: an appropriate disutility value could not be
identified for priapism and so no disutility value was
applied in the model. As priapism is only expected to
last a few hours, the per cycle disutility value would be
close to zero and so the assumption of zero disutility is
not expected to have a major impact on the costeffectiveness results.

Abbreviations: ACS: acute chest syndrome; EQ-5D: EuroQoL five-dimension questionnaire; HRQoL: Health-related quality of life; SCD: sickle cell disease; SF-36: 36-item
Short Form survey; VOC: vaso-occlusive crises.
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Cost and healthcare resource use identification, measurement and valuation
Costs included in the model
The analysis was conducted from the NHS and PSS perspective and therefore included only costs that would be incurred by the NHS and PSS.
Appropriate sources of unit costs, such as NHS reference costs 2018–19, NHS Blood and Transplant price list 2019–20, and electronic Marketing
Information Tool (eMIT) 2020, were used for cost inputs in the model.
Specifically, the following cost types were included in the model: drug acquisition and administration costs for interventions and comparators (including
blood transfusions), costs associated with monitoring, and costs associated with the management of VOC and acute complications. In line with the
definition of VOC used in SUSTAIN and the use of HES to identify complications associated with SCD, the cost of events have been derived
assuming that patients would receive hospital care, and so the NHS reference cost schedule has primarily been used as a source of inputs for these
events.
Costs and resource use data were also identified via an SLR, details of which are presented in Appendix G. In total, 14 CRU studies were identified in
the SLR, of which 8 reported data specifically for the UK. In a number of these studies, the main outcome reported that would be of relevance to the
model is related to the frequency of hospital admissions for SCD patients. Given the use of data from SUSTAIN and the HES database to specifically
model the number of VOC and acute complication events requiring hospitalisation, the studies identified by the SLR were not used to derive inputs for
the model.

Intervention and comparators’ costs and resource use
Treatment costs
An overview of relevant acquisition costs for treatment with crizanlizumab and supportive care (i.e. HC/HU and blood transfusion) is presented in
Table 35.
The acquisition costs of crizanlizumab (5 mg/kg) and HC/HU (15 mg/kg), both of which are dosed according to body weight, were calculated using an
average patient body weight of 58.69 kg (see Section B.3.3.1). For crizanlizumab, the total drug acquisition cost per cycle was adjusted to account for
compliance (via relative dose intensity [RDI] of xxxxx), based on data from the SUSTAIN trial.11 For HC/HU, 100.0% compliance was assumed.
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The recommended dose of crizanlizumab is 5 mg/kg administered over a period of 30 minutes by intravenous infusion at Week 0, Week 2, and every
four weeks thereafter (resulting in 14 administration in Year 1 and 13 administrations for the following years). As there is only one vial size available
for crizanlizumab (100 mg per vial), drug wastage is assumed for each administration (i.e. the number of vials per administration was rounded up to
the nearest whole number of vials). With crizanlizumab being expected to be administered in a hospital-based setting, the compounding of services
and potential vial sharing is a possible scenario in clinical practice. A scenario was also conducted in which vial sharing was assumed to occur.
For HC/HU it was assumed that patients would already be receiving a stable dose of HC/HU on entry into the model. The recommended maintenance
dose of HC/HU for patients with SCD varies between licensed products (15–30 mg/kg and 20–25 mg/kg), and so for the purpose of the costeffectiveness model it was assumed that patients treated with HC/HU would receive the lowest recommended maintenance dose of 15 mg/kg.69, 70
As described in Section B.3.2.3, adult patients with SCD receiving chronic blood transfusions for the prevention of VOC are expected to mainly
receive automated exchange transfusions. According to clinical expert opinion, patients would be expected to receive a transfusion approximately
once every six weeks (resulting in a calculated 8.7 transfusions per cycle), with one transfusion consisting of between 8–12 units of blood.45 For the
purposes of the cost-effectiveness analysis, it was assumed that all patients would receive 10 units of blood per automated exchange transfusion. The
cost per transfusion (£2,548.84) was based on the of cost per unit of blood for red cell exchange, as reported in the NHS Blood and Transplant price
list 2019–20, assuming wastage equivalent of 1.5% the cost per unit of blood (as per the NICE NG24 costing statement), and other costs related to
transfusions (i.e. staff time and disposables), as reported in the NICE NG24 costing statement for blood transfusions: Appendix 1 (costs inflated from
2015/16 to 2018/19 using the NHSCII Pay and Prices inflation index).112-114 As patients were assumed to all receive automated exchange transfusion,
it was assumed that iron chelation therapy would not be required and so the cost of this was not included in the model.
Table 35: Treatment acquisition costs included in the base case analysis
Treatment

Recommended
dosing/administration
schedule

Crizanlizumab
(Year 1)

5 mg/kg at Week 0, Week
2 and every four weeks
thereafter (i.e. 14
administrations in Year 1)a

Crizanlizumab
(Year 2+)

5 mg/kg every four weeks
(i.e. 13 administrations in
Year 2 and following
years)a

Dose per
administration
(mg)b

293.40

Unit
size

100 mg
per vial

Unit cost

Cost per
administrationc

xxxxxxxxx per
vial (list price)

xxxxxxxxxx
(list price)

xxxxxxx per
vial (with PAS)

xxxxxxxxx
(with PAS)

xxxxx
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Sources

Crizanlizumab draft
SmPC [posology];10
Novartis data on file:
SUSTAIN CSR
[compliance]12

HC/HU

Blood
transfusions

15 mg/kg per day
(i.e. 365.25
administrations per year)

One automated exchange
transfusion every six
weeks
(i.e. 8.7 administrations
per year)

880.3

10 units

500 mg
per
capsule
(pack of
100)

£0.10 per
capsule
(£9.56 per
pack)

n/a

£49.10 and
£40.51 cost of
staff time and
disposables for
first and
subsequent
units of blood
£210.36 per
unit of blood
(£213.52 with
wastage)

a The

£0.19

£2,548.84

100.0%

Xromi® and Siklos®
SmPCs69, 70 [posology];
eMIT115 [unit cost];
Assumption [compliance]

n/a

Expert opinion
[frequency of
transfusion]; NHS Blood
and Transplant price list
(2019–20)112 [unit cost
for blood]; NICE NG24:
costing statement
Appendix 1 (inflated to
2018/19 using the
NHSCII Pay and Prices
inflation index)113, 114
[cost of staff time and
disposables]

number of administrations per year in the model was calculated as (365.25/28 + 1) for Year 1 and (365.25/28) for Year 2 and following years.
dose per administration for crizanlizumab and HC/HU was calculated based on an assumed average body weight of 58.69 kg
c It is assumed that unused drug is discarded for each administration, rounded-up whole units are therefore used for the cost calculation (e.g. 3 vials per administration of
crizanlizumab and 2 capsules per administration of HC/HU)
Abbreviations: CSR: clinical study report; HC/HU: hydroxycarbamide/hydroxyurea; NHS: National Health Service; NICE: National Institute for Health and Care Excellence; RDI:
relative dose intensity; SmPC: Summary of Product Characteristics.

b The
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The total annual (per cycle) treatment acquisition costs, based on the recommended dosing
schedules, cost per administration and compliance for each treatment (as outlined in
Table 35) are presented in Table 36.
Table 36: Treatment acquisition costs per model cycle
Treatment

Cost per model cyclea

Source

Crizanlizumab (cycle 1)

xxxxxxxxxx (list price)
xxxxxxxxxx (with PAS)

Calculated

Crizanlizumab (cycle 2+)

xxxxxxxxxx (list price)
xxxxxxxxxx (with PAS)

Calculated

£69.84

Calculated

£22,165.51

Calculated

HC/HU
Blood transfusions
a

The cost per model cycle is calculated as the number of administrations per cycle (adjusted for compliance)
multiplied by the cost per administration.
Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea.

Administration costs
Administration costs associated with the treatment with crizanlizumab (per administration and per
year, including adjustments for compliance) are presented in Table 37. It is expected that
crizanlizumab would be administered in the hospital setting. For the cost of administration, it was
assumed that specialised nurse time would be required for up to 1 hour and 30 minutes (30
minutes for intravenous infusion of crizanlizumab, plus time to prepare the patient and monitor
them after treatment). The cost per administration was calculated to be £169.50 based on a unit
cost of £113.00 per hour of patient contact for a Band 6 hospital-based nurse, as reported in the
PSSRU Unit Costs of Health and Social Care 2019.114 A similar approach to the cost of treatment
administered via intravenous infusion was taken in TA397.116 Administration costs were only
applied for crizanlizumab as it is administered via intravenous infusion, with HC/HU being
available as a capsule formulation and the administration of blood transfusions already being
covered by the costs already applied.
Table 37: Administration costs for crizanlizumab
Treatment

Crizanlizumab

Cost per
administration
£169.50

Source
Assumed 1 hour and 30 minutes of Band 6 hospitalbased nurse time per administration.
Unit cost (£113.00) as reported in the PSSRU Unit Costs
of Health and Social Care 2019.114

Abbreviations: PSSRU: Personal Social Services Research Unit.

Monitoring costs
An overview of monitoring-related costs included in the base case analysis is presented in Table
38. No additional monitoring is required for the treatment with crizanlizumab and so only costs
associated with monitoring recommended for HC/HU were applied. Monitoring requirements for
ongoing HC/HU use were based on recommendations from the Specialist Pharmacy Service
(SPS) and British National Formulary (BNF) online.117, 118 Taking into account that 14.2% of
patients are expected to receive HC/HU in both treatment arms, the overall monitoring cost per
cycle in each treatment arm was calculated to be £4.87.
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Table 38: Monitoring costs for HC/HU
Type of monitoring

Recommended
frequency (per year)

Unit
cost

Haematological (full blood
count, including reticulocyte
count)

Every 2 months

£2.79

Renal (urea and
electrolytes)

Every 3 months

£1.10

Hepatic (liver function test)

Every 3 months

£1.10

Lactate dehydrogenase test

Every 3 months

£1.10

Foetal haemoglobin %

Every 3 months

£1.10

Source
NHS SPS and BNF online
(accessed 16.01.2020)117, 118
[type and frequency]
NHS Reference Costs 2018–19
[DAPS05 - Haematology]
[costs]
NHS SPS and BNF online
(accessed 16.01.2020)117, 118
[type and frequency]
NHS Reference Costs 2018–19
[DAPS04 – Clinical
biochemistry] [costs]

Abbreviations: BNF: British National Formulary; HC/HU: hydroxycarbamide/hydroxyurea; SPS: Specialised
Pharmacy Services.

Health-state unit costs and resource use
As described in Section B.3.3.2, the absolute number of VOC per year was calculated for each
VOC health state and each treatment arm. For each VOC event that occurred, the cost of
hospitalisation due to VOC was applied in the model. Costs associated with pain-relief
medication were not included in the model as these were considered to be negligible when
compared against the cost of hospitalisation.
The cost per VOC (£1,300.64) was primarily based on a weighted average of the NHS reference
costs 2018–19 for sickle-cell anaemia with crisis (weighted average of costs for SA36A-C: SickleCell Anaemia with Crisis, with CC Score 0–6+ [non-elective short stay, non-elective long stay,
Day Case]). A similar approach to the costing of individual pain crises was taken in economic
analysis presented in NICE CG143 (Appendix F).66 The BSH guidelines also note that blood
transfusions may be considered for patients with complicated VOC. In addition to the NHS
reference cost for sickle-cell anaemia with crisis, the cost of a single blood transfusion was also
applied in the model for a proportion of VOC. In the SUSTAIN trial, xxxxx of VOC across all
treatment arms were reported to be ‘uncomplicated’ (see Table 11), and so the cost of
transfusion was added for xxxxx of VOC in the model.12 Including the cost of transfusion, the
total cost per VOC in the base case analysis was £1,619.24.
The cost of annual follow-up visits to a Consultant Haematologist were also included in the
model. Based on feedback from a Consultant Haematologist in the UK who specialises in the
treatment of SCD, patients that experienced <1 or ≥1–<3 annualised VOC were assumed to
receive one appointment per year, whereas patients with ≥3 annualised VOC were modelled to
receive three appointments per year.45 The costs associated with Consultant Haematologist visits
that were included in the model, stratified by annualised VOC rate, are presented in Table 39.
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Table 39: Cost per cycle of Consultant Haematologist visit
Annualised VOC rate

Cost

Source

£168.02

Cost of one visit per year based on NHS
reference costs 2018–19: WF01A non-admitted
face-to-face attendance, follow-up, 303 –
Clinical Haematology),

£504.06

Cost of three visits per year based on NHS
reference costs 2018–19: WF01A non-admitted
face-to-face attendance, follow-up, 303 –
Clinical Haematology),

<1
≥1–<3

≥3

Abbreviations: NHS: National Health Service; VOC: vaso-occlusive crises.

Adverse reaction unit costs and resource use
As described in Section B.3.3.4, a number of acute complications related to SCD were included
in the model, having been identified from the analysis of the HES database. The costs used in
the base case analysis for each of these complications are presented in Table 40 (‘per event’
costs), and have primarily been sourced from relevant costs identified in the NHS reference costs
schedule 2018–19.
For the cost of ACS, hospitalisation for asthma has been used a proxy condition, as per the
approach used for utility decrements. It has also been assumed, based on feedback from a
Consultant Haematologist in the UK who specialises in SCD and guidelines from the BSH, that
patients experiencing ACS would require a single blood transfusion.5, 45 The cost of an
automated exchange blood transfusion was also applied for sepsis and priapism (for all events),
as in severe cases, patients may also receive a blood transfusion for these events, as advised in
the clinician feedback and described in the BSH guidelines for transfusion.5, 45
Table 40: Costs per event for acute complications of SCD
Complication

ACS

Gallstones

Cost per event

Source

£5,163.30

NHS Reference Costs 2018–19 [DZ15M (Asthma with
Interventions) – Total HRG] (£2,614.49)
Plus cost of exchange transfusion for all patients
(£2,548.81). See
Table 35 for the cost of automated exchange
transfusion

£5,635.33

Diagnosis: liver function test and ultrasound, as per
NICE CG188104
NHS Reference Costs 2018–19 [DAPS04 Clinical
Biochemistry]
NHS Reference Costs 2018–19 [weighted average
across RD40Z (Ultrasound Scan with duration of less
than 20 minutes, without Contrast – Total HRG) to
RD43Z (Ultrasound Scan with duration of 20 minutes
and over, with Contrast) – Total HRG]
Management: cholecystectomy and endoscopic
retrograde cholangiopancreatography, as per NICE
CG188104
NHS Reference Costs 2018–19 [weighted average
across GA10H (Laparoscopic Cholecystectomy, with
CC Score 4+) to GA10N (Open Cholecystectomy, with
CC Score 0) – Total HRG]
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NHS Reference Costs 2018–19 [weighted average
across GB05F (Major Therapeutic Endoscopic
Retrograde Cholangiopancreatography with CC Score
5+) to GA09F (Complex Therapeutic Endoscopic
Retrograde Cholangiopancreatography with CC Score
0-1) – Total HRG]

Sepsis

Pulmonary
hypertension

Cardiac

Cellulitis

Leg ulcer

Osteomyelitis

Priapism
(males only)

£4,754.46

NHS Reference Costs 2018–19 [weighted average
across WJ06A (Sepsis with Multiple Interventions, with
CC Score 9+) to WJ06J (Sepsis without Interventions,
with CC Score 0-4) – Total HRG] (£2,205.65)
Plus cost of exchange transfusion for all patients
(£2,548.81). See
Table 35 for the cost of automated exchange
transfusion

£1,486.34

NHS Reference Costs 2018–19 [weighted average
across EB15A (Primary Pulmonary Hypertension with
CC Score 9+) and EB15C (Primary Pulmonary
Hypertension with CC Score 0-3) – Total HRG]

£929.24

Assumed all events are arrhythmias, as per the
approach to utility decrements
NHS Reference Costs 2018–19 [weighted average
across EB07A to EB07E (Arrhythmia or Conduction
Disorder, with CC score 0 to 13+) – Total HRG]

£3,830.26

NHS Reference Costs 2018–19 [weighted average
across JD07A (Skin Disorders with Interventions, with
CC score 12+) to JD07H (Skin Disorders with
Interventions, with CC score 0-3) – Total HRG]

£3,149.86

Guest et al. (2017). Mean annual cost of healthcare
resource use associated with managing healed
venous leg ulcer (inflated from 2015/16 to 2018/19
using the NHSCII Pay and Prices inflation index)114, 119

£3,126.81

NHS Reference Costs 2018–19 [weighted average
across HD25D (Infections of Bones or Joints, with CC
Score 13+) to HD25H (Infections of Bones or Joints,
with CC Score 0-1) – Total HRG]

£3,592.50

NHS Reference Costs 2018–19 [weighted average
across LB58C (Penile Disorder with Interventions) and
LB58D (Penile Disorder without Interventions) – Total
HRG] (£1,043.69)
Plus cost of exchange transfusion for all patients
(£2,548.81). See
Table 35 for the cost of automated exchange
transfusion

Abbreviations: ACS: acute chest syndrome; NHS: National Health Service; NICE: National Institute for Health
and Care Excellence; SCD: sickle cell disease.

Miscellaneous unit costs and resource use
There were no miscellaneous costs and resource use included within the base case analysis.

Summary of base-case analysis inputs and assumptions
Summary of base-case analysis inputs
A summary of inputs for the base case analysis are presented in Table 41.
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Table 41: Summary of variables applied in the economic model
Variable

Value

Reference to
section in
submission

Model settings
Discount rate (costs and benefits)
Time horizon

3.5%
55 years

B.3.2.2

Intervention and comparators
HC/HU use, % (crizanlizumab arm)

14.2%

HC/HU use, % (SoC arm)

14.2%

Regular blood transfusion, % (crizanlizumab arm)

0%

Regular blood transfusion, % (SoC arm)

xx

B.3.2.3

Patient characteristics
Age

37.1 years

Gender, % female
Body weight

63%

B.3.3.1

58.69 kg

Clinical inputs
<1 VOC – weighted distribution, % (crizanlizumab arm)

42.8%

≤1–<3 VOC – weighted distribution, % (crizanlizumab
arm)

30.2%

≥3 VOC – weighted distribution, % (crizanlizumab arm)

27.0%

<1 VOC – weighted distribution, % (SoC arm)

20.0%

≤1–<3 VOC – weighted distribution, % (SoC arm)

37.9%

≥3 VOC – weighted distribution, % (SoC arm)

42.1%

<1 VOC – annualised mean number of VOC
(crizanlizumab arm)

0.09

≤1–<3 VOC – annualised mean number of VOC
(crizanlizumab arm)

1.56

≥3 VOC – annualised mean number of VOC
(crizanlizumab arm)

5.39

<1 VOC – annualised mean number of VOC (SoC
arm)

0.19

≤1–<3 VOC – annualised mean number of VOC (SoC
arm)

1.91

≥3 VOC – annualised mean number of VOC (SoC
arm)

8.33

Annual discontinuation rate – 1st year, %
(crizanlizumab arm)

32.8%

Annual discontinuation rate – subsequent years, %
(crizanlizumab arm)

4.5%

Extrapolation of baseline hazards – mortality

Gompertz

HR ≤1–<3 VOC versus baseline – mortality

xxx

HR ≥3 VOC versus baseline – mortality

xxx

B.3.3.2

B.3.3.3

B.3.3.4

Extrapolation of baseline hazards – complications:
ACS

Exponential

Gallstones

Exponential

B.3.3.4
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Sepsis
Pulmonary hypertension

Gompertz
Exponential

Cardiac

Gompertz

Cellulitis

Exponential

Leg ulcers

Exponential

Osteomyelitis

Exponential

Priapism (males only)

Exponential

HR ≤1–<3 VOC versus baseline – complications:
ACS

xxxx

Gallstones

xxxx

Sepsis

xxxx

Pulmonary hypertension

xxxx

Cardiac

xxxx

Cellulitis

xxxx

Leg ulcers

xxxx

Osteomyelitis

xxxx

Priapism (males only)

xxxx

B.3.3.4

HR ≥3 VOC versus baseline – complications:
ACS

xxxxx

Gallstones

xxxx

Sepsis

xxxx

Pulmonary hypertension

xxxxx

Cardiac

xxxx

Cellulitis

xxxx

Leg ulcers

xxxx

Osteomyelitis

xxxxx

Priapism (males only)

xxxxx

B.3.3.4

Utility inputs
<1 VOC baseline health state utility

xxxxx

≤1–<3 VOC baseline health state utility

xxxxx

≥3 VOC baseline health state utility

xxxxx

VOC utility decrement (per event, adjusted for cycle
length)

0.007

B.3.4.2

B.3.4.3

Complication utility decrements (per event, adjusted
for cycle length):
ACS

0.047

Gallstones

0.010

Sepsis

0.013

Pulmonary hypertension

0.018

Cardiac

0.006

Cellulitis

0.025

Leg ulcers

0.009

Osteomyelitis

0.038

Priapism (males only)

B.3.4.4

0
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Cost inputs
Cost per vial, crizanlizumab (list price)

xxxxxxxxx

Relative dose intensity, crizanlizumab

xxxxx

Cost per pack (100 capsules), HC/HU

£9.56

Cost per unit of blood (assuming 1.5% wastage)

£213.52

Number of units of blood per transfusion

10 units

Additional costs per transfusions – first unit

£49.10

Additional costs per transfusions – subsequent units

£40.51

Frequency of transfusions

8.7 per year

Cost of administration (per administration),
crizanlizumab

£169.50

Cost of HC/HU monitoring (per year)

£34.32

Cost of follow-up visit

£168.02

<1 VOC frequency of follow-up visits (per year)

1

≤1–<3 VOC frequency of follow-up visits (per year)

1

≥3 VOC frequency of follow-up visits (per year)

3

Cost per VOC

B.3.5.1

B.3.5.2

£1,619.24

Cost per complication:
ACS (including cost of single transfusion for all
patients)

£5,163.30

Gallstones

£5,635.33

Sepsis (including cost of single transfusion for all
patients)

£4,754.46

Pulmonary hypertension

£1,486.34

Cardiac

£929.24

Cellulitis

£3,830.26

Leg ulcers

£3,149.86

Osteomyelitis

£3,126.81

Priapism (males only) (including cost of single
transfusion for all patients)

£3,592.50

B.3.5.3

Abbreviations: ACS: acute chest syndrome; HC/HU; hydroxycarbamide/hydroxyurea; HR: hazard ratio; SoC:
standard of care; VOC: vaso-occlusive crises.
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Assumptions
A list of the key assumptions used in the base case analysis is provided in Table 42 alongside a description of scenarios conducted to explore the
impact of these assumptions on the cost-effectiveness results. The results of these scenario analyses are presented in Section B.3.8.3. Additional
scenarios have been conducted to explore the impact on the cost-effectiveness results of using alternative survival models for the extrapolation of
mortality and ACS, reducing the model time horizon, removing the age-adjustment for utility values, including vial sharing in cost calculations for drug
acquisition costs, and using data from SUSTAIN for patient body weight.
Table 42: Assumptions used in the cost-effectiveness model
Parameter

Assumption (base case)

Justification

Addressed in scenario
analysis

Risk of acute
complications and
mortality

The probability of death or acute
complications in each cycle is based on the
average annual rate of VOC (<1 VOC, ≥1–<3
VOC or ≥3 VOC).

The model has been designed to capture the
impact that VOC have on mortality and acute
SCD-related complications. The health states
included within the model structure (<1 VOC, ≥1–
<3 VOC or ≥3 VOC) are based on findings from
Platt et al. (1991) which showed that patients who
experienced ≥3 VOC per year had a significantly
higher mortality rate than patients experiencing <3
VOC per year.63 Results from the HES database
analysis show that patients with an average
annual rate of VOC of ≥1–<3 or ≥3 have a higher
risk of mortality or acute complications, compared
to those in the <1 VOC group (see Section
B.3.3.4).

Not explored in scenario
analysis

Annual
discontinuation rate
in subsequent
years for
crizanlizumab

4.5% based on the proportion of patients who
discontinued from the crizanlizumab arm for
one of the following reasons: ‘physician
choice’, ‘AEs’ or ‘lack of efficacy.

SUSTAIN was a 52-week study and so
assumptions were required in the model for
discontinuation rates for crizanlizumab in
subsequent years. It was assumed that
discontinuation in subsequent years would be
lower than the first year, and of those reasons for
discontinuation reported in the SUSTAIN trial
‘physician choice’, ‘AEs’ and ‘lack of efficacy’ were
deemed the most likely reasons for patients to
discontinue treatment in subsequent years.

Scenario 1a–c:
Annual discontinuation rate
in subsequent years: 0%,
15%, 25% and 32.8%
(arbitrary range of
discontinuation rates
between 0% and the value
used in Year 1)
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Postdiscontinuation
efficacy for
crizanlizumab

Efficacy inputs from
SUSTAIN

Following discontinuation from crizanlizumab,
patients are assumed to maintain the same
efficacy (in terms of distribution to VOC and
absolute number of VOC) as patients
receiving crizanlizumab, but are otherwise
modelled to receive SoC. In the base case
analysis, it was assumed that patients would
maintain crizanlizumab efficacy for 2 years
post-discontinuation.

In the SUCCESSOR study, which was a
retrospective chart review of patients who
completed SUSTAIN (during which time patients
no longer received crizanlizumab), the mean
annual VOC rate for patients from the high-dose
crizanlizumab arm of SUSTAIN was similar to that
reported in SUSTAIN.77
The results from SUCCESSOR suggest that there
is the potential for crizanlizumab to have an effect
on VOC rates after treatment has been
discontinued. However, it is not known how longlasting this effect would be.

Scenario 2a:
Post-discontinuation efficacy
is applied for 1 year after
discontinuation

The distribution of patients to each VOC
health state (<1 VOC, ≥1–<3 VOC or ≥3 VOC)
and the absolute number of VOC experienced
in each cycle was based on data from the
concomitant HC/HU subgroups of the
SUSTAIN trial (yes or no), weighted by the
proportion of patients expected to receive
HC/HU in UK clinical practice.

The proportion of patients who received
concomitant HC/HU in the SUSTAIN trial (xxxx%
across all treatment arms) is higher than what
has been reported from the National
Haemoglobinopathy Registry (14.2%).12, 44 In
order to align the efficacy inputs included in the
model to what has been observed in current UK
clinical practice, data from the subgroups in
SUSTAIN (concomitant HC/HU use: yes or no) on
the number of VOC experienced by patients have
therefore been utilised in the base case analysis.

Not explored in scenario
analysis

Abbreviations: AE: adverse event; HC/HU; hydroxycarbamide/hydroxyurea; SoC: standard of care; VOC: vaso-occlusive crises.
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Scenario 2b:
No post-discontinuation
efficacy is included in the
model. The efficacy for
patients in both of the ‘Off
treatment incident’ tunnel
states is based on SoC and
not crizanlizumab.

Base-case results
Base-case incremental cost-effectiveness analysis results
The deterministic base case results for crizanlizumab versus SoC are presented in Table 43 (list
price for crizanlizumab) and Table 44 (with PAS for crizanlizumab). Compared to SoC,
crizanlizumab was associated with an increased number of life years (xxxx) and QALYs gained
(xxxx), but also higher total costs (xxxxxxxxxxx at list price and xxxxxxxxxxx with PAS for
crizanlizumab). In the base case analysis, the ICER for crizanlizumab versus SoC was
xxxxxxxxxxx (list price) and £329,868.32 (with PAS for crizanlizumab). In line with discussions
with members of the NICE team, and following the delivery of our evidence submission, it is our
intention to discuss the potential for a Managed Access Agreement with NICE and NHS England,
in order to improve the cost-effectiveness of crizanlizumab.
Clinical outcomes from the model, in terms of patient survival and the occurrence of VOC and
complications, are presented in Appendix H. In both the crizanlizumab and SoC treatment arms,
median survival was reached after 16 cycles in the model (i.e. 52.1 years since birth, given the
starting age of 37.1 years). The average annualised rate of VOC over the model lifetime was
lower in the crizanlizumab arm (2.56) compared to the SoC arm (4.14), and the rates predicted
by the model were similar to the mean annual rate of VOC reported in the SUSTAIN trial for the
high-dose crizanlizumab arm (xxxx) and placebo arm (xxxx), respectively.12 The occurrence of
acute complications in the model was generally low. With the exception of ACS, the cumulative
total number of events that occurred over a patient’s lifetime (on average) was less than one for
each complication and these were generally similar between the treatment arms. Disaggregated
costs (by cost category) and QALYs (by VOC health state and occurrence of events) are
presented in Appendix H. In terms of discounted costs, the largest difference between treatment
arms was due to the cost of crizanlizumab as an add-on to established clinical management in
the crizanlizumab arm. The cost of complications overall (including VOC) were however lower in
the crizanlizumab arm compared to the SoC arm. The greatest difference between treatment
arms in terms of discounted QALYs were the QALYs accrued in the <1 VOC health state, which
were higher in the crizanlizumab arm (xxxx) than in the SoC arm (xxxx). As a proportion of total
discounted LYs, the time spent in the <1 VOC health state was also higher in the crizanlizumab
arm (35.4%) compared to the SoC arm (20.4%), thus reflecting the benefits of crizanlizumab in
reducing the frequency of VOC for patients with SCD.
Table 43: Deterministic base-case results (list price for crizanlizumab)
Technologies

Total costs
(£)

Total
LYG

Total
QALYs

Inc. costs
(£)

Inc.
LYG

Inc.
QALYs

ICER
(£/QALY)

Crizanlizumab

xxxxxxxxxxx

xxxxx

xxxx

-

-

-

-

SoC

xxxxxxxxxxx

xxxxx

xxxx

xxxxxxxxxxx

xxxx

xxxx

xxxxxxxxxxx

Abbreviations: ICER: incremental cost-effectiveness ratio; inc.: incremental; LYG: life years gained; QALYs:
quality-adjusted life years; SoC: standard of care.

Table 44: Deterministic base-case results (with PAS for crizanlizumab)
Technologies

Total costs
(£)

Total
LYG

Total
QALYs

Inc. costs
(£)

Inc.
LYG

Inc.
QALYs

ICER
(£/QALY)

Crizanlizumab

xxxxxxxxxxx

xxxxx

xxxx

-

-

-

-

SoC

xxxxxxxxxxx

xxxxx

xxxx

xxxxxxxxxxx

xxxx

xxxx

£329,868.32

Abbreviations: ICER: incremental cost-effectiveness ratio; inc.: incremental; LYG: life years gained; PAS: Patient
Access Scheme; QALYs: quality-adjusted life years; SoC: standard of care.
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Sensitivity analyses
Probabilistic sensitivity analysis
Probabilistic sensitivity analysis (PSA) was conducted in order to assess the impact of parameter
uncertainty on the results of the cost-effectiveness analysis. The PSA was run for 1,000
iterations and in each iteration model inputs for all parameters were randomly drawn from
specified distributions (e.g. gamma for costs, beta for proportions, and lognormal for HRs).
Where possible the standard error or standard deviation associated with the mean value was
used to define the distribution, otherwise it was assumed that the standard error would be 20% of
the mean value. The inputs and distributions used in the PSA are summarised in Table 45.
For the survival models included in the analysis, the survival parameters were varied using
around the variance and covariance matrices using a Cholesky decomposition matrix. For the
distribution of patients to VOC health states and the mean absolute number of VOC in each
health state, these parameters were varied using the Dirichlet distribution to ensure that the
proportion of patients across the health states summed to 1 in each iteration. In order to
conserve the ordering of health state utility values, a difference method approach was taken.120
As utility parameters are bounded, this involves transforming the variables so that they are
unbounded, and then subsequently sampling via the difference parameter. Inputs for these
parameters are not presented in Table 45.
Table 45: List of inputs for the probabilistic sensitivity analysis
Parameter

Mean
value

Standard
error

Distribution

Alpha

Beta

Age (years)

37.1

15.4

Gamma

5.760

6.437

Concomitant HC/HU Use for
Crizanlizumab

14.2%

2.8%

Beta

21.308

128.748

Concomitant HC/HU Use for
SoC

14.2%

2.8%

Beta (as
above)

21.308 (as
above)

128.748 (as
above)

Percent Transfused for
Crizanlizumab

0.0%

0.0%

Beta

0.000

0.000

Percent Transfused for SoC

xxxx

xxxx

Beta

22.660

229.118

1 Year Discontinuation for
Crizanlizumab

32.8%

6.6%

Beta

16.472

33.748

Subsequent Years
Discontinuation for
Crizanlizumab

4.5%

0.9%

Beta

23.830

505.726

Disutility for New Pain Crisis

-0.0068

0.01

Beta

0.486

-71.543

Disutility for Acute Chest
Syndrome

-0.0467

-0.01

Beta

26.213

-587.928

Disutility for Sepsis

-0.0133

0.00

Beta

25.347

-1926.347

Disutility for Gall Stones

-0.0100

0.00

Beta

25.260

-2551.260

Disutility for Cardiac

-0.0058

0.00

Beta

25.152

-4336.866

Disutility for Cellulitis

-0.0248

0.00

Beta

25.644

-1061.745

Disutility for Leg Ulcers

-0.0090

0.00

Beta

25.234

-2829.012

Disutility for Osteomyelitis

-0.0380

-0.01

Beta

25.988

-709.883

Disutility for Priapism (Males
Only)

0.0000

0.00

Beta

0.000

0.000

st
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Disutility for Pulmonary
Hypertension

-0.0175

0.00

Beta

25.455

-1480.026

Average patient age for
health state utilities

35.2

12.52

Gamma

7.905

4.453

Patient weight

58.69

11.74

Gamma

25.000

2.347

Drug Cost for SoC

£0

£0

Gamma

0.000

0.000

Transfusion Costs

£22,166

£4,433

Gamma

25.000

886.621

Administration Cost for
Crizanlizumab

£2,034

£407

Gamma

25.000

81.360

Administration Cost for SoC

£0

£0

Gamma

0.000

0.000

Monitoring Cost for
Crizanlizumab Year 1

£5

£1

Gamma

25.000

0.195

Monitoring Cost for SoC
Year 1

£5

£1

Gamma

25.000

0.195

Monitoring Cost for <1 VOC

£0

£0

Gamma

0.000

0.000

Monitoring Cost for ≥1–<3
VOCs

£0

£0

Gamma

0.000

0.000

Monitoring Cost for ≥3
VOCs

£0

£0

Gamma

0.000

0.000

Drug Cost for HU

£105

£21

Gamma

25.000

4.190

New Pain Crisis Event

£1,619

£324

Gamma

25.000

64.769

Acute Chest Syndrome
Event Cost

£5,163

£1,033

Gamma

25.000

206.532

Sepsis Event Cost

£4,754

£951

Gamma

25.000

190.178

Gall Stones Event Cost

£5,635

£1,127

Gamma

25.000

225.413

Cardiac Event Cost

£929

£186

Gamma

25.000

37.170

Cellulitis Event Cost

£3,830

£766

Gamma

25.000

153.210

Leg Ulcers Event Cost

£3,150

£630

Gamma

25.000

125.994

Osteomyelitis Event Cost

£3,127

£625

Gamma

25.000

125.072

Priapism (Males Only)
Event Cost

£3,593

£719

Gamma

25.000

143.700

Pulmonary Hypertension
Event Cost

£1,486

£297

Gamma

25.000

59.454

Compliance for
Crizanlizumab

xxxxx

xxx

Beta

-0.038

-0.001

Compliance for SoC

100.0%

20%

Beta

-1.000

0.000

VOC HR Acute Chest
Syndrome Event (≥1–<3
VOC)

xxx

xxx

Lognormal

2.098

-1.134

VOC HR Sepsis Event (≥1–
<3 VOC)

xxx

xxx

Lognormal

0.326

-2.090

VOC HR Gall Stones Event
(≥1–<3 VOC)

xxx

xxx

Lognormal

1.294

-1.467

VOC HR Cardiac Event (≥1
to <3 VOCs)

xxx

xxx

Lognormal

1.030

-1.073

VOC HR Cellulitis Event
(≥1–<3 VOC)

xxx

xxx

Lognormal

0.971

-1.078
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VOC HR Leg Ulcers Event
(≥1–<3 VOC)

xxx

xxx

Lognormal

1.413

-0.783

VOC HR Osteomyelitis
Event (≥1–<3 VOC)

xxx

xxx

Lognormal

1.624

-0.318

VOC HR Priapism (Males
Only) Event (≥1–<3 VOC)

xxx

xxx

Lognormal

1.887

0.262

VOC HR Pulmonary
Hypertension Event (≥1–<3
VOC)

xxx

xxx

Lognormal

2.007

-0.298

VOC HR Acute Chest
Syndrome Event (≥3 VOC)

xxxx

xxx

Lognormal

2.705

-0.220

VOC HR Sepsis Event (≥3
VOC)

xxx

xxx

Lognormal

0.428

-1.708

VOC HR Gall Stones Event
(≥3 VOC)

xxx

xxx

Lognormal

1.774

-0.835

VOC HR Cardiac Event (≥3
VOC)

xxx

xxx

Lognormal

1.673

-0.264

VOC HR Cellulitis Event (≥3
VOC)

xxx

xxx

Lognormal

2.217

0.077

VOC HR Leg Ulcers Event
(≥3 VOC)

xxx

xxx

Lognormal

2.087

0.011

VOC HR Osteomyelitis
Event (≥3 VOC)

xxxx

xxx

Lognormal

2.365

0.443

VOC HR Priapism (Males
Only) Event (≥3 VOC)

xxxx

xxx

Lognormal

2.786

1.154

VOC HR Pulmonary
Hypertension Event (≥3
VOC)

xxxx

xxx

Lognormal

2.610

0.469

VOC HR Death (≥1–<3
VOC)

xxx

xxx

Lognormal

1.268

-1.119

VOC HR Death (≥3 VOC)

xxx

xxx

Lognormal

1.856

-0.260

Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea; HR: hazard ratio; SoC: standard of care; VOC: vasoocclusive crises.

The results of the PSA with 1,000 iterations are presented in Table 46 (list price) and Table 47
(with PAS for crizanlizumab). The average probabilistic ICERs from the PSA are higher than
those in the deterministic base case analysis. This is partly expected to be a consequence of
varying weight in the probabilistic analyses, which results in some iterations requiring patients to
receive 4 vials of crizanlizumab, rather than the 3 vials included in the base case analysis. The
average incremental QALYs from the PSA are however similar to the deterministic base case
analysis.
Table 46: Mean probabilistic results (list price for crizanlizumab)
Comparison
Crizanlizumab versus
SoC

Incremental costs

Incremental QALYs

ICER (£/QALY)

xxxxxxxx

xxxx

xxxxxxxx

Abbreviations: ICER: incremental cost-effectiveness ratio; QALYs: quality-adjusted life years; SoC: standard of
care.
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Table 47: Mean probabilistic results (with PAS for crizanlizumab)
Comparison
Crizanlizumab versus
SoC

Incremental costs

Incremental QALYs

ICER (£/QALY)

xxxxxxxx

xxxx

£370,699

Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALYs: quality-adjusted
life years; SoC: standard of care.

Scatter plots showing the incremental costs and QALYs for crizanlizumab versus SoC across all
iterations in the PSA are presented in Figure 9 (list price) and Figure 10 (with PAS for
crizanlizumab). Cost-effectiveness acceptability curves are presented in Figure 11 (list price) and
Figure 12 (with PAS for crizanlizumab).
Figure 9: Cost-effectiveness plane for crizanlizumab versus SoC (list price for
crizanlizumab)

Abbreviations: QALYs: QALYs: quality-adjusted life years; SoC: standard of care; WTP: willingness to pay.

Figure 10: Cost-effectiveness plane for crizanlizumab versus SoC (with PAS for
crizanlizumab)

Abbreviations: PAS: Patient Access Scheme; QALYs: QALYs: quality-adjusted life years; SoC: standard of care.
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Figure 11: Cost-effectiveness acceptability curve for crizanlizumab and SoC (list price for
crizanlizumab)

Abbreviations: CEAC: cost-effectiveness acceptability curve; SoC: standard of care.

Figure 12: Cost-effectiveness acceptability curve for crizanlizumab and SoC (with PAS for
crizanlizumab)

Abbreviations: CEAC: cost-effectiveness acceptability curve; PAS: Patient Access Scheme; SoC: standard of
care.

Deterministic sensitivity analysis
Deterministic sensitivity analysis (DSA) was conducted by varying the input for each parameter in
the model by ±20% of their mean value, whilst keeping all other inputs the same. For certain
parameters where standard errors of the mean were available (utility values for VOC health
states and HRs for mortality and complications), the lower and upper limits were defined by the
95% CI around the mean. The inputs used in the DSA are presented in Table 48.
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Table 48: List of inputs for the one-way deterministic sensitivity analysis
Parameter

Base case
input

Lower value

Upper
value

Age (years)

37.1

29.7

44.5

Sex (female)

63%

51%

76%

Discount rate (costs)

3.5%

1.5%

6%

Discount rate (benefits)

3.5%

1.5%

6%

Concomitant HC/HU Use for Crizanlizumab

14%

11%

17%

Concomitant HC/HU Use for SoC

14%

11%

17%

Transfusion rate (Crizanlizumab)

0.0%

0%

0%

Transfusion rate (SoC)

xxxx

xx

xxx

1 Year Discontinuation for Crizanlizumab

32.8%

26.2%

39.4%

Subsequent Years Discontinuation for
Crizanlizumab

4.5%

3.6%

5.4%

Crizanlizumab VOC Events <1

xxxx

xxxx

xxxxx

Crizanlizumab VOC Events ≥1–<3

xxxx

xxxx

xxxxx

Crizanlizumab VOC Events ≥3

xxxx

xxxx

xxxxx

SoC VOC Events <1

xxxx

xxxx

xxxxx

SoC VOC Events ≥1–<3

xxxx

xxxx

xxxxx

SoC VOC Events ≥3

xxxx

xxxx

xxxxx

Utility for <1 Annualised VOC

xxxxx

xxxxx

xxxxx

Utility for ≥1–<3 Annualised VOC

xxxxx

xxxxx

xxxxx

Utility for ≥3 Annualised VOC

xxxxx

xxxxx

xxxxx

Disutility for New Pain Crisis

-0.007

-0.005

-0.008

Disutility for Acute Chest Syndrome

-0.047

-0.037

-0.056

Disutility for Sepsis

-0.0133

-0.0107

-0.0160

Disutility for Gall Stones

-0.0100

-0.0080

-0.0120

Disutility for Cardiac

-0.0058

-0.0047

-0.0070

Disutility for Cellulitis

-0.0248

-0.0198

-0.0297

Disutility for Leg Ulcers

-0.0090

-0.0072

-0.0108

Disutility for Osteomyelitis

-0.0380

-0.0304

-0.0456

Disutility for Priapism (Males Only)

0

0

0

Disutility for Pulmonary Hypertension

-0.0175

-0.0140

-0.0210

Average age for health state utilities

35

28.16

42.24

Patient weight

58.69

46.95

70.42

Transfusion Costs

£22,166

£17,732

£26,599

Drug Cost for HC/HU

£105

£84

£126

Administration Cost for Crizanlizumab

£2,034

£1,627

£2,441

Administration Cost for SoC

£0

£0

£0

Monitoring Cost for Crizanlizumab Year 1

£5

£4

£6

Monitoring Cost for SoC Year 1

£5

£4

£6

Monitoring Cost for <1 VOC

£0

£0

£0

Monitoring Cost for ≥1–<3 VOC

£0

£0

£0

Monitoring Cost for ≥3 VOC

£0

£0

£0

st
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VOC Event Cost

£1,619

£1,295

£1,943

Acute Chest Syndrome Event Cost

£5,163

£4,131

£6,196

Sepsis Event Cost

£4,754

£3,804

£5,705

Gall Stones Event Cost

£5,635

£4,508

£6,762

Cardiac Event Cost

£929

£743

£1,115

Cellulitis Event Cost

£3,830

£3,064

£4,596

Leg Ulcers Event Cost

£3,150

£2,520

£3,780

Osteomyelitis Event Cost

£3,127

£2,501

£3,752

Priapism (Males Only) Event Cost

£3,593

£2,874

£4,311

Pulmonary Hypertension Event Cost

£1,486

£1,189

£1,784

Compliance for Crizanlizumab

xxxxx

xxxxx

xxxxxx

Compliance for SoC

100.0%

80.0%

100.0%

VOC HR Acute Chest Syndrome Event (≥1–<3
VOC)

xxx

xxx

xxx

VOC HR Sepsis Event (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Gall Stones Event (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Cardiac Event (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Cellulitis Event (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Leg Ulcers Event (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Osteomyelitis Event (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Priapism (Males Only) Event (≥1–<3
VOC)

xxx

xxx

xxx

VOC HR Pulmonary Hypertension Event (≥1–<3
VOC)

xxx

xxx

xxx

VOC HR Acute Chest Syndrome Event (≥3 VOC)

xxxx

xxxx

xxxx

VOC HR Sepsis Event (≥3 VOC)

xxx

xxx

xxx

VOC HR Gall Stones Event (≥3 VOC)

xxx

xxx

xxx

VOC HR Cardiac Event (≥3 VOC)

xxx

xxx

xxx

VOC HR Cellulitis Event (≥3 VOC)

xxx

xxx

xxxx

VOC HR Leg Ulcers Event (≥3 VOC)

xxx

xxx

xxx

VOC HR Osteomyelitis Event (≥3 VOC)

xxxx

xxx

xxxx

VOC HR Priapism (Males Only) Event (≥3 VOC)

xxxx

xxxx

xxxx

VOC HR Pulmonary Hypertension Event (≥3
VOC)

xxxx

xxxx

xxxx

VOC HR Death (≥1–<3 VOC)

xxx

xxx

xxx

VOC HR Death (≥3 VOC)

xxx

xxx

xxx

Abbreviations: HC/HU: hydroxycarbamide/hydroxyurea; HR: hazard ratio; SoC: standard of care; VOC: vasoocclusive crises.

As shown in Figure 13 (list price) and Figure 14 (with PAS for crizanlizumab), the parameters
with the greatest impact on the ICER for crizanlizumab versus SoC were those related to drug
costs (e.g. body weight and compliance) and the utility values used for VOC health states (and in
particular for <1 VOC). These utility values were derived from the analysis of the LEGACY
registry study, as described in Section B.3.4.2, and represent the most suitable utility values
available for the model.
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Parameters associated with complications did not feature in the top ten most influential
parameters for the analysis, suggesting that individually these did not have a major impact on the
cost-effectiveness results (likely due to the low baseline rate of these events in the model). Of the
complications included in the model, ACS had the greatest impact on the results, although when
the cost or the disutility of ACS was varied in the DSA the change from the base case ICER (with
PAS for crizanlizumab) was less than 1% in either direction.
Figure 13: Tornado plot – top ten parameters for crizanlizumab versus SoC (list price for
crizanlizumab)

Abbreviations: ICER: incremental cost-effectiveness ratio; QALYs: QALYs: quality-adjusted life years; SoC:
standard of care; VOC: vaso-occlusive crises.

Figure 14: Tornado plot – top ten parameters for crizanlizumab versus SoC (with PAS for
crizanlizumab)

Abbreviations: ICER: incremental cost-effectiveness ratio; PAS: Patient Access Scheme; QALYs: QALYs: qualityadjusted life years; SoC: standard of care.

Scenario analysis
As described in Section B.3.6.2, scenario analyses have been conducted to explore the impact of
certain assumptions and alternative inputs in the model (e.g. discontinuation rates for
crizanlizumab in subsequent years) on the results of the cost-effectiveness model. The results of
these scenario analyses are presented in Table 49 (for analyses at list price and with PAS for
crizanlizumab).
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For scenarios in which the rate of discontinuation for crizanlizumab in subsequent years was
increased, both the incremental costs and incremental QALYs were reduced, with the overall
impact of lowering the ICER compared to the base case. Assuming no further discontinuation of
crizanlizumab after Year 1 (scenario 1a) (as per the assumption used in the Institute for Clinical
and Economic Review economic analysis) resulted in an increase in both the incremental costs
and incremental QALYs, and an overall increase in the ICER compared to the base case.92 As
described in Section B.3.3.3, the findings from the SUCCESSOR study suggest that there is the
possibility of ongoing benefit after patients have discontinued crizanlizumab.77 Alternative
assumptions to those used in the base case about the existence and duration of this ongoing
benefit post-discontinuation have been explored as part of scenario analyses. Assuming that
efficacy would be maintained 1-year post-discontinuation resulted in an increase in the ICER.
Removing this post-discontinuation efficacy completely from the model resulted in a further
increase in the ICER – but with the evidence available from SUCCESSOR, this is considered to
be a highly conservative scenario.
The ICER was reduced in the scenario in which vial sharing was included. With crizanlizumab
expected to be administered in a hospital-based setting, the compounding of services and
potential vial sharing is a possible scenario in clinical practice. Other scenarios that were
associated with a decrease in the ICER compared to the base case included: using the
generalised gamma to extrapolate mortality and the removal of the age adjustment for utility
values. The clinical plausibility of different extrapolations of survival is discussed in Section
B.3.10.
Based on the results of the DSA, the complication with the greatest impact on the costeffectiveness results is ACS. In the scenario exploring an alternative distribution for the
extrapolation of baseline hazards for ACS (Gompertz rather than exponential), the ICER for
crizanlizumab remained relatively unchanged, again suggesting that the impact of individual
complications on the model results is fairly minimal.
Reducing the time horizon to 20 years did not have a substantial impact on the results of the
cost-effectiveness model. At this point a high proportion of patients had died in the model
already, and of those remaining alive in the crizanlizumab arm, more patients were in the ‘Off
treatment’ health state receiving SoC than in the ‘On treatment’ health state. However, using a
time horizon of 10 years resulted in a large increase in the ICER. The majority of patients are still
alive in the model at 10 years (>86%), and so this scenario is not considered to be suitable for
decision making, given the preference for a lifetime time horizon in the NICE reference case.95
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Table 49: Results from scenario analyses for crizanlizumab versus SoC
List price
Description

With PAS

Inc. costs

Inc.
QALYs

ICER
(£/QALY)

Inc. costs

Inc.
QALYs

ICER
(£/QALY)

Base case

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£329,868.32

1a

Crizanlizumab discontinuation rate in subsequent years:
0%

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£344,539.96

1b

Crizanlizumab discontinuation rate in subsequent years:
15%

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxx

xxxx

£293,208.20

1c

Crizanlizumab discontinuation rate in subsequent years:
25%

xxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxx

xxxx

£258,851.73

1d

Crizanlizumab discontinuation rate in subsequent years:
32.8%

xxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxx

xxxx

£234,933.64

2a

1-year post-continuation efficacy for crizanlizumab

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£357,081.60

2b

No post-discontinuation efficacy for crizanlizumab

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£389,062.07

3

Extrapolation of mortality: Generalised gamma

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£285,806.54

4

Extrapolation of ACS: Gompertz

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£329,650.37

5

No age-adjustment for utility values

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£319,596.80

6

With vial sharing

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£321,197.90

7

Body weight based on SUSTAIN

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£461,903.32

8a

Time horizon: 20 years

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£335,885.77

8b

Time horizon: 10 years

xxxxxxxxxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxx

£453,988.26

Abbreviations: ACS: acute chest syndrome; ICER: incremental cost-effectiveness ratio; inc.: incremental; PAS: Patient Access Scheme; QALYs: quality-adjusted life years;
SoC: standard of care.
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Summary of sensitivity analyses results
The impact of uncertainty and alternative inputs/assumptions in the model were explored as part
of sensitivity analyses. The results of the cost-effectiveness analysis were seen to be sensitive to
changes in parameters related to the cost of treatment (e.g. body weight, discontinuation rates)
and also utility values. The values used in the base case values used for the base case analysis
for these parameters are considered to represent the most suitable inputs available.

Subgroup analysis
No cost-effectiveness analyses were conducted in subgroups.

Validation
Validation of cost-effectiveness analysis
Clinical and health economic expert opinion was sought as part of the model conceptualisation
and development process to ensure that the model structure, and the key assumptions
underpinning the model, were consistent with the clinical course of SCD and the experience of
patients with the condition.
To ensure that the model inputs and assumptions were relevant to UK clinical practice, feedback
from a Consultant Haematologist in the UK who specialises in SCD was also sought during the
development of the cost-effectiveness model. Specifically, clinician feedback was used to
validate the cost and resource inputs described in the model, including inputs relating to the use
of blood transfusions, and also to validate the assumptions regarding current clinical
management of SCD (i.e. the proportion of patients being treated with HC/HU and those
receiving blood transfusions for the prevention of recurrent VOC).45 Where possible, UK sources
were used for model inputs, and similar inputs and approaches to those used in the economic
evaluations for NICE CG143 have been adopted in the model.
In order to assess the plausibility of the clinical outcomes predicted by the model, the study
published by Gardner et al. (2016), which reports survival outcomes for adult patients from a
single centre in London (N=712; aged 16–80 years) over a 10-year period (2004–2013), was
used.55 The use of HC/HU and chronic blood transfusions during the study period (72/712
[10.1%] and 71/712 [9.97%], respectively) is largely consistent with the inputs used in the costeffectiveness analysis, and so the outcomes reported in this study are considered to be relevant
for assessing survival in the SoC arm of the model.55 Amongst patients with HbSS/HbSβ0 (HbSS
being the genotype for the majority of patients in the SUSTAIN trial), median survival was
reported to be 67 years (95% CI: 55, 78), with reduced survival reported for patients with high
hospital admission rates (median survival: 60 years [95% CI: 43, 77 years] for those with >0.5
admissions per year).55 Using the Gompertz distribution in the base case, the median age of
death (with all patients having died in the model) was predicted to be 52.1 years in the SoC arm,
and so reflects the reduced life-expectancy of SCD patients with recurrent VOC.
The Gardner et al. (2016) study is however limited in that survival was estimated from age at
birth (when only patients aged 16–80 were included in the analysis), and so these estimates are
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subject to left-truncation bias and may overestimate the life-expectancy of patients with SCDii.55,
100 In a retrospective analysis of adult patients with SCD across two centres in the USA (2003–
2016 and 2004–2012), median survival was estimated from age at baseline (thus adjusting for
left truncation) and was reported to be 48.0 years (95% CI: 44.4, 58.4) in patients with
HbSS/HbSβ0/HbSD (N=225; 15.1% deaths had occurred).100 With the possibility that survival in
SCD patients with recurrent VOC could be considerably lower than those reported in Gardner et
al. (2016), the use of the Gompertz distribution (median age of death, 52.1 years in the SoC arm)
was considered to be the more clinically plausible when compared to alternative distributions
(e.g. generalised gamma; median age of death, 58.1 years in the SoC arm).
The model also predicted average annual rates of VOC for each cohort that were largely
consistent with the mean annual rate of VOC reported from each treatment arm in the SUSTAIN
– as may be expected given the use of the SUSTAIN trial data to determine the distribution of
patients to each VOC health state (and the average number of VOC associated with each of
these health states) across the model time horizon.

Interpretation and conclusions of economic evidence
In order to assess the cost-effectiveness of crizanlizumab versus SoC as a treatment for the
prevention of recurrent VOC in patients with SCD aged 16 years and older in the UK, a de novo
cost-effectiveness analysis was conducted from the perspective of the NHS and PSS in England.
In line with the anticipated licensed indication for crizanlizumab, the model considered the use of
crizanlizumab xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. The comparator in the
model (i.e. SoC) included patients who received HC/HU and also patients who received regular
blood transfusions for the prevention of VOC, which is considered to be an accurate reflection of
established clinical management for patients with SCD in current UK clinical practice.
In the base case analysis, the ICER for crizanlizumab versus SoC was £329,868.32 (with PAS
applied for crizanlizumab). In line with discussions with members of the NICE team, and following
the delivery of our evidence submission, it is our intention to discuss the potential for a Managed
Access Agreement with NICE and NHS England, in order to improve the cost-effectiveness of
crizanlizumab.
Efficacy in the model (i.e. rate of VOC) was based on the primary outcome of the SUSTAIN trial,
which represents the primary source of evidence for crizanlizumab in this indication. In order to
improve the generalisability of outcomes from the SUSTAIN trial, which included a relatively high
use of HC/HU at baseline compared to UK clinical practice, the model made use of the prespecified subgroup data available from the SUSTAIN trial. The ability to tailor the HC/HU use to
match that reported in UK clinical practice is considered important for understanding the impact
of crizanlizumab in the UK. The SUSTAIN trial did not however include patients who were
receiving regular blood transfusions and without evidence from other sources for the efficacy of
regular blood transfusions on annual VOC rates in patients with SCD, only the cost of blood
transfusions was included in the model. A limitation of the SUSTAIN trial, and by extension the
cost-effectiveness model, is that patients were only treated with crizanlizumab for a period of 52
weeks and so RCT evidence of the long-term benefits of crizanlizumab is not available.
Furthermore, there is limited published data available on the long-term natural history of SCD in
high-income settings. Analyses of the HES database were therefore undertaken to establish the
ii

Given that crizanlizumab would only be available for patients aged 16 years and older, the left-truncation bias in
Gardner et al. (2016) may not be a relevant concern in this context.
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relationship between the frequency of VOC and long-term outcomes and thus enable the model
to capture the potential impact of crizanlizumab on outcomes such as mortality. In providing data
for patients in the UK with SCD (for whom hospitalisation due to VOC and other acute
complications is an occurrence), the HES database represents a highly relevant source of
evidence for this appraisal. However, there are limitations associated with the HES database in
that the events leading to hospitalisation may not be consistently attributed to SCD in the hospital
records, such that the prevalence of complications may be underestimated, and therefore the
HES database may underestimate the true burden of SCD. Furthermore, neither SUSTAIN nor
the HES database analysis captures the impact of SCD on patients who do not seek medical
support for VOC, which are known to represent a substantial proportion of patients with SCD. For
example, the UK analysis of the SWAY survey found that of all VOC reported, only 32% were
managed within a hospital setting, and so the model may fail to capture any additional benefits of
treatment for patients who choose not to seek medical support for VOC.62 Additional real-world
studies are planned or are ongoing (see Section B.2.11), with the aim to better understand the
impact of VOC on patients with SCD in England beyond the hospital setting (i.e. in primary care,
acute, mental health, and community health and social care).
The cost-effectiveness analysis is also limited in that it does not capture wider (health and nonhealth) benefits of crizanlizumab that could potentially be achieved via a reduction in VOC e.g.
reducing dependency on pain relief medication, improving caregiver utility, and reducing
absenteeism from work and school, plus reducing burden on the social care system. These are
benefits that are likely to be highly valued by patients with SCD and their caregivers. In
interpreting the results of the cost-effectiveness analysis, there is a need to acknowledge that not
all of the potential benefits of treatment will be captured in the model, and that these benefits will
be gained by a patient population who are more likely to experience inequalities in health and
who face issues of stigma around the management of VOC.
It should also be acknowledged that the modelling of SCD as a condition is particularly
challenging. VOC are transient events and are variable in nature.66 As shown in the SUSTAIN
trial, it can be difficult to capture the loss in HRQoL of patients experiencing VOC and because of
the transitory nature of the pain crises, the QALY gains from reducing the frequency of VOC in
the model are small. As mentioned above, there is also currently limited data available from highincome settings that fully captures the burden of SCD and the impact of VOC on longer-term
outcomes (with hospital records alone unlikely to provide the ‘full picture’).
Since HC/HU there have been no more recent treatment options for prevention of VOC in
patients with SCD, and so there remains a high level of an unmet need for a novel, welltolerated, and effective treatment for prevention of VOC in patients with SCD, which could in turn
improve mortality and HRQoL for these patients. In the SUSTAIN trial, crizanlizumab has
demonstrated an ability to significantly reduce the frequency of VOC experienced by patients
with SCD, both in patients receiving concomitant HC/HU and those not receiving concomitant
HC/HU.11 Crizanlizumab could therefore offer a much-needed treatment option, in addition to
current standard of care, for patients with SCD who experience recurrent VOC.
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Section A: Clarification on effectiveness data
Decision problem
A1.

Priority question: According to Table 1 of the company submission (CS),

the final scope issued by the National Institute for Health and Care
Excellence (NICE) lists allogenic stem cell transplantation (ASCT) as a relevant
comparator.
However, it is not included in the decision problem addressed by the
company. The CS states that ASCT is considered for adults with severe sickle
cell disease (SCD) or existing comorbidities (e.g. stroke or pulmonary
hypertension) who have failed to respond to currently available treatment.
a) Please provide further justification for not including this population.
As discussed in Section B.1.3.2 of the CS, ASCT presents a viable treatment option for a very
small proportion of patients, namely those with clinically severe disease but without irreversible
organ damage, and thus tends to be mainly considered for children with SCD, who are outside of
the anticipated licence for crizanlizumab.1, 2 According to the British Society for Blood and
Marrow Transplantation (BSBMT), the total number of patients (adults and children) who
received ASCT for all haemoglobinopathies in 2018 in the UK and Ireland was just 381, which
exemplifies the very small proportion of patients with SCD for whom ASCT is deemed
appropriate.3
ASCT is only considered for adults with severe SCD or existing comorbidities (e.g. stroke or
pulmonary hypertension) who have failed to respond to current treatments, and therefore ASCT
can be considered a treatment of last resort.4 Furthermore, ASCT is only routinely funded by
NHS England for SCD patients with a related, fully human leukocyte antigen (HLA) matched
donor, and therefore the use of ASCT as a treatment for SCD is limited by donor availability.4 If
only used a treatment of last resort, it would be reasonable to expect that should a patient be
considered for ASCT and also be eligible for ASCT, they would not also be considered for other
treatments that may be currently available.
ASCT has not therefore been considered as a relevant comparator to crizanlizumab for the
treatment of SCD as it not expected that crizanlizumab would displace ASCT as a treatment
option of last resort, or necessarily alter the number of patients with SCD that would ultimately
receive ASCT. Crizanlizumab is instead expected to be used as an add-on therapy to current
standard of care, or prior to ASCT if other therapies (such as HC/HU) are inappropriate or
inadequate (see Figure 1 in response to Question A1 part b).

1

According to the National Haemoglobinopathy Registry (NHR) information service, there are 14,767 patients with
haemoglobinopathies (including: SCD, thalassaemia, and other haemoglobinopathies) in the UK. [See:
http://nhr.mdsas.com/wp-content/uploads/2020/04/NumberPatientsDiagnosis.pdf]
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b) Please revise Figure 1 of the CS (Current treatment pathway) to include
ASCT.
Figure 1: Positioning of crizanlizumab in the current treatment pathway as an intervention
for the prevention of VOC

Abbreviations: ASCT: allogenic stem cell transplantation; HC/HU: hydroxycarbamide/hydroxyurea; HLA: human
leukocyte antigen; SCD: sickle cell disease; VOC: vaso-occlusive crises.
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A2.

Priority question: Please provide further support for the assumption that

hydroxycarbamide (HC) and hydroxyurea (HU) as well as sickle cell crises and
vaso-occlusive crises (VOC), respectively, can be used interchangeably.
The terms HC and HU refer to the same medication, and these terms have been used
interchangeably within published treatment guidelines, systematic literature reviews, and
information leaflets for patients.5-7
Sickle cell crises and vaso-occlusive crises (VOC) are also considered to be interchangeable in
the context of the submission. Both of these terms refer to the acute painful episodes
experienced by patients with SCD that are caused by blockage of the small blood vessels (i.e. by
vaso-occlusion). Patients experiencing these crises may also experience other acute
complications, such as acute chest syndrome (ACS) and splenic sequestration.8

A3.

Priority question: According to decision problem (Table 1), “only the

more severe crises experienced by patients (i.e. those that require a medical
facility visit) have therefore been considered as an outcome in the submission,
and the potential impact of treatment on less severe VOC has not been
assessed”. “A VOC was defined in SUSTAIN as an acute episode of pain with
no medically determined cause other than a vaso-occlusive event, that
resulted in a medical facility visit and treatment with pain relief”.
a) Please discuss the implications of this restriction, e.g. on the
generalisability.
b) Please discuss the potential risk of bias of the outcome definition, e.g.
due to the subjective assessment of the outcome.
In the SUSTAIN trial, VOC, which were referred to as sickle cell-related pain crises (SCPC) in the
context of the trial, were specifically defined as acute episodes of pain with no medically
determined cause other than a vaso-occlusive event, which resulted in a visit a medical facility
and also receive treatment with oral/parenteral narcotic agents or parenteral non-steroidal antiinflammatory drugs (NSAID). Due to the definition of VOC used in the trial, the use of data from
SUSTAIN may fail to capture any additional benefits of treatment with crizanlizumab for patients
who choose not to seek medical attention for a VOC. However, the decision of a patient on
whether to seek medical attention for VOC does not necessarily correspond to the severity of the
event. As described in Section B.1.3.1 of the CS, other factors such as poor previous experience
in hospital, or a feeling that medical professionals do not understand their disease, are more
commonly cited reasons for why patients may manage VOC at home.9
This definition of VOC, and specifically the requirement for patients to visit a medical facility and
receive treatment, was necessary to provide a more robust outcome for measurement in the trial.
In order to reduce bias and subjective assessment within the trial, all reported VOC events were
reviewed (blinded) by a Crisis Review Committee (CRC), which was comprised of three
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independent haematologists, who determined whether the definition of VOC had been met for
each event.10

Included studies
A4.

Priority question: An incomplete clinical study report (CSR) was

provided in response to the ERG request on 20 May.
Please provide the full CSR for SUSTAIN including all “tables, figures, and
graphs referred to but included in the text” as well as appendices and protocol
amendments.
The full CSR for the SUSTAIN trial has been provided as an accompanying document to this
response.

A5.

Priority question: Page 22 of the CSR lists

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxx as an exclusion criterion for patients SUSTAIN. However,
Table 6 of the CSR refers to participants receiving
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx as concomitant medication.
a) Please clarify this discrepancy (including reference to Table 3 of the
CSR that states “0 protocol violations leading to discontinuation”.)
b) Please revise relevant text and Tables of the CS.
As well as being an anticoagulant, heparin may also be used to flush catheters and other devices
used in the administration of drugs via intravenous infusion. Analysis of heparin intake during the
SUSTAIN trial suggests that in the majority of cases where heparin was received, it was not
being given regularly at therapeutic doses (see below). Furthermore, there was no marked
imbalance in heparin use between treatment arms, with a slight trend for less heparin use in the
crizanlizumab 5 mg/kg arm versus the placebo arm. Therefore, it is not expected that the use of
heparin as reported in the SUSTAIN study would have biased the efficacy conclusions in favour
of crizanlizumab. No particular safety issues were reported either, acknowledging that heparin
use was mostly of short duration.
The text and tables of the CS have not been revised, as these correctly report heparin use within
the study and the eligibility criteria used for SUSTAIN.
Heparin intake during SUSTAIN
The number of patients that received heparin is reported in Table 1.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
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Table 1: Number of patients receiving heparins and enoxaparin in SUSTAIN
Placebo

Crizanlizumab
2.5 mg/kg

Crizanlizumab
5 mg/kg

Total records of
heparin use

xx

xx

xx

Patients who
received heparin

xx

xx

xx

Patients who
received heparin at a
dose >3000 Units

xx

xx

x

Total records of
enoxaparin use

xx

xx

xx

Total patients who
received enoxaparin

xx

xx

xx

Analysis of the duration of heparin intake suggests that the majority of administrations were
short, including many single dose administrations for the purpose of flushing lines/ports:


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxx



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Similarly, for patient that received enoxaparin, the majority of patients received the drug for a
short period of time and xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. In summary, data on heparin use in the
SUSTAIN study suggests that xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx.

A6.

According to Table 3 of the CSR, approx.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
Please provide further details and discuss potential limitations.
The proportion of patients that discontinued early in the SUSTAIN trial was similar across all
arms: 24/67 (35.8%), 21/66 (31.8%), and 24/65 (36.9%) patients in the high-dose crizanlizumab
arm, low-dose crizanlizumab arm and the placebo arm, respectively. The rate of discontinuation
seen in the SUSTAIN trial also appears to be similar to discontinuation rates reported in other
recent placebo-controlled trials in patients with SCD.11 The discontinuation rates seen in the
SUSTAIN trial are not therefore unique to SUSTAIN or patients receiving crizanlizumab, and with
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similar rates of early discontinuation seen across treatment arms, it is not expected to bias
results in favour of one treatment arm or another.
Generally, crizanlizumab was well tolerated in SUSTAIN and discontinuations due to AEs were
low and balanced across all treatment arms, including: 1/67 (1.5%), 1/66 (1.5%), and 3/65 (4.6%)
patients in the high-dose crizanlizumab arm, low-dose crizanlizumab arm and the placebo arm,
respectively.10 There were 5 deaths during the study, none of which were attributed to treatment
with crizanlizumab.10 The most common reasons cited for early discontinuation were withdrawals
by patient/caregiver (19 patients [9.6%]), lost to follow up (14 patients [7.1%]), and “other” (14
patients [7.1%]).10

A7.

According to Table 3 of the CS, the population in SUSTAIN included “patients

aged 16–65 years with SCD and history of 2–10 SCPC [sickle cell-related pain
crises] in the previous 12 months”.
Please confirm that the population for which evidence is presented in the CS is
narrower than that defined in the final scope by NICE, especially regarding age and
previous SCPC episodes.
The population for which the evidence is presented in the CS is narrower than the population
defined in the NICE final scope with regards to the number of VOC experienced by the patient
before initiation of crizanlizumab, but covers the same population according to age.
Importantly, the data from SUSTAIN which is presented in the CS is consistent with the expected
licenced indication, in that xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx. Therefore, all patients that receive treatment with crizanlizumab are expected
to have experienced multiple VOC (i.e. ≥2 VOC) in the previous year. The NICE final scope is
therefore considered to be broader than the expected use of crizanlizumab (based on the
anticipated indication), rather than the SUSTAIN trial not being reflective of the expected use of
crizanlizumab.

A8.

Baseline characteristics of patients in the intention-to-treat (ITT) population of

the SUSTAIN trial are reported in Table 5 of the submission.
a) Please discuss differences between the groups, e.g. regarding the age range
of the three groups reported in the Table.
b) Please discuss the generalisability of these baseline characteristics to the
population in the United Kingdom (UK).
The age range of patients in each treatment arm in SUSTAIN was: 16–63 years (crizanlizumab 5
mg/kg), 17–57 years (crizanlizumab 2.5 mg/kg) and 16–56 years (placebo).12 Given that the
differences in the range for each treatment arm could be due to a single patient, the use of the
range to compare differences in age between the treatment arms may not be particularly
informative.
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More importantly, there are limited differences in the average age of patients in each treatment
arm of the SUSTAIN trial. The median age of patients in SUSTAIN was 29 in both the high-dose
and low-dose crizanlizumab arms, and 26 in the placebo arm.12 Although there are differences
between treatment arms in the upper end of the age range, it should also be noted that it is not
expected that these differences would have a considerable impact on the number of VOC that
these older patients might experience. As described in Section B.3.3 of the CS, age itself is not
considered to be an important factor in determining the frequency of VOC and expected
outcomes with crizanlizumab. Rather, the number of previous VOC in the previous 12 months
(and whether or not patients have recurrent VOC) is the main contributing factor for the
frequency of future VOC.
In general, the baseline characteristics of patients in SUSTAIN are consistent with those of SCD
patients in the UK. For example, in the SUSTAIN trial the median age of patients in years
(xxxxxxxx), the proportion of patients who reported race as ‘Black’ (xxxxx), and the proportion of
patients with homozygous HbS (xxxxx) were similar to the patient characteristics reported in the
National Haemoglobinopathy Registry 2018/19 annual report: the median age group amongst
those aged ≥15 was 25–29 years; approximately 86% of patients were reported to be of African,
Caribbean, or other Black descent; and 67% of SCD patients were homozygous HbS.10, 13, 14 The
generalisability of the SUSTAIN trial to the UK population was confirmed by a Consultant
Haematologist in the UK who specialises in the treatment of SCD.15

A9.

Please provide a refined list of concomitant medications taken by the

participants of the SUSTAIN trial, currently reported in Table 14.1.6.2 of the CSR.
This Table should list every agent as a single count, e.g. a single row for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Please
avoid listing pharmacological group names (e.g. NSAID’s) or brand products (e.g.
Tylenol) and instead list the individual pharmacological agents (e.g. paracetamol
instead of Tylenol).
It is acknowledged that the terminology used in Table 14.1.6.2 of the CSR is very detailed and
that brand name and active drug should be grouped together. However, it has not been possible
to provide the requested table as part of this response. Information on the most frequently
received concomitant medications in each treatment arm in the SUSTAIN trial are presented in
Section B.2.4.2 of the CS.

A10. Page 20 of the CS mentions the SWAY trial, “an ongoing, multi-country,
cross-sectional survey of SCD patients (N=2,145) and healthcare professionals
(N=365)” which includes results for UK patients.
Please provide all available results for this trial.
SWAY is in international cross-sectional survey of SCD patients and healthcare professionals.
The final analysis of this survey was presented at the 61st American Society of Hematology
(ASH) Annual Meeting and Exposition December 7–10th 2019 (see “Osunkwo 2019” poster
accompanying this response). Posters reporting data from the international study for presentation
at the European Hematology Association (EHA) Virtual Congress June 11–21st 2020, have also
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since been made available (see “Minniti EHA 2020”, “Trimnell EHA 2020” and “Osunkwo EHA
2020” posters accompanying this response).
From this study, a UK sub-analysis was performed with 3 abstracts accepted for presentation at
the British Society for Haematology 60th Annual Scientific Meeting that was due to take place in
April 26–29th 2020. Due to the COVID-19 pandemic this meeting was cancelled. As such the
abstracts were published in a special edition of British Journal of Haematology however, the
additional content that would form the presentation and posters have not been completed by the
authors as priorities shifted due to the pandemic. The complete analysis of the UK cohort will be
completed before the end of 2020. We are exploring with NHS England and NICE the opportunity
for a Managed Access Agreement (MAA) which would provide additional time required for the
data analysis on the UK cohort so this can be included. The abstracts published in the British
Journal of Haematology were provided in the reference pack accompanying the CS and
represent the latest results from the UK sub-analysis of SWAY.9, 16, 17

A11. Page 30 of the CS mentions the SOLACE trial, “an ongoing, open label,
PK/PD study of crizanlizumab in patients with SCD aged 16–70 years”.
a) When will results for this trial be available?
b) Please provide any available results for this trial.
To date, an interim analysis of data from SOLACE trial (NCT03264989) has been undertaken to
provide safety data combined with results from SUSTAIN (see “Kantar 2019” poster
accompanying this response). Primary analysis has recently been conducted with plans to
submit this research to the ASH Annual meeting taking place 5–8th December 2020.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. We are exploring with
NHS England and NICE the opportunity for a MAA which would provide additional time required
for further data analysis.

Study results
A12. Priority question: Please comment on the following issues related to the
use of data from the Hospital Episode Statistics (HES) database:
a) Page 83 of the CS states that the average annual rate of VOC in HES was
<1 VOC, ≥1 to <3 VOC and ≥3 VOC for
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx of patients included
in the HES database analysis respectively. Table 23 of the CS shows the
distribution of SUSTAIN patients between these same VOC health
states. Please comment on the differences in distributions between VOC
health states observed in the HES and SUSTAIN data and the
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implications for the generalisability of the SUSTAIN trial population to
UK clinical practice.
b) Page 83 of the CS states that “to estimate the effect of the average
annual VOC rate on the hazard of the event and generate hazard
ratios (HRs) for the ≥1–<3 VOC or ≥3 VOC groups versus the <1 VOC
group (baseline hazard), a Cox proportional hazards regression model,
with adjustments for age at baseline (centred at 16 years) and gender,
was used”. HRs generated from HES database analysis might be
inappropriate to use for trial estimates of treatment effectiveness, given
highly different population (e.g. only patients with >1 SCPC in previous
year allowed in SUSTAIN trial, while xxxxx of patients in HES database
had average annual VOC rates of <1). Please comment on the potential
implication and biases which this issue could introduce into both, the
clinical effectiveness as well as the cost-effectiveness analysis.
The differences in VOC rate at baseline in the SUSTAIN trial and the average annual rate of
VOC in HES, which is the subject of both parts of this question, is not considered to present an
issue.
Patients included within the HES database analysis were not selected to have recurrent VOC as
the aim of this analysis was to investigate the relationship between VOC (across all VOC
categories) and clinical outcomes. The inclusion of patients with an average annual rate of <1
VOC in the HES database analysis is valid, as this enabled the prediction of clinical outcomes for
patients with recurrent VOC at initiation of treatment, who, as a result of treatment with
crizanlizumab, may in future experience a lower annual rate of VOC. In order to capture the
clinical outcomes of patients whose annual rate of VOC may improve with treatment, it was
therefore necessary to include patients in the HES database analysis with a different distribution
of annual VOC rates (including <1 VOC).

A13. According to section B.2.10 of the CS, “five patients died during the trial,
including two patients in the high-dose crizanlizumab arm (one patient from
ACS [acute chest syndrome] and one patient from endocarditis and sepsis), one
patient in the low-dose crizanlizumab arm (from ACS, aspiration, respiratory failure,
and progressive vascular congestion), and two in the placebo arm (one from right
ventricular failure, and one from VOC, ischaemic stroke, coma, sepsis, and venous
thrombosis of the right lower limb)”. Following recommendation by the crisis review
committee (CRC), a proportion of these patients should be classified as ‘death’ (see
footnote c of Table 11).
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Please provide further justification for the removal of ‘death’ from the definition of
SCPC events and share full details on amendment 2 of the trial protocol.
Amendment 2, dated 07 April 2014, instituted the following non-administrative changes:


Changed minimum age for inclusion to 18 instead of 16 (this change was made in response
to a partial clinical hold from the FDA for recruiting paediatric patients until limited safety
data had been accumulated and provided from the adult SCD patients during the study;



Changed the follow-up from 56 to 58 weeks; and



Removed death from definition of SCPC event

Justification for the final protocol amendment (removal of “death” from the definition of VOC in
the trial) was not provided in the trial documentation. As Novartis were not involved in the
conduct of the SUSTAIN trial, further justification beyond what was reported in the trial
documentation cannot be provided at this time.

A14. In terms of the concomitant medications received by the participants of the
SUSTAIN trial:
a) Please provide details on the statistical comparison for each of the pharmacological agents used for pain received by the participants in each of the arms
of SUSTAIN. This must include agents such as paracetamol, codeine,
tramadol, fentanyl, oxycodone, and morphine.
An analysis has been conducted to assess the use of concomitant analgesics (opioid and nonopioid) during VOC events in the SUSTAIN trial. The annual rate of days with use of analgesics
during a VOC event was determined and statistical tests to compare this outcome between the 5
mg/kg crizanlizumab and placebo arms have been conducted.
Concomitant medication records were first reviewed, and the following records were excluded:
associated with a patient from the 2.5 mg/kg crizanlizumab arm; not classified as being
associated with a VOC event; not occurring during the trial; did not have a date-related record;
not an analgesic. There were 50,594 records in the concomitant medication database, belonging
to 197 of the 198 patients in the ITT patient population (one patient did not have concomitant
medications reported). After excluding records that were not considered relevant, there were
6,167 records remaining, belonging to 99 patients from the trial (33 patients across the 132
patients in the 5 mg/kg crizanlizumab and placebo arms did not have a recorded analgesic use
as per the above specifications).
Summary statistics regarding the number of patients on each analgesic are presented in Table 2,
with the results of the statistical comparison for the annual rate of days with use of analgesics
during a VOC event presented in Table 3.
The annual rate of days with analgesic use during a VOC was calculated based on start and end
prescription dates and recorded dose frequencies. As noted in the response to Question 14 part
b below, analgesics were prescribed on an “as needs” (PRN) basis, and so assumptions were
required to determine whether the dose was taken or not. For opioids, if a dose was prescribed
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as needed (“PRN”), the route of administration was considered to determine whether the dose
was taken as prescribed or not. If the opioid was prescribed orally, but an antihistamine or antiemetic was also prescribed, the opioid was assumed to be taken as prescribed; otherwise it was
assumed to not be taken. For non-opioids, if the dose was prescribed as needed and the nonopioid was to be administered via intravenous, subcutaneous or intramuscular methods, it was
assumed to be taken; otherwise (e.g. if orally administered) it was assumed not to be taken.
Table 2: Proportion of patients receiving analgesics during VOC
Treatment Group
Drug Name

5 mg/kg
Crizanlizumab
(N=67)
n, %

Placebo
(N=65)
n, %

Total
(N=132)
n, %

Analgesics

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Opioids

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Codeine

xxxxxxxx

xxxxxxxx

xxxxxxxxx

Fentanyl

xxxxxxx

xxxxxxx

xxxxxxx

Hydrocodone

xxxxxxxx

xxxxxxxx

xxxxxxxxx

Hydromorphone

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Methadone

xxxxxxx

xxxxxxx

xxxxxxx

Morphine

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Oxycodone

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Pethidine

xxxxxxx

xxxxxxx

xxxxxxx

Tramadol

xxxxxxxx

xxxxxxx

xxxxxxxxx

Non-opioids

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Aspirin

xxxxxxx

xxxxxxx

xxxxxxx

Diclofenac

xxxxxxx

xxxxxxx

xxxxxxx

Ibuprofen

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Ketoprofen

xxxxxxx

xxxxxxx

xxxxxxx

Ketorolac

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Metamizole

xxxxxxxxx

xxxxxxx

xxxxxxxxx

Naproxen

xxxxxxx

xxxxxxx

xxxxxxx

Nimesulide

xxxxxxx

xxxxxxx

xxxxxxx

Nitric oxide

xxxxxxx

xxxxxxx

xxxxxxx

Paracetamol

xxxxxxxxx

xxxxxxxxx

xxxxxxxxx

Piroxicam

xxxxxxx

xxxxxxx

xxxxxxx

Tenoxicam

xxxxxxx

xxxxxxx

xxxxxxx

Abbreviations: VOC: vaso-occlusive crises.
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Table 3: Statistical comparison for the annual rate of days with use of analgesics during
VOC
Treatment Group

Hodges-Lehmann median a
95% CI
P-value b
Mean (SD)
Median

c

Min, Max

5 mg/kg
Crizanlizumab
(N=67)

Placebo
(N=65)

xxxx

xxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxx

xxx

xxxxxx

xxxxxx

Comparison
xxxx
xxxxxxxxxxxxx
xxxxx

a

Medians, median differences, and CI for the median differences are calculated using Hodges-Lehmann method.
The Hodges-Lehmann median is a non-parametric estimator of the location parameter. Hodge-Lehmann median
difference represents the median of all pairwise difference between individual rate in two treatment arms.
b P-values are from a Stratified Wilcoxon Rank Sum test, with Hydroxyurea, therapy (yes, no) and categorized
crises history (2-4, 5-10) as recorded in the IXRS system as the strata.
c Standard median.
Abbreviations: CI: confidence interval; SD: standard deviation; VOC: vaso-occlusive crises.

b) Please provide details on the equivalent total daily dose of oral morphine that
the participants received and the statistical comparison between the trial’s
arms.
Pain medications are not always given to patients as a fixed dose with a clear dosing interval.
Indeed, in accordance with clinical treatment guidelines around pain management, it is
recommended that patients be treated on an “as needs” (PRN) basis, where possible.
Consequently, in the SUSTAIN Case Report Form an option was provided for patients to receive
their analgesics on a PRN basis; and there was no requirement to record the actual dose
provided nor the timing of the dose. Consequently, it is not possible for an analysis to be
performed examining morphine equivalence for the opioids taken during the trial period.

Analysis
A15. Priority question: For Tables 9 and 10 of the CS, please provide the
Hodges-Lehmann estimates of the median annual rates, the median
differences compared to placebo and corresponding 95% confidence intervals
for the annual rates of SCPC and the annual rate of days hospitalised to align
with Table 16 for the subgroup analysis.
Hodges-Lehmann estimates of the median annual rate of SCPC are presented in Table 4.
Hodges-Lehmann estimates of the median annual rate of days hospitalised, uncomplicated
SCPC, and acute chest syndrome (ACS) are presented in Table 5.

14

Table 4: Hodges- Lehmann medial annual rates of SCPC in the SUSTAIN trial (ITT and PP
populations)
High dose
crizanlizumab, 5
mg/kg

Low dose
crizanlizumab, 2.5
mg/kg

Placebo

ITT population, N

66

67

65

Hodges-Lehmann
median annual rate
of SCPCa

xxxx

xxxx

xxxx

Difference from
placebo (95% CI; pvalue)b,c

xxxxx
xxxxxxxxxxxxxxxxxxxx

xxxxx
xxxxxxxxxxxxxxxxxxxx

-

PP population, N

40

44

41

Hodges-Lehmann
median annual rate
of SCPCa

xxxx

xxxx

xxxx

Difference from
placebo (95% CI; pvalue)b

xxxxx
xxxxxxxxxxxxxxxxxxxxx

xxxxx
xxxxxxxxxxxxxxxxxxxx

-

aThe

annual rate of SCPC was defined as the total number of pain crises for a patient occurring from the date of
randomization to the End date x 365 divided by the number of days during that same time period. End date = last
dose date + 14 days. For patients not dosed, End date = end of study date. The SCPC were based on Crisis
Review Committee adjudicated data.
bMedians, median differences, and CIs for the median differences were estimated using Hodges-Lehmann method.
The Hodges-Lehmann median is a non-parametric estimator of the location parameter.
cP-values were from a Stratified Wilcoxon Rank Sum Test, with HU therapy (yes, no) and categorized crises history
(2 to 4, 5 to 10) as recorded in the IXRS system as the strata.
Abbreviation: IQR: inter-quartile range; ITT: intention-to-treat; PP: per-protocol; SCPC: sickle cell-related pain
crises.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 7 and 8. 10
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Table 5: Hodges- Lehmann median for key secondary endpoints in the SUSTAIN trial (ITT
population)
Outcome

High dose
crizanlizumab, 5
mg/kg, N=67

Low dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

Annual rate of days hospitalised
Hodges-Lehmann
median annual rate
of SCPCa

xxxxx

xxxx

xxxxx

Difference from
placebo (95% CI; pvalue)b,c

xxxx
xxxxxxxxxxxxxxxxxxxx

xxxx
xxxxxxxxxxxxxxxxxxxx

-

Annual rate of uncomplicated SCPCd
Hodges-Lehmann
median annual rate
of SCPCa

xxxx

xxxx

xxxx

Difference from
placebo (95% CI; pvalue)b,c

xxxxxx
xxxxxxxxxxxxxxxxxxxx

xxxxx
xxxxxxxxxxxxxxxxxxx

-

Hodges-Lehmann
median annual rate
of SCPCa

xxxx

xxxx

xxxx

Difference from
placebo (95% CI; pvalue)b,c

xxxx
xxxxxxxxxxxxxxxxxxx

xxxx
xxxxxxxxxxxxxxxxxxx

-

Annual rate of ACS

aThe

annual rate of SCPC was defined as the total number of pain crises for a patient occurring from the date of
randomization to the End date x 365 divided by the number of days during that same time period. End date = last
dose date + 14 days. For patients not dosed, End date = end of study date. The SCPC were based on Crisis
Review Committee adjudicated data.
bMedians, median differences, and CIs for the median differences were estimated using Hodges-Lehmann method.
The Hodges-Lehmann median is a non-parametric estimator of the location parameter.
cP-values were from a Stratified Wilcoxon Rank Sum Test, with HU therapy (yes, no) and categorized crises history
(2 to 4, 5 to 10) as recorded in the IXRS system as the strata.
d Uncomplicated SCPC are defined as crises other than ACS, hepatic sequestration, splenic sequestration, or
priapism.
Abbreviation: IQR: inter-quartile range; ITT: intention-to-treat; PP: per-protocol; SCPC: sickle cell-related pain
crises.
Source: Novartis – Data on File: SUSTAIN Clinical and Statistical Report (October 2016) – Table 15, 18, and
14.2.5.1.10

Section B: Clarification on cost-effectiveness data
Model structure and implementation
B1.

Priority question: Please clarify the following aspects regarding the

model structure:
a) Please explain the rationale for selecting less than 1, between 1 and 3 and
more than 3 VOC to define the model health states. This seems to be based on
the paper by Platt et al. 1991. However, the Platt paper shows (e.g. Figure 1)
that the “pain rate” (number of VOC per patient-year) seems to be quite
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different for patients having between 1 and 3, between 3 and 6 and more than
6 VOC. The paper also suggests (e.g. Figure 3), even though it is not explicitly
mentioned, that having between 3 and 6 and more than 6 VOC has no impact
on mortality. The paper by Platt et al. is from 1991, therefore, please clarify
whether more recent literature would support the selection of less than 1,
between 1 and 3 and more than 3 VOC to define the model health states.
The rationale for selecting <1, ≥1 to <3, and ≥3 VOC to define the model health states was
largely based on the Platt et al. 1991 study as noted in the question above.18 This was the only
study identified that examined the impact of the average annual rate of VOC on mortality,
considered important by clinicians given that the cumulative experience of SCD is likely the
primary driver of long term outcomes. In Figure 3, Platt et al. 1991 presents the estimated
survival of adult SCD patients according to an annualised VOC rate of <1, ≥1 to <3, and ≥3.
Figure 3 clearly shows that patients with ≥3 VOC/year had a higher mortality rate than patients
with <3 VOC/year and is supported by results in Table 4 which shows that the association
between mortality and higher rates of VOC is statistically significant.18
Figure 1 and Table 2 in Platt et al. 1991 refer to some analyses being performed to investigate
the distribution of patients experiencing higher pain rates by genotype and age group. Both of
these analyses indicate that there are comparatively few patients in the cohorts that had ≥3 to
<6, ≥6 to <10 or ≥10 VOC versus the other cohorts. Indeed, only 5.2% of the cohort were
identified as having 3 to 10 episodes per year of pain treated by physicians at hospitals. Because
of this, it was likely challenging to examine the relationship between these higher rates of VOC
and mortality, making ≥3 VOC a natural upper cut-off in the analysis of mortality. This is not to
say that higher rates of VOC are not associated with no impact on mortality, but that it was likely
difficult to quantify the direct impact of these groups individually on mortality in this study. Thus,
the study does not include further data to support a relationship between VOC frequency and
mortality for patients with a higher VOC frequency (i.e. mortality relationship for patients with ≥3
to <6 and ≥6 VOC/year). Without these data, it is not possible to draw conclusions on whether
mortality for patients with ≥3 to <6 and ≥6 VOC/year would be same across these groups. Thus,
the Platt et al. 1991 study provided the justification for selecting the upper health state in the
model to represent patients with ≥3 VOC/year; but also, the lower health state of <1 VOC per
year.18 Should higher rates of VOC be associated with worsening mortality, the use of the ≥3
VOC group as the upper health state in the model is likely to be conservative, given the benefits
of crizanlizumab in reducing the frequency of VOC (particularly for patients with a higher VOC
burden; see Table 20 in Appendix E of the CS).
Further justification for selecting the upper health state of ≥3 VOC/year is provided by the
Multicenter Study of Hydroxyurea (MSH) in Sickle Cell Anemia.19 This double-blind randomised
clinical trial assessed the efficacy of HU in reducing the frequency of pain crises in adult SCD
patients experiencing ≥3 crises per year. Patients assigned to receive treatment with HU had
lower annual rates of VOC than patients treated with placebo (2.5 versus 4.5 median crises per
year; p<0.001). A publication detailing a 9-year survival follow-up of the MSH trial further
supported the finding from Platt et al. 1991 that patients with <3 VOC had lower mortality than
patients experiencing ≥3 VOC (17% versus 27% mortality).20
Data on the relationship between VOC rate and SCD patient survival beyond these two studies is
relatively limited and is largely reflective of treatment practice since the introduction of HU as a
standard therapy for VOC prevention in SCD patients. Thus, in line with Platt et al. 1991 and
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consistent with more contemporary studies, inclusion of an additional category to explore the
differential in risk for patients with <1 to <3 VOC was considered necessary. As a significant
proportion of patients will never reach zero or even <1 VOC despite HU therapy, it was
considered necessary to try and capture the outcomes in this population, which are likely
significantly different than first captured in the Platt et al. 1991 study.
The selection of the intermediate health state (≥1 but <3 VOC annually) was based on Platt et al.
1991, but also informed by a number of more contemporary studies that demonstrated a
difference in survival for patients experiencing ≥1 VOC as compared to <1 VOC/year in the era of
HU availability. Darbari et al. 2013 found that patients who had one or more emergency
department visit (ED)/hospitalization for a severe pain crisis episode in one year have a
significantly increased risk of early death compared with patients with no ED visits/hospitalization
(55.8 vs. 66.2 years; p=0.04).21 Similarly, Elmariah et al. 2014 found that that having at least one
pain crisis in the last 12 months was associated with decreased survival in SCD patients (HR =
1.744; p=0.0054).22 Together, this evidence supports selection of the three health states in the
model as <1, ≥1 to <3, and ≥3 VOC per year.

b) Please provide a frequency distribution for the annual number of VOCs per
patient in the SUSTAIN trial and the HES data (separately for each dataset).
The number of patients having <1, ≥1 to <3, and ≥3 VOC per year for the SUSTAIN trial and
HES database are indicated in Table 6 below. However, a direct comparison cannot be made
between datasets. This is because the HES data includes all SCD patients who have interacted
with the HES database and the majority of SCD patients in this data set had very few or no VOC
per year. Whereas, an inclusion criteria for SUSTAIN was that patients were required to have ≥2
VOC in the previous 12 months.12 As the HES database analysis was designed to characterise
the relationship between one or more VOC and mortality/complications, it did not make sense to
limit this cohort to match that eligible for entry into the SUSTAIN trial (see also response to
Question A12). The SUSTAIN trial represents a subset of the HES cohort, i.e. those patients
experiencing recurrent VOC. The characteristics of patients in this subset specifically have not
been captured from the HES database analysis.
Table 6: Proportion of patients in each health state in SUSTAIN and the HES database
Dataset
SUSTAIN trial (n=132)a
HES database (all patients)

b

<1 VOC/year,
n (%)

≥1 to <3
VOC/year, n (%)

≥3 VOC/year,
n (%)

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxxxxx

xxxxxxxxxxx

aDistribution

of patients in the 5 mg/kg crizanlizumab and placebo groups at trial end. Patients required to have ≥2
VOC in previous 12 months at beginning of trial.
bIncludes all patients in the HES database – data on those with ≥2 VOC/year at study inclusion is not available.
Abbreviations: HES: hospital episodes statistics; VOC: vaso-occlusive crisis.

c) Please explain to what extent the severity of a VOC is captured in the model
since this is expected to be an important aspect of the disease.
Within the model, the severity of each single VOC is not considered, and instead the number of
VOC experienced in a year is used as a measure of disease severity.
How to characterise the severity of a single VOC remains a point of discussion amongst many
clinicians across the world. There are a range of factors that influence determination of severity
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beyond site of care or even pain levels. The manifestations and complications associated with
the particular VOC are often considered better indicators of severity. Despite this, site of care
remains an incomplete proxy for severity and is commonly used as such in clinical trials along
with the requirement for analgesia. This fails to consider that patients with SCD might not attend
the hospital for reasons other than pain severity or likely organ damage – as shown in the SWAY
survey, reasons that are commonly cited for managing VOC at home include previous poor
experience in hospital or a feeling that healthcare professionals do not understand SCD.9
Patients are often reluctant to come to the hospital and frequently do not want to take opioids,
fearing addiction and further stigma-related challenges. Considering this, it is important to note
that site of care was not considered in this model to be a good proxy for VOC severity and
therefore was not used as such. However, the need to visit a medical facility is acknowledged as
a good proxy for identifying a true VOC, rather than an episode of pain due to a different
mechanism (e.g. chronic or neuropathic pain), which is how it was applied in the SUSTAIN trial.
Consistent with this approach, in the SUSTAIN trial, VOC were defined as acute episodes of
pain, with no medically determined cause other than vaso-occlusive event, that resulted in a
medical facility visit and treatment with oral or parenteral narcotic agents or with a parenteral
NSAID. A VOC alone was considered an uncomplicated pain crisis. A second definition of
complicated pain crisis was also used for patients who experienced episodes of acute chest
syndrome, hepatic sequestration, splenic sequestration and priapism that are also considered
complicated forms of VOC. Home treated VOC were not captured in the SUSTAIN trial.10
The primary endpoint of the SUSTAIN trial examined the efficacy of crizanlizumab and placebo in
reducing the number of VOC (whether complicated or uncomplicated). As efficacy in the model is
informed by the SUSTAIN trial, the model captures outcomes related to VOC requiring a visit to a
medical facility visit and requiring analgesic administration as outlined above. Similarly, the use
of data from the HES database analysis only considers the relationship between VOC that
resulted in hospitalisation and long-term outcomes (such as mortality and complications).
Therefore, the model did not explicitly take into account VOC severity beyond only including
those events that led to a medical facility visit (which as described above is an imperfect and
incomplete proxy for severity). The inability of the model to capture the impact of treatment on
other VOC (i.e. where a medical facility visit did not occur) has been noted as a limitation in
Section B.3.11 of the CS. The model does however take into account the severity SCD in terms
of the rate of VOC. Over the course of a patient’s lifetime there is a need to prevent all possible
VOC and reduce the frequency of VOC, which has been shown to be linked to the occurrence of
SCD-related complications and also mortality. Therefore, modelling the reductions in the
frequency of VOC that require medical facility visits, and the impact this has on complications
and death, is considered as important as modelling the severity of individual events.

d) As mentioned in the CS (e.g. Table 1), “the company submission specifically
relates to the use of crizanlizumab for the prevention of recurrent VOC”. If
recurrent VOC is defined as experiencing multiple VOCs in the previous
12 months (CS pages 21 or 64), please clarify whether patients experiencing
less than 1 VOC per year (those in the first health state of the model) would still
receive crizanlizumab for their remaining lifetime even when these patients are
not considered to experience recurrent VOC.

19

The patient population entry criteria for the model required patients to be experiencing ≥2 VOC
per year and requiring a medical facility visit, as per the entry criteria of the SUSTAIN clinical
trial. It is important to note that the <1 VOC per year model health state arises as a result of the
therapeutic benefit of crizanlizumab in patients with a greater number of VOC at baseline. It is
not intended to be used as an eligibility criteria for the initiation of treatment with crizanlizumab.
Consequently, it is not expected that patients with <1 VOC in the previous 12 months would be
considered eligible for initiation of treatment crizanlizumab. However, patients who subsequently
achieve an annualised rate of <1 VOC may continue to receive treatment with crizanlizumab,
hence the continuation of treatment with crizanlizumab in the model for patients in the <1 VOC
health state.

e) Please confirm that in clinical practice crizanlizumab would only be given to
patients who experience more than 2 VOCs requiring hospitalisation per year.
Crizanlizumab’s anticipated licence is for xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx. In clinical practice, it is therefore anticipated that crizanlizumab will be given
to patients xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
Further considerations around eligibility for the use of crizanlizumab in clinical practice would
ultimately be governed by the National Haemoglobinopathy Panel.

f) Please explain why the initial distribution of patients over the model health
states does not correspond to the baseline distribution of patients in SUSTAIN.
One of the inclusion criteria in SUSTAIN was experiencing 2-10 VOCs in the
previous year. Therefore, in SUSTAIN there were no patients with less than
1 VOC in the previous year at baseline. Thus, it is unclear why in the first cycle
of the model the proportion of patients in this VOC health state is not equal to
0.
The VOC rates in the model are annualised and represent the rate over a model cycle. As the
model cycle is 1-year, applying the initial baseline distribution of patients for the first model cycle
would not accurately capture the treatment benefit received by patients in the first year of
treatment. The VOC rates are annualised for each model cycle, so should represent a patient’s
VOC rate for the entirety of the year. Although patient entry criteria requires a patient to have ≥2
VOC in the previous year, the VOC rate adjusts promptly as patients begin to respond to
treatment with crizanlizumab.

g) The baseline characteristics of patients in SUSTAIN shown in Table 5 of the CS
shows the number of patients with history of VOC. Please provide the number
of patients at baseline with <1 VOC, ≥1–<3 VOC and ≥3 VOC in the 12 months
prior, as well as a frequency distribution showing the number of VOCs
experienced per patient in the 12 months prior to the SUSTAIN trial. Please
clarify whether these (proportions of) patients should be used in the first cycle
of the model. Please also explain why in the clinical effectiveness section a
subgroup analysis was conducted of patients with 2-4 and 5-10 SCPC in
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12 months prior to the study, while the model focuses on a subdivision
between <1, ≥1-3, and >3 annual VOC.
Entry criteria for the SUSTAIN trial required patients to have had 2–10 VOC in the previous year.
This VOC rate was patient reported and used the same definition of VOC that was used for the
primary endpoint of the SUSTAIN trial. Upon entry into SUSTAIN, patients were categorised
based on VOC rate as either having experienced 2–4 or 5–10 VOC in the previous 12 months.
The pre-specified subgroup analyses reported in the clinical effectiveness section of the CS were
based on these baseline VOC categories. Due to stratification of baseline VOC into these
groups, the number of patients at baseline with <1, ≥1 to <3 and ≥3 VOC per year (as per the
VOC categories used in the model, as described in response to Question B1 part a) cannot be
accurately reported. Likewise, we also cannot report the frequency distribution of patients by
VOC rate at baseline.
Consequently, the number of patients at baseline with <1, ≥1 to <3 and ≥3 VOC per year from
SUSTAIN cannot be used for the first model cycle. Furthermore, as indicated above in response
to Question B1 part f, using the baseline VOC rate for the first model cycle would not be
appropriate. The VOC rates are annualised and are applied over the 1-year model cycle, and
therefore represent a continuous rate. When patients enter the model and begin receiving
treatment, their annualised VOC rate should be adjusted to reflect the treatment benefit in the
first model cycle.

h) Please indicate how many patients in SUSTAIN having less than 3 and more
than 3 VOC at baseline had less than 1, between 1 and 3 and more than 3 VOC
after 1 year. Please also explain whether these proportions of patients could be
used to inform (some of) the model transition probabilities.
The number of patients in SUSTAIN experiencing <3 and ≥3 VOC/year at baseline cannot be
indicated because the number of baseline VOC that a patient reported having in the previous 12
months was recorded as either 2–4 or 5–10 (see response to Question B1 part g). Due to limited
data available on VOC at baseline, transition probabilities cannot be derived. Additionally,
deriving transition probabilities from the baseline number of VOC and end of trial data may not be
appropriate due to the high discontinuation rate among patients. Because the discontinuation
rate in SUSTAIN was relatively high (34.8% across all treatment groups), only approximately 40
patients in each the 5 mg/kg crizanlizumab and placebo groups would be incorporated in a
calculation of transition probabilities. Additionally, VOC were defined somewhat differently at
baseline and throughout the trial; VOC within the trial were adjudicated by the CRC (a committee
of three independent haematologists) to confirm that they met the criteria for VOC, whereas
those defined for the baseline period were patient reported.

i)

Annual “transition probabilities” are based on the proportion of patients with
less than 1, between 1 and 3 and more than 3 VOC observed in SUSTAIN after
one year. Then, all alive patients at the end of the cycle are redistributed
according to the distribution of patients observed in SUSTAIN after 1 year.
Note that all alive patients at the end of the cycle also includes patients with
less than 1 VOC. However, the proportions observed in SUSTAIN were based
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on patients with more than 1 VOC (patients in the 2nd and 3rd health state of the
model). Please explain how SUSTAIN data can be used to derive “transition
probabilities” for patients with less than 1 VOC (the first health state in the
model).
At the beginning of each model cycle patients are redistributed according to the distribution of
patients observed in SUSTAIN after 1 year. This was done in order to maintain the treatment
effect, as more patients in the ≥3 VOC/year group may die in comparison to the <1 VOC per year
group. For patients entering the trial with ≥2 VOC per year, the benefit of crizanlizumab is
captured through the distribution of patients into health states (<1, ≥1 to <3, ≥3 VOC per year)
following treatment.
As described in the previous responses, entry criteria for SUSTAIN required patients to be
experiencing ≥2 VOC per year, with the VOC rate for each patient was indicated as either 2–4 or
5–10 VOC in the previous 12 months. These data cannot be used to derive transition
probabilities due to the stratification of baseline VOC rate. Additionally, because the
discontinuation rate in SUSTAIN was relatively high (34.8% across all treatment groups), only
approximately 40 patients in each the 5 mg/kg crizanlizumab and placebo groups would be
incorporated in a calculation of transition probabilities. VOC were also defined somewhat
differently at baseline and throughout the trial; VOC within the trial went through an adjudication
process unlike those defined for the baseline period which were patient reported.

j)

Based on all the items above, please explain to what extent the model structure
reflects the nature of the disease and it is fit for purpose. Please provide
strengths and limitations.

In some therapeutic areas where there is an abundance of natural history data there is an
established surrogate marker, on which economic models are based (i.e. HbA1c as a surrogate
marker for complications in diabetes). However, in the case of SCD, because there is limited
natural history data for the disease, there is no well-established surrogate marker. In the absence
of an acceptable surrogate marker, models are often developed which consider the primary
endpoint of the relevant clinical trial, and data demonstrating a link to longer-term outcomes of
interest are used. The primary endpoint of the SUSTAIN trial was the annual rate of sickle cellrelated pain crises (i.e. VOC) with high-dose (5 mg/kg) crizanlizumab versus placebo. VOC have
been shown to impact mortality and HRQoL, which are important outcomes in cost-utility
analyses.
Platt et al. 1991 calculated the average pain rate in patients ≥20 years of age over an 11-year
follow-up period, and stratified survival in these patients by the average number of pain episodes
per year (<1, ≥1 to <3 or ≥3 pain crises per year).18 The study found a significant relationship
between average pain rate and death; patients with an average of ≥ 3 episodes per year had a
higher mortality rate than those with <3 episodes per year. Further studies also show that
patients with ≥1 VOC per year have an increased mortality risk, further lending support for an
additional health state for patients experiencing ≥1 to <3 VOC per year.21, 22
A Markov model was developed to provide a clinical representation of SCD and allow for
inclusion of efficacy for crizanlizumab. The Markov model developed allows a cohort of adult
patients with recurrent VOC to enter the model in health states representative of their annualised
VOC rate, as determined by the outcomes of the SUSTAIN trial for patients treated with 5 mg/kg
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crizanlizumab and placebo. As with most cost-effectiveness models, the analysis uses short-term
trial data to extrapolate over the lifetime of the patient population. In this case the analysis is
based on the SUSTAIN trial which was only 1 year. Given the short duration of the trial, a link to
longer-term outcomes such as mortality and SCD-related complications was not able to be
generated with trial data. Therefore, the HES database analysis, which included over 15,000
adult SCD patients in the UK, was used to assess the longer-term impact of VOC.

B2.

Priority question: On page 72 of the CS it is mentioned that the

“occurrence of complications and death were modelled to be independent of
one another, and in each cycle the occurrence of complications was taken into
account first, before mortality was applied”.
Please explain to what extent this assumption is realistic since complications
such as ACS (with a 27% prevalence in the HES database) are “linked with
higher rates of mortality” (CS page 63).
Due to data limitations it was not possible to model the impact of all of the complications on
mortality from the HES database. As such mortality and complications are modelled
independently of each other. Complications in the model are applied for costing and utility
purposes only.
Increased annualised VOC are strongly correlated with increased risk of ACS and both (VOC
and ACS) are linked to an increased risk of death.23, 24 All causes for mortality (including death
from ACS) from the HES database were considered when developing the baseline mortality
hazard and the HRs for VOC. In addition, in the HES database analysis the definition of VOC
included both priapism and ACS. Therefore, as the increased risk of death due to ACS is already
captured, applying a separate risk of death for ACS would result in double counting of death.

B3.

Priority question: It has been noted in the model that the cost

effectiveness of crizanlizumab is improved by reducing drug compliance
and/or increasing the annual discontinuation rates.
Please comment on the plausibility of this result and make any relevant
amendments to the model to improve plausibility of model results in relation to
these aspects.
The compliance input in the model (xxxxx) is for costing purposes only. It does not impact the
efficacy inputs in the model. Therefore, lowering the drug compliance reduces the acquisition
cost of crizanlizumab which in turn improves the cost-effectiveness results. In practice, the
amount of drug used is likely to be related to efficacy, with low compliance being associated with
lower efficacy. Permanent discontinuation does however impact efficacy with patients assumed
to receive SoC (and associated efficacy) once they had discontinued from crizanlizumab in the
model. One of the assumptions in the base case was that efficacy of crizanlizumab would be
maintained for a period after treatment discontinuation. This assumption was supported with data
from the SUCCESSOR trial which showed that efficacy was maintained for at least 1 year.25
Therefore, higher discontinuation rates lead to improved cost-effectiveness results as more
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patients receive this post-discontinuation benefit earlier in the model when the impact of the 3.5%
discounting is minimal.
In the first cycle of the model (representing the first year of treatment), the discontinuation rate
and compliance data from SUSTAIN were included to accurately account for the amount of drug
used in the SUSTAIN trial and therefore align with the source of efficacy inputs used in the model
for VOC. In subsequent years, assumptions were required for discontinuation in the
crizanlizumab arm due to the absence of long-term data, and the assumptions made were
explored extensively in scenario analyses. As described in Section B.3.3.3 of the CS, the base
case assumptions were based on data from SUSTAIN and the reasons for discontinuation that
were considered most likely to occur in subsequent years (i.e. physician choice, adverse events
and lack of efficacy). The input chosen for the base case was associated with a higher ICER than
those explored in scenario analyses (with the exception of assuming no discontinuation at all)
(see Section B.3.8.3 of the CS), and so as well as being considered most plausible, this input
can also be considered to be relatively conservative.
The user may already specify an alternative input for discontinuation rates in the model, and
further amendments to the model have not been made.

B4.

Priority question: In the model, please enable the user to select and

obtain results for the following subgroups (as per NICE final scope):
•

Crizanlizumab always combined with HC/HU

•

Crizanlizumab monotherapy

•

Crizanlizumab with proportion of HC/HU as expected in clinical
practice (as in company base-case)

•

Crizanlizumab with proportion of HC/HU as seen in SUSTAIN trial

Drop-down boxes have been added to the cost-effectiveness model which allow the user to
select and obtain results for the subgroups listed in the question above. For each cohort in the
model, the user may select from the following:


100% (always combined with HC/HU in the crizanlizumab arm)



0% (monotherapy in the crizanlizumab arm)



As expected in clinical practice (14.2%)



Proportion seen in SUSTAIN (62.1%)

This option is located on the “Inputs-Model Settings” sheet of the model (see cells: D44:K45). It is
also still possible for users to manually adjust the proportion of patients receiving concomitant
HC/HU in both the crizanlizumab and SoC treatment arms by altering the values located on the
“Inputs-Efficacy” sheet of the model (see cells I48:I49).

Treatment effectiveness
B5.

Priority question: The CS states on page 106: “For crizanlizumab, the

total drug acquisition cost per cycle was adjusted to account for
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compliance (via relative dose intensity [RDI] of 96.3%), based on data from the
SUSTAIN trial. For HC/HU, 100.0% compliance was assumed.” Table 45 shows
that 100% compliance was also assumed for standard of care (SoC).
Please justify the 100% compliance assumptions for HC/HU and SoC.
In the absence of data from SUSTAIN on compliance rate for patients receiving HC/HU, it was
assumed that compliance would be 100%. A high rate of compliance is considered reasonable,
given that patients were required to have been on a stable dose of HC/HU for at least three
months prior to enrolment in the SUSTAIN trial. Given the low cost of HC/HU and the assumption
that the proportion of patients in each model cohort receiving HC/HU would be the same, it was
not expected that using an alternative value would have a major impact on the cost-effectiveness
results. As no costs are applied in the model for ‘other’ SoC treatments in the SoC arm, the
compliance rate used in the model for the ‘other’ SoC treatments has no impact on the costeffectiveness results.
For completeness, the option to apply a user-adjustable compliance rate for HC/HU has been
added to the cost-effectiveness model. This option is located on the “Inputs-Model Settings”
sheet of the model (see cells: D46:K46). The compliance rate is applied to the cost of HC/HU,
which is received by a proportion of patients in the crizanlizumab and SoC model cohorts. As
noted in the response to Question B3, compliance rate only impacts costs and not efficacy.
In the placebo arm of SUSTAIN, compliance was xxxx%.10 Applying this value to the cost of
HC/HU in the model, results in a negligible change in the ICER when compared to the base case
presented in the CS.
Please note: whilst implementing the changes to the model in response to Question 30 part c,
two corrections were made to the model:
1. To apply the cost of crizanlizumab administration once every 28 days per cycle and not
simply 12 times per cycle (“Parameters” sheet; cell H79)
2. To apply the cost of single dose of crizanlizumab as the additional cost in cycle 1 and not
the annual cost of crizanlizumab (“Calculations – Crizanlizumab” sheet; cell ET33)
Together these corrections have resulted in a change to the base case ICER presented in the
CS from £329,868.32 to £332,487.98 per QALY gained (with PAS for crizanlizumab). The ICER
presented in Table 7 (applying the xx% compliance rate to HC/HU and SoC) and all other costeffectiveness results presented in this response document are based on analyses which also
include this correction.
Table 7: Cost-effectiveness results using xx% compliance rate for HC/HU and SoC (with
PAS for crizanlizumab)
Technologies

Total costs
(£)

Total
LYG

Total
QALYs

Crizanlizumab

xxxxxxxxxxx

xxxxx

xxxx

SoC

xxxxxxxxxxx

xxxxx

xxxx

Inc. costs
(£)

Inc.
LYG

Inc.
QALYs

xxxxxxxxxxx

xxxx

xxxx

ICER
(£/QALY)
£332,487.75

Abbreviations: ICER: incremental cost-effectiveness ratio; inc.: incremental; LYG: life years gained; PAS: Patient
Access Scheme; QALYs: quality-adjusted life years; SoC: standard of care.
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B6.

Priority question: As described in the CS, for each cycle of the cost-

effectiveness model, patients are distributed into one of three VOC model
health states. This implicitly assumes a constant lifetime treatment effect for
crizanlizumab.
a) Please discuss the plausibility of the assumption of a constant lifetime
treatment effect and clarify whether this was discussed with clinical
experts.
b) Please also include in the model the possibility of selecting a prespecified duration for the crizanlizumab treatment effect and the
possibility that the treatment effect wanes over time.
The assumption to use a constant lifetime treatment effect for crizanlizumab was made due to
the absence of data for patients receiving crizanlizumab beyond 52-weeks. This assumption was
not validated with clinical experts.
The treatment effect associated with crizanlizumab is only applied when patients are receiving
treatment with crizanlizumab (and for two cycles following discontinuation). It is expected that
patients for whom crizanlizumab was not effective would discontinue treatment due to lack of
efficacy. Therefore, discontinuation may act as a proxy for treatment waning in the long term. For
this reason, a treatment waning effect has not been applied in the model.

B7.

Priority question: On page 82 of the CS it is mentioned that the

“discontinuation rate in the first model cycle (i.e. the first year) was 32.8%,
based on the proportion of patients who discontinued crizanlizumab for
reasons other than death in the high-dose crizanlizumab arm of the SUSTAIN
trial”. Furthermore, on page 83 of the CS, the company referred to the
“SUCCESSOR study, which was a retrospective chart review of patients who
completed the SUSTAIN trial (n=48), of which 15 patients were originally from
the high-dose crizanlizumab (5 mg/kg) treatment arm, it was reported that
patients from the high-dose crizanlizumab (5 mg/kg) group had a similar mean
annual VOC rate in the 52 weeks of follow-up of SUCCESSOR, during which
time they did not receive crizanlizumab, compared with the SUSTAIN trial (2.7
versus 2.89)”.
a) Please clarify whether the patients who completed SUSTAIN were
treated with crizanlizumab for a full year. If that is the case, please
explain whether patients discontinuing in the first model cycle (32.8%)
should get any extended benefit from it.
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b) Please include in the model the option that only patients discontinuing
crizanlizumab after completing at least one year of treatment would
benefit from this extended benefit.
Patients who completed the SUSTAIN trial were those that received the planned 14 doses of
study drug (crizanlizumab or placebo), with the last dose received at Week 50.
An option to only apply crizanlizumab post-discontinuation efficacy for patients that have
received treatment for at least one full year has been added to the cost-effectiveness model. This
option is located on the “Inputs-Model Settings” sheet of the model (see cells: D46:K46). When
this option is selected, the efficacy inputs used for ‘Off treatment – incident’ health states for
patients who discontinue crizanlizumab in the first year is based on the efficacy inputs used for
SoC. The extended benefit of crizanlizumab is therefore only modelled from cycle 3 onwards (i.e.
for patients who discontinue crizanlizumab in cycle 2, after having received at least a full year of
treatment in cycle 1). Applying this in the model, results in an increase in the ICER when
compared to the corrected base case (£332,487.98 per QALY gained; with PAS for
crizanlizumab) (see Table 8).
Table 8: Cost-effectiveness results for scenario when post-discontinuation efficacy is only
applied for patients who complete at least year of treatment (with PAS for crizanlizumab)
Technologies

Total costs
(£)

Total
LYG

Total
QALYs

Crizanlizumab

xxxxxxxxxxx

xxxxx

xxxx

SoC

xxxxxxxxxxx

xxxxx

xxxx

Inc. costs
(£)

Inc.
LYG

Inc.
QALYs

xxxxxxxxxxx

xxxx

xxxx

ICER
(£/QALY)
£359,784.17

Abbreviations: ICER: incremental cost-effectiveness ratio; inc.: incremental; LYG: life years gained; PAS: Patient
Access Scheme; QALYs: quality-adjusted life years; SoC: standard of care.

B8.

Priority question: Please provide details about the clinical plausibility of

all the survival models (mortality and complications, section B.3.3.4) including
how clinical plausibility was assessed and what evidence this assessment was
based on.
Survival models were used to extrapolate data on mortality and complications for patients in the
<1 VOC group.
Limited data are available on the occurrence of complications over time in patients with SCD,
and so it was not possible to assess the clinical plausibility of the extrapolations for each
complication via comparisons to other sources of long-term natural history data. The choice of
distribution used in the base case analysis was therefore based on goodness-of-fit statistics. It is
worth noting that the choice of extrapolation for complications did not have a major impact on the
cost-effectiveness results, as shown in the scenario presented in Section B.3.8.3 of the CS for
ACS.
For mortality, consideration was given to how well the model predicted survival for the entire
cohort (i.e. those with <1 VOC, ≥1 to <3 VOC, and ≥3 VOC) when compared to life-expectancy of
patients with SCD as reported in Gardner et al. 2016 and DeBaun et al. 2019 (see Section
B.3.10 of the CS).26, 27 For the base case analysis, the use of the Gompertz distribution to
extrapolate survival in the <1 VOC group was considered to provide the most plausible estimate
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of median survival across the entire cohort (median age at death in the model, 52.1 years) when
compared to the range of median survival estimates reported from Gardner et al. 2016 (67 years)
and DeBaun et al. 2019 (48 years), particularly given that patients in the model (i.e. those with
recurrent VOC) are expected to have lower survival compared to the overall SCD patient
population.26, 27 The survival outcomes predicted in the base case was also consistent with
feedback from two clinical experts (see response to Question B.33), who estimated average life
expectancy to be 55–60 years (HbSS) and 50 years, respectively.

B9.

Priority question: Please provide the results and the syntax of all

regression analyses presented in the CS (Section B.3.3.4). Please also explain
how exactly the mortality Cox proportional hazards regression model was
adjusted for age at baseline (centred at 16 years) and gender.
The output from the regression analyses for baseline hazards (<1 VOC) are presented in Section
12.3 (Appendices) of the HES database analysis report that was provided as part of the
reference pack for the CS (“HES Database Analysis Report_AIC data on file”) and are also
presented in the “BaseLine Hazards” sheet of the cost-effectiveness model. Sections 8.3.1.2 and
8.3.1.3 of the report also provide the output for the HRs derived for mortality and complications in
the other VOC health states.
The baseline hazards were centred around “baselinecentered_age_16” which is the mean age of
the dataset for patients 16 years and older. For the base case analysis, the mean age was 37
years. It is also adjusted for sex (male =1, Female =0; 63% of patients are female). VOC
adjusted HRs were applied to the adjusted baseline hazard but were not themselves adjusted for
age and sex.

B10. The efficacy model results in Table 23 of the CS utilised in the model do not
match with the clinical effectiveness results presented in Tables 9, 11 and 16 of the
CS. Tables 9 and 16 show median annual rates of SCPC, while Table 23 shows the
“Annualised mean number of VOC” and distribution of patients across the three
model states. Please clarify how these efficacy parameters have been calculated for
use in the model and provide the calculations for obtaining the figures in Table 23.
The data that were used to calculate the annualised mean number of VOC efficacy parameters
that are used in the cost-effectiveness model have been provided in a separate file
(“Novartis_Data on File_AiC_Markov SCD VOC Categorisation”) accompanying this response
document.

B11. Please provide confidence intervals and P-values (assessing difference from
placebo) for all “mean annual rate of VOC” figures for crizanlizumab presented in the
CS and used in the model.
The mean annual rate of VOC used in the model for each subgroup (with or without concomitant
HC/HU) are presented in Table 9 along with their corresponding standard errors and 95%
confidence intervals. Given the low patient numbers in each subgroup and VOC health state, it is
not expected that meaningful conclusions about statistical significance could be made for the
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difference in annualised mean number of VOC between the crizanlizumab and SoC groups, and
so statistical tests to derive p-values have not been conducted.
Table 9: Annualised mean number of VOC for each health state by treatment arm
N

Annualised
mean
number of
VOC

Standard
error

95% CI

<1 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

≥1 to <3 VOC

x

xxxx

xxxx

xxxxxxxxxxxx

≥3 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

<1 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

≥1 to <3 VOC

x

xxxx

xxxx

xxxxxxxxxxxx

≥3 VOC

x

xxxx

xxxx

xxxxxxxxxxxx

<1 VOC

x

xxxx

xxxx

xxxxxxxxxxxx

≥1 to <3 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

≥3 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

<1 VOC

x

xxxx

xxxx

xxxxxxxxxxxx

≥1 to <3 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

≥3 VOC

xx

xxxx

xxxx

xxxxxxxxxxxx

HC/HU use

VOC health state

Efficacy by HC/HU use
Crizanlizumab
With
HC/HU

No HC/HU
SoC
With
HC/HU

No HC/HU

Abbreviations: CI: confidence interval; HC/HU: hydroxycarbamide/hydroxyurea; ITT: intention-to-treat; SoC:
standard of care; VOC: vaso-occlusive crises.
Source: Novartis – Data on File: individual patient-level data from SUSTAIN.

B12. On page 82 of the CS it is mentioned that for “patients in the model receiving
SoC, no discontinuation was modelled (i.e. patients were assumed to receive SoC
until death, as there is no alternative treatment option available to these patients)”.
However, Figure 2 from Appendix D shows that there were patients who
discontinued from the SoC arm in SUSTAIN.
a) Please clarify why these patients discontinued from SoC in SUSTAIN and why
this was not included in the model.
In the placebo arm of SUSTAIN, 24 patients discontinued from the study early. The reasons for
discontinuation from the placebo arm of SUSTAIN included:


2 patients died during the trial



3 patients discontinued treatment due to AEs



6 patients were lost to follow-up



1 patient discontinued due to non-compliance



2 patients were discontinued based on investigator decision
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6 patients discounted treatment based on withdrawals by the patient



4 patients discontinued for other reasons

It is an important distinction that discontinuation from the placebo arm of SUSTAIN does not
necessarily constitute discontinuation from SoC, and it is reasonable to expect that patients in
the placebo arm of SUSTAIN who discontinued study treatment (i.e. placebo) would be expected
to continue to receive SoC outside of the SUSTAIN trial setting. Similarly, in the model it was
assumed that patients would receive some form of SoC whilst they remain alive, with a
proportion of patients receiving HC/HU and a proportion of patients receiving chronic blood
transfusions in any given cycle in the model. Discontinuation from SoC was therefore not
explicitly modelled.

b) Please clarify whether SoC in the SUSTAIN trial is equivalent in SoC in
clinical practice and what patients who dropped out of the SUSTAIN trial
would have received in clinical practice.
In the SUSTAIN trial medications consistent with the standard care of patients with SCD were
allowed during the study.10 As noted in the response to Question B12 part a, it is reasonable to
expect that patients who discontinued study treatment in the SUSTAIN trial (i.e. discontinued
placebo) would continue to receive SoC medications outside of the trial setting.
The generalisability of the placebo arm of SUSTAIN to SoC in UK clinical practice is described in
Section B.2.13 of the CS.

B13. The assumption of efficacy following discontinuation was based on the
SUCCESSOR trial. However, this trial only had a 52 week follow up. Therefore, it is
unclear why a base-case of 2 years post discontinuation efficacy was assumed.
Please clarify whether the assumption that the efficacy of crizanlizumab after
discontinuation would be maintained for two additional 2 years was discussed with
clinical experts. Please explain also why 2 years was seen as the maximum duration
for this “extended efficacy”.
The SUCCESSOR trial followed patients who completed the SUSTAIN trial for an additional 52
weeks following discontinuation of trial therapy, whether crizanlizumab or placebo. The trial
indicated that patients who discontinued crizanlizumab had an additional benefit compared with
placebo patients, causing a delay in return of their VOC events despite loss of p-selectin
blockade. Discussions with clinicians around the clinical plausibility of the increased time to
development of VOC post crizanlizumab discontinuation led to two hypotheses that supported
the findings of the SUCCESSOR study, but may also support a longer period of benefit post
discontinuation:


That continuous crizanlizumab therapy led to remodelling of the vascular bed, following
decreased inflammation, thereby disrupting endothelial activation and leading to a
reduction in overall p-selectin expression
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That a break in the acute pain cycle had also resulted in a break in the chronic pain cycle,
leading to desensitization to pain and thereby, an extended period with reduced sensitivity
to normal pain triggers

The clinicians discussed the possibility of these benefits extending, at least in part, to patients for
a longer period of time than 52 weeks. Two years was selected as the likely maximum period to
observe any benefit, as at this time, it is likely that both the inflammation and pain sensitivity
would have returned in the absence of ongoing p-selectin blockade. This hypothesis was further
supported by the findings in the SUCCESSOR study that the VOC rates in placebo treated
patients increased over the same 52-week period. Worsening rates of VOC in the 52-week
follow-up period suggests that placebo patients may have experienced disease progression over
the 2-year period of the two studies. In contrast, delay of return of VOC in crizanlizumab patients
may indicate a cessation or at least slowing of disease progression.
These two hypotheses together support that crizanlizumab may have a multi-factorial impact on
VOC rates and pain that could delay the return of the full risk associated with the number of VOC
patients experienced prior to crizanlizumab therapy. Consequently, it is possible that the benefits
of crizanlizumab might extend beyond the 52 weeks of SUCCESSOR, and in the absence of
longer-term data, an extension up to 2 years was considered reasonable, without being overly
optimistic.

B14. Please add general population background mortality to Figure 7 of the CS.
Figure 2: Extrapolated curves for overall survival (average annual rate of VOC <1)
including general population mortality

B15. Please provide figures similar to Figure 7 of the CS for the other two VOC
health states of the model.
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Due to the ongoing COVID-19 pandemic, it has not been possible to access the data retrieved
from the HES database, and therefore it has not been possible to generate similar figures for the
other health states in the model (≥1–3 and >3 VOC per year). The data are accessed at the
provider’s offices as the data cannot be taken from the site of the secure server due to GDPR.
The requested figures can be provided once the data becomes available.
Please note that in the cost-effectiveness model the inputs relating to mortality and complications
for patients in the ≥1–3 and >3 VOC per year health states were based on the application of a
HR to the <1 VOC per year health state, and not extrapolation of the time-to-event data from
HES.

B16. Please explain why Table 29 of the CS does not include stroke or intracranial
haemorrhage as possible complications.
Within the HES database analysis ICD-10 codes for subarachnoid haemorrhage (I60),
intracerebral haemorrhage (I61), and other nontraumatic intracranial haemorrhage (I62) were
included (amongst other CNS-related complications) under the complication, “CNS”. This
complication was not subsequently included in the model as an acute complication due to the low
prevalence of events in the HES database analysis.

Patient Population
B17. Priority question: Please clarify the use of different sources for the
patient characteristics including Morgan et al. for the male/female ratio
parameter, HES database analysis for age parameter, and NICE clinical
guideline (CG) 143 for weight parameter. Please explain why it is considered
that the combination of these different sources reflects the population for
crizanlizumab (defined in Table 1) better than the SUSTAIN trial.
The SUSTAIN trial did not include any UK patients and the use of UK-based data was deemed
most appropriate for inclusion in the cost-effectiveness model. Morgan et al. 2019 is a published
congress abstract/poster of the HES database analysis, and therefore this source was used for
the age and sex ratio parameters.28 Patient body weight is not reported in the HES database and
therefore the assumptions used in NICE CG143 about body weight for patients with SCD in the
UK were deemed to be appropriate for the cost-effectiveness model.8 That patient body weight
might differ between the UK and the countries included in the SUSTAIN trial (USA [51 sites],
Brazil [8 sites], and Jamaica [1 site]) is a factor that should be considered.
The patient demographics used in the cost-effectiveness model, as well as the alternative values
from the SUSTAIN trial are summarised in Table 10.
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Table 10: Patient demographic inputs for base case analysis compared to the values from
SUSTAIN
Patient
Characteristics

Value

Source

Value from SUSTAIN

Mean age,
years (SD)

37.1
(15.4)

Novartis Data on File: HES database
analysis

xxxxxxxxxxxx

% Femalea

63%

HES database analysis, as reported in
Morgan et al. (2019)28

xxxxx

55 kg
(females)
65 kg
(males)

NICE CG143 (Appendix F) – Average
weight of adults with SCD.8 Assumptions
following discussions with the Guideline
Development Group

xxxxxxxx

Body weight
(kg)

a

Of patients included in the HES analysis (N=15,076), 9,407 were female (62%), 5,491 were male (36%) and
gender was missing for 178 patients (1%). For the purpose of the cost-effectiveness analysis, it was assumed that
62% of patients with missing gender were female and the remainder were male.
Abbreviations: HES: Hospital Episode Statistics; SD: standard deviation.

B18. Priority question: Please provide a cost-effectiveness analysis based on
SUSTAIN data as much as possible. This should include at least the following:
•

Demographic parameters in Table 22

•

Utilities

An option to apply population demographics related to age, sex, and weight taken from the
baseline characteristics of patients in SUSTAIN has been added to the cost-effectiveness model.
This option is located on the “Inputs-Model Settings” sheet of the model (see cells: D48:K48)
(see response to Question B17 for the inputs used). Using the population demographic
characteristics from SUSTAIN results in an increase in the ICER when compared to the
corrected base case (£332,487.98 per QALY gained; with PAS for crizanlizumab) (see Table 11).
The increase in the ICER is largely due to the use of higher body weight from SUSTAIN, which
results in an increase in crizanlizumab acquisition costs (as shown in the scenario conducted in
Section B.3.8.3 of the CS). As noted in the response to Question B17, the use of UK-based
inputs, as used in the base case analysis presented in the CS, was considered to be more
appropriate for the cost-effectiveness model. As the dose of crizanlizumab is based on patient
weight, adjusting weight to a level representative of the UK patient population does not lead to
bias in efficacy results.
Table 11: Cost-effectiveness results using baseline demographic characteristics from
SUSTAIN (with PAS for crizanlizumab)
Technologies

Total costs
(£)

Total
LYG

Total
QALYs

Crizanlizumab

xxxxxxxxxxx

xxxxx

xxxx

SoC

xxxxxxxxxxx

xxxxx

xxxx

Inc. costs
(£)

Inc.
LYG

Inc.
QALYs

xxxxxxxxxxx

xxxx

xxxx

ICER
(£/QALY)
£491,939.61

Abbreviations: ICER: incremental cost-effectiveness ratio; inc.: incremental; LYG: life years gained; PAS: Patient
Access Scheme; QALYs: quality-adjusted life years; SoC: standard of care.

Utilities from SUSTAIN have not been added the cost-effectiveness model for the reasons
outlined in Section B.3.4 of the CS, and which are summarised again below:


In SUSTAIN, HRQoL measurements were taken at predetermined points, which may or
may not have corresponded to the occurrence of a VOC. It is therefore possible that the
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HRQoL measured in SUSTAIN missed or did not fully capture the expected impact of VOC
on patient HRQoL and assessments of pain. Tellingly, xxxxxxxxxxxxx of the SF-36
questionnaires that were administered in the SUSTAIN trial were not completed within a
7-day window of a VOC, and only xx individual patients completed a SF-36 questionnaire
within a 7-day window of a VOC.29


In addition, the 52-week duration of SUSTAIN was likely too short to demonstrate an overall
change in HRQoL related to SCD-related complications and long-term organ damage

B19. Priority question: Please clarify the mean age in the SUSTAIN trial and
include the option to use this as the baseline age in the model.
The mean age in the SUSTAIN trial was xxxx years.10
The option to use baseline demographic characteristics (including mean age) from the SUSTAIN
trial has been included in the model in response to B18. The user may also specify the mean age
of patients in the model by manually adjusting the input in cell I57 of the “Inputs-Model Settings”
sheet of the model.

B20. Please explain the calculation of the female/male ratio in the electronic model
and clarify why you consider there to be a larger female population than male for
SCD in the UK.
As discussed in the response to Question B17, the proportion of male to female patients in the
cost-effectiveness model was informed based on the cohort of patients from the HES database
analysis.28 This was deemed an appropriate input for the proportion of male to female patients
with SCD in the UK.

Intervention/Comparator
B21. Priority question: On page 22 of the CS it is mentioned that “blood
transfusions may also be used to help prevent recurrent VOC for a small
proportion of patients”. Please clarify the following points relating to blood
transfusions:
a) Page 76 of the CS states that “In practice, chronic blood transfusions for the
purpose of reducing VOC are not expected to be used in patients receiving
crizanlizumab.” However, the SUSTAIN CSR and the Appendices to the CS
show that some patients in the crizanlizumab arm did receive blood
transfusions. Please clarify the number of patients who received transfusions
in each arm of the SUSTAIN trial and include these transfusions in the model.
As noted in Table 4 in Section B.2.3.1 of the CS, emergent and occasional blood transfusions
were permitted in the SUSTAIN trial e.g. for the management of acute complications, such as
VOC or severe anaemia, as part of standard of care. Overall, xxxxxxxxxx patients were
administered blood products during the trial: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx patients
in the crizanlizumab 5 mg/kg, 2.5 mg/kg and placebo arms, respectively; and xxx transfusions
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were performed across these xx patients (xx transfusions in xx patients, xx transfusions in xx
patients and xx transfusions in xx patients in the crizanlizumab 5 mg/kg, 2.5 mg/kg and placebo
arms, respectively). Patients undergoing a chronic transfusion programme, defined as
participating in a scheduled (pre-planned) series of transfusions (simple or exchange) for
prophylactic purposes or if the haemoglobin A was > 20% of the total haemoglobin, were
excluded from the study.
In the cost-effectiveness model, chronic blood transfusions for the prevention of VOC and ad hoc
transfusions for the management of acute complications have been included. As data from the
SUSTAIN trial do not represent the use of chronic blood transfusions, it is not considered
appropriate to use the data from SUSTAIN for the purpose of modelling chronic blood
transfusions. Instead, data from the HES database analysis were used in the model to specify
the proportion of patients who might receive chronic transfusions for the prevention of VOC. For
the same reason, the value from HES used in the model and the data from SUSTAIN (xxxxx
receiving red blood cell products in the placebo arm) are not considered to be comparable to one
another.
For ad hoc transfusions used to manage acute complications, the cost of a transfusion is applied
in the model on the occurrence of each event (VOC, ACS, sepsis or priapism). The ability to link
transfusions to the occurrence of complications throughout the model time horizon is considered
to be more reflective of clinical practice than simply applying the frequency of transfusions from
the SUSTAIN trial (which would require assumptions for the use of transfusions in subsequent
years). As such the transfusion data from SUSTAIN have not been incorporated into the model.

b) The CS states on page 75: “Over the last two years of the study period, x% of
patients included in the analysis were coded as receiving a blood
transfusion (and this value was used to inform the proportion of patients
receiving blood transfusions in SoC arm of the model).” Out of the patients
that were included for the estimation of treatment effectiveness in the placebo
arm of the SUSTAIN trial, please indicate the percentage that received a blood
transfusion. If this value is different from x%, please reflect on the
appropriateness and implications of assuming a x% transfusion rate in SoC for
the cost calculations.
Please see the response to Question B21 part a, where this part of the questions is also
addressed.

c) In the model, chronic blood transfusions in SoC arm only affects costs. Please
explain why the clinical effect of blood transfusions was not considered in the
analyses and if possible, please include this in the model (for all relevant
treatment groups).
The clinical effectiveness of blood transfusions was not considered in the analyses as there is no
data available from randomised, placebo-controlled trials to demonstrate the efficacy of blood
transfusions on the reduction of VOC, as described in Section B.3.2.3 of the CS. One abstract
was identified in the SLR – Vinchinsky et al. 2010, however, in the absence of a definition of
VOC and given the study only provided a four-week follow-up period, the evidence was not
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considered robust enough to support inclusion of the results in the model.30 The only other blood
transfusion study that was identified in the SLR was conducted in pregnant women with SCD,
which limited the usefulness and generalisability of this study to the wider SCD population.31

d) The CS states on page 76 that “The majority of patients receiving blood
transfusions are expected to receive transfusions for the prevention of stroke,
rather than to prevent recurrent VOC”. Please clarify what percentage of
patients overall received chronic blood transfusions for any reason.
The proportion of patients who may be receiving chronic transfusions is expected to vary
between centres. The proportion of SCD patients in the UK who are receiving chronic blood
transfusions for any reason was estimated to be 20% by a Consultant Haematologist specialising
in the treatment of SCD.32 In Drasar et al. (2011), which provides the experience of one centre in
London, the proportion of patients with SCD receiving a transfusion was reported to be 17.8% in
2000/2001 and 23.9% in 2008/2009, of which 30.4% (2000/2001) and 26.5% (2008/2009)
patients received planned transfusions.33

e) Page 280 of the SUSTAIN CSR states that
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Please explain how many patients in
each arm of the SUSTAIN trial were excluded from the analysis for this reason.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

B22. Priority question: Please clarify whether 5 mg/kg will be the dose used
in clinical practice both for crizanlizumab monotherapy and combination
therapy.
The dose used in clinical practice both for crizanlizumab monotherapy and combination therapy
will be 5mg/kg.

Adverse events
B23. Priority question: Please include grade 3 and 4 treatment emergent
adverse events observed in the SUSTAIN trial in the economic model,
including their impact on health-related quality of life (HRQoL) and costs.
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Decrements in utility for AEs associated with treatment with crizanlizumab or SoC were not
included in the model. In the SUSTAIN trial, Grade ≥3 adverse events occurred in
xxxxxxxxxxxxxxxxxxx in the high dose crizanlizumab (5 mg/kg) arm, and xxxxxxxxxxxxxxxxxxx in
the placebo treatment arm. Due to the low incidence of events and the similar incidence of
events between treatment arms, the inclusion of Grade ≥3 adverse events based on safety data
from SUSTAIN was not expected to have a major impact on the results of the cost-effectiveness
analysis, and so these have not been included in the model.

HRQoL
B24. Priority question: The health state utility values used in the model differ
across VOC health states. A “per event” decrement for each VOC event is also
applied in the model.
a) Please comment on the likelihood that this approach double counts the
impact of VOC events on utility.
The health state utilities values used in the model were derived from SF-36 data collected as part
of the LEGACY registry analysis. This analysis collected SF-36 questionnaires every 6 months
for 3 years. The SF-36 questionnaire had a recall period of 4 weeks. It is possible that acute
VOC events may have occurred during the 4-week recall period. However, most VOC events are
very transient in nature. As reported in Anie et al. 2012, utilities scores for patients were
markedly increased 3 days after the event and were within normal ranges by 10 days.34 As such
the majority of VOC events in the registry dataset would likely not be within the recall window of
the SF-36 questionnaire.
As noted in Section B.3.4.2 of the CS, by not including specific health state utility values for each
VOC category, the impact of recurrent VOC on chronic pain and other chronic complications,
which are not otherwise explicitly included in the model, would not be captured in the costeffectiveness analysis.

b) Please provide any evidence that patients in the three VOC health states
would be expected to have different utility on event free days.
The acute episode of the VOC event has a significant decrement to the patient’s HRQoL.
However, acute events can also cause long-term consequences that lead to chronic pain and/or
organ damage. In addition, recurrent VOC can negatively affect psychological as well as physical
wellbeing. For example, in the UK analysis of SWAY, patients with more frequently occurring
VOC reported a higher emotional impact than those with less frequent VOC.9 As such, the more
VOC a patient experiences, the more potential for a long-lasting negative impact on a patient’s
HRQoL.
One of the main reasons for conducting the LEGACY registry analysis was to provide evidence
showing the impact of more frequent VOC on patient HRQoL. These analyses were conducted
with input from a UK clinician (Besser et al. 2019) and the results were informally validated with
other clinicians.35 Some of these clinicians noted that the values used in the model
underestimated the burden that their patients experienced, particularly those in the higher VOC
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categories. In addition to the registry analysis, there are numerous studies showing that more
frequent VOC are negatively linked to quality of life in SCD.36-38

B25. Priority question: Given that utility decrements are applied for each VOC
event experienced in the model, please further justify why the utility data
captured in the SUSTAIN trial is inappropriate for use as the baseline utility for
each VOC state. Please provide utility estimates from the SUSTAIN trial and
include the option in the model to use these utility values for the cost
effectiveness analyses.
Please refer to the response provided to Question B18 for information regarding why utility
estimates using HRQoL data from SUSTAIN have not been used in the cost-effectiveness
model.

B26. Priority question: The references for the LEGACY utility analysis appear
to be in abstract form. Please provide more information about the utility data
collection and analysis in LEGACY including:
a) whether HRQoL was measured only at the prespecified time points or
also on occurrence of events of interest.
LEGACY: SF-36 data were collected at baseline and then every 6 months. Data were therefore
collected at pre-specified timepoints and were not collected on the occurrence of events.
SUSTAIN: SF-36 data were collected at each treatment visit: at Days 1 and 15, and then every 4
weeks from Week 6, and at Week 52 and the Week 58 follow-up visit. Data were therefore
collected at pre-specified timepoints and were not collected on the occurrence of events.

b) How many patients provided HRQoL data in each of the VOC frequency
categories?
LEGACY: The number of SF-36 questionnaires completed in LEGACY, by assessment visit and
VOC category are presented in Table 12.
Table 12: Number of SF-36 questionnaires available per visit by VOC category
Visit Namea

VOC category

Number of HRQoLb

1

Baseline

Any

xxxxxxxxxxxxxxx

1

Baseline

0 to <1

xxxxxxxxxxxxx

1

Baseline

1 to <3

xxxxxxxxxxxxx

1

Baseline

≥3

xxxxxxxxxxxxx

2

Follow-up 1

Any

xxxxxxxxxxxxxxx

2

Follow-up 1

0 to <1

xxxxxxxxxxxxx

2

Follow-up 1

1 to <3

xxxxxxxxxxxxx

2

Follow-up 1

≥3

xxxxxxxxxxxxx

Visit
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3

Follow-up 2

Any

xxxxxxxxxxxxxx

3

Follow-up 2

0 to <1

xxxxxxxxxxxxx

3

Follow-up 2

1 to <3

xxxxxxxxxxxxx

3

Follow-up 2

≥3

xxxxxxxxxxxxx

4

Follow-up 3

Any

xxxxxxxxxxxxxx

4

Follow-up 3

0 to <1

xxxxxxxxxxxxx

4

Follow-up 3

1 to <3

xxxxxxxxxxxxx

4

Follow-up 3

≥3

xxxxxxxxxxxxx

5

Follow-up 4

Any

xxxxxxxxxxxxxx

5

Follow-up 4

0 to <1

xxxxxxxxxxxxx

5

Follow-up 4

1 to <3

xxxxxxxxxxxxx

5

Follow-up 4

≥3

xxxxxxxxxxxxx

6

Follow-up 5

Any

xxxxxxxxxxxxxx

6

Follow-up 5

0 to <1

xxxxxxxxxxxxx

6

Follow-up 5

1 to <3

xxxxxxxxxxxxx

6

Follow-up 5

≥3

xxxxxxxxxxxxx

7

Follow-up 6

Any

xxxxxxxxxxxx

7

Follow-up 6

0 to <1

xxxxxxxxxxx

7

Follow-up 6

1 to <3

xxxxxxxxxxx

7

Follow-up 6

≥3

xxxxxxxxxxx

11

End of Study

Any

xxxxxxxxxxxxxx

11

End of Study

0 to <1

xxxxxxxxxxxxx

11

End of Study

1 to <3

xxxxxxxxxxxxx

11

End of Study

≥3

xxxxxxxxxxxxx

a

Visit “End of Study” represents the last study visit for each patient, which depends on when they finished the
study.
b Number of SF-36 completed/number of records (%).
Abbreviations: HRQoL: health-related quality of life; SF-36: 36-item Short Form questionnaire; VOC: vasoocclusive crises.

SUSTAIN: Analyses of the SF-36 data collected in SUSTAIN by VOC categories used in the
model have not been conducted. Please refer to the response to Question B18.

c) How similar was the LEGACY sample was to the SUSTAIN trial sample?
The baseline demographic characteristics of patients included in the LEGACY registry analysis
set used to derive utility values (aged ≥18 years) and patients included in the SUSTAIN trial are
presented in Table 13. With respect to age, gender, ethnicity and genotype, patients included in
the LEGACY registry were similar to those included in SUSTAIN.
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Table 13: Baseline demographic characteristics from LEGACY and SUSTAIN
LEGACY (aged ≥18 years)
(N=181)

SUSTAIN (N=198)

Mean (SD)

xxxxxxxxxxx

xxxxxxxxxxxx

Median (range)

xxxxxxxxxxxx

xxxxxxxxxxxx

Gender, % female

xxxx

xxxx

Ethnicity, % Black or
African-American

xxxx

xxxx

Type of SCD, % HbSS

xxxx

xxxx

Age (years)

Abbreviations: SCD: sickle cell disease; SD: standard deviation.

d) Were any patients from the UK. If so, how many?
LEGACY: No patients were from the UK. The LEGACY registry included patients with SCD in
the USA.
SUSTAIN: No patients were from the UK. The SUSTAIN trial enrolled patients at sites in the
USA, Brazil and Jamaica.
It is worth noting that for the STAND study, which will also asses HRQoL, patients are being
recruited at UK study sites, in addition to sites in the USA, Canada, Brazil, Columbia, India, the
Middle East, and elsewhere in Europe.

e) Please also provide information in parts a-d for the SUSTAIN trial
Please refer to the responses provided above.

B27. Utility decrements for events are applied for one month in the model. Please
consider how appropriate this assumed duration is for each individual event (e.g.
sepsis and cardiac events) and update the duration if more plausible decrements are
obtained from the literature.
An option to apply utility decrements for complications for a period of time informed by length of
stay values extracted from the 2017–18 NHS reference costs has been added to the costeffectiveness model. This option is located on the “Inputs-Model Settings” sheet of the costeffectiveness model (see cells: D49:K49).
Table 14: Duration of complications based on NHS reference costs 2017–18
Complication

Duration
(days)

Source

ACS

6.40

Length of stay: NHS Reference Costs 2017–18 [DZ15M (Asthma
with Interventions)]

Gallstones

1.50

Length of stay: NHS Reference Costs 2017–18 [weighted average
across GA10H (Laparoscopic Cholecystectomy, with CC Score
4+) to GA10N (Open Cholecystectomy, with CC Score 0)]
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6.10

Length of stay: NHS Reference Costs 2017–18 [weighted average
across WJ06A (Sepsis with Multiple Interventions, with CC Score
9+) to WJ06J (Sepsis without Interventions, with CC Score 0-4)]

Pulmonary
hypertension

5.30

Length of stay: NHS Reference Costs 2017–18 [weighted average
across EB15A (Primary Pulmonary Hypertension with CC Score
9+) and EB15C (Primary Pulmonary Hypertension with CC Score
0-3)]

Cardiac

3.40

Length of stay: NHS Reference Costs 2017–18 [weighted average
across EB07A to EB07E (Arrhythmia or Conduction Disorder, with
CC score 0 to 13+)]

Cellulitis

6.10

Length of stay: NHS Reference Costs 2017–18 [weighted average
across JD07A (Skin Disorders with Interventions, with CC score
12+) to JD07H (Skin Disorders with Interventions, with CC score
0-3)]

Leg ulcer

6.10

Assumption: same as cellulitis

Osteomyelitis

9.60

Length of stay: NHS Reference Costs 2017–18 [weighted average
across HD25D (Infections of Bones or Joints, with CC Score 13+)
to HD25H (Infections of Bones or Joints, with CC Score 0-1)]

Priapism (males
only)

3.00

Length of stay: NHS Reference Costs 2017–18 [weighted average
across LB58C (Penile Disorder with Interventions) and LB58D
(Penile Disorder without Interventions)]

Sepsis

Abbreviations: ACS: acute chest syndrome; NHS: National Health Service.

These values reflect the length of stay that patients are in care for, but may not necessarily
reflect the ongoing, negative impact on HRQoL that patients might experience following
discharge from hospital. As such the utility values derived using these durations may
underestimate the full loss of HRQoL for patients who experience these complications. Using
these alternative values for the duration of complication disutility results in an increase in the
ICER when compared to the corrected base case (£332,487.98 per QALY gained; with PAS for
crizanlizumab) (see Table 15).
Table 15: Cost-effectiveness results using LoS from to 2017–18 NHS reference costs for
the duration of complication disutility (with PAS for crizanlizumab)
Technologies

Total costs
(£)

Total
LYG

Total
QALYs

Crizanlizumab

xxxxxxxxxxx

xxxxx

xxxx

SoC

xxxxxxxxxxx

xxxxx

xxxx

Inc. costs
(£)

Inc.
LYG

Inc.
QALYs

xxxxxxxxxxx

xxxx

xxxx

ICER
(£/QALY)
£344,312.88

Abbreviations: ICER: incremental cost-effectiveness ratio; inc.: incremental; LYG: life years gained; LoS: length
of stay; NHS: National Health Service; PAS: Patient Access Scheme; QALYs: quality-adjusted life years; SoC:
standard of care.

B28. Please clarify how many clinicians provided expert opinion on the assumption
that the VOC episode starts 2 days before hospitalization and clarify their expertise
in this area and in which country they are based.
The assumption that a painful VOC episode starts 2 days prior to hospitalisation was based on
anecdotal feedback from multiple clinicians based in Canada and the USA. This assumption was
since validated by personal communication with a Consultant Haematologist in the UK
specialising in the treatment of SCD.32
That patients with SCD will experience pain associated with VOC for multiple days before
hospitalisation is also supported by published studies.39
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B29. Table 33 of the CS states twice that “this value is likely to underestimate the
loss of utility associated with” a given event. Please justify these assumptions with
reference to evidence from the literature where possible and comment on the
potential limitations associated with these values and the impact on the analysis.
For patients experiencing a sepsis event, it is unlikely that the difference in utility between a
sepsis survivor at day 180 (0.69) and sepsis survivors at day 30 (0.53) would fully capture the
loss of utility when patients are experiencing an acute sepsis event (and are being treated in an
intensive care unit).40
The disutility value for patients with a cardiac complication was derived from the difference in
utility of patients with cardiac arrhythmia undergoing ablation therapy 1-year after procedure
(0.84) and before procedure (0.77). This value is therefore likely to underestimate the utility
decrement associated with other cardiac complications, such as cardiac arrest, which would be
associated with treatment in an intensive care unit.41
Given the low frequency of these complications in the model and the limited impact that they
have on cost-effectiveness results, it is not expected that the underestimation of the utility
decrements associated with these complications will have a major impact on the costeffectiveness results.

Cost and Resource use
B30. Please clarify the following aspects regarding the resource use/costs in the
economic analysis:
a) Please include resource cost, such as material cost (e.g. syringe, sodium
chloride/dextrose), for the administration of crizanlizumab in the model.
The additional material costs associated with the administration of crizanlizumab have not been
included in the model. Compared to the health care staff costs for administration and the drug
acquisition cost, the cost of these materials are expected to be negligible and it is not expected
that the introduction of these costs would have a major impact on the cost-effectiveness results.

b) In the electronic model, the yearly administration cost for crizanlizumab follow
a different calculation than for the acquisition cost of crizanlizumab. Please
clarify why a different cost calculation was conducted and why the compliance
rate of 96.3% was omitted in the calculation of the administration cost.
The omission of the compliance rate to the calculation for administration costs was not
intentional. An option to apply compliance rates to the administration costs has been added to
the cost-effectiveness model. This option is located on the “Inputs-Model Settings” sheet of the
model (see cells: D50:K50).
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c) Please clarify where in the electronic model the cost of the initial
administration by a band-6 nurse in the first year of the cycle is included.
The administration cost for the additional dose of crizanlizumab in the first year of the model was
not included in the original model that was submitted. This omission was not intentional. An
option to apply the administration cost to the additional crizanlizumab dose received in the first
year has been added to the cost-effectiveness model. This option is located on the “Inputs-Model
Settings” sheet of the model (see cells: D51:K51).

d) Please include health care staff costs in addition to the cost for laboratory
tests in the monitoring cost for HC/HU.
The cost of health care staff costs associated with the monitoring of HC/HU have not been
included in the model. Given that the same costs would be applied to the same proportion of
patients in each treatment arm in the model, it is not expected that the introduction of these costs
would have a major impact on the cost-effectiveness results.

e) Please include adverse event costs associated with the drug crizanlizumab,
HC/HU and blood transfusions in the electronic model.
Please refer to the response provided to Question B23 for information on why adverse events
have not been considered in the cost-effectiveness model.

Other
B31. Priority question: Please provide full justification for how data collection
for clinical uncertainties within a managed access agreement would reduce
the company base-case incremental cost-effectiveness ratio (ICER) to a
plausibly cost-effective range of £20,000-£30,000 per QALY gained. Please
comment on the feasibility of data collection for these clinical uncertainties.
The 52-week duration of SUSTAIN did not allow for a comprehensive detection of differences in
long-term outcomes such as mortality or rare events that occur with low annual frequency. There
is also limited data available on the long-term natural history of SCD. Therefore, the HES
database was analysed in order to establish the relationship between VOC and mortality/SCDrelated complications in the model. The HES database analyses has some limitations; for
example, coding is significantly better in the inpatient setting compared to the emergency room
and it is likely that the true burden of SCD has been underestimated. Additionally, hospitalised
VOC make up a minority of VOC events experienced by patients. According to SWAY, only 32%
of all VOC reported by patients were managed within a hospital setting, which suggests that the
number of VOC experienced by patients is likely to be substantially underestimated in studies
that only consider hospitalised VOC. Further, the incidence of a number of complications
appears to be underestimated in this analysis which is likely driven by low presentation rates to
hospital.
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The SUSTAIN trial collected HRQoL data using the SF-36v2 and BPI at various points during the
study. For both SF-36v2 and BPI,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx (see
Section B.2.6 of the CS). Due to the short duration of SUSTAIN, and the acute and unpredictable
nature of VOC, it is possible that the HRQoL measured at the time of the treatment visit missed
or did not fully capture the expected impact of VOC on patient HRQoL and assessments of pain.
Thus, the utility values used in the cost-effectiveness model were derived from published studies
reporting utility values and not from the SUSTAIN trial.
We anticipate additional data collection will allow us to effectively address the key uncertainties
in the CS given that the utility values, complication rates and HCRU linked to VOC rates are
likely to be underestimated. More precisely, the ongoing STAND phase III trial will provide
important data on long term efficacy and safety of crizanlizumab and HRQoL. In addition to the
STAND trial, we are also planning to collect real world evidence in collaboration with NHR and
WSIC database with the aim to further investigate the relationship between rates of VOCs and
SCD complications as well as the resource use linked to VOCs. The nature and complexity of the
disease, vulnerability of the patient population and the lack of SCD data limits the use of
conventional cost-effectiveness analysis of crizanlizumab. Nevertheless, based on the results of
sensitivity and scenario analyses presented within the CS (see Section B.3.8), the costeffectiveness of crizanlizumab is highly sensitive to changes in these – and other – parameter
input values. Where extreme values from plausible ranges are combined, there is a significant
effect on cost effectiveness results.
The challenges associated with the lack of data indicate that it is too early to produce a reliable
cost effectiveness analysis and impossible to create one in the current environment that takes
into account the additional psychosocial issues that plague SCD in particular, in combination with
the consistent lack of development of new therapeutics in this space.Limited time and effort has
been put into capturing the true burden of SCD leading to a situation where the true impact of
this disease remains unknown and current data sources likely underestimate both the natural
history impacts and costs associated with this complex disease. SCD is a chronic condition that
affects a largely already socially disadvantaged and ignored group of patients. Patients are still
dying a 20-30 years faster than their peers despite availability of HU, indicating that measures
need to be taken to reverse this trend. We believe that the outcomes of the CE model
underestimate the true benefit of crizanlizumab and that a MAA is a reasonable route.
We anticipate that further data collection on these uncertainties, as well as the opportunity for a
commercial arrangement through an MMA will reduce the base case ICER to a plausibly costeffective range. We are engaging with NHS England and NICE to discuss these considerations.

B32. Please include the uncertainty in the mean annual rates of VOC for the
“yes” and “no” concomitant HC/HU subgroups in the sensitivity analysis
separately and ensure that all annual VOC rates for crizanlizumab and SoC <1,
1> and <3, >3 are included in the probabilistic sensitivity analysis (PSA).
Uncertainty in the mean annual rates of VOC for the with and without concomitant HC/HU
subgroups is already captured as part of the PSA. The inputs used for these parameters in the
PSA are provided in the “Inputs-Efficacy” sheet of the model.
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B33. Priority question: Please provide all details of the communication
between the company and the clinical experts. Please include anonymised
information about the clinical experts, detailed minutes of the face-to-face
meeting and/or teleconference, list of expert recommendations and
justifications for clinical assumptions and inputs used in the model.
Clinical expert opinion was sought at different stages during the model development process. In
May 2019, separate meetings were held with three clinicians in the UK specialising in the
treatment of SCD. At this stage of the model development, the proposed model structure differed
to that which was ultimately utilised for this submission. Those aspects that were discussed and
which remain relevant to the model utilised for the submission are summarised in Table 16.
A subsequent round of clinician validation was also conducted (March 16th 2020) in which
Clinician 3 provided the following the responses to questions about specific inputs in the model
relating to the current management of patients with SCD:32
Blood transfusions


What proportion of SCD patients can be expected to receive regular blood transfusion
for the management of recurrent VOC? How frequently would patients receive
transfusions? Range between 8% and 20% for various indications. Between 5 and
10% would be on chronic transfusions for VOC



What proportion of patients would be expected to receive exchange (automated or
manual) versus top-up transfusions? Preventing VOCs – mainly exchange. Top up
usually in children for stroke prevention as exchange is difficult to do, technically. In
adults top up, mainly used in patients who are heavily anaemic e.g. renal impairment or
elderly have low Hb



On average, what number of units of blood would be expected per transfusion? 8-12
units for an adult during exchange transfusions



What proportion of patients receiving regular transfusions would also require iron
chelation therapy? Depends on whether patients have previously received a top up
transfusion, majority of patients who start from scratch they will receive exchange
transfusion



Would special requirements for SCD patients (e.g. the provision of matched or antigennegative blood to minimise the risk of alloimmunisation) have to be accounted for, and
how would this affect transfusion costs? All SCD patients have special requirements
including rhesus matching. Sickle need fresh less than 7 day old blood, sickle negative,
matched for rhesus D, C, and E and Kell. Rates of alloimmunisation varies, seems to
increase with age affecting up to 20-30% of patients. Would have to ask national blood
service for costs sourcing blood for alloimmunised patients. It is definitely more difficult
to source for some patients and can become an indication not to transfuse due to lack
of blood.

Monitoring tests and visits
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[Having been presented with the current assumptions for HC/HU monitoring, which
included Full Blood Count, Liver Function Test and Renal (urea and electrolytes) Test at
the time, and being asked to comment]: patients on a stable dose will also have HbF
monitoring once every 3 months



Would all SCD patients (regardless of therapy received) also have regular/annual visits
with a haematology consultant (or nurse)? Would this be expected to change depending
on the number of VOC that a patient has experienced that year (e.g. 0, 1–2, ≥3 VOC)?
Stable patients: 1 annual visit with a consultant. Patients with 3+ VOCs: at least 3 annual
visits and if they need to be put on exchange transfusion then they will be seen 3 times
within 6 months

Cost of VOC and acute complications


[Having been presented with the NHS Reference Cost codes used for VOC and acute
complications in the model and asked to comment]:
o

VOC: patients may also require transfusion during admission

o

ACS: Transfused in at least 50% of cases; additional costs, for high dependency
unit, mechanical ventilation etc. in some severe cases

o

Sepsis: Rare; these patients would end up in intensive care and would need
exchange transfusions

o

Gall stones: also require scans as well as intervention

Utility


How long would patients be expected to experience disutility due to VOC-related pain
before hospitalisation? Would the current assumption of 2 days appear reasonable? Yes

Through conversation with another Consultant Haematologist specialising in the treatment of
SCD (i.e. not one of the three clinicians in Table 16) the generalisability of the patient population
included in the SUSTAIN trial to patients in the UK with SCD was validated.15 This questions and
responses during this conversation were not documented.
xTable 16: Summary of clinical expert opinion
Clinician 1 (May 1st 2019)
Do you consider
the number of
VOC a patient
experiences an
indicator of
disease
severity?





Clinician 2 (May 7th
2019)


The number of VOC
is the best indicator
because it is
quantifiable
Other complications
(i.e., end organ
damage, arrythmia)
are more binary
(yes/no) so these
may not change the
course of treatment
and are not the best
indicators
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The number of
VOC is an
important
indicator and is
a clinically
useful marker,
but there are
other types of
indicators as
well, such as
haemoglobin S
percentage,
lactate
dehydrogenas
e levels, or the

Clinician 3 (May 7th
2019)




Yes, VOC are
a key indicator,
although other
indicators exist
SCD includes
a spectrum of
phenotypes.
Some patients
are more
prone to
VOCs, while at
the other end
of the
spectrum
patients may

presence of
other
complications
such as
avascular
necrosis
(AVN),
pulmonary
hypertension



Do you think
there is an
association
between the
number of VOC
a patient has
and survival and
organ damage?



The link is not clearly
established, but in
general more crises
earlier on leads to
AVN and more longterm issues
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Studies show
that there is an
impact of
VOCs on
survival (ie,
Platt et al.
1991), and that
there is an
impact of VOC
(when
associated
with ACS) on
survival
Other causes
of mortality in
these patients,
especially
when ≥ 40
years of age,
include chronic
kidney
disease,
chronic liver
disease,
pulmonary
hypertension.
In children with
SCD, ACS is
the most
common
cause of
mortality (in
the past it was
pneumococcal
infection)



not experience
pain but may
have
haemolytic
anaemia, low
haemoglobin
levels, fatigue,
a greater risk
of stroke.
Although these
patients do not
experience
pain, they still
may have
severe SCD
Crizanlizumab
will help
patients who
experience
VOC, but will
not help those
with other SCD
related
severities
There is a
clear
association
between the
number of
VOC a patient
has and overall
survival. One
could also
make a
rational
argument that
there would be
an association
between the
number of
VOC and
organ damage

What is the
average life
expectancy in
SCD patients?



Average life
expectancy depends
on the SCD
genotype. HbSS
patients typically live
55-60 years, and
HbSC patients
typically live 70-75
years. For rarer
genotypes it is harder
to determine the life
expectancy

In the
SUCCESSOR
study, the 52week postSUSTAIN
occurrence of
VOC after
discontinuation
of treatment
with
crizanlizumab or
placebo
supports the
benefit of
crizanlizumab
after
discontinuation.
Is it reasonable
to assume
patients would
maintain some
benefit of
crizanlizumab
postdiscontinuation
?



Crizanlizumab could
cause a
recalibration/rebootin
g of the
microenvironment,
which allows for a
SCD patient to
maintain the benefit
of crizanlizumab for
some time after
discontinuation of the
drug. This would be
an attractive feature
of crizanlizumab as it
would allow a patient
to take treatment
breaks if needed

Question not asked



Yes, these
results look
encouraging



The average
life expectancy
is around 50
years (median
age). The
oldest patient
in [clinician 3’s]
clinic is 35
years old



Yes, a benefit
of
crizanlizumab
may be
maintained
postdiscontinuation
. However, the
data is
surprising as it
would be
expected that
after
discontinuation
of
crizanlizumab,
a patient would
have a rate of
VOC similar to
that pretreatment
The half-life of
crizanlizumab
would only
allow for the
drug to persist
in the body for
around 2
months postdiscontinuation
, so the benefit
must be due to
a persisting
stabilising
effect on the
endothelium.
The
endothelium of
SCD patients
is chronically
activated, and
following a
year of
suppression
with
crizanlizumab,
it does not
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return to its
activated state
upon drug
discontinuation
The LEGACY
database
analysis was
used to
calculate the
baseline utility
values for SCD
patients (0.73,
0.70, and 0.62
for patients with
0, 1-2, and 3+
VOC,
respectively).
Does this
approach for
calculating
baseline utility
values for SCD
seem
reasonable?a



Question not asked

Yes, this
approach is
reasonable,
although it is
surprising that
the ≥3 VOC
group’s utility
is not lower





A utility
decrement for a
VOC of 0.007
per event was
calculated from
Anie et al. 2012.
Does this
approach for
calculating a
utility
decrement for a
VOC seem
reasonable?



Question not asked



49

Yes, this is a
reasonable
approach, and
the decrement
equates well
with the SCD
utility values
derived from
the LEGACY
study
The utility
value at 1week follow-up
in Anie et al.
2012 is also in
line with the





Severe VOC
have a
substantial
effect on
quality of life
during the
event. The
time in hospital
alone is not the
total time spent
having a VOC,
it may take
weeks to fully
recover.
Additionally, if
a patient has
frequent VOC,
this will lead to
a detrimental
psychological
effect over
time, and they
may be at risk
for developing
chronic pain
while older and
be reliant on
opioids
The utility
value of 0.73
for a patient
with 0 VOC
seems quite
low and
suggests that
other issues
may be
impacting the
utility
Yes, this is a
reasonable
approach.
Generally,
when a patient
is experiencing
a VOC they
are incapable
of doing
anything and
cannot initially
get out of bed
It may be
worthwhile to
validate the
utility

SCD utility
values
calculated
from the
LEGACY study

decrement for
a VOC by
comparing to
other acute
diseases. VOC
pain is said to
be worse than
childbirth, and
on the realm of
surgical pain

a

The values included in this question refer to the utility values derived from the published analysis of the LEGACY
registry and not those ultimately used in the cost-effectiveness model.35
Abbreviations: ACS: acute chest syndrome; AVN: avascular necrosis; SCD: sickle cell disease; VOC: vasoocclusive crisis.

B34. Priority question: Please implement any changes to model assumptions,
structure or parameters in the model and provide a clear list of any changes.
Table 17: List of changes made to the cost-effectiveness model
Q

Description of Change

Tabs/Cells Affected

NA:
Correction

The cost of crizanlizumab administration was
corrected such that the cost per cycle was based
on administration once every 28 days (as per the
drug acquisition cost) and not based on 12
administrations per year




Parameters (H79)
CalculationsCrizanlizumab (FC33)

NA:
Correction

The inclusion in the model trace of the drug
acquisition cost for the additional dose of
crizanlizumab in cycle 1 has been corrected
such that it is based on the cost of a single dose
and not the annual cost of crizanlizumab



CalculationsCrizanlizumab (ET33)

B4

Added in scenario to enable the user to select
and obtain results for the four subgroups in the
clarification question. The user can still adjust
this input manually on the Inputs-Efficacy tab.



Inputs-Model Settings
(D44:K45)
Inputs-Efficacy
(I48:I49,M48:M49)

Added in user-adjustable option for HC/HU
Compliance



B5






Inputs-Model Settings
(D46:K46)
Parameters (D98:H98)
Inputs-Drug Costs (G35,
G69)

Added in option to only apply crizanlizumab postdiscontinuation efficacy for patients that have
received treatment for at least 1 year



B18

Added in option for the patient population
demographics to be from SUSTAIN rather than
the HES Database Analysis



Inputs-Model Settings
(D48:K48,I58,L58,I61,L61)

B27

Added in option for complications utility
decrements to be based on LoS from NHS
Reference Costs rather than assumed 1 month



Inputs-Model Settings
(D49:K49)
Inputs-Utilities (H39:K49)

Added in option to include drug compliance in
administration costs (crizanlizumab)



B7

B30b
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Inputs-Model Settings
(D47:K47)
Calculations –
Crizanlizumab (P34:R34,
T35:V35, DT27:DV29,
DT33:DV35)

Inputs-Model Settings
(D50:K50)
Inputs-Drug Costs (G60)

B30c

Added in option to cost administration for
additional crizanlizumab dose received in first
year



CalculationsCrizanlizumab (FC33)



Inputs-Model Settings
(D51:K51)
CalculationsCrizanlizumab (FC33)



Abbreviations: HC/HU: Hydroxycarbamide/hydroxyurea; HES: hospital episode statistics; LoS: length of stay;
NHS: National Health Service.

B35. Priority question: Please provide details about what validation efforts
were performed in Section B.3.10 of the company submission and the results
of these validation efforts. This could be presented for example (but not
necessarily) with the help of the validation tool AdViSHE
(https://advishe.wordpress.com/author/advishe/).
The model programming was checked by an analyst who was not involved in the original
development of the model using a validation checklist similar that reported in the published
literature.42 This involved a quality control check of the formulae used in the model and stress
testing of the model to ensure that it behaves as expected when extreme values are used.

B36. Please indicate when the results of additional analyses from the National
Haemoglobinopathy Registry, as mentioned on page 77 of the CS, can be expected.
The National Haemoglobinopathy registry is currently being updated and redesigned. We have
been informed it will not be available before September 2020 therefore additional analyses from
this registry are unlikely to be available before 2021.

B37. Please clarify that all model inputs estimated from the SUSTAIN trial for the
crizanlizumab group are from the high dose 5 mg/kg arm.
Model inputs that are estimated from the SUSTAIN trial are derived from the high dose
crizanlizumab treatment arm (5 mg/kg) for patients in the crizanlizumab arm of the costeffectiveness model and from the placebo treatment arm for patients in the SoC arm of the
model.

Section C: Textual clarification and additional points
C1. Priority question: As part of the submission, 41 PDF/Word documents
were submitted. However, there are 120 references listed in the Document B
bibliography as well as 79 references in the Appendices document.
Please provide PDF copies of all references used for the CS.
In order to provide the PDF copies for the remaining journal articles, copyright permission needs
to be sought. We are in the process of obtaining the copyright clearance required to share these
articles and will provide the PDF copies once received. In the meantime, these articles, which are
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all freely available online, can be accessed via following the URLs that were provided as part of
the original reference pack.

C2. Please check and revise the in-confidence marking in the CS. For example,
values in section B.2.3.2 are marked as commercial in confidence but are reported in
Table 5 of the CS.
Academic-in-confidence marking has been used for unpublished data. In this instance,
unpublished data on baseline characteristics from the overall study population in SUSTAIN,
which have been derived from the CSR, are presented in the text in Section B.2.3.2. Baseline
characteristics by treatment arm, as presented in Table 5 of the CS, are reported in the Ataga et
al. 2017 publication and so have not been marked as academic in confidence.12 No changes
have been made to the in-confidence marking used in the CS.
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Patient organisation submission

Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.
You do not have to answer every question – they are prompts to guide you. The text boxes will expand as you type.
Information on completing this submission




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1.Your name

xxxxxxxxxxxxxxxxx
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2. Name of organisation
3. Job title or position
4a. Brief description of the
organisation (including who
funds it). How many members
does it have?

Sickle Cell Society

xxxxxxxxxxxxxxxx
The Sickle Cell Society is a national Charity registered with the Charity Commission since 1979. Our national reach is
through a wide network of well infiormed, committed and active supporters, members and support groups. We
work nationally, regionally and locally. Because of our unique status we have good international links and are
frequently contacted by patients and clinicians globally for access to some of our resources.
We aim to empower and assist people living with sickle cell disorder (SCD) to achieve their full economic and social
potential. We have a small staff team of 9 WTE, consisting mainly of part time staff. Our operating costs are in the
main funded by donations and grants. We have a board of trustees (9) at least 50% of whom live with SCD or cares
for someone who lives with the condition.

4b. Has the organisation
received any funding from the
manufacturer(s) of the

We have received funding from Novartis during the last 12 months towards a government affairs secretariat
service which we run. Novartis contribute a third of the funding (£12,500), the rest of the funding is from other
funders including a small contribution (£5,000) from the Sickle Cell Society.

technology and/or comparator
products in the last 12
months? [Relevant
manufacturers are listed in the
appraisal matrix.]
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If so, please state the name of
manufacturer, amount, and
purpose of funding.
4c. Do you have any direct or

No

indirect links with, or funding
from, the tobacco industry?
5. How did you gather
information about the
experiences of patients and
carers to include in your

Through sickle cell surveys from our members ( Picker Europe, Sickle Cell World Assessment Survey (SWAY) ).
Patient workshops, seminars and Annual General Meetings over recent years. We also run a helpline and
information service where we receive lots of diverse information from patients and carers including about clinical
trials and the potential for new treatments for SCD. Finally, we have trustees, ambassadors, SCD Mentors and
volunteers who live with SCD or are carers living with the condition.

submission?
Living with the condition
6. What is it like to live with the
condition? What do carers
experience when caring for
someone with the condition?

SCD affects over 15, 000 children and adults across the UK. SCD is an extremely painful genetic blood condition
which damages organs in the body and leads to early mortality. The burden of the condition and the impact of
quality of life is very significant. The condition is often characterised by acute pain, chronic pain, fatigue, bone
aches and hospital admissions. For example, in relation to the latter, SCD is in the top 20 of all causes for
emergency admissions in London.
The 2019 SWAY global SCD survey assessed the impact of SCD on daily life. The survey clearly demonstrated that
SCD had a high impact on young people's education and school/University achievement. This of itself will have
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direct and indirect impacts on parents, carers, siblings and the wider family.
In 2015 the Society collaborated with the National Institute for Health Research and the Picker Insitute Europe to
complete the biggest ever survey of patients, carers and young people living with SCD in the UK. 86% of
respondents felt their friends, family and co‐workers did not know or understand enough about their condition.
62% reported that healthcare staff did not give enough information to others such as schools or employers about
their condition.
We are currrently in the midst of a global pandemic, Covid19. People with SCD (homozygous sickle cell) are listed
on the UK Government website as an extremely vulnerable group at severe risk if they contract Covid19. In
addition the majority of people living with SCD are of BAME heritage. We know that there has sadly been a
disproprtionate number of deaths from Covid19 within the BAME population. The early data also shows that the
BAME population is 3‐4 times at risk of death, if they contract Covid19. The underlying inequalities issues at play
for the SCD community and indeed the BAME community more generally, here should therefore be considered
when considering this condition and new treatments. As a vignet, one patient described it as a double whammy.

Current treatment of the condition in the NHS
7. What do patients or carers
think of current treatments and
care available on the NHS?

Excluding opiod painkillers and blood transfusions there is only one licensed drug for sickle cell disorder (SCD);
Hydroxyurea. This is a chemotherapy drug which has proven to be beneficial to some patients living with SCD.
We know, without exception, from our conversations with patients, carers and families that they would like to see
more choice of disease modifying SCD treatments that can enable individuals with the condition to have improved
quality of life.
Despite the clinical knowledge that SCD has existed for over 100 years, as a national Patient Advocacy Organisation
we and indeed many of our members believe it is frankly woeful and disturbing that there has been no innovation
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in SCD treatment options when compared to like genetic blood conditions. This adds to the inequality experienced
by many people living with the condition.
Data from the 2019 Sickle Cell World Assessment Survey (SWAY) clearly shows that the most common treatment
goal of patients is 1) improved quality of life 2) prevent worsening of their condition and 3) reduce the number of
VOCs/crises.
Whilst Hydroxyurea is the only licensed UK drug, we also know that it is not a treatment for everyone who has the
condition. The SWAY data also shows that approximately one third of patients were receiving Hydroxyurea
globally. The proportion of patients in the UK who said they were currently using Hydroxyurea at the time of the
SWAY survey was 19% (of 299 patients).
8. Is there an unmet need for
patients with this condition?

Yes of course there is unmet need, much of which is neither recognised or acknowledged. SCD is the most common
genetic blood in the UK, associated with both acute and chronic complications and a reduction in median life
expectancy of approximately 20 years. Apart from standard pain killers and regular transfusions, there is only one
licensed treatment which can prevent painful episodes in SCD ; Hydroxyurea. As explained under question 7 above
Hydroxyurea is not for everyone. In addition, despite the fact that it can be effective for some patients, there are
many myths, mistrust and concerns amongst many individual patients and parents about Hydroxyurea. In the main
this is because a) it is a chemotherapy drug and b) of the long term side effects. Many treating clinicians in the field
of SCD will also know this.
I urge NICE not to dismiss these as mere misconceptions by patients and parents but to understand that for some
these are genuinely strongly held beliefs. In our view it would also be fair to say that even some treating clinicians
have differing views about the use of Hydroxyurea, for example for very young children.
The SWAY data also shows that healthcare utilisation does not accurately reflect the incidence of VOCs. The data
shows that 24% of VOCs were managed at home. This in our view is extremely dangerous. The most common
reason for home VOC management was a previous poor experience of accident and emergency
department/hospital. It is not uncommon for our organisation to receive complaints about accident and
emergency experience, particularly from young black men in relation to allegations of misuse of opiod painkillers or
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not believing their level of pain on admission. VOCs are the primary cause of up to 98% of hospital admissions for
SCD patients.

Advantages of the technology
9. What do patients or carers
think are the advantages of the
technology?

Clinical trial data suggests that there is a reduction in frequency of pain in addition to that provided by
Hydroxyurea. If NICE accept my earlier point evidenced by data, that what most patients want by way of SCD
treatment goals is quality of life improvement such as school, work, daily activities, then any technology that
further enables that will be welcome by patients, carers and families.
I understand that there are also potential benefits with other complications such as acute chest syndrome.
Intravenous monthly injections offer some advantages for patients, particularly those with difficulties taking
medication every day.

Disadvantages of the technology
10. What do patients or carers

For some patients, they may have difficulty with venous access.

think are the disadvantages of
the technology?
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Patient population
11. Are there any groups of
patients who might benefit

There is potential for every patient with HbSS or HbSC to benefit, particularly those with frequent episodes of pain.
VOCs increase with age and in frequency and severity. Adults are therefore more likely to benefit.

more or less from the
technology than others? If so,
please describe them and
explain why.
Equality
12. Are there any potential
equality issues that should be
taken into account when
considering this condition and
the technology?

Without exception there are serious inequality issues, some of which I have alluded to earlier in this submission.
SCD in the UK is overwhelmingly confined to black populations or people who have black heritage. The covid19
pandemic has in part exposed the scale of health inequalities in the UK. As an organisation, we work with these
issues every day, so this is no surprise to us or many people who live with SCD. Frankly, I make no apology for
saying it is a disgrace that there has been no new drugs licensed for SCD in the UK for over 30 years. This only
serves to widen the health inequalities for the SCD community.
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Other issues
13. Are there any other issues
that you would like the
committee to consider?

We urge NICE to carefully consider the question of the lack of treatment innovation and the associated health
inequalities experienced by this group of patients by taking a more patient centric approach together with the
current NICE methodology. Lastly, we all understand the very challenging circumstances that individuals, families,
businesses and the public sector are currently having to deal with the global pandemic and government
restrictions, but nevertheless we would not wish to see any undue delay with the consideration of this new
technology.

Key messages
15. In up to 5 bullet points, please summarise the key messages of your submission:


SCD is most common severe inherited disorder in the UK



Only one licensed drug available for treatment



Clear health need for new disease modifying drugs for SCD with proven efficacy



Serious health inequalities at play for the SCD community, the vast majority who are BAME



The burden of the condition and its effect on the quality of life is significant

Thank you for your time.
Please log in to your NICE Docs account to upload your completed submission.
………………………………………………………………………………………………….
Patient organisation submission
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Your privacy
The information that you provide on this form will be used to contact you about the topic above.
Please tick this box if you would like to receive information about other NICE topics.
For more information about how we process your personal data please see our privacy notice.
………………………………………………………………………………………………….

Patient organisation submission
Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]

9 of 9

Clinical expert statement

Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]
Thank you for agreeing to give us your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type.
Information on completing this expert statement




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the
submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 13 pages.

About you
1. Your name

Dr Paul Telfer

2. Name of organisation

Queen Mary University of London and Barts Health NHS Trust
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3. Job title or position
4. Are you (please tick all that
apply):

Senior Lecturer in Haematology and Honorary Consultant Haematologist
an employee or representative of a healthcare professional organisation that represents clinicians?
a specialist in the treatment of people with this condition?
a specialist in the clinical evidence base for this condition or technology?
other (please specify):

5. Do you wish to agree with

yes, I agree with it

your nominating organisation’s

no, I disagree with it

submission? (We would

I agree with some of it, but disagree with some of it

encourage you to complete

other (they didn‘t submit one, I don’t know if they submitted one etc.)

this form even if you agree with
your nominating organisation’s
submission)
6. If you wrote the organisation

yes

submission and/ or do not
have anything to add, tick
here. (If you tick this box, the
rest of this form will be deleted
after submission.)
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The aim of treatment for this condition
7. What is the main aim of

Prevention of acute painful crises and other acute vasco-occlusive manifestations of sickle cell disease

treatment? (For example, to
stop progression, to improve
mobility, to cure the condition,
or prevent progression or
disability.)
8. What do you consider a

50% reduction in events requiring treatment in hospital

clinically significant treatment
response? (For example, a
reduction in tumour size by
x cm, or a reduction in disease
activity by a certain amount.)
9. In your view, is there an

Yes

unmet need for patients and
healthcare professionals in this
condition?
What is the expected place of the technology in current practice?

Clinical expert statement
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10. How is the condition

Hydroxyurea, regular blood transfusion (simple transfusion or exchange blood transfusion)

currently treated in the NHS?


Are any clinical
guidelines used in the
treatment of the
condition, and if so,
which?



Is the pathway of care
Yes. Uptake of hydroxyurea is however variable, and resource for regular exchange blood transfusion may
well defined? Does it
be limited
vary or are there
differences of opinion
between professionals
across the NHS? (Please
state if your experience is
from outside England.)



What impact would the
technology have on the
current pathway of care?

11. Will the technology be

Yes,

Reduction in ED attendance and hospital admission in treated patient group, requirement for iv infusion
once every 4 wks on day care facility
See above

used (or is it already used) in
the same way as current care
in NHS clinical practice?

Clinical expert statement
Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]

4 of 11



How does healthcare
resource use differ
between the technology
and current care?

Requirement for intravenous infusion every 4 wks. There is a potential for this being delivered in the
community setting rather than in hospital



In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

See above



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

Increased staffing on infusion unit for organization of infusion clinic and giving the intravenous infusion
regularly.

12. Do you expect the
technology to provide clinically

Yes- reduction in ED attendance and hospital admission. Also a reduction in pain episodes managed in the
community/at home

meaningful benefits compared
with current care?


Do you expect the
technology to increase
length of life more than
current care?

Yes

Clinical expert statement
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Do you expect the
technology to increase
health-related quality of
life more than current
care?

13. Are there any groups of
people for whom the

Yes

Those with frequent pain episodes, (>2 admissions on average per year). Not likely to benefit those with
chronic pain syndromes or opioid dependency

technology would be more or
less effective (or appropriate)
than the general population?
The use of the technology
14. Will the technology be

More difficult to administer than hydroxyurea (an oral therapy). Easier to administer compared to simple or

easier or more difficult to use

exchange transfusion. Intravenous access is difficult for some patients. Difficult venous access may restrict

for patients or healthcare

its use for these patients

professionals than current
care? Are there any practical
implications for its use (for
example, any concomitant
treatments needed, additional
clinical requirements, factors
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affecting patient acceptability
or ease of use or additional
tests or monitoring needed.)
15. Will any rules (informal or

Requirement for patient to attend regularly. Treatment would be discontinued if infusion visits are missed

formal) be used to start or stop

without notice. If there is insufficient clinical benefit (to be defined), or adverse effects, treatment would be

treatment with the technology?

discontinued

Do these include any
additional testing?
16. Do you consider that the

Yes- quality of life, economic productivity, psychological and social welbeing

use of the technology will
result in any substantial healthrelated benefits that are
unlikely to be included in the
quality-adjusted life year
(QALY) calculation?
17. Do you consider the

Yes. Treatment options for preventing pain episodes and other acute VOC manifestations are currently

technology to be innovative in

very limited

its potential to make a
significant and substantial
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impact on health-related
benefits and how might it
improve the way that current
need is met?


Is the technology a ‘stepchange’ in the
management of the
condition?

Unclear as yet- One Phase 2 study only



Does the use of the
technology address any
particular unmet need of
the patient population?

Yes- see above

18. How do any side effects or

Treatment would be difficult to sustain if there are significant adverse effects- the benefit in terms of

adverse effects of the

symptomatic improvement would be difficult to show

technology affect the
management of the condition
and the patient’s quality of life?
Sources of evidence
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19. Do the clinical trials on the

Yes- more or less

technology reflect current UK
clinical practice?


If not, how could the
results be extrapolated to
the UK setting?



What, in your view, are
the most important
outcomes, and were they
measured in the trials?



If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?



Are there any adverse
effects that were not
apparent in clinical trials
but have come to light
subsequently?

20. Are you aware of any

Reduction in acute pain episodes as measured

Not aware of any

No

relevant evidence that might
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not be found by a systematic
review of the trial evidence?
21. How do data on real-world

Trial population is selected for frequent pain episodes. In the real world the proportion of patients with

experience compare with the

frequent VOC is <50%

trial data?
Equality
22a. Are there any potential

SCD predominantly affects BAME community. Treatment options and health care resources for SCD in

equality issues that should be

general are probably reduced compared to some other chronic conditions

taken into account when
considering this treatment?
22b. Consider whether these

Not necessarily different

issues are different from issues
with current care and why.
Topic-specific questions
23. In clinical practice will

Either monotherapy or combined with HU

crizanlizumab be used as a
monotherapy or is it used in

Clinical expert statement
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combination with
hydroxycarbamide?
Key messages
24. In up to 5 bullet points, please summarise the key messages of your statement.


Unmet need, significant morbidity and mortality in SCD



Potential to reduce pain episodes by 50% with implications for patient and health service outcomes



Required 4 weekly i.v. infusion in the long-term



Phase 2 data only at present


Thank you for your time.
Please log in to your NICE Docs account to upload your completed statement, declaration of interest form and consent form.
………………………………………………………………………………………………….
Your privacy
The information that you provide on this form will be used to contact you about the topic above.
Please tick this box if you would like to receive information about other NICE topics.
For more information about how we process your personal data please see our privacy notice.
………………………………………………………………………………………………….
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Patient expert statement

Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]
Thank you for agreeing to give us your views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.
You do not have to answer every question – they are prompts to guide you. The text boxes will expand as you type.
Information on completing this expert statement




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1.Your name

JUNE OKOCHI

2. Are you (please tick all that

a patient with the condition?

apply):

a carer of a patient with the condition?
a patient organisation employee or volunteer?
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other (please specify):
3. Name of your nominating

Sickle Cell Society

organisation
4. Did your nominating

yes, they did

organisation submit a

no, they didn’t

submission?

I don’t know

5. Do you wish to agree with

yes, I agree with it

your nominating organisation’s

no, I disagree with it

submission? (We would

I agree with some of it, but disagree with some of it

encourage you to complete

other (they didn‘t submit one, I don’t know if they submitted one etc.)

this form even if you agree with
your nominating organisation’s
submission)
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6. If you wrote the organisation

yes

submission and/ or do not
have anything to add, tick
here. (If you tick this box, the
rest of this form will be deleted
after submission.)
7. How did you gather the

I have personal experience of the condition

information included in your

I have personal experience of the technology being appraised

statement? (please tick all that

I have other relevant personal experience. Please specify what other experience:

apply)

I am drawing on others’ experiences. Please specify how this information was gathered:

Living with the condition
8. What is it like to live with the
condition? What do carers

Sickle cell is a debilitating condition and could affect most and every part of an individual’s life including
their families and carers.

experience when caring for
someone with the condition?
Current treatment of the condition in the NHS
9. What do patients or carers
think of current treatments and

There is a lack of treatment for sickle cell. The 2 options include red cell blood exchange or hydroxurea, a
chemotherapy drug found to be effective for the management of sickle cell. However, this drug doesn’t
always work for all patients. Patients are frustrated that for many years, there have been no
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care available on the NHS?
10. Is there an unmet need for

advancements to medicine with regards to sickle cell.
Yes as above

patients with this condition?
Advantages of the technology
11. What do patients or carers

As stated in the submission made by the Sickle Cell Society

think are the advantages of the
technology?
Disadvantages of the technology
12. What do patients or carers

As stated in the submission made by the Sickle Cell Society

think are the disadvantages of
the technology?
Patient population
13. Are there any groups of

As stated in the submission made by the Sickle Cell Society

patients who might benefit
more or less from the
technology than others? If so,
please describe them and
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explain why.
Equality
14. Are there any potential

As stated in the submission made by the Sickle Cell Society

equality issues that should be
taken into account when
considering this condition and
the technology?
Other issues
15. Are there any other issues
that you would like the
committee to consider?

There are significant levels of inequalities ; social-economic, health etc across the sickle cell communities
in the UK and with Covid, these are increasingly becoming more evident given the population affected are
predominantly BAME. Its even vitally more important to engage the community and support these patient
groups and their families to respond to bridging some of these gaps in care and focus on welcoming new
advancements for disease modifying treatments to improve quality of life for sickle cell patients.

Key messages
16. In up to 5 bullet points, please summarise the key messages of your statement:


As stated in the submission made by the Sickle Cell Society
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Thank you for your time.
Please log in to your NICE Docs account to upload your completed statement, declaration of interest form and consent form.

………………………………………………………………………………………………….
Your privacy
The information that you provide on this form will be used to contact you about the topic above.
Please tick this box if you would like to receive information about other NICE topics.
For more information about how we process your personal data please see our privacy notice.
………………………………………………………………………………………………….
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NHS commissioning expert statement

Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]
Thank you for agreeing to give us your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from the
published literature.
To help you give your views, please use this questionnaire. You do not have to answer every question – they are prompts to guide you. The
text boxes will expand as you type. Your response should not be longer than 10 pages.
Information on completing this expert statement




Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make the
submission unreadable
We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.
Your response should not be longer than 10 pages.

About you
1. Your name

Sharon Hodgson

2. Name of organisation

NHS England
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3. Job title or position
4. Are you (please tick all that
apply):

Programme of Care Manager
commissioning services for a CCG or NHS England in general?
x
commissioning services for a CCG or NHS England for the condition for which NICE is considering
this technology?
responsible for quality of service delivery in a CCG (for example, medical director, public health
director, director of nursing)?
an expert in treating the condition for which NICE is considering this technology?
an expert in the clinical evidence base supporting the technology (for example, an investigator in
clinical trials for the technology)?
other (please specify):

Current treatment of the condition in the NHS
5. Are any clinical guidelines

There is the NICE guidance on the treatment of acute pain (NICE CG143, 27.06.2012)

used in the treatment of the
condition, and if so, which?

Guidelines on red cell transfusion in sickle cell disease https://doi.org/10.1111/bjh.14346 (07.11.2016)
andhttps://doi.org/10.1111/bjh.14383 (18.11.2016)
BSH – Guidelines for the use hydroxycarbamide in children and adults with sickle cell disease
(https://doi.org/10.1111/bjh.15235, (06.05.2018)

6. Is the pathway of care well

The pathway is well defined.

defined? Does it vary or are
there differences of opinion
between professionals across
the NHS? (Please state if your
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experience is from outside
England.)
7. What impact would the
technology have on the current

Potential to treat patients who are not responsive to current treatments and where there are no alternative
to the standards of care being used.

pathway of care?
The use of the technology
8. To what extent and in which

It is not being used as it is not licensed. Only used as part of the clinical trial.

population(s) is the technology
being used in your local health
economy?
9. Will the technology be used
(or is it already used) in the

Not currently used, would be applicable for sickle cell patients who are unresponsive to first line / current
treatment (5-10% of patients)

same way as current care in
NHS clinical practice?


How does healthcare
resource use differ
between the technology
and current care?

It is once a month infusion as opposed to a daily tablet and it will therefore have some activity implications
eg day case attendance.
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In what clinical setting
should the technology be
used? (For example,
primary or secondary
care, specialist clinics.)

Specialist / day care



What investment is
needed to introduce the
technology? (For
example, for facilities,
equipment, or training.)

Initial brief staff training



If there are any rules
(informal or formal) for
starting and stopping
treatment with the
technology, does this
include any additional
testing?

N/A

10. What is the outcome of any N/A
evaluations or audits of the use
of the technology?
Equality
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11a. Are there any potential

It is a condition that primarily affects the BAME community.

equality issues that should be
taken into account when
considering this treatment?
11b. Consider whether these

N/A

issues are different from issues
with current care and why.

Thank you for your time.
Please log in to your NICE Docs account to upload your completed statement, declaration of interest form and consent form.

………………………………………………………………………………………………….
Your privacy
The information that you provide on this form will be used to contact you about the topic above.
Please tick this box if you would like to receive information about other NICE topics.
For more information about how we process your personal data please see our privacy notice.
………………………………………………………………………………………………….
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1.

Summary

1.1

Critique of the decision problem in the company’s submission

1.1.1

Population

The final scope issued by the National Institute for Health and Care Excellence (NICE) defined the
population of interest as people with sickle cell disease (SCD) aged 16 years and older.
The population presented in the company submission (CS) is narrower than that defined in the NICE
final scope as, in line with the anticipated licensed indication, it specifically related to the use of
crizanlizumab for the prevention of recurrent vaso-occlusive crises (VOC) in people with SCD. In
addition, the identified trial, SUSTAIN, included participants 16 to 65 years of age, i.e. results may not
be applicable to participants older than 65 years.
Therefore, conclusions should only be made in the narrower population addressed in the CS.
1.1.2

Intervention

Crizanlizumab with or without hydroxycarbamide was defined as the intervention of interest.
The intervention used in the CS is broadly in line with the intervention defined in the NICE scope.
However, it should be noted that patients in the SUSTAIN trial “were prescribed HC/HU [hydroxy–
carbamide/hydroxyurea] for at least six months and were dose-stable for at least three months prior to
the beginning of the study” which might limit the applicability of the results to clinical practice in the
United Kingdom (UK).
1.1.3

Comparator

According to the final NICE scope, the relevant comparators are established clinical management
without crizanlizumab including 1) HC, 2) blood transfusions (exchange and top-ups), 3) allogenic
stem-cell transplants (ASCTs) and 4) best supportive care.
The comparators in the CS are in line with those defined in the NICE scope with the exception of ASCT
“as it not expected that crizanlizumab would displace ASCT as a treatment option of last resort, or
necessarily alter the number of patients with SCD that would ultimately receive ASCT”. The Evidence
Review Group (ERG) agrees with the company, however, the omission of ASCT should be noted by
the committee.
1.1.4

Outcomes

The final NICE scope listed the following outcomes as relevant:
 Mortality
 Number and severity of sickle cell crises
 Recurrent event
 Complications arising from VOC (including stroke, acute chest syndrome (ACS), organ
damage)
 Adverse effects of treatment
 Health-related quality of life
1.1.5

Other relevant factors

A Patient Access Scheme (PAS) for crizanlizumab has already been agreed and included within the
submission. The CS states that the company intend to discuss the potential for a Managed Access
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Agreement with NICE and National Health Service (NHS) England in order to improve the cost
effectiveness of crizanlizumab.
1.2

Summary of the key issues in the clinical effectiveness evidence

A single set of searches was undertaken to identify clinical effectiveness and adverse events data. The
CS provided sufficient details for the ERG to appraise the literature searches. A good range of database
and conference proceedings were searched, including additional grey literature resources and reference
checking. Searches were well conducted and documented, making them transparent and reproducible.
The primary evidence used in the CS came from the SUSTAIN trial, a double-blind, placebo-controlled,
randomised controlled, phase II trial evaluating the efficacy and safety of crizanlizumab compared to
placebo for the prevention of VOC in patients aged 16 to 65 years with SCD. SUSTAIN compared two
doses of crizanlizumab (2.5 mg/kg and 5 mg/kg) administered intravenously 14 times over 52 weeks
with placebo (results after longer follow-up not available). Most participants included in SUSTAIN
described their race as “black” (*****). None of the trial centres were in the UK or Europe.
Randomisation was stratified by concomitant use of HU and the number of sickle cell-related pain
crises (SCPC) in the previous 12 months (two to four or five to 10). The primary endpoint was the
annual rate of SCPC, defined as acute episodes of pain with no medically defined cause other than a
vaso-occlusive event which resulted in a medical facility visit and treatment with oral or parenteral
narcotics or a parenteral non-steroidal anti-inflammatory drugs (NSAIDs). ACS, hepatic sequestration,
splenic sequestration, and priapism were also considered to be crisis events.
At the end of the 52-week treatment period the median annual SCPC rate in the high-dose crizanlizumab
group (1.63, inter-quartile range (IQR) 0 to 3.97) was significantly lower than placebo (median 2.98,
IQR 1.25 to 5.87, P =0.01 for difference vs. placebo), see Table 1.1.
Table 1.1: SUSTAIN primary endpoint annual rate of SCPC (ITT population)

Median annual rate (IQR)
P-value (difference vs. placebo)
Number with zero rate at trial
end

High-dose
crizanlizumab
(5 mg/kg), N=67

Low-dose
crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

1.63 (0.00 to 3.97)

2.01 (1.00 to 3.98)

2.98 (1.25 to 5.87)

0.01

0.18

-

24

12

11

Based on Table 9 of the CS
P-value from stratified Wilcoxon rank sum test
CI = confidence interval; CS = company submission; IQR = inter-quartile range; ITT = intention-to-treat; kg =
kilogram; mg = milligram; SCPC = sickle cell-related pain crises

Time to the first SCPC was significantly longer with high-dose crizanlizumab compared to
placebo (hazard ratio (HR) 0.50, 95% confidence interval (CI) 0.33 to 0.74, P=0.001) but not with lowdose crizanlizumab (HR 0.75, 95% CI 0.52 to 1.10, P=0.136). Similarly, the time to the second SCPC
was also longer with high-dose crizanlizumab compared to placebo (HR 0.53, 95% CI 0.33 to 0.87,
P=0.022) but not with low-dose crizanlizumab (HR 0.69, 95% CI 0.44 to 1.09, P=0.10), see Table 1.2
for results of secondary endpoints.
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Table 1.2: SUSTAIN secondary endpoints (ITT population)
Low-dose
crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

4.00 (0.00–25.72)

6.87 (0.00–18.00)

6.87 (0.00–28.30)

Difference from
placebo, %

-41.8

0.00

-

P-valuea

0.45

0.84

-

Median time to first
crisis (IQR), months

4.07 (1.31–NR)b

2.20 (0.95–6.60)

1.38 (0.39–4.90)

HR (95% CI)

0.50 (0.33–0.74)

0.75 (0.52–1.10)

-

0.001

0.14

-

Median time to
second crisis (IQR),
months

10.32 (4.47–NR)b

9.20 (3.94–12.16)

5.09 (2.96–11.01)

HR (95% CI)

0.53 (0.33–0.87)

0.69 (0.44–1.09)

-

0.02

0.10

-

1.08 (0.00–3.96)

2.00 (0.00–3.02)

2.91 (1.00–5.00)

Difference from
placebo, %

-62.9

-31.3

-

P-valuea

0.02

0.12

-

0 (0.00–0.00)

0 (0.00–0.00)

0 (0.00–0.00)

Difference from
placebo, %

0.0

0.0

-

P-valuea

0.78

0.87

-

Outcome

High-dose
crizanlizumab
(5 mg/kg), N=67

Annual rate of days hospitalised
Median rate (IQR)

Time to first SCPC

c

P-value

Time to second SCPC

P-valuec

Annual rate of uncomplicated SCPC
Median rate per year
(IQR)

d

Annual rate of ACS
Median rate per year
(IQR)

Based on Table 10 of the CS
a
P-values are for the comparison between the active-treatment group and the placebo group and were calculated
with the use of a stratified Wilcoxon rank-sum test; b The 75% value for the interquartile range was not observed
within the 52-week trial and was considered to be not reported (NR). c P-values are for the comparison between
the active-treatment group and the placebo group during the treatment phase and were calculated with the use
of the log-rank test; d Uncomplicated SCPC are defined as crises other than ACS, hepatic sequestration, splenic
sequestration, or priapism.
ACS = acute chest syndrome; CI = confidence interval; CS = company submission; HR = hazard ratio; IQR =
inter-quartile range; ITT = intention-to-treat; kg = kilogram; mg = milligram; NR = not reported; SCPC =
sickle cell-related pain crises

Uncomplicated crises were defined as SCPC other than ACS, hepatic sequestration, splenic
sequestration, or priapism. The median rates per year of uncomplicated crises were 1.08 for high-dose
crizanlizumab
and
2.91
for
placebo (reduction
of
62.9%,
P=0.02).
**********************************************************************************
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**********************************************************************************
* There was also no significant difference between groups in the median annual rate of ACS (zero for
all groups). Further details of other complications are provided in Table 1.3.
Table 1.3: Treatment-emergent SCPC (safety population)
High-dose
crizanlizumab
(5 mg/kg), N=66

SCPC event

Low-dose
crizanlizumab
(2.5 mg/kg), N=64

Placebo, N=62

Patients, N
(%)a

Events,
Na

Patients, N
(%)a

Events,
Na

Patients, N
(%)a

Events,
Na

Any SCPC

*********

***

*********

***

*********

***

Uncomplicated
SCPC

*********

***

*********

***

*********

***

ACS

*********

**

*********

**

*********

**

Hepatic
sequestration

*

*

*******

*

*

*

Splenic
sequestration

*

*

*******

*

*

*

Priapism

*

*

*******

*

*******

*

*******

*

*******

*

*******

*

Death

b

Based on Table 11 of the CS
Note: Treatment-emergent SCPC are defined as all SCPC which start (or increase in severity) after the date of
first dose of study medication. All treatment-emergent SCPC were adjudicated by the CRC.
a
Patients with multiple events in the same category are counted only once in that category. Patients with events
in more than one category are counted once in each of those categories. Multiple events for a patient that are
in the same event category are counted multiple times in that event category. Multiple events belonging to more
than one event category are counted multiple times in each of those event categories; b While death was
removed as an SCPC event category by Amendment 2 to the Protocol, the CRC subsequently indicated that
four events which met the criteria for SCPC should be given the event classification of “death”.
ACS = acute chest syndrome; CRC = Crisis Review Committee; CS = company submission; kg = kilogram;
mg = milligram; SCPC = sickle cell-related pain crises

Results for the pain severity and interference domains of the Brief Pain Inventory (BPI) are shown in
Table 1.4.
**********************************************************************************
****************************************************************************
Table 1.4: BPI pain severity and interference (ITT population)
High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

**

**

**

**************

**************

**************

**

**

**

***************

**************

***************

Pain severity
Baseline,
N
Mean
(SD)
Week 52
CfB, N
Mean
(SD)

14

CONFIDENTIAL UNTIL PUBLISHED

High-dose crizanlizumab
(5 mg/kg), N=67
LS mean
(95% CI)

*****

*****

**********************

*********************

*****

*****

**

**

**

***************

**************

***************

P-value
Week 58
followupb CfB,
N
Mean
(SD)
LS mean
(95% CI)

*****

********************** ********************** **********************

P-value
Treatment
difference

Placebo, N=65

********************** ********************** **********************

P-value
Treatment
difference

Low-dose crizanlizumab
(2.5 mg/kg), N=66

*****

*****

*********************

**********************

*****

*****

**

**

**

**************

**************

**************

**

**

**

***************

***************

***************

P-value

*****

Pain interference
Baseline,
N
Mean
(SD)
Week 52
CfB, N
Mean
(SD)
LS mean
(95% CI)
P-value
Treatment
difference
P-value
Week 58
followupb CfB,
N
Mean
(SD)
LS mean
(95% CI)
P-value
Treatment
difference

********************** ********************** **********************
*****

*****

*********************

*********************

*****

*****

**

**

***************

***************

*****

********************** **********************
*****

*****

*********************

*********************
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High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

*****

*****

P-value

Placebo, N=65

Based on Tables 14 and 15 of the CS
Note: BPI outcomes are calculated as the average of non-missing responses
a
For patients who discontinue crizanlizumab or placebo, assessments six weeks or more after final dose are
considered in the week 58 follow-up windowed visit
BPI = Brief Pain Inventory; CfB = change from baseline; CI = confidence interval; CS = company submission;
ITT = intention-to-treat; kg = kilogram; LS = least squares; mg = milligram; SD = standard deviation

The incidence of overall adverse events (AEs) and serious adverse events (SAEs) was comparable
across
the
three
arms.
In
contrast,
**********************************************************************************
**********************************************************************************
************************************** (Table 1.5).
Five
participants
deaths
occurred
in
the
trial
*************************************************. Two deaths happened in participants
receiving 5 mg/kg crizanlizumab, one participant from ACS and one participant from endocarditis and
sepsis. In the lower dose arm, one death occurred involving ACS, aspiration, respiratory failure, and
progressive vascular congestion arm. Two participants also died in the placebo arm, one from right
ventricular failure and one from a confluence of VOC, ischaemic stroke, coma, sepsis, and venous
thrombosis of the right lower limb.
Table 1.5: Overview of adverse events, n (%)
Crizanlizumab
5 mg/kg (n=66)

Crizanlizumab
2.5 mg/kg (n=64)

Placebo (n=62)

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

57 (86.4)

459

56 (87.5)

434

55 (88.7)

358

*********

83

*********

73

*********

26

Any SAE

17 (25.8)

25

21 (32.8)

34

17 (27.4)

33

Any drug-related SAE

*******

10

*******

9

*******

3

Any discontinuation due
to AE

*******

2

*******

1

*******

7

Any AE
Any drug-related AE

Death
2 (3.0)
3
1 (1.6)
4
2 (2.3)
6
Based on Table 17 of the CS and Table 14.3.1.1 of the CSR
AE = adverse events; CS = company submission; CSR = clinical study report; kg = kilogram; mg = milligram;
SAE = serious adverse events

In line with the NICE final scope, “pre-specified subgroup analyses of the annual rates of SCPC in the
ITT population were performed according to concomitant HC/HU use (yes or no), history of SCPC (2–
4 or 5–10 crises in the 12 months prior to the study) and SCD genotype (HbSS or non-HbSS)”. It was
noted that “across all subgroups, crizanlizumab 5 mg/kg was associated with a lower median annual
SCPC rate compared to placebo. The subgroup analyses did not often meet statistical
significance (P < 0.05), however the study was not powered to detect differences between treatment
arms in these subgroups”. Detailed results are reported in Table 4.12.
No meta-analysis, indirect comparison and/or multiple treatment comparison was performed.
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1.3

Summary of the key issues in the cost effectiveness evidence

A single search was undertaken for cost effectiveness, costs and healthcare resource studies, and a
separate search was conducted for health-related quality of life (HRQoL) data. The CS provided
sufficient details for the ERG to appraise the literature searches. A good range of database and
conference proceedings were searched, including additional grey literature resources and reference
checking. Searches were well conducted and documented, making them transparent and reproducible.
The ERG has concerns whether the current model is fit for purpose. The main issue is that the definition
of health states in terms of VOC per year (less than one, between one and three, and more than
three VOC) does not match with the way it was recorded in SUSTAIN (between two and four, and
between five and 10). Consequently, transition probabilities for the model cannot be derived using data
from the 52-week SUSTAIN trial. To overcome this limitation, and in the absence of any longer-term
data on the use of crizanlizumab, the company re-distributed all alive patients between the VOC health
states at the end of every model cycle according to the proportions observed in SUSTAIN. However,
this also seems inappropriate since SUSTAIN only provides information about patients with more than
two VOC at baseline (how patients with less than two VOC would transition after the first year in the
model and following treatment with crizanlizumab is unknown given the 52-week duration of the trial).
Furthermore, the company assumed in the model that there is no direct link between SCD-related
complications and death. For some complications, like acute chest syndrome, this assumption seems
unrealistic. Even though the company indicated that since all-cause mortality (including death from
acute chest syndrome) from the Hospital Episode Statistics (HES) database was considered when
estimating the baseline mortality hazard and the HRs for the VOC health states of the model, applying
a separate risk of death for acute chest syndrome would result in double counting of death; it remains
unclear to what extent the definitions of VOC in SUSTAIN and HES are equivalent and whether the
impact of SCD-related complications on death are properly captured in the model. With the available
data, a time to event approach seems more logical and would overcome the concerns raised by the ERG.
There are also widespread uncertainties in terms of inputs used and assumptions made in the model,
which have a substantial impact on results. The main source of efficacy data in the model comes from
the SUSTAIN trial, which is used to distribute patients in each treatment group between the three VOC
health states and determines the mean number of VOCs per treatment group per health state in each
cycle. The company argued that patients in SUSTAIN are representative of the population who would
be expected to receive crizanlizumab in UK clinical practice i.e. those patients experiencing recurrent
VOCs. However, in their base-case the company assumed baseline patient characteristics of age and
gender distribution from the HES database and weight from the NICE clinical guideline (CG) 143,
arguing that the use of UK based estimates is more appropriate. However, the vast majority of SCD
patients in the HES database analysis do not experience recurrent VOC and therefore represent a much
broader, and possibly less severe, group of patients than would receive crizanlizumab in practice. The
estimated weight from the NICE guideline is also intended to be representative of all SCD patients.
Therefore, the ERG would argue that patient characteristics should be have taken from the SUSTAIN
trial in the base-case, especially as this source represents the main source of treatment efficacy in the
submission as it determines patients health state occupancy and number of VOC events and therefore
is a driver of their risk of complications, mortality and their costs and HRQoL.
There were also uncertainties relating to treatment usage in both arms. In their base-case, the company
assumed that the proportion of patients receiving HC/HU in each treatment group was better represented
by estimates from UK data than from the SUSTAIN trial. Therefore, it was assumed that 14.2% of
patients received HC/HU in each treatment arm, based on information from the National
Haemoglobinopathy Registry annual report 2018/2019 which included all SCD patients, rather than
17
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***** of patients as seen in the SUSTAIN trial. Given that the aim of HC/HU treatment is to prevent
recurrent VOC, it can be assumed that its use would be higher in a population experiencing recurrent
VOC. This is supported by the company submission which states that the majority of HC/HU use is
expected to be in patients with recurrent VOC, following recommendations by the British Society for
Haematology (BSH). The ERG therefore considers that the proportion of patients receiving HC/HU in
the SUSTAIN trial should be used in the base-case, as this population reflects the population expected
to receive crizanlizumab in clinical practice. The company also assumed that no patients receiving
crizanlizumab would receive chronic blood transfusions, while ** of standard of care (SoC) patients
would. Again, the assumption of ** was taken from all SCD patients in the HES analysis who did not
have a prior diagnosis of stroke (in order to exclude patients receiving transfusions for the prevention
of stroke) and not only those experiencing recurrent VOCs who did not have a prior diagnosis of stroke.
Therefore, in a recurrent population the usage is likely to be higher. There is no data with which to
validate the assumption that no patients treated with crizanlizumab will receive chronic blood
transfusion in clinical practice.
The company incorporated treatment effectiveness in the economic model by considering the
distribution of patients across the three VOC health states (<1, ≥1-<3, ≥3) and linking the mean
annualised VOC rate within each health state to mortality and complications. The distribution of
patients and annualised VOC rates were obtained from the SUSTAIN trial, while the estimated
association between VOC rates and mortality and complications resulted from statistical analysis on the
HES database. In the company’s base-case, the distribution of patients into the different health states
and the rate of VOCs in each state are assumed to be constant over time within the crizanlizumab and
SoC arms. This implicitly assumes a constant lifetime treatment effect for crizanlizumab while on
treatment. No data are available on the long-term efficacy of crizanlizumab beyond one year of
treatment and yet the base-case assumes a lifetime treatment effect. This is an important area of
uncertainty in the model.
The company assumed that patients who discontinue crizanlizumab are subject to a continuing
treatment effect for two additional years, based on data from the follow-up trial SUCCESSOR, in which
15 patients who had completed the high dose crizanlizumab treatment arm experienced a similar mean
annualised VOC rate in the year post trial completion, compared to in the SUSTAIN trial. In the
company’s base-case it is assumed that the additional two years of treatment effect applies to all patients
who discontinue treatment, including the 32.8% of patients who discontinue treatment in the first model
cycle (one year). In their response to the clarification letter, the company indicates two years of
treatment effect post-discontinuation to be “the likely maximum periods to observe any benefits” (italics
added). The ERG therefore suspects that assuming two years of post-discontinuation treatment effect
would overestimate the actual treatment benefit and reduced the post-discontinuation benefit to one
year in the ERG base-case, to reflect the data available from SUCCESSOR. Given that the
SUCCESSOR study provides data only for patients who finished one year of treatment, the ERG
deemed it more appropriate to allocate the additional post-discontinuation treatment effect only to
patients who completed one year of treatment with crizanlizumab. However, the ERG cannot be certain
how long post-discontinuation efficacy would last in clinical practice given the small number of patients
in SUCCESSOR and the short-term follow up.
The ERG questions the appropriateness of using the patient characteristics in the HES database to link
VOC state outcomes for the population in the SUSTAIN trial to mortality and complications, due to the
large differences between the two patient populations in terms of VOC state distribution. The ERG
would have liked to use the patient characteristics from the SUSTAIN trial (age, gender) in its basecase, in order to better reflect the patient population likely to receive crizanlizumab in clinical practice.
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However, the ERG did not feel confident that using the HRs (used to estimate mortality and
complications based on mean annualised VOC rate) that were estimated from the HES data set, with a
different mean age and gender distribution, would be appropriate to apply.
The company did not provide utility estimates from the SUSTAIN trial, arguing that limitations of the
SUSTAIN trial with regards to the collection of HRQoL data (e.g. HRQoL collected at fixed timepoints
which may or may not have corresponded to the occurrence of a VOC) and the limited duration of the
trial, led to their decision to derive utility values from published studies. The impact of frequent VOC
events is captured within the health state utility values used for each VOC state, onto which an
additional per event utility decrement is applied for each individual VOC event. The company utilised
health state utility values derived from an unpublished analysis of the LEGACY registry data. The per
event utility decrements were derived from a study by Anie et al. 2012. The ERG raised concerns
regarding the choice of applying the LEGACY health state utility values which differ per VOC health
state in addition to the per event decrement for individual VOC events and conducted several additional
scenario analyses to explore the influence of changing modelling assumptions for utilities on the cost
effectiveness results.
1.4
Summary of the ERG’s preferred assumptions and resulting incremental cost effectiveness
ratio (ICER)
The ERG preferred assumptions are described in detail in section 7.1.2 of this report and summarised
below:
1. In the company’s base-case, administration costs were not applied for the additional
administration of crizanlizumab in the first year. This was applied in the ERG base-case.
2. The ERG felt it was correct to apply the compliance rate to crizanlizumab administration costs,
as it was applied for drug costs.
3. The ERG prefers to use the patient weight from SUSTAIN rather than from CG143 as the
SUSTAIN trial is claimed to be reflective of the population who will receive crizanlizumab in
UK clinical practice and the estimate from CG143 is based on all SCD patients and not only
those experiencing recurrent VOCs.
4. The ERG prefers to assume the HC/HU usage from SUSTAIN, given that the population in
SUSTAIN matches the intended use of crizanlizumab in UK clinical practice.
5. The ERG prefers to assume that post-discontinuation efficacy is only maintained for one year,
in line with the data provided from SUCCESSOR.
6. The ERG prefers to assume that only patients who complete one year of crizanlizumab treatment
receive the post-discontinuation efficacy, in line with the data provided from SUCCESSOR
The cost effectiveness results of the ERG preferred base-case are presented in Table 1.6. The
assumptions with the largest impact on the ICER were assuming the HC/HU usage and patient weight
from the SUSTAIN trial, which increased the ICER by £158,409 and £132,017, respectively. The basecase ICER in the company submission was £329,868. The ICER based on the ERG preferred
assumptions was slightly more than double the company ICER at £693,689.
Table 1.6: ICER resulting from ERG’s preferred assumption
Technologies

Total
costs (£)

Total
LYGs

Total
QALYs

Incr.
costs (£)

Incr.
LYGs

Incr.
QALYs

ICER
versus
baseline
(£/QALY)

Crizanlizumab

********

*****

****

********

****

****

£693,689
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Technologies

Total
costs (£)

Total
LYGs

Total
QALYs

SoC

********

*****

****

Incr.
costs (£)

Incr.
LYGs

Incr.
QALYs

ICER
versus
baseline
(£/QALY)

Based on electronic model, updated in response to request for clarification
ICER = incremental cost effectiveness ratio; Incr. = incremental; LYG = life years gained; QALYs = quality
adjusted life years

1.5

Summary of exploratory and sensitivity analyses undertaken by the ERG

The ERG probabilistic analysis resulted in an ICER of £524,226, which is substantially lower than the
deterministic ICER. This issue seems to be due to the inclusion of the distribution of patients between
the VOC states in the probabilistic sensitivity analysis (PSA). The cost effectiveness acceptability
curve (CEAC) suggested that at willingness-to-pay (WTP) thresholds of £20,000 and £30,000,
respectively, the probability that crizanlizumab is cost effective remains at ****. The one-way
sensitivity analysis performed on the ERG base-case shows that patient weight, utilities, number of
VOC events in the most severe VOC health state, concomitant HC/HU use and compliance for
crizanlizumab are the most influential parameters on the ICER.
The ERG considered that the scenario analyses conducted by the company were insufficient to draw
overall conclusions over the robustness of the model results. Therefore, the ERG conducted several
additional scenario analyses to explore several sources of uncertainty that seem to be relevant for the
model results identified by the ERG. From the results of these analyses, shown in Table 1.7, it could be
concluded that the ICER was most sensitive to changes in assumptions surrounding the long-term
efficacy of crizanlizumab, HC/HU usage, utilities, and patient characteristics. These represent
substantial areas of uncertainty in the submission which should be further addressed before any firm
conclusions on cost effectiveness can be made.
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Table 1.7: Exploratory analyses undertaken by the ERG
Scenario

Section in main
ERG report

Crizanlizumab

SoC

ICER £/QALY

Costs (£)

QALYs

Costs (£)

QALYs

********

****

********

****

£505,666

********

****

********

****

£733,489

********

****

********

****

£693,689

HC/HU use 14.2% (UK estimate) (company BC)

********

****

********

****

£519,073

HC/HU use SUSTAIN (ERG BC)

********

****

********

****

£693,689

********

****

********

****

£484,103

********

****

********

****

£953,475

Criz = 0%
SoC = ** (BC)

********

****

********

****

£693,689

Criz = **
SoC = **

********

****

********

****

£736,619

********

****

********

****

£652,383

********

****

********

****

£715,154

********

****

********

****

£748,970

********

****

********

****

£738,055

Patient characteristics
Age, gender, and weight UK (company BC)
Age, gender, and weight SUSTAIN

7.2.2.1

Age and gender UK; weight SUSTAIN (ERG BC)
HC/HU Usage

No HC/HU use in either arm (always monotherapy)

7.2.2.2

Everyone HC/HU use in both arms (always
combination therapy)
Chronic transfusion assumptions

Criz = 0%
SoC = ***

7.2.2.3

Criz = ****
SoC = **
Long term treatment effectiveness
5-year treatment effectiveness, discontinued treatment
10-year treatment effectiveness, discontinued
treatment

7.2.2.4
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Scenario

Section in main
ERG report

Crizanlizumab

SoC

ICER £/QALY

Costs (£)

QALYs

Costs (£)

QALYs

15-year treatment effectiveness, discontinued
treatment

********

****

********

****

£701,525

5-year treatment effectiveness, continued treatment

********

****

********

****

£1,439,905

10-year treatment effectiveness, continued treatment

********

****

********

****

£871,452

15-year treatment effectiveness, continued treatment

********

****

********

****

£754,456

2 years all patients (company BC)

********

****

********

****

£621,678

2 years in patients completing 1 year of treatment

********

****

********

****

£667,550

********

****

********

****

£693,689

********

****

********

****

£668,370

Impact VOC through health state and per-event
decrement, with VOC impact starting two days prior
to hospitalisation (ERG BC)

********

****

********

****

£693,689

Impact individual VOC events captured in health state
utility value only

********

****

********

****

£911,405

********

****

********

****

£849,796

Impact VOC events captured as per-event decrement
only, using the steady-state utility from NICE CG143

********

****

********

****

£818,111

VOC utility decrement starts at hospitalization

********

****

********

****

£744,939

Post-discontinuation treatment effectiveness

1 year in patients completing 1 year of treatment
(ERG BC)

7.2.2.5

1 year in all patients
HRQoL assumptions

Impact VOC events captured as per-event decrement
only, using the <1 VOC health state utility as steadystate

7.2.2.6

Based on electronic model, updated in response to request for clarification
BC = base-case; Criz. = crizanlizumab; ERG = Evidence Review Group; HC = hydroxycarbamide; HRQoL = health-related quality of life; HU = hydroxyurea; ICER =
incremental cost effectiveness ratio; QALY = quality-adjusted life year; SoC = standard of care; UK = United Kingdom; VOC: vaso-occlusive crises
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2.

Background

2.1

Introduction

In this report, the Evidence Review Group (ERG) provides a review of the provided evidence submitted
by Novartis in support of crizanlizumab, trade name AdakveoTM, for treating sickle cell crises in sickle
cell disease (SCD). In this section, the ERG summarises and critiques the company’s description of the
underlying health problem and the overview of the current service provision. The information for this
critique is based on document B of the company submission (CS).1
2.2

Background and underlying health problem

SCD is caused by the occurrence of point mutations in the beta-globin gene, which encode
haemoglobin (Hb) in erythrocytes, and impact the shape of the erythrocyte.1 The most common sickle
cell genotype, which includes 67% of SCD patients in the United Kingdom (UK), is homozygous
haemoglobin S (HbS).2 Patients with homozygous HbS tend to experience the most clinically severe
form of the disease.1 Other HbS-related genotypes exist and can present variable levels of disease
severity among patients.3
In the CS, the company described SCD as a group of inherited haematological disorders, which largely
affect individuals of African or African-Caribbean ethnicity.1 In the UK, SCD has a prevalence of one
in 4,600.1 The company stated that around 14,000 people in the UK live with SCD. SCD is considered
to be an orphan condition.4 In the UK a national screening programme is available for pregnant women,
to identify HbS carriers along with additional testing for new born infants.1 However, according to the
CS, SCD remains a neglected disease and the life expectancy for individuals is reduced when compared
to the general population.1, 3, 5 The CS reported the median age of death across patients from North
America and Europe to range from 39.7-53.0 years.1
Vaso-occlusive crises (VOC) is a major component of SCD and include acute and severe painful
episodes.1 Due to the increased cell-cell interactions between affected erythrocytes, other blood cells,
and endothelial cells lining the wall of the blood vessel, this results in the formation of a multi-cellular
aggregate within the blood vessel lumen.6 This impacts on the delivery of oxygen to surrounding tissues,
resulting in ischaemic injuries, severe pain, the potential for multi-organ damage, and other acute and
chronic complications.7 The experienced pain from VOC can be debilitating and may result in
hospitalisation.1 However, some patients with VOC will seek medical care at a hospital, some may
choose to manage VOC at home due to perceptions about the care they may receive, particularly
regarding the act of seeking pain relief at hospital, when appearing healthy.1
The CS noted the main severe outcome of VOC to be acute chest syndrome (ACS), which can be a
potentially life-threatening, component of SCD.1 The incidence rate of ACS is 12.8 per 1,000 patient
years (PYs) and is responsible for up to a quarter of SCD-related deaths.1 Other SCD complications can
include gallstones, avascular necrosis, ischaemic stroke and silent infarcts, splenic sequestration, leg
ulcers, priapism in males, and pulmonary hypertension.1, 3, 8 SCD signs and symptoms typically present
in childhood and are experienced throughout the lifetime.1, 9 The high symptom burden and risk of
comorbidities associated with SCD can result in patients experiencing reduced health-related quality of
life (HRQoL).1 The CS noted that impact of VOC was associated with high rates of absenteeism from
work and school.10, 11
2.3

Critique of company’s overview of current service provision

The CS provides a general overview of the current service provision.1
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According to the CS, the current approach to VOC management focuses on prevention and supportive
therapy in order to reduce pain and the further complications.9 The company notes VOC should be
treated as an acute medical emergency when presented at the hospital, followed by continuous
assessment, and offered appropriate analgesics within 30 minutes.1 The main strategies to prevent VOC
occurrences include mainly supportive care, such as hydration and keeping warm.1
Hydroxycarbamide/hydroxyurea (HC/HU) is identified as the only available pharmaceutical option for
addressing the frequency of painful VOC episodes, including ACS, in children older than two years,
adolescents, and adults.1 The CS notes some patients continue to experience pain despite treatment with
HC/HU.12, 13 However, due to the absence of other available treatment options, patients may continue
to take HC/HU despite limited success with reducing VOC episodes.12, 13 The CS reported that 14.2%
of all patients with SCD received HC/HU as a treatment in the UK.14
Other non-pharmacological approaches can include chronic blood transfusions.1 However, the company
stated that “blood transfusions are however more commonly used either in an acute context to manage
complicated VOC and other complications of SCD (e.g. for ACS and splenic sequestration) or in
preparation for surgery, or they are used on a chronic basis for the prevention of stroke and other
major complications in high-risk patients”.1, 15, 16 The CS noted that the proportion of patients in the
UK who receive regular blood transfusions as a method of VOC prevention is expected to be low based
on the National Haemoglobinopathy Registry annual report in which 6.6% of SCD patients had limited
available transfusion data and data from an audit of transfusion services in the UK and the Republic of
Ireland, which suggests that 17% of elective transfusions in adults are for the prevention of recurrent
VOC.1, 14, 17, 18 As an intervention, the use of blood transfusions may be limited based on the availability
of blood from suitable donors and the additional antigen matching that must be completed.19
For the current CS, crizanlizumab was presented for use as a monotherapy or as an add-on therapy with
HC/HU for the prevention for recurrent VOC in SCD patients aged 16 years and older.1 All SCD
patients are expected to have been considered or offered treatment with HC/HU for recurring VOC.1
The company did not expect patients receiving crizanlizumab to also receive chronic blood
transfusions.1 This is due to the recommended use of blood transfusions in patients who receive
treatment using HC/HU, in which blood transfusions would be received if HC/HU is determined to be
ineffective.15
Figure 2.1 shows the proposed treatment pathway for patients with VOC and the recommended
placement of crizanlizumab.1
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Figure 2.1: Proposed positioning of crizanlizumab in the current treatment pathway as an
intervention for the prevention of VOC

Based on Figure 1 of the response to request for clarification20
ASCT = allogenic stem-cell transplant; HC = Hydroxycarbamide; HLA = human leucocyte antigen; HU =
hydroxyurea; NICE = National Institute for Health and Care Excellence; SCD = sickle cell disease; VOC = vasoocclusive crises
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3.

Critique of company’s definition of decision problem

Table 3.1: Statement of the decision problem (as presented by the company)
Final scope issued by
NICE

Decision problem
addressed in the
company submission

Rationale if different from the final NICE scope

ERG
comment

Population

People with SCD aged
16 years and over

As per the final scope

Not applicable
In line with the anticipated licensed indication, the company
submission specifically relates to the use of crizanlizumab
for the prevention of recurrent VOC in this population.

Population
narrower than
NICE scope,
see
section 3.1
for details

Intervention

Crizanlizumab with or
without
hydroxycarbamide

As per the final scope

Not applicable

Intervention
broadly in
line with
NICE scope,
see
section 3.2
for details

Comparator(s)

Established clinical
management without
crizanlizumab including:
 Hydroxycarbamide
 Blood transfusions
(exchange and topups)
 Allogenic stem-cell
transplants (ASCTs)
 Best supportive care

Established clinical
management without
crizanlizumab including:
 Hydroxycarbamide
 Blood transfusions
(exchange and top-ups)
 Best supportive care

Established clinical management for the prevention of VOC
consists of supportive care (e.g. hydration with intravenous
fluids and keeping warm) with or without HC/HU.21, 22
HC/HU is currently the only licensed therapy for the
prevention of VOC, but is not received by all patients due to
concerns from patients about toxicity and perceived side
effects of the treatment.22 HC/HU has demonstrated some
efficacy versus placebo in reducing the frequency of VOC,
however some patients that receive HC/HU continue to
experience high rates of VOC, and due to the lack of other
available treatment options, these patients may continue
HC/HU treatment.12, 13 There is therefore a role for
crizanlizumab as an add-on therapy to HC/HU, when
HC/HU alone does not adequately reduce the number of

ASCT not
included as a
comparator,
see
section 3.3
for details
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Final scope issued by
NICE

Decision problem
addressed in the
company submission

Rationale if different from the final NICE scope

ERG
comment

VOC, as well as an unmet need for alternative treatments to
HC/HU when HC/HU is inappropriate or inadequate.
Blood transfusions may also be used for the prevention of
VOC in patients who have failed treatment with HC/HU or
for whom HC/HU is contraindicated.15, 17, 23 In practice, the
proportion of patients receiving blood transfusions for this
purpose is small (less than 10%; and is expected to vary
between centres), and evidence of the efficacy of blood
transfusions in reducing the frequency of VOC is limited.
Given the use of blood transfusions for only a proportion of
patients, as part of current standard of care, these have not
been included as a direct comparator but are considered as
part of established clinical management.
Allogeneic stem cell transplantation is primarily used in
paediatric SCD patients and is only considered for adults
with severe SCD or existing comorbidities (e.g. stroke or
pulmonary hypertension) who have failed to respond to
currently available treatment.24 Furthermore, it is only
routinely funded by NHS England for patients with a
related, fully human leucocyte antigen (HLA) matched
donor and so of those patients who are otherwise eligible for
transplantation, few undergo transplantation due to a lack of
donor availability. Crizanlizumab is expected to be licensed
for *****************************************
*****************************************
*****************************************
*****************, it is not expected that crizanlizumab
would displace transplantation as a treatment option of last
resort or necessarily alter the number of patients who would
ultimately receive a transplant.25 Allogeneic stem cell
transplantation has therefore not been considered as a direct
27
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Final scope issued by
NICE

Decision problem
addressed in the
company submission

Rationale if different from the final NICE scope

ERG
comment

comparator or as part of established clinical management for
SCD as part of this submission.

Outcomes

The outcome measures to
be considered include:
 Mortality
 Number and severity
of sickle cell crises
 Recurrent event
 Complications arising
from VOC (including
stroke, acute chest
syndrome, organ
damage)
 Adverse effects of
treatment
 Health-related quality
of life

As per the final scope
Note: sickle cell crises and
VOC, as described in the
final scope, are considered
to be the same. The
definition of VOC used in
the SUSTAIN trial is
provided in the next
column

Annual rate of VOC and time to first and second VOC event
were outcomes measured in the SUSTAIN trial (see
section 4.2.3).26 A VOC was defined in SUSTAIN as an
acute episode of pain with no medically determined cause
other than a vaso-occlusive event, that resulted in a medical
facility visit and treatment with pain relief.26 VOC which did
not meet this definition were not captured as an outcome in
the SUSTAIN trial. Only the more severe crises experienced
by patients (i.e. those that require a medical facility visit)
have therefore been considered as an outcome in the
submission, and the potential impact of treatment on less
severe VOC has not been assessed.
Death and other complications were also reported in
SUSTAIN but few events occurred during the 52-week trial.
The annual rate of acute chest syndrome (ACS), one of the
main and severe complications of VOC, was included as an
outcome in the SUSTAIN trial. Stroke was not included as a
separate outcome in the SUSTAIN trial, however ischaemic
stroke was captured as an adverse event.27 The relationship
between VOC and long-term or less frequent outcomes,
such as death and SCD-related complications, has been
assessed as part of analyses of the Hospital Episode
Statistics (HES) database.28

Only “more
severe crises”
have been
considered,
see
section 3.4
for details
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Final scope issued by
NICE

Decision problem
addressed in the
company submission

Rationale if different from the final NICE scope

Subgroups to be
considered

If evidence allows, the
following subgroups will
be considered:
 Subgroups defined by
combination treatment
with/without HC
 Subgroups defined by
genotypes of SCD
 Subgroups defined by
severity of disease

As per final scope

Evidence from the SUSTAIN trial for the efficacy of
crizanlizumab in these subgroups (concomitant HC/HU: yes
or no; SCD genotype: HbS or non-HbS; history of VOC: 2–
4 or 5–10 crises in the 12 months prior to the study) versus
placebo has been presented as part of the submission.

Special
considerations
including issues
related to equity
or equality

Not applicable

Not applicable

In the UK, SCD predominantly affects individuals of
African or African-Caribbean ethnicity, and as a group,
these individuals tend to have poorer health outcomes
compared to other ethnicities, such as White British, as has
been seen during the COVID-19 pandemic29-33
Patients with SCD may be registered disabled due to the
morbidity associated with their disease e.g. strokes, chronic
leg/foot ulcers and osteonecrosis.34
Patients with SCD may also experience stigma relating to
the management of their condition, which can deter them
from seeking medical support.35 In particular, the use of
opioids to manage VOC pain may cause SCD patients to be
perceived as drug seeking, especially if healthcare
professionals are not aware of the condition and how it is
managed.36, 37 This stigma may be linked to other factors
such as patient ethnicity or socioeconomic status.36, 37
SCD patients are more likely to live in an impoverished area
of the UK, with approximately 66% of SCD patients living
in one of the lowest two quintiles of deprivation according
to the English Index for Multiple Deprivation.38, 39 In a UK

ERG
comment
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Final scope issued by
NICE

Decision problem
addressed in the
company submission

Rationale if different from the final NICE scope

ERG
comment

analysis of the Sickle Cell World Assessment Survey
(SWAY), 72% of patients with SCD reported that SCD
limited their career, whilst 74% of patient reported reducing
their working hours due to SCD, which could further
negatively impact the socioeconomic status of patients with
SCD.11 Given the aim of reducing inequalities in health, it is
important that patients with SCD should not be further
disadvantaged should a new, clinically- and cost-effective
treatment become available for the prevention of VOC.40
Based on Table 1 of the CS1
ACS = acute chest syndrome; ASCT = allogenic stem-cell transplant; COVID-19 = coronavirus disease 2019; CS = company submission; ERG = Evidence Review Group;
HbS = homozygous haemoglobin S; HC = hydroxycarbamide; HES = Hospital Episode Statistics; HLA = human leucocyte antigen; HU =hydroxyurea; NHS = National
Health Service; NICE = National Institute for Health and Care Excellence; SCD = sickle cell disease; UK = United Kingdom; VOC = vaso-occlusive crises
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3.1

Population

In the request for clarification, the ERG asked the company to “please confirm that the population for
which evidence is presented in the CS is narrower than that defined in the final scope by NICE,
especially regarding age and previous SCPC episodes” as “according to Table 3 of the CS, the
population in SUSTAIN included ‘patients aged 16–65 years with SCD and history of 2–
10 SCPC [sickle cell-related pain crises] in the previous 12 months’”.41
In response, the company stated that “the population for which the evidence is presented in the CS is
narrower than the population defined in the NICE [National Institute for Health and Care Excellence]
final scope with regards to the number of VOC experienced by the patient before initiation of
crizanlizumab, but covers the same population according to age” and added that “importantly, the data
from SUSTAIN which is presented in the CS is consistent with the expected licenced indication, in that
*********************************************** to receive treatment with crizanlizumab.
Therefore, all patients that receive treatment with crizanlizumab are expected to have experienced
multiple VOC (i.e. ≥2 VOC) in the previous year. The NICE final scope is therefore considered to be
broader than the expected use of crizanlizumab (based on the anticipated indication), rather than the
SUSTAIN trial not being reflective of the expected use of crizanlizumab”.20
ERG comment: The population presented in the CS is narrower than that defined in the NICE final
scope as, in line with the anticipated licensed indication, it specifically related to the use of
crizanlizumab for the prevention of recurrent VOC in people with SCD.1, 42 In addition, the identified
trial, SUSTAIN, included participants 16 to 65 years of age, i.e. results may not be applicable to
participants older than 65 years (see Table 4.3 in section 4.2 for further details).
3.2

Intervention

According to the CS, in SUSTAIN “HC/HU was permitted in any treatment arm provided patients
were prescribed HC/HU for at least six months and were dose-stable for at least three months prior to
the beginning of the study. HC/HU dosing was not to be altered or terminated throughout the 52-week
study treatment period, other than for safety reasons. Patients not on HC/HU at the start of the study
were not permitted to initiate treatment with HC/HU during the 52-week study period” (see Table 4.3
in section 4.2 for further details).1
ERG comment: The intervention used in the CS is broadly in line with the intervention defined in the
NICE scope.42 However, it should be noted that patients in the SUSTAIN trial “were prescribed HC/HU
for at least six months and were dose-stable for at least three months prior to the beginning of the
study” which might limit the applicability of the results to clinical practice in the UK.1
3.3

Comparators

The final scope issued by NICE lists allogenic stem-cell transplant ASCT) as a comparator.42 As
detailed in section B.1.3.2 of the CS as well as in response to question A1 of the request for clarification,
ASCT has “not been considered as a relevant comparator to crizanlizumab for the treatment of SCD
as it not expected that crizanlizumab would displace ASCT as a treatment option of last resort, or
necessarily alter the number of patients with SCD that would ultimately receive ASCT”.1, 20
ERG comment: While the ERG agrees with the argument made by the company, the omission of ASCT
should be noted by the committee.
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3.4

Outcomes

In the SUSTAIN trial, VOC “were specifically defined as acute episodes of pain with no medically
determined cause other than a vaso-occlusive event, which resulted in a visit a medical facility and also
receive treatment with oral/parenteral narcotic agents or parenteral non-steroidal anti-inflammatory
drugs (NSAID)” in order to provide “a more robust outcome for measurement in the trial”.20
The company stated that “due to the definition of VOC used in the trial, the use of data from SUSTAIN
may fail to capture any additional benefits of treatment with crizanlizumab for patients who choose not
to seek medical attention for a VOC. However, the decision of a patient on whether to seek medical
attention for VOC does not necessarily correspond to the severity of the event. As described in Section
B.1.3.1 of the CS, other factors such as poor previous experience in hospital, or a feeling that medical
professionals do not understand their disease, are more commonly cited reasons for why patients may
manage VOC at home”.1, 20
ERG comment: Only “the more severe crises experienced by patients (i.e. those that require a medical
facility visit)” were considered. Therefore, results might not be applicable to patients with less severe
crises, including those not visiting a medical facility.1
3.5

Other relevant factors

Results of subgroup analyses are reported in section 4.2.3.5.
A Patient Access Scheme (PAS) for crizanlizumab has already been agreed and included within the
submission. The CS states that the company intend to discuss the potential for a Managed Access
Agreement with NICE and NHS England in order to improve the cost effectiveness of crizanlizumab.1
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4.

Clinical effectiveness

4.1

Critique of the methods of review(s)

4.1.1

Searches

Appendix D.1.1 of the CS provides details of a systematic literature review conducted to identify
randomised controlled trials (RCTs) of crizanlizumab and relevant comparators, as well as
interventional non-RCTs and observational studies of crizanlizumab, for the prevention of VOC in
SCD.43 Searches were conducted in August 2019, with a subsequent update in January 2020. No
language or publication date limits were reported. Databases were searched from date of inception. A
summary of the sources searched is provided in Table 4.1.
Table 4.1: Data sources for the clinical effectiveness systematic review
Resource

Host/source

Date ranges

Dates searched

MEDLINE, MEDLINE In-Process,
MEDLINE Daily and MEDLINE EPub
Ahead of Print

Ovid

(i)194612.8.19
(ii)194624.1.20

(i)13.8.19
(ii)27.1.20

Embase

Ovid

(i)19748.10.19
(ii)197424.1.20

(i)13.8.19
(ii)27.1.20

Cochrane CDSR

Wiley

(i)Issue 8/12,
August 2019
(ii)Issue 1/12,
January 2020

(i)13.8.19
(ii)27.1.20

CRD website

Issue 2/12,
April 2015

(i)13.8.19
(ii)27.1.20

Handsearch of
online proceedings

2017-2019

(i)September
2019
(ii)January 2020

Electronic databases

Cochrane CENTRAL

DARE
Conference proceedings
ASH Annual Meeting
Annual Congress of the EHA

2017-2019

Annual Symposium of the Foundation
for Sickle Cell Disease Research

2017, 2019

BSH Annual Scientific Meeting

2017-2019

Additional resources
ClinicalTrials.gov

Web search

All years

(i)6.9.19
(ii)14.2.20

Based on CS appendices43
(i) original search; (ii) update search
ASH = American Society of Hematology; BSH = British Society for Haematology; CDSR = Cochrane
Database of Systematic Reviews; CENTRAL = Central Register of Controlled Trials; CRD = Centre for
Reviews and Dissemination; CS = company submission; DARE = Database of Abstract Reviews of Effects;
EHA = European Haematology Association
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ERG comment:
 A single set of searches was undertaken to identify clinical effectiveness and adverse events
data. The CS provided sufficient details for the ERG to appraise the literature searches. A good
range of database and conference proceedings were searched, as well as a trials register search
and reference checking. Both the original and the update searches were well conducted and
documented, making them transparent and reproducible.
 No date or language limits were unnecessarily applied to the database searches. The date limit
applied to conference searches was considered justifiable.
 Study design filters were appropriately used and based on those designed by the Scottish
Intercollegiate Guidelines Network (SIGN).
 Additional synonyms could have been incorporated into the strategy, such as all trade names
and the CAS registry number for the intervention, and the abbreviation 'VOC' for the condition,
however this is unlikely to have greatly affected recall.
4.1.2

Inclusion criteria

The selection of relevant studies was performed in two stages, i.e. the selection of potentially relevant
abstracts followed by the selection of potentially relevant full text publications. This process was
conducted by two independent reviewers with intervention of a third reviewer in case of discrepancies.
Those full text publications which were judged to contain insufficient information to determine its
eligibility were excluded, i.e. “in cases where the article did not give enough information to be sure
that it met the inclusion criteria, the article was excluded to ensure that only relevant articles were
ultimately included in the SLR [systematic literature review]”.43
The eligibility criteria used in the systematic literature research are given in appendix D of the
CS (Table 4.2).43
Table 4.2: Eligibility criteria used in search strategy for RCT and non-RCT evidence
Category

Inclusion criteria

Exclusion criteria

Population

Human. Patients ≥16 years with sickle cell disease.

Animal.
Population did not include
patients ≥16 years with
sickle cell disease.

Intervention

The following interventions for the prevention of
vaso-occlusive crises:
 Crizanlizumab with or without
hydroxycarbamide/hydroxyurea
 The following interventions reflecting supportive
care or established clinical management without
crizanlizumab: hydroxycarbamide/hydroxyurea,
blood transfusions and HSCT

Comparators Any or none (i.e. no restrictions regarding
comparators for the eligible interventions were
applied)
Outcomes

 Clinical and safety outcomes including but not
limited to:
o Sickle cell crises (number of events/rate of
events/time to event)

Studies not investigating a
relevant intervention
specifically for the
prevention of vasoocclusive crises

Not applicable




Studies not reporting
any listed outcomes of
relevance
Studies reporting
relevant outcomes, but
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Category

Inclusion criteria
Hospitalisation (number of events/rate of
events/days spent)
o Annual rate of acute chest syndrome
o Non-fatal stroke
o Mortality
o Safety/adverse events of treatment
 Any HRQoL scales, including but not limited to
SF-36, Haemo-QoL-A, EQ-5D, or BPI
o

Exclusion criteria
in groups of a mixed
population, without
reporting data
specifically for the
patient group of interest

Study Design

 For all interventions including crizanlizumab:
o RCTs
o Interventional non-RCTs (to include nonrandomised and uncontrolled clinical studies)
 In addition, for crizanlizumab only:
o Observational studies
 SLRs and (network) meta-analyses: These were
considered relevant at the title/abstract review
stage and hand searched for relevant primary
studies, but were excluded during the full-text
review stage unless they themselves presented
primary research

Any other study design,
including:
 Observational studies
for interventions other
than crizanlizumab
 Economic evaluations
 Non-systematic or
narrative reviews
 Editorials, notes or
comments
 Case reports/case
studies

Publication




Conference abstracts
published prior to 2017

Peer-reviewed journal articles
Conference abstracts published in or after 2017

Based on Table 8 of the CS appendices43
BPI = brief pain inventory; CS = company submission; EQ-5D = EuroQol 5 dimensions questionnaire; HaemoQoL-A = Haemophilia-specific Quality of Life Questionnaire; HRQoL = health-related quality of life; HSCT =
haematopoietic stem cell transplantation; RCT = randomised controlled trial; SF-36 = 36-Item Short Form
Health Survey; SLR = systematic literature review

ERG comment: The selection of relevant studies followed standard methodology. However, the
exclusion criteria defining interventions appeared to pivot on the type of outcome analysed rather than
the intervention under evaluation. The CS stated that “studies not investigating a relevant intervention
specifically for the prevention of vaso-occlusive crises”.43 Therefore, this appears discrepant with the
definition of the criteria of relevant outcomes which includes other outcomes such as mortality, safety
and HRQoL.
The exclusion of full text publications which eligibility was judged to be unclear appears questionable.
However, according to Table 12 of the CS appendices, no records were excluded because of insufficient
information.43 The population characteristics were not restricted other than by age which is a
demographic commonly reported in clinical studies.
4.1.3

Critique of data extraction

According to the CS, relevant details of the included studies were extracted in a template form by a
single individual who was followed by the check of a second reviewer. Resulting discrepancies were
settled by the intervention of a third individual.1, 43
ERG comment: The Cochrane Handbook for Systematic Reviews recommends that “as a minimum,
information that involves subjective interpretation and information that is critical to the interpretation
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of results (e.g. outcome data) should be extracted independently by at least two people”.44 Due to one
reviewer completing data extraction and one person checking, there is a higher risk for errors.
4.1.4

Quality assessment

The quality of the included randomised controlled trials (RCTs) was assessed by the company using the
checklist for RCTs developed by the Centre for Reviews and Dissemination (CRD).45 This followed a
similar process to the data extraction where the assessment by one reviewer was later checked by a
second reviewer. Resulting discrepancies were settled with the intervention of a third reviewer.
ERG comment: RCTs were assessed based on the criteria described in box 1.5 of the CRD guidance
and a reported in Table 13 of the CS appendices:43, 45










Was randomisation carried out appropriately?
Was the concealment of the treatment allocation adequate?
Were the groups similar at the outset of the study in terms of prognostic factors, for example
severity of disease?
Were the care providers, participants and outcome assessors blind to treatment allocation? If
any of these people were not blind to treatment allocation, what might be the likely impact on
the risk of bias (for each outcome)?
Were there any unexpected imbalances in drop-outs between groups? If so, were they explained
or adjusted for?
Is there any evidence to suggest that the authors measured more outcomes than they reported?
Did the analysis include an intention-to-treat analysis? If so, was this appropriate and were
appropriate methods used to account for missing data?
Also consider whether the authors of the study publication declared any conflicts of
interest/study funding.

In contrast to methods described in the CS, version 2 of the Cochrane risk of bias tool for randomised
trials is the current standard for risk of bias assessment of randomised trials.46 This tool is structured as
series of domains to aid an overall assessment and includes a domain dedicated to the analysis of
potential bias resulting from the how the outcome is measured.
4.1.5

Evidence synthesis

No meta-analysis was performed as only one study (SUSTAIN) was identified, see section 4.2 of the
report as well as chapter B.2.8 of the CS.1
4.2
Critique of trials of the technology of interest, their analysis and interpretation (and any
standard meta-analyses of these)
The primary evidence used in this submission came from the SUSTAIN trial.27, 47 This was a doubleblind, placebo-controlled, randomised controlled, phase II trial evaluating the efficacy and safety of
crizanlizumab compared to placebo for the prevention of VOC in patients aged 16 to 65 years with
SCD. The systematic review also identified the SUCCESSOR trial which was a retrospective study of
patients from the US sites of SUSTAIN.48, 49 This was not used as a source of data for the economic
model as no patients received crizanlizumab during the study follow-up period. There was also a
publication reporting a pooled analysis of safety data from SUSTAIN and the SOLACE study which is
an ongoing, open label pharmacokinetic/dynamic study of crizanlizumab in patients aged 16 to 70 years
with SCD.50 Results for SOLACE alone are not yet available and these were not included in the
economic model.
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SUSTAIN compared two doses of crizanlizumab (2.5 mg/kg and 5 mg/kg) administered intravenously
14 times over 52 weeks with placebo. Patients were randomised on a 1:1:1 basis by a central interactive
voice/web response system (IXRS) and the randomisation was stratified by concomitant use of HU and
the number of sickle cell-related pain crises (SCPC) in the previous 12 months (two to four or five to
10). The primary endpoint was the annual rate of SCPC, defined as acute episodes of pain with no
medically defined cause other than a vaso-occlusive event which resulted in a medical facility visit and
treatment with oral or parenteral narcotics or a parenteral non-steroidal anti-inflammatory
drugs (NSAIDs). ACS, hepatic sequestration, splenic sequestration, and priapism were also considered
to be crisis events. Further details of other outcomes and the study methods are provided in Table 4.3.
Table 4.3: Study design and methods of SUSTAIN
Trial name

SUSTAIN (NCT01895361)

Location

International: 60 study centres in three countries (USA, Brazil, and
Jamaica) conducted at study centres in the USA (51), Brazil (8) and
Jamaica (1)

Design

Double-blind, randomised, placebo-controlled, multi-centre phase II trial.
The trial consisted of a 30-day screening phase, a 52-week treatment
phase, and a 6-week follow-up evaluation phase. The patients, care
providers, and outcome assessors were unaware of the group assignments.
Randomisation was stratified according to the number of SCPC in the
previous year (2–4 or 5–10) and by concomitant HC/HU use (yes or no).

Eligibility criteria

Main inclusion and exclusion criteria:
Inclusion criteria
 16 to 65 years of age
 Confirmed medical history or diagnosis of SCD (including HbSS,
HbSC, HbSβ0-thalassemia or HbSβ+-thalassemia patients)
 2–10 SCPC within the 12 months before enrolment
 Patients receiving HC/HU must have been prescribed HC/HU for the
preceding six months and be dose-stabilised for at least three months
Exclusion criteria
 Patients who were undergoing long-term red-cell transfusion therapy

Method of study drug
administration

Treatment arms:
 Low-dose crizanlizumab (2.5 mg/kg; N=66)
 High-dose crizanlizumab (5 mg/kg; N=67)
 Placebo (N=65)
Patients received two doses of either crizanlizumab or placebo two weeks
apart (loading dose) and then one dose every four weeks. A total of 14
doses were administered over the 52-week study duration. Each dose was
administered intravenously over a period of 30 minutes.

Permitted and
disallowed
concomitant
medication

General medication consistent with the standard care for patients with
SCD was allowed. Aspirin was permitted but any other chronic
anticoagulant therapy (e.g. warfarin, heparin) was disallowed.
HC/HU was permitted in any treatment arm provided patients were
prescribed HC/HU for at least six months and were dose-stable for at least
three months prior to the beginning of the study. HC/HU dosing was not
to be altered or terminated throughout the 52-week study treatment period,
other than for safety reasons. Patients not on HC/HU at the start of the
study were not permitted to initiate treatment with HC/HU during the 52week study period.
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Erythropoietin was permitted in any treatment arm provided patients were
prescribed erythropoietin for at least six months and were dose-stable for
at least three months. Emergent and occasional blood transfusions were
permitted.
Primary endpoint

The annual rate of SCPC, which was calculated as follows: total number
of crises x 365 ÷ (end date − date of randomisation + 1).
SCPC were defined as acute episodes of pain, with no medically
determined cause other than a vaso-occlusive event that resulted in a visit
to a medical facility and treatment oral/parenteral narcotic agents or
parenteral NSAIDs. ACS, hepatic sequestration, splenic sequestration, and
priapism were also considered to be crisis events. All crises that were
identified by trial investigators were adjudicated by a blinded independent
crisis-review committee, of three independent haematologists.

Secondary endpoints

These included:
 The annual rate of days hospitalised
 The times to first and second crises
 The annual rate of uncomplicated crises (defined as crises other than
ACS, hepatic sequestration, splenic sequestration, or priapism)
 The annual rate of ACS
 BPI questionnaire
 SF-36 v2 questionnaire
 Changes in clinical laboratory parameters; biomarker analyses;
pharmacokinetic and pharmacodynamic analyses (not reported here)
 Safety – frequency and severity of adverse events
During the treatment phase, assessments were completed on the day of
receipt of the initial dose, two weeks later, every four weeks through week
50, and at week 52, for a total of 15 visits.

Pre-planned subgroup
analyses

Pre-specified subgroup analyses for the annual rate of SCPC were
performed according to concomitant HC/HU use (yes or no), history of
SCPC (2–4 or 5–10 crises in the year prior to the study) and SCD
genotype (HbS or non-HbS).26, 51 Post-hoc analysis of other selected
efficacy and safety outcomes were also performed for these sub-groups.51

Duration of study and
follow-up

The study was ongoing from July 2013 to March 2016 and consisted of a
30-day screening phase, a 52-week treatment phase and a 6-week followup phase.

Based on Table 4 of the CS1
ACS = acute chest syndrome; BPI = Brief Pain Inventory; CS = company submission; HbSβ+ = haemoglobin Sbeta plus; HbSβ0 = haemoglobin S-beta zero; HbSC = sickle cell–hemoglobin C; HbS = Homozygous
haemoglobin S; HC = hydroxycarbamide; HU = hydroxyurea; kg = kilogram; mg = milligram; NSAID = nonsteroidal anti-inflammatory drug; SCD = sickle cell disease; SCPC = sickle cell-related pain crises; SF-36 v2 =
36-Item Short Form Health Survey version 2; USA = United States of America

4.2.1

SUSTAIN statistical methods

The planned sample size of the SUSTAIN trial was 174 participants (50 per treatment arm with an
additional 15% to allow for dropout). A total of 198 participants were randomised. The primary analysis
was performed on the intention-to-treat (ITT) population which comprised all randomised patients,
analysed according to their randomised treatment arm. The per-protocol (PP) population comprised all
ITT patients who received at least 12 of the planned 14 study doses, completed a visit ≥14 days after
the final dose and had no major protocol violations, this was also analysed according to randomised
treatment arm. The safety population comprised all patients who received at least one dose of study
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drug and was analysed according to treatment received. The ITT population contained all
198 randomised participants, the PP population contained 125 participants and the safety population
contained 192 participants. Further details of the statistical methods are provided in Table 4.4.
Table 4.4: SUSTAIN statistical methods
Hypothesis

The primary analysis tested the null hypothesis that the distribution of
annual rates of SCPC in patients treated with crizanlizumab and placebo
are identical against the alternative hypothesis that the distribution of
annual rates of SCPC are not identical.

Statistical analysis

Treatments were compared using a stratified Wilcoxon rank sum test,
with randomisation stratification factors of HC/HU therapy and SCPC
history as strata. Medians, median differences, and 95% CIs for the
median differences were estimated using Hodges-Lehmann method, and
the following hierarchical testing procedure was followed: α = 0.05 was
utilised to test high-dose crizanlizumab (5 mg/kg) versus placebo, and if
significant, to test low dose (2.5 mg/kg) versus placebo. This controlled
the overall alpha level for the study at 0.05 for the primary endpoint.

Sample size calculation

Sample size calculations were performed based upon the following
assumptions: a 40% relative reduction (versus placebo) in the number of
SCPC with a mean placebo event rate of 3.0 and standard deviation of
1.7; and, patients were randomized in 1:1:1 ratio into placebo: high dose:
low dose, stratified by concomitant usage of HC/HU (yes; no) as well as
by number of prior SCPC (2–4; 5–10) per year. Based on these
assumptions, a total of 50 patients per arm were required for the study to
have approximately 90% power to detect a 40% reduction in SCPC,
using Wilcoxon’s rank sum test (α = 0.05). Assuming a 15% dropout
rate, approximately 174 total patients were to be randomised into the
study.

Data management,
patient withdrawals

The primary analysis utilised the ITT principle and included all
randomised patients. The SCPC rate for every patient was annualised to
12 months and the annual rate was imputed for patients who did not
complete the trial. For patients who never received a dose, the end date
used to calculate the annualised rate was the date of the last site contact.

Based on Table 7 of the CS1
CI = confidence interval; CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea; ITT =
intention-to-treat; kg = kilogram; mg = milligram; SCPC = sickle cell-related pain crises

4.2.2

SUSTAIN baseline data

A total of 198 participants were randomised and included in the ITT population and 43/67 (64.2%) of
high-dose crizanlizumab, 45/66 (68.2%) of low-dose crizanlizumab and 41/65 (63.1%) of placebo
patients completed the study. One patient in the high-dose group, two in the low-dose group and three
in the placebo group did not receive any study treatment and were excluded from the safety population.
Overall, the median age was *******************************, the most common genotype was
HbSS ************** of patients were receiving concomitant HC/HU and ***** had between two
and four SCPC in the previous 12 months. Most participants described their race as “black” (*****)
and none of the trial centres were in the UK or Europe. Baseline patient characteristics were wellbalanced between the three treatment groups. Baseline data for the three treatment groups are shown in
Table 4.5.
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Table 4.5: SUSTAIN baseline patient characteristics
High-dose
crizanlizumab
(5 mg/kg), N=67

Low-dose
crizanlizumab,
(2.5 mg/kg), N=66

Placebo, N=65

Median

29

29

26

Range

16–63

17–57

16–56

Male

32 (48)

30 (45)

27 (42)

Female

35 (52)

36 (55)

38 (58)

Black

60 (90)

62 (94)

60 (92)

White

4 (6)

2 (3)

3 (5)

Other

3 (4)

2 (3)

2(3)

HbSS

47 (70)

47 (71)

47 (72)

Other

20 (30)

19 (29)

18 (28)

Yes

42 (63)

41 (62)

40 (62)

No

25 (37)

25 (38)

25 (38)

Age – years

Gender – N (%)

Race – N (%)

SCD genotype – N (%)

Concomitant HC/HU use – N (%)

SCPC during previous 12 months – N (%)
2–4 crises

42 (63)

41 (62)

41 (63)

5–10 crises

25 (37)

25 (38)

24 (37)

Based on Table 5 of the CS1
CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea; kg = kilogram; mg = milligram;
SCD = sickle cell disease; SCPC = sickle cell-related pain crises

Details of concomitant medications used by ≥ 20% of participants within any treatment group are shown
in
Table 4.6.
The
most
commonly
used
medications,
**********************************************************************************
**************************************** Participants on a chronic transfusion program or
planning an exchange transfusion during the trial, were excluded from SUSTAIN so transfusions were
infrequent. The median annual rate of packed red blood cell (RBC) units transfused was
**********************************************************************************
**********************************************************
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Table 4.6: Concomitant medications used by ≥20% of participants
Concomitant medication

High-dose
crizanlizumab
(5 mg/kg), N=67

Low-dose
crizanlizumab,
(2.5 mg/kg), N=66

Placebo, N=65

Number of patients with
≥1 concomitant
medicationa,b – N (%)

*********

*********

*********

Acetaminophen
(paracetamol)

*********

*********

*********

Azithromycin

********

*********

*********

Benadryl

*********

*********

*********

Dilaudid

*********

*********

*********

Diphenhydramine

*********

*********

*********

Folic acid

*********

*********

*********

Heparin

********

*********

*********

Hydromorphone

*********

*********

*********

c

HC/HU

*********

*********

*********

Ibuprofen

*********

*********

*********

Ketorolac

*********

*********

*********

*******

********

*********

Morphine

*********

*********

*********

Ondansetron

*********

*********

*********

Oxycodone

*********

*********

*********

Percocet

********

*********

*********

Phenergan

*********

*********

*********

*******

********

*********

Sodium chloride

*********

*********

*********

Toradol

*********

*********

*********

*********

*********

*********

Miralax

Potassium chloride

Zofran
1

Based on Table 8 of the CS
a
Medications were coded using World Health Organization drug dictionary Version 01DEC2013E;
b
Concomitant medications were medications received at or after the first dosing of study drug through the last
safety follow-up visit, or medication that was received prior to the first dosing with study drug and continued
after dosing of study drug; c Hydrea and hidroxiurea (sic!) were also listed as being taken by
*************** patients,
respectively,
in
the
high-dose
crizanlizumab
arm,
********************** patients, respectively, in the low-dose crizanlizumab arm and
*********************, respectively, in the placebo arm
CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea; ITT = intention-to-treat; kg =
kilogram; mg = milligram;

4.2.3

SUSTAIN clinical effectiveness results

At the end of the 52-week treatment period (no results of longer follow-up available), the median annual
SCPC rate in the high-dose crizanlizumab group (1.63, inter-quartile range (IQR) 0 to 3.97) was
significantly lower than placebo (median 2.98, IQR 1.25 to 5.87, P =0.01 for difference vs. placebo).
Results for the analysis of the annual SCPC rate for the ITT and PP populations are shown in Table 4.7.
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Table 4.7: SUSTAIN primary endpoint annual rate of SCPC
High-dose
crizanlizumab
(5 mg/kg)

Low-dose
crizanlizumab
(2.5 mg/kg)

Placebo

67

66

65

1.63 (0.00 to 3.97)

2.01 (1.00 to 3.98)

2.98 (1.25 to 5.87)

0.01

0.18

-

Number with zero rate at
trial end

24

12

11

PP population, N

40

44

41

1.04 (0.00 to 3.42)

2.00 (1.00 to 3.02)

2.18 (1.96 to 4.96)

0.018

0.13

-

15

7

5

ITT population, N
Median annual rate (IQR)
P-value (difference vs.
placebo)

Median annual rate (IQR)
P-value (difference vs.
placebo)
Number with zero rate at
trial end

Based on Table 9 of the CS1 as well as Tables 7 and 8 of the CSR27
P-value from stratified Wilcoxon rank sum test
CI = confidence interval; CS = company submission; CSR = clinical study report; IQR = inter-quartile range;
ITT = intention-to-treat; kg = kilogram; mg = milligram; PP = per-protocol; SCPC = sickle cell-related pain crises

4.2.3.1 Time to first and second SCPC
Kaplan-Meier plots of the time to the first and second SCPC are shown in Figures 4.1 and 4.2,
respectively. Time to the first SCPC was significantly longer with high-dose crizanlizumab compared
to placebo (hazard ratio (HR) 0.50, 95% confidence interval (CI) 0.33 to 0.74, P=0.001) but not with
low-dose crizanlizumab (HR 0.75, 95% CI 0.52 to 1.10, P=0.136). Median times to the first crisis were:
high-dose 4.07 months (IQR 1.31 to upper limit not reached), low-dose 2.2 months (IQR 0.95 to
6.6 months) and placebo 1.38 months (IQR 0.39 to 4.90 months).
Similarly, the time to the second SCPC was also longer with high-dose crizanlizumab compared to
placebo (HR 0.53, 95% CI 0.33 to 0.87, P=0.022) but not with low-dose crizanlizumab (HR 0.69, 95%
CI 0.44 to 1.09, P=0.10). Median times to the second crisis were: high-dose 10.32 months (IQR 4.47 to
upper limit not reached), low-dose 9.2 months (IQR 3.94 to 12.16 months) and placebo
5.09 months (IQR 2.96 to 11.01 months).
These results are also included in Table 4.8.
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Figure 4.1: Kaplan-Meier plot of time to first SCPC

Based on Figure 3 of the CS1
CS = company submission; kg = kilogram; mg = milligram; SCPC = sickle cell-related pain crises

Figure 4.2: Kaplan-Meier plot of time to second SCPC

Based on Figure 4 of the CS1
CS = company submission; kg = kilogram; mg = milligram; SCPC = sickle cell-related pain crises

4.2.3.2 Secondary endpoints
Details of secondary endpoints of the SUSTAIN trial for the ITT population are provided in Table 4.8.
There were no significant differences in the annual rate of days hospitalised between high-dose
crizanlizumab (median 4.0, IQR 0.0 to 25.72) and placebo (median 6.87, IQR 0.0 to 28.3, P=0.45) or
between low-dose crizanlizumab (median 6.87, IQR 0.0 to 18.0) and placebo (median 6.87, IQR 0.0 to
28.3,
P=0.84).
**********************************************************************************
*************************************************************************
This
numerical reduction in the annualised rate of hospitalisation is however considered to be clinically
relevant and the lack of statistical significance between the treatment arms for this endpoint is likely
due to the variability and skewed nature of the data.
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The analysis of annual rate of days hospitalised included all hospitalisations and not just those for SCPC
so post-hoc analyses were performed to explore admissions due to SCPC. High-dose crizanlizumab
significantly reduced the rate of SCPCs leading to a medical facility visit compared to
placebo (2.3 versus 3.67 events per person year; incident rate ratio [IRR], 0.63 (95% CI, 0.5 to 0.79),
P<0.0001).34 This reduction in SCPCs leading to medical facility visits with was largely driven by a
reduction in visits to emergency care units (IRR 0.55, 95% CI 0.35 to 0.87, P=0.01), and specialised
SCD crisis centres (IRR 0.34, 95% CI 0.18 to 0.62, P=0.0005), as well as a trend towards a decrease in
hospital inpatient admissions (IRR 0.76, 95% CI 0.56 to 1.05, P=0.094).
Table 4.8: SUSTAIN secondary endpoints (ITT population)
High-dose
crizanlizumab
(5 mg/kg), N=67

Low-dose
crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

4.00 (0.00–25.72)

6.87 (0.00–18.00)

6.87 (0.00–28.30)

Difference from
placebo, %

-41.8

0.00

-

P-valuea

0.45

0.84

-

Median time to first
crisis (IQR), months

4.07 (1.31–NR)b

2.20 (0.95–6.60)

1.38 (0.39–4.90)

HR (95% CI)

0.50 (0.33–0.74)

0.75 (0.52–1.10)

-

0.001

0.14

-

Median time to
second crisis (IQR),
months

10.32 (4.47–NR)b

9.20 (3.94–12.16)

5.09 (2.96–11.01)

HR (95% CI)

0.53 (0.33–0.87)

0.69 (0.44–1.09)

-

0.02

0.10

-

1.08 (0.00–3.96)

2.00 (0.00–3.02)

2.91 (1.00–5.00)

Difference from
placebo, %

-62.9

-31.3

-

P-valuea

0.02

0.12

-

0 (0.00–0.00)

0 (0.00–0.00)

0 (0.00–0.00)

0.0

0.0

-

0.78

0.87

-

Outcome

Annual rate of days hospitalised
Median rate (IQR)

Time to first SCPC

c

P-value

Time to second SCPC

c

P-value

Annual rate of uncomplicated SCPCd
Median rate per year
(IQR)

Annual rate of ACS
Median rate per year
(IQR)
Difference from
placebo, %
P-valuea
1

Based on Table 10 of the CS
a
P-values are for the comparison between the active-treatment group and the placebo group and were calculated
with the use of a stratified Wilcoxon rank-sum test; b The 75% value for the interquartile range was not observed
within the 52-week trial and was considered to be not reported (NR). c P-values are for the comparison between
the active-treatment group and the placebo group during the treatment phase and were calculated with the use
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High-dose
crizanlizumab
(5 mg/kg), N=67

Outcome

Low-dose
crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

of the log-rank test; d Uncomplicated SCPC are defined as crises other than ACS, hepatic sequestration, splenic
sequestration, or priapism.
ACS = acute chest syndrome; CI = confidence interval; CS = company submission; HR = hazard ratio; IQR =
inter-quartile range; ITT = intention-to-treat; kg = kilogram; mg = milligram; NR = not reported; SCPC =
sickle cell-related pain crises

4.2.3.3 Uncomplicated crises and ACS
Uncomplicated crises were defined as SCPC other than ACS, hepatic sequestration, splenic
sequestration, or priapism. The median rates per year of uncomplicated crises were 1.08 for high-dose
crizanlizumab
and
2.91
for
placebo (reduction
of
62.9%,
P=0.02).
**********************************************************************************
**********************************************************************************
* There was also no significant difference between groups in the median annual rate of ACS (zero for
all groups). Further details of other complications are provided in Table 4.9.
Table 4.9: Treatment-emergent SCPC (safety population)

SCPC event

High-dose
crizanlizumab
(5 mg/kg), N=66

Low-dose
crizanlizumab
(2.5 mg/kg), N=64

Placebo, N=62

Patients, N
(%)a

Events,
Na

Patients, N
(%)a

Events,
Na

Patients, N
(%)a

Events,
Na

Any SCPC

*********

***

*********

***

*********

***

Uncomplicated
SCPC

*********

***

*********

***

*********

***

ACS

*********

**

*********

**

*********

**

Hepatic
sequestration

*

*

*******

*

*

*

Splenic
sequestration

*

*

*******

*

*

*

Priapism

*

*

*******

*

*******

*

*******

*

*******

*

*******

*

Deathb

Based on Table 11 of the CS1
Note: Treatment-emergent SCPC are defined as all SCPC which start (or increase in severity) after the date of
first dose of study medication. All treatment-emergent SCPC were adjudicated by the CRC.
a
Patients with multiple events in the same category are counted only once in that category. Patients with events
in more than one category are counted once in each of those categories. Multiple events for a patient that are
in the same event category are counted multiple times in that event category. Multiple events belonging to more
than one event category are counted multiple times in each of those event categories; b While death was
removed as an SCPC event category by Amendment 2 to the Protocol, the CRC subsequently indicated that
four events which met the criteria for SCPC should be given the event classification of “death”.
ACS = acute chest syndrome; CRC = Crisis Review Committee; CS = company submission; kg = kilogram;
mg = milligram; SCPC = sickle cell-related pain crises

4.2.3.4 Patient-reported outcomes
Patient-reported outcomes (PROs) were measured using the Brief Pain Inventory (BPI) and shortform 36 (SF-36) tools. Questionnaires were administered to patients at every treatment visit (days 1 and
15, every four weeks from week 6 and at weeks 52 (end of trial) and 58 (follow-up)). Results for the
pain severity and interference domains of the BPI are shown in Table 4.10.
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**********************************************************************************
**************************************************************************** The
mean differences in change in pain severity at 52 weeks (end of the treatment period) compared to
placebo
were:
**********************************************************************************
*********************************************************. The mean differences in
change in pain interference at 52 weeks (end of the treatment period) compared to placebo were:
**********************************************************************************
*******************************************************.
Table 4.10: BPI pain severity and interference (ITT population)
High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

**

**

**

**************

**************

**************

**

**

**

***************

**************

***************

Pain severity
Baseline,
N
Mean
(SD)
Week 52
CfB, N
Mean
(SD)
LS mean
(95% CI)

********************** ********************** **********************

P-value
Treatment
difference

*****

*****

**********************

*********************

*****

*****

**

**

**

***************

**************

***************

P-value
Week 58
followupb CfB,
N
Mean
(SD)
LS mean
(95% CI)

********************** ********************** **********************

P-value
Treatment
difference

*****

*****

*****

*********************

**********************

*****

*****

**

**

**

**************

**************

**************

P-value

*****

Pain interference
Baseline,
N
Mean
(SD)
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High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

**

**

**

***************

***************

***************

Week 52
CfB, N
Mean
(SD)
LS mean
(95% CI)

********************** ********************** **********************

P-value
Treatment
difference

*****

*****

*********************

*********************

*****

*****

**

**

***************

***************

P-value
Week 58
followupb CfB,
N
Mean
(SD)
LS mean
(95% CI)

********************** **********************

P-value
Treatment
difference

*****

*****

*****

*********************

*********************

*****

*****

P-value

Based on Tables 14 and 15 of the CS1
Note: BPI outcomes are calculated as the average of non-missing responses
a
For patients who discontinue crizanlizumab or placebo, assessments six weeks or more after final dose are
considered in the week 58 follow-up windowed visit
BPI = Brief Pain Inventory; CfB = change from baseline; CI = confidence interval; CS = company submission;
ITT = intention-to-treat; kg = kilogram; LS = least squares; mg = milligram; SD = standard deviation

Results for the physical and mental health domains of SF-36 are shown in Table 4.11.
**********************************************************************************
************************************** The mean differences in change in the physical health
domain at 52 weeks (end of the treatment period) compared to placebo were:
**********************************************************************************
********************************************************. The mean differences in change
in the mental health domain at 52 weeks (end of trial) compared to placebo were:
**********************************************************************************
***********************************************************
Table 4.11: SF-36 physical and mental health domains (ITT population)
High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

Physical health
Baseline, N

**

**

**

Mean (SD)

****************

****************

***************
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High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

**

**

**

**************

**************

**************

*********************

*********************

*********************

*****

*****

*****

*********************

*********************

*****

*****

Week 58
follow-upb
CfB, N

**

**

**

Mean (SD)

**************

**************

**************

*********************

*********************

*********************

*****

*****

*****

*********************

**********************

*****

*****

Baseline, N

**

**

**

Mean (SD)

****************

****************

****************

**

**

**

***************

****************

***************

Week 52
CfB, N
Mean (SD)
LS mean
(95% CI)
P-value
Treatment
difference
P-value

LS mean
(95% CI)
P-value
Treatment
difference
P-value
Mental health

Week 52
CfB, N
Mean (SD)
LS mean
(95% CI)

*********************

P- value

*****

Treatment
difference
P-value

********************** *********************
*****

********************** **********************
*****

*****

Week 58
follow-upb
CfB, N

**

**

Mean (SD)

****************

****************

LS mean
(95% CI)
P- value
Treatment
difference
P-value

*****

********************** **********************
*****

*****

********************** **********************
*****

*****

Based on Tables 12 and 13 of the CS1
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High-dose crizanlizumab
(5 mg/kg), N=67

Low-dose crizanlizumab
(2.5 mg/kg), N=66

Placebo, N=65

a

For patients who discontinue crizanlizumab or placebo, assessments six weeks or more after final dose are
considered in the week 58 follow-up windowed visit.
CfB = change from baseline; CI = confidence interval; CS = company submission; ITT = intention-to-treat;
kg = kilogram; LS = least squares; mg = milligram; SD = standard deviation

4.2.3.5 Subgroup analyses
According to the CS, “pre-specified subgroup analyses of the annual rates of SCPC in the ITT
population were performed according to concomitant HC/HU use (yes or no), history of SCPC (2–4 or
5–10 crises in the 12 months prior to the study) and SCD genotype (HbSS or non-HbSS)”.1 It was
further noted that “across all subgroups, crizanlizumab 5 mg/kg was associated with a lower median
annual SCPC rate compared to placebo. The subgroup analyses did not often meet statistical
significance (P < 0.05), however the study was not powered to detect differences between treatment
arms in these subgroups”.1 Detailed results are reported in Table 4.12.
Table 4.12: Subgroup analyses from the SUSTAIN trial (ITT population)
High-dose crizanlizumab
(5 mg/kg)

Low-dose crizanlizumab
(2.5 mg/kg)

Placebo

n=42

n=41

n=40

Median annual
rate of SCPC
(IQR)

2.43 (0.00–4.01)

2.00 (1.00–3.93)

3.58
(1.31–
6.23)

Difference
from placebo –
%

-32.1

-44.1

-

HodgesLehmann
median annual
rate of SCPCa

****

****

****

Difference
from placebo
(95% CI; Pvalue)b

**************************

**************************

-

n=25

n=25

n=25

Median annual
rate of SCPC
(IQR)

1.00 (0.00–2.00)

2.16 (1.89–3.98)

2.00
(1.63–
3.90)

Difference
from placebo –
%

-50.0

8.0

-

HodgesLehmann
median annual
rate of SCPCa

****

****

****

Difference
from placebo

**************************

*************************

-

According to concomitant HC use

Yes

No
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High-dose crizanlizumab
(5 mg/kg)

Low-dose crizanlizumab
(2.5 mg/kg)

Placebo

n=42

n=41

n=41

Median annual
rate of SCPC
(IQR)

1.14 (0.00–2.00)

2.00 (1.00–3.02)

2.00
(2.00–
3.90)

Difference
from placebo –
%

-43.0

0.0

-

HodgesLehmann
median annual
rate of SCPCa

****

****

****

Difference
from placebo
(95% CI; Pvalue)b

**************************

**************************

-

5–10 SCPC

n=25

n=25

n=24

Median annual
rate of SCPC
(IQR)

1.97 (0.00–3.98)

3.02 (2.00–5.19)

5.32
(2.01–
11.05)

Difference
from placebo –
%

-63.0

-43.2

-

HodgesLehmann
median annual
rate of SCPCa

****

****

****

(95% CI; Pvalue)b
According to number of SCPC in previous 12 months

2–4 SCPC

Difference
from placebo
(95% CI; Pvalue)b

*************************** **************************

-

According the SCD genotype

HbS

n=47

n=47

n=47

Median annual
rate of SCPC
(IQR)

1.97 (0.00–3.96)

2.05 (1.00–4.96)

3.01
(1.01–
6.00)

Difference
from placebo –
%

-34.6

-31.9

-

HodgesLehmann
median annual
rate of SCPCa

****

****

****
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High-dose crizanlizumab
(5 mg/kg)

Low-dose crizanlizumab
(2.5 mg/kg)

Placebo

**************************

**************************

-

n=20

n=19

n=18

0.99 (0.00–4.01)

2.00 (1.00–3.03)

2.00
(1.86–
5.00)

-50.5

0.0

-

HodgesLehmann
median annual
rate of SCPCa

****

****

****

Difference
from placebo
(95% CI; Pvalue)b

**************************

**************************

-

Difference
from placebo
(95% CI; Pvalue)b
Non-HbS
Median annual
rate of SCPC
(IQR)
Difference
from placebo –
%

Based on Table 19 of Appendix E of the CS43
a
The Hodges-Lehmann median is a non-parametric estimator of the location parameter; b Median differences
and confidence intervals were estimated using Hodges-Lehmann method. P-values were from a Stratified
Wilcoxon Rank Sum Test, with HC/HU therapy (yes, no) and categorised crises history (2 to 4, 5 to 10) as
reported in the Integrated Interactive Voice/Web Response System as the strata.
CI = confidence interval; CS = company submission; HbS = homozygous haemoglobin S; HC =
hydroxycarbamide; HU = hydroxyurea; IQR = interquartile range; ITT = intention-to-treat; kg = kilogram;
mg = milligram; SCD = sickle cell disease; SCPC = sickle cell-related pain crises

4.2.4

Safety outcomes

Section B.2.10 of the CS reported on the analysis of adverse events (AEs) in the SUSTAIN trial.1 The
population for this analysis included all participants who had received at least one dose of the study
drug (n=192). The median duration of exposure to the study drug was *** days for the high-dose
crizanlizumab; *** days for the low-dose and *** days for the placebo arm. In terms of adherence, the
percentage of infusions that the participants received relative to the expected number was ***** in both
crizanlizumab arms and ***** for placebo. Discontinuation because of AE was reported in
**************** receiving the 5 mg/kg of crizanlizumab, *************** on 2.5 mg/kg and
****************** in the placebo arm, respectively.
The incidence of overall AE and serious adverse events (SAEs) was comparable across the three arms.
In
contrast,
**********************************************************************************
**********************************************************************************
************************************** (Table 4.13).
Five
participants
deaths
occurred
in
the
trial
*************************************************. Two deaths happened in participants
receiving 5 mg/kg crizanlizumab, one participant from ACS and one participant from endocarditis and
sepsis. In the lower dose arm, one death occurred involving ACS, aspiration, respiratory failure, and
progressive vascular congestion arm. Two participants also died in the placebo arm, one from right
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ventricular failure and one from a confluence of VOC, ischaemic stroke, coma, sepsis, and venous
thrombosis of the right lower limb.
Specific adverse events with an incidence of 10% or higher and serious adverse events reported by at
least two participants in either crizanlizumab arm are presented in Table 4.14. The most frequent
adverse events in the high-dose crizanlizumab included headache (17%), back pain (15%),
nausea (18%) and arthralgia (18%).
In addition to these, the following adverse events considered to be both serious and life-threatening (but
did
not
result
in
death)
were
documented
in
the
CS:
**********************************************************************************
****************************************************1
The CS states how the draft Summary of Product Characteristics (SmPC) for crizanlizumab
incorporates results from the SOLACE trial of crizanlizumab 5 mg/kg in adults (n=45).1, 25 In the 111
participants across both trials receiving 5 mg/kg a total of two participants suffering from infusionrelated reactions were reported. Thus, the SmPC recommends monitoring patients after administration
of crizanlizumab.25
Table 4.13: Overview of adverse events, n (%)
Crizanlizumab
5 mg/kg (n=66)

Crizanlizumab
2.5 mg/kg (n=64)

Placebo
(n=62)

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

57 (86.4)

459

56 (87.5)

434

55 (88.7)

358

*********

83

*********

73

*********

26

Any SAE

17 (25.8)

25

21 (32.8)

34

17 (27.4)

33

Any drug-related SAE

*******

10

*******

9

*******

3

Any discontinuation due
to AE

*******

2

*******

1

*******

7

Any AE
Any drug-related AE

Death
2 (3.0)
3
1 (1.6)
4
2 (2.3)
6
Based on Table 17 of the CS1 and Table 14.3.1.1 of the CSR27
AE = adverse events; CS = company submission; CSR = clinical study report; kg = kilogram; mg = milligram;
SAE = serious adverse events

Table 4.14: Most common adverse events and serious adverse events, n (%)
Crizanlizumab
5 mg/kg (n=66)

Crizanlizumab
2.5 mg/kg (n=64)

Placebo
(n=62)

0

3 (5)

0

3 (5)

2 (3)

3 (5)

2 (3)

0

1 (2)

Arthralgia

12 (18)

9 (14)

5 (8)

Back pain

10 (15)

13 (20)

7 (11)

Chest pain

1 (2)

7 (11)

1 (2)

Diarrhoea

7 (11

5 (8)

2 (3)

Headache

11 (17)

14 (22)

10 (16)

Serious adverse eventsa
Influenza
Pneumonia
Pyrexia
Adverse events

b
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Crizanlizumab
5 mg/kg (n=66)

Crizanlizumab
2.5 mg/kg (n=64)

Placebo
(n=62)

Musculoskeletal pain

8 (12)

4 (6)

6 (10)

Nausea

12 (18)

11 (17)

7 (11)

Pain in extremity

11 (17)

8 (12)

10 (16)

Pruritus

5 (8)

7 (11)

3 (5)

Pyrexia

7 (11)

6 (9)

4 (6)

Upper respiratory tract infection

7 (11)

7 (11)

6 (10)

Urinary tract infection

9 (14)

7 (11)

7 (11)

5 (8)

7 (11)

3 (5)

Vomiting
1

Based on Table 18 of the CS
a
SAEs reported by at least two participants in either crizanlizumab arm; b Incidence of 10% or higher
CS = company submission; kg = kilogram; mg = milligram; SAE = serious adverse events

ERG comment: The safety of crizanlizumab compared to placebo presents no concerns. However, it
should be noted that potential rare adverse events might have been missed due to the small sample size.
A number of observations need to be made:
1. Neither the CS nor the CSR provide a list of drug-related serious (or severe) adverse events by
system organ class and preferred term.
2. The plausibility of AEs as related to the study drug was described by the investigator as “not
related; unlikely related; possibly related; probably related or definitively related”.27 The
criteria for the determination of this plausibility have not been provided in the CS or the CSR.1,
27

3. According to the CS, sepsis affected just one participant in the placebo arm.1 However,
according
to
Table 14.3.1.9
of
the
CSR,
*************************************************************************.27
4. The interpretation of pyrexia as a severe AE appears unclear. The participant figures for this AE
cannot be inferred from the numbers reported in Table 14.3.1.6 of the CSR which describes the
proportion of participants suffering from mild, moderate, or severe pyrexia.27
4.3
Critique of trials identified and included in the indirect comparison and/or multiple
treatment comparison
No indirect comparison was performed.
4.4

Critique of the indirect comparison and/or multiple treatment comparison

SUSTAIN was the only included trial which compared crizanlizumab 5 mg/kg and 2.5 mg/kg plus
standard care to placebo plus standard care. The CS stated that no other trials were identified from the
SLR “that were considered to represent a more relevant source of data for established clinical
management compared to the placebo arm of SUSTAIN, and therefore no indirect treatment
comparison has been conducted”.1
ERG comment: The ERG agrees that SUSTAIN is the primary source of evidence and no indirect
treatment comparisons were required.
4.5

Additional work on clinical effectiveness undertaken by the ERG

No additional work on clinical effectiveness has been undertaken by the ERG.
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4.6

Conclusions of the clinical effectiveness section

A single set of searches was undertaken to identify clinical effectiveness and adverse events data. The
CS provided sufficient details for the ERG to appraise the literature searches. A good range of database
and conference proceedings were searched, including additional grey literature resources and reference
checking. Searches were well conducted and documented, making them transparent and reproducible.
The primary evidence used in the CS came from the SUSTAIN trial, a double-blind, placebo-controlled,
randomised controlled, phase II trial evaluating the efficacy and safety of crizanlizumab compared to
placebo for the prevention of VOC in patients aged 16 to 65 years with SCD. SUSTAIN compared two
doses of crizanlizumab (2.5 mg/kg and 5 mg/kg) administered intravenously 14 times over 52 weeks
with placebo (results after longer follow-up not available). Most participants included in SUSTAIN
described their race as “black” (*****). None of the trial centres were in the UK or Europe.
Randomisation was stratified by concomitant use of HU and the number of SCPC in the previous
12 months (two to four or five to 10). The primary endpoint was the annual rate of SCPC, defined as
acute episodes of pain with no medically defined cause other than a vaso-occlusive event which resulted
in a medical facility visit and treatment with oral or parenteral narcotics or a parenteral NSAIDs.
At the end of the 52-week treatment period the median annual SCPC rate in the high-dose crizanlizumab
group (1.63, inter-quartile range (IQR) 0 to 3.97) was significantly lower than placebo (median 2.98,
IQR 1.25 to 5.87, P =0.01 for difference vs. placebo), see Table 4.7.
Time to the first SCPC was significantly longer with high-dose crizanlizumab compared to
placebo (hazard ratio (HR) 0.50, 95% confidence interval (CI) 0.33 to 0.74, P=0.001) but not with lowdose crizanlizumab (HR 0.75, 95% CI 0.52 to 1.10, P=0.136). Similarly, the time to the second SCPC
was also longer with high-dose crizanlizumab compared to placebo (HR 0.53, 95% CI 0.33 to 0.87,
P=0.022) but not with low-dose crizanlizumab (HR 0.69, 95% CI 0.44 to 1.09, P=0.10), see Table 4.8
for results of secondary endpoints.
Uncomplicated crises were defined as SCPC other than ACS, hepatic sequestration, splenic
sequestration, or priapism. The median rates per year of uncomplicated crises were 1.08 for high-dose
crizanlizumab
and
2.91
for
placebo (reduction
of
62.9%,
P=0.02).
**********************************************************************************
**********************************************************************************
* There was also no significant difference between groups in the median annual rate of ACS (zero for
all groups). Further details of other complications are provided in Table 4.9.
Results for the pain severity and interference domains of the Brief Pain Inventory (BPI) are shown in
Table 4.10. There were no statistically significant differences between groups regarding mean change
from baseline in BPI pain severity and interference during the trial.
The incidence of overall adverse events (AEs) and serious adverse events (SAEs) was comparable
across
the
three
arms.
In
contrast,
**********************************************************************************
**********************************************************************************
************************************** (Table 4.13).
Five
participants
deaths
occurred
in
the
trial
*************************************************. Two deaths happened in participants
receiving 5 mg/kg crizanlizumab, one participant from ACS and one participant from endocarditis and
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sepsis. In the lower dose arm, one death occurred involving ACS, aspiration, respiratory failure, and
progressive vascular congestion arm. Two participants also died in the placebo arm, one from right
ventricular failure and one from a confluence of VOC, ischaemic stroke, coma, sepsis, and venous
thrombosis of the right lower limb.
In line with the NICE final scope, “pre-specified subgroup analyses of the annual rates of SCPC in the
ITT population were performed according to concomitant HC/HU use (yes or no), history of SCPC (2–
4 or 5–10 crises in the 12 months prior to the study) and SCD genotype (HbSS or non-HbSS)”.1 It was
noted that “across all subgroups, crizanlizumab 5 mg/kg was associated with a lower median annual
SCPC rate compared to placebo. The subgroup analyses did not often meet statistical
significance (P < 0.05), however the study was not powered to detect differences between treatment
arms in these subgroups”.1 Detailed results are reported in Table 4.12.
No meta-analysis, indirect comparison and/or multiple treatment comparison was performed.
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5.

Cost effectiveness

5.1

ERG comment on company’s review of cost effectiveness evidence

This section pertains mainly to the review of cost effectiveness analysis studies. However, the search
section (5.1.1) also contains summaries and critiques of other searches related to cost effectiveness
presented in the company submission. Therefore, the following section includes searches for the cost
effectiveness analysis review, measurement and evaluation of health effects as well as for cost and
healthcare resource identification, measurement and valuation.
5.1.1

Searches performed for cost effectiveness section

Appendix G of the CS details a single SLR which was conducted to identify all literature published on
economic evaluations of interventions for the prevention of VOC in SCD, health state utility values for
patients experiencing VOC in SCD, or their caregivers, and cost and/or resource use studies reporting
data for patients experiencing VOC in SCD.43 Searches were conducted in August 2019, with a
subsequent update in January 2020. No language or publication date limits were reported. Databases
were searched from date of inception. A summary of the sources searched is provided in Table 5.1.
Table 5.1: Data sources for the cost effectiveness systematic review
Resource

Host/source

Date range

Date searched

MEDLINE, MEDLINE In-Process,
MEDLINE Daily and MEDLINE EPub
Ahead of Print

Ovid

(i)194616.8.19
(ii)194624.1.20

(i)19.8.19
(ii)27.1.20

Embase

Ovid

(i)197416.8.19
(ii)197424.1.20

(i)19.8.19
(ii)27.1.20

HTAD

CRD website

Issue 4/4
October 2016

(i)19.8.19
(ii)27.1.20

Electronic databases

NHS EED

Issue 2/4
April 2015

Conference proceedings
ASH Annual Meeting
Annual Congress of the EHA

Handsearch of
online proceedings

2017-2019
2017-2019

Annual Symposium of the Foundation
for Sickle Cell Disease Research

2017, 2019

BSH Annual Scientific Meeting

2017-2019

ISPOR - Annual International and
European Meetings

2017-2019

(i)September
2019
(ii)January 2020

Additional resources
AWSMG
NCPE

Web search

All years

(i)19.9.19
(ii)13.2.20

NICE
SMC
CEA Registry

(i)16.9.19
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Resource

Host/source

Date range

ScHARRHUD

Date searched
(ii)13.2.20

EQ-5D Publications Database
Based on CS appendices43
(i) original search; (ii) update search
ASH = American Society of Hematology; AWMSG = All Wales Medicines Strategy Group; BSH = British
Society for Haematology; CEA = Cost effectiveness analysis; CRD = Centre for Reviews and Dissemination;
CS = company submission; EED = Economic Evaluation Database; EHA = European Haematology
Association; EQ-5D = EuroQol 5 dimensions questionnaire; HTAD = Health Technology Assessment
database; ISPOR = International Society for Pharmacoeconomics and Outcomes Research; NCPE = National
Centre for Pharmacoeconomics; NHS = National Health Service, NICE = National Institute for Health and
Care Excellence, ScHARRHUD = School of Health and Related Research Health Utilities Database,
University of Sheffield; SMC = Scottish Medicines Consortium

ERG comment:
 A single search was undertaken for economic evaluations, cost and resource use studies and
health state utility values. The CS provided sufficient details for the ERG to appraise the
literature searches. A good range of database and conference proceedings were searched,
including additional grey literature resources and reference checking. Both the original and the
update searches were well conducted and documented, making them transparent and
reproducible.
 No date or language limits were unnecessarily applied to the database searches. The date limit
applied to conference searches was considered justifiable.
 Study design filters were appropriately used and based on terms designed by the Scottish
Intercollegiate Guidelines Network (SIGN), the School of Health and Related
Research (ScHARR) at the University of Sheffield, and the York Health Economics
Consortium (YHEC).
 Additional synonyms could have been incorporated into the strategy, such as the abbreviation
'VOC' for the condition, however this is unlikely to have greatly affected recall.
5.1.2

Inclusion/exclusion criteria used in the study selection

Studies were selected for inclusion in two stages: first, the abstracts of the search results were reviewed
by two independent reviewers for relevance using the eligibility criteria; second, the full-texts of
potentially relevant articles were screened by two independent reviewers in order to obtain the final list
of included studies. The results of the two reviewers were compared and any disagreements were
resolved by discussion until a consensus was met. If necessary, a third independent reviewer made the
final decision.43
In both the original and updated SLR, the review of titles and abstracts was performed using pre-defined
eligibility criteria for economic evaluations, health-related quality of life and cost and resource use.
These eligibility criteria, Shown in Table 5.2, were based on the decision problem and developed using
the Population, Intervention(s), Comparator(s), Outcomes, Study type (PICOS) framework.
Table 5.2: Eligibility criteria for the economic SLR
Domain

Inclusion criteria

Exclusion criteria

Population

Patients ≥16 years with sickle cell
disease

Population does not include patients
≥16 years with sickle cell disease

Intervention(s)

Economic evaluations
The following interventions for the
prevention of vaso-occlusive crises:

Economic evaluations
Studies not investigating a relevant
intervention
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Domain

Inclusion criteria
 Crizanlizumab with or without
hydroxycarbamide/hydroxyurea
 Any other intervention reflecting
supportive care or established clinical
management without crizanlizumab,
including, but not limited to hydroxycarbamide/hydroxyurea, blood
transfusions, and HSCT
HSUV studies
Any or none
CRU studies
Any or none

Exclusion criteria
HSUV studies
Not applicable (no restrictions were
applied to interventions)
CRU studies
Not applicable (no restrictions were
applied to interventions)

Not applicable (no restrictions were
applied to comparators)

Comparator(s)

Economic evaluations
Any
HSUV studies
Any or none
CRU studies
Any or none

Studies not presenting relevant
outcomes for the population of
interest

Outcomes

Economic evaluations
 ICERs
 Cost per clinical outcome
 Total QALYs
 Total LYGs
 Total costs
 Incremental costs and QALYs
HSUV studies
Health state utility values related to
vaso-occlusive crises for patients or their
caregivers, including (but not limited to)
those measured using:
 Direct elicitation methods (e.g.
standard gamble or time trade-off)
 Indirect elicitation methods (e.g. EQ5D, SF-6D, VAS, 15D, HUI, HUI2 or
HUI3)
 Mapping from generic or diseasespecific HRQoL measures (e.g. SF36)
CRU studies
Direct costs and resource use related to
vaso-occlusive crises and with the
potential to be relevant to an economic
model of crizanlizumab, including but
not limited to:
 Hospital admission (frequency,
duration and costs)
 Cost of care following stroke events
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Domain

Study type

Publication
type

Geographical
region

Other
considerations

Inclusion criteria
 Cost of adverse events
 Monitoring costs
 Number and cost of transfusions
 Drug costs, including cost of
administration
 Complication costs relating to a new
vaso-occlusive crisis, acute chest
syndrome, avascular necrosis,
cardiomegaly, sepsis, or gall stones

Exclusion criteria

Economic evaluations
Any of the following study designs:
 Cost utility
 Cost effectiveness
 Cost consequence
 Cost benefit
 Cost minimisation
HSUV studies
Any study design
CRU studies
Any study design

Economic evaluations
Any other types of analysis
HSUV studies
Not applicable (no restrictions by
study type)
CRU studies
Not applicable (no restrictions by
study type)

 Original research studies including
economic evaluations
 HTAs
 Conference abstracts published in or
after 2017

 Any other publication type,
including studies not reporting any
original research
 Conference abstracts published
before 2017

SLRs and (network) meta-analyses were considered relevant at the title/abstract
review stage and hand searched for relevant primary studies, but were excluded
during the full-text review stage unless they themselves presented primary
research
Economic evaluations
Any
HSUV studies
Any
CRU studies
Studies conducted in a European setting

Economic evaluations
Not applicable (no restrictions by
geographical region)
HSUV studies
Not applicable (no restrictions by
geographical region)
CRU studies
Studies conducted in a setting other
than Europe

Human subjects

Studies not on human subjects

Based on Table 29 Appendix G of the CS43
CRU = cost resource use; CS = company submission; EQ-5D = EuroQol-five dimensions; HRQoL = healthrelated quality of life; HSCT = haematopoietic stem cell transplantation; HSUV = health state utility value;
HTA = health technology assessment; HUI = health utility index; ICER = incremental cost effectiveness ratio;
LYG = life years gained; QALY =quality-adjusted life year; SF-6D = Short form-six dimensions; SF-36 = 36Item Short Form Health Survey; SLR = systematic literature review; VAS = visual analogue scale
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ERG comment: The inclusion and exclusion criteria appear reasonable. The exclusion of nonEuropean cost and resource use studies may have led to some relevant studies being excluded.
5.1.3

Included/excluded studies in the cost effectiveness review

5.1.3.1 Economic evaluations
A PRISMA (Transparent reporting of systematic reviews and meta-analyses) diagram showing the flow
of records through each stage of the review process for the economic evaluations stream of both, the
original SLR and the SLR update, is presented in Figure 5 of Appendix G of the CS.43 Overall,
730 unique records were retrieved by the electronic database searches in the original SLR. After title
and abstract review, five records potentially relevant to the economic evaluation stream were reviewed
at full-text. In the SLR update, an additional 81 unique records were suitable for review. After title and
abstract review, two potentially relevant economic evaluation records were selected to be reviewed at
full-text. Supplementary searches of conferences, SLR bibliographies and websites yielded 982 records
in the original SLR, and 415 in the SLR update. In total, across the original SLR and the SLR update,
no economic evaluations were included in the SLR.
As part of the supplementary search of HTA websites, the economic evaluations of patient-controlled
analgesia and low-molecular weight heparin for patients presenting at hospital with VOC, described in
NICE clinical guideline (CG) 143 (Appendix F) were identified.43 However, these were excluded from
the SLR as interventions were for the management of VOCs rather than prevention.52 Given the
relevance of this economic evaluation to the appraisal, some inputs from these evaluations were utilised
in the de-novo cost effectiveness model presented by the company.1 A list of electronic database records
excluded at the full-text review stage of the SLR for the economic evaluations topic is presented in
Table 30 of Appendix G, along with a brief rationale for exclusion.43
5.1.3.2 Health-related quality of life (HRQoL)
A PRISMA diagram showing the flow of records through each stage of the review process for the health
state utility value (HSUV) topic is presented in Figure 6 of Appendix H of the CS.43 The 730 unique
records retrieved by the original SLR provided eight records potentially relevant to the HRQoL stream
at title and abstract review and an additional four from the updated SLR were also screened at fulltext.43 In total, three publications reporting three unique health state utility value (HSUV) studies were
included in the SLR. A summary of the results of the three included publications can be found in
Table 31 of Appendix H of the CS.43 A list of electronic database records excluded at the full-text
review stage of the SLR for the HSUV studies topic stream is presented in Table 32 of Appendix H,
along with a brief rationale for exclusion.43
5.1.3.3 Cost and resource use
A PRISMA diagram showing the flow of records through each stage of the review process for the cost
and resource use topic is presented in Figure 7 of Appendix I of the CS.43 The 730 unique records
retrieved by the original SLR provided 38 records potentially relevant to the cost and resource use
stream at title and abstract review and an additional nine from the updated SLR were also screened at
full-text.43 In total, 15 publications reporting 14 unique CRU studies were included in the review. A
summary of the results of the three included publications can be found in Table 33 of Appendix I of the
CS.43 A list of electronic database records excluded at the full-text review stage of the SLR for the
HSUV studies is presented in Table 32 of Appendix I, along with a brief rationale for exclusion.43 A
list of electronic database records excluded at the full-text review stage of the SLR for the cost and
resource use topic is presented in Table 34 of Appendix I, along with a brief rationale for exclusion.43
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5.1.4

Conclusions of the cost effectiveness review

Overall, the cost effectiveness review appears to have been well conducted. The exclusion of nonEuropean cost and resource use studies may have led to some relevant studies being excluded, but
14 European studies were identified which should provide a good level of evidence in this area.
5.2

Summary and critique of company’s submitted economic evaluation by the ERG

A summary of the economic evaluation conducted by the company is presented in Table 5.3.
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Table 5.3: Summary of the company submission economic evaluation
Approach

Source/Justification

Signpost (location
in ERG report)

Model

A Markov cohort model was used to assess the cost
effectiveness of crizanlizumab. The model had a time
horizon of 55 years (considered a lifetime horizon in this
population given the mean starting age of 37.1)

The choice of the time horizon (55 years) seems
appropriate since all patients in the simulation die
before reaching the time horizon.

Section 5.2.2

States and
events

The model health states were defined according to the
average number of VOC that patients experienced in one
year. The company selected the following health states: <1
VOC, ≥1–<3 VOC or ≥3 VOCs. At the beginning of each
new model cycle, patients who were alive at the end of the
previous cycle were “redistributed” into the three VOC
health states. Patients who died transitioned to the absorbing
death state. In each model cycle, patients could experience
the following SCD-related complications: acute chest
syndrome, sepsis, gall stones, cardiac arrhythmias, cellulitis,
leg ulcers, osteomyelitis, priapism (only in males) and
pulmonary hypertension

The structure of the model was designed to capture
Section 5.2.2
differences between treatments in terms of the effect
on the rate of VOC as well as the impact that this has
in terms of mortality and other SCD-related
complications. The health states included within the
model structure (<1 VOC, ≥1–<3 VOC or ≥3 VOC)
are based on findings from Platt et al. (1991) which
showed that patients who experienced ≥3 VOC per
year had a significantly higher mortality rate than
patients experiencing <3 VOC per year.53
Furthermore, more recent analyses of the HES
database and LEGACY registry found that the number
of VOC experienced by SCD patients impacts the risk
of SCD-related complications and HRQoL, as well as
mortality.28, 54, 55

Comparators The comparator is standard of care, consisting of supportive
care (e.g. hydration with intravenous fluids and keeping
warm), HC/HU and blood transfusions.

Natural
history

The most common sickle-cell genotype, seen in 67% of UK
SCD patients, is homozygous haemoglobin S (HbS).2
Patients with homozygous HbS tend to experience the most
clinically severe form of the disease.1 VOC is a major
component of SCD and include acute and severe painful

The final scope also listed ASCT as a relevant
comparator. However, the company argue in the CS
that ASCT is a treatment option of last resort and
therefore it is not expected that crizanlizumab would
displace or alter the number of SCD patients that
would ultimately receive ASCT.

Section 5.2.4

Section 2.1
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Approach

Source/Justification

Signpost (location
in ERG report)

episodes.1 Due to the increased cell-cell interactions between
affected erythrocytes, other blood cells, and endothelial cells
lining the wall of the blood vessel, this results in the
formation of a multi-cellular aggregate within the blood
vessel lumen.6 This impacts on the delivery of oxygen to
surrounding tissues, resulting in ischaemic injuries, severe
pain, the potential for multi-organ damage, and other acute
and chronic complications.7 The main severe outcome of
VOC is ACS, which can be a potentially life-threatening
component of SCD, responsible for up to a quarter of SCDrelated deaths.1 Other SCD complications can include
gallstones, avascular necrosis, ischaemic stroke and silent
infarcts, splenic sequestration, leg ulcers, priapism in males,
and pulmonary hypertension.1, 3, 8
Treatment
effectiveness

Treatment effectiveness was primarily based on the
SUSTAIN trial and data from the HES database. The
SUSTAIN trial was used to determine health state occupancy
between the three VOC health states and the mean number of
VOCs per health state in each treatment group. The HES
data was used to estimate the risk of mortality and other
complications in each of the VOC health states.

The SUSTAIN trial did not allow for determination of Section 5.2.6
differences in long-term outcomes such as mortality or
relatively rare SCD-complication events, as the short
duration (52 weeks) and relatively small sample size
of the study meant that few deaths or complications
occurred during the trial. Additional sources of data
were therefore required to model the impact of VOC
on the risk of death and other complications.1

Adverse
events

Adverse events beyond the included SCD-related
complications were not included in the model

Given the similar occurrence of grade 3 and 4 AEs
across treatment arms the inclusion of AEs was
assumed to have minimal impact on results.

Healthrelated QoL

HRQoL was measured in patients in the SUSTAIN trial but
this data was not used in the CS. Instead health state utility
values (HSUVs) for each of the three VOC health state were
utilised from the literature and per event utility decrements
for VOC events and other complications were applied to
these HSUVs. Utilities were age adjusted.

HRQoL data from the SUSTAIN trial was not utilised Section 5.2.8
in the model as ***** of SF-36 questionnaires
completed in the SUSTAIN trial were administered
outside of a 7-day recall period of a VOC. Therefore,
HSUVs per VOC health state were obtained from an
unpublished analysis of the LEGACY Registry which
included the SF-36. Utility decrements for VOC

Section 5.2.7
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Approach

Source/Justification

Signpost (location
in ERG report)

events were obtained from EQ-5D data from Anie et
al. 2012 and decrements for other SCD complications
was taken from a range of published sources.1, 56
Resource
utilisation
and costs

The CS included the costs of drug acquisition, administration According to NICE reference case.
costs for interventions and comparators (including blood
transfusions), costs associated with monitoring, and costs
associated with the management of VOC and acute
complications.

Section 5.2.9

Discount
rates

A 3.5% discount rate was used for both costs and effects.

According to NICE reference case.

Section 5.2.5

Sensitivity
analysis

Probabilistic and one-way sensitivity analysis.

According to NICE reference case.

Section 6.2

ACS = acute chest syndrome; AE = adverse event; ASCT = allogenic stem-cell transplant; HbS = homozygous haemoglobin S; HC = hydroxycarbamide; HES = Hospital
Episode Statistics; HRQoL = health-related quality of life; HSUVs = health state utility values; HU = hydroxyurea; NICE = National Institute for Health and Care Excellence;
QoL = quality of life; SCD = sickle cell disease; SF-36 = 36-Item Short Form Health Survey VOC = vaso-occlusive crises
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5.2.1

NICE reference case checklist (TABLE ONLY)

Table 5.4: NICE reference case checklist
Element of health
technology assessment

Reference case

ERG comment on company’s
submission

Perspective on
outcomes

All direct health effects,
whether for patients or, when
relevant, carers

According to NICE reference case

Perspective on costs

NHS and PSS

According to NICE reference case

Type of economic
evaluation

Cost utility analysis with fully According to NICE reference case
incremental analysis

Time horizon

Long enough to reflect all
important differences in costs
or outcomes between the
technologies being compared

The choice of the time horizon
(55 years) appears to be appropriate in
this population given the baseline age
of 37.1 years and that all patients in the
simulation die before reaching the time
horizon.

Synthesis of evidence
on health effects

Based on systematic review

Systematic literature reviews were
conducted for relevant cost
effectiveness studies, and studies on
HRQoL, cost and resource utilisation
for the target population.

Measuring and valuing
health effects

Health effects should be
expressed in QALYs. The
EQ-5D is the preferred
measure of health-related
quality of life in adults.

Health effects are expressed in
QALYs. HSUVs are measured using
the SF-36. VOC per event decrements
are measured using EQ-5D.

Source of data for
measurement of healthrelated quality of life

Reported directly by patients
and/or carers

HRQoL measured in patients, but not
in SUSTAIN

Source of preference
data for valuation of
changes in healthrelated quality of life

Representative sample of the
UK population

SF-36 data from HSUVs mapped to
EQ-5D UK utility values, which were
valued in a representative sample of
the UK population.

Equity considerations

An additional QALY has the
same weight regardless of the
other characteristics of the
individuals receiving the
health benefit

According to NICE reference case

Evidence on resource
use and costs

Costs should relate to NHS
and PSS resources and should
be valued using the prices
relevant to the NHS and PSS

According to NICE reference case

Discounting

The same annual rate for both
costs and health effects
(3.5%)

According to NICE reference case

EQ-5D = European Quality of Life-5 Dimensions; ERG = Evidence Review Group; HRQoL = health-related
quality of life; HSUVs = health state utility values; NHS = National Health Service; NICE = National Institute
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Element of health
technology assessment

Reference case

ERG comment on company’s
submission

for Health and Care Excellence; PSS = personal social services; QALY = quality-adjusted life year; SF-36 =
36-Item Short Form Health Survey; UK = United Kingdom

5.2.2

Model structure

The company developed a de novo Markov model in Excel to assess the cost effectiveness of
crizanlizumab versus established clinical management without crizanlizumab, further referred to as
standard of care (SoC) as a treatment for the prevention of recurrent VOCs in patients with SCD.1 The
model health states were defined according to the average number of VOC that patients experienced in
one year. In particular, the company selected the following categories: less than one, between one and
three and more than three VOC to define the model health states. The distribution of patients per health
state was estimated from SUSTAIN data.1 The health state occupancy was determined by the mean
annualised rate (calculated from the number of VOC events per year) from the high dose crizanlizumab
arm and the placebo arm subdivided by those VOC categories in SUSTAIN. Furthermore, health state
costs and utilities were calculated based on cost and utility decrements per VOC event, and combined
with the mean number of VOC events that occurred in one year, as observed in SUSTAIN. An absorbing
“death” health state is also included in the model. Additionally, in each model cycle, patients may
experience the following SCD-related complications: acute chest syndrome, sepsis, gall stones, cardiac
arrhythmias, cellulitis, leg ulcers, osteomyelitis, priapism (only in males) and pulmonary hypertension.
A schematic representation of the model structure is shown in Figure 5.1. However, it should be noted
that, as will be explained below, this representation is not completely accurate since transitions between
each of the health states defined according to the VOC categories is not possible.
Figure 5.1: Model structure

Based on Figure 5 in CS1
CS = company submission; VOC = vaso-occlusive crisis

The annual probability of death and the annual probability of experiencing SCD-related complications
was modelled to be dependent on age, gender and the VOC health state that was occupied within a
simulation’s year (i.e. the number of VOC experienced that year in the model).1 These probabilities
were modelled according to the results of an analysis of the HES database conducted by the company,
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in which patients in the more than three and between one and three VOC health states were observed to
have a higher probability of death and experiencing SCD-related complications, compared to patients
in the less than one VOC health state. The company assumed in the model that SCD-related
complications and death were independent, and in each model cycle, complications were assumed to
occur first, before mortality was applied.20
At the beginning of each new model cycle, patients who were alive at the end of the previous cycle
were “redistributed” into the three VOC health states.1 The company considered that, in the absence of
any other long-term data on the efficacy of crizanlizumab, the mean annualised rate of VOC from
SUSTAIN was the most appropriate source to re-estimate the distribution of patients between the VOC
health states in all cycles.
Furthermore, patients in the crizanlizumab arm of the model can discontinue treatment in any model
cycle. From the next cycle after discontinuation these patients are assumed to receive SoC (with or
without HC/HU).1 The model distinguishes thus between patients who are still on treatment with
crizanlizumab (‘On treatment’ health state: distribution of patients per VOC health states based on the
crizanlizumab arm of SUSTAIN) and patients who have discontinued (‘Off treatment’ health state:
distribution of patients per VOC health states based on the placebo arm of SUSTAIN).
Additionally, the company considered two tunnel health states (‘Off treatment incident’) in the model
to account for extended treatment effectiveness which is applied in the two years following
discontinuation with crizanlizumab.1 In these tunnel health states, patients are assumed to receive the
costs associated to SoC, but the treatment effectiveness from crizanlizumab or SoC can be applied,
depending on the assumptions considered about the duration of the crizanlizumab treatment effect after
discontinuation. Patients enter the first tunnel health state after discontinuation with crizanlizumab and
spend one year in each tunnel state before moving to the ‘Off treatment’ health state. A representation
of the division of the crizanlizumab VOC health states can be seen in Figure 5.2.
Figure 5.2: Additional health states in the crizanlizumab VOC health states of the model

Based on Figure 6 in CS1
CS = company submission; VOC = vaso-occlusive crisis

The model uses a cycle length of one year (reflecting the duration of the SUSTAIN trial) and half-cycle
correction. Costs and utilities are applied to each health state of the model (except death) to calculate
per-cycle costs and quality adjusted life-years (QALYs).
ERG comment: The ERG had several concerns regarding the model structure chosen by the company,
which are summarised below:
 The VOC health states in the model (less than one VOC, between one and three VOC and more
than three VOC) were based on Platt et al. 1991.53 However, the inclusion criteria in SUSTAIN
required experiencing 2-10 VOCs in the previous year. In clarification question B1.g,20 the ERG
asked the company to provide the number of patients at baseline with less than one VOC,
between one and three VOC and more than three VOC in the 12 months prior, as well as a
frequency distribution showing the number of VOCs experienced per patient in the 12 months
prior to the SUSTAIN trial. The company response was: “Entry criteria for the SUSTAIN trial
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required patients to have had 2–10 VOC in the previous year. This VOC rate was patient
reported and used the same definition of VOC that was used for the primary endpoint of the
SUSTAIN trial. Upon entry into SUSTAIN, patients were categorised based on VOC rate as
either having experienced 2–4 or 5–10 VOC in the previous 12 months. Due to stratification of
baseline VOC into these groups, the number of patients at baseline with <1, ≥1 to <3 and ≥3
VOC per year (as per the VOC categories used in the model, as described in response to
Question B1 part a) cannot be accurately reported. Likewise, we also cannot report the
frequency distribution of patients by VOC rate at baseline”.20 Based on this, the ERG conclusion
is that transition probabilities in the model cannot be accurately estimated due to missing
information (SUSTAIN data cannot inform transitions from the less than one VOC health state
and can only partially inform transitions from the between one and three VOC, given that only
patients with more than two VOC in the previous 12 months were included in the trial, which
lasted for only 52 weeks).
 Furthermore, the initial distribution of patients over the VOC model health states does not
correspond to the baseline distribution of patients in SUSTAIN. Since one of the inclusion
criteria in SUSTAIN was experiencing 2-10 VOCs in the previous year, in particular, in
SUSTAIN there were no patients with less than one VOC in the previous year at baseline. Thus,
it is unclear why in the first cycle of the model the proportion of patients in this VOC health
state is not equal to 0. In their response to clarification question B1.f,20 the company indicated
that since VOC rates in the model are annualised and represent the rate over a model cycle of
one year, “applying the initial baseline distribution of patients for the first model cycle would
not accurately capture the treatment benefit received by patients in the first year of treatment”.
Annualised rates “should represent a patient’s VOC rate for the entirety of the year” and
although “patient entry criteria require a patient to have ≥2 VOC in the previous year, the VOC
rate adjusts promptly as patients begin to respond to treatment with crizanlizumab”.20 The ERG
does not agree with this approach. The initial distribution (say cycle 0) should correspond to the
distribution of patients at baseline. After one year the distribution should match that observed in
SUSTAIN. Then, a half-cycle correction should be applied. This is the standard approach in
Markov models.
 At the end of each model cycle, all alive patients are re-distributed between the VOC health
states according to the proportions observed in SUSTAIN. Again, because the inclusion criteria
in SUSTAIN was experiencing 2-10 VOCs in the previous year, this re-distribution also seems
inappropriate. Therefore, the model is not using transition probabilities as in standard Markov
models (e.g. transitions between VOC health states as depicted in Figure 5.1 are not directly
modelled using transition probabilities).
 The company assumed in the model that there is no direct link between SCD-related
complications and death (these were assumed to be independent, and in each model cycle,
complications were assumed to occur first, before mortality was applied). For some
complications, like acute chest syndrome, this assumption seems unrealistic. This was due to
data limitations, as the company explained in their response to clarification question B2.20
However, the company indicated that all-cause mortality (including death from acute chest
syndrome) from the HES database was considered when estimating the baseline mortality hazard
and the HRs for the VOC health states of the model. Additionally, the company indicated that
“in the HES database analysis the definition of VOC included both priapism and acute chest
syndrome. Therefore, as the increased risk of death due to acute chest syndrome is already
captured, applying a separate risk of death for acute chest syndrome would result in double
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counting of death”.20 As noted in Table 4 of the CS, “VOC were defined as acute episodes of
pain, with no medically determined cause other than vaso-occlusive event, that resulted in a
medical facility visit and treatment with oral or parenteral narcotic agents or with a parenteral
NSAID. ACS, hepatic sequestration, splenic sequestration, and priapism were also considered
to be crisis events”.1 Therefore, it is unclear to what extent the definitions of VOC in SUSTAIN
and HES are equivalent and whether the impact of SCD-related complications on death are
properly captured in the model.
With the available data, a time to event approach seems more logical since it does not require a
definition of health state, transition probabilities and re-distribution of patients after each cycle.
It can also accommodate complications as “events” in the model simulation and these can be
linked directly to death.
5.2.3

Population

The patient population in the economic model was ***************************************, in
line with the decision problem and the anticipated licensed indication for crizanlizumab.1 Patients
included
in
the
economic
analysis
had
experienced
**************************************************************, in line with the
anticipated license (see section 3.1). Efficacy inputs for VOCs experienced in the model were based on
data from the SUSTAIN trial, the population of which the company considered to be reflective of
patients with SCD in the UK who are expected to be treated with crizanlizumab (in terms of age,
ethnicity and genotype).1
The baseline characteristics used in the model for age and gender were taken from the HES database.1
The company justified this choice as they used these characteristics as covariates in the models
predicting the risk of mortality and complications from the HES data and therefore the use of baseline
age and gender from HES maintained consistency with the natural history data used in the model, and
also reflected the patient characteristics of individuals with SCD in the UK.1 Patient weight was not
available in the HES data and therefore the average body weight of adult SCD patients in the UK used
in the NICE CG143 economic evaluation, adjusted for the proportion of females assumed from the HES
data, was utilised for the base-case analysis.1, 52 Baseline characteristics used in the model along with
their source are displayed in Table 5.5 and compared to the mean values in SUSTAIN.
Table 5.5: Patient demographic inputs for base-case analysis compared to the values from
SUSTAIN
Patient
Characteristics

Value

Mean age, years
(SD)

37.1 (15.4)

Company Data on File: HES database
analysis57

************

63%

HES database analysis, as reported in
Morgan et al. 201955

*****

% Femalea
Body weight (kg)

55 kg (females)
65 kg (males)
58.7 kg

Source

NICE CG143 (Appendix F) – Average
weight of adults with SCD.52
Assumptions following discussions with
the Guideline Development Group

Value from
SUSTAIN

********

Based on Table 10 of the response to request for clarification20
a
Of patients included in the HES analysis (N=15,076), 9,407 were female (62%), 5,491 were male (36%) and
gender was missing for 178 patients (1%). For the purpose of the cost-effectiveness analysis, it was assumed
that 62% of patients with missing gender were female and the remainder were male.
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Patient
Characteristics

Value

Source

Value from
SUSTAIN

CG = clinical guideline; HES = Hospital Episode Statistics; NICE = National Institute for Health and Care
Excellence; SCD = sickle cell disease; SD = standard deviation

ERG comment: The company stated that they considered the SUSTAIN population to be reflective of
UK patients with SCD who are expected to be treated with crizanlizumab.1, 20 However, they chose to
use baseline patient characteristics from other sources, as there were no UK patients in SUSTAIN and
therefore these other sources may better reflect the UK population. Differences between the patient
characteristics utilised in the model and the patient characteristics in the SUSTAIN trial are displayed
in Table 5.5. As can be seen, patients from SUSTAIN were on average younger, more likely to be male
and heavier than the UK data sources selected for use in the model.
Although the sources of patient characteristics adopted by the company come from UK sources, which
is preferable in terms of geographical generalisability, it is unclear whether they represent the specific
subgroup of UK patients with SCD who would be expected to receive crizanlizumab in clinical practice;
namely those patients who experience recurrent VOCs. The weight estimate used in the company basecase is taken from NICE CG143 and described as the average weight of adults with SCD, suggesting it
is not estimated from the subgroup of patients with recurrent VOCs.52 The proportion of females used
in the model is estimated from 15,076 patients with a recorded hospitalisation from SCD in the HES
database between 2008 and 2018.55 Table 8.1 of the HES database analysis report also shows that the
mean age of 37.1 years utilised in the company base-case was in fact based on the same 15,076 patients
and is therefore also taken from the entire SCD UK population in the HES data rather than patients
experiencing recurrent VOCs.57 In response to question B1b of the clarification letter the company
provided data on the number of VOCs per year from 15,076 patients from the HES
database (presumably the same patients given the equal sample size), which showed that ***** of
patients in the HES database had no VOCs.20 In their response to question B1b the company stated that
“a direct comparison cannot be made between datasets. This is because the HES data includes all SCD
patients who have interacted with the HES database and the majority of SCD patients in this data set
had very few or no VOC per year. Whereas, an inclusion criteria [sic!] for SUSTAIN was that patients
were required to have ≥2 VOC in the previous 12 months (…) The SUSTAIN trial represents a subset
of the HES cohort, i.e. those patients experiencing recurrent VOC. The characteristics of patients in
this subset specifically have not been captured from the HES database analysis”.20
Firstly, this quote suggests that the company considered the two samples to be quite distinct and not
comparable, since the SUSTAIN trial represents only a subset of patients in the HES data: namely
patients experiencing ≥2 VOCs per year. While it is true that the HES database analysis report does not
provide patient characteristics specific to the subgroup experiencing ≥2 VOCs per year, Table 8.5 of
the HES database analysis report does provide baseline characteristics of patients admitted for VOCs
and ACS and priapism by annual average rate of VOC (for which the proportion of patients split
between <1, ≥1 to <3 and ≥3 VOC+ACS+priapism exactly matched the data provided by the company
in Table 6 of the clarification response on the proportion of patients in each corresponding VOC health
state from the HES database (suggesting they assumed these to be equivalent))20. These data from the
HES database analysis report, provided below in Table 5.6, can provide an idea of the characteristics of
patients experiencing regular VOCs versus the entire SCD population in the HES database. These
suggest that while the population experiencing no VOCs are more likely to be male than female, the
population experiencing recurrent VOCs+ACS+priapism is more evenly split between genders. The
mean age also decreases with increasing rates of VOCs+ACS+priapism. The mean age in SUSTAIN is
lower than the HES overall SCD sample and the split of females and males is more equal in SUSTAIN
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than in the overall HES sample. This suggests that the sample characteristics in the SUSTAIN trial may
be generalisable to the characteristics of the UK SCD population experiencing recurrent VOCs.
Therefore, the ERG would prefer to use the patient characteristics from SUSTAIN to ensure that the
patient characteristics in the model represent the correct subgroup of patients who will receive
crizanlizumab in clinical practice. However, given the use of patient characteristics in the estimation of
mortality and complications in the model, the ERG felt that changing these characteristics would create
further issues in other areas of the model and therefore the age and gender distribution could not be
changed in the base-case. However, the weight from SUSTAIN could be used.
Table 5.6: Baseline characteristics of HES patients admitted for VOCs and ACS and priapism
by annual average rate of VOC
Average annual rate of VOC+ACS+priapism
<1

≥1 to <3

≥3

**************

**************

***********

Male

*************

***********

***********

Female

*************

***********

***********

Black

*************

*************

***********

Asian

**********

*********

*********

White

*************

*********

*********

Mixed

**********

*********

*********

Other

*************

***********

***********

*************

*************

*************

*****

*****

*****

N (%)
Gender, n(%)

Ethnicity, n(%)

Age, years
Mean (SD)
Min-Max

Based on Table 8.5 of the HES database analysis report57
ACS = acute chest syndrome; HES = Hospital Episode Statistics; SD = standard deviation; VOC = vasoocclusive crises

5.2.4

Interventions and comparators

The intervention in the economic model is crizanlizumab, administered as an intravenous infusion over
a period of 30 minutes at a dose of 5 mg/kg, in line with the anticipated license. In the model,
crizanlizumab is given continuously up to the point of treatment discontinuation, in line with the
suggested posology in the draft Summary of Product Characteristics (SmPC).25
**********************************************************************************
**********************************************************************************
**************. Crizanlizumab is given in addition to established clinical management, with and
without HC/HU, as described below.
The comparator in the economic analysis is established clinical management (SoC) in the UK without
crizanlizumab. SoC consists of supportive care (e.g. hydration with intravenous fluids and keeping
warm), HC/HU, and blood transfusions, as per the final scope.42 Given that supportive care (hydration
and keeping warm) are associated with low costs (if any) to the healthcare system, only HC/HU and
blood transfusions are explicitly included in the model. The company did not include HSCT as SoC, as
this is only considered for adults with severe SCD who have failed to respond to currently available
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treatment and who have no other therapeutic options.58 Treatment with crizanlizumab, as an add-on
therapy to established clinical management, is not expected to displace HSCT as a treatment option of
last resort or necessarily alter the number of patients who would ultimately receive HSCT.1
The CS states that in the UK not all patients receive HC/HU and so a proportion of patients in the
crizanlizumab and SoC arms are modelled to receive HC/HU. This proportion was based on the
information from all SCD patients in the National Haemoglobinopathy Registry annual report
2018/2019 and it was assumed that 14.2% of all SCD patients would receive HC/HU in the SoC arm,
with the same proportion also applied to the crizanlizumab arm.40 The company stated in the submission
that the majority of HC/HU use is expected to be in patients with recurrent VOC, as per British Society
for Haematology (BSH) treatment guideline recommendations. However, in the absence of a specific
estimate for the recurrent VOC population, the value from all SCD patients in the National
Haemoglobinopathy Registry was used.22, 40 This assumed HC/HU usage was supported by a Consultant
Haematologist who specialises in the treatment of SCD at a large London hospital who reported a
HC/HU usage in approximately 16% of SCD patients. The company acknowledged that the proportion
assumed to receive HC/HU in the model is lower than the use of concomitant HC/HU at baseline in the
SUSTAIN trial (*****).27 Given that the model uses efficacy data from SUSTAIN, the company
attempted to account for this difference in their base-case by utilising the relevant subgroup data
available from SUSTAIN. Specifically, data from the concomitant HC/HU subgroups of
SUSTAIN (yes and no) were weighted by the proportion of patients in the model assumed to receive
HC/HU (14.2%) and used to model VOC rates in the crizanlizumab and SoC arms.
In their base-case the company assumed that ** of patients in the SoC arm would be receiving chronic
blood transfusion, based on data from the HES database.39 The majority of patients receiving blood
transfusions are expected to receive transfusions for the prevention of stroke, rather than to prevent
recurrent VOC.15, 18 To exclude patients who may be receiving transfusions for stroke prevention, only
patients without a previous diagnosis of stroke were included in the analysis of blood transfusion data
from the HES database. Over the last two years of the study period, ** of patients included in the
analysis were coded as receiving a blood transfusion and this value was used to inform the proportion
of patients receiving blood transfusions in SoC arm of the model. Additional sources of data were
available for this assumption. Transfusion data in the National Haemoglobinopathy Registry annual
report 2018/2019 estimate that 6.6% of SCD patients receive transfusions, but details on reason for use
are not provided. Data from an audit of transfusion services in the UK and Republic of Ireland suggest
that 17% of elective transfusions in adults are for the prevention of recurrent VOC.18, 40 The experience
of one centre in London in 2008/2009 was that less than 1% of SCD patients (3/490) received a planned
transfusion for the control of acute pain.17 Finally, a Consultant Haematologist in the UK who
specialises in SCD reported that as many as 20% of adult patients with SCD could be receiving regular
blood transfusions, of which approximately half will be receiving transfusions for the prevention of
recurrent VOC.59
The proportion of patients receiving chronic blood transfusions was assumed to be 0% in the
crizanlizumab arm. This was justified as reflecting the eligibility criteria for the SUSTAIN trial, in
which these patients were not eligible.26 The company argued that, in practice, chronic blood
transfusions for the purpose of reducing VOC are not expected to be used in patients receiving
crizanlizumab. This is similar to the recommended use of blood transfusions in patients receiving
HC/HU, where chronic blood transfusions should only be considered for patients for whom HC/HU is
ineffective or contraindicated.15 In addition to patients receiving chronic transfusions for the prevention
of VOC, patients in both treatment arms were assumed to receive acute transfusions for the management
of certain complications included in the model (i.e. ACS, sepsis and priapism), based on guidelines
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from the BSH and feedback from a Consultant Haematologist in the UK who specialises in SCD.15, 16,
59

For adults, exchange transfusions account for the majority of blood transfusions in patients receiving
chronic transfusions, and so it was assumed that all transfusions in the model would be exchange
transfusions rather than top-up transfusions.1, 39 According to feedback from a Consultant
Haematologist in the UK who specialises in SCD, top-up transfusions are typically used in children for
stroke prevention when exchange transfusion is difficult to perform, and for adults who are severely
anaemic.59 This is consistent with the guidelines from the BSH on the use of transfusions, which states
that simple (top-up) transfusions are typically preferred when the primary reason for transfusion is to
prevent or reverse the effects of severe anaemia.60 The clinical expert also noted that manual exchange
is rarely used for chronic transfusions and so all transfusions were assumed to be done via automated
exchange transfusion.59 This again reflects the guidelines produced by the BSH which describes
automated exchange as the preferred technique for exchange transfusions and provides a clear
recommendation that all patients should have access to automated exchange transfusions.60
In the model HC/HU usage affects both efficacy and costs, as data from SUSTAIN on VOC health state
occupancy is available depending on whether or not HC/HU is taken in each treatment arm.1 The use
of chronic transfusions however only impacts costs in the model as patients receiving chronic
transfusions were not eligible for inclusion in the SUSTAIN trial and so the impact of transfusions on
annual VOC rates is not captured in the model. The company stated that very limited evidence is
available from RCTs on the efficacy of chronic transfusions for the prevention of VOC in adults. The
SLR described in Appendix D identified the two studies that included adult patients, but these were
limited in their relevance or usefulness for the cost effectiveness analysis as one included only pregnant
women with SCD, and the other only reported very limited details on VOC.23, 43, 61
ERG
comment:
The
company
stated
in
their
submission
that,
**********************************************************************************
**********************************************************************************
**************.1 In the economic model, separate efficacy data were provided according to whether
crizanlizumab was given alongside HC/HU or without HC/HU. These efficacy data were then combined
into a weighted average according to the proportion of SCD patients who currently receive HC/HU in
clinical practice (14.2%), assuming the current proportion in clinical practice would also apply to
patients receiving crizanlizumab. However, the NICE scope stated that if the evidence allows,
subgroups defined by combination treatment with/without hydroxycarbamide should be considered, see
section 4.2.3.5.42 Therefore the ERG will present results for crizanlizumab as a combination therapy
and as a monotherapy.
There are also additional uncertainties regarding the proportion of SCD patients experiencing recurrent
VOCs who receive HC/HU in clinical practice. The company base-case assumed that 14.2% patients in
the UK are expected to receive HC/HU. This assumption is based on data from the National
Haemoglobinopathy Registry which shows that 14.2% of all patients with SCD (17.8% of patients aged
≥18 years) received treatment with HC/HU in 2016 in the UK.40 This assumption was validated by a
Consultant Haematologist specialised in the treatment of SCD at a large London hospital, who reported
that approximately 16% of patients in their clinic receive HC/HU.59 However, these proportions are
very different to the proportion of patients who received HC/HU in the SUSTAIN trial (*****).27 Again
this difference could be due to the fact that the data sources used by the company when making their
assumption referred to the proportion of the entire SCD population who are currently receiving HC/HU
and not the proportion of those SCD patients who experience recurrent VOCs. This is supported by the
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company submission which stated that the majority of HC/HU use is expected to be in patients with
recurrent VOC, as per BSH treatment guideline recommendations, but in the absence of a specific
estimate for the recurrent VOC population, the value from the National Haemoglobinopathy Registry
was used in the cost effectiveness analysis.20 The ERG therefore considers that the proportion of patients
receiving HC/HU in the SUSTAIN trial should be used in the model as this population reflects the
population who would be expected to receive crizanlizumab in clinical practice. The company also
assumed that the proportion of patients taking HC/HU will be unchanged whether they receive
crizanlizumab or SoC only. This is another source of uncertainty for clinical practice.
The company also assumed that patients receiving crizanlizumab will not receive chronic blood
transfusions, while ** of patients receiving SoC will receive such treatment. This assumption was
justified by the fact that patients receiving chronic blood transfusions were not eligible for inclusion in
the SUSTAIN trial.26 The company argued that in practice, chronic blood transfusions for the purpose
of reducing VOC are not expected to be used in patients receiving crizanlizumab, in line with the
recommended use of blood transfusions in patients receiving HC/HU, where chronic blood transfusions
should only be considered for patients for whom HC/HU is ineffective or contraindicated.15 However,
the ERG noted that the SUSTAIN CSR and the Appendices to the CS show that some patients in the
crizanlizumab arm did receive blood transfusions.27, 43 In their response to request for clarification, the
company noted that emergent and occasional blood transfusions were permitted in the SUSTAIN trial
for the management of acute complications, such as VOC or severe anaemia, as part of SoC. *********
transfusions in ********** patients were performed in the crizanlizumab 5 mg/kg and ** transfusions
in ********** in the placebo arm. But these data were not representative of chronic blood transfusions.
In the model, patients in both treatment arms were assumed to receive acute transfusions for the
management of certain complications included in the model (i.e. ACS, sepsis and priapism), based on
guidelines from the BSH and feedback from a Consultant Haematologist in the UK who specialises in
SCD and therefore this use of blood transfusions is captured in both treatment groups.20 The ERG is not
sure that the exclusion of patients receiving chronic blood transfusions in the trial means that patients
receiving crizanlizumab in practice will not also receive chronic transfusions, however given a lack of
data no change was made in the base-case.
The percentage of patients receiving chronic blood transfusion for the percentage of VOC in the SoC
group was assumed to be **, based on the percentage of patients in the last two years of the HES study
period who were coded as receiving a blood transfusion. In order to exclude patients who may be
receiving transfusions for stroke prevention and therefore better estimate the proportion of patients
receiving transfusions for recurrent VOC, only patients without a previous diagnosis of stroke were
included in the analysis of blood transfusion data from the HES database. The HES database analysis
included all SCD patients, not only those who experience recurrent VOCs and it was not clear whether
or not patients not experiencing recurrent VOCs were excluded in the calculation of this percentage.
Therefore, the percentage of patients experiencing recurrent VOCs who receive chronic blood
transfusions may in fact be higher.
The final NICE scope included allogeneic stem cell transplants (ASCT) as a relevant comparator to
crizanlizumab, however ASCT was not included in the model.42 When asked about this at clarification,
the company responded that ASCT presents a viable treatment option for a very small proportion of
patients, namely those with clinically severe disease but without irreversible organ damage, and thus
tends to be mainly considered for children with SCD, who are outside of the anticipated licence for
crizanlizumab.22, 62 They stated that ASCT is only considered for adults with severe SCD or existing
comorbidities (e.g. stroke or pulmonary hypertension) who have failed to respond to current
treatments.58 ASCT was not therefore been considered as a relevant comparator to crizanlizumab for
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the treatment of SCD as it is not expected that crizanlizumab would displace ASCT as a treatment
option of last resort, or necessarily alter the number of patients with SCD that would ultimately receive
ASCT (see section 3.3).20 No data were available to the ERG on the likelihood that the availability of
crizanlizumab would alter the number of patients receiving ASCT and therefore it is difficult to validate
the assumption that it should not be included in the model.
5.2.5

Perspective, time horizon and discounting

The model takes the perspective of the National Health Service (NHS) and Personal Social
Services (PSS) and costs and benefits are discounted at a rate of 3.5% as per the NICE reference case.1
The model has a time horizon of 55 years, which can be considered lifetime given the baseline age of
37.1 years and the fact that all patients are in the dead state well before the end of the 55-year time
horizon.
5.2.6

Treatment effectiveness and extrapolation

5.2.6.1 Calculating annual VOC rates and patient distribution across health states
Treatment effectiveness was incorporated in the economic model by determining the patient distribution
across the three VOC health states (<1, ≥1-<3, ≥3) and linking the mean annualised VOC rate within
each health state to mortality and SCD-related complications. Annualised VOC rates were obtained
from the SUSTAIN trial,26 while the estimated association between VOC rates and mortality and
complications resulted from statistical analysis on the HES database.57 Some additional data were
obtained through the National Haemoglobinopathy Registry.40
Annualised VOC rates were calculated for each patient in the SUSTAIN trial, using the total number of
VOCs experienced during the trial period (which was a maximum of 52 weeks, though less if patients
discontinued earlier). The per-patient annualised VOC rates were used to allocate patients to the three
health states and subsequently to calculate the mean annualised VOC rate within each VOC health state.
Calculations were done separately for two subgroups in SUSTAIN; patients who received
crizanlizumab or SoC in combination with HC/HU and patients who did not receive HC/HU, as shown
in Table 5.7. A weighted average for the two subgroups was then calculated, based on what the company
deemed to be the expected use of HC/HU in clinical practice. The company justified the need for
weighting by stating that the proportion of patients receiving concomitant HC/HU in the SUSTAIN
trial (***** across all treatment arms) is not reflective of what has been observed in clinical
practice (14.2% HC/HU use according to the National Haemoglobinopathy Registry).40 In the company
base-case, in both the crizanlizumab and SoC arms, 14.2% of patients were assumed to receive
concomitant HC/HU. The weighted distributions of patients and mean VOC rate within each health
state shown in Table 5.8 were kept constant over time for both the crizanlizumab and SoC arms,
implying that as long as patients continue receiving treatment, treatment effectiveness stays constant
over time.
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Table 5.7: Efficacy model inputs (distribution to health states and annualised mean number of
VOC for each health state, by treatment arm)
HC/HU use

VOC health state

Distribution (%)

Annualised
mean
number of
VOC

Standard error

Patients with <1 VOC

****

****

****

Patients with ≥1 to <3
VOC

****

****

****

Patients with ≥3 VOC

****

****

****

Patients with <1 VOC

****

****

****

Patients with ≥1 to <3
VOC

****

****

****

Patients with ≥3 VOC

****

****

****

Patients with <1 VOC

****

****

****

Patients with ≥1 to <3
VOC

****

****

****

Patients with ≥3 VOC

****

****

****

Patients with <1 VOC

****

****

****

Patients with ≥1 to <3
VOC

****

****

****

Patients with ≥3 VOC

****

****

****

Efficacy by HC/HU use (base-case)
Crizanlizumab

With HC/HU

No HC/HU

SoC

With HC/HU

No HC/HU

1

Based on Table 23 in the CS
CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea; SoC = standard of care; VOC =
vaso-occlusive crises

Table 5.8: Weighted efficacy model inputs based on HC/HU use in the company base-case
(distribution to health states and annualised mean number of VOC, by treatment arm)
Treatment arm

Crizanlizumab

SoC

Distribution (%)

Annualised mean
number of VOC

Patients with <1 VOC

****

****

Patients with ≥1 to <3 VOCs

****

****

Patients with ≥3 VOCs

****

****

Patients with <1 VOC

****

****

Patients with ≥1 to <3 VOCs

****

****

Patients with ≥3 VOCs

****

****

VOC health state

Based on Table 24 of the CS1
CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea; SoC = standard of care; VOC =
vaso-occlusive crises

ERG comment: For ***** of the population in the HES database, the annual VOC rate was <1 (i.e.
zero). The patients recruited into SUSTAIN were required to have a history of 2-10 VOCs in the
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previous 12 months. The patient population recruited into the SUSTAIN trial therefore experienced
more severe morbidity than the broader SCD patient population. The higher rate of HC/HU use in the
SUSTAIN population may be a result of the severity of disease in this population. If both crizanlizumab
and HC/HU are more likely to be used in patients with recurrent VOC (which is likely given that the
aim of HC/HU is to prevent VOCs), then the percentage of patients receiving crizanlizumab who
concomitantly receive HC/HU is likely to be higher in the subgroup of SCD patients experiencing
recurrent VOCs than the percentage receiving HC/HU in the entire SCD population. Assuming the
proportion of HC/HU usage from the entire UK population of SCD patients and adjusting the estimation
of treatment effect accordingly may therefore be inappropriate.
Within the crizanlizumab and SoC arms, the distribution of patients into the different health states is
assumed to be constant over time in the economic model. This implicitly assumes a constant lifetime
treatment effect for crizanlizumab while on treatment. No evidence of the efficacy of crizanlizumab in
patients still on treatment after one year was provided in the company submission and therefore there
is no data to support the distribution of patients between the three VOC health states beyond the first
model cycle. In the clarification letter, the company was asked whether the assumption of constant
lifetime treatment effect was discussed with clinical experts.41 The company indicated the assumption
had not been validated with clinical experts.63 The company was also asked to include in the model the
possibility of a pre-specified duration for the crizanlizumab treatment effect, as well as the possibility
of a waning treatment effect.41 The company did not do so.
The company was asked to provide confidence intervals and P-values (assessing difference from
placebo) for all “mean annualised rate of VOC” figures.41 The company provided Table 5.9 and replied
that “given the low patient numbers in each subgroup and VOC health state, it is not expected that
meaningful conclusions about statistical significance could be made for the difference in annualised
mean number of VOC between the crizanlizumab and SoC groups, and so statistical tests to derive pvalues have not been conducted”.20 Given that the number of VOCs per health state are drivers of model
outcomes, a larger sample of evidence where significance of results could be investigated would be
beneficial to increase confidence in results. Despite the low patient numbers and lack of statistical
significance, the outcome uncertainty regarding both the patient distribution across the three health
states and the mean annualised VOC rates within the health states was not included in the company’s
probabilistic sensitivity analysis. The company created four variables to reflect these elements of
uncertainty for both the treatment and SoC arms but left them turned off in the analysis. The variables
were turned on in the probabilistic sensitivity analysis (PSA) of the ERG base-case, after the company’s
sampling assumptions had been corrected. More details of this correction will be provided in the PSA
section 6.2.1.
The ERG noted that the standard errors and confidence intervals provided in Table 5.9 do not appear to
align with one another. The standard formula to calculate the 95% CIs for normally distributed variables
based on the standard errors and numbers of observations provided results in CI estimates that are wider
than those provided in Table 5.9. The ERG was unable to verify the provided standard errors, as they
were hardcoded into the economic model and no further detail was found in the CSR.27 The standard
errors were used in the model for the sampling of the mean annualised VOC rates in the PSA, therefore
it is possible that the uncertainty around this variable will be miscalculated.
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Table 5.9: Annualised mean number of VOC for each health state by treatment arm
HC/HU use

VOC health
state

N

Annualised
mean
number of
VOC

Standard
error

95% CI

<1 VOC

**

****

****

**************

≥1 to <3 VOC

*

****

****

**************

≥3 VOC

**

****

****

**************

<1 VOC

**

****

****

**************

≥1 to <3 VOC

*

****

****

**************

≥3 VOC

*

****

****

**************

<1 VOC

*

****

****

**************

≥1 to <3 VOC

**

****

****

**************

≥3 VOC

**

****

****

**************

<1 VOC

*

****

****

**************

≥1 to <3 VOC

**

****

****

**************

≥3 VOC

**

****

****

**************

Efficacy by HC/HU use
Crizanlizumab
With HC/HU

No HC/HU
SoC
With HC/HU

No HC/HU

20

Based on Table 9 of the response to request for clarification
CI = confidence interval; HC = hydroxycarbamide; HU = hydroxyurea; ITT = intention-to-treat; SoC =
standard of care; VOC = vaso-occlusive crises

5.2.6.2 Treatment discontinuation
In the economic model it was assumed that patients who discontinued crizanlizumab were subject to a
continuing treatment effect for two additional years.1 This was implemented through two “Off treatment
incident” tunnel states. In these tunnel states, crizanlizumab efficacy was applied by assuming the same
distribution of patients into the VOC health states as in the treatment arm, while costs were assumed to
be the same as in the SoC arm. In the third year following discontinuation and for the remainder of the
model time horizon, the efficacy of SoC was applied. The company justified this assumption by
referring to the SUCCESSOR study, in which 15 patients that had completed the high-dose
crizanlizumab treatment arm experienced a similar mean annualised VOC rate in the 52 weeks post trial
completion, compared to in the SUSTAIN trial (2.7 versus 2.89).26, 48
The discontinuation rate was assumed to be 32.8% in the first model cycle, which was based on the
proportion of patients that discontinued crizanlizumab for reasons other than death in the high-dose arm
of the SUSTAIN trial.26 In subsequent model cycles, the discontinuation rate was assumed to be 4.5%,
based on the rates for discontinuation due to physician choice (3%), AEs (1.5%) and lack of
efficacy (0%) in the high-dose crizanlizumab arm. Other reasons for discontinuation in the SUSTAIN
trial were withdrawal by the patient, non-compliance, lost to follow-up, and ‘other reasons’. Scenario
analyses were conducted by the company assuming alternative discontinuation rates (0%, 15%, 25%
and 32.8%).
ERG comment: In their response to the request for clarification, the company indicated two years of
treatment effect post-discontinuation to be “the likely maximum periods to observe any benefits” (italics
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added), according to expert judgement.20 The ERG deemed that assuming the maximum assumption is
inappropriate for the base-case analysis. The SUCCESSOR data provided one year of follow-up after
trial completion and indicated a continued treatment effect during this one year (mean annualised VOC
rate of 2.7 in SUCCESSOR, versus 2.89 in SUSTAIN).26, 48 It is possible that this effect would last
longer than one year, but this has not been investigated. The ERG considers that there is some
uncertainty related to these data given the small patient number (n=15) it is based on and the fact that
the sample is made up of 15 out of 67 patients who completed the SUSTAIN trial and consented to
continue being monitored which means these could be the patients with the better outcomes from
treatment. The ERG assumed a one-year additional treatment benefit, in line with the SUCCESSOR
evidence, in its base-case and acknowledged that there could be uncertainty in either direction
surrounding this assumption of continued treatment benefit.
In the company’s base-case the additional two years of treatment effect was assumed for all patients
who discontinue treatment, including the 32.8% of patients who discontinue treatment in the first model
cycle, i.e. before finishing one year of treatment. However, the SUCCESSOR data that provided the
basis for the assumption of continued treatment benefit only included patients who completed one year
of treatment (14 doses of crizanlizumab).43 No follow-up data were available on patients that
discontinued the SUSTAIN trial before receiving a full year of treatment. The ERG therefore prefers
the assumption that only patients who completed at least one year of treatment (i.e. the first model cycle)
receive treatment benefit post-discontinuation.
Furthermore, the ERG noted that withdrawal by the patient, non-compliance, and potentially other
reasons too, are likely to be relevant causes of discontinuation beyond the first model cycle. The
assumed rate of 4.5% discontinuation after the first model cycle may be an underestimation.
5.2.6.3 Extrapolation of mortality and complications
The statistical analysis on the HES database that was performed to obtain estimates of mortality and
complications comprised several steps.1 Firstly, annualised VOC rates were estimated using the period
of follow-up and the total number of VOC experienced in that period. Secondly, Cox proportional
hazards regression models were used to estimate the baseline hazard of relevant events (death or first
occurrence of each complication) among patients with an annualised VOC rate <1, as well as the hazard
ratios (HRs) for the ≥1-<3 and ≥3 VOC groups, shown in Tables 5.10 and 5.11. Adjustments were made
for age at baseline (centred around mean age of 37 years in the HES database) and gender. Thirdly,
parametric survival models (exponential, Weibull, Gompertz, lognormal, loglogistic, and generalised
gamma) were applied to extrapolate the observed data for the <1 VOC group across the entire model
horizon, again accounting for age and gender. Note that only acute complications or those requiring
acute management were included in the analysis, except for central nervous system complications, such
as subarachnoid and intracerebral haemorrhage. The company stated that the prevalence of these
complications was low in the HES database.
Table 5.10: HRs for mortality based on average annual rate of VOC
HR (SE)
based on
average
annual rate
of VOC
Mortality

<1 VOC

≥1–<3 VOC

≥3 VOC

Reference group

*********

*********

1

Based on Table 27 of the CS
CS = company submission; HR = hazard ratio; SE = standard error; VOC = vaso-occlusive crisis
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Table 5.11: HRs for SCD-related complications based on average annual rate of VOC
HR (SE) based average annual rate of
VOC

<1 VOC

≥1–<3 VOC

≥3 VOC

ACS

Reference

***********

************

Gallstones

Reference

***********

***********

Sepsis

Reference

***********

***********

Pulmonary hypertension

Reference

***********

************

Cardiac

Reference

***********

***********

Cellulitis

Reference

***********

***********

Leg ulcer

Reference

***********

***********

Osteomyelitis

Reference

***********

************

Reference

***********

************

Priapism
1

Based on Table 31 of the CS
ACS = acute chest syndrome; CS = company submission; HR = hazard ratio; SCD = sickle cell disease; SE =
standard error; VOC = vaso-occlusive crisis

The company indicated that the choice of survival models for the extrapolation of complications were
based on goodness-of-fit statistics (prioritising Bayesian information criterion (BIC) over Akaike
information criterion (AIC)) and visual plausibility, stating in their response to the request for
clarification that it was not possible to assess the clinical plausibility of the extrapolations due to data
limitations.20 For mortality, additional consideration was given to how well the model predicted
survival, when compared to life expectancy of patients with SCD. The chosen Gompertz distribution
estimates median age of death to be 52.1 years, which the company deemed reasonable, citing a UKbased study (67 years for HbSS/HbSβ patients, with HbSS being the genotype for the majority of
patients in the SUSTAIN trial), a US-based study (48 years for HbSS/HbSβ/HbSD patients), as well as
the estimates of two clinical experts (55-60 years for HbSS patients).64, 65 To ensure that the probability
of death in each cycle was never lower than that of the general population, the model selected the
maximum probability of death from either the VOC-adjusted mortality estimates or age- and gendermatched mortality for the general population from UK life tables.1
Table 5.12: Parametric curves selected for the base-case analysis for SCD-related complications
SCD-related complication

Parametric curve selected for the base-case analysis

ACS

Exponential

Gallstones

Exponential

Sepsis
Pulmonary hypertension

Gompertz
Exponential

Cardiac

Gompertz

Cellulitis

Exponential

Leg ulcer

Exponential

Osteomyelitis

Exponential

Priapism (males only)

Exponential

Based on Table 29 of the CS1
ACS = acute chest syndrome; CS = company submission; SCD = sickle cell disease
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ERG comment: The ERG questions the appropriateness of using the HES database to link VOC state
outcomes from the SUSTAIN trial to mortality and complications, due to the difference in the two
patient populations in terms of VOC state distribution (see Table 5.13).
The ERG would have liked to use the patient characteristics from the SUSTAIN trial (age, gender) in
its base-case, in order to better reflect the patient population likely to receive crizanlizumab in clinical
practice. However, the ERG did not feel confident that using the HRs estimated from the HES
database (which were hardcoded into the model), alongside a different mean age and gender distribution
in the model (see Table 5.5 in section 5.2.3), would be appropriate. Therefore, the ERG could not use
the age and gender distribution from the SUSTAIN trial, despite feeling that these better reflect the
population who will receive crizanlizumab in clinical practice.
Table 5.13: Proportion of patients in each health state in SUSTAIN and the HES database
Dataset
SUSTAIN trial
(n=132)a
HES database (all
patients)b

<1 VOC/year,
n (%)

≥1 to <3 VOC/year, n
(%)

≥3 VOC/year,
n (%)

**********

**********

**********

**************

**************

***********

Based on Table 6 of the response to request for clarification20
a
Distribution of patients in the 5 mg/kg crizanlizumab and placebo groups at trial end. Patients required to have
≥2 VOC in previous 12 months at beginning of trial; b Includes all patients in the HES database – data on those
with ≥2 VOC/year at study inclusion are not available
HES = hospital episodes statistics; VOC = vaso-occlusive crisis

5.2.7

Adverse events

Other than the SCD-related complications included in the model, the company did not include any AEs
in the model. The company noted that Grade ≥3 adverse events occurred in ******************* in
the high dose crizanlizumab (5 mg/kg) arm, and ******************* in the placebo treatment arm
of the SUSTAIN trial.20. They argued that due to the low incidence of events and the similar incidence
of events between treatment arms, the inclusion of Grade ≥3 adverse events based on safety data from
SUSTAIN was not expected to have a major impact on the results of the cost effectiveness analysis.
ERG comment: The ERG is not convinced that omitting the most severe adverse events was properly
justified. The clinical study report indicated that there are some small differences in AEs between
crizanlizumab and placebo, even though overall incidence rates of any AE occurring in the treatment
arms was similar.27 If different AEs have a substantially different impact on costs and outcomes, this
could become important. As the patient population of the SUSTAIN trial was relatively small, these
differences might have been simply due to chance. Hence, more robust data on SAE’s would be
beneficial to be able to definitively state that SAEs do not influence the cost effectiveness outcomes.
The ERG requested that the company include Grade ≥3 treatment emergent AEs, and their impact on
costs and QALYs, at clarification.41 The company refused, stating that due to the low incidence of
events and the similar incidence of events between treatment arms, the inclusion of Grade ≥3 AEs based
on safety data from SUSTAIN was not expected to have a major impact on the results of the cost
effectiveness analysis, and therefore AEs were not included in the model.20 While the ERG feels that
Grade ≥3 AEs should have been included in the model for completeness, as they could have an impact
on costs and benefits, the ERG did not have sufficient time to include these and agreed that in this case
AEs are unlikely to be the driver of model results.
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5.2.8

Health-related quality of life

5.2.8.1 Identification and selection of utility values
In the SUSTAIN trial, HRQoL data were collected using the Brief Pain Inventory (BPI) and 36-item
Short Form survey version 2.0 (SF-36 v2) questionnaires (both seven-day recall) at fixed time points;
at each treatment visit (at days 1 and 15), at every four weeks from week 6, at week 52 and the week 58
follow-up visit.1 The vast majority (****** of SF-36 questionnaires were administered outside of a
seven-day recall period that included a VOC. The company therefore noted that it was possible that the
HRQoL data measured in SUSTAIN missed or did not fully capture the expected impact of VOC on
patient HRQoL and assessments of pain, and that the HRQoL captured in SUSTAIN rather is more
representative of the HRQoL of SCD patients between VOC events. Changes in HRQoL over time as
well as differences between treatment arms were explored by the company, but the SUSTAIN trial
xxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx. The company stated that the 52-week duration of SUSTAIN was likely too short
to demonstrate an overall change in HRQoL related to SCD-related complications and long-term organ
damage.23 Referring to these arguments, the company justified their decision to derive utility values
from the published literature rather than from HRQoL data collected from the SUSTAIN trial.
A systematic literature review was conducted to identify studies reporting utility estimates in patients
with SCD. This led to the identification of three studies that reported relevant utility data, two studies
were described in full-text articles, Thom et al. 2019 and Anie et al. 2012, and one study was described
in a conference abstract, Besser et al. 2019 (LEGACY registry study).56, 66, 67
In the CS, an unpublished analysis of the LEGACY registry data was used to derive the utility values
for the model health states (<1 VOC, ≥1–<3 VOC, or ≥3 VOC) as shown in Table 5.14.1 In the
LEGACY registry study, HRQoL data were collected using the SF-36 at specific time intervals and not
on the occurrence of specific events (such as VOCs events). Rather than the impact of individual VOC
events, the company therefore considers LEGACY to capture the long-lasting impact of recurrent VOC
on quality of life through chronic complications and the emotional impact of more frequent VOC
events,20 relevant for each of the VOC health states. With these arguments, the company justified the
application of a “per event” decrement for each VOC event, in addition to the different VOC health
state utility values. The health state values that were derived from the LEGACY registry data were
treated as the baseline utility value in each cycle, to which additional decrements in utility related to
individual VOC events are applied.
Both Thom et al. 2019 and Anie et al. 2012 provided utility decrements for individual VOC events
based on EQ-5D health state descriptions.56, 67 The decision to use the utility decrements derived by
Anie et al. was justified by the company by indicating that in this study EQ-5D was data collected from
UK patients, as opposed to US patients in the Thom set al. study. Using the utilities reported in Anie et
al., a per event utility decrement was calculated that included both the loss of utility during the VOC
(two days prior to and during hospitalisation) and during the one week following discharge from
hospital, as shown in Table 5.15. The decrements in utility were applied per VOC event in each cycle
(i.e. based on the mean number of VOC).
In the company’s base-case analysis, the health state utility values were age-adjusted using the methods
described by Brazier et al. 2019.68
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Table 5.14: Health state utility values
Health state

Utility

Patients with <1 VOC

*****

Patients with ≥1 and <3 VOCs

*****

Patients with ≥3 VOCs

*****
1

Based on Table 34 of the CS
CS = company submission; VOC: vaso-occlusive crisis

Table5 .15: Utility decrements for individual VOC events
Model input

Utility decrement

Duration of impact

Days of Pain Prior to Hospitalisation (per VOC)

0.360

2 days

Days Hospitalised per VOC

0.360

3 days

Days Post-Hospitalisation

0.100

7 days

Calculated VOC Decrement (per event)

0.007

Calculated as annual
utility decrement

Based on Table 32 of the CS1
CS = company submission; VOC = vaso-occlusive crisis

ERG comment: In the SUSTAIN trial, HRQoL data were collected at specific time intervals and not
on the occurrence of specific events. This data might have missed or not fully captured the impact of
the individual VOC events, and the low percentage of questionnaires completed within a seven-day
window of a VOC event supported the company’s assumption. As the company noted, the HRQoL
captured in SUSTAIN will rather be representative of the HRQoL of SCD patients between VOC
events. The ERG believes the HRQoL data from the SUSTAIN trial might therefore be suitable for
deriving the health state utility values. Given the frequent intervals at which HRQoL data were collected
in SUSTAIN along with the company’s assumption that the results from the SUSTAIN trial can be
considered generalisable to the UK setting, it was not clear to the ERG why the company favoured
using the utilities derived from an unpublished analysis of the US-specific LEGACY registry data over
data from their trial. At the clarification stage, the ERG therefore requested the company to provide the
utility estimates from the SUSTAIN trial and include the option in the model to use these as health state
utility values for the cost effectiveness analyses. The company was not willing to provide this option in
the model nor to provide more details on the HRQoL data collected in the SUSTAIN trial.20 Therefore,
the ERG was not able to assess the impact of using the SUSTAIN utilities instead of the LEGACY
utilities on the cost effectiveness results.
Furthermore, details on the LEGACY registry study were only reported in a conference abstract and in
information provided by the company. In the absence of a full-text article, and in the absence of utility
estimates from the SUSTAIN trial, the ability of the ERG to validate the appropriateness of using the
LEGACY data instead of the SUSTAIN data for deriving health state utilities is limited. To illustrate,
the company mentions that “(****** of the SF-36 questionnaires that were administered in the
SUSTAIN trial were not completed within a 7-day window of a VOC (…) meaning that the detrimental
impact of VOC on HRQoL is unlikely to have been captured by the vast majority of completed SF-36
questionnaires”.1 The company hereby justified their decision to apply different utility values for the
different VOC health states as well as a per event VOC utility decrement. However, it was not known
whether within the LEGACY register study the HRQoL data were also collected for the vast majority
outside a seven-day window of a VOC event. More importantly, a four-week recall period was used in
the LEGACY registry study, which increased the likelihood that a VOC event occurred within the recall
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period of the HRQoL instrument and its impact will have been captured in the health state utility values.
The ERG notes that even in the least severe health state (<1 VOC) the utility estimate from the
unpublished LEGACY data analysis is lower than the steady-state SCD utility estimate of 0.732
reported in the NICE clinical guideline CG143 (Appendix F), which was calculated as a weighted
average of four sources that reported utility with good agreement between the studies (range 0.700 –
0.788).52 Given that the utility estimates derived from the LEGACY registry data are lower than the
estimates reported in the previously described sources, the ERG has concerns about the company’s
assumption that the impact of individual VOC events is not captured within the health state utility values
derived from the LEGACY registry. The ERG will test the impact of using alternative assumptions on
the utility impact of VOC events in scenario analyses. Finally, the ERG felt there was uncertainty in the
assumption that patients experience the utility impact of a VOC event for two days before seeking
medical support at hospital. The CS reported that this assumption was validated by only one clinician,
while in their response to clarification the company cited one study conducted in children with SCD
which showed that 23%, 38%, 12% and 26% of patients had 0, 1, 2, ≥3 days of pain prior to hospital
admission for a VOC respectively.1, 69 Therefore, the impact of this assumption will be tested in an
additional scenario analysis.
5.2.8.2 Adverse event disutilities
The company also considered utility decrements associated with individual complications of
SCD (Table 5.16). These were sourced from values and assumptions identified through targeted
literature searches and those that have been used previously as part of NICE appraisals and guidelines,
with proxy conditions used in absence of utility values for the specific complication of interest.1
Decrements in utility for adverse events associated with treatment with crizanlizumab or SoC were not
included in the model. The company stated that the incidence of serious adverse events was similar
between the high dose crizanlizumab and placebo treatment arms. The company further noted that the
utility decrements for sepsis and cardiac arrhythmia are likely to underestimate respectively the loss of
utility during an acute sepsis event and the loss of utility associated with other cardiac complications
such as cardiac arrest.1 However, given the low frequency of these complications in the model and the
limited impact that they have on cost effectiveness results, the company did not expect that the
underestimation of the utility decrements associated with these complications will have a major impact
on the cost effectiveness results.
Table 5.16: Utility decrements and duration of impact for adverse events
Adverse event

Utility decrement

Duration of impact

Acute Chest Syndrome

0.56

1 month

Gallstones

0.12

1 month

Sepsis

0.16

1 month

Pulmonary Hypertension

0.21

1 month

Cardiac

0.07

1 month

Cellulitis

0.29

1 month

Leg Ulcers

0.11

1 month

Osteomyelitis

0.46

1 month

0

1 month

Priapism (males only)
Based on Table 33 of the CS1
CS = company submission
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ERG comment: As explained in section 5.2.7, the ERG noted that not all adverse event costs associated
with crizanlizumab, HC/HU and blood transfusions are incorporated into the economic model. By
omitting grade 3 and grade 4 adverse events, the impact of these events on utility are not accounted for
in the cost effectiveness results. In addition, the company’s base-case model did not include a utility
decrement to account for the impact of the four-weekly intravenous infusions. The ERG could not
identify any evidence regarding the utility impact of the injection and 30-minute intravenous infusions
for the population of interest. However, the ERG considered that including a utility decrement for
administration is expected to have a limited influence on the cost effectiveness due to the short duration
of the utility decrement. Hence, the ERG decided not to include a utility decrement to account for the
impact of the four-weekly intravenous infusions.
5.2.9

Resources and costs

The company analysis included costs that would be incurred by the NHS and PSS.1 Appropriate sources
of unit costs, such as NHS reference costs 2018–19, NHS Blood and Transplant price list 2019–2070,
and electronic Marketing Information Tool (eMIT) 202071, were used for cost inputs in the model.1
The following cost types were included in the model:
 drug acquisition and administration costs for interventions and comparators (including blood
transfusions),
 costs associated with monitoring, and
 costs associated with the management of VOC and acute complications.
In line with the definition of VOC used in SUSTAIN and the use of HES to identify complications
associated with SCD, the cost of events were derived assuming that patients would receive hospital
care, and so the NHS reference cost schedule has primarily been used as a source of inputs for these
events.1
Even though costs and resource use data were also identified via a SLR, also specifically for the UK,
the studies were not used to derive inputs for the model. This was due to the use of data from SUSTAIN
and the HES database to specifically model the number of VOC and acute complication events requiring
hospitalisation.1
5.2.9.1 Intervention and comparators’ costs and resource use
5.2.9.1.1

Treatment costs

An overview of relevant acquisition costs for treatment with crizanlizumab and supportive care (i.e.
HC/HU and blood transfusion) is presented in Table 5.17.
The acquisition costs of crizanlizumab (5 mg/kg) and HC/HU (15 mg/kg), both of which are dosed
according to body weight, were calculated using an average patient body weight of 58.69 kg given the
estimated weight per gender in NICE CG143 and the gender distribution used in the model52. For
crizanlizumab, the total drug acquisition cost per cycle was adjusted to account for compliance (via
relative dose intensity (RDI) of *****), based on data from the SUSTAIN trial.26 For HC/HU, 100.0%
compliance was assumed.
The recommended dose of crizanlizumab is 5 mg/kg administered over a period of 30 minutes by
intravenous infusion at week 0, week 2, and every four weeks thereafter (resulting in 14 administration
in year 1 and 13 administrations for the following years).1 Drug wastage is assumed for each
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administration (rounded up to the nearest whole number of vials). A scenario was also conducted in
which vial sharing was assumed to occur.
For HC/HU it was assumed that patients would already be receiving a stable dose of HC/HU on entry
into the model.1 For HC/HU the company assumed that patients with SCD received the lowest
recommended maintenance dose of 15 mg/kg.72, 73
Adult patients with SCD receiving chronic blood transfusions for the prevention of VOC were expected
to mainly receive automated exchange transfusions.1 Based on clinical expert opinion, the company
assumed patients received one transfusion approximately once every six weeks (resulting in
8.7 transfusions per cycle), with one transfusion consisting of between 8–12 units of blood.59 The
company assumed that all patients would receive 10 units of blood per automated exchange transfusion.
The cost per transfusion (£2,548.84) was based on the of cost per unit of blood for red cell exchange,
as reported in the NHS Blood and Transplant price list 2019–20, assuming wastage equivalent of 1.5%
the cost per unit of blood (as per the NICE NG24 costing statement), and other costs related to
transfusions (i.e. staff time and disposables), as reported in the NICE NG24 costing statement for blood
transfusions and costs were inflated from 2015/16 to 2018/19 using the NHSCII Pay and Prices inflation
index.70, 74, 75 Due to these assumptions, iron chelation therapy was not included in the model.
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Table 5.17: Treatment acquisition costs included in the base-case analysis
Treatment

Crizanlizumab
(Year 1)

Recommended
dosing/administration
schedule
5 mg/kg at Week 0, Week
2 and every four weeks
thereafter (i.e. 14
administrations in Year
1)a

Crizanlizumab
(Year 2+)

5 mg/kg every four weeks
(i.e. 13 administrations in
Year 2 and following
years)a

HC/HU

15 mg/kg per day (i.e.
365.25 administrations per
year)

Blood
transfusions

One automated exchange
transfusion every six
weeks (i.e. 8.7
administrations per year)

Dose per
administrati
on (mg)b

293.40

880.3

10 units

Unit
size

100 mg
per vial

500 mg
per
capsule
(pack of
100)

n/a

Unit cost

Cost per
administrationc

********* per vial
(list price)

*********
(list price)

******* per vial
(with PAS)

£0.10 per capsule
(£9.56 per pack)
£49.10 and £40.51
cost of staff time and
disposables for first
and subsequent units
of blood
£210.36 per unit of
blood (£213.52 with
wastage)

Compliance

*****

Crizanlizumab draft SmPC
[posology];25 Novartis data on file:
SUSTAIN CSR [compliance]27

100.0%

Xromi® and Siklos® SmPCs72, 73
[posology]; eMIT71 [unit cost];
Assumption [compliance]

*********
(with PAS)

£0.19

£2,548.84

Sources

n/a

Expert opinion [frequency of
transfusion]; NHS Blood and
Transplant price list (2019–20)70
[unit cost for blood]; NICE NG24:
costing statement Appendix 1
(inflated to 2018/19 using the
NHSCII Pay and Prices inflation
index)74, 75 [cost of staff time and
disposables]

Based on Table 35 of the CS1
a
The number of administrations per year in the model was calculated as (365.25/28 + 1) for Year 1 and (365.25/28) for Year 2 and following years; b The dose per administration for
crizanlizumab and HC/HU was calculated based on an assumed average body weight of 58.69 kg; c It is assumed that unused drug is discarded for each administration, rounded-up whole
units are therefore used for the cost calculation (e.g. 3 vials per administration of crizanlizumab and 2 capsules per administration of HC/HU)
CS = company submission; CSR = clinical study report; HC/HU = hydroxycarbamide/hydroxyurea; NHS = National Health Service = NICE: National Institute for Health and Care
Excellence; RDI = relative dose intensity; SmPC = Summary of Product Characteristics
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The total annual (per cycle) treatment acquisition costs, based on the recommended dosing schedules,
cost per administration and compliance for each treatment are presented in Table 5.18. Crizanlizumab
costs were calculated with and without the confidential Patient Access Scheme (PAS) discount of ***.23
Table 5.18: Treatment acquisition costs per model cycle
Treatment

Cost per model cyclea

Source

Crizanlizumab (cycle 1)

********** (list price)
********** (with PAS)

Calculated

Crizanlizumab (cycle 2+)

********** (list price)
********** (with PAS)

Calculated

£69.84

Calculated

HC/HU

Blood transfusions
£22,165.51
Calculated
Based on Table 36 of the CS1
a
The cost per model cycle is calculated as the number of administrations per cycle (adjusted for compliance)
multiplied by the cost per administration.
CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea; PAS = Patient Access Scheme

5.2.9.1.2

Administration costs

Administration costs associated with the treatment with crizanlizumab (per administration and per year,
including adjustments for compliance) are presented in Table 5.19. For the cost of administration, it
was assumed that specialised nurse time would be required for up to one hour and 30 minutes. The cost
per administration was calculated to be £169.50 based on a unit cost of £113.00 per hour of patient
contact for a Band 6 hospital-based nurse, as reported in the Personal Social Services Research
Unit (PSSRU) Unit Costs of Health and Social Care 2019.75 Administration costs were only applied for
crizanlizumab as it is administered via intravenous infusion.
Table 5.19: Administration costs for crizanlizumab
Treatment

Cost per
administration

Crizanlizumab £169.50

Source
Assumed 1 hour and 30 minutes of Band 6 hospital-based
nurse time per administration.
Unit cost (£113.00) as reported in the PSSRU Unit Costs
of Health and Social Care 2019.75

Based on Table 37 of the CS1
CS = company submission; PSSRU = Personal Social Services Research Unit

5.2.9.1.3

Monitoring costs

An overview of monitoring costs included in the base-case analysis is presented in Table 5.20. No
additional monitoring was assumed to be required for treatment with crizanlizumab. Thus, only costs
associated with monitoring for HC/HU were applied. Monitoring requirements for ongoing HC/HU use
were based on recommendations from the Specialist Pharmacy Service (SPS) and British National
Formulary (BNF) online.76, 77 Taking into account that 14.2% of patients are expected to receive HC/HU
in both treatment arms, the overall monitoring cost per cycle in each treatment arm was calculated to
be £4.87.
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Table 5.20: Monitoring costs for HC/HU
Type of monitoring

Recommended
frequency (per year)

Unit
cost

Haematological (full blood
count, including reticulocyte
count)

Every 2 months

£2.79

Renal (urea and electrolytes)

Every 3 months

£1.10

Hepatic (liver function test)

Every 3 months

£1.10

Lactate dehydrogenase test

Every 3 months

£1.10

Foetal haemoglobin %

Every 3 months

£1.10

Source
NHS SPS and BNF online
(accessed 16.01.2020)76, 77 [type
and frequency]
NHS Reference Costs 2018–19
[DAPS05 - Haematology] [costs]
NHS SPS and BNF online
(accessed 16.01.2020)76, 77 [type
and frequency]
NHS Reference Costs 2018–19
[DAPS04 – Clinical biochemistry]
[costs]

Based on Table 38 of the CS1
BNF = British National Formulary; CS = company submission; HC = hydroxycarbamide; HU = hydroxyurea;
NHS = National Health Service; SPS = Specialised Pharmacy Services

5.2.9.2 Health-state unit costs and resource use
The absolute number of VOC per year was calculated for each VOC health state and each treatment
arm. For each VOC event that occurred, the cost of hospitalisation due to VOC was applied in the
model.1 Costs associated with pain relief medication were not included in the model.
The cost per VOC (£1,300.64) was primarily based on a weighted average of the NHS reference costs
2018–19 for sickle-cell anaemia with crisis (weighted average of costs for SA36A-C: Sickle-Cell
Anaemia with Crisis, with CC Score 0–6+ [non-elective short stay, non-elective long stay, Day Case]).1
The BSH guidelines also note that blood transfusions may be considered for patients with complicated
VOC. In addition to the NHS reference cost for sickle-cell anaemia with crisis, the cost of a single blood
transfusion was also applied in the model for a proportion of VOC. The cost of transfusion was added
for ***** of VOC in the model.27 Including the cost of transfusion, the total cost per VOC in the basecase analysis was £1,619.24.
Based on feedback from a Consultant Haematologist in the UK, patients that experienced <1 or ≥1–
<3 annualised VOC were assumed to receive one appointment per year, whereas patients with
≥3 annualised VOC were modelled to receive three appointments per year (see Table 5.21).59
Table 5.21: Cost per cycle of Consultant Haematologist visit
Annualised VOC rate

Cost

<1
≥1–<3

≥3

Source

£168.02

Cost of one visit per year based on NHS
reference costs 2018–19: WF01A non-admitted
face-to-face attendance, follow-up, 303 –
Clinical Haematology),

£504.06

Cost of three visits per year based on NHS
reference costs 2018–19: WF01A non-admitted
face-to-face attendance, follow-up, 303 –
Clinical Haematology)

Based on Table 39 of the CS1
CS = company submission; NHS = National Health Service; VOC = vaso-occlusive crises
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5.2.9.3 Adverse reaction unit costs and resource use
The company included several acute complications related to SCD in the model, identified from the
analysis of the HES database. The per event costs used in the base-case analysis for each of these
complications are presented in Table 5.22 and have primarily been sourced from relevant costs
identified in the NHS reference costs schedule 2018–19.
For the cost of ACS, hospitalisation for asthma was used as a proxy condition, as per the approach used
for utility decrements.1 The company also assumed, based on feedback from a Consultant
Haematologist in the UK who specialises in SCD and guidelines from the BSH, that patients
experiencing ACS would require a single blood transfusion.15, 59 The cost of an automated exchange
blood transfusion was also applied for sepsis and priapism (for all events), as in severe cases, patients
may also receive a blood transfusion for these events, as advised in the clinician feedback and described
in the BSH guidelines for transfusion.15, 59
The cost for adverse events associated with crizanlizumab treatment, HC/HU and blood transfusion
were not included in the model.
Table 5.22: Costs per event for acute complications of SCD
Complication
ACS

Gallstones

Sepsis

Cost per event

Source

£5,163.30

NHS Reference Costs 2018–19 [DZ15M (Asthma
with Interventions) – Total HRG] (£2,614.49)
Plus, cost of exchange transfusion for all patients
(£2,548.81).

£5,635.33

Diagnosis: liver function test and ultrasound, as per
NICE CG18878
NHS Reference Costs 2018–19 [DAPS04 Clinical
Biochemistry]
NHS Reference Costs 2018–19 [weighted average
across RD40Z (Ultrasound Scan with duration of less
than 20 minutes, without Contrast – Total HRG) to
RD43Z (Ultrasound Scan with duration of 20 minutes
and over, with Contrast) – Total HRG]
Management: cholecystectomy and endoscopic
retrograde cholangiopancreatography, as per NICE
CG18878
NHS Reference Costs 2018–19 [weighted average
across GA10H (Laparoscopic Cholecystectomy, with
CC Score 4+) to GA10N (Open Cholecystectomy,
with CC Score 0) – Total HRG]
NHS Reference Costs 2018–19 [weighted average
across GB05F (Major Therapeutic Endoscopic
Retrograde Cholangiopancreatography with CC Score
5+) to GA09F (Complex Therapeutic Endoscopic
Retrograde Cholangiopancreatography with CC Score
0-1) – Total HRG]

£4,754.46

NHS Reference Costs 2018–19 [weighted average
across WJ06A (Sepsis with Multiple Interventions,
with CC Score 9+) to WJ06J (Sepsis without
Interventions, with CC Score 0-4) – Total HRG]
(£2,205.65)
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Complication

Pulmonary
hypertension

Cardiac

Cellulitis

Leg ulcer

Osteomyelitis

Priapism (males
only)

Cost per event

£1,486.34

£929.24

Source
Plus, cost of exchange transfusion for all patients
(£2,548.81).
NHS Reference Costs 2018–19 [weighted average
across EB15A (Primary Pulmonary Hypertension with
CC Score 9+) and EB15C (Primary Pulmonary
Hypertension with CC Score 0-3) – Total HRG]
Assumed all events are arrhythmias, as per the
approach to utility decrements
NHS Reference Costs 2018–19 [weighted average
across EB07A to EB07E (Arrhythmia or Conduction
Disorder, with CC score 0 to 13+) – Total HRG]

£3,830.26

NHS Reference Costs 2018–19 [weighted average
across JD07A (Skin Disorders with Interventions, with
CC score 12+) to JD07H (Skin Disorders with
Interventions, with CC score 0-3) – Total HRG]

£3,149.86

Guest et al. (2017). Mean annual cost of healthcare
resource use associated with managing healed venous
leg ulcer (inflated from 2015/16 to 2018/19 using the
NHSCII Pay and Prices inflation index)75, 79

£3,126.81

NHS Reference Costs 2018–19 [weighted average
across HD25D (Infections of Bones or Joints, with CC
Score 13+) to HD25H (Infections of Bones or Joints,
with CC Score 0-1) – Total HRG]

£3,592.50

NHS Reference Costs 2018–19 [weighted average
across LB58C (Penile Disorder with Interventions)
and LB58D (Penile Disorder without Interventions) –
Total HRG] (£1,043.69)
Plus cost of exchange transfusion for all patients
(£2,548.81).

Based on Table 40 of the CS1
ACS = acute chest syndrome; CS = company submission; NHS = National Health Service; NICE = National
Institute for Health and Care Excellence; SCD = sickle cell disease

ERG comment: The ERG’s main concern is the input for body weight in the calculation of the dose of
crizanlizumab. As discussed in section 5.2.3, the company assumed a mean body weight of 58.69 kg,
based on inputs used in the NICE CG143 economic evaluations of the average body weight of adult
SCD patients in the UK.52 NICE CG143 considers the entire SCD patient population in the UK, which
is a broader patient population than the intended patient population for crizanlizumab. In comparison,
the mean body weight in the SUSTAIN trial was significantly higher at ********.27 This difference
was attributed to differences in study sites (USA, Brazil, and Jamaica versus. the UK) and the
male/female ratio (a higher female ratio in the NICE CG143). Given that the SUSTAIN trial represents
the recurrent VOC population to be treated, it is expected that the body weight from the population in
the SUSTAIN trial is a better fit for the model. The company confirmed in their response to the
clarification letter that they consider the SUSTAIN population to be reflective of UK patients with SCD
who are expected to be treated with crizanlizumab.20 The ERG considers that the patient population in
the SUSTAIN trial should be considered in the model, as this population more accurately fits the
population that is expected to be treated with crizanlizumab (e.g. patients with recurrent VOCs). Hence,
the ERG base-case includes the mean body weight as reported in the SUSTAIN trial.
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The ERG asked the company for (minor) adjustments to the economic model with regards to the drug
administration costs at clarification. For the administration of crizanlizumab, the company omitted
resource costs required for the administration procedure such as costs for certain materials (e.g. syringe,
sodium chloride/dextrose). The company argued that the additional material costs associated with the
administration of crizanlizumab had not been included in the model as these costs are expected to be
negligible compared to the costs for health care staff and drug acquisition.20 The company did not expect
that the inclusion of these additional costs would have a major impact on the cost effectiveness results.
The ERG agrees that the impact of including these costs would be minimal. However, the ERG argues
that these costs should have been included for the completeness.
Furthermore, in the electronic model, the yearly administration costs for crizanlizumab follow a
different calculation than for the acquisition cost of crizanlizumab. The ERG asked the company for
clarification as to why a different method of cost calculation was conducted in this case and why the
compliance rate of ***** was omitted in the calculation of the administration cost. The company noted
that the omission of the compliance rate to the calculation for administration costs was not intentional.20
The company added an option to apply compliance rates to the administration costs to the economic
model. The ERG will use this new option in the ERG base-case.
The ERG noted that the cost of the initial administration by a band-6 nurse in the first year of the cycle
was not included in the economic model. The company confirmed that this administration cost for the
additional dose of crizanlizumab in the first year of the model was not included in the original model
that was submitted. This omission was not intentional.20 An option to apply the administration cost to
the additional crizanlizumab dose received in the first year has been added to the cost effectiveness
model. The ERG will use this new option in the ERG base-case.
Overall, the ERG thinks the calculation of monitoring costs for crizanlizumab and HC/HU is plausible.
The ERG noted that health care staff costs in addition to the cost for laboratory tests in the monitoring
cost for HC/HU were not included in the model. The company confirmed that these costs were omitted,
and argued that given that the same costs would be applied to the same proportion of patients in each
treatment arm in the model, it is not expected that the introduction of these costs would have a major
impact on the cost effectiveness results.20 The ERG agrees that the impact of including these costs would
be minimal. Nevertheless, the ERG argues these costs should be included for the completeness of the
model.
The ERG noted that not all adverse event costs associated with crizanlizumab, HC/HU and blood
transfusions were incorporated into the economic model. As discussed in section 5.2.7, the company
omitted Grade 3 and Grade 4 adverse events arguing that the low incidence of events and the similar
incidence of events between treatment arms in the SUSTAIN trial, was not expected to have a major
impact on the results of the cost effectiveness analysis.20 The ERG is not convinced that omitting the
most severe adverse events was justified and argues that costs for AE should be included in the model
for completeness. However, the ERG base-case will not include additional AEs, as the ERG agrees that
in this case AEs are unlikely to be a driver of results.
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6.

Cost effectiveness results

6.1

Company’s cost effectiveness results

The deterministic base-case results for crizanlizumab versus SoC are presented in Table 6.1 (list price
for crizanlizumab) and Table 6.2 (with PAS for crizanlizumab). Compared to SoC, crizanlizumab was
associated with an increased number of life years (****) and QALYs gained (****), but also higher
total costs (*********** at list price and *********** with PAS for crizanlizumab). In the base-case
analysis, the ICER for crizanlizumab versus SoC was *********** (list price) and £329,868.32 (with
PAS for crizanlizumab). The company is intending to discuss a Managed Access Agreement with NICE
and NHS England, in order to improve the cost effectiveness of crizanlizumab.1
In terms of discounted costs, the largest difference between treatment arms was due to the cost of
crizanlizumab as an add-on to established clinical management in the crizanlizumab arm. The cost of
complications overall was however lower in the crizanlizumab arm compared to the SoC arm. The
greatest difference between treatment arms in terms of discounted QALYs, were the QALYs accrued
in the <1 VOC health state, which were higher in the crizanlizumab arm (****) than in the SoC
arm (****).
Table 6.1: Company base-case cost effectiveness results (discounted; list price)
Technologies

Total costs

Total
LYG

Total
QALYs

Incr. costs

Incr. LYG

Incr.
QALYs

ICER
(£/QALY)

Crizanlizumab

***********

*****

****

***********

****

****

***********

SoC

***********

*****

****

1

Based on Table 43 of the CS
CS = company submission; ICER = incremental cost-effectiveness ratio; incr. = incremental; LYG = life years
gained; QALYs = quality-adjusted life years; SoC = standard of care

Table 6.2: Company base-case cost effectiveness results (discounted; includes PAS for
crizanlizumab)
Technologies

Total costs

Total
LYG

Total
QALYs

Incr. costs

Crizanlizumab *********** *****

****

***********

SoC

****

*********** *****

Incr. LYG Incr. QALYs
****

****

ICER
(£/QALY)
£329,868.32

1

Based on Table 44 of the CS
CS = company submission; ICER = incremental cost-effectiveness ratio; incr. = incremental; LYG = life years
gained; QALYs = quality-adjusted life years; SoC = standard of care

6.2

Company’s sensitivity analyses

6.2.1

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis (PSA) was conducted in order to assess the impact of parameter
uncertainty on the results of the cost-effectiveness analysis. The PSA was run for 1,000 iterations and
in each iteration model inputs for all parameters were randomly drawn from specified distributions, as
outlined in Table 45 of the CS.1 Where possible the standard error or standard deviation associated with
the mean value was used to define the distribution, otherwise it was assumed that the standard error
would be 20% of the mean value.
The results of the PSA are presented in Table 6.3 (list price) and Table 6.4 (with PAS for
crizanlizumab). The average probabilistic ICERs from the PSA are higher than those in the deterministic
base-case analysis. The company explains that this is partly expected to be a consequence of varying
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weight in the probabilistic analyses, which results in some iterations requiring patients to receive four
vials of crizanlizumab, rather than the three vials included in the base-case analysis.1
Table 6.3: Mean probabilistic results (list price)
Comparison
Crizanlizumab versus SoC

Incremental costs

Incremental QALYs

ICER (£/QALY)

********

****

********

1

Based on Table 46 of the CS
CS = company submission; ICER = incremental cost-effectiveness ratio; QALYs = quality-adjusted life years;
SoC = standard of care

Table 6.4: Mean probabilistic results (including PAS for crizanlizumab)
Comparison
Crizanlizumab versus SoC

Incremental costs

Incremental QALYs

ICER (£/QALY)

********

****

£370,699

1

Based on Table 47 of the CS
CS = company submission; ICER = incremental cost-effectiveness ratio; PAS = Patient Access Scheme;
QALYs = quality-adjusted life years; SoC = standard of care

Scatter plots showing the incremental costs and QALYs for crizanlizumab versus SoC across all
iterations in the PSA are presented in Figure 6.1 (list price) and Figure 6.2 (including PAS for
crizanlizumab). Both show all the simulations falling into the north-eastern quadrant where
crizanlizumab is more costly and more effective than SoC. Figure 6.2 shows that, when including the
PAS, only approximately 1 of the 1,000 simulations falls below the £30,000 per QALY gained
threshold.
Figure 6.1: Cost effectiveness plane (list price)

Based on Figure 9 of the CS1
CS = company submission; QALY = quality adjusted life year
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Figure 6.2: Cost effectiveness plane (including PAS for crizanlizumab)

Based on Figure 10 of the CS1
CS = company submission; PAS = Patient Access Scheme; QALY = quality adjusted life year

Cost effectiveness acceptability curves are presented in Figure 6.3 (list price) and Figure 6.4 (including
PAS for crizanlizumab). Both show that has approximately 0% probability of being the cost effective
option at the upper limit of the standard NICE STA threshold of £30,000 per QALY gained.
Figure 6.3: Cost effectiveness acceptability curve for crizanlizumab and SoC (list price)

Based on Figure 11 of the CS1
CEAC = cost effectiveness acceptability curve; CS = company submission; SoC = standard of care
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Figure 6.4: Cost effectiveness acceptability curve (including PAS for crizanlizumab)

Based on Figure 12 of the CS1
CEAC = cost effectiveness acceptability curve; CS = company submission; PAS = Patient Access Scheme; SoC =
standard of care

ERG comment: The proportion of patients in each VOC health state and the number of VOC events
per health state were not included in the company’s PSA as they were turned off in the PSA input sheet.
These inputs represent important areas of parameter uncertainty and therefore should be included in the
PSA. These are included in the ERG PSA.
The calculation of the Dirichlet distribution used to determine the proportion of patients in each of the
three VOC states was also corrected by the ERG. The company assumed that the values for the
proportions of patients in health states VOC <1 and VOC ≥1-<3 were drawn from beta distributions
independently, with the proportion of patients in health state VOC >3 being calculated as one minus the
previous two. This would imply that the uncertainty around the third probability, which is the
largest (judged based on the standard errors for the VOC >3 groups), is not directly sampled in the PSA.
The ERG corrected for this by using a Dirichlet distribution to sample the three values (proportions of
patients in VOC<1, ≥1-<3, and >3) at the same time.
Additionally the company report that, where possible the standard error or standard deviation associated
with the mean value was used to define the distribution in the PSA.1 Given that estimates are sample
means the standard error should always be used and therefore it is incorrect to use the standard
deviation. It is not clear whether the standard deviation was ever used instead of the standard error.
6.2.2

Deterministic sensitivity analysis

Deterministic sensitivity analysis (DSA) was conducted by varying the input for each parameter in the
model by ±20% of their mean value, whilst keeping all other inputs the same.1 For certain parameters
where standard errors of the mean were available the bounds were defined by the upper and lower limits
95% CI.
As shown in
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Figure 6.5 (list price) and Figure 6.6 (with PAS for crizanlizumab), the parameters with the greatest
impact on the ICER for crizanlizumab versus SoC were those related to drug costs (e.g. body weight
and compliance) and the utility values used for VOC health states (and in particular for <1 VOC).
Parameters associated with complications did not feature in the top 10 most influential parameters for
the analysis, suggesting that individually these did not have a major impact on the cost effectiveness
results. Of the complications included in the model, ACS had the greatest impact on the results.
Figure 6.5: Tornado plot – top ten parameters (list price)

Based on Figure 13 of the CS1
CS = company submission; ICER = incremental cost effectiveness ratio; QALY = QALYs: quality-adjusted life
year; SoC = standard of care; VOC = vaso-occlusive crises

Figure 6.6: Tornado plot – top ten parameters (including PAS for crizanlizumab)

Based on Figure 14 of the CS1
CS = company submission; ICER = incremental cost effectiveness ratio; PAS = Patient Access Scheme;
QALYs = QALYs: quality-adjusted life years; SoC = standard of care
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ERG comment: The discount rate should not be included in the DSA as the discount rate is fixed by
the NICE reference case and is therefore not an area of uncertainty. The ERG removed the discount rate
from their ERG DSA.
The DSA was conducted by varying the input by ±20% of the mean value for many of the included
parameters. However, the selection of a 20% range of uncertainty is arbitrary and this method will not
necessarily represent an equally plausible range of values for each parameter.
6.2.3

Scenario analyses

The company conducted scenario analyses to explore the impact of certain assumptions and alternative
inputs in the model on the results of the cost effectiveness model. The results of these scenario analyses
are presented in Table 6.5.
For scenarios in which the rate of discontinuation for crizanlizumab in subsequent years was increased,
both the incremental costs and incremental QALYs were reduced, with the overall impact of lowering
the ICER compared to the base-case. Assuming no further discontinuation of crizanlizumab after
year 1 (scenario 1a) resulted in an increase in the incremental costs and QALYs, and an overall increase
in the ICER compared to the base-case.80
Assuming that treatment efficacy would be maintained one-year post-discontinuation resulted in an
increase in the ICER. Removing this post-discontinuation efficacy completely from the model resulted
in a further increase in the ICER. In addition, if vial sharing was included in the model, the ICER
decreased. With crizanlizumab expected to be administered in a hospital-based setting, the
compounding of services and potential vial sharing is a possible scenario in clinical practice.
Based on the results of the DSA, the complication with the greatest impact on the cost effectiveness
results is ACS. In the scenario exploring an alternative distribution for the extrapolation of baseline
hazards for ACS, the ICER for crizanlizumab remained relatively unchanged.
Reducing the time horizon to 20 years did not have a substantial impact on the results of the cost
effectiveness model. At this point a high proportion of patients had died in the model already, and of
those remaining alive in the crizanlizumab arm, more patients were in the ‘Off treatment’ health state
receiving SoC than in the ‘On treatment’ health state. However, using a time horizon of 10 years
resulted in a large increase in the ICER.

98

CONFIDENTIAL UNTIL PUBLISHED

Table 6.5: Results from scenario analyses for crizanlizumab versus SoC
Description

List price

Including PAS

Incr. costs

Incr. QALYs

ICER
(£/QALY)

Incr. costs

Incr. QALYs

ICER
(£/QALY)

***********

****

***********

***********

****

£329,868.32

1a Crizanlizumab discontinuation rate in subsequent years: 0%

***********

****

***********

***********

****

£344,539.96

1b Crizanlizumab discontinuation rate in subsequent years: 15%

***********

****

***********

**********

****

£293,208.20

1c Crizanlizumab discontinuation rate in subsequent years: 25%

**********

****

***********

**********

****

£258,851.73

1d Crizanlizumab discontinuation rate in subsequent years: 32.8%

**********

****

***********

**********

****

£234,933.64

2a 1-year post-continuation efficacy for crizanlizumab

***********

****

***********

***********

****

£357,081.60

2b No post-discontinuation efficacy for crizanlizumab

***********

****

***********

***********

****

£389,062.07

3

Extrapolation of mortality: Generalised gamma

***********

****

***********

***********

****

£285,806.54

4

Extrapolation of ACS: Gompertz

***********

****

***********

***********

****

£329,650.37

5

No age-adjustment for utility values

***********

****

***********

***********

****

£319,596.80

6

With vial sharing

***********

****

***********

***********

****

£321,197.90

7

Body weight based on SUSTAIN

***********

****

***********

***********

****

£461,903.32

***********

****

***********

***********

****

£335,885.77

***********

****

***********

***********

****

£453,988.26

Base-case

8a Time horizon: 20 years
8b Time horizon: 10 years
1

Based on Table 49 of the CS
ACS = acute chest syndrome; CS = company submission; ICER = incremental cost-effectiveness ratio; incr. = incremental; PAS = Patient Access Scheme; QALYs =
quality-adjusted life years; SoC = standard of care

99

CONFIDENTIAL UNTIL PUBLISHED

ERG comment: The results of the company’s scenarios surrounding discontinuation seem
counterintuitive, with crizanlizumab becoming more cost effective as discontinuation rates increase.
The ERG also considered that some important areas of uncertainty in the model remain unexamined by
the company, including the patient characteristics used in the model and assumptions surrounding
HC/HU use and assumptions made by the company surrounding utilities. The ERG will explore these
areas of uncertainty in their scenario analyses described in section 7.1.3.
6.3

Model validation and face validity check

The company sought clinical and health economic expert opinion as part of the model conceptualisation
and development process to ensure that the model structure, and the key assumptions underpinning the
model, were consistent with the clinical course of SCD and the experience of patients with the
condition.1
To ensure that the model inputs and assumptions were relevant to UK clinical practice, feedback from
a Consultant Haematologist in the UK who specialises in SCD was also sought by the company during
the development of the cost effectiveness model. Clinician feedback was used to validate the cost and
resource inputs described in the model, including inputs relating to the use of blood transfusions, and
also to validate the assumptions regarding current clinical management of SCD (i.e. the proportion of
patients being treated with HC/HU and those receiving blood transfusions for the prevention of
recurrent VOC).59 Where possible, UK sources were used for model inputs, and similar inputs and
approaches to those used in the economic evaluations for NICE CG143 were adopted in the model.52
The company used published sources of literature to assess the plausibility of the clinical outcomes
predicted by the model. A study published by Gardner et al. 2016, which reports survival outcomes for
adult patients from a single centre in London (N=712; aged 16–80 years) over a 10-year period (2004–
2013), was used.64 The use of HC/HU and chronic blood transfusions during the study period (72/712
[10.1%] and 71/712 [9.97%], respectively) is largely consistent with the inputs used in the cost
effectiveness analysis, and so the outcomes reported in this study are considered to be relevant for
assessing survival in the SoC arm of the model.64 Using the Gompertz distribution in the base-case, the
median age of death (with all patients having died in the model) was predicted to be 52.1 years in the
SoC arm, and so reflects the reduced life-expectancy of SCD patients with recurrent VOC.
The Gardner et al. 2016 estimated survival from age at birth, and so these estimates are subject to lefttruncation bias and may overestimate the life-expectancy of patients with SCD.64 In a retrospective
analysis of adult patients with SCD across two centres in the USA, median survival was estimated from
age at baseline and was reported to be 48.0 years.65 With the possibility that survival in SCD patients
with recurrent VOC could be considerably lower than those reported in Gardner et al. 2016, the use of
the Gompertz distribution (median age of death, 52.1 years in the SoC arm) was considered to be the
more clinically plausible when compared to alternative distributions.
The average annualised rate of VOC in the model was lower in the crizanlizumab arm (2.56) compared
to the SoC arm (4.14), and the rates predicted by the model were similar to the mean annual rate of
VOC reported in the SUSTAIN trial for the high-dose crizanlizumab arm ****** and placebo
arm ****** respectively.27
ERG comment: While the company did attempt to validate the plausibility of the model outcomes in
terms of survival, this was based on a study, the population of which did not match patients who would
be expected to receive crizanlizumab in clinical practice (i.e. those experiencing recurrent VOC) and
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therefore the survival in the study used may not be reflective of the population under consideration in
this submission. This therefore remains an area of uncertainty.
The ERG requested further details of the model validation conducted by the company at clarification.
The company responded that the model programming was checked by an analyst who was not involved
in the original development of the model using a validation checklist. This involved a quality control
check of the formulae used in the model and stress testing of the model to ensure that it behaved as
expected when extreme values were used.20 However, no further details were provided and therefore
the ERG could not verify what was done or any results.
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7.

Evidence Review Group’s additional analyses

7.1

Exploratory and sensitivity analyses undertaken by the ERG

7.1.1

Explanation of the company adjustments after the request for clarification

In their response to the request for clarification,20 the company stated that while implementing the
changes to the model in response to Question B.30 part c, two corrections were made to the model:
1.

To apply the cost of crizanlizumab administration once every 28 days per cycle and not simply
12 times per cycle

2.

To apply the cost of single dose of crizanlizumab as the additional cost in cycle 1 and not the
annual cost of crizanlizumab

The company reported that together these corrections resulted in a change in the base-case ICER
presented in the CS from £329,868.32 to £332,487.98 per QALY gained (with PAS).20
7.1.2

Explanation of the ERG adjustments

The changes made by the ERG (to the model received with the response to the clarification letter) were
subdivided into the following three categories (according to Kaltenthaler et al. 2016)81:




Fixing errors (correcting the model where the company’s electronic model was unequivocally
wrong).
Fixing violations (correcting the model where the ERG considered that the NICE reference
case, scope or best practice has not been adhered to).
Matters of judgement (amending the model where the ERG considered that reasonable
alternative assumptions are preferred).

After these changes were implemented in the company’s model, additional scenario analyses were
explored by the ERG in order to assess the impact of alternative assumptions on the cost effectiveness
results.
7.1.2.1 Fixing errors
1.

Correcting the Dirichlet distributions used to sample the proportion of patients in each VOC health
state in the PSA. This did not affect the ERG base-case.

7.1.2.2 Fixing violations
2.

Including the VOC parameters (proportion of patients per VOC state and annualised number of
VOCs per state) in the PSA. This did not affect the ERG base-case.

7.1.2.3 Matters of judgement
3.

In the company model, administration costs were not applied for the additional administration of
crizanlizumab in the first year. This was applied in the ERG base-case

4.

The ERG felt it was correct to apply the compliance rate to crizanlizumab administration costs, as
it was applied for drug costs.

5.

The ERG prefers to use the patient weight from SUSTAIN rather than from CG143 as the
SUSTAIN trial is claimed to be reflective of the population who will receive crizanlizumab in UK
clinical practice and the estimate from CG143 is based on all SCD patients and not only those
experiencing recurrent VOCs.52
102

CONFIDENTIAL UNTIL PUBLISHED

6.

The ERG prefers to assume the HC/HU usage from SUSTAIN, given that the population in
SUSTAIN matches the intended use of crizanlizumab in UK clinical practice.

7.

The ERG prefers to assume that post-discontinuation efficacy is only maintained for one year, in
line with the data provided from SUCCESSOR.

8.

The ERG prefers to assume that only patients who complete one year of crizanlizumab treatment
receive the post-discontinuation efficacy, in line with the data provided from SUCCESSOR.

The main assumptions made by the company and the ERG for their preferred base-case analyses are
summarised in Table 7.1.
Table 7.1: Company and ERG base-case preferred assumptions
Base-case preferred
assumptions

Company

ERG

Justification for
change

Correction of Dirichlet
distributions used to
sample the number of
proportion of patients
in each VOC health
state

Assumed 1- other
proportions for
group with largest
SE

Applied Dirichlet

Section 6.2.1

Inclusion of the VOC
parameters in the PSA

Not included in
company PSA

These parameters
represent an important
area of parameter
uncertainty and should
be included

Section 6.2.1

Administration costs
applied for the
additional
administration of
crizanlizumab in the
first year

Did not apply cost of
the additional
administration of
crizanlizumab in the
first year

The cost of the
additional
administration should
be applied

Section 5.2.9

Compliance rate
applied to
crizanlizumab
administration costs

Assumed full
administration costs,
not weighted by
compliance

If drug costs and
corrected for
compliance it is
appropriate to also
account for compliance
in administration costs

Section 5.2.9

Patient weight
assumed from
SUSTAIN rather than
from CG143

Assumed patient
weight from CG143,
weighted according
to gender
distribution from
HES database as
these represented
UK specific
estimates

ERG prefer to use
values from the
SUSTAIN trial as this
represents the
population expected to
receive crizanlizumab
in clinical practice
(those with recurrent
VOCs)

Section 5.2.3

HC/HU usage assumed
from SUSTAIN

Company assumed
HC/HU usage of
14.2%, based on
data from the
National

ERG prefer to use
values from the
SUSTAIN trial as this
represents the
population expected to

Section 5.2.4
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Base-case preferred
assumptions

Company

ERG

Justification for
change

Haemoglobinopathy
Registry instead of
***** seen in the
SUSTAIN trial.

receive crizanlizumab
in clinical practice
(those with recurrent
VOCs)

Post-discontinuation
efficacy is only
maintained for 1 year

Assumed 2 years of
post-discontinuation
efficacy

Assumed 1-year postdiscontinuation
efficacy, in line with
available data from the
SUCCESSOR trial

Only patients who
complete 1 year of
crizanlizumab
treatment receive the
post-discontinuation
efficacy

Assumed all patients
receive postdiscontinuation
efficacy, even those
discontinuing in first
year

Section 5.2.6
Assume only patients
who complete 1 year of
crizanlizumab
treatment receive the
post-discontinuation
efficacy, in line with
available data from the
SUCCESSOR trial

Section 5.2.6

CG = clinical guideline; ERG = Evidence Review Group; PSA = probabilistic sensitivity analysis; SE =
standard error; UK = United Kingdom; VOC = vaso-occlusive crises

7.1.3

Additional scenarios conducted by the ERG

The ERG conducted several additional scenario analyses in which the main sources of uncertainty
identified by the ERG were explored. These were the uncertainties associated with the patient
characteristics and HC/HU use which best reflect the population who will receive crizanlizumab in
clinical practice, the expected use of chronic transfusion in clinical practice, the long-term efficacy of
crizanlizumab, both while still on treatment and post-discontinuation and the assumptions made by the
company surrounding utilities. A list of the scenario analyses conducted by the ERG is provided below.
7.1.3.1 Scenario set 1: Patient characteristics
The ERG prefers to use the patient characteristics (age, gender distribution and weight) from the
SUSTAIN trial, as these were reported to be representative of the population who will receive
crizanlizumab in UK clinical practice. The company chose to use UK specific estimates of patient
characteristics but these were not specific to SCD patients who experience recurrent VOCs and instead
represent the characteristics of all SCD patients. It is not clear to what extent the characteristics of the
broader SCD population are representative of those patients experiencing recurrent VOCs. However,
the company used the age and gender from HES in the calculation of HRs for mortality and
complications and therefore the ERG did not change age and gender in their base-case. Only weight
was changed in the base-case. Scenarios will be performed whereby the characteristics are all taken
from the UK estimates and all taken from SUSTAIN to examine the impact on results. It should be
noted that by changing the baseline age and gender distribution in the model to the values from
SUSTAIN, it is assumed that the HRs for mortality and complications obtained from HES are valid for
the SUSTAIN characteristics however this cannot be verified.
7.1.3.2 Scenario set 2: HC/HU use
The company assume HC/HU use of 14.2% from the National Haemoglobinopathy Registry, instead of
*****, as seen in the SUSTAIN trial. The data from the National Haemoglobinopathy Registry includes
all SCD patients, not just those experiencing recurrent VOCs. Given that HC/HU treatment is used to
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reduce VOCs, it is likely that it is mostly used in patients experiencing recurrent VOCs and therefore
its use will likely be higher than 14.2%. Therefore, the ERG base-case used the usage from SUSTAIN.
The
company
also
state
in
their
submission
that*******************************************************************************
********************************************************. The ERG therefore performed
scenarios considering 0% and 100% of HC/HU use as well as the company’s base-case assumption of
14.2%.
7.1.3.3 Scenario set 3: Chronic transfusions
There is uncertainty in the model surrounding the proportion of patients in either arm who will receive
treatment with chronic blood transfusions. The base-case (both company and ERG) assumed ** of the
SoC arm and 0% of the crizanlizumab arm will receive chronic transfusions. Again the ** is estimated
from all patients in the HES database, including patients not experiencing VOCs. Therefore, in a
population experiencing recurrent VOCs, this proportion could be higher. The company assumed that
none of the patients receiving crizanlizumab will also receive chronic blood transfusion, but this is
uncertain, with a lack of clinical practice data. Therefore, different proportions of patients receiving
chronic transfusions in each arm were tested to examine the impact on results.
7.1.3.4 Scenario set 4: Duration of treatment effect (while still on treatment)
The company assumed that the transition probabilities in the crizanlizumab and SoC arms stay the same
over time. This implies a constant lifetime treatment effect, which is an assumption that has not been
clinically validated by the company. The ERG performed a scenario analysis in which several options
for a finite duration of treatment effect (five, 10, or 15 years) were considered. It was assumed that,
once crizanlizumab is no longer effective, patients stop receiving crizanlizumab and move to the SoC
arm instead. In another scenario set, it was assumed that patients continue to receive crizanlizumab,
even as its effect wanes over time. It was not deemed feasible to implement in the model the assumption
of a gradually decreasing treatment effect over time. Instead, patients were assumed to receive full
treatment benefits for a pre-specified period (five, 10, or 15 years), after which they received no
treatment benefit at all and were subject to the transition probabilities and mean annualised VOC rates
per health state of the SoC arm.
7.1.3.5 Scenario set 5: Post-discontinuation efficacy
The company assumed two years of maintained post-discontinuation efficacy in all patients, including
those who discontinued in the first year. The company had data from the SUCCESSOR trial which
showed that efficacy was maintained one year after completion of crizanlizumab in patients who
completed the SUSTAIN trial. Therefore, in the ERG base-case the post-discontinuation efficacy was
reduced to one year, only in patients who finished the first year of treatment. These assumptions were
altered in scenarios to test the impact on results.
7.1.3.6 Scenario set 6: changing HRQoL modelling assumptions and utility sources
The company base-case utilised health state utility values derived from an unpublished analysis of the
LEGACY registry study.1 These health state values were treated as the baseline utility value in each
cycle to which additional decrements in utility related to individual VOC events were applied. Utility
estimates from the SUSTAIN trial were not provided. Therefore, the ERG decided to rely on the
LEGACY health state values for the base-case. The health state values of the unpublished analysis of
the LEGACY registry study were lower than the estimates from published studies described in NICE
CG143 (Appendix F), which might imply that the LEGACY health state values potentially capture (a
part of) the HRQoL impact of individual VOC events alongside the HRQoL impact of SCD between
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events.52 The ERG therefore tested scenarios in which the impact of VOC events is solely captured
within the health state value or is solely captured as per event decrement. The impact of these changes
was provided, as well as the impact of assuming that patients experience a utility decrement two days
prior to the hospitalisation for the VOC event.
7.2

Impact on the ICER of additional clinical and economic analyses undertaken by the ERG

7.2.1

Results of the ERG preferred base-case scenario

The results of the ERG preferred base-case analysis (as outlined in section 7.1.2 of this report) are
displayed in Table 7.2. The implementation of the ERG preferred assumptions resulted in an ICER of
£693,689.30, which is slightly more than double the company’s base-case ICER of £329,868.32.
Table 7.2: ERG base-case deterministic results for the (discounted, with PAS)
Technologies

Total costs
(£)

Total
LYG
s

Total
QALY
s

Incr. costs
(£)

Incr.
LYG
s

Incr.
QALY
s

ICER
versus
baseline
(£/QALY)

Crizanlizuma
b

**********
*

****
*

****

**********
*

****

****

£693,689.3
0

SoC

**********
*

****
*

****

Based on electronic model, updated in response to request for clarification20
ICER = incremental cost effectiveness ratio; Incr. = incremental; LYG = life years gained; QALYs = quality
adjusted life years

A PSA was also conducted using the ERG preferred base-case assumptions. The results of the ERG
PSA are shown in Table 7.3. The probabilistic ICER was £524,226, which is substantially lower than
the deterministic ICER. This is due to the inclusion and sampling of the proportion of patients in each
of the VOC health states. This was also an issue in the company model provided in response to
clarification and could not be fixed by the ERG in the time available.
Table 7.3: ERG base-case probabilistic results for the (discounted, with PAS)
Technologies
Crizanlizumab

Incr. costs (£)

Incr. LYGs

Incr. QALYs

ICER versus SoC
(£/QALY)

********

****

****

£524,226

Based on electronic model, updated in response to request for clarification20
ICER = incremental cost effectiveness ratio; Incr. = incremental; LYG = life years gained; QALYs = quality
adjusted life years

The incremental costs and incremental QALYs obtained from the ERG PSA were plotted in the cost
effectiveness (CE)-plane and a cost effectiveness acceptability curve (CEAC) was calculated. These are
shown in Figures 7.1 and 7.2, respectively. Most of the simulations (*****) fell in the north-east
quadrant of the CE-plane, where crizanlizumab provides additional QALYs to SoC, but at additional
costs. However, none of these simulations in the north-west quadrant fell below the £30,000 per QALY
gained threshold. SoC dominated crizanlizumab in the north-west quadrant of the CE-plane in **** of
simulations. Crizanlizumab dominated SoC in **** of simulations in the south-east quadrant of the CEplane. The CEAC indicated that at WTP thresholds of £20,000 and £30,000, the probability that
crizanlizumab is cost effective remains at ****.
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Figure 7.1: ERG preferred cost effectiveness plane

Based on electronic model, updated in response to request for clarification20
ERG = Evidence Review Group; QALY = quality-adjusted life year; WTP = willingness-to-pay

Figure 7.2: ERG preferred cost effectiveness acceptability curve

Based on electronic model, updated in response to request for clarification20
CEAC = cost effectiveness acceptability curve; ERG = Evidence Review Group; SoC = standard of care

The results of the ERG DSA are displayed in Figure 7.3. This shows that patient weight, utilities,
number of VOC events in the most severe VOC health state, concomitant HC/HU use and compliance
for crizanlizumab are the most influential parameters on the ICER.
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Figure 7.3: ERG preferred one-way sensitivity analysis

Based on electronic model, updated in response to request for clarification20
ERG = Evidence Review Group; HU = hydroxyurea; ICER = incremental cost effectiveness ratio; QALY =
quality-adjusted life year; VOC = vaso-occlusive crises
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7.2.2

Results of the ERG additional exploratory scenario analyses

7.2.2.1 Scenario set 1: Patient characteristics
Assuming all patient characteristics from UK sources resulted in the lowest ICER of £505,666, while assuming all characteristics from SUSTAIN resulted in
the largest ICER of £733,489 (Table 7.4). This range of results shows the importance of the patient characteristics in the analysis.
Table 7.4: Patient characteristic scenarios
Patient characteristics

Crizanlizumab

SoC

Costs (£)

QALYs

Costs (£)

QALYs

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

Age, gender, and weight UK (company BC)

********

****

********

****

********

****

£505,666

Age, gender, and weight SUSTAIN

********

****

********

****

********

****

£733,489

Age and gender UK; weight SUSTAIN (ERG BC)

********

****

********

****

********

****

£693,689

Based on electronic model, updated in response to request for clarification20
BC = base-case; ERG = Evidence Review Group; ICER = incremental cost effectiveness ratio; Incr. = incremental; QALY = quality adjusted life year; SoC = standard of
care; UK = United Kingdom

7.2.2.2 Scenario set 2: HC/HU use
The lowest ICER in this scenario set (£484,103) was obtained when no patients in either arm were assumed to receive HC/HU, while the highest ICER of
£953,475 was obtained when all patients were assumed to receive HC/HU (Table 7.5). Again, the range of results shows that the assumed HC/HU usage is a
driver of results.
Table 7.5: HC/HU usage scenario analyses
HC/HU use

Crizanlizumab

SoC

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

Costs (£)

QALYs

Costs (£)

QALYs

HC/HU use 14.2% (UK estimate) (company BC)

********

****

********

****

********

****

£519,073

HC/HU use SUSTAIN (ERG BC)

********

****

********

****

********

****

£693,689

No HC/HU use in either arm (always monotherapy)

********

****

********

****

********

****

£484,103

Everyone HC/HU use in both arms (always combination therapy)

********

****

********

****

********

****

£953,475
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HC/HU use

Crizanlizumab
Costs (£)

SoC

QALYs

Costs (£)

QALYs

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

Based on electronic model, updated in response to request for clarification20
BC = base-case; ERG = Evidence Review Group; HC = hydroxycarbamide; HU = hydroxyurea; ICER = incremental cost effectiveness ratio; Incr. = incremental; QALY =
quality adjusted life year; SoC = standard of care; UK = United Kingdom

7.2.2.3 Scenario set 3: Chronic transfusion assumptions
Some variation in results is also seen when assuming different proportions of chronic transfusion treatment in the different arms. The smallest ICER (£652,383)
resulted from assuming proportions of 0|% and *** in the crizanlizumab and SoC arms respectively while the largest (£736,619) resulted from assuming equal
usage of ** in both arms (Table 7.6). However, the range in results is smaller than the previous scenarios suggesting that this assumption is driving results less
than patient characteristics and HC/HU use.
Table 7.6: Chronic transfusion scenario analyses
Chronic transfusion assumptions

Crizanlizumab

SoC

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

Costs (£)

QALYs

Costs (£)

QALYs

Criz = 0%
SoC = ** (BC)

********

****

********

****

********

****

£693,689

Criz = **
SoC = **

********

****

********

****

********

****

£736,619

Criz = 0%
SoC = ***

********

****

********

****

********

****

£652,383

Criz = ****
SoC = **

********

****

********

****

********

****

£715,154

Based on electronic model, updated in response to request for clarification20
Criz = crizanlizumab; ICER = incremental cost effectiveness ratio; Incr. = incremental; QALY = quality adjusted life year; SoC = standard of care
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7.2.2.4 Scenario set 4: Assumed duration of treatment effect
The company assumed that the transition probabilities in the crizanlizumab arm stay the same over time. This implies a constant lifetime treatment effect, which
is an assumption that has not been clinically validated by the company. Scenario analysis were conducted to account for the possibility that crizanlizumab is
effective for a limited period. The first scenario set assumes that patients stop receiving crizanlizumab ones its effectiveness ceases, while the second set assumes
continuing treatment despite ceased treatment effectiveness. While continuing to give crizanlizumab once it is no longer effective may not be a realistic scenario,
the second scenario set serves to proxy a waning treatment effect over time. In the case of a gradually decreasing treatment effect, crizanlizumab may continue
to be given to the patient. The most optimistic scenario (15 years of full treatment effect, treatment discontinued once it is no longer effective) raises the basecase ICER to £701,525, while the most pessimistic scenario (five years of full treatment effect, continued treatment) raises the base-case ICER to
£1,439,905 (Table 7.7).
Table 7.7: ERG Long-term treatment effectiveness scenario analyses
Crizanlizumab

SoC

Costs (£)

QALYs

Costs (£)

QALYs

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

5-year treatment effectiveness, discontinued
treatment

********

****

********

****

********

****

£748,970

10-year treatment effectiveness, discontinued
treatment

********

****

********

****

********

****

£738,055

15-year treatment effectiveness, discontinued
treatment

********

****

********

****

********

****

£701,525

5-year treatment effectiveness, continued
treatment

********

****

********

****

********

****

£1,439,905

10-year treatment effectiveness, continued
treatment

********

****

********

****

********

****

£871,452

15-year treatment effectiveness, continued
treatment

********

****

********

****

********

****

£754,456

Based on electronic model, updated in response to request for clarification20
ERG = Evidence Review Group; ICER = incremental cost effectiveness ratio; Incr. = incremental; QALY = quality adjusted life year; SoC = standard of care
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7.2.2.5 Scenario set 5: Post-discontinuation treatment effectiveness
Changes in the assumptions surrounding post-discontinuation treatment effectiveness had a smaller impact on results, with ICERs ranging from £693,689 for
the ERG base-case assumption to £621,678 for the company assumption (Table 7.8).
Table 7.8: ERG Post-discontinuation treatment effectiveness scenario analyses
Post-discontinuation treatment effectiveness
Crizanlizumab

SoC

Costs (£)

QALYs

Costs (£)

QALYs

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

2 years all patients (company BC)

********

****

********

****

********

****

£621,678

2 years in patients completing 1 year of
treatment

********

****

********

****

********

****

£667,550

1 year in patients completing 1 year of
treatment (ERG BC)

********

****

********

****

********

****

£693,689

1 year in all patients

********

****

********

****

********

****

£668,370

Based on electronic model, updated in response to request for clarification20
BC = base-case; ERG = Evidence Review Group; ICER = incremental cost effectiveness ratio; Incr. = incremental; QALY = quality adjusted life year; SoC = standard of
care

7.2.2.6 Scenario set 6: changing HRQoL modelling assumptions and utility sources
For their base-case, the ERG utilised health state utility values derived from an unpublished analysis of the LEGACY registry study, on which addition per
event decrements were applied for individual VOC events. However, based on the values of the LEGACY utility estimates and the four-week recall period of
the SF-36 that was used to derive these estimates, the ERG felt that applying the additional per event decrement might lead to an overestimation of the impact
of individual VOC events. The assumption that the impact of VOC events is captured solely within the health state values increases the ICER by approximately
£218,000 (Table 7.9). The assumption that the impact of VOC events is solely captured in per event decrements increases the ICER by approximately £156,000
when using the LEGACY <1 VOC health state value as baseline utility value for all patients. In the scenario that a per event VOC utility decrement is applied
when using the steady-state utility from NICE CG143 as baseline utility value for all patients, the ICER increases by approximately £124,000.52 Finally, the
assumption that patients experience a utility decrement from the moment of hospitalisation instead of two days priors increases the ICER by approximately
£51,000.
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Table 7.9: ERG HRQoL scenario analyses
Utility scenario’s

Crizanlizumab

SoC

Costs (£)

QALYs

Costs (£)

QALYs

Incr.
Costs (£)

Incr.
QALYs

ICER (£)

Impact VOC through health state and
per-event decrement, with VOC impact
starting two days prior to hospitalisation
(ERG BC)

********

****

********

****

********

****

£693,689

Impact individual VOC events captured
in health state utility value only

********

****

********

****

********

****

£911,405

Impact VOC events captured as perevent decrement only, using the <1 VOC
health state utility as steady-state

********

****

********

****

********

****

£849,796

Impact VOC events captured as perevent decrement only, using the steadystate utility from NICE CG143

********

****

********

****

********

****

£818,111

VOC utility decrement starts at
hospitalization

********

****

********

****

********

****

£744,939

Based on electronic model, updated in response to request for clarification20
BC = base-case; CG = clinical guideline; ERG = Evidence Review Group; HRQoL = health-related quality of life; ICER = incremental cost effectiveness ratio; Incr. =
incremental; NICE = National Institute for Health and Care Excellence; QALY = quality adjusted life year; SoC = standard of care; VOC = vaso-occlusive crises

7.3

ERG’s preferred assumptions

The ERG preferred changes to the updated company base-case were described in section 7.1.2. The cost effectiveness results of the ERG preferred base-case
are presented in Table 7.10 in eight steps, where, in each step, the cumulative impact on the model results is shown. The assumption with the largest impact on
the ICER was assuming the HC/HU usage from SUSTAIN followed by assuming the patient weight from SUSTAIN. These results emphasise the importance
of clarifying whether the SUSTAIN trial is indeed generalisable to UK clinical practice in terms of population and treatment.
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Table 7.10: ERG’s preferred model assumptions (with PAS)
Crizanlizumab

SoC

Inc.
Costs (£)

Inc.
QALYs

Cumulative
ICER
(£/QALY)

****

********

****

£329,868

********

****

********

****

£332,488

****

********

****

********

****

£332,488

********

****

********

****

********

****

£332,488

5.2.9

********

****

********

****

********

****

£332,488

ERG change 4 - Applied compliance to
administration costs

5.2.9

********

****

********

****

********

****

£331,252

ERG change 5 - Patient weight from
SUSTAIN

5.2.3

********

****

********

****

********

****

£463,269

ERG change 6 - HC/HU usage from
SUSTAIN

5.2.4

********

****

********

****

********

****

£621,678

ERG change 7 - Post-discontinuation
efficacy maintained for 1 year.

5.2.6

********

****

********

****

********

****

£668,370

ERG change 8 - Only patients
completing first year of treatment get
extended post-discontinuation efficacy

5.2.6

********

****

********

****

********

****

£693,689

Section
in ERG
report

Total
Costs (£)

Total
QALYs

Total
Costs (£)

Total
QALYs

Company base-case CS

6.1

********

****

********

Company base-case post-clarification

7.1

********

****

ERG change 1 - Correct Dirichlet in PSA

6.2.1

********

ERG change 2 - Include VOC state
distributions and number of VOCs per
health state in PSA

6.2.1

ERG change 3 - Cost additional
administration of crizanlizumab in the
first year

Preferred assumption

Based on electronic model, updated in response to request for clarification20
ERG = Evidence Review Group; HC = hydroxycarbamide; HU = hydroxyurea; HRQoL = health-related quality of life; ICER = incremental cost effectiveness ratio; Incr. =
incremental; QALY = quality adjusted life year; PAS = Patient Access Scheme; PSA = probabilistic sensitivity analysis; SoC = standard of care; VOC = vaso-occlusive
crises
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7.4

Conclusions of the cost effectiveness section

The company submitted a de-novo Markov cohort model to assess the cost effectiveness of
crizanlizumab versus SoC as a treatment for the prevention of recurrent VOCs in patients with SCD.
The model health states were defined according to the average number of VOC that patients experienced
in one year. The company selected the following health states: <1 VOC, ≥1–<3 VOC or ≥3 VOCs. At
the beginning of each new model cycle, patients who were alive at the end of the previous cycle were
“redistributed” into the three VOC health states. Patients who died transitioned to the absorbing death
state. In each model cycle, patients could experience the following SCD-related complications: acute
chest syndrome, sepsis, gall stones, cardiac arrhythmias, cellulitis, leg ulcers, osteomyelitis,
priapism (only in males) and pulmonary hypertension
The ERG has concerns about whether the current model is fit for purpose. The main issue is that the
definition of health states in terms of VOC per year (less than one, between one and three, and more
than three VOC) does not match with the way it was recorded in SUSTAIN (between two and four, and
between five and 10). Consequently, transition probabilities for the model cannot be derived using data
from the 52-week SUSTAIN trial. To overcome this limitation, and in the absence of any longer-term
data on the use of crizanlizumab, the company re-distributed all alive patients between the VOC health
states at the end of every model cycle according to the proportions observed in SUSTAIN. However,
this also seems inappropriate since SUSTAIN only provides information about patients with more than
two VOC at baseline (how patients with less than two VOC would transition after the first year in the
model and following treatment with crizanlizumab is unknown given the 52-week duration of the trial).
Furthermore, the company assumed in the model that there is no direct link between SCD-related
complications and death. For some complications, like acute chest syndrome, this assumption seems
unrealistic. Even though the company indicated that since all-cause mortality (including death from
acute chest syndrome) from the HES database was considered when estimating the baseline mortality
hazard and the HRs for the VOC health states of the model, applying a separate risk of death for acute
chest syndrome would result in double counting of death; it remains unclear to what extent the
definitions of VOC in SUSTAIN and HES are equivalent and whether the impact of SCD-related
complications on death are properly captured in the model. With the available data, a time to event
approach seems more logical and would overcome the concerns raised by the ERG.
The main source of efficacy data in the model comes from the SUSTAIN trial, which is used to
distribute patients in each treatment group between the three VOC health states and determines the
mean number of VOCs per treatment group per health state in each cycle. The company argued that
patients in SUSTAIN were representative of the population who would be expected to receive
crizanlizumab in UK clinical practice i.e. those patients experiencing recurrent VOCs. However, in their
base-case the company assumed baseline patient characteristics of age and gender distribution from the
HES database and weight from the NICE CG143 guideline, arguing that the use of UK based estimates
was more appropriate.52 However, the vast majority of SCD patients in the HES database analysis did
not experience recurrent VOC and therefore represented a much broader, and possibly less severe, group
of patients than would receive crizanlizumab in practice. The estimated weight from the NICE guideline
was also intended to be representative of all SCD patients. Therefore, the ERG would argue that patient
characteristics should be have taken from the SUSTAIN trial in the base-case, especially as this source
represents the main source of treatment efficacy in the submission as it determined patients’ health state
occupancy and number of VOC events and therefore was a driver of their risk of complications,
mortality and their costs and HRQoL.
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There were also uncertainties relating to treatment usage in both arms. In their base-case, the company
also assumed that the proportion of patients receiving HC/HU in each treatment group was better
represented by estimates from UK data than from the SUSTAIN trial. Therefore, in their base-case they
assumed 14.2% of patients received HC/HU in each treatment arm, based on information from the
National Haemoglobinopathy Registry annual report 2018/2019 which included all SCD patients, rather
than ***** of patients as seen in the SUSTAIN trial. Given that the aim of HC/HU treatment is to
prevent recurrent VOC, it can be assumed that its use would be higher in a population experiencing
recurrent VOC. This was supported by the company submission which stated that the majority of
HC/HU use was expected to be in patients with recurrent VOC, as per BSH treatment guideline
recommendations, but in the absence of a specific estimate for the recurrent VOC population, the value
from the National Haemoglobinopathy Registry was used in the cost effectiveness analysis.20 The ERG
therefore considered that the proportion of patients receiving HC/HU in the SUSTAIN trial should be
used in the model as this population reflects the population expected to receive crizanlizumab in clinical
practice. The company also assumed that no patients receiving crizanlizumab would receive chronic
blood transfusions, while ** of SoC patients would. Again, the assumption of ** was taken from all
SCD patients in the HES analysis who did not have a prior diagnosis of stroke (in order to exclude
patients receiving transfusions for the prevention of stroke) and not only those experiencing recurrent
VOCs who did not have a prior diagnosis of stroke. Therefore, in a recurrent population the usage is
likely to be higher. There is no data with which to validate the assumption that no patients treated with
crizanlizumab will receive chronic blood transfusion in clinical practice. Therefore, these assumptions
were explored in ERG scenarios.
The company incorporated treatment effectiveness in the economic model by considering the patient
distribution across the three VOC health states (<1, ≥1-<3, ≥3) and linking the mean annualised VOC
rate within each health state to mortality and complications. Annualised VOC rates were obtained
through the SUSTAIN trial, while the estimated association between VOC rates and mortality and
complications resulted from statistical analysis on the HES database. In the company’s base-case, the
distribution of patients into the different health states and the rate of VOCs in each state were assumed
to be constant over time within the crizanlizumab and SoC arms. This implicitly assumed a constant
lifetime treatment effect for crizanlizumab while on treatment.
The company assumed that patients who discontinued crizanlizumab were subject to a continuing
treatment effect for two additional years. This was based on data from the follow-up trial SUCCESSOR,
in which 15 patients that had completed the high-dose crizanlizumab treatment arm experienced a mean
annualised VOC rate in the year post trial completion, similar to the SUSTAIN trial (2.7 versus 2.89).
In the company’s base-case it was assumed that the additional two years of treatment effect applied to
all patients who discontinued treatment, including the 32.8% of patients who discontinued treatment in
the first model cycle.
The ERG is concerned that no data was available on the long-term efficacy of crizanlizumab beyond
one year of treatment and yet the base-case assumed a lifetime treatment effect. The company indicated
in their response to the clarification letter that this assumption has also not been clinically validated.20
In the absence of data the ERG has not changed this in the base-case but the impact on results, as
observed in the ERG scenarios, is large when assuming shorter durations of treatment efficacy.
In their response to the clarification letter, the company indicated two years of treatment effect postdiscontinuation to be “the likely maximum periods to observe any benefits” (italics added).20 The ERG
therefore suspected that assuming two years of post-discontinuation treatment effect would
overestimate the actual treatment benefit and reduced the post-discontinuation benefit to one year in the
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ERG base-case, to reflect the data available from SUCCESSOR. Given that the SUCCESSOR study
provided data only for patients who finished one year of treatment, the ERG deemed it more appropriate
to allocate the additional post-discontinuation treatment effect only to patients who finished the first
cycle.
The ERG questions the appropriateness of using the patient characteristics in the HES database to link
VOC state outcomes for the population in the SUSTAIN trial to mortality and complications, due to the
large differences between the two patient populations in terms of VOC state distribution. The ERG
would have liked to use the patient characteristics from the SUSTAIN trial (age, gender) in its basecase, in order to better reflect the patient population likely to receive crizanlizumab in clinical practice.
However, the ERG did not feel confident that using the HRs (used to estimate mortality and
complications based on mean annualised VOC rate) that were estimated from the HES data set, with a
different mean age and gender distribution, would be appropriate to apply.
The company declined to include grade 3 and 4 AEs observed in the SUSTAIN trial in the model as
they assumed that given the similar overall incidence of AEs across the treatment arms, this would not
have a large impact on costs. The ERG would argue that different AEs can have very different impacts
on costs and QALYs and therefore AEs should have been included for completeness. However, they do
agree that in this case they are unlikely to be the driver of results.
The company did not provide utility estimates from the SUSTAIN trial, arguing that limitations of the
SUSTAIN trial with regards to the collection of HRQoL data (e.g. HRQoL collected at fixed timepoints
which may or may not have corresponded to the occurrence of a VOC) and the limited duration of the
trial, led to their decision to derive utility values from published studies. The impact of frequent VOC
events is captured within the health state utility values used for each VOC state, onto which an
additional per event utility decrement is applied for each individual VOC event. The company utilised
health state utility values derived from an unpublished analysis of the LEGACY registry data. The per
event utility decrements were derived from the published study by Anie et al. 2012.56 The ERG raised
their concerns regarding choice of applying the LEGACY health state utility values which differ per
VOC health state in addition to the per event decrement for individual VOC events and conducted
several additional scenario analyses to explore the influence of changing modelling assumptions for
utilities on the cost-effectiveness results. These scenarios showed that the utilities values used have a
substantial effect on the ICER and are a driver of results.
Costs were generally implemented appropriately in the model, although the ERG did request several
small corrections at clarification. For the yearly administration cost for crizanlizumab and for the
acquisition cost of crizanlizumab, the company provided an adapted version of the electronic model
aligning the two calculations, which deviated in the original submission. Further, the company provided
on option in the model to include administration cost for the additional dose of crizanlizumab in the
first year, which was originally omitted. This option was included in the base-case analysis by the ERG.
The company did not include costs for materials such as syringe and sodium chloride/dextrose used for
the administration of crizanlizumab arguing that these costs would be negligible and not impact cost
effectiveness outcomes. The ERG concludes that for completeness all material cost should be included.
Furthermore, the company did not include staff cost for the monitoring for HC/HU arguing that the
same costs would be applied to the same proportion of patients in each treatment arm in the model.
Considering the same argument could be made for the other monitoring resources included in the
electronic model, the ERG concludes that for completeness all monitoring cost should be included. The
ERG did not include these in their ERG given time constraints and the likely small impact on results.
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The company base-case results indicated that, compared to SoC, crizanlizumab generates an additional
**** QALYs, at an additional cost of *********** when including the agreed PAS for crizanlizumab.
This results in an ICER of £329,868.32 per QALY gained which is substantially higher than the standard
STA NICE threshold range of £20,000-30,000 per QALY gained. The probabilistic base-case resulted
in an ICER of £370,699 and indicated that at a threshold of £30,000, crizanlizumab has less than ***%.
probability of being cost effective. The company DSA and scenario analyses showed that assumptions
surrounding patient weight, utilities and post-discontinuation compliance had the largest impact on
results, out of those parameters and assumptions tested.
The ERG made several changes to the company base-case including assuming the patient weight and
HC/HU usage from the SUSTAIN trial, assuming only one year post-discontinuation efficacy for
crizanlizumab only in patients who completed one year of treatment, applying the compliance rates to
crizanlizumab administration costs, costing the additional dose of crizanlizumab in the first year and
including VOC state proportions and mean number of VOCs in the PSA while correcting the Dirichlet
calculation for the distribution of patients. These changes indicated that crizanlizumab generated an
additional **** QALYs at an additional cost of ***********, resulting in an ERG base-case ICER of
£693,689 per QALY gained. The ERG probabilistic analysis suggested that a WTP thresholds of
£20,000 and £30,000, the probability that crizanlizumab is cost effective remains at ***%. The ERG
changes which had the largest impact on results were assuming the HC/HU usage and patient weight
from the SUSTAIN trial. The ERG scenarios showed that the assumptions which had the largest impact
on results were assumptions surrounding the long-term efficacy of crizanlizumab, HC/HU usage,
utilities and patient characteristics. These represent substantial areas of uncertainty in the submission
which should be further addressed before any firm conclusions on cost effectiveness can be made.
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8.

End of life

In the CS, the company did not include any statement regarding crizanlizumab meeting the end of life
criteria defined by NICE.1, 43
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You are asked to check the ERG report to ensure there are no factual inaccuracies
contained within it.
If you do identify any factual inaccuracies, you must inform NICE by 5pm on Friday 31
July 2020 using the below comments table. All factual errors will be highlighted in a
report and presented to the Appraisal Committee and will subsequently be published on
the NICE website with the committee papers.
The factual accuracy check form should act as a method of detailing any inaccuracies
found and how and why they should be corrected.

Section 1: Major Issues
Issue 1

Model structure and use of SUSTAIN

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 16 and 113 it states:

On page 16 and 113 the text should be
amended to:

At present, the SUSTAIN trial
represents the primary source of
efficacy for crizanlizumab in this
indication and so has been used to
inform the occurrence of VOC in the
model. As the trial duration was
only 52 weeks, we agree there are
limitations with using data from
SUSTAIN to inform the occurrence
of VOC beyond 52 weeks (as
acknowledged in Section B.3.11 of
the company submission, and part
of our rationale for wishing to
explore a Managed Access
Agreement). It is noted in the
company submission (see page
72), that the use of SUSTAIN to
determine health state occupancy
for all cycles in the model was
necessary in the absence of longterm data on the efficacy of
crizanlizumab.

Changed accordingly

“Consequently, transition
probabilities for the model cannot
be derived.”
And
“To overcome this limitation, the
company re-distributed all alive
patients between the VOC health
states at the end of every model
cycle according to the proportions
observed in SUSTAIN.”
And
“However, this also seems
inappropriate since SUSTAIN only
provides information about
patients with more than two VOC
at baseline (how patients with less
than two VOC would transition is
unknown).”
On page 65 it states:
“Based on this, the ERG
conclusion is that transition
probabilities in the model cannot
be accurately estimated due to

“Consequently, transition probabilities for the
model cannot be derived using data from the
52-week SUSTAIN trial.”
And
“To overcome this limitation, and in the
absence of any longer-term data on the use
of crizanlizumab, the company re-distributed
all alive patients between the VOC health states
at the end of every model cycle according to the
proportions observed in SUSTAIN.”
And
“However, this also seems inappropriate since
SUSTAIN only provides information about
patients with more than two VOC at baseline
(how patients with less than two VOC would
transition after the first year in the model and
following treatment with crizanlizumab is
unknown given the 52-week duration of the
trial).”
On page 65 the text should be amended to:
“Based on this, the ERG conclusion is that
transition probabilities in the model cannot be

A number of concerns raised by the
ERG regarding the model structure
and absence of transition
probabilities are related to the use
of SUSTAIN and the 52-week

missing information (SUSTAIN
data cannot inform transitions
from the less than one VOC
health state and can only partially
inform transitions from the
between one and three VOC).”

accurately estimated due to missing information
(SUSTAIN data cannot inform transitions from
the less than one VOC health state and can
only partially inform transitions from the
between one and three VOC, given that only
patients with more than two VOC in the
previous 12 months were included in the
trial, which lasted for only 52 weeks).”

duration of the trial, and yet this is
not explicitly mentioned in the ERG
report. However, this is important to
acknowledge given our intention to
discuss the potential for a Managed
Access Agreement with NICE and
NHS England, and collect additional
data for the efficacy of
crizanlizumab beyond 52 weeks.
The limited data available to model
long-term outcomes for SCD
patients and those treated with
crizanlizumab also impacts other
points raised by the ERG, including
the choice of model type. The
simpler approach of using a Markov
cohort model, rather than a time-toevent based model, was taken in
the company submission because
this was considered to better suit
the data available at the time.
The amendments have been
proposed to make this limitation
clear and to acknowledge (as per
the company submission) that the
use of SUSTAIN was necessary in
the absence of longer-term data.
It should also be noted that there
are clear disagreements between
the ERG and Novartis regarding i)
the choice of model health states in
relation to the SUSTAIN eligibility
criteria, and ii) how VOC should be
modelled in the first model cycle

based on data from SUSTAIN, both
of which relate to the points raised
in this issue. Novartis has provided
explanations to support the
approach taken in the company
submission in relation to these
points as part of the clarification
question responses (B1), and can
provide further clarity as needed
during the technical engagement
stage.

Issue 2

Model structure and representation of ‘transitions’ in the model diagram

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 66 it states:

The text on page 66 should be amended to:

Changed accordingly

“Therefore, the model is not using
transition probabilities as in
standard Markov models (e.g.
transitions between VOC health
states as – wrongly – depicted in
Figure 5.1 are not possible)”

“Therefore, the model is not using transition
probabilities as in standard Markov models
(e.g. transitions between VOC health states as
– wrongly – depicted in Figure 5.1 are not
directly modelled using transition
probabilities possible)”

In the model the proportion of
patients in each VOC health state
changes over time, as a result of
patients being redistributed between
health states at the start of each
cycle, in addition to the impact of
events in the model such as death.
Patients therefore do ‘move’ from
one VOC health state to another,
but not via transition probabilities,
with the distribution from SUSTAIN
used instead in the absence of
other data (see Issue 1). As such, it
is not correct to say that the model
structure diagram wrongly depicts
how patients can ‘move’ between
health states in the model.
As noted in Issue 1, there are wider

disagreements between the ERG
and Novartis about to the model
structure, which relate to the point
raised by the ERG in this issue.
That transition probabilities from
SUSTAIN were not used in the
model has been described in
responses to the clarification
questions (B1), and further clarity
on Novartis position with regards to
the model structure can be provided
at the technical engagement stage.

Issue 3

Definition of VOC used in SUSTAIN and the HES analysis

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 67 it states:

On page 67 the text should be amended to:

Changed accordingly

“Additionally, the company
indicated that “in the HES
database analysis the definition of
VOC included both priapism and
acute chest syndrome. Therefore,
as the increased risk of death due
to acute chest syndrome is
already captured, applying a
separate risk of death for acute
chest syndrome would result in
double counting of death”.19 As
the company mentioned in their
response to clarification question
B1.c,19 in the SUSTAIN trial
“VOC were defined as acute
episodes of pain, with no

“Additionally, the company indicated that “in the
HES database analysis the definition of VOC
included both priapism and acute chest
syndrome. Therefore, as the increased risk of
death due to acute chest syndrome is already
captured, applying a separate risk of death for
acute chest syndrome would result in double
counting of death”.19 As the company
mentioned in their response to clarification
question B1.c,19 in the SUSTAIN trial As noted
in the CS (Table 4), “VOC were defined as
acute episodes of pain, with no medically
determined cause other than vaso-occlusive
event, that resulted in a medical facility visit and
treatment with oral or parenteral narcotic agents
or with a parenteral NSAID. ACS, hepatic

This point relates to the “whether
the impact of SCD-related
complications on death are properly
captured in the model.” When
comparing the definitions of VOC
used in SUSTAIN and the HES
analysis, the full definition from
SUSTAIN should therefore be
presented – as this includes the
complications ACS and priapism.
This definition is clearly provided in
the company submission (see Table
4). Having provided the definition of
a VOC quoted by the ERG here, the
response to clarification question
B1.c immediately goes on to say
that, “A VOC alone was considered

medically determined cause other
than vaso-occlusive event, that
resulted in a medical facility visit
and treatment with oral or
parenteral narcotic agents or with
a parenteral NSAID”. Therefore, it
is unclear to what extent the
definitions of VOC in SUSTAIN
and HES are equivalent and
whether the impact of SCDrelated complications on death
are properly captured in the
model.”
On page 12 and 37 it states:
“The primary endpoint was the
annual rate of SCPC, defined as
acute episodes of pain with no
medically defined cause other
than a vaso-occlusive event
which resulted in a medical facility
visit and treatment with oral or
parenteral narcotics or a
parenteral non-steroidal antiinflammatory drugs (NSAIDs).”

Issue 4

sequestration, splenic sequestration, and
priapism were also considered to be crisis
events.”. Therefore, it is unclear to what extent
the definitions of VOC in SUSTAIN and HES
are equivalent and whether the impact of SCDrelated complications on death are properly
captured in the model.”
On page 12 and 37 the text should be amended
to:
“The primary endpoint was the annual rate of
SCPC, defined as acute episodes of pain with
no medically defined cause other than a vasoocclusive event which resulted in a medical
facility visit and treatment with oral or parenteral
narcotics or a parenteral non-steroidal antiinflammatory drugs (NSAIDs). ACS, hepatic
sequestration, splenic sequestration, and
priapism were also considered to be crisis
events.”

an uncomplicated pain crisis. A
second definition of complicated
pain crisis was also used for
patients who experienced episodes
of acute chest syndrome, hepatic
sequestration, splenic sequestration
and priapism that are also
considered complicated forms of
VOC.”
To avoid confusion, the full
definition of VOC from SUSTAIN
should also be provided where this
definition is introduced on pages 12
and 37 of the ERG report.

Generalisability of SUSTAIN and patient body weight in the UK

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 89 it states:

On page 89 the following text should be
removed:

The company preference to use the
UK-specific input from NICE CG143
for patient body weight in the model
is clearly provided in the company
submission (page 80), and is

Not a factual inaccuracy.

“Given that the SUSTAIN trial
represents the recurrent VOC
population to be treated, it is

“Given that the SUSTAIN trial represents the
recurrent VOC population to be treated, it is

While the company do state
their preference to use the UK
estimate of patient weight in

expected that the body weight
from the population in the
SUSTAIN trial is a better fit for the
model. The company confirmed in
their response to the clarification
letter that they consider the
SUSTAIN population to be
reflective of UK patients with SCD
who are expected to be treated
with crizanlizumab.”
On page 19 and 100 it states:
“The ERG prefers to use the
patient weight from SUSTAIN
rather than from CG143 as the
SUSTAIN trial is claimed to be
reflective of the population who
will receive crizanlizumab in UK
clinical practice and the estimate
from CG143 is based on all SCD
patients and not only those
experiencing recurrent VOCs”

expected that the body weight from the
population in the SUSTAIN trial is a better fit for
the model. The company confirmed in their
response to the clarification letter that they
consider the SUSTAIN population to be
reflective of UK patients with SCD who are
expected to be treated with crizanlizumab.”
On page 19 and 100 the following text should
be removed:
“The ERG prefers to use the patient weight
from SUSTAIN rather than from CG143 as the
SUSTAIN trial is claimed to be reflective of the
population who will receive crizanlizumab in UK
clinical practice and the estimate from CG143
is based on all SCD patients and not only those
experiencing recurrent VOCs”

reiterated in the company response
to the clarification question B17. This
preference is acknowledged
elsewhere in the ERG report.
On page 89, the ERG report refers to
the company response to clarification
question A8, where the
generalisability of the SUSTAIN
patient population to the UK is
discussed. Patient body weight is not
mentioned in this response and is not
included as part of the comparison
between baseline characteristics
from the SUSTAIN population and
the data available from the National
Haemoglobinopathy Registry.
The statement provided in response
to clarification question A8 should not
therefore be conflated with
assumptions regarding patient body
weight.
Novartis disagree with the ERG’s
conclusions that body weight from
SUSTAIN is more representative of
patients with SCD in the UK who
experience recurrent VOC than the
inputs used from NICE CG143 (UKspecific assumptions). The difference
in inputs is expected to be due to
geographical differences rather than
because patients with recurrent VOC
will be heavier than the overall SCD
population.

their response to B17 of the
request for clarification and on
page 80 of the CS due to
potential geographical
differences between the study
sites and the UK (which is
acknowledged by the ERG in
the sentence prior to that
quoted by the company on
page 89), the company also
make several statements
throughout the CS stating that
the patient characteristics in
the trial are considered to be
reflective of the UK SCD
population including the
following:
CS page 64:
Furthermore, the baseline
characteristics of patients in
the SUSTAIN trial are also
consistent with those of SCD
patients in the UK and the
generalisability of the
SUSTAIN trial has been
confirmed by a Consultant
Haematologist in the UK who
specialises in the treatment of
SCD. For example, in the
SUSTAIN trial the median age
of patients in years (********),
the proportion of patients who
reported race as ‘Black’
*******, and the proportion of
patients with homozygous

HbS ******* were similar to the
patient characteristics reported
in the National
Haemoglobinopathy Registry
2018/19 annual report: the
median age group amongst
those aged ≥15 was 25–29
years; approximately 86% of
patients were reported to be of
African, Caribbean, or other
Black descent; and 67% of
SCD patients were
homozygous HbS
CS page 71:
As described in Section
B.2.13, the patient population
included in the SUSTAIN trial
is considered to be reflective
of patients with SCD in the UK
who are expected to be
treated with crizanlizumab
(e.g. with regards to age,
ethnicity and genotype)
Clarification response to A8:
In general, the baseline
characteristics of patients in
SUSTAIN are consistent with
those of SCD patients in the
UK. For example, in the
SUSTAIN trial the median age
of patients in years **********,
the proportion of patients who
reported race as ‘Black’

*******, and the proportion of
patients with homozygous
HbS ******* were similar to the
patient characteristics reported
in the National
Haemoglobinopathy Registry
2018/19 annual report: the
median age group amongst
those aged ≥15 was 25–29
years; approximately 86% of
patients were reported to be of
African, Caribbean, or other
Black descent; and 67% of
SCD patients were
homozygous HbS. The
generalisability of the
SUSTAIN trial to the UK
population was confirmed by a
Consultant Haematologist in
the UK who specialises in the
treatment of SCD.
Clarification response to B33:
Through conversation with
another Consultant
Haematologist specialising in
the treatment of SCD (i.e. not
one of the three clinicians in
Table 16) the generalisability
of the patient population
included in the SUSTAIN trial
to patients in the UK with SCD
was validated.
While the company are correct
that patient weight is not

directly mentioned in any of
these statements, neither do
they mention that there are
characteristics for which this
statement is considered not
applicable such as weight,
which leaves the reader with
the impression that the
characteristics in the trial can
be considered representative
of the UK SCD population,
despite the company’s
preference to use UK specific
values.

Issue 5

Description of VOC resulting in a medical facility visit as “more severe”

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

In the “Outcomes” row of Table
3.1 it states:

In Table 3.1 text should be amended to:

The description of VOC resulting in
a medical facility visit as “more
severe”, which was first provided in
the company submission, is not fully
accurate, as was noted in the
response to the clarification
question A3. As described in the
response, patients may not seek
medical treatment for VOC for a
number of reasons independent of
the severity of their VOC event. The
proposed amendment has therefore
been suggested for consistency
with the definition of the outcome
used in the SUSTAIN trial and to
correct the error made in the

Not a factual inaccuracy.

“Only “more severe crises” have
been considered”

“Only “more severe crises” crises that resulted
in a medical facility visit and treatment with
pain relief have been considered”

On page 32 it states:

On page 32 text should be amended to:

“Only “the more severe crises
experienced by patients (i.e.
those that require a medical
facility visit)” were considered”

“Only “the more severe crises experienced by
patients (i.e. those that require a medical
facility visit and treatment with pain relief)”
were considered”

Of note, additional information
provided in response to
question A3 of the response to
request for clarification has
already been discussed in
section 3.4 of the ERG report.

company submission originally.

Issue 6

Transfusion rates used in the model

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 17 and 114 it states:

On page 17 and 114 the text should be
amended to:

The analysis used to derive the
input for transfusion rates in the
model is not described in full and
key information (about excluding
patients with a prior diagnosis of
stroke) is missing which relates to
the points made in the report about
this input not being reflective of
patients with recurrent VOC. As
described on page 76 of the
company submission, the exclusion
of patients with a prior diagnosis of
stroke was done in order to provide
a more accurate estimate of the
proportion of patients who might be
receiving a transfusion due to
recurrent VOC.

Partly addressed.

“The company also assumed that
no patients receiving
crizanlizumab would receive
chronic blood transfusions, while
*% of standard of care (SoC)
patients would. Again, the
assumption of *% was taken from
all SCD patients and not only
those experiencing recurrent
VOCs.”
On page 72 it states:
“The percentage of patients
receiving chronic blood
transfusion for the percentage of
VOC in the SoC group was
assumed to be *%, based on the
percentage of patients in the last
two years of the HES study period
who were coded as receiving a
blood transfusion. The HES
database analysis included all
SCD patients, not only those who
experience recurrent VOCs and it
was not clear whether or not
patients not experiencing
recurrent VOCs were excluded in

“The company also assumed that no patients
receiving crizanlizumab would receive chronic
blood transfusions, while *% of standard of care
(SoC) patients would. Again, The assumption of
*% was taken from all SCD patients in the HES
analysis who did not have a prior diagnosis
of stroke, in order to exclude patients
receiving transfusions for the prevention of
stroke and provide a more accurate
estimate of the proportion of patients
receiving transfusions due to recurrent VOC
and not only those experiencing recurrent
VOCs.”
On page 72 the text should be amended to:
“The percentage of patients receiving chronic
blood transfusion for the percentage of VOC in
the SoC group was assumed to be *%, based
on the percentage of patients in the last two
years of the HES study period who were coded
as receiving a blood transfusion. In order to
exclude patients who may be receiving
transfusions for stroke prevention and
therefore better estimate the proportion of
patients receiving transfusions for recurrent
VOC, only patients without a previous

The ERG understand the
company’s point that the simple
explanation of “all SCD
patients” is inaccurate in this
case, but the proposed
changes for pages 17 and 114
by the company miss the ERGs
point that the patients included
in the assessment may not
reflect the subgroup of patients
experiencing recurrent VOC.
The following changes were
made:
Pages 17 and 114:
Again, the assumption of **
was taken from all SCD
patients in the HES analysis
who did not have a prior
diagnosis of stroke (in order to
exclude patients receiving
transfusions for the prevention
of stroke) and not only those
experiencing recurrent VOCs
who did not have a prior
diagnosis of stroke.
The change on page 72 was

the calculation of this percentage.
Therefore, the percentage of
patients experiencing recurrent
VOCs who receive chronic blood
transfusions may in fact be
higher.”

made as suggested by the
company

diagnosis of stroke were included in the
analysis of blood transfusion data from the
HES database. The HES database analysis
included all SCD patients, not only those who
experience recurrent VOCs and it was not clear
whether or not patients not experiencing
recurrent VOCs were excluded in the
calculation of this percentage. Therefore, the
percentage of patients experiencing recurrent
VOCs who receive chronic blood transfusions
may in fact be higher.”

Section 2: Other Issues
Issue 7

Population considered in the CS

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 11 it states:

On page 11 the text should be amended to:

Not a factual inaccuracy

“Therefore, conclusions should
only be made in the narrower
population addressed in the CS”.

“Therefore, conclusions should only be made in
the narrower population addressed in the CS,
which corresponds to the anticipated
licensed indication for crizanlizumab”.

Whilst the population presented by
Novartis in the CS is narrower than
the final scope issued by NICE, it is
important to note that this is in line
with the anticipated licensed
indication for crizanlizumab (see
draft SmPC and Adakveo CHMP
opinion1).

1

Adakveo CHMP opinion. Available at: https://www.ema.europa.eu/en/medicines/human/summaries-opinion/adakveo.

Issue 8

Use of prior HC/HU and applicability of SUSTAIN results to clinical practice in the UK

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 11 and 31 it states:

Removal of the text on page 11 and page 31.

As outlined in Figure 1 of the

Not a factual inaccuracy

“It should be noted that patients in
the SUSTAIN trial “were prescribed
HC/HU [hydroxy–
carbamide/hydroxyurea] for at least
six months and were dose-stable for
at least three months prior to the
beginning of the study” which might
limit the applicability of the results to
clinical practice in the United
Kingdom (UK)”.

company response to the ERG
clarification questions, patients with
SCD in the UK who are expected to
be considered for treatment with
crizanlizumab are all expected to
have received or been considered
for treatment with HC/HU prior to
treatment with crizanlizumab.
Furthermore, the British Society for
Haematology (BSH) guidelines
recommend that “a 6-month trial on
the maximum tolerated dose is
required prior to considering
discontinuation due to treatment
failure, whether due to lack of
adherence or failure to respond to
therapy” [Qureshi et al. 2018]. It is
therefore reasonable to assume
that in clinical practice patients
would only be considered for
treatment with crizanlizumab after
having been treated with HC/HU for
at least six months, as per the
SUSTAIN trial. Therefore, the
suggestion that the applicability of
SUSTAIN to UK clinical practice is
limited because of the prior use of
HC/HU is not accurate. Evidence to
suggest otherwise has not been
presented in the ERG report.

Issue 9

Source for Table 1.4 and Table 4.10 in the ERG report

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

In the footnote for Table 1.4 it
states:

The text in the footnote for Table 1.4 should be
amended to:

Changed accordingly

“Based on Tables 15 and 16 of
the company submission”

“Based on Tables 14 and 15 and 16 of the
company submission”

BPI pain severity and interference
data for the ITT population is
presented in Tables 14 and 15 of
the company submission.

In the footnote for Table 4.10 it
states:

The text in the footnote for Table 4.10 should
be amended to:

“Based on Tables 15 and 16 of
the company submission”

“Based on Tables 14 and 15 and 16 of the
company submission”

Issue 10 Incorrect value presented for any discontinuation due to AE in the placebo arm
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

In Table 1.5 the value presented
for “any discontinuation due to AE”
is “******”

The value in Table 1.5 should be amended to
“*************”

Data presented is currently
incorrect. The corrected values
have been provided based on those
presented in Table 17 of the
company submission and Table
14.3.1.1 of the CSR.

Changed accordingly

In Table 4.13 the value presented
for “any discontinuation due to AE”
is “******”

The value in Table 4.13 should be amended to
“*************”

Issue 11 Reasoning for not providing utility estimates from the SUSTAIN trial
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 18 and 115 it states:

The text on page 18 and 115 should be
amended to:

To fully reflect the rationale behind
why utility estimates were not
provided from the SUSTAIN trial it
is suggested that the duration of the
trial also be noted (as described on
page 98 of the company
submission). The duration of
studies is one of the key differences
between SUSTAIN and LEGACY,
and the use of data from LEGACY
over SUSTAIN is discussed later on
in the ERG report (page 81). As
noted in Issue 1, the limited
duration of the SUSTAIN trial is
important to acknowledge given our
intention to discuss the potential for
a Managed Access Agreement with
NICE and NHS England, and collect
additional data beyond 52 weeks.

Changed accordingly

“The company did not provide
utility estimates from the
SUSTAIN trial, arguing that
limitations of the SUSTAIN trial
with regards to the collection of
HRQoL data led to their decision
to derive utility values from
published studies.”

“The company did not provide utility estimates
from the SUSTAIN trial, arguing that limitations
of the SUSTAIN trial with regards to the
collection of HRQoL data (e.g. HRQoL
collected at fixed timepoints which may or
may not have corresponded to the
occurrence of a VOC) and the limited
duration of the trial led to their decision to
derive utility values from published studies”

Additional wording has also been
proposed to note what the
limitations of the data collection
from SUSTAIN were.

Issue 12 Characterisation of ACS as the “main outcome” of VOC
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 22 it states:

The text on page 22 should be amended to:

“The CS noted the main outcome

“The CS noted the main severe outcome of

The company submission states on
page 20 that ACS is the “main

Changed accordingly in
section 2.2 and in Table 5.3

of VOC to be acute chest
syndrome”.

VOC to be acute chest syndrome”.

severe outcome” of VOC. Given
that not all VOC will be associated
with ACS to characterise ACS as
the “main outcome” of VOC without
also acknowledging the severity
may not be accurate.

Issue 13 Source to support the assumption that a low proportion of patients receive chronic blood transfusion for
prevention of VOC
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 23 it states:

The text on page 23 should be amended to:

Changed accordingly

“The CS noted that the proportion
of patients in the UK who receive
regular blood transfusions as a
method of VOC prevention is
expected to be low based on the
National Haemoglobinopathy
Registry annual report in which
6.6% of SCD patients had limited
available transfusion data.1, 14, 17”

“The CS noted that the proportion of patients in
the UK who receive regular blood transfusions
as a method of VOC prevention is expected to
be low based on the National
Haemoglobinopathy Registry annual report, in
which 6.6% of SCD patients had limited
available transfusion data, and data from an
audit of transfusion services in the UK and
Republic of Ireland, which suggests that
17% of elective transfusions in adults are for
the prevention of recurrent VOC”.

Additional text is provided to capture
the additional sources that were
considered by Novartis when
considering the likely proportion of
patients that would receive blood
transfusion for prevention of VOC in
UK clinical practice (as descried on
page 23 of the company
submission). Given the focus
elsewhere in the report on the lack
of data specifically relating to the
patients with recurrent VOC, the
inclusion of the data from Trompeter
et al. 2019 is considered to be
important when interpreting the
value from the National
Haemoglobinopathy Registry annual
report.

Issue 14 Clarification of intended positioning of crizanlizumab for patients with SCD in the UK
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 23 it states:

The text on page 23 should be amended to:

“For the current CS, crizanlizumab
was presented for use as a
monotherapy or as an add-on therapy
with HC/HU
********************************************

“For the current CS, crizanlizumab was presented for
use as a monotherapy or as an add-on therapy with
HC/HU *****************************

Additional information should be
provided to clarify the intended
positioning of crizanlizumab, in line
with anticipated licensed indication.

Not a factual
inaccuracy

********************************”.

**************************************************
******************************************************
******************************************************
********************************************************
*******************************************”

Issue 15 Incorrect caption for Figure 2.1
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

The caption for Figure 2.1 is:

The caption for Figure 2.1 should be corrected
to:

The caption is currently incorrect

Changed accordingly

“Proposed treatment pathway
based on current NICE
recommendations for patients with
advanced/metastatic renal cell
carcinoma”

“Proposed treatment pathway based on current
NICE recommendations for patients with
advanced/metastatic renal cell carcinoma
positioning of crizanlizumab in the current
treatment pathway as an intervention for the
prevention of VOC”

Issue 16 Incorrect source for reasons for exclusion of full texts in the clinical SLR
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 35 it states:

The text on page 35 should be amended to:

Changed accordingly

“The exclusion of full text
publications which eligibility was
judged to be unclear appears
questionable. However, according
to Table 32 of the CS appendices,
no records were excluded
because of insufficient
information.42”

“The exclusion of full text publications which
eligibility was judged to be unclear appears
questionable. However, according to Table 32
12 of the CS appendices, no records were
excluded because of insufficient information”.

Reasons for exclusion of
publications at the full-text
screening stage of the clinical SLR
are presented in Table 12 of the CS
appendices. Table 32 presents the
corresponding results for the HSUV
studies identified in the economic
SLR.

Issue 17 Source for Table 4.4 in the ERG report
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

In the footnote for Table 4.4 it
states:

The text in the footnote for Table 4.4 should be
amended to:

Changed accordingly

“Based on Tables 4 of the
company submission”

“Based on Table 4 7 of the company
submission”.

The SUSTAIN statistical methods
presented in Table 4.4 of the ERG
report are presented in Table 7 of
the CS.

Issue 18 SUSTAIN safety population described as “study population”
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 39 it states:

The text on page 39 should be amended to:

Changed accordingly

“One patient in the high-dose
group, two in the low-dose group
and three in the placebo group did
not receive any study treatment

“One patient in the high-dose group, two in the
low-dose group and three in the placebo group
did not receive any study treatment and were
excluded from the study safety population”

Exclusion from the “safety
population” should be specified to
avoid confusion. It may be unclear
which population (ITT, PP, or
safety) the term “study population”

and were excluded from the study
population”

refers to.

Issue 19 Incorrect values presented for pyrexia in Table 4.14
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

The values presented for pyrexia
under “serious adverse events”
are 7(11), 6(9), and 4 (6) for the
high-dose crizanlizumab group,
low-dose crizanlizumab group,
and placebo group, respectively.

The values presented for pyrexia under
“serious adverse events” are 7(11), 6(9), and 4
(6) 2(3), 0, and 1 (2) for the high-dose
crizanlizumab group, low-dose crizanlizumab
group, and placebo group, respectively.

The values presented are currently
the wrong way around for pyrexia
under the “serious adverse events”
and “adverse events” sections of
Table 4.14

Changed accordingly

The values presented for pyrexia
under “adverse events” are 2(3),
0, and 1 (2) for the high-dose
crizanlizumab group, low-dose
crizanlizumab group, and placebo
group, respectively.

The values presented for pyrexia under
“adverse events” are 2(3), 0, and 1 (2) 7(11),
6(9), and 4 (6) for the high-dose crizanlizumab
group, low-dose crizanlizumab group, and
placebo group, respectively.

Issue 20 Observation on occurrences of sepsis
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 52 it states:

The text on page 39 should be amended to:

“According to the CS, sepsis
affected just one participant in the
placebo arm.1 However,
according to Table 14.3.1.9 of the
CSR,
**************************************

“According to Table 14.3.1.9 of the CSR,
**************************************************
and one participant in the placebo arm
suffered from sepsis”

The full list of serious treatment-emergent
adverse events (Table 14.3.1.9) is not
reported in the company submission, and so a
comparison between treatment arms based
on what is presented in the company
submission is not advised. Should a
comparison be made, this can be done using
the data from Table 14.3.1.9, as per the
proposed amendment.

Not a factual
inaccuracy

***********************************.26”

The patient in the placebo arm who
experienced sepsis was mentioned on page
58 of the company submission as part of the
description of deaths and ‘serious and lifethreatening events that did not result in death’,
as reported in Ataga et al. 2017: “A total of
five patients died during the trial, including two
patients in the high-dose crizanlizumab arm
(one patient from ACS and one patient from
endocarditis and sepsis), one patient in the
low-dose crizanlizumab arm (from ACS,
aspiration, respiratory failure, and progressive
vascular congestion), and two in the placebo
arm (one from right ventricular failure, and
one from VOC, ischaemic stroke, coma,
sepsis, and venous thrombosis of the right
lower limb).
************************************************
****************************************************.
Three additional single-occurrence adverse
events that were considered to be both
serious and life-threatening, but did not result
in death, included sepsis (in the placebo arm),
anaemia, and intracranial haemorrhage (both
in the low-dose crizanlizumab arm)”.

Issue 21 Incorrect number of records stated for the SLR supplementary searches for economic evaluations
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 58 it states:

The text on page 58 should be amended to:

Changed accordingly

“Supplementary searches of
conferences, SLR bibliographies
and websites yielded 985 records

“Supplementary searches of conferences, SLR
bibliographies and websites yielded 985982

According to Figure 5 of the CS
appendices there were 982 records
identified through supplementary
searches in the original SLR.

in the original SLR”

records in the original SLR”.

Issue 22 Incorrect column titles in Table 5.6
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

In Table 5.6 all three columns for
“Average annual rate of
VOC+ACS+priapism” are titled “<1”.

The left-hand column should remain as “<1”
but the central and right-hand columns should
be corrected to “≥1 to <3” and “≥3”,
respectively.

The column titles are currently
incorrect.

Changed accordingly

Issue 23 Statement on supporting literature for the assumption that patients experience the utility impact of a VOC
event for two days before seeking medical support at hospital
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On Table 82 it states:

Removal of this text.

Whilst we appreciate that the ERG
were unable to identify literature in
support of this assumption, as part
of the answers to the ERG
clarification question (B28), Novartis
provided Brandow et al. as a
published study to support the
assumption that a painful VOC
episode starts 2 days prior to
hospitalisation.

Amended to

“The ERG could not identify
literature supporting the
assumption that patients
experience the utility impact of a
VOC event for two days before
seeking medical support at
hospital”

As such, this text should be
removed or appropriately amended
to reflect the existence of supporting
literature.
Reference: Brandow AM, Nimmer

“the ERG felt there was
uncertainty in the assumption
that patients experience the
utility impact of a VOC event
for two days before seeking
medical support at hospital.
The CS reported that this
assumption was validated by
only one clinician, while in their
response to clarification the
company cited one study
conducted in children with SCD
which showed that 23%, 38%,
12% and 26% of patients had
0, 1, 2, ≥3 days of pain prior to

M, Simmons T, et al. Impact of
emergency department care on
outcomes of acute pain events in
children with sickle cell disease.
American Journal of Hematology
2016;91:1175-1180.

hospital admission for a VOC
respectively. Therefore, the
impact of this assumption will
be tested in an additional
scenario analysis”

Issue 24 Statement on the use of a 20% range of uncertainty
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 96 it states:

The text on page 96 should be amended to:

Not a factual inaccuracy.

“However, the selection of a 20%
range of uncertainty is arbitrary
and this method will not
necessarily represent an equally
plausible range of values for each
parameter”.

“However, the selection of a 20% range of
uncertainty, in cases where the standard
error was not available, is arbitrary and this
method will not necessarily represent an
equally plausible range of values for each
parameter”

It is important to note that a 20%
range of uncertainty was only
applied for parameters where the
standard error was not available.

Company’s use of SEs, where
available, has been
summarised on page 95 of the
ERG report.

Issue 25 Incorrect drug name used
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

On page 117 it states:

The text on page 117 should be amended to:

Changed accordingly

“The company did not include any
statement regarding
mogamulizumab meeting the end
of life criteria defined by NICE”.

“The company did not include any statement
regarding mogamulizumab crizanlizumab
meeting the end of life criteria defined by NICE”.

Crizanlizumab is the drug under
consideration in this submission.

Section 3: Confidentially highlighting amendments
Issue 26
Description of problem

Description of proposed amendment

Justification for
amendment

ERG comment

Academic in Confidence highlighting is
required.

Academic in confidence highlighting is required in the
following sentences.

Changed accordingly

On page 13

On page 13:

******************************************

*********************************************************

*******************************************

*********************************************************

This data is presented in the
SUSTAIN CSR and is
currently not published, as
noted in the confidentiality
checklist for the company
submission

*******************************************

*****************************************************

***************************************

On page 45

On page 45

*********************************************************

*******************************************

***********************************************************

*********************************************

*************************************************

*********************************************

On page 53

**********************************

“***************************************************

On page 53

*****************************************************

*********************************************

***********************************************************)”.

*********************************************
*********************************************
********************************

Issue 27
Description of problem

Description of proposed amendment

Justification for
amendment

ERG comment

Academic in Confidence highlighting is
required.

Academic in confidence highlighting is required in the
following sentences.

Changed accordingly

On page 14:

On page 14:

*********************************************

“**************************************************************

*********************************************

***************************************************************

This data is presented in the
SUSTAIN CSR and is
currently not published, as
noted in the confidentiality
checklist for the company
submission.

*********************************************

********************************”.

*************************

On page 45/46

On page 45/46

“**************************************************************

**********************************************

**************************************************************

**********************************************

*********************************”.

**********************************************
**********************

Issue 28
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

Academic in Confidence
highlighting is required.

Academic in confidence highlighting is required
in the following sentences.

Changed accordingly (on
pages 12, 39 and 52)

On page 39:

On page 39:

“Most participants described their

Most participants described their race as

This data is presented in the
SUSTAIN CSR and is currently not
published, as noted in the
confidentiality checklist for the
company submission.

race as “black” *******”

“black” *******.

Issue 29
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

Academic in Confidence highlighting is
required.

Academic in confidence highlighting is required
in the following sentences.

Changed accordingly

On page 47:

On page 47:

********************************************

“***************************************************

This data is presented in the
SUSTAIN CSR and is currently
not published, as noted in the
confidentiality checklist for the
company submission.

********************************************

*****************************************************

**********************************

***************”.

Issue 30
Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

Commercial in Confidence
highlighting is required.

Data presented in Table 5.6 of the ERG report
should all be highlighted as Commercial in
Confidence, rather than Academic in
Confidence.

The data presented in Table 5.6 is
unpublished data from the HES
database analyses and is
commercially important to Novartis,
as noted in the confidentiality
checklist for the company
submission.

Changed accordingly

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

Academic in Confidence

In Table 5.17:

Academic in Confidence information
should be underlined as well as

Changed accordingly

In Table 5.6

Issue 31

highlighting is required.

“****”.

highlighted.

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

Commercial in Confidence
highlighting is required.

Please underline Figure 6.1 the cost
effectiveness plane (list price) graph, in addition
to highlighting.

Commercial in Confidence
information should be underlined as
well as highlighted.

Changed accordingly
throughout the report

Description of problem

Description of proposed amendment

Justification for amendment

ERG comment

Commercial in Confidence
highlighting is required.

Please underline Figure 7.1 ERG preferred cost
effectiveness plane graph, in addition to
highlighting.

Commercial in Confidence
information should be underlined as
well as highlighted.

Changed accordingly
throughout the report

In Table 5.17
“****”

Issue 32

In Figure 6.1

Issue 33

In Figure 7.1

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE
Questions for clinical expert

Crizanlizumab for preventing sickle cell crises
in sickle cell disease
1. Treatment pathway and comparators
1.1

The company is positioning crizanlizumab as a monotherapy and as a
combination therapy with hydroxycarbamide for the prevention of
recurrent vaso-occlusive crises (VOC) in people with sickle cell disease
(SCD). This is narrower than the population defined in the NICE scope
which includes people with SCD aged 16 years and older.
Would you agree with the company positioning of crizanlizumab and is the
proposed positioning in the treatment pathway clear (see Figure 1 below)?
The data from SUSTAIN trial provides evidence that crizanlizumab
reduces the frequency of VOC (pain episodes), but does not provide
evidence that other clinical aspects of SCD are improved. For instance
haemoglobin levels and markers of haemolysis are not improved. At
present, I would recommend the positioning should be restricted to
prevention in VOC in those with history of recurrent episodes.

Figure 1: Treatment pathway for crizanlizumab for preventing recurrent VOC
(Based on Figure 1 in company’s response to clarification)
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* Blood transfusions for people whose disease has not responded to HC/HU or for whom HC/HU is
inappropriate.
**Crizanlizumab monotherapy for patients experiencing recurrent VOC for whom HC/HU is
inappropriate or inadequate. Crizanlizumab combination therapy with HC/HU for patients experiencing
recurrent VOC despite treatment with HC/HU.
† Company consider allogenic stem-cell transplant as a treatment of last resort for patients with
severe sickle cell disease or existing comorbidities whose disease does not respond to currently
available therapies or crizanlizumab.
Red dashed line includes intervention and comparators included in the model. Note best supportive
care is not explicitly included as a comparator in the model, as the company consider that the
associated costs (if any) are low to the healthcare system.

1.2

In relation to the treatment pathway shown in Figure 1, would patients
receive crizanlizumab in addition to chronic blood transfusions for the
prevention of VOC in clinical practice?
The diagram in Figure 1 should be revised. Best supportive care in the
context of prevention rather than treating VOC would include life style
adjustments, identification and avoidance of trigger factors, maintaining
good general physical and psychological health.
Furthermore, chronic blood transfusion (simple or exchange) would be an
alternative disease modifying therapy, and is generally not combined with
HU. There is no data on combination with crizanlizumab that I am aware
of, and in principle I would not recommend this approach on clinical or
mechanistic grounds.

1.3

The company submission includes standard of care (SoC) without
crizanlizumab consisting of supportive care, hydroxycarbamide and blood
transfusions as the comparator for this appraisal. The company consider
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that crizanlizumab is not expected to displace allogenic stem cell
transplantation as a treatment option or necessarily alter the number of
patients who would have a transplant, and so the company have not
included this as a direct comparator. Would you agree with the exclusion
of allogenic stem cell transplant as a comparator for crizanlizumab? Have
all other relevant comparators been included?
Yes, curative options such as allogeneic stem cell transplantation and
gene therapy (currently several protocols in trial) are not comparators.
Crizanlizumab is disease modifying rather than curative.
Clinical effectiveness
1.1

In the key trial SUSTAIN, a VOC is defined as “as an acute episode of
pain with no medically determined cause other than a vaso-occlusive
event, that resulted in a medical facility visit and treatment with pain
relief”. Therefore, the trial has not considered crises that may have been
managed at home. The company consider that the decision to seek
medical treatment for a VOC does not necessarily translate to the severity
of the crises and may be due to a poor previous experience of hospital
care. Would this view align with your experience in clinical practice and
would crizanlizumab be effective in those people with less severe crises
including those who do not visit a medical facility?
YES, this is an important point. We know that many patient manage
mild/moderate pain episodes at home (and sometimes severe as well) for
a variety of reasons. It is sometimes difficult to quantitate the morbidity
related to these episodes with are managed at home, but most would
consider that they have a very significant effect on morbidity and QOL.
The challenge is how to include them in deciding whether to offer
treatment and how to evaluate the effects of treatment
Generalisability of the SUSTAIN trial

1.2

Please refer to Table 1 below on the baseline characteristics for the full
trial population of SUSTAIN (study sites in USA, Brazil and Jamaica). Are
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the baseline characteristics in the table reflective of those likely to be
eligible for treatment with crizanlizumab in the UK?
Quite similar. I suspect HU usage will be less (maybe about 30%). There
is quite a lot of negativity amongst some of the patients about HU
because of concerns of toxicity.
Table 1: SUSTAIN RCT baseline characteristics (ITT population) reproduced
from Table 5 of company submission
High-dose
crizanlizumab, 5
mg/kg, N=67

Low-dose
crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

Median

29

29

26

Range

16–63

17–57

16–56

Male

32 (48)

30 (45)

27 (42)

Female

35 (52)

36 (55)

38 (58)

Black

60 (90)

62 (94)

60 (92)

White

4 (6)

2 (3)

3 (5)

Other

3 (4)

2 (3)

2(3)

HbSS

47 (70)

47 (71)

47 (72)

Other

20 (30)

19 (29)

18 (28)

Yes

42 (63)

41 (62)

40 (62)

No

25 (37)

25 (38)

25 (38)

2–4 crises

42 (63)

41 (62)

41 (63)

5–10 crises

25 (37)

25 (38)

24 (37)

Characteristic
Age – years

Sex – N (%)

Race – N (%)

SCD genotype – N (%)

Concomitant HC/HU use –
N (%)

SCPC during previous 12
months – N (%)

2. Cost effectiveness
2.1

The company have modelled the occurrence of complications and death
to be independent of one another. Would you consider that there is there
a direct link between sickle cell disease related complications and death?
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I would say an indirect link between frequent VOC and death. The
association has been noted in some publications (eg Platt et al 1994).
Most uncomplicated VOC are not life-threatening. But, for example, if
acute chest develops during VOC, there is a risk of mortality.
Crizanlizumab has not yet been shown to reduce ACS as far as I am
aware
2.2

In the model, the baseline characteristics for age and gender are from the
Hospital Episode Statistics (HES) database and average patient body
weight is from the economic evaluation in the NICE clinical guideline on
sickle cell disease (CG143). Are the clinical inputs used by the company
(shown in Table 2 below, values from SUSTAIN also included) likely to
reflect the population that will be eligible for treatment with crizanlizumab
in the UK, based on the company’s proposed positioning?

Table 2: Patient demographic inputs for base-case analysis compared to the
values from SUSTAIN, adapted from Table 5.5 in ERG report
Patient
Characteristics

Value used
for base-case

Source

Value from
SUSTAIN

Company Data on File: HES
database analysis

************

Mean age,
years (SD)

37.1 (15.4)

% Female

63%

HES database analysis, as reported
in Morgan et al. 2019

55 kg
(females)

NICE CG143 (Appendix F) –
Average weight of adults with SCD.

65 kg (males)

Assumptions following discussions
with the Guideline Development
Group

Body weight
(kg)

58.7 kg

*****

********

Mean age may be slightly less, male to female would be more like 50% for
base case
In our clinic average weight for HbSS male 16-25 yr old: 64.5kg, female
60.1 kg; 26+: Male 69.8 kg, female 68.2kg
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For those with frequent VOC the weight might be slightly less. I think the
averages you have in the base case value is probably too low
2.3

In the company’s base case analysis, they have assumed that ** of
patients will be using chronic blood transfusions in the comparator arm
(SoC without crizanlizumab), based on the HES database. In clinical
practice, what proportion of people would be using chronic blood
transfusions due to recurrent VOC?
Higher than this in England. We have increasing numbers on automated
exchange transfusion to prevent VOC. maybe 20-30%. Numbers
increased after NICE recommendation published and CQUIN for ARCET
implemented
In the model, the company have assumed that 14.2% of patients received
hydroxycarbamide in both treatment arms based on the National
Haemoglobinopathy Registry annual report 2018/2019. In SUSTAIN, *****
of patients received concomitant hydroxycarbamide. What proportion of
patients in the UK are expected to receive hydroxycarbamide to prevent
recurrent VOC?
Please see my response above. I think its closer to 30% in the eligible
group with recurrent VOC

2.4

In the model, the company have assumed a constant lifetime treatment
effect for crizanlizumab, whilst on treatment. The treatment period in
SUSTAIN was 52-weeks. Would you consider that the efficacy of
crizanlizumab would be constant beyond the trial data or would there be
some waning of treatment effect over time?
Don’t know. There is no particular reason why effect should wane, unless
there is an antibody response to the drug- don’t think there is evidence yet
of this, or high up regulation of P selectin (don’t think there is evidence of
this either)
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The company have assumed in their model that the treatment benefit with
crizanlizumab persists for 2 years after discontinuing treatment. Would
you consider that the treatment benefit would persist after stopping
treatment in clinical practice, and if so, for how long?
I don’t know. The data suggests a persisting effect. We know the half life
of the drug. It may be that damping down inflamed endothelium produces
a more lasting effect on SCD complications
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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE
Technical report

Crizanlizumab for preventing sickle cell crises
in sickle cell disease
This document is the technical report for this appraisal. It has been prepared by the
NICE technical team.
The technical report and stakeholder’s responses to it are used by the appraisal
committee to help it make decisions at the appraisal committee meeting. Usually,
only unresolved or uncertain key issues will be discussed at the appraisal committee
meeting.
This report is based on:
 the evidence and views submitted by the company, consultees and their
nominated clinical experts and patient experts and
 the evidence review group (ERG) report.
The technical report should be read with the full supporting documents for this
appraisal.
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1 Key issues summary
Issue
Summary
Issues related to the clinical evidence
Treatment pathway
1. Positioning of
 The company is positioning crizanlizumab as both
crizanlizumab in the
a monotherapy and combination therapy with
treatment pathway
hydroxycarbamide/hydroxyurea for the prevention
of recurrent vaso-occlusive crises (VOC) in
people with sickle cell disease (SCD) (see section
B.1.3.2 in company submission).


2. Immature SUSTAIN trial
data



Treatment pathway



The clinical expert agreed with the company’s
proposed positioning.

Comparators
 The company consider that standard of care
without crizanlizumab (including supportive care,
hydroxycarbamide/hydroxyurea and blood
transfusions) is the comparator for this appraisal.
The company state that as crizanlizumab is not
expected to displace allogenic stem cell
transplantation (ASCT) as a treatment option of
last resort or necessarily alter the number of
patients who would have a transplant, it is not a
relevant comparator for this appraisal.


Technical Team Preliminary Judgement

The clinical expert suggested that curative
options such as ASCT should not be considered
as a comparator, given than crizanlizumab is
disease modifying rather than curative.
The company state that the small sample size
(total n=198 of which n=67 received 5mg /kg
crizanlizumab dose) and short duration of the
SUSTAIN trial (52week treatment duration, 6
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The technical team note that the
positioning of crizanlizumab is narrower
than the population defined in the NICE
scope for this appraisal, but is in line with
the anticipated marketing authorisation.
Positive Committee for Medicinal
Products for Human Use (CHMP) opinion
was received for crizanlizumab
(Adakveo) on 23 July 2020.

Comparators


The technical team note that although
ASCT is listed as a comparator in the
NICE scope, it agrees with the company
that it is not a relevant comparator for this
appraisal.



The 2019 Voluntary Scheme for Branded
Medicines states that, where
appropriate, commercial arrangements
may include a data collection element to

week follow-up evaluation phase) did not allow for
the determination of differences in long term
outcomes such as mortality or rare events that
occur with low annual frequency, such as acute
chest syndrome (ACS). They note that there is
also limited data available on the long-term
natural history of SCD in high income settings.




The company propose that the collection of
additional data beyond 52 weeks, as part of a
managed access agreement would help to
address the key uncertainties in their submission.
The company consider that the utility values,
complication rates and healthcare resource use
linked to VOC rates are likely to be
underestimated.
In their submission, the company highlight
several ongoing trials and real-world evidence
studies which will provide data on the long-term
efficacy and safety of crizanlizumab and healthrelated quality of life (HRQoL) (see section B.2.11
in company submission).
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help manage uncertainty. NHS England
will take into account the overall burden
imposed on the NHS by the potential
adoption of complex arrangements
before agreeing to them.


The technical team are aware that the
Guides to the methods and process of
technology appraisal do not cover
managed access except as part of the
Cancer Drugs Fund. They note the
principles used for recommending cancer
drugs require ‘plausible potential for
satisfying the criteria for routine use’.



The technical team recognise that the
limitations of the SUSTAIN trial are a key
consideration for the appraisal. However,
the company submission does not clearly
explain how further data collection will
reduce uncertainties when the guidance
is reviewed



The technical team note that the
company’s deterministic base case ICER,
mean probabilistic ICER and the ICERs
in all of the company’s scenario analyses
(including PAS for crizanlizumab) are
significantly higher than what NICE
normally considers a cost-effective use of
NHS resources (in a single technology
appraisal). Consequently, when
considering how the principles used for
cancer treatments might be applied to
managed access for non-cancer
treatments, crizanlizumab would not fulfil
the criteria for managed access.



3. Generalisability of
SUSTAIN trial

Location of trial sites
 The SUSTAIN trial was a double blind,
randomised, placebo-controlled multicentre trial
conducted across 60 centres in USA, Brazil and
Jamaica (see section B.2.3.1 in company
submission).


The clinical expert considers the baseline
characteristics in the SUSTAIN trial to be fairly
similar to people with SCD experiencing recurrent
VOC in the UK. Please also see issue on
appropriateness of model inputs below for
generalisability of baseline characteristics
included in the model.

Outcomes measured in SUSTAIN
 The SUSTAIN trial did not capture the impact of
SCD on patients who do not seek medical
treatment for VOC. The company acknowledge
that a significant proportion of people
experiencing VOC may not seek medical
treatment and instead manage their pain at home
(see section B.1.3.1 in company submission).


The ERG considers that the SUSTAIN trial results
may not be applicable to patients with less severe
crises, including those not visiting a medical
facility (see section 3.4 in ERG report).
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The technical team request that, if the
company wish to explore the potential
avenue of managed access, they
consider how the cost-effectiveness of
crizanlizumab could be significantly
improved to show plausible potential for
satisfying the criteria for routine use.
Location of trial sites


Additional clinical input is needed to
determine whether the results from
SUSTAIN are generalisable to the
expected use of crizanlizumab in the
NHS.

Outcomes measured in SUSTAIN


Many patients manage mild to moderate
pain episodes at home (and occasionally
severe episodes) for several reasons.
Therefore, the efficacy of crizanlizumab
on rates of VOC may be underestimated
in this subpopulation but is being
assessed as part of an ongoing clinical
trial (STAND). The technical team
conclude that there is unresolvable
uncertainty in the applicability of the
SUSTAIN trial results to those who have
less severe crises and/or manage VOC
at home.



The clinical expert highlighted that it is often
difficult to quantify the morbidity related to VOC
episodes which are managed at home, but that
most patients would consider that they have a
very significant effect on morbidity and quality of
life.

Issues related to cost effectiveness
4. Appropriateness of
Definition of health states
model structure
 Eligibility criteria in the SUSTAIN trial included
experiencing 2-10 VOCs in the previous 12
months, and patients were categorised based on
VOC rate (2-4 or 5-10).

Definition of health states


The technical team note that the health
states defined in the company’s model do
not fully align with the SUSTAIN trial or
the anticipated use of crizanlizumab in
clinical practice (patients who experience
≥2 VOC in the previous 12 months).
Therefore, the structure of the model is
not appropriate. The technical team
request the company to provide an
amended model which includes the same
definition of health states as the
SUSTAIN trial.



The company’s Markov model structure consists
of 3 main health states: <1 VOC, ≥1 to <3 VOCs,
≥3 VOCs, and a death health state. Patients may
also experience a variety of SCD-related acute
complications in each model cycle (see section
B.3.2.2 in company submission)



The ERG has concerns about the difference in
definition of the health states used in the model
Modelling of complications and death
and in the SUSTAIN trial (in terms of VOC per
year) and concludes that transition probabilities
 The technical team note that the ERG
cannot be accurately estimated from this data.
would have preferred a time-to eventThe ERG considers that the redistribution of
approach (for modelling occurrence of
patients between the VOC health states based on
VOC events/complications and survival),
data from SUSTAIN is inappropriate since the trial
which may have resolved some of their
only provides information about patients who
concerns around the model structure.
experienced more than 2 VOC at baseline (how
patients with less than 2 VOC would transition
after the first year in the model and following
treatment with crizanlizumab is unknown given
the 52-week duration of the trial). See section
5.2.2 in ERG report.
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Modelling of complications and death
 The company have modelled SCD-related
complications and mortality independently of
each other, due to limitations in available data.

5. Appropriateness of
model inputs



The ERG notes that this assumption is unrealistic
for some complications such as acute chest
syndrome (ACS). See section 5.2.2 in ERG
report).



The company consider that the increased risk of
death due to ACS is already captured, as all
causes of mortality (including death from ACS)
from the Hospital Episode Statistics (HES)
database were considered when developing the
baseline mortality hazard and the hazard ratios
for VOC states in the model. Applying a separate
risk of death for ACS, would result in double
counting of death (see B.2 in company’s
response to clarification).



The ERG is unclear on whether the definition of
VOC used in HES database is the same as in the
SUSTAIN trial and whether the impact of
complications on death are appropriately
captured in the model.



The clinical expert suggested that there may be
an indirect link between frequent VOC and death.
The expert highlighted that most uncomplicated
VOC are not life-threatening, but that for some
complications that develop during a VOC event
(such as ACS), there is a risk of mortality.

Patient baseline characteristics
 SUSTAIN trial data was used to determine the
treatment effect of crizanlizumab on the
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Patient baseline characteristics


The technical team agree that the model
should include clinical inputs from

SUSTAIN, where possible, as this
maintains internal validity of the results
and reflects the population expected to
receive crizanlizumab in clinical practice.

frequency of VOC in patients with recurrent VOC.
The HES database was used to estimate the risk
of acute SCD-related complications or death
associated with varying frequency of VOC.


In the company’s base case, baseline patient
characteristics used in the model for age and
gender were taken from the HES database, with
body weight used from NICE clinical guideline
143 (see section B.3.3.1 in company submission)



However, the HES database and NICE clinical
guideline 143 are representative of all SCD
patients and not just those who experienced
recurrent VOC, and so may include a less severe
group of patients than would receive
crizanlizumab in clinical practice.





The ERG consider that the patient characteristics
should be taken from the SUSTAIN trial in the
company’s base case, as this represents the
main source of treatment efficacy and because
the company consider the trial population to be
reflective of UK patients that would be treated
with crizanlizumab in clinical practice (see
sections 5.2.3 and 5.2.6 in ERG report and 7.2.2
for ERG scenario analyses)
The clinical expert suggested that the patient
characteristics used in the company’s base case
for mean age may be lower in clinical practice
and that the percentage of males to females
would likely be equal at 50%. The expert also
suggested that the averages for body weight for
patients with frequent VOC would likely be higher
than in the base case.
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Use of all patient characteristics (or just
patient weight as in the company
scenario analysis and ERG base case)
from SUSTAIN significantly increases the
ICER.

Hydroxycarbamide/hydroxyurea (HC/HU) usage


HC/HU use from SUSTAIN (whilst this
might be higher than expected in clinical
practice) should be applied in the model
because it reflects the intended use of
crizanlizumab in clinical practice.
Including HC/HU use from SUSTAIN
significantly increases the ICER.

Chronic blood transfusion usage


The technical team consider that it is
unlikely that patients receiving
crizanlizumab would also receive chronic
blood transfusions for the prevention of
VOC. Increasing usage of chronic blood
transfusion in the crizanlizumab arm only,
increases the ICER.



It is unclear what proportion of patients in
the standard care arm would be receiving
chronic blood transfusions to prevent
recurrent VOC in clinical practice,
therefore clinical advice is needed.
Increasing usage of chronic blood

Hydroxycarbamide/hydroxyurea (HC/HU) usage


In the company’s base case, concomitant usage
of HC/HU across both crizanlizumab and
standard of care treatment arms was assumed to
be 14.2%, based on the National
Haemoglobinopathy Registry annual report
2018/2019, which the company considered better
reflected expected usage in NHS clinical practice
compared with SUSTAIN. (See section B.3.2.3 in
company submission).



HC/HU is used in patients with VOC, therefore,
the usage from the registry is likely to represent a
less severe population. The ERG highlight that
the usage would likely be higher in a population
experiencing recurrent VOC and that the
proportion of patients receiving HC/HU in the
SUSTAIN trial (xxx%) should be used in the
model (as in the ERG base case, see section
5.2.4 in ERG report and 7.2.2 for ERG scenario
analyses)



The clinical expert suggested that HC/HU usage
in patients with recurrent VOC is likely to be less
than the SUSTAIN trial (about 30%), due to
concerns about potential side effects with
treatment.

Chronic blood transfusion usage
 In the company’s base case, patients receiving
treatment with crizanlizumab are not expected to
use chronic blood transfusions for the prevention
of recurrent VOC, compared with xx% of standard
of care patients, based on the HES database
(includes those without a prior diagnosis of
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transfusion in the standard of care arm
only, decreases the ICER.

stroke). (See section B.3.2.3 in company
submission).

6. Lifetime treatment effect
and treatment
discontinuation



The ERG consider that this usage may be higher
in a population experiencing recurrent VOC. The
ERG state that there is no data to validate the
assumption that no patients treated with
crizanlizumab would not receive chronic blood
transfusions in clinical practice (see section 5.2.4
in ERG report and section 7.2.2 for ERG scenario
analyses).



The clinical expert commented that they were not
aware of any data supporting the use of
crizanlizumab alongside chronic blood
transfusions. The expert also stated that they
would not recommend this combination treatment
on clinical or mechanistic grounds.

Lifetime treatment effect
 The company have assumed a constant lifetime
treatment effect whilst on treatment with
crizanlizumab in their base case.


Lifetime treatment effect


The ERG has concerns that the company have
not provided data to validate this assumption over
a longer period of time, beyond the 52 week trial
data (see section 5.2.6 in ERG report and section
7.2.2 for ERG scenario analyses.)

Post-treatment discontinuation
 In the model, the company have assumed that
the treatment benefit of crizanlizumab continues
for 2 years in all patients after stopping treatment,
and consider this to be the likely maximum period
to observe any benefits. This was based on the
SUCCESSOR study, a retrospective study of
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The available data does not provide
evidence of a constant lifetime treatment
effect with crizanlizumab. Clinical input is
needed to determine the
biological/behavioural mechanism for
sustained or reduced effectiveness whilst
on treatment. The ERG’s scenario
analyses in reducing the duration of
treatment efficacy substantially increases
the ICER.

Post-treatment discontinuation


It is not clear how long the treatment
benefit with crizanlizumab persists after
stopping treatment. In the absence of
data, clinical input is needed. Both the

company’s and ERG’s scenario analyses
that reduce or remove the postdiscontinuation treatment effectiveness
increases the ICER.

patients who completed the SUSTAIN trial (n=15
at 5 mg/kg crizanlizumab dose) which reports
data in the 52 weeks post-completion of
SUSTAIN, during which patients were not
administered crizanlizumab (see section B.3.6.2
in company submission).

7. Utility values



The company highlighted that in SUCCESSOR,
the mean annual VOC rate for patients from the
high dose crizanlizumab arm of SUSTAIN was
similar to that reported in SUSTAIN.



The ERG consider that the 2 year treatment
benefit is likely to be overestimated, and
therefore reduced the post-discontinuation benefit
to 1 year in their base case (in people who
completed 1 year of treatment) to align with the
data available from SUCCESSOR (see section
5.2.6 in ERG report and section 7.2.2 for ERG
scenario analyses)



Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxx were observed in HRQoL data
collected using the SF-36 and Brief Pain
Inventory (BPI) in the SUSTAIN trial (see section
B.3.4 in company submission).



The company explain that due to the acute
unpredictable nature of VOC and because
HRQoL data in SUSTAIN was collected at set
time points and not on the occurrence of VOC
events, the data may have missed or not fully
captured the expected impact of VOC on patient
HRQoL and assessments of pain. The company
consider that the trial duration was too short to
observe any differences in HRQoL related to
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The technical team prefers for utility
values to be derived from the available
HRQoL data from SUSTAIN, rather than
from external registry data. Based on the
scenario analyses conducted by the ERG
(section 7.2.2 in ERG report), the
technical team acknowledge that the
choice of utility values are a key driver of
cost effectiveness in the model and have
a significant impact on the ICER. The
technical team request the company to
provide an analysis using the utilities
from the SUSTAIN trial.



Disutility relating to VOCs should not be
double counted. The technical team

SCD-related complications and long-term organ
damage.


The company have instead used utility values
from an unpublished analysis of a 3-year US
registry study (LEGACY) for the 3 VOC health
states, which also collected HRQoL data using
the SF-36 at specific time intervals and not on the
occurrence of specific events. The company also
applied a utility decrement for each individual
VOC event based on a study by Anie et al (2012).



The ERG has concerns that the utility impact of
VOC events captured in the health state utility
values used for each VOC state, in addition to a
per event utility decrement applied for each VOC
event, may overestimate the impact of individual
VOC events (see section 5.2.8 in ERG report)



The ERG believes that the utility values could be
derived from SUSTAIN, given that the data will be
representative of the HRQoL between VOC
events in the population of interest, and because
the company consider the results from SUSTAIN
to be generalisable to the UK setting. The ERG
was unable to assess the impact of using utility
values from SUSTAIN on the cost-effectiveness
results, as the company did not provide HRQoL
data collected in the trial in their response to
clarification, for the reasons stated previously.
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request the company to provide evidence
that the health state utility values derived
from the LEGACY registry study do not
capture the impact of individual VOC
events.

2 Questions for engagement
Positioning of crizanlizumab in the treatment pathway
1. Is the positioning of crizanlizumab appropriate in the treatment pathway for preventing recurrent VOC (see Figure 1 below)?
2. Is allogenic stem cell transplantation (ASCT) a relevant comparator?
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Figure 1: Treatment pathway for crizanlizumab for preventing VOC (adapted from Figure 1 in the company’s response to

clarification)
Best supportive care
(includes lifestyle adjustments, identification and
avoidance of trigger factors, maintaining general physical
and psychological health)

Hydroxycarbamide (HC)/
hydroxyurea (HU)
OR
Regular blood transfusions for
prevention of VOC*

Proposed crizanlizumab +
HC/HU –
when patient has VOC despite
HC/HU treatment

Proposed crizanlizumab
monotherapy –
when HC/HU is inappropriate

Allogenic stem-cell transplant as a treatment of last resort†
* Blood transfusions for people whose disease has not responded to HC/HU or for whom HC/HU is inappropriate. Company consider that the
proportion of patients expected to receive regular blood transfusions specifically for the prevention of VOC to be low (<10%) and that patients
would not be expected to receive crizanlizumab alongside chronic blood transfusions for prevention of VOC.
† Company consider allogenic stem-cell transplant as a treatment of last resort for patients with severe sickle cell disease or existing
comorbidities who fail to respond to currently available therapies or crizanlizumab.
Note: Red dashed line includes intervention and comparators included in the model.
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Immature SUSTAIN trial data
3. In the SUSTAIN trial, patients were treated with crizanlizumab for 52 weeks, and so efficacy data on long term outcomes
(such as mortality and rare complications) were not captured. Table 1 below summarises when further data will become
available from a key ongoing trial and real-world evidence studies in people with SCD and a history of VOC . Would a period
of further data collection within a managed access agreement help to reduce the uncertainty in the current cost effectiveness
estimates?
Table 1: Brief summary of key planned or ongoing studies (as reported in B.2.11 in the company submission)
Study/Registry details

Outcomes/objectives

Includes UK
sites/UK based?

Follow-up and anticipated
primary completion

STAND – RCT



Efficacy and safety data for
crizanlizumab (with or without
concomitant HC/HU use) in patients
aged ≥12 years, including analysis of
the impact of rates of VOC leading to
healthcare visits and being treated at
home.

Yes

5 years - May 2022



Study will assess healthcare
utilisation and the effect of treatment
on SCD-related renal damage.



Investigate the relationship between
frequency of VOC and rates of SCDrelated complications.

Yes

Ongoing- not reported in
submission

National Haemoglobinopathy
Registry

14 of 19

Whole Systems Integrated
Care database



Understand the relationship between
VOC and SCD-related complications

Yes

Ongoing - xxxxxxx

Sickle Cell Pain Diary- Self
Report Study (SCPD-S)



Perform psychometric validation of
the SCPD-S in patients with SCD

Yes

Planned study- not reported
in submission



Generate prospective HRQoL in
patients living countries with a high
burden of SCD

Generalisability of SUSTAIN trial
4. The SUSTAIN trial was conducted in USA, Brazil and Jamaica. Are there any differences in the clinical management of
recurrent VOC in people with SCD between these countries and England that would limit the applicability of these studies to
NHS clinical practice?
5. Please refer to Table 2 below on the baseline characteristics for the full trial population of SUSTAIN. Are the baseline
characteristics in the table reflective of the population with SCD who experience recurrent VOC in England?
Table 2: SUSTAIN RCT baseline characteristics for ITT population (reproduced from Table 5 in the company submission)
High-dose crizanlizumab, 5
mg/kg, N=67

Low-dose crizanlizumab, 2.5
mg/kg, N=66

Placebo, N=65

Median

29

29

26

Range

16–63

17–57

16–56

Male

32 (48)

30 (45)

27 (42)

Female

35 (52)

36 (55)

38 (58)

Characteristic
Age – years

Sex – N (%)
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Race – N (%)
Black

60 (90)

62 (94)

60 (92)

White

4 (6)

2 (3)

3 (5)

Other

3 (4)

2 (3)

2(3)

HbSS

47 (70)

47 (71)

47 (72)

Other

20 (30)

19 (29)

18 (28)

Yes

42 (63)

41 (62)

40 (62)

No

25 (37)

25 (38)

25 (38)

2–4 crises

42 (63)

41 (62)

41 (63)

5–10 crises

25 (37)

25 (38)

24 (37)

SCD genotype – N (%)

Concomitant HC/HU use – N (%)

SCPC during previous 12 months – N (%)

6. Are the results from the SUSTAIN trial applicable to people who may have experienced less severe crises including those
who have managed VOC at home?

Appropriateness of model structure
7. The model defines health states differently compared with the SUSTAIN trial (2-4 or 5-10 crises in the previous 12 months).
Please comment on the suitability of the company’s model structure (see Figure 2 below).
8. Is it appropriate to model SCD-related complications and death independently of each other?
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Figure 2: Company’s model structure (adapted from Figure 5 in the company submission)

<1 VOC

≥1 to <3 VOCs

In each model cycle, patients are redistributed
into the VOC health states based on data from
SUSTAIN

≥3 VOCs

Complications
•
•
•
•
•
•
•
•
•

Death
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Acute chest syndrome
Sepsis
Gallstones
Cardiac events
Cellulitis
Leg ulcers
Osteomyelitis
Priapism (males only)
Pulmonary hypertension

Appropriateness of model inputs
9. Are clinical inputs used in the company’s base case or from SUSTAIN (shown in Table 3 below) more likely to reflect the
population with SCD experiencing recurrent VOC in clinical practice?
Table 3: Patient demographic inputs for base-case analysis compared to the values from SUSTAIN (adapted from Table
5.5 in ERG report)
Patient
Characteristics

Value used for
base-case

Mean age, years
(SD)

37.1 (15.4)

% Female
Body weight (kg)

Source

Value from SUSTAIN

Company Data on File: HES database analysis

63%

HES database analysis, as reported in Morgan et al. 2019

55 kg (females)

NICE CG143 (Appendix F) – Average weight of adults with
SCD.

65 kg (males)
Average patient
body weight 58.7 kg

Assumptions following discussions with the Guideline
Development Group

xxx (xxx)
xxx%

xxxkg

10. What proportion of patients with SCD who experience recurrent VOC are expected to receive
hydroxycarbamide/hydroxyurea in the NHS? Is data from SUSTAIN or the National Haemoglobinopathy Registry on
hydroxycarbamide/hydroxyurea use more appropriate to include in the model?
11. What proportion of patients with SCD who experience recurrent VOC are expected to receive chronic blood transfusions in
the NHS? Is data from the HES database on chronic blood transfusion appropriate to include in the model?
12. Would patients receive crizanlizumab in addition to chronic blood transfusions for the prevention of VOC in clinical practice?
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Lifetime treatment effect and treatment discontinuation
13. In the model, the company have assumed a constant lifetime treatment effect for crizanlizumab, whilst on treatment. Would
the efficacy of crizanlizumab be constant as long as patients are on treatment or would there be some waning of treatment
effect over time?
14. The company have assumed in their model that the treatment benefit with crizanlizumab continues for 2 years after stopping
treatment. Would the treatment benefit of crizanlizumab continue after stopping treatment in clinical practice, and if so, for
how long would you expect it to last?

Utility values
15. Should the model include utilities derived from HRQoL data collected in SUSTAIN or using the LEGACY registry study
data?
16. Is the approach of using health state utility values for each VOC state, with an additional decrement for each VOC event
experienced, likely to overestimate the impact of individual VOC events?
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Technical engagement response form
Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]
As a stakeholder you have been invited to comment on the technical report for this appraisal. The technical report and stakeholders responses are used
by the appraisal committee to help it make decisions at the appraisal committee meeting. Usually, only unresolved or uncertain key issues will be
discussed at the meeting.
We need your comments and feedback on the questions below. You do not have to answer every question. The text boxes will expand as you type.
Please read the notes about completing this form. We cannot accept forms that are not filled in correctly. Your comments will be summarised and used by
the technical team to amend or update the scientific judgement and rationale in the technical report.
Deadline for comments 5pm on 1 October 2020.
Thank you for your time.
Please log in to your NICE Docs account to upload your completed form, as a Word document (not a PDF).
Notes on completing this form









Please see the technical report which summarises the background and submitted evidence. This will provide context and describe the questions
below in greater detail.
Please do not embed documents (such as PDFs or tables) because this may lead to the information being mislaid or make the response
unreadable. Please type information directly into the form.
Do not include medical information about yourself or another person that could identify you or the other person.
Do not use abbreviations.
Do not include attachments such as journal articles, letters or leaflets. For copyright reasons, we will have to return forms that have attachments
without reading them. You can resubmit your form without attachments, but it must be sent by the deadline.
If you provide journal articles to support your comments, you must have copyright clearance for these articles.
Combine all comments from your organisation (if applicable) into 1 response. We cannot accept more than 1 set of comments from each
organisation.
Please underline all confidential information, and separately highlight information that is submitted under ‘commercial in confidence’ in turquoise,
all information submitted under ‘academic in confidence’ in yellow, and all information submitted under ‘depersonalised data’ in pink. If confidential
information is submitted, please also send a second version of your comments with that information replaced with the following text:

‘academic/commercial in confidence information removed’. See the Guide to the processes of technology appraisal (sections 3.1.23 to 3.1.29) for
more information.
We reserve the right to summarise and edit comments received during engagement, or not to publish them at all, if we consider the comments
are too long, or publication would be unlawful or otherwise inappropriate.
Comments received during engagement are published in the interests of openness and transparency, and to promote understanding of how
recommendations are developed. The comments are published as a record of the comments we received, and are not endorsed by NICE, its
officers or advisory committees.

About you
Your name

Eleni Theodorou

Organisation name – stakeholder or respondent
(if you are responding as an individual rather than a
registered stakeholder please leave blank)

Novartis Pharmaceuticals UK Ltd

Disclosure
Please disclose any past or current, direct or indirect
links to, or funding from, the tobacco industry.

None

Questions for engagement
Issue 1: Positioning of crizanlizumab in the treatment pathway
Figure 1: Treatment pathway for crizanlizumab for preventing VOC

1. Is the positioning of
crizanlizumab appropriate in
the treatment pathway for
preventing recurrent VOC
(see Figure 1 below)?

Technical engagement response for
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Figure 1 in the technical report for engagement does not fully represent the proposed positioning of crizanlizumab in the
treatment pathway for patients with sickle cell disease (SCD) aged 16 and older. According to the British Society for
Haematology (BSH), blood transfusions should only be considered for patients for whom hydroxycarbamide/
hydroxyurea (HC/HU) is ineffective or contraindicated.1 In UK clinical practice, therefore, patients receiving HC/HU or
crizanlizumab are not expected to receive concomitant chronic blood transfusions for the purposes of reducing vasoocclusive crises (VOC). An updated treatment pathway for patients with SCD aged 16 and older is shown above in
Figure 1.

2. Is allogenic stem cell
transplantation (ASCT) a
relevant comparator?

We are pleased to note that the clinical expert and NICE Technical Team agree with our view that ASCT should not be
considered a relevant comparator in this appraisal as ASCT only represents a viable treatment option for a very small
proportion of patients, namely those with clinically severe disease but without irreversible organ damage, and thus
tends to be considered mainly in children with SCD.2, 3 For adults with SCD, ASCT is only considered for patients with
severe SCD or existing comorbidities (e.g. stroke or pulmonary hypertension) who have failed to respond to currently
available treatment, and can therefore be considered as a treatment of last resort.4

Issue 2: Immature SUSTAIN trial data
3. In the SUSTAIN trial, patients
were treated with
crizanlizumab for 52 weeks,
and so efficacy data on long
term outcomes (such as
mortality and rare
complications) were not
captured. Table 1
summarises when further
data will become available
from a key ongoing trial and
real-world evidence studies in
people with SCD and a

Novartis are of the strong belief that a period of further data collection within the context of a managed access
agreement (MAA), would help to reduce the uncertainty in the current cost-effectiveness estimates.
It should be noted that the nature and complexity of the disease, vulnerability of the patient population and the paucity
of data in SCD limits the use of conventional cost-effectiveness analysis (CEA) for crizanlizumab. Nevertheless, based
on the results of the sensitivity and scenario analyses presented within the company submission (CS; see Section
B.3.8), the cost-effectiveness of crizanlizumab is highly sensitive to changes in these – and other – parameter input
values. Where values from plausible ranges are combined, there is a significant effect on the cost-effectiveness results.
Whilst certain parameters have been identified already by the NICE Technical Team as being associated with
uncertainty, it is important to recognise a number of additional parameters adopted within the base case that may also
be associated with potential uncertainty, with these being described within the CS.
Further scenario analyses – accounting for uncertainties reported by the technical team, as well as those in the CS –
are presented in Table 3 at the end of this response. These analyses reflect a more balanced view of the uncertainties
within this assessment, and use a corrected base case from the Evidence Review Group (ERG) clarification question
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history of VOC . Would a
period of further data
collection within a managed
access agreement help to
reduce the uncertainty in the
current cost effectiveness
estimates?

stage (see the end of this response for further details). The analyses presented at the end of this response are run both
at the PASLU-approved level of discount (xxx), as well as a temporary level of discount which is proposed as part of the
MAA (xxx).These individual scenario analyses can also be run from the economic model provided at the ERG
clarification question stage.
Taken together, the analyses highlight the value of further data collection around the parameters associated with the
most uncertainty, as well as the opportunity for a commercial arrangement through an MAA, in order to reduce the base
case ICER to a plausibly cost-effective range.
A number of studies are ongoing that could elicit further data collection on the key parameters of uncertainty as part of
an MAA. These key parameters are listed together with the ongoing studies that will address these uncertainties in
Table 2 at the end of this response.

Issue 3: Generalisability of SUSTAIN trial

4. The SUSTAIN trial was

conducted in USA, Brazil and
Jamaica. Are there any
differences in the clinical
management of recurrent
VOC in people with SCD
between these countries and
England that would limit the
applicability of these studies
to NHS clinical practice?

The standard of care received by patients in SUSTAIN is expected to be generalisable to UK clinical practice, and this
has been confirmed by a Consultant Haematologist in the UK who specialises in the treatment of SCD. Furthermore,
the majority of treatment centres in SUSTAIN were in the US (51/60 centres) and treatment guidelines for SCD from the
US National Heart, Lung and Blood institute (NHLBI) and the BSH are very similar with respect to the therapies
recommended, including HC/HU (for patients experiencing multiple VOC in a 12-month period or experiencing VOC
which impacts daily activity or HRQoL)5, 6 and chronic blood transfusions (primarily for prevention of complications such
as stroke in high risk patients, particularly children).1, 6
However, whilst the treatments recommended as part of standard of care in these countries are similar to UK clinical
practice and therefore demonstrate that the standard of care received by patients in SUSTAIN is expected to be
generalisable to UK clinical practice, it is important to note that the proportion of patients receiving certain therapies as
part of standard of care in the UK may differ. Importantly, the proportion of patients receiving HC/HU is expected to be
lower in UK clinical practice than in the US, as discussed as part of the response to Question 10. Subgroup data from
SUSTAIN (use of crizanlizumab with / without HC/HU) are used to inform the CEA. That is, whilst the trial is
generalisable to UK practice, the efficacy analyses informing the CEA is reflective of both the trial results, and the UK
population.
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The proportion of patients receiving HC/HU is also a parameter associated with potential uncertainty that will be
addressed with further data collection as part of the National Haemoglobinopathy Registry (NHR) analysis (see Table
2), highlighting the value of further data collection as part of an MAA.

5. Please refer to Table 2 on the

baseline characteristics for
the full trial population of
SUSTAIN. Are the baseline
characteristics in the table
reflective of the population
with SCD who experience
recurrent VOC in England?

The majority of baseline characteristics of patients in SUSTAIN are broadly consistent with those of SCD patients in the
UK, and therefore the outcomes of SUSTAIN are considered to be applicable to patients in the UK. For example, the
proportion of patients who reported race as ‘Black’ (xxxxx), and the proportion of patients with homozygous HbS (xxxxx)
were similar to the patient characteristics reported in the National Haemoglobinopathy Registry 2018/19 annual report:
approximately 86% of patients were reported to be of African, Caribbean, or other Black descent; and 67% of SCD
patients were homozygous HbS.7-9
It is acknowledged that for some baseline characteristics, there may be differences between patients in SUSTAIN and
the patient population with SCD and recurrent VOC in the UK for example age, gender ratio (see response to Question
9) and HC/HU use (se response to Question 10). However, it is important to note that whilst these differences in
baseline characteristics may exist, they are not characteristics that affect the efficacy of crizanlizumab and therefore the
subsequent generalisability of the outcomes of SUSTAIN to patients in the UK. For example, pre-specified subgroup
analyses of the SUSTAIN trial have demonstrated the similar levels efficacy of crizanlizumab 5 mg/kg irrespective of
concomitant HC/HU use (yes or no) (see Section Error! Reference source not found. of the CS), and the expected
level of HC/HU use in UK clinical practice has been taken into account as part of the CEA (see Section Error!
Reference source not found. of the CS).10
Nevertheless, these characteristics do impact the cost-effectiveness of crizanlizumab, hence the decision to ensure that
key baseline characteristics within the base case CEA were derived from UK sources (see responses to Question 9 and
10). It is also acknowledged that some of these parameters are associated with uncertainty, which the additional
collection of UK registry data via an MAA would help to address (see Table 2).

6. Are the results from the
SUSTAIN trial applicable to
people who may have
experienced less severe crises
including those who have
managed VOC at home?

Patients may choose to manage VOC at home for a range of reasons that are not related to the severity of the event.
As described in Section B.1.3.1 of the CS, other factors such as poor previous experience in hospital, or a feeling that
medical professionals do not understand their disease, are more commonly cited reasons for why patients may manage
VOC at home.11
The definition of VOC used in SUSTAIN, and specifically the requirement for patients to visit a medical facility and
receive treatment, was necessary to provide a more robust outcome for measurement in the trial. However, the results
from SUSTAIN are still expected to applicable to patients who may choose to manage severe VOC events at home. In
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the ongoing phase III STAND trial, the impact of crizanlizumab on frequency of VOC not requiring a medical facility visit
will also be assessed.12

Issue 4: Appropriateness of model structure
The 2–4 and 5–10 subgroups in SUSTAIN were pre-specified to help in randomisation of baseline characteristics and
ensure equivalent representation of VOC frequency across all patients in the ≥2 VOC trial population. These subgroups
were not efficacy endpoints and were only used to examine the impact of crizanlizumab on patients who had less/more
frequent VOC at baseline.

7. The model defines health

states differently compared
with the SUSTAIN trial (2-4 or
5-10 crises in the previous 12
months). Please comment on
the suitability of the
company’s model structure
(see Figure 2).

The economic model was developed to look at the ≥2 VOC group of patients (trial population) regardless of the baseline
subgroup stratification. In order to meet the NICE reference case it was important to link the outcomes from the 52week SUSTAIN trial to long-term outcomes (e.g. overall survival). While using the baseline subgroups (2–4, 5–10) from
SUSTAIN might have allowed the development of some short-term transition probabilities for the CEA it would not have
allowed the modelling of long-term outcomes as there is a lack of published data linking these subgroups to long-term
complications such as mortality and acute chest syndrome (ACS).
The health states used in the model (i.e. <1, ≥1 to <3 and ≥3) were based on published data which showed a
relationship between these VOC subgroups and overall survival.13 These health states were also validated with
clinicians who agreed the health states represented clinically meaningful groups. These subgroups also allow the model
to demonstrate the impact of SCD patients achieving <1 VOC per year on crizanlizumab (i.e. the <1 VOC health state is
not included as an inclusion criteria / starting point for any patients: it is a state which can be achieved through
treatment [transitions]) (see Section B.3.2.2 of the CS).
Modelling SCD is challenging as long-term data in this patient population is scarce and only recently have patients
started to live into adulthood. However, we believe our approach of combining the SUSTAIN data with published
information on long-term effects of VOCs and SCD was appropriate: without this combination, we would not have been
able to meet the NICE reference case.

8. Is it appropriate to model

SCD-related complications
and death independently of
each other?

Due to data limitations it was not possible to model the impact of all of the complications on mortality from the Hospital
Episodes Statistics (HES) database. As such, mortality and complications are modelled independently of each other
and complications in the model are applied for costing and utility purposes only.
Increased annualised VOC are strongly correlated with increased risk of ACS, and both VOC and ACS are linked to an
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increased risk of death.14, 15 All causes of mortality (including death from ACS) from the HES database were considered
when developing the baseline mortality hazard and the hazard ratios (HR) for VOC within the model. In addition, in the
HES database analysis, the definition of VOC included both priapism and ACS. Therefore, as the increased risk of
death due to ACS is already captured, applying a separate risk of death for ACS would result in the double counting of
death.

Issue 5: Appropriateness of model inputs
Whilst the SUSTAIN trial did not include any UK patients, several of the baseline characteristics of patients in the
SUSTAIN trial are considered to be generalisable to UK patients, as highlighted above in the response to Question 5.

9. Are clinical inputs used in the

company’s base case or from
SUSTAIN (shown in Table 3)
more likely to reflect the
population with SCD
experiencing recurrent VOC
in clinical practice?

However, it is important to consider which clinical characteristics may be affected by geographical factors. For patient
body weight, the use of UK-based data was deemed more appropriate for inclusion in the CEA because patient weight
is considered to be influenced more by geographical factors rather than the number of VOC experienced by a patient
with SCD. Moreover, an exploratory analysis of US claims data indicated that patients with higher VOC would, in fact,
have a lower average body weight.16 This analysis was conducted using patient weight data on 11,788 people with
SCD in the US, of whom 729 had experienced ≥2 VOCs. The mean weight in the all-SCD group was identified as
84.2kg, and 73.6kg in those with ≥2 VOCs; a ratio of 0.874. NICE CG143 reported a mean weight of 55kg and 65kg
(females and males, respectively) in all people with SCD in the UK. Assuming a similar ratio in weight of all-people to
those with ≥2 VOCs between the US and UK, and combining this with the proportion of females reported in the HES
database (63%) or SUSTAIN (55.1%), the implied mean patient weight in the population under analysis is 51.3kg (HES)
or 52kg (SUSTAIN). Importantly, there are no data which suggest the mean weight in patients with ≥2 VOCs is higher
than that of the total SCD population. Therefore, for patient body weight, the assumptions used in NICE CG143 were
adopted in the company base case.17 It is acknowledged that patient body weight data are poorly documented, and
that this represents a parameter associated with uncertainty. Further data collection via the UK NHR will help to
address the uncertainty associated with the average body weight of patients with SCD and multiple VOCs (see Table
2), highlighting the value of further data collection within the UK through an MAA.
In addition, given the availability of UK data on age and gender ratio of patients with SCD in the UK, the values for
mean age and proportion of male to female patients included in the company base case were based on patients
included in the HES database analysis, in order to maintain consistency with the natural history data used in the model,
and also to best reflect the patient characteristics of individuals with SCD in the UK.18 Novartis acknowledge the
differences in mean age and proportion of male to female patients between the HES database analysis and SUSTAIN
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and the uncertainty associated with these clinical inputs, and therefore for completeness we have included scenario
analyses at the end of this response showing the impact of adopting the mean age and gender ratios from SUSTAIN
within the base case CEA (see Table 3).

10. What proportion of patients

with SCD who experience
recurrent VOC are expected
to receive
hydroxycarbamide/hydroxyure
a in the NHS? Is data from
SUSTAIN or the National
Haemoglobinopathy Registry
on
hydroxycarbamide/hydroxyure
a use more appropriate to
include in the model?

The proportion of patients receiving concomitant HC/HU in the SUSTAIN trial (xxxx% across all treatment arms) is
higher than what has been reported from the National Haemoglobinopathy Registry (14.2%).7, 9 Therefore, in order to
align the efficacy inputs included in the model to what has been observed in current UK clinical practice, data from the
pre-specified subgroups in SUSTAIN (concomitant HC/HU use: yes or no) on the number of VOC experienced by
patients were utilised in the base case analysis, rather than using data from the overall ITT population. The distribution
of patients to each VOC health state (<1 VOC, ≥1–<3 VOC or ≥3 VOC) and the absolute number of VOC experienced
in each cycle was therefore based on data from each subgroup (concomitant HC/HU use: yes or no), weighted by the
proportion of patients expected to receive HC/HU.
The proportion of patients who receive HC/HU specifically for the prevention of recurrent VOC is expected to vary
widely between UK clinics (hence the reliance on data from a national registry for the company base case analysis), but
information provided by a Consultant Haematologist who specialises in the treatment of SCD at a large London hospital
about the use of HC/HU at their centre (~16%) is consistent with the value used in the base case analysis.19 Moreover,
during a 2019 Advisory Board, UK based clinical experts estimated that HC/HU use for patients in their clinics varied
between 10–50%, and based on data from the National Haemoglobinopathy Registry, it is estimated that 14.2% of SCD
patients in the UK receive HC/HU.9
It is acknowledged that the proportion of patients who receive HC/HU specifically for the prevention of recurrent VOC is
associated with uncertainty; an accurate representation of HC/HU use in patients with recurrent VOC could be obtained
through an audit of the national registry, highlighting the anticipated value of further data collection through an MAA
(see Table 2).
Noting the NICE Technical Team’s acknowledgement that use in SUSTAIN “might be higher than expected in clinical
practice”, but in recognition of the uncertainty associated with this parameter, a scenario analysis has been conducted
whereby the proportion of patients receiving HC/HU is increased to 30%. This matches advice provided by the clinical
expert, as reported in the Technical Engagement report, as well as the range provided by UK clinical experts at the
2019 Advisory Board. This scenario analysis is presented at the end of this response (see Table 3).

11. What proportion of patients
with SCD who experience

In the base case analysis, the proportion of patients receiving chronic blood transfusions was assumed to be xx in the
SoC treatment arm, based on data available from the HES database.20 According to a Consultant Haematologist in the
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recurrent VOC are expected
to receive chronic blood
transfusions in the NHS? Is
data from the HES database
on chronic blood transfusion
appropriate to include in the
model?
12. Would patients receive

crizanlizumab in addition to
chronic blood transfusions for
the prevention of VOC in
clinical practice?

UK who specialises in SCD, as many as 20% of adult patients with SCD could be receiving regular blood transfusions,
of which approximately half will be receiving transfusions for the prevention of recurrent VOC.19 This figure therefore
aligns with the xx used in the company base case, and further validates this input parameter. Further details regarding
the expected use of chronic blood transfusions for patients with SCD in the UK are presented in Section B.1.3.2 of the
CS.

We agree with the NICE Technical Team’s view – as well as that of the clinical expert – that it is unlikely that patients
receiving crizanlizumab would also receive chronic blood transfusions.
In practice, chronic blood transfusions for the purpose of reducing VOC are not expected to be used in patients
receiving crizanlizumab. This aligns with the recommended use of blood transfusions in patients receiving HC/HU,
where chronic blood transfusions should only be considered for patients for whom HC/HU is ineffective or
contraindicated.1 This also reflects the eligibility criteria of SUSTAIN trial, in which patients receiving chronic blood
transfusions were not eligible for inclusion within the trial.10

Issue 6: Lifetime treatment effect and treatment discontinuation
13. In the model, the company

have assumed a constant
lifetime treatment effect for
crizanlizumab, whilst on
treatment. Would the efficacy
of crizanlizumab be constant
as long as patients are on
treatment or would there be
some waning of treatment
effect over time?
14. The company have assumed

The assumption to use a constant lifetime treatment effect for crizanlizumab was made due to the lack of available data
for patients receiving crizanlizumab beyond 52 weeks. It is expected that patients for whom crizanlizumab was not
effective would discontinue treatment due to this lack of efficacy, and therefore discontinuation may act as a proxy for
treatment waning in the long term. It is acknowledged that the long-term efficacy of crizanlizumab is associated with
uncertainty, further highlighting the value of further data collection and the opportunity for a commercial arrangement
through an MAA in order to collect longer-term efficacy data from the STAND Phase III trial (see As highlighted in our
response to Question 3, a number of studies are ongoing that could elicit further data on the key parameters of
uncertainty, emphasising the value of further data collection via an MAA. These key parameters are listed together with
the ongoing studies that will address these uncertainties in Table 2 below.
Table 2).
The SUCCESSOR trial followed patients who completed the SUSTAIN trial for an additional 52 weeks following
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in their model that the
treatment benefit with
crizanlizumab continues for 2
years after stopping
treatment. Would the
treatment benefit of
crizanlizumab continue after
stopping treatment in clinical
practice, and if so, for how
long would you expect it to
last?

discontinuation of trial therapy, whether crizanlizumab or placebo. The trial indicated that patients who discontinued
crizanlizumab had an additional benefit compared with placebo patients, causing a delay in return of their VOC events
despite loss of p-selectin blockade. Discussions with clinical experts around the clinical plausibility of the increased time
to development of VOC post crizanlizumab discontinuation led to two hypotheses that supported the findings of the
SUCCESSOR study, but may also support a longer period of benefit post discontinuation:


That continuous crizanlizumab therapy led to remodelling of the vascular bed, following decreased
inflammation, thereby disrupting endothelial activation and leading to a reduction in overall p-selectin expression



That a break in the acute pain cycle had also resulted in a break in the chronic pain cycle, leading to
desensitisation to pain and thereby, an extended period with reduced sensitivity to normal pain triggers

The clinicians discussed the possibility of these benefits extending, at least in part, to patients for a longer period of
time than 52 weeks. Two years was selected as a reasonable period to observe any benefit, as at this time, it is likely
that both the inflammation and pain sensitivity would have returned in the absence of ongoing p-selectin blockade. This
hypothesis was further supported by the findings in the SUCCESSOR study that the VOC rates in placebo treated
patients increased over the same 52-week period. Worsening rates of VOC in the 52-week follow-up period suggests
that placebo patients may have experienced disease progression over the 2-year period of the two studies. In contrast,
delay of return of VOC in crizanlizumab patients may indicate a cessation or at least slowing of disease progression.
These two hypotheses together support that crizanlizumab may have a multi-factorial impact on VOC rates and pain
that could delay the return of the full risk associated with the number of VOC patients experienced prior to
crizanlizumab therapy. Consequently, it is possible that the benefits of crizanlizumab might extend beyond the 52
weeks of SUCCESSOR, and in the absence of longer-term data, an extension up to 2 years was considered
reasonable, without being overly optimistic.

Issue 7: Utility values
15. Should the model include

utilities derived from HRQoL
data collected in SUSTAIN or
using the LEGACY registry
study data?

In SUSTAIN, health-related quality of life (HRQoL) measurements were taken at predetermined points, which may or
may not have corresponded to the occurrence of a VOC. It is therefore possible that the HRQoL measured in SUSTAIN
missed or did not fully capture the expected impact of VOC on patient HRQoL and assessments of pain. This is
highlighted by the fact that xxxxxxxxxxxxx of the completed SF-36 questionnaires that were administered were not
completed within a 7-day window of a VOC, and only xx individual patients completed a SF-36 questionnaire within a 7day window of a VOC, meaning that the detrimental impact of VOC on HRQoL is only likely to have been captured in

Technical engagement response for
Crizanlizumab for preventing sickle cell crises in sickle cell disease [ID1406]

11 of 20

xxxx of cases. In addition, the 52-week duration of SUSTAIN was considered likely to be too short to demonstrate an
overall change in HRQoL related to SCD complications and long-term organ damage. Taken together, there was a
strong rationale for considering results of the EQ-5D analysis of HRQoL from SUSTAIN to be unreliable for the
purposes of HTA. As such, and when considered in light of the resulting EQ-5D utility values (Table 1), the HRQoL data
from SUSTAIN were not considered appropriate to use within the base case analysis due to the number of limitations
and the introduction of additional uncertainty.
For transparency, the EQ-5D utility values derived from the SF-36 data of patients who completed SUSTAIN are shown
in Table 1. As is shown, the derived results are clinically implausible, with the EQ-5D utility value for the 1–2 VOC group
being higher than that for patients with 0 VOC. Moreover, there was
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
Given the severe pain and increased risk of complications and organ damage associated with VOC, this result was
deemed clinically implausible.
The LEGACY study collected SF-36 data for a period of 3 years and was therefore deemed more appropriate for
capturing these longer-term detriments to HRQoL related to SCD complications and long-term organ damage.
As highlighted in the response to Question 3, it is hoped that further data collection through an MAA from the Sickle Cell
Pain Diary-Self Report study and the STAND trial will help to address the acknowledged uncertainties with the EQ-5D
utility values derived from SUSTAIN (see Table 2).
Table 1: Mapped EQ-5D results for SUSTAIN

16. Is the approach of using

health state utility values for
each VOC state, with an
additional decrement for each
VOC event experienced, likely

Number of VOC

EQ-5D result

0

xxxxx

1–2

xxxxx

3+

xxxxx

In the LEGACY registry analysis, the SF-36 questionnaires had a recall period of 4 weeks. It is possible that acute
VOC events may have occurred during the 4-week recall period. However, most VOC events are transient in nature. As
reported in Anie et al. 2012, utility scores for patients were markedly increased 3 days after the event and were within
normal ranges by 10 days.21 As such the majority of VOC events in the registry dataset would likely not be within the
recall window of the SF-36 questionnaire.
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to overestimate the impact of
individual VOC events?

As noted in Section B.3.4.2 of the CS, by not including specific health state utility values for each VOC category, the
impact of recurrent VOC on chronic pain and other chronic complications, which are not otherwise explicitly included in
the model, would not be captured in the CEA.

Ongoing studies
As highlighted in our response to Question 3, a number of studies are ongoing that could elicit further data on the key parameters of uncertainty,
emphasising the value of further data collection via an MAA. These key parameters are listed together with the ongoing studies that will address these
uncertainties in Table 2 below.
Table 2: Ongoing studies that will help to address uncertainties in the CEA
Key uncertainty
Lack of long-term
efficacy data for
crizanlizumab
and SoC

Duration of
treatment effect
for crizanlizumab

Issues addressed

Data source

How data will address the uncertainty

Issue 2
Issue 3
Issue 6

Phase III STAND trial
(NCT03814746)

STAND is a randomised, double-blind, placebo-controlled,
multicentre phase III trial investigating the efficacy and
safety of 5 mg/kg or 7.5 mg/kg crizanlizumab (with or
without concomitant HC/HU use) in patients aged ≥12
years with SCD and a history of VOC. primary completion
is expected in May 2022. Patients will be followed-up and
assessed for secondary outcomes measures for up to five
years from treatment initiation.12 This study will provide
confirmatory efficacy and safety data for crizanlizumab
from 240 patients including analysis of the impact on rates
of VOC leading to healthcare visits and being treated at
home. The study will also assess healthcare resource
utilisation and the effect of treatment on SCD-related renal
damage.
In contrast to the phase II SUSTAIN trial, STAND includes
UK patients.

Primary analysis
expected 2023

Issue 2
Issue 6

Phase III STAND trial
(NCT03814746)

As described above, the phase III STAND will follow up
patients for up to 5 years

Final analysis
expected 2028, with
interim analyses
available in 2023
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Utility values for
patients with SCD
and of VOC
events

Frequency of
disease
complications
and health care
utilisation in the
UK SCD patient
population

Issue 7

Issue 2
Issue 3

The Sickle Cell Pain
Diary-Self Report
study (SCPD-S)

A non-interventional, online study of adolescent and adult
patients with SCD is ongoing. The primary objective is to
perform psychometric validation of the SCPD-S in patients
with SCD (including reliability, construct validity, and
sensitivity to change over time). The secondary objective is
to generate prospective HRQoL data in patients living in
countries with a high burden of SCD including the UK.

Data expected 2021

Phase III STAND trial
(NCT03814746)

Phase III STAND trial includes quality of life data collection
using sickle cell disease-specific patient reported outcome
instruments; SCPD-S (as above) and Adult Sickle Cell
Quality of Life Measurement System Short Forms (ASCQMe SF).

Final analysis
expected 2028, with
interim analyses
available in 2023

Whole Systems
Integrated Care
(WSIC) analysis

A longitudinal pathway analysis of the Whole Systems
Integrated Care (WSIC) database is being conducted to
better understand the relationship between VOC and SCDrelated complications. The WSIC database provides a deidentified linked primary care, acute, mental health,
community health and social care record for over 2.4
million patients who live and are registered with a GP in
North West London. Use of this database also aims to
provide a comprehensive analysis of all the ways patients
with sickle cell disease interact with the healthcare system
to gain further insights into resource utilisation and the cost
of a VOC in the UK.

Q4 2020

National
Haemoglobinopathy
Registry (NHR)
analysis

Plans to investigate the relationship between frequency of
VOC and rates of SCD-related complications in the UK
SCD patient population via a retrospective analysis of the
NHR.

To be determined

Phase III STAND trial
(NCT03814746)

Phase III STAND trial will assess the impact of
crizanlizumab on frequency of VOC not requiring a medical
facility visit

Final analysis
expected 2028, with
interim analyses
available in 2023
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Impact of
crizanlizumab on
long-term
consequences of
SCD

Patient
characteristics of
patients with SCD
and recurrent
VOC
Costs associated
with VOC

Proportion of
patients treated
with HC/HU in the
UK

Issue 2

Phase III STAND trial
(NCT03814746)

Phase III STAND trial will assess impact of crizanlizumab
on as exploratory endpoints renal damage, cardiac
function, leg ulcers, priapism

Final analysis
expected 2028, with
interim analyses
available in 2023

Phase II
STEADFAST trial
(NCT04053764)

Phase II STEADFAST trial will assess the effect of
crizanlizumab on renal function in SCD patients with
chronic kidney disease due to sickle cell nephropathy.

Final analysis
expected 2023

Phase II SPARTAN
trial (NCT03938454)

Phase II SPARTAN trial will assess the efficacy and safety
of crizanlizumab in SCD patients with priapism

Final analysis
expected 2022

Issue 3
Issue 5

NHR analysis

Analysis of the NHR will provide more accurate data on the
patient characteristics of patients with SCD and recurrent
VOC in the UK.

To be determined

Issue 5

WSIC analysis

As described above, the WSIC database provides a deidentified linked primary care, acute, mental health,
community health and social care record for over 2.4
million patients who live and are registered with a GP in
North West London. A longitudinal pathway analysis of the
WSIC database is being conducted and this will help to
better determine the costs associated with the treatment of
VOC in UK clinical practice.

Q4 2020

Issue 5

Phase III STAND trial
(NCT03814746)

Phase III STAND trial will record the proportion of patients
treated with HC/HU and will include UK patients.

Primary analysis
expected 2023

NHR analysis

Analysis of the NHR will provide more accurate data on the
proportion of HC/HU use amongst patients with SCD and
recurrent VOC in the UK.

To be determined

Additional analyses
As highlighted in our response to Question 3, it should be noted that the nature and complexity of the disease, vulnerability of the patient population
and the paucity of data in SCD limits the use of conventional CEA for crizanlizumab. Nevertheless, based on the results of the sensitivity and scenario
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analyses presented within the company submission (CS; see Section B.3.8), the cost-effectiveness of crizanlizumab is highly sensitive to changes in
these – and other – parameter input values. Where values from plausible ranges are combined, there is a significant effect on the cost-effectiveness
results. Whilst certain parameters have been identified already by the NICE Technical Team as being associated with uncertainty, it is important to
recognise a number of additional parameters adopted within the base case that may also be associated with potential uncertainty, with these being
described within the CS.
Further scenario analyses – accounting for uncertainties reported by the technical team, as well as those in the CS – are presented in Table 3. These
analyses reflect a more balanced view of the uncertainties within this assessment, and use a corrected base case from the Evidence Review Group
(ERG) clarification question stage. The analyses have been run both at the PASLU-approved level of discount (xxx), as well as a temporary level of
discount which is proposed as part of the MAA (xxx).These individual scenario analyses can also be run from the economic model provided at the
ERG clarification question stage.
Taken together, the analyses provide examples of the impact of uncertainty on the base case results, and highlight the value of further data collection
around the parameters associated with the most uncertainty, as well as the opportunity for a commercial arrangement through an MAA, in order to
reduce the base case ICER to a plausibly cost-effective range.
Age/Gender ratio: It is acknowledged that there are differences in the mean age and proportion of male to female patients between the HES
database analysis and SUSTAIN and the potential uncertainty associated with these clinical inputs. Whilst we maintain that UK data provide the most
appropriate source for these patient characteristics, scenario analyses have been conducted using the age and gender ratio from SUSTAIN. In this
case, gender has a large impact on results as it influences the average patient weight in the model (calculated from NICE CG143 as weighted
average by gender), and therefore, increases the number of vials required of crizanlizumab from 3 to 4, per administration. Analysis of registry data –
conducted as part of a MAA – would help to resolve this uncertainty.
Cost of VOC: Although not highlighted as an area of uncertainty by the NICE Technical Team, it is important to note that the cost of VOC used within
the base case is likely to be an underestimate of the true cost of this event. As a simple rationale for this belief, the base case value does not include
the cost of A&E treatment. A scenario analysis has been conducted whereby the cost of VOC has been increased to include the weighted average
cost of an A&E attendance (NHS reference costs 2018/2019: weighted average of Type 01–03 admitted and non-admitted VB01Z–VB09Z). Analysis
of the WSIC database – conducted as part of a MAA – would help to resolve this uncertainty.
Incidence rate of complications/mortality: Again, although not highlighted as an area of uncertainty by the NICE Technical Team, there is
uncertainty associated with the incidence rate of complications and mortality. As these were based on a retrospective analysis of HES data, it is
considered highly likely that the values used within the base case represent an underestimate. A scenario analysis has been conducted to
demonstrate the impact of an increase in the incidence rate of complications/mortality (HR=1.5 applied to the baseline <1 VOC category). The STAND
trial, along with other planned studies (outlined in the CS, and in Table 2) will provide additional data on this uncertainty.
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SoC efficacy: Further data collection on the efficacy of SOC (and crizanlizumab) would help to address any uncertainty in the efficacy of treatments
of interest. A scenario analysis has been conducted whereby the probability of being in the <1 VOC category is reduced by 5% and the probability of
being in the >3 VOC category is increased by 5%, for both patients who receive and do not receive concomitant HC/HU (with no change in the
efficacy of crizanlizumab in prevention of VOCs). The STAND trial will provide robust evidence on these parameters.
HC/HU use: As highlighted in our responses to Questions 5 and Question 10, the proportion of patients who might receive concomitant HC/HU is
highly variable between clinics and therefore associated with considerable uncertainty. A scenario analysis has been conducted whereby this value is
increased to 30%. Registry data on real-world clinical practice will provide evidence on this parameter (see Table 2).
Table 3: Additional analyses
xxxxxxxxxxxxxxxxxx
Scenario

Description

xxxxxxxxxxxxxxxxxx

Incr.
costs

Incr.
QALYs

ICER
(£/QALY)

% change
from
base
case

Incr.
costs

Incr.
QALYs

ICER
(£/QALY)

% change
from
base
case

1

Base case + B30b + B30c
(Company Revised Base Case)*

xxxxxxxx

xxxx

xxxxxxxx

x

xxxxxxx

xxxx

xxxxxxx

x

2

1 + Age from SUSTAIN

xxxxxxxx

xxxx

xxxxxxxx

xxx

xxxxxxx

xxxx

xxxxxxx

xxx

3

1 + Gender ratio from SUSTAIN

xxxxxxxx

xxxx

xxxxxxxx

xxxx

xxxxxxx

xxxx

xxxxxxx

xxxxx

4

1 + Increased cost of VOC**

xxxxxxxx

xxxx

xxxxxxxx

xxx

xxxxxx

xxxx

xxxxxxx

xxxx

5

1 + Increased incidence rate of
complications/ mortality (HR=1.5
applied to baseline)

xxxxxxxx

xxxx

xxxxxxxx

xxxx

xxxxxxx

xxxx

xxxxxxx

xxxx

6

1 + Adjustment to SoC efficacy
(VOC)***

xxxxxxxx

xxxx

xxxxxxxx

xxxx

xxxxxx

xxxx

xxxxxxx

xxxx

7

1 + HC/HU use 30%

xxxxxxxx

xxxx

xxxxxxxx

xxxx

xxxxxxx

xxxx

xxxxxxx

xxxx

8

1–7 combined

xxxxxxxx

xxxx

xxxxxxxx

xxxx

xxxxxxx

xxxx

xxxxxxx

xxxx

*Note the Company Revised Base Case represents the original base case analysis plus the incorporation of two minor changes in response to ERG Clarification Questions B30b
and B30c.
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** Based on the NHS Reference Costs 2018-19, we have calculated a weighted-average cost of A&E attendances, excluding those to walk-in centres (Type 4), patients presenting
for dental care, and patients who are dead upon administration. This is an average of £186.63, which has been added to the cost of a VOC event (~11% increase).
*** Adjustment implemented by reducing the probability of being in the <1 VOC category by 5% and increasing the probability of being in the >3 VOC category by 5%.
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Questions for engagement
Issue 1: Positioning of crizanlizumab in the treatment pathway
At page 41 of the TE report (Technical Engagement Report (Confidential)) the evidence shows
crizanlizumab reduces VOC’s. Of the 67 that to 5mg/kg 15 had no VOC the other 52 had reduced
VOC, in the 2.5mg/kg group of 66 patients it was 7 had no VOC’s.

1. Is the positioning of crizanlizumab
appropriate in the treatment pathway for
preventing recurrent VOC (see Figure 1
below)?

2. Is allogenic stem cell transplantation (ASCT)
a relevant comparator?

The Draft Technical Report for Engagement Figure 1 states in the footnote less than 10% of
patients have transfusions, this should be checked as the actual number may be higher. There
are limitations on accuracy, National Haemoglobinopathy Register that should provide the data is
still being built ref Section 251 of the NHS Act 2006 and the Health Service (Control of Patient
Information) Regulations 2002. Prior to this both accuracy and reliability data issues exist.
Covid-19 has exposed structural and systemic health inequalities in the NHS and the pathway for
patients should be that Stem cell therapy is not a treatment of last resort, but one of the range of
treatments available to as a choice; as found with many other conditions like cancer, HIV, Cystic
Fibrosis. The conditions of today are created by the policies of the past, we should acknowledge
the pathway is unsatisfactory and highlights a fundamental lack in equality and equity (only 8
adults a year given access to Haematopoetic Stem Cell therapy). This point is further emphasised
be WHO and UN declarations on sickle cell the worlds most common genetic blood disorder,
cause of excruciating pain and continuous tissue, bone and organ damage affecting 300,000,000
million people globally, 80% of which are born in sub Saharan Africa, half dying before the age of .

No they have different design, purpose, and outcome. They are different value propositions;
transplant aims to cure, crizanlizumab aims to treat.
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Appropriate comparators are other SCD disease modifying drugs; Endari L-Glutamine, Oxbryta
also known as Voxelotore the GBT treatment for Sickle Cell approved by the FDA in November
2019. Oxybryta is a Ribonucleotide reductase inhibitor producing an allosteric modification that
increases HbF in RBC’s and a left-shift of the Hb oxygen equilibrium curve. Oxybryta targets the
root cause of sickle cell being the sickling of blood cells in blood vessels, and the destruction of
red blood cells (these are important un-discussed factors in the crizanlizumab trial, and the normal
life of red blood cells being 120 days but only 20 days for those living with sickle cell. It may be
that Crizanlizumab has a different treatment target but it is helpful to consider such comparisons).
It can also be used in combination with Hydroxyurea. Other treatments include Imara etc, though
some are FDA approved they are not approved in the UK and therefore may fall outside of the
scope as relevant comparators.

Issue 2: Immature SUSTAIN trial data
3. In the SUSTAIN trial, patients were treated
with crizanlizumab for 52 weeks, and so
efficacy data on long term outcomes (such
as mortality and rare complications) were not
captured. Table 1 summarises when further
data will become available from a key
ongoing trial and real-world evidence studies
in people with SCD and a history of VOC .
Would a period of further data collection
within a managed access agreement help to
reduce the uncertainty in the current cost
effectiveness estimates?

Only data collection that is accurate and reliable through consistent standardised processes would
help to reduce the uncertainty in the current cost effectiveness work. Estimates should be
avoided as it provides only limited assurance that is not replicable. Limited assurance is a poor
measure on reasonable assurance.
Ongoing study and monitoring is vital to protect the patients and determine longer term impacts
and secure a detailed understanding of the treatments efficacy. I note in the TE report (Technical
Engagement Report (Confidential), P83 Successor study, indicates after treatment discontinuation there
may be improvements generated including a period of reduced VOC for a residual period through biological
changes in blood vessels.
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Issue 3: Generalisability of SUSTAIN trial
To patients it is clear the health system does not work with respect to healthcare for patients with
SCD in general. Clinical management of patients with VOC is very poor, but worse it causes a lot
of harm. Adherence to NICE Guidance CG143 for acute pain in the UK is poor.

4. The SUSTAIN trial was conducted in USA,

Brazil and Jamaica. Are there any
differences in the clinical management of
recurrent VOC in people with SCD between
these countries and England that would limit
the applicability of these studies to NHS
clinical practice?

SWAY is covered in numerous places in The TE report (Technical Engagement Report
(Confidential) patients across the world are not going to hospital due the lack of care, compassion,
and stigma exhibited by medical practitioners reluctant to provide for sickle cell patients. Patients
feel going to hospital places them at greater risk, in addition we are stripped of dignity and respect
when clinicians make false accusations of being seekers, and drug addict. In the meantime the
rapidly deteriorating patient is reduced to begging for pain relief, and monitoring themselves when
Panadol and being told to wait, and accusations of clock watching align. Pain and being ignored
is totally unaddressed, if the patient were pregnant or had cancer such withdrawals of care would
not go unresolved. The pain is unbearable, I have heard many women with SC comment the pain
of child birth was easy in comparison and they can not understand why women scream in labour.
‘I’m In Crisis’ is research presented at the UK Parliament Sickle Cell and Thalassaemia All Party
Parliamentary Group, it considered how clinicians and nurses are trained to care for SC patients,
over 80% had not received any training , most of the rest barely an hour. This week Parliament
were told Health Education England had agreed to design an E Module for Sickle Cell as a result
of the research.
To help the ERG understand pain issues ref Patient Experts report serious failings in the control of pain and
are anxious for clear, unambiguous, and unequivocal guidance that is trained understood and delivered; ref
Hackney Engagement Panel video http://youtu.be/AxO1AQxFK2E

5. Please refer to Table 2 on the baseline

characteristics for the full trial population of

The baseline characteristics could be expanded SCPC >10, Hospitalisations, ACS, and ideally
socio economic group as it may be material to no of VOC’s experienced.
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SUSTAIN. Are the baseline characteristics in
the table reflective of the population with
SCD who experience recurrent VOC in
England?
6. Are the results from the SUSTAIN trial applicable
to people who may have experienced less
severe crises including those who have
managed VOC at home?

The sustain trial methodology may not have been detailed enough to consider VOC impact in a
common, and comparable manner across a range of types of crisis.

Issue 4: Appropriateness of model structure
7. The model defines health states differently

compared with the SUSTAIN trial (2-4 or 510 crises in the previous 12 months). Please
comment on the suitability of the company’s
model structure (see Figure 2).
8. Is it appropriate to model SCD-related

complications and death independently of
each other?

The model structure could be more granular <1, 1-4, 5-9, >10
Figure 2 should include infections, especially in this Coronavirus era.

Yes. Death raises many questions both about the biological aspects of the participant pre trial,
and impact of the trial. There were deaths in all three trial groups including Placebo but little
information is provided even in the TE report (Technical Engagement Report (Confidential).

Issue 5: Appropriateness of model inputs
9. Are clinical inputs used in the company’s

base case or from SUSTAIN (shown in
Table 3) more likely to reflect the population
with SCD experiencing recurrent VOC in
clinical practice?

Any values in the base case should reflect a baseline in the country and area of trial. It is clarity
around a baseline that enables performance assessment and if appropriate target setting.
The above being said the baseline information needs to be accurate and complete, having
assessed HES information for sickle cell in the past it had many gaps, inconsistent data input and
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it systems and processes needed to be regularised.
Once NHR is built it may have the capacity to provide better localised and national information.
The data in SUSTAIN may not reflect the current proportion of patients on HC/HU as there has
10. What proportion of patients with SCD who

experience recurrent VOC are expected to
receive hydroxycarbamide/hydroxyurea in
the NHS? Is data from SUSTAIN or the
National Haemoglobinopathy Registry on
hydroxycarbamide/hydroxyurea use more
appropriate to include in the model?
11. What proportion of patients with SCD who
experience recurrent VOC are expected to
receive chronic blood transfusions in the
NHS? Is data from the HES database on
chronic blood transfusion appropriate to
include in the model?

been a marked increase in the last 5 years.
The NHR is under construction and may not be able to provide the quality of information needed.
As of last week tracking progress on S251 the NHR currently stands at 15,000 patients. This is a
significant change for years it barely exceeded 6,000 patients, much of the data was old and it
could not even identify how many people die from SC each year.
See 9 and 10 above regarding accuracy and reliability of HES and NHR. Also see Question 1
above.
In an acute VOC setting many patient try to avoid blood products and transfusions.

This needs study to investigate any advantages and disadvantages as well as the active medical
aspects of both. The medical reason for not doing both needs to be explained.
12. Would patients receive crizanlizumab in

addition to chronic blood transfusions for the
prevention of VOC in clinical practice?

If crizanlizumab can be used with HC/HU, perhaps Crizanlizumab and transfusions generate
similar enhanced benefits. For a patient that would be a great hope. To be clear a patient needs
a simple medication that prevents all VOC’s and other sickle cell related complications.
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Issue 6: Lifetime treatment effect and treatment discontinuation
Any constant lifetime treatment effect is un-evidenced from the information made available.
Investigation is needed by ongoing monitoring. As stated p83 of the TE report (Technical
Engagement Report (Confidential) intimates there may be positive impacts after discontinuation.

13. In the model, the company have assumed a

constant lifetime treatment effect for
crizanlizumab, whilst on treatment. Would
the efficacy of crizanlizumab be constant as
long as patients are on treatment or would
there be some waning of treatment effect
over time?

Undertakings will need to be provided for the ongoing collection of data on long term efficacy and
adverse impacts, mortality, ACS, strokes, necrosis, fertility, pregnancy impacts, and birth defects
etc, as well as nausea, impact on appetite, hormone and stress levels, tiredness and fatigue,
jaundice, liver, kidney and heart function, pancreas and spleen function etc through blood tests.

Lifetime treatment effect and treatment discontinuation – This should be the domain of
an organisation with independent oversight i.e. the National Haemoglobinopathy Panel.

14. The company have assumed in their model

that the treatment benefit with crizanlizumab
continues for 2 years after stopping
treatment. Would the treatment benefit of
crizanlizumab continue after stopping
treatment in clinical practice, and if so, for
how long would you expect it to last?

This is fascinating that a treatment might continue to act to years after. However like some
treatments where a dose can have longer lasting effects, care is needed i.e. blood thinners that
cause problems if someone needed an urgent operation or experienced trauma.
Any such longer lasting impacts need caution.

Issue 7: Utility values
15. Should the model include utilities derived

Yes, and SF-35. There is glaring problem with trails, its the lack a tool to measure quality of life.

from HRQoL data collected in SUSTAIN or
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using the LEGACY registry study data?

The tool should be supplied to the company by the regulator assessing the treatment. This
problem arises time and time again and needs to be addressed. NICE could collaborate with the
NHS and adapt its UK Lived Experience Template, and develop something, through consultation
with parents and companies that meets NICE Quality of Life requirements in a manner that
standardises and can be replicated across NICE trial projects for medicines and devices.

It is known that each VOC generates incremental damage on the body. Certainly the cost of
hospitalisation has certain base components. The more VOC the greater the impact on
depression and the downward spiral of ill health. More research is needed to respond to the
question.
Other Information discussed in the call 15th September 2020.
16. Is the approach of using health state utility

values for each VOC state, with an
additional decrement for each VOC event
experienced, likely to overestimate the
impact of individual VOC events?

What triggers a VOC – they can arise in second triggered by infection, stress, dehydration, poor
diet and nutrition, cold weather, overheating, altitude, cold hands, cold water as in swimming, cold
water to drink in cold weather, exercise, slow speed of acute pain relief provision, insufficient dose
of pain relief, etc.
What a Sickle Cell Patient Needs – A cure, if not a drug that enables normal living such as a
disease modifying drug that prevents SCD. Both these remove the need for a huge swathe of the
key issues time, expense, and resources in day to day condition management and its day to day
condition management and its incremental tissue, organ, and bone damage, day patient and in
patient issues of treatment and care, expensive Apheresis; blood transfusions, requiring a whole
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industry to seek and build blood banks finding people, asking/inducing/encouraging them to give
blood pain management. It will reduce the need for educating patients, carers, clinicians, schools,
employers, families. It would reduce the use of state benefits for patients. It would enable a more
productive individual in employment, education and a more fulfilled life socially and economically.
SWAY research found patients avoid hospitals and clinicians, an additional view can be seen in
an article ’Saying I’m Fine When I’m not, to Avoid the Hospital’ 30th September 2020 Sickle Cell
Disease News.
Special considerations including issues related to equity or equality – the TE report (Technical
Engagement Report (Confidential) discusses issues of structural and systemic inequality. Patients

experience stigma, in addition to poor care, in addition to a lack of psychological support. Lack of
welfare support ref ‘How did you Contract That’ research presented to Parliament 2019. They
struggle with sickle cell, and fall through the net elsewhere in a vicious racialisation of medicine
cycle where resources have hitherto been de-minimis relative to other conditions. Social support
is in decline, access to education relies on financial strength and people living with SC are
amongst the most economically disadvantaged groups in the country, education employment and
career suffer. Not to mention few treatment option for a condition that fluctuates meaning doctors
see them only a fraction of the time they are unwell. The growing movement to avoid opiods in
chronic situations misdirects clinicians to avoid provision in acute situations when studies show
people with SC have a lower prevalence of drug addition is a fraction of the levels of others in the
population. In addition considerable research including ‘I’m in Crisis’ presented to Parliament
2019, it show the dismally poor to no training given to nurses and other care staff is a major
Technical engagement response form
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consideration for failures in equality and equity in SC care. Failure to administer timely pain relief
leads to ACS. It is also the case SC is considered to affect mainly black people who have
considerably worse health outcomes than their white counterparts. Patients with SCD may also be
registered disabled due to the morbidity associated with their disease e.g. strokes, chronic leg/foot
ulcers and osteonecrosis.
Fact is sickle cell patients are largely left feeling isolated and misunderstood, largely due to a lack
of care and compassion in the medical system; with nasty nick names like ‘Seekers and fakers’,
this is compounded by societal lack of awareness and stereotypes that the health system have
been instrumental in cultivating both by its attitude to patients and failure to invest in awareness
raising. These are further compounded be cultural barriers and misinformation. Can you believe
medical practitioners that assess Personal Independence Payment actually ask patients ‘how did
you contract that’ ref research report by the Sickle Cell Society to the Sickle Cell and
Thalassaemia All party Parliamentary Group 2019. So you see people living with sickle cell
experience a quadruple whammy, not to mention living in daily fear of the loss of their life!
For clarity all the studies I have seen including one by WBA, the 2016 study published in the
Journal of Pain Medicine show there were markedly fewer sickle cell patients who died due to
opioid overdoses. NCEPOD expressed concerns however at negligent clinicians.
With HIV when the Kings Fund reported how the NHS staff attitudes contribute to HIV stigma, a
plethora of investment by the NHS when on education, reports, marketing, grants to clinics etc to
correct the situation. For sickle cell the NHS has spent nothing, and given zero effort.
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Access, Equity, Equality – Any assessment of SCD with HIV, Cystic Fibrosis, Haemophilia,
cancer, reveals a shocking disparity and it has been the case for decades. Companies, NICE and
the NHS should be taking actions in this Covid-19, BLM era and level the playing field. They
should recognise other conditions the resources expended to provide Orkambi, PREP, Factors for
blood etc. The failure to level the playing field should be a concern to us all as it is the cause of
poor health and mortality to BAME people ref Sir Michael Marmot Inequalities in Healthcare. If the
NHS can not resolve this an independent organisation should provide the oversight needed to
deliver a fair health service.
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1.

Critique of the evidence submitted by the company in response to the NICE technical
report

1.1

Positioning of crizanlizumab in the treatment pathway

The Evidence Review Group (ERG) recognises the revised pathway proposed by the
company (Figure 1 of the technical engagement (TE) response1). The ERG acknowledges that a
guideline by the British Society for Haematology (BSH) has been referenced. However, the question to
the committee still remains, i.e. “Is the positioning of crizanlizumab appropriate in the treatment
pathway for preventing recurrent VOC (see Figure 1 below)?”.
Regarding the question whether or not allogenic stem cell transplantation (ASCT) is a relevant
comparator, the comment made in section 3.3 of the ERG still stands, i.e. “while the ERG agrees with
the argument made by the company, the omission of ASCT should be noted by the committee”.2
1.2

Immature SUSTAIN trial data

No new evidence was presented which could reduce the current issue of the immaturity of the SUSTAIN
data or resolve the key uncertainties in the submission. The company reiterate their position that a period
of further data collection, within the context of a managed access agreement (MAA), would help to
reduce the uncertainty in the current cost-effectiveness estimates. The company also refer the reader to
Table 2 of their response to the NICE technical report which presents a list of the key uncertainties and
the ongoing studies with which they intend to address these uncertainties, as well as an estimated data
availability.1 However, given that none of these studies or analyses are available yet, the ERG cannot
comment on how well they address the key uncertainties.
1.3

Generalisability of SUSTAIN trial

The ERG welcomes that the company provided further references regarding the generalisability of the
SUSTAIN trial to UK clinical practice. As described in section 3.2 of the ERG report, it should be noted
that patients in the SUSTAIN trial “were prescribed HC/HU for at least six months and were dosestable for at least three months prior to the beginning of the study” which might limit the applicability
of the results to clinical practice in the UK.2
1.4

Appropriateness of model structure

No amendments to the model structure were made and no additional evidence was provided with which
to estimate the required baseline state occupancy and transition probabilities in the current model.
Therefore, the issues regarding the model structure, as detailed in section 5.2.2 of the ERG report remain
unresolved.2
1.5

Appropriateness of model inputs

The company provided further justification for the use of UK specific values over values from the
SUSTAIN trial for the following parameters:






Weight
Age
Gender mix
Proportion of hydroxycarbamide/ hydroxyurea (HC/HU) usage
Chronic blood transfusion
3

Weight
The company acknowledge the uncertainty relating to weight and refer to further data collection via the
UK NHR, which will help to address the uncertainty associated with the average body weight of patients
with sickle cell disease (SCD) and multiple vaso-occlusive crises (VOCs).1
The company describe an additional exploratory analysis of US claims data, which indicated that
patients with higher VOC would, in fact, have a lower average body weight.3 This analysis was
conducted using patient weight data on 11,788 people with SCD in the US, of whom 729 had
experienced ≥2 VOCs. The mean weight in the all-SCD group was found to be 84.2 kg, and 73.6 kg in
those with ≥2 VOCs; a ratio of 0.874. While this evidence would suggest that patients experiencing
recurrent VOCs in the US are lighter than the broader SCD population, it does not constitute evidence
that the weight in the SUSTAIN trial is not generalisable to the UK population of SCD patients
experiencing recurrent VOC. Further the ERG notes that the weights taken from CG143 seem to be
based on expert opinion rather than data.4 The clinical expert consulted by NICE during the writing of
the technical report suggested that the averages for body weight for patients with frequent VOC would
likely be higher than the estimates in the company base-case.5
Given these factors the ERG still prefers to use the weight from the SUSTAIN trial in their base-case
as it aligns with the efficacy and safety data used in the model and reflects the patient population
considered in the scope. Further details can be found in section 5.2.3 of the ERG Report.2
Age and Gender mix
The company repeat their justification for the use of UK specific parameters in the base-case, which
enabled them to maintain consistency with the natural history data used in the model, and to best reflect
the patient characteristics of individuals with SCD in the UK.1 They acknowledge the uncertainty
relating to these inputs and provide additional scenarios using the values from the SUSTAIN trial. The
clinical expert consulted by NICE during the writing of the technical report suggested that the
company’s base-case for mean age may be lower in clinical practice and that the percentage of males
to females would likely be equal at 50%.5 This lends support to the use of the SUSTAIN values as
SUSTAIN has a lower mean age and more even gender split than in the Hospital Episode
Statistics (HES) data, as seen in Table 5.5 of the ERG report.
Since no new evidence has been presented showing that the SUSTAIN values are not generalisable to
the UK population, the ERG still believe that the values from SUSTAIN should have been used in the
base-case. However, the ERG still believes that since the UK HES values were used to estimate the risk
of acute complications and mortality in the model, changing these values would potentially lead to a
mismatch between the risk of complications and mortality and the population modelled which is not
desirable. Therefore, as in the ERG report, these parameters remain unchanged in the ERG base-case.
Further details can be found in section 5.2.3 of the ERG report.2
HC/HU Usage
The company reiterated their preference for using the proportion of usage observed in the National
Haemoglobinopathy Registry (NHR) (14.2%) instead of the usage in SUSTAIN (****%). No new
evidence was presented regarding the usage of HC/HU in clinical practice, except for reference to the
clinical expert in the NICE Technical Report who noted that “HC/HU usage in patients with recurrent
VOC is likely to be less than the SUSTAIN trial (about 30%), due to concerns about potential side
effects with treatment.”5 An assumed usage of 30% was explored in a scenario.
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Given the lack of new evidence the ERG reiterate their view detailed in the ERG report that the usage
of HC/HU observed in SUSTAIN should be used in the base-case as it reflects the usage in the scope
patient population, whilst the estimate used by the company is likely an underestimate as it accounts for
the usage in all SCD patients and not only those experiencing recurrent VOCs. Further details can be
found in section 5.2.4 of the ERG report.2
Chronic blood transfusion
No additional evidence was provided for the proportion of patients with SCD who experience recurrent
VOC who would be expected to receive chronic blood transfusions in the NHS. Therefore, the
assumption that ** of patients receiving standard of care (SoC) will receive chronic blood transfusion
remains the only estimate. Further details can be found in section 5.2.4 of the ERG report.2
Regarding the issue of whether patients would receive crizanlizumab and chronic blood transfusions,
the company stated that this would not happen in practice. The clinical expert in the NICE technical
report agreed, stating that they were not aware of any data supporting the use of crizanlizumab alongside
chronic blood transfusions and that they would not recommend this combination treatment on clinical
or mechanistic grounds.5 The ERG therefore considers this to be very unlikely and considers this issue
resolved.
1.6

Lifetime treatment effect and treatment discontinuation

The company provided no new evidence regarding long-term treatment effect and treatment effect postdiscontinuation. The company repeated that the clinical experts that were consulted thought that any
post-discontinuation treatment effect would last no longer than two years, “as at this time, it is likely
that both the inflammation and pain sensitivity would have returned in the absence of ongoing p-selectin
blockade”.1, 6 The ERG deems it implausible that patients would benefit from two additional years of
full treatment effectiveness and then abruptly return to their pre-treatment health. The ERG believes a
gradually waning treatment effect over the two years to be more likely, which would be equivalent to
one-year full treatment effect. Therefore, the ERG maintains its base-case assumption of one year of
full treatment effect post-discontinuation. The company’s base-case assumption of lifetime treatment
effect while on treatment is retained as in the original ERG base-case, but the substantial uncertainty
surrounding this assumption is noted and examined in updated scenarios. Further details can be found
in section 5.2.6 of the ERG report.2
1.7

Utility values

The company provided the mapped EQ-5D utility values derived from the SF-36 data of patients who
completed SUSTAIN, shown in Table 1.1.1 However, the company argues that the 52-week duration of
SUSTAIN was considered to be too short to demonstrate an overall change in health related quality of
life (HRQoL) related to SCD complications and long-term organ damage. The company argues that the
LEGACY study is therefore a more appropriate source given the 3-year follow-up period.
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Table 1.1: Mapped EQ-5D utilities from SUSTAIN
Number of VOCs

EQ-5D utility
0

*****

1–2

*****

3+

*****

Source: Table 1 of the company response to technical engagement
VOC = vaso-occlusive crises.

The ERG notes that the vast majority (****%) of SF-36 questionnaires were administered outside of a
seven-day recall period that included a VOC in SUSTAIN, and agrees with the company that the values
are therefore more representative of the HRQoL of SCD patients between VOC events.1, 6 The ERG
further agrees that the differences in EQ-5D utility values between the VOC groups as observed in
SUSTAIN
are
clinically
implausible,
and
notes
that
the
SUSTAIN
trial
**********************************************************************************
***************************. This does not provide support for the company’s assumption that the
HRQoL of SCD patients between VOC events differs across these VOC groups.
Regarding the company’s argument that the SUSTAIN data is inappropriate as the 52-week duration of
SUSTAIN was considered to be too short to demonstrate an overall change in HRQoL related to SCD
complications and long-term organ damage, the ERG has some concerns. The ERG believes it is not
appropriate to account for SCD complications and long-term organ damage through the health state
utility value of the VOC groups, as the impact of individual VOCs and acute complications are already
accounted for separately in per event decrements. Furthermore, the ERG notes that the current model
structure assumes that patients can move between any of the VOC health states after each year. It is
unlikely that the move from a more severe to a less severe state would reverse any assumed long-term
organ damage which impacts HRQoL. Therefore, an assumption that the health state utility values
(HSUVs) account for long term decline in organ functioning and its impact on HRQoL would have to
be modelled in a different way to be plausible within the current model structure. Additionally, there is
a lack of evidence on the long-term relationship between VOCs and organ damage, outside of the
complications already included and accounted for. Therefore, we cannot know what impact this has on
quality of life. Taken together, the ERG does not consider the approach of differential utilities for VOC
groups, alongside per event decrements to be justified. The ERG therefore believes it is more
appropriate to apply a single utility value across VOC health states, with per event decrements for
individual VOCs and complications.
The ERG acknowledges the uncertainty and limitations associated with the mapped EQ-5D utility
values derived from the SF-36 data of patients who completed SUSTAIN. However, the ERG considers
that SUSTAIN data is the best available source to inform this aspect of the model as it aligns with the
efficacy and safety data used in the model and we know that almost all utility observations occurred
outside of a recall period including a VOC event. In this way we can be surer that VOCs are not double
counted. The ERG proposes an alternative base-case using the weighted average of the utilities derived
from SUSTAIN (weighted according to health state occupancy) as a single utility for all VOC health
states, to which per event decrements are applied. The resulting single utility value is *****.
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2.

Revised cost effectiveness analyses from the company

The company’s updated base-case matched their post clarification base-case, which included all their
original base-case assumptions as well as the correction of two minor errors noted by the ERG during
clarification. This base-case was run using the original patient access scheme (PAS) of **% and the
proposed temporary PAS of **%, proposed as part of the MAA.
2.1 Revised company base-case cost effectiveness results
The company’s updated base-case cost effectiveness results including the original PAS of **% and the
new proposed temporary PAS of **% are displayed in Tables 2.1 and 2.2 respectively. At a PAS of
***, the incremental cost effectiveness ratio (ICER) was high at ********. At the updated proposed
PAS of **%, the ICER fell to *******, just within the range usually considered cost effective.
Table 2.1: Company base-case cost effectiveness results (discounted, PAS **%)
Technologies

Total
costs

Total
LYG

Total Incremental Incremental Incremental ICER
QALYs
costs
LYG
QALYs (£/QALY)

Crizanlizumab ********

*****

****

********

*****

****

SoC

********

****

****

********

Source: Table 3 in company response to NICE Technical Report.1
Abbreviations: ICER, incremental cost effectiveness ratio; Incr., incremental; LYG, life years gained; PAS,
patient access scheme; QALY, quality adjusted life year; SoC, standard of care.

Table 2.2: Company base-case cost effectiveness results (discounted, PAS **%)
Technologies

Total
costs

Total
LYG

Total Incremental Incremental Incremental ICER
QALYs
costs
LYG
QALYs (£/QALY)

Crizanlizumab ********

*****

****

********

*****

****

SoC

*******

****

****

*******

Source: Table 3 in company response to NICE Technical Report.1
Abbreviations: ICER, incremental cost effectiveness ratio; Incr., incremental; LYG, life years gained; PAS,
patient access scheme; QALY, quality adjusted life year; SoC, standard of care.

ERG comment: The company did not provide any probabilistic sensitivity analysis to accompany the
deterministic results.
2.2

Probabilistic sensitivity analysis

The company did not conduct any additional probabilistic sensitivity analyses (PSA). The ERG
conducted a PSA on the company’s base-case with the PAS of **%, which provided the results
presented in Table 2.3. The incremental costs were higher in the PSA analysis than in the
deterministic, which resulted in a higher ICER of ******* as compared to *******. The cost
effectiveness plane in Figure 2.1 shows that the vast majority of simulations fell in the north east
quadrant where crizanlizumab is more costly and more effective, with a small proportion falling into
the south east quadrant where crizanlizumab is cheaper and more effective. The cost effectiveness
acceptability curve (CEAC) in Figure 2.2 shows that even at this higher PAS discount, at thresholds
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of £20,000 and £30,000, crizanlizumab has a ****% and ****% probability of being considered cost
effective respectively.*
Table 2.3: Company probabilistic base-case results (discounted, PAS***%)
Technologies

Incremental
costs

Incremental
LYG

Incremental
QALYs

ICER (£/QALY)

*******

****

****

*******

Crizanlizumab
SoC
Based on the model which accompanied the company response to technical engagement.1
Abbreviations: ICER, incremental cost effectiveness ratio; LYG, life years gained; PAS, patient access scheme;
QALY, quality adjusted life year; SoC, standard of care.

Figure 2.1: Company cost effectiveness plane (PAS **%)

Based on the model which accompanied the company response to technical engagement.1
QALY = quality adjusted life year; WTP = willingness to pay threshold.
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Figure 2.2: Company cost effectiveness acceptability curve (PAS **%)

Based on the model which accompanied the company response to technical engagement.1
CEAC = cost effectiveness acceptability curve; SoC = standard of care.

2.4

Company scenario analyses

The company conducted a number of additional scenarios, displayed in Table 2.4. However, the
company failed to explore other important and impactful issues discussed in the NICE Technical
Report, including weight, long-term treatment effect and utility. The company also introduced scenarios
relating to several additional parameters which they reported that may also be associated with potential
uncertainty, but had not been explored in the CS, ERG report or NICE Technical Report. They argued
that these analyses reflect a more balanced view of the uncertainties within this assessment. These
additional and somewhat unexpected scenarios included:






Cost of VOC – the company report that the cost of VOC used within the base-case is likely to
be an underestimate of the true cost of this event as the base case value does not include the
cost of A&E treatment. A scenario analysis was therefore conducted whereby the cost of VOC
has been increased to include the weighted average cost of an A&E attendance (NHS reference
costs 2018/2019: weighted average of Type 01–03 admitted and non-admitted VB01Z–
VB09Z).
Incidence rate of complications and mortality – the company report that there is also uncertainty
associated with the incidence rate of complications and mortality, as these were based on a
retrospective analysis of HES data. It is considered highly likely that the values used within the
base-case represent an underestimate. A scenario analysis was conducted to demonstrate the
impact of an increase in the incidence rate of complications/mortality (HR=1.5 applied to the
baseline <1 VOC category).
SoC efficacy – the company also argue that there is uncertainty in the efficacy of treatments of
interest. A scenario analysis was conducted whereby the probability of being in the <1 VOC
category is reduced by 5% and the probability of being in the >3 VOC category is increased by
5%, for both patients who receive and do not receive concomitant HC/HU (with no change in
the efficacy of crizanlizumab in prevention of VOCs).
9

These additional scenarios all resulted in a decrease in the company ICER. However, it is difficult to
assess their plausibility given the lack of evidence provided to justify the values used.
At a PAS of **%, the scenarios which had the largest impact on results were assuming the gender ratio
from SUSTAIN and reducing the efficacy of SoC by shifting 5% of SoC patients from the <1 VOC
state to the >3 VOC state. At a PAS of **%, the scenarios which had the largest impact on results were
assuming the gender ratio from SUSTAIN and increasing the risk of mortality and complications.
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Table 2.4: Company additional scenario analyses
******************

******************

Scenario

Description

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

% change
from base
case

Incr. costs

Incr.
QALYs

ICER
(£/QAL
Y)

% change
from base
case

1

Company Revised Base
Case*

********

****

********

*

*******

****

******
*

*

2

1 + Age from SUSTAIN

********

****

********

***

*******

****

******
*

***

3

1 + Gender ratio from
SUSTAIN

********

****

********

****

*******

****

******
*

*****

4

1 + Increased cost of
VOC**

********

****

********

***

******

****

******
*

****

5

1 + Increased incidence
rate of complications/
mortality (HR=1.5
applied to baseline)

********

****

********

****

*******

****

******
*

****

6

1 + Adjustment to SoC
efficacy (VOC)***

********

****

********

****

******

****

******
*

****

7

1 + HC/HU use 30%

********

****

********

****

*******

****

******
*

****

8

1–7 combined

********

****

********

****

*******

****

******
*

****

*Note the Company Revised Base Case represents the original base case analysis plus the incorporation of two minor changes in response to ERG Clarification Questions
B30b and B30c.
** Based on the NHS Reference Costs 2018-19, we have calculated a weighted-average cost of A&E attendances, excluding those to walk-in centres (Type 4), patients
presenting for dental care, and patients who are dead upon administration. This is an average of £186.63, which has been added to the cost of a VOC event (~11% increase).
*** Adjustment implemented by reducing the probability of being in the <1 VOC category by 5% and increasing the probability of being in the >3 VOC category by 5%.
Source: Table 3 in company response to technical engagement.1
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******************
Scenario

Description

Incr. costs

Incr.
QALYs

ICER
(£/QALY)

******************
% change
from base
case

Incr. costs

Incr.
QALYs

ICER
(£/QAL
Y)

% change
from base
case

Abbreviations: HC = hydroxycarbamide; HR = hazard ratio; HU = hydroxyurea; ICER = Incremental cost-effectiveness ratio; Incr. = incremental; PAS, patient access
scheme; QALY = quality adjusted life year; SoC = standard of care; VOC = vaso-occlusive crises.
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3.

Exploratory and sensitivity analyses undertaken by the ERG

Given that new evidence was only provided for utilities, all other aspects of the ERG base-case remain
unchanged. Therefore, the differences between the company’s updated base-case and the ERGs updated
base-case are as follows:







The ERG use the patient weight from SUSTAIN rather than from CG143 as the SUSTAIN trial
is claimed to be reflective of the population who will receive crizanlizumab in UK clinical
practice and the estimate from CG143 is based expert opinion of the weight of all SCD patients
and not only those experiencing recurrent VOCs.4
The ERG assumes the HC/HU usage from SUSTAIN, given that the population in SUSTAIN
matches the intended use of crizanlizumab in UK clinical practice.
The ERG assume that post-discontinuation efficacy is only maintained for one year, in line with
the data provided from SUCCESSOR.
The ERG assumes that only patients who complete one year of crizanlizumab treatment receive
the post-discontinuation efficacy, in line with the data provided from SUCCESSOR
The ERG updated the HSUVs used in the model, using a weighted average of the HSUVs
provided from SUSTAIN in Table 1.1 to create a single HSUV for all 3 VOC states. Per event
VOC and complication disutilities are applied to these updated HSUVs, as in the company and
original ERG base-case.

3.1 ERG base-case
The results of the updated ERG base-case cost effectiveness results including the original PAS of **%
and the new proposed temporary PAS of **% are displayed in Tables 3.1 and 3.2 respectively. At a
PAS of **%, the ICER was ********. At the updated proposed PAS of **%, the ICER fell to
********, which is still considerably higher than the range usually considered cost effective.
Table 3.1: ERG base-case cost effectiveness results (discounted, PAS***%)
Total
LYG

Total
QALYs

Incr.
costs

Incr.
LYG

Incr.
QALYs

ICER
(£/QALY)

Crizanlizumab ********

*****

****

********

****

****

********

********

*****

****

Technologies

SoC

Total
costs

Based on the model which accompanied the company response to technical engagement.1
Abbreviations: ICER, incremental cost effectiveness ratio; Incr., incremental; LYG, life years gained; PAS,
patient access scheme; QALY, quality adjusted life year; SoC, standard of care.
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Table 3.2: ERG base-case cost effectiveness results (discounted, PAS **%)
Total
LYG

Total
QALYs

Incr.
costs

Incr.
LYG

Incr.
QALYs

ICER
(£/QALY)

Crizanlizumab ********

*****

****

*******

****

****

********

********

*****

****

Technologies

SoC

Total
costs

Based on the model which accompanied the company response to technical engagement.1
Abbreviations: ICER, incremental cost effectiveness ratio; Incr., incremental; LYG, life years gained; PAS,
patient access scheme; QALY, quality adjusted life year; SoC, standard of care.

3.2

ERG Probabilistic sensitivity analysis

The ERG conducted a PSA on their base-case with the PAS of **%, which provided the results
presented in Table 3.3. The probabilistic ICER was well aligned with the deterministic ICER at
********. The cost effectiveness plane in Figure 3.1 shows that the vast majority of simulations fell
in the north east quadrant where crizanlizumab is more costly and more effective, with several falling
into the south east quadrant where crizanlizumab is cheaper and more effective. The CEAC in Figure
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3.2 shows that even at this higher PAS discount, at thresholds of £20,000 and £30,000, crizanlizumab
has a ***% and ***% probability of being considered cost effective respectively.*
Table 3.3: ERG base-case probabilistic results (discounted, ********
Technologies

Incremental
costs

Incremental
LYG

Incremental
QALYs

ICER (£/QALY)

*******

****

****

********

Crizanlizumab
SoC
Based on the model which accompanied the company response to technical engagement.1
Abbreviations: ICER, incremental cost effectiveness ratio; LYG, life years gained; PAS, patient access
scheme; QALY, quality adjusted life year; SoC, standard of care.

Figure 3.1: ERG cost effectiveness plane (PAS **%)

Based on the model which accompanied the company response to technical engagement.1
QALY = quality adjusted life year; WTP = willingness to pay threshold.

Figure 3.2: ERG cost effectiveness acceptability curve (PAS **%)

Based on the model which accompanied the company response to technical engagement.1
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CEAC = cost effectiveness acceptability curve; QALY = quality adjusted life year; SoC = standard of care.

3.3

ERG Deterministic sensitivity analysis

The OWSA performed on the updated ERG base-case including the **% PAS shows that the parameters
which have the largest impact on results are weight, number of VOC events per year in the highest
frequency health state, utilities, compliance and concomitant HC/HU usage (Figure 3.3).
Figure 3.3: ERG Tornado diagram (PAS **%)

Based on the model which accompanied the company response to technical engagement.1
HU = hydroxyurea; ICER = incremental cost effectiveness ratio; QALY = quality adjusted life year; SoC =
standard of care; VOC = vaso-occlusive crises.

3.4

ERG scenario analyses

The ERG ran a series of scenarios to explore some of the key remaining uncertainties which were shown
in the ERG report to have a substantial impact on the ICER.2 The results of these scenarios are displayed
in Table 3.4 below. At the PAS of **%, the scenarios which had the largest impact on the ICER were
those which reduced the proportion of patients receiving HC/HU and the scenario which assumed the
UK estimates for weight, age and gender simultaneously. At the PAS of **%, the scenarios which had
the largest impact on the ICER assuming UK estimates for weight, age and gender simultaneously,
assuming a HC/HU use of 14.2% and assuming full treatment effectiveness for 5-years after which
treatment effect disappears and patients discontinue. These results demonstrate the importance of
assumptions surrounding patient parameters (predominantly driven by weight), HC/HU usage and longterm efficacy.
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Table 3.4: ERG scenarios
******************
Description

Crizanlizumab

******************

SoC

Total
costs

Total
QALYs

Total
costs

Total
QALYs

ERG Revised BC

********

****

********

****

Weight, age and gender all
UK

********

****

********

Weight, age and gender all
SUSTAIN

********

****

HC/HU use UK (14.2%)

********

HC/HU use clinical expert
(30%)

ICER
(£/QALY)

Crizanlizumab

SoC

ICER
(£/QALY)

Total
costs

Total
QALYs

Total
costs

Total
QALYs

********

********

****

********

****

********

****

********

********

****

********

****

*******

********

****

********

********

****

********

****

********

****

********

****

********

********

****

********

****

*******

********

****

********

****

********

********

****

********

****

********

5-years full treatment
effectiveness*

********

****

********

****

*********
*

********

****

********

****

********

10-years full treatment
effectiveness*

********

****

********

****

********

********

****

********

****

********

15-years full treatment
effectiveness*

********

****

********

****

********

********

****

********

****

********

HSUVs LEGACY, with per
event VOC decrements

********

****

********

****

********

********

****

********

****

********

Average HSUV LEGACY,
with per event VOC
decrements

********

****

********

****

********

********

****

********

****

********

*Patients assumed to discontinue once treatment effect disappears
Based on the model which accompanied the company response to technical engagement.1
BC = base-case; ERG = Evidence Review Group; HC = hydroxycarbamide; HSUV = health state utility value; HU = hydroxyurea; ICER = incremental cost effectiveness
ratio; PAS = patient access scheme; QALY = quality adjusted life year; SoC = standard of care; VOC = vaso-occlusive crises.
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4.

Conclusion

The only new evidence presented by the company was the health state utility values from SUSTAIN.
The only other new information from the technical engagement response came from several minor
exploratory analyses conducted by the company, some additional scenarios and the updated PAS. Some
additional evidence was also provided by the clinical expert consulted as part of the NICE Technical
Report.5 However, the fundamental uncertainties in this appraisal remain unresolved.
The company presented a number of ongoing studies which should provide further data to address key
uncertainties in the cost effectiveness analyses. However, as yet there is no data available and therefore
the ERG cannot provide further comment.
When considering the new results at the newly proposed higher PAS of **%, it should be kept in mind
that this PAS is described as temporary and proposed, suggesting it is not yet formally agreed and will
only be applicable over a limited time period.
The company presented updated cost effectiveness analyses based on their post-clarification base case
and updated PAS. This resulted in a base-case ICER of ******** at the original PAS and ******* at
the updated proposed PAS. Although at the **% PAS, the company’s base-case ICER is now within
the NICE threshold range, it can be seen from the probabilistic results that at a threshold of £30,000,
crizanlizumab has only a ****% probability of being considered cost effective respectively as the
probabilistic ICER was higher at *******. The company tested a limited number of additional
scenarios, some of which related to the key uncertainties queried by NICE and some of which did not
and instead explored potential uncertainties that the company considered could bring crizanlizumab into
a potentially cost effective range. At a PAS of **%, the scenarios which had the largest impact on
results were assuming the gender ratio from SUSTAIN and reducing the efficacy of SoC by shifting
5% of SoC patients from the <1 VOC state to the >3 VOC state. At a PAS of **%, the scenarios which
had the largest impact on results were assuming the gender ratio from SUSTAIN and increasing the risk
of mortality and complications. The plausibility of scenarios arbitrarily reducing the efficacy of SoC
and increasing the risk of complications is unclear as no evidence was presented.
The updated ERG base-case included one change from the original ERG base-case. This was to utilise
the utility data provided from the SUSTAIN trial. Given the lack of clear pattern in the HSUVs for the
three VOC states and previous concerns that the use of different utility values for the three VOC states
on top of the inclusion of per VOC event decrements may double count the impact of VOCs, the ERG
estimated a single HSUV, based on the weighted average of the three SUSTAIN utilities provided. Per
event decrements were applied to this single HSUV for VOCs and complications. No further changes
were made to the ERG base-case as no additional data was provided for any of the other assumptions
and therefore the concerns relating to these assumptions from the ERG Report all stand.2
In the updated ERG base-case, at a PAS of ***, the ICER was even higher at ******** per QALY
gained. At the updated proposed temporary PAS of **%, the ICER fell to ******** per QALY gained,
which is still considerably higher than the range usually considered cost effective. The CEAC showed
that even at this higher PAS discount, at thresholds of £20,000 and £30,000 in the ERG base-case,
crizanlizumab has a ***% and ***% probability of being considered cost effective respectively.
The ERG ran a series of scenarios to explore some of the key remaining uncertainties. At the PAS of
**%, the scenarios which had the largest impact on the ICER were those which reduced the proportion
of patients receiving HC/HU and the scenario which assumed the UK estimates for weight, age and
gender simultaneously. At the PAS of **%, the scenarios which had the largest impact on the ICER

assuming UK estimates for weight, age and gender simultaneously, assuming a HC/HU use of 14.2%
and assuming full treatment effectiveness for 5-years after which treatment effect disappears and
patients discontinue. These results demonstrate the importance of assumptions surrounding patient
parameters (predominantly driven by weight), HC/HU usage and long-term efficacy.
Despite the new analyses conducted, the ERG consider that the key uncertainties in the submission
remain unresolved.
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