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B.1. Decision problem, description of the technology
and clinical care pathway

B.1.1 Decision problem
The submission covers the technology’s full marketing authorisation for this indication.

The decision problem is outlined in Table 1.
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Table 1: The decision problem

Final scope issued by NICE

Variation from
scope in the

Rationale for
variation from

Change in spleen volume
Change in lung function
Change in liver function and volume

Change in physical observations (including observations or measurements from
examination of the skin, head, eyes, ears, nose and throat; lymph nodes; heart, vital

signs, lungs and abdomen; bone marrow; extremities and joints)
Change in weight, height and onset of puberty in children and young people

Change in neurological observations (including observations or measurements from
examination of coordination; cranial nerves; extrapyramidal features; fundoscopy; gait;
motor skills; peripheral nervous system; reflexes; sensory nervous system; strength and

mental status)

Change in biomarkers (including high sensitivity c-reactive protein; ceramide; iron;
cardiac troponin I; ferritin, CCL18 levels; lysosphingomyelin, oxysterols, lipid profile,

interleukin-6; interlukin-8 and calcitonin)

Change in fatigue and exercise tolerance

submission scope
Population People with acid sphingomyelinase deficiency (also known as Niemann-Pick disease type B | As per scope N/A
or A/B)
Intervention Olipudase alfa As per scope N/A
Comparator(s) Best supportive care As per scope N/A
Outcomes The outcome measures to be considered include: As per scope N/A
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Final scope issued by NICE

Variation from
scope in the
submission

Rationale for
variation from
scope

Mortality
Adverse effects of treatment
Health-related quality of life

Carer quality of life

Economic
analysis

The reference case stipulates that the cost effectiveness of treatments should be

expressed in terms of incremental cost per quality-adjusted life year

The reference case stipulates that the time horizon for estimating clinical and cost
effectiveness should be sufficiently long to reflect any differences in costs or outcomes

between the technologies being compared

Costs will be considered from an NHS and Personal Social Services perspective

As per scope

N/A

Abbreviations: CCL18, chemokine ligand 18; N/A, not applicable; NHS, National Health Service; NICE, National Institute for Health and Care Excellence
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B.1.2

Description of the technology being appraised
Table 2: Technology being appraised

UK approved name and brand
name

Olipudase alfa (Xenpozyme)

Mechanism of action

Olipudase alfa is a recombinant human acid
sphingomyelinase that reduces sphingomyelin (SM)
accumulation in organs of patients with Acid
Sphingomyelinase Deficiency (ASMD) (1).

Marketing authorisation/CE mark
status

As of 1%t August 2022, Sanofi received MHRA MA
approval via the MHRA European Commission
Decision Reliance Procedure (ECDRP) (PLGB
04425/0901). Regulatory approval for olipudase alfa
was granted via the EMA centralised procedure on the
24 of June.

The licensed indication for olipudase alfa is enzyme
replacement therapy for the treatment of non-CNS
manifestations of ASMD in paediatric and adult
patients with type B or type A/B.

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

Olipudase alfa is indicated as an enzyme replacement
therapy for the treatment of non-CNS manifestations
of ASMD in paediatric and adult patients with type B or
type A/B.

Method of administration and
dosage

¢ Olipudase alfa is administered as an IV infusion
every 2 weeks. Adult and paediatric patients will
receive olipudase alfa at 3 mg/kg following a dose
escalation regimen

Additional tests or investigations

Dose monitoring and liver function tests during
dose escalation phase

List price and average cost of a
course of treatment

Patient access scheme (if
applicable)

Abbreviations: ASM, acid sphingomyelinase; ASMD, acid sphingomyelinase deficiency; CHMP, Committee
for Medicinal Products for Human Use; CNS, central nervous system; EMA, European Medicines Agency;
IV, intravenous; kg, kilogram; mg, milligram; MA, marketing authorisation; MHRA, The Medicines and
Healthcare products Regulatory Agency; NHS, National Health Service; PAS, patient access scheme
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B.1.3  Health condition and position of the technology in the

treatment pathway

Acid Sphingomyelinase Deficiency (ASMD) is a progressive, life-limiting lysosomal
storage disease (LSD), characterised by the build-up of sphingomyelin causing
widespread multi-organ damage (2).

ASMD is a very rare disease with approximately 40-50 prevalent patients currently
estimated in the UK (3, 4). Of the patients in the UK with ASMD, the majority have
type B and type A/B, with currently only 2—3 patients with type A (3).

Both ASMD type B and A/B are associated with life-threatening complications,
often leading to pulmonary dysfunction, splenomegaly, hepatomegaly, and
haematologic symptoms. Additional symptoms and complications also include
fatigue, bleeding, bruising, heart disease, orthopaedic issues, peripheral
neuropathy, reduced motor skills, gastrointestinal (Gl) discomfort, and subnormal
growth (in children) (2, 5).

The symptoms associated with ASMD result in notable morbidity and mortality for
patients, with age at death varying significantly, ranging from 2 to 72 years
dependent on the subtype, age range of patients, and length of follow up (5-8).

The clinical manifestations of ASMD have a significant impact on patients’ quality
of life (QoL). Many patients with ASMD are unable to care for themselves, perform
common daily activities, and take part in social activities (2, 5, 9). There is also a
profound impact on a patient’s self-esteem and mental health, with patients
frequently suffering with anxiety and depression. Children with ASMD experience
poor growth and development, which can result in delayed puberty, and increased
risk of bone fracture (10).

Families and caregivers of patients with ASMD face a substantial QoL burden (9,
11-13). They have to deal with the worry and grief due to the disease progressing
and their loved one deteriorating or dying (12). They struggle to maintain
relationships, and attend social activities (11). In addition, they face a substantial
financial burden due to time spent caregiving, the inability to work and reliance on
social services support (9).

There are currently no treatments that address the underlying pathology of ASMD
or alter its rate of progression (2). Only symptomatic care and palliative/supportive
measures are currently available (2, 14). Due to the lack of a disease-specific
treatment, patients with ASMD continue to deteriorate, and there is an urgent need
for a treatment targeting the underlying pathology of the disease.

Olipudase alfa (recombinant human acid sphingomyelinase) is an enzyme
replacement therapy (ERT) indicated for the treatment of non-central nervous
system (CNS) manifestations of ASMD in paediatric and adult patients with type B
or type A/B. Olipudase alfa specifically targets the underlying pathology of ASMD,
reversing the accumulation of sphingomyelin. As the first and only disease-
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modifying treatment for ASMD, olipudase alfa represents a major step-change in
the management of this condition.

¢ Olipudase alfa addresses a substantial unmet need among patients who have an
increased risk of mortality and reduced QoL due to non-CNS manifestations of
ASMD, including splenomegaly, respiratory and liver failure.

B.1.3.1 Disease overview

Acid sphingomyelinase deficiency (ASMD) (also known as Niemann-Pick Disease [NPD]
type A, type B, and B-variant corresponding to type A/B) is a very rare disorder. ASMD is
progressive and impairs the functioning of multiple organs including the lungs, liver and
spleen. ASMD often leads to premature death, particularly in cases of childhood onset of
symptoms (7). The condition has a profound impact on the quality of life (QoL) of both
patients and their families, and caregivers (9, 12).

ASMD belongs to a group of inherited metabolic disorders, known as lysosomal storage
diseases (LSDs) caused by enzyme deficiencies within the lysosome, ultimately resulting
in the accumulation of undegraded substrate. ASMD is caused by pathogenic variants of
the SMPD1 gene encoding acid sphingomyelinase (ASM), resulting in the expression of
defective ASM (2, 15, 16). ASM is responsible for the degradation of sphingomyelin, a
lipid commonly found in cell membranes and nerve cell axons, to ceramide and
phosphocholine (2, 15, 16). Therefore, reduced ASM activity results in progressive
lysosomal accumulation of sphingomyelin, particularly in reticuloendothelial tissues in the
spleen, liver, lung, bone marrow, and lymph nodes (2, 17, 18). In patients with severe
disease, neurons may also be affected (2, 17, 18). The build-up of sphingomyelin causes
widespread multi-organ damage (2).

Age of diagnosis for patients with ASMD is varied, ranging from birth to late adulthood,
with a more severe phenotype associated with earlier diagnosis (19). Diagnosis of ASMD
type A is usually made before the child reaches one year of age (20). Patients with
ASMD types A/B or type B are often diagnosed in childhood due to evident
organomegaly, or in some cases, interstitial lung disease (ILD) or reduced platelet
counts (21). However, some patients are diagnosed in adulthood due to later
development of symptoms and years of misdiagnoses (21, 22).

Patients with ASMD may exhibit varied disease severity, typically ranging from most
severe in patients with ASMD type A, to varied severity in patients with ASMD type B, as
presented in Table 3. ASMD presents as a spectrum of phenotypes, which are often
defined based on the presence and severity of neurological manifestations (2, 17):

e ASMD type A (infantile neurovisceral ASMD), is the early onset (diagnosis usually
made before the child reaches 1 year of age) and acute neuropathic form of ASMD
which is associated with rapidly progressive neurological degeneration and death,
usually before the age of 3 years
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ASMD type B (chronic visceral ASMD) has a variable age of onset, and diagnosis
can range from early childhood to adulthood. Patients with ASMD type B are
characterised by slower progression (patients surviving until adulthood), with little or
no neurological involvement. Other more variable features include liver dysfunction,
pulmonary dysfunction, and delayed growth and puberty. Premature death can occur

due to clinical manifestations such as liver and respiratory diseases.

e ASMD type A/B (chronic neurovisceral ASMD) includes patients with disease
manifestations intermediate to ASMD type A and type B with variable neurological
symptoms. Prolonged survival, and less severe neurological symptoms distinguishes

this from ASMD type A, and premature death can occur due to clinical manifestations

such as liver and respiratory disease(s)

Patients with ASMD type A are characterised by severe neurodegeneration in the first
year with death usually by age 3. On the other hand, patients with ASMD type A/B
survive early childhood and have combination of neurological (less severe than type A)
and non-neurological symptoms (2). Both ASMD type B and A/B are characterised by
severe and progressive somatic multi-systemic manifestations including splenomegaly
(present in >90% of patients), hepatomegaly (present in >70% of patients), lung disease
(present in >80% of patients), and gastrointestinal (Gl) issues (present in >75% of
patients) (2, 5).
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Table 3: Onset, lifespan and common genotypes of ASMD by subtype

thrombocytopenia, dyslipidaemia, and
Gl symptoms little or no neurologic

ASMD type A ASMD type B ASMD type A/B
Phenotypic presentation Infantile onset of severe Chronic progressive multisystemic ASMD type B phenotype but also
neurodegeneration with other disease. Often characterised by progressive neurologic findings
manifestations, including failure to | severe and progressive somatic multi- (ataxia, variable degrees of
thrive, hepatosplenomegaly and systemic manifestations, such as developmental delay and peripheral
respiratory infections hepatosplenomegaly, ILD, neuropathy)

rates of disease progression

involvement
Onset Early infancy Variable, childhood or adulthood Variable, generally in childhood
Natural history Uniform severity and prognosis Variable manifestations, severity, and | Variable manifestations, severity, and

rates of disease progression’

three years

Neurological involvement Severe neurodegeneration Little or no neurological involvement Variable neurological symptoms
Lifespan Premature death most commonly Survival to adulthood is common, with Premature death from liver and
due to neurological degeneration; | premature death from progressive liver respiratory disease; age at death

death usually before the age of and/or respiratory disease ranges from childhood to adulthood

Included in the license No Yes

Yes

Abbreviations: ASMD, acid sphingomyelinase deficiency; Gl, gastrointestinal; HDL, high-density lipoprotein; ILD, interstitial lung disease; LDL, low-density lipoprotein.

Source: Adapted from McGovern et al, 2017a (2); McGovern et al, 2017b (17); and Wasserstein et al, 2019 (14)
T Slower rate of progression than ASMD type A, but more severe than ASMD type B




The clinical manifestations of ASMD result in patient symptoms that include respiratory
difficulties, fatigue, bleeding, bruising, heart disease, orthopaedic issues, peripheral
neuropathy, reduced motor skills, gastrointestinal discomfort, and subnormal growth in
affected children (Table 4) (2, 5). With no treatment currently available, organ damage
caused by ASMD is currently irreversible, resulting in reduced life expectancy
(particularly in patients with paediatric onset) (23, 24).
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Table 4: Clinical Manifestations and Complications of ASMD

Disorder Clinical manifestations Patient symptom Patient impact Frequency’ Source
and complications
Cardiopulmonary | ® Interstitial lung disease | Shortness of breath e Difficulty performing 42% McGovern et al,
e Respiratory infections, common daily activities 2008 (25) and
including pneumonia e Exacerbated fatigue Sanofi data on
e Cardiac valve disease e Unable to exercise or file (22)
¢ Mixed dyslipidaemia . : :
with low HDL-C participate in desired
recreational activities,
o Early-onset coronary ,
artery disease sports, and hobbies
e May require
supplemental oxygen
Fatigue  Difficulty performing 69% Pokrzywinski et
common daily activities al, 2021 (9)
e Lack of concentration
and coordination
e Dizziness
e Limitations on
work/school (e.g.
having to stop, limit
hours)
Cough - 27% Sanofi data on
file (22)
Dyslipidaemia: e Increased risk of
coronary artery disease
e LowHDL-C 74% McGovern et al,
2008 (25)
e High LDL-C 46% McGovern et al,
2008 (25)
e High triglyceride levels 62% McGovern et al,
2008 (25)
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and pathologic
fractures

o Delayed bone
maturation

e Difficulty walking

e Inability to move
around outside home

e Impact on activities of
daily living such as
work

Disorder Clinical manifestations Patient symptom Patient impact Frequency? Source
and complications
Hepatic and e Hepatomegaly Enlarged abdomen Possible: - -
spleen e Liver fibrosis e Low self-esteem
e Portal hypertension e Bullying for children
e Liver dysfunction e Disturbed sleep
e Splenomegaly Abdominal pain/ discomfort | ¢  Disturbed sleep 91% Sanofi data on
e Nausea file (22)
Eating difficulty due to ¢ Inability to eat a normal 55% Sanofi data on
early satiety sized meal file (22)
Diarrhoea e Anxiety 55% Sanofi data on
e Reduced social file (22)
life/inability to go out
with friends
e Difficulty maintaining
weight
Problems bending forward | e Inability to carry out 55% Sanofi data on
everyday activities file (22)
Haematologic e Thrombocytopenia with | Excessive bleeding or e Frequent 69% Pokrzywinski et
bleeding tendencies bruising hospitalisation al, 2021 (9)
e Patients may require McGovern et al,
blood transfusion, or 2017 (2)
experience
menorrhagia and
uterine bleeding that
requires hysterectomy
Skeletal e Reduced bone density | Joint and limb pain 39% Sanofi data on

file (22)
McGovern et al,
2008 (25)
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e Low self-esteem due to
appearing different to
friends of a similar age

e Bullying due to
difference in
appearance

Disorder Clinical manifestations Patient symptom Patient impact Frequency? Source
and complications

Prone to bone fractures e Discouraged from 27% Sanofi data on
participating in sports file (22)

e Pain associated with Wasserstein et

fracture al, 2013 (10)

Delayed e Growth restriction in Delayed growth and o Difficulty with ~50% Sanofi data on

development childhood puberty pregnancy file (22)

Cox et al, 2018
)]

McGovern et al,
2008 (25)

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol
T Proportion of patients with ASMD type B and A/B reporting symptom
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B.1.3.1.1 Epidemiology

ASMD is a very rare disease, with approximately 40-50 prevalent patients currently
estimated in the UK (3, 4). Of the patients in the UK with ASMD, the majority have type B
and type A/B, with currently only 2—3 patients with type A (3). Additionally, due to the
increased severity and early mortality in patients with neurological impairment (including
type A and A/B), the majority of patients under the care of specialist centres in the UK
have ASMD type B (3).

Published global studies have estimated that ASMD has an incidence of approximately
0.1 to 0.9 per 100,000 live births (Table 5) (26-31). Approximately 85% of patients with
ASMD have type B or type A/B (5, 32, 33).

Table 5: ASMD epidemiology published studies

Source Country Year Population ASMD incidence
estimate

Pinto R et al, Portugal 1982-2001 ASMD type B 0.1 per 100,000

2004 (29)

Burton BK et us 2015 ASMD type A/B 0.9 per 100,000"

al, 2017 (27)

Poorthuis BJ et | Netherlands 1970-1996 ASMD type A 0.4 per 100,000

al, 1999 (30)

ASMD type A orB 0.13 per 100,000
ASMD type A and B 0.53 per 100,000

Meikle PJ et al, Australia 1980-1996 ASMD type A/B 0.4 per 100,000
1999 (28)

Poupétova, H Czech 1975-2008 ASMD type A/B 0.33 per 100,000
et al, 2010 (31) Republic

Al-Jasmi FA et UAE 1995-2010 ASMD type B 0.25 per 100,000
al, 2013 (26)

Abbreviations: ASMD, acid sphingomyelinase deficiency
T Calculated based on 2 infants affected by ASMD type A/B out of 219,793 infants

As ASMD is an inherited, recessive disease, the epidemiology can vary substantially
between populations and countries (26-31). The prevalence of ASMD is substantially
lower in the UK than might be expected based on published worldwide estimates. A
similar trend towards lower disease prevalence estimates in the UK compared with
published estimates is observed with other LSDs (e.g. Pompe and Gaucher disease)
(34). Reasons for this may include the sparsity of populations in the UK for whom certain
mutations are more prevalent (such as Ashkenazi Jewish population, for whom three
mutations account for more than 90% of disease-causing variants (17)) , diagnostic
programmes used in the studies (including newborn screening (27), which is not
currently available in the UK), and the considerable variation in the phenotype of patients
with the same genotype (28, 35, 36). Early mortality in patients with more severe
presentation may also contribute to the low prevalence observed in the UK (7).
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B.1.3.1.2 Clinical burden

As discussed in Section B.1.3.1, both ASMD type B and A/B are typically characterised
by severe and multi-systemic manifestations including pulmonary impairment, abnormal
lipid profile, cardiovascular manifestations, enlarged liver and spleen, haematological
impairment, and delayed growth and puberty (2, 5).

The symptoms associated with ASMD result in significant morbidity and mortality. The
most burdensome morbidities include lung and liver disease which become more severe
over time, with spleen volume as an important marker of disease severity (37).

Enlarged spleen and liver

Patients with ASMD type B and A/B often present with an enlarged spleen and liver,
which are associated with abdominal pain/discomfort, eating difficulty and diarrhoea, as
well as worsening clinical outcomes (6, 7, 25, 38). An enlarged liver and spleen results in
patients often feeling bloated and requiring many small meals throughout the day, with
one caregiver stating,

y 0000000000000
OO
N (39)

Significant enlargement of the spleen is often observed in patients with ASMD type B
and A/B (>90%), with spleen volumes reaching more than 20 multiples of normal (MN)
(14). An enlarged spleen is a result of an underlying tissue pathology and can be
considered indicative of disease severity and closely linked to the underlying metabolic
and haematological pathologies. It also leads to an increased risk of splenic rupture,
bleeding and ultimately death, with bleeding complications being the primary cause of
death in 9.6% of patients with ASMD (14). [|Spleen size is typically measured in patients
with ASMD as a marker of overall disease severity (2, 40). Patients are aware of the risk
of spleen rupture, with one patient stating

. . ]
B (41) and another adolescent saying that || GcNNGNGEEEEE
|

I 39) Children are unable to participate in playground activities which pose a risk
to spleen rupture, which contributes to social exclusion and poor mental health.

Patients with an enlarged liver are at risk of liver dysfunction, cirrhosis, and liver failure.
Increased liver size is strongly associated with abnormally high levels of liver enzymes
(alanine transaminase [ALT] and aspartate transaminase [AST]) (25), which are linked to
cirrhosis. Liver failure is the cause of premature death in up to 28% of patients with
ASMD (6).
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Pulmonary impairment

Pulmonary impairment, mainly interstitial lung disease? (ILD), is common in patients with
ASMD and often leads to symptoms such as breathlessness, fatigue and recurrent
respiratory infections including pneumonia (25). One patient described their experience,

. (39). The clinical presentation of ILD can be

asymptomatic, with pathological findings such as ground-glass opacity appearance on
CT scans (43). Low forced vital capacity (FVC) and diffusing capacity of the lungs for
carbon monoxide (DLco) are common in patients with pulmonary impairment. DLco is a
predictor of mortality, both in the general population and in those with chronic lung
diseases (44). Respiratory disease primarily manifests as ILD, and is a leading cause of
death in patients with ASMD type B and A/B, accounting for 28% of deaths in patients
with symptom onset <18 years of age, and 44% in patients with symptom onset >18
years of age (6). Of patients who die from respiratory disease, the majority die from ILD
(83%) (6).

Lipids and cardiovascular manifestations

Dyslipidaemia, particularly a pattern of low HDL and high LDL cholesterol levels, is a
consistent feature of ASMD (20, 45). In a cross-sectional study including 59 patients with
ASMD, 74% of patients had a low HDL cholesterol level (as compared with age- and
gender-matched controls), 46% had a high LDL cholesterol level, 41% had a high total
cholesterol level, and 62% had a high triglyceride level (25). The mean cholesterol/HDL
cholesterol level was 2.3 times the upper limit of normal (25). The presence of high
cholesterol increases the risk of coronary artery disease, which may ultimately lead to
myocardial infarction (25). Cardiac disease has been reported as the cause of death
among 7.2% of patients with ASMD type B and A/B (6).

Haematological impairment

Haematologic abnormalities in patients with ASMD include thrombocytopenia, anaemia,
or leukopenia, which are generally reported as mild to moderate in severity, but typically
worsen over time (18, 25, 32). Some patients experience excessive bruising and

bleeding from even small cuts, with one patient stating, “ || GcNNGNGNGGEE
T (41). At

school, children would require additional support and monitoring due to excessive
bruising or bleeding. In a long-term follow-up study, coagulopathy was reported in 12.5%
of patients with ASMD type B and type A/B (15).

Some patients also suffer from recurrent nosebleeds, which require frequent A&E visits

and cauterisations (25), ‘[
oo ]
I

2 Interstitial lung disease refers to a large group of lung diseases that are characterised by
inflammation and scarring of the lungs (42)
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- (39).

Haematological impairment can also include issues relating to female menstruation and
fertility, with heavy or prolonged menstrual bleeding (menorrhagia) and excess uterine
bleeding necessitating a hysterectomy (25).

Skeletal system and growth

Children with ASMD experience poor growth and development, which can result in
delayed bone age, indicative of delayed puberty (25). In a study including 23 children
and adolescents aged between 3 and 18 years with ASMD type B, height and weight
was below the 25™ percentile for 56% and 42% of patients, respectively (46).

Short stature and low weight were significantly correlated with delayed bone age, with

skeletal maturation delayed by an average of 2.5 years (46). | EGcNENENINGING

40

Patients with ASMD also have decreased bone mineral density which can result in
skeletal fracture (25% of paediatric and 53% of adult patients), and results in joint or limb
pain (39% of all patients), and back pain (58% of adult patients and 60% paediatric
patients) (10).

Patients experiencing bone pain may also receive morphine treatment. However, this
comes with side effects such as feeling ‘spaced-out’ and Gl problems, with one patient
who was receiving morphine for pain management explaining the effect on their social
ncy
”(39).

Mental health

Both children and adults living with ASMD commonly experience an impact on their
mental health including depression, anxiety and psychosis due to the symptoms and
limitations imposed on them by ASMD (personal communication; || GczczczIEING
(40). The emotional
well-being of people living with ASMD is significantly affected by their condition, as
discussed in Section B.1.3.1.3.

I (39).
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B.1.3.1.3 Impact on quality of life
Patient quality of life burden

The clinical manifestations of ASMD (as described in Section B.1.3.1) have a severe
impact on patients’ QoL. They can affect a patient’s ability to care for themselves, attend
work/school, perform common daily activities, and take part in social activities. They can
also have a profound impact on a patient’s self-esteem, and can lead to anxiety and
depression (as discussed in Section B.1.3.1.2). Receiving a diagnosis of a life-limiting
condition impacts the overall quality of life of patients, beyond the direct impact of the
clinical manifestations of ASMD.

Among the variety of symptoms associated with ASMD, patients experience the most
burden from respiratory problems, enlarged organs, and fatigue (22). In the recently
published Pokrzywinski et al, 2021 study (9), patients living with ASMD type B and A/B in
the UK and US reported that ASMD negatively impacts their physical, self-esteem,
emotional, personal care, and social function and relationships QoL domains (Table 6)
(9). A UK clinical expert has further emphasised the effect ASMD has on patients:

Table 6: ASMD type B and A/B symptom experience

Domain Patients | Impact
(N=29)
Physical, n (%) 23 (79) | « Difficulty performing common daily activities

e Unable to exercise

¢ Unable to participate in desired recreational activities,
sports, and hobbies

e Physical exhaustion

¢ Physical limitations (e.g., Gl manifestations, restricted
mobility) resulting in difficulty to participate fully in
school
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Domain Patients | Impact

(N=29)
Self-esteem, n (%) 18 (62) | o Effect on self-worth and self-perception
o Effect on body image (e.g., delayed growth, enlarged or
distended abdomen)
e Feelings of being different from peers
o Inability to take part in age-appropriate activities
e Practical (less desirable) clothing options
Emotional, n (%) 16 (35) |« Feelings of anxiety, depression, sadness, frustration,

concern, and fear

e Feeling that they disappointed others due to limited
ability to fulfil obligations or maintain commitments

o Feelings of irritation towards ASMD symptoms
e Feeling self-conscious about appearance

¢ Feeling self-conscious about having to answer
questions about their condition

e Emotions stemming from being bullied by peers

Personal care, n (%) 13(45) | o Personal hygiene and grooming
e Self-dressing

e Maintaining a healthy diet (i.e., limited ability to eat
sufficiently or as desired)

Social function and 16 (55) |« Limited social activities
relationships, n (%) e Frequent cancellation of plans and other arrangements
due to exhaustion, limited mobility, and frequent
diarrhoea
e Bullying

o Difficulty interacting with peers and making friends
¢ Inability to date or engage in romantic relationships

Abbreviations: ASMD, acid sphingomyelinase deficiency; Gl, gastrointestinal
Source: Adapted from Pokrzywinski et al, 2021 (9)

Enlargement of the liver and spleen are common in patients with ASMD and result in a
visible stomach protrusion, which can result in self-esteem issues due to looking different
from others, as well as social exclusion due to the inability to partake in activities with a
risk of abdominal trauma (such as football, cycling, and rugby) (9, 12, 40). One
interviewed patient highlighted the feeling of being different from others, especially for

children: |
.
I (22). For children this would limit

participation in normal playground activities leading to feelings of social exclusion and
poor mental health. Patients with an enlarged spleen or liver also have difficulty sleeping
due to their distended abdomen (22). The life-threatening danger associated with some
activities (i.e. abdominal trauma for patients with splenomegaly) also limit patients’
physical activity (9, 12, 25).
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Respiratory symptoms, such as shortness of breath, difficulty breathing, chest pain, and
recurrent respiratory infections, limit patients’ ability to carry out daily activities, ranging
from walking uphill and going upstairs to playing sports and riding a bicycle (9, 22). In
patient interviews, one patient explained the effect of respiratory symptoms: “...every
time | have to go cycling to school, and when | come to school, I'm like [panting] like |
just have to...stand there for a minute and do nothing just to find my normal breathing
again...There was one day | had to go babysitting and | have to...get up a hill and not
down and it was like it was a really big—I couldn’t breathe anymore and | was like going
down the hill and | was like not having like short breaths because it was really painful”
(9). Another patient emphasised the progression of their respiratory symptoms: “I've
noticed within the last two years my breathing has gotten a lot worse to where | can just
walk minimal, like from here to the lobby, and I'm already out of breath...| am being told
now by my pulmonologist that | have to be on oxygen if I'm doing any amount of
walking...l have a little portable concentrator that | carry with me that—just like getting
through the airport, from off the plane to where the shuttle picked us up to come here, |
was completely out of breath, | mean | literally had my oxygen on and still had to take my
time and get through it” (9). The progression of respiratory symptoms may lead to the
eventual dependence on supplemental oxygen which is known to have a substantial
impact on the everyday lives of patients and their relatives (14, 47), including their social
lives and education/employment. Many patients are reluctant to initiate or remain on
supplemental oxygen due to the psychological aspects of the therapy; the introduction of,
and reliance on, a noisy machine, sleep disturbance and discomfort (48).

(49). Treatments for respiratory symptoms, in particular
supplemental oxygen, can inhibit patient’s mobility, inside and outside the home and
impact quality of life.

Fatigue is generally perceived by patients to be one of the most impactful symptoms of
ASMD, with a severe impact on their ability to carry out even normal daily activities (39).
One adolescent patient reported “Sometimes | get like exhausted. | get really tired by the
end of the day. It’s hard for me to—to do some things like—like taking my socks off or
Just basic things, like that. | get over tired and then my mom has to help me do things like
take off my socks and um put me into bed and stuff like that, just little—very basic things
that | need help with” (9). Due to fatigue, many patients cannot lead normal lives, with

one patient stating, |

I /). Fatigue can in turn lead to social isolation and

loneliness from missing out on socialising, with patients struggling to maintain
relationships with friends as they are unable to engage in activities outside their home
due to trouble walking, navigating their way home, or climbing upstairs (22). Patients
also miss activities and events due to needing to preserve energy for basic tasks. One

parent explained the debilitating effect fatigue has on their child, “||  GccNNGN
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Patients also struggle to attend work which negatively affects their lives, with one patient
stating |

(39). The difficulty to attend school would also result in
negative outcomes for the patient’s future, with reduced school absence negatively
linked to attainment (50), and potential loss of lifetime income for patients (51).

Gl symptoms can often result in changes to eating habits, vomiting, constipation, and
diarrhoea, which affect patients’ ability to work or their social lives, as they feel unable to
eat out with friends or stay out for long periods of time. The impact of Gl symptoms has
also been reported: “it’s not something | can really control, and | know even throughout
school my teachers are why do you always have to go to the bathroom... It’s kind of
embarrassing. When | was little | used to think who’s going to want to date me, how’s
that going to be on a date whenever | have to rush to use the restroom or something” (9).

Patients with childhood onset of ASMD often suffer from low self-esteem and poor
emotional well-being (9, 12). Adolescents and children with ASMD may feel that they
lose time being children and teenagers as a result of the disease. They have difficulty
making friends as they are treated differently and can be subjected to bullying for their
short stature and protruding abdomen. They often find it difficult to engage in normal
activities for their age, such as participating in social events, or going on a date, due to
underlying symptoms such as enlarged liver or spleen, respiratory symptoms, and
fatigue (12). An enlarged spleen, common in children with ASMD, can prevent them from
participating in play time at school, with children required to restrict activities and wear a
spleen guard to reduce the risk of rupture, further excluding them from their friends. An

adult with ASMD type B reported:
000000000
I * (52). Enlarged organs also cause difficulty

with the development and balance for children, with one caregiver quoting: ‘|| | EGzG

(52). Children with ASMD have difficulty maintaining school
attendance due to their symptoms and frequency of medical appointments which leads
to low level of academic achievements and impacts future employment (9, 13). One
caregiver described how their child was sent home from school due to their symptoms:
“She has been sent home a couple of times [because of the pain]...once she needed the
toilet....She said she had pain in the stomach” (9). A patient with ASMD also explained
the effect of medical appointments on their school attendance, “| GGG

I (39).
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Adults living with ASMD experience a significant impact of the disease on their emotional
stability, personality, and relationships. Patients with ASMD type B have indicated a
worsening psychosocial impact related to intimacy, isolation, ego integrity and despair,
anxiety, and feelings of missed opportunities in life (12). The frequency and invasive
nature of medical examinations, including liver biopsies, spinal taps, and organ
measurements during childhood has also been reported to have a considerable
psychological impact on a patient later in life (12). ASMD can have a major impact on life
choices, including career choices (type of career, or the need for flexible work due to
their condition), living situation, or location (living close to family or medical centres) (22).

Living with ASMD has a severe emotional impact on patients. They often experience
anxiety, depression, frustration, concern and fear, with one patient stating, “|| GczczHN

I (30). As there is currently no disease-modifying

treatment available, they feel that severe complications are inevitable, with an
uncertainty of how their disease may progress (13). Patients also struggle with planning
for the future due to the uncertainty of their disease progression, with one patient stating:

I (3). The clinical symptoms of ASMD, such as an enlarged
spleen, or respiratory impairment, impact a patient’s ability to live independently. They
are often unable to tie their shoes due to a distended abdomen and are unable to carry
out daily activities themselves due to shortness of breath. Fatigue is also a common
symptom in patients with ASMD, which further reduces their ability to perform tasks

themselves, with one patient stating |
I (41).

Caregiver quality of life burden

Caregivers of patients with ASMD also face a substantial QoL burden. As there is no
treatment available for patients with ASMD, caregivers face the worry of their loved one
deteriorating, with the knowledge that they will not improve, or live a more normal life.
They also face the grief of losing their loved one prematurely, especially for those caring
for children. They have difficulties maintaining their emotional and mental health, as well
as maintaining social activity and relationships. In addition, they face an extreme
financial burden due to time spent caregiving and the inability to work, with one parent
stating 1
I (39). Due to caregiving commitments both
parents would not be able to work which contributes to the financial burden and feelings
of low self-worth.

In an observational, qualitative study including seven caregivers of people with ASMD in
the US (n=4) or UK (n=3), caregivers reported that caring for someone with ASMD
impacted them emotionally (i.e. stress, frustration and depression), financially (i.e. having
more expenses, having to cut down work hours, missing work days), and physically (i.e.
inability to sleep and feeling tired). Requirements related to care taking responsibilities
(i.e. having to frequently attend medical visits, changing daily routines and overseeing
overall wellbeing of loved one) were also a common theme for caregiver burden.
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Caregivers’ personal lives are affected by not having a social life or being able to go to
places, with negative impacts on their relationships (11).

As with the burden of ASMD on patients, the burden of ASMD for caregivers differs
depending on the age of the person with ASMD, and the severity of their condition.

Parents of children with ASMD experience heightened emotional stress due to the
prospect of their child dying at a young age. Parents may have to explain to their child
that their condition will not improve, and are often unprepared for the grief they
experience when their child dies (53). They have to deal with the worry of the disease
progressing and the condition of their child worsening, with one parent explaining, -

I (39). Caregivers also report frustration with the paucity

of medical and psychological knowledge and inadequate resources for treatment, with

one parent stating: |

I (13). Caregivers may also have a reduced ability to work or socialise
due to the child’s care requirements, for example when their child is taken out of school
due to bullying and/or medical needs (9). ASMD also affects caregivers and parents

emotional well-being, with one caregiver stating ‘|| GczcIENINGGEEEE

(39).

Adults with ASMD continue to have substantial care requirements, with one patient

highlighting their inability to live independently, ‘| GcINzININININGEEEEEE

I (4 1). Caregivers of adults with ASMD express feelings of dealing with issues
alone, along with financial difficulties due to a reduced availability or inability to function
at work (9). ASMD can also affect the relationship between a caregiver and their spouse

who has ASMD, with one caregiver stating || IGczNEINININH:HIEIHHNINIE

" (11).
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B.1.3.2 Life expectancy

In the absence of disease-modifying treatment, patients with ASMD continue to
deteriorate, with worsening clinical manifestations resulting in increased risk of early
mortality. According to clinical experts, there are no patients older than 60 years with
ASMD in the UK, with most patients dying due to organ failure in, or before their 50s
(37). For patients with ASMD type A/B, neurodegenerative disease is an additional driver
of mortality (6). Early onset of disease is also associated with an increased risk of early
mortality (8). The causes of death are most commonly respiratory or liver failure (5-8),
with spleen volume also associated with increased risk of mortality.

Overall survival, estimated by applying standardised mortality ratios (SMRs) derived from
ASMD patients with and without severe splenomegaly, from the SPHINGO-100
observational study, have demonstrated an increased risk of death for patients with
severe splenomegaly (>15 MN) (25, 54). The age adjusted general population mortality®
is increased by a factor of 43.1 for patients with severe splenomegaly (>15 MN), and 4.3
for patients without severe splenomegaly (<15 MN) (54).

Due to the variability of clinical manifestations and their severity, life expectancy can vary
significantly between patients. Four studies have reported worldwide mortality outcomes
in adult and paediatric patients with ASMD, including mortality outcomes by disease
subtype (5, 6, 8), and the drivers of mortality (6-8). Age at death varied significantly,
ranging from 2 to 72 years depending on the subtype, age range of patients, and length
of follow up (5-8). An initial analysis of the median survival of patients with ASMD type B
and A/B in the US suggests that the impact of ASMD on mortality is likely
underestimated (55).

A Kaplan-Meier survival probability curve in children and adults with ASMD enrolled in a
prospective natural history study (SPHINGO-100) is presented in Figure 1. The
SPHINGO-100 study included 59 patients aged 7 to 64 years with ASMD type B or A/B
followed between May 2001 and June 2002 in the US, Brazil, Italy, France, and
Germany. Nine deaths were reported (15%), eight of which were caused by ASMD
associated morbidities (8). Six of these deaths were in patients aged <50 years, of which
three were in patients aged <20 years. Early onset of disease was associated with
increased mortality. Six of the patients who died had onset of symptoms by or at 2 years
of age. Total splenectomy or severe splenomegaly were associated with an increased
risk of early mortality by 10 times compared with patients with moderate splenomegaly or
intact spleens (OR: 10.29, 95% CI; 1.7, 62.7). As the SPHINGO-100 study included only
patients over 6 years of age, and due to the high mortality in paediatric populations, the
survival of ASMD type B and A/B may be underestimated in this study. In addition, due

b The SMR is the ratio of the observed number of deaths in a study population divided by the
number of deaths that would be expected, based on the age- and sex-specific mortality rates in a
general population. The US life tables were used to estimate the SMR as the majority of patients
in the SPHINGO-100 study were from North America. The estimated SMR was then applied to
the mortality rates of the general population of the UK as a multiplier to calculate the adjusted
survival probabilities.
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to the small number of events observed, there is large uncertainty around the survival
estimates.
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Figure 1: Kaplan-Meier overall survival probability with 95% confidence intervalt in
children and adults with ASMD*

100 —————--- T
0.90 I-|
0.80

0.70

0.50

0.40

Survival probability

}

}

}

}

}

}

}

}

}

}

0.60 |
}

}

}

| !
| !
| !
}

0.30 |
}

}

}

0.20

0.10

0.00
0 10 20 30 40 50 60 70 80
Age (years)

Source: Sanofi data on file (54)

Solid line indicates the best estimate; dashed lines indicate the 95% confidence interval

TPatients who died, dropped out, or not reached the time yet were not counted as at risk

*Patients younger than 7 years of age were not included and so there are no patients at risk at 0 and 5 years

In a retrospective study including 103 US patients with ASMD type B who were enrolled
in natural history studies between 1992-2012, the mortality rate was estimated at 17.5%
and, although the duration of follow-up was not reported. Age at time of death ranged
from 2 to 72 years, illustrating the high variability in disease course characteristic of this
disease (7). Common causes of death included; pneumonia or respiratory failure (n=5),
liver failure (n=3) and complications of bone marrow transplant (n=3) (7). The median
age at death was 17 years (2 to 72 years) among the 18 patients who died and the
median age at last follow-up was 19 years (2 to 57 years) among the 85 patients who
were alive at the end of the study (7). The survival distribution for the whole population
included in the study is shown in Figure 2, with the survival distribution for paediatric
patients shown in Figure 3 (7).
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Figure 2: Survival distribution in all patients with ASMD type B
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Figure 3: Survival distribution in paediatric patients with ASMD type B
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A second retrospective study (SPHINGO-302) of 100 patients diagnosed with ASMD in
the US, Canada, and Brazil between 2006 and 2008 reported mortality rates by disease
subtype (5). Mortality rates were low in patients with ASMD type A/B (0%; n=0/6) or
ASMD type B subtypes (2.5%; n=2/81) (5). The primary causes of death for the two type
B patients were renal failure secondary to hepatic failure in a female adult (42.8 years of
age at time of death), and respiratory failure in a child (2 years of age at time of death)

(®).

Respiratory disease and liver disease have been reported as the leading causes of
death in patients with ASMD type B and A/B (6) in the case series, which included 85
individuals with ASMD type B and type A/B who were either newly reported by treating
physicians (n=27) or identified in the PubMed database between 1966 and 2015 (n=58).
Patients who had either died (n=78) or undergone liver transplantation (n=7) were
included. For patients with ASMD type B, respiratory disease (30.9%), liver disease
(29.1%), and bleeding (12.7%) were the most frequent causes of death, whereas in
patients with ASMD type A/B, respiratory disease (23.1%), neurodegenerative disease
(23.1%), and liver disease (19.2%) were dominant causes, with transplant complications
accounting for 11.5% of deaths (6). Among deceased patients, the median age at death
was 17 years in ASMD overall, 23.5 years in ASMD type B and 8.5 years in ASMD type
A/B (6).
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There are currently no studies reporting life expectancy for patients with ASMD type B
and type A/B in England.

B.1.3.3  Clinical guidelines and pathway of care

There are currently no specific NICE or NHS England guidelines for the diagnosis and
management of ASMD. Three publications reporting international guidelines for the
treatment pathway of ASMD are currently available, including:

e Wang et al, 2011: International consensus recommendation covering diagnostic
and treatment/management guidelines for presymptomatic LSD patients (56)

e McGovern et al, 2017: International consensus recommendation covering
diagnostic and treatment/management guidelines for ASMD (17)

o Wasserstein et al, 2019: International recommendations for monitoring and
symptom management (14)

Clinical expert guidance has been sought to elucidate the clinical pathway in England (as
described in Section B.1.3.3.1 and B.1.3.4). In the UK, patients are diagnosed and
managed for ASMD within highly specialised treatment centres under the NHS England
lysosomal storage disorders service. Treatment options for ASMD are limited but include
approaches to treat liver disease, splenomegaly, pulmonary involvement, valvular
insufficiency, bleeding, and dyslipidaemia (as discussed in Section B.1.3.3.2).(14)
Specialist nurses, physical therapists, speech therapists, occupational therapists and
disease counsellors are all involved in the supportive care of patients.

The specialist care centres in England are (57):

e Adult centres
o University College London Hospitals NHS Foundation Trust
o Royal Free NHS Trust
o Cambridge University Hospitals NHS Foundation Trust
o Salford Royal NHS Foundation Trust
o University Hospitals Birmingham NHS Foundation Trust

e Paediatric centres
o Great Ormond Street Hospital for Children NHS Trust
o Central Manchester University Hospitals NHS Foundation Trust

o Birmingham Children’s Hospital NHS Foundation Trust
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B.1.3.3.1 Diagnosis

Diagnosis of ASMD is confirmed by biochemical enzyme assays followed by molecular
genetic testing to accurately identify patients (17, 58). Due to the similarities in
phenotype between ASMD and the more common LSD, Gaucher disease, determination
of glucocerebrosidase activity is recommended to distinguish ASMD from Gaucher
disease (17). There is currently no clear diagnostic test available to distinguish between
type A, type B or type A/B. The subtypes of ASMD are therefore diagnosed based on the
clinical presentation.

In the UK, patients with ASMD are generally diagnosed in childhood, with most patients
being diagnosed by 20 years of age (37), and are commonly referred to specialist
centres by a variety of specialists (depending on their symptoms) including general
paediatric clinics, but also by the haematology, hepatology, neurology, respiratory and
cardiology clinics (59). Although population-based screening programmes for the early
identification of patients with ASMD have been suggested to help to identify patients and
prevent delays in treatment, none have been undertaken in the UK (60).

B.1.3.3.2 Management

ASMD is a chronic, progressive, debilitating and life-limiting disease for which no
treatment currently exists that modifies its natural course (2). Only symptomatic care and
palliative/supportive measures are currently available (2, 14) to treat clinical
manifestations, including liver disease, splenomegaly, pulmonary involvement, valvular
insufficiency, bleeding, and dyslipidaemia are available (Table 7) (14).

Table 7: Approaches to treating ASMD and underlying conditions

Condition Treatment options
Liver disease e Maintaining adequate nutrition and controlling fluid
retention

¢ Avoiding alcohol use and hepatoxic medications

e Vaccinations against viral hepatitis A and B

¢ Non-selective beta blockers for prevention of haemorrhage
in patients with oesophageal varices

e Ammonia reduction for hepatic encephalopathy

e Antibiotics as appropriate for spontaneous bacterial
peritonitis

e Assessment of candidacy for liver transplant when needed?

Splenomegaly e Although performed historically, splenectomy is often
contraindicated due to potential exacerbation of liver
disease

e Partial splenectomy or partial splenic arterial embolism are
potential options for massive splenomegaly, pressure
symptoms, and severe unsustainable hypersplenism

e Emergency surgery may be necessary because of splenic
trauma, necrosis, or rupture. In such cases, surgery should
be followed with use of antibiotic prophylaxes and
vaccinations
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Condition Treatment options

Pulmonary involvement .

Avoid smoking

Manage all pulmonary infections aggressively
Supplemental oxygen or NPPV should be used for
underlying conditions such as hypoxemia and
hypoventilation

Treat symptoms with use of bronchodilators

Administer vaccinations for influenza, pneumococcal
pneumonia, and haemophilus influenza type B, as
appropriate

Lung lavage has been attempted but has not shown to be
effective in alleviating symptoms and the procedure may
cause complications

Lung transplant, allogeneic bone marrow transplant and
hematopoietic stem cell transplantation have been
investigated however experience is limited and efficacy is
low (61-64).

Valvular insufficiency

Treat with medications according to standard guidelines
Perform surgery to repair or replace defective heart valvest
Stenting and/or CABG for CVD as indicated*

Bleeding

Common interventions are nasal packing and cauterisation
for nosebleeds.
Transfusion may be required but is infrequently needed

Dyslipidaemia o

Manage dietary requirements
Statins (for use post-puberty) may be prescribed with
monitoring of liver function

Other interventions and
lifestyle modifications

Dietary and lifestyle modifications to minimise bone loss
Exercise to prevent osteopenia

Calorie intake for adequate growth

Physical therapy

Educational support

Physical therapy for pain management

T Patients are often too unwell due to other symptoms such as spleen or lung disease to have the possibility

to receive a liver transplant (37)

* Surgical intervention should be evaluated based on potential risks of bleeding issues or other

contraindications

Abbreviations: CABG, coronary artery bypass grafting; CVD, cardiovascular disease; NPPV, non-invasive

positive pressure ventilation
Source: Wasserstein et al, 2019 (14)
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Although treatment options for ASMD are limited, a retrospective review of 100 patients
with ASMD in the US, Brazil and Canada, reported the use of pain medication,
antibiotics, respiratory drugs and surgical procedures (Table 8) (5). Antibiotics were the
most frequent intervention for patients with ASMD type B (received by 54% of patients)
and surgery (including tonsillectomy, ear tube insertion, adenoidectomy, liver biopsy,
cholecystectomy, splenectomy, and gastrostomy tube insertion) was the most common
intervention for patients with ASMD type A/B (performed in 83% of patients). Interviews
of 11 patients recruited through the National Niemann-Pick Disease Foundation
(NNPDF) in the US and Niemann-Pick UK in the UK, have highlighted that current
treatments include statins to lower their cholesterol, bisphosphonates and calcium to
help strengthen their bones, opioid for pain, migraine medication and vitamin

supplements for overall health (22). [
I

N Personal

communication with a UK clinical expert also highlighted that patients with ASMD require
supplemental oxygen (5% of patients), with the majority of patients also receiving statins

(personal communication;

Table 8: Treatments received by patients with ASMD type B and type A/B
Treatment/therapy used ASMD Type B ASMD Type A/B
Any treatment/therapy, n (%) 56 (69%) 4 (67%)
Pain medication, n (%) 35 (43%) 3 (50%)
Antibiotics, n (%) 44 (54%) 3 (50%)
Respiratory drugs, n (%) 20 (25%) 0 (0%)
Surgical procedure, n (%) 42 (52%) 5 (83%)

Tonsillectomy 12 (15%) 0 (0%)
Ear tube insertion 8 (10%) 1(17%)
Adenoidectomy 8 (10%) 0 (0%)
Liver biopsy 5 (6%) 1(17%)
Cholecystectomy 5 (6%) 1(17%)
Splenectomy 5 (6%) 1(17%)
Gastrostomy tube insertion 1 (1%) 0 (0%)

Abbreviations: ASMD, acid sphingomyelinase deficiency
Source: Cox et al, 2018 (5)

Due to the wide range of symptoms and potential treatments, a wide range of specialists
are involved in the management of patients with ASMD, including endocrinology,
haematology, cardiology, ophthalmology, and radiology departments (personal
communication;

). £ duits and paediatric patients in the UK are assessed every
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6 months. However, for adult patients, reviews can be less frequent, and may reflect
their regular pattern of care for ASMD (59).

Despite the availability of treatments and surgeries to manage the symptoms of ASMD
type B and A/B, patients continue to deteriorate, with a severe impact on their QoL and
survival due to a lack of a disease-specific treatment. Clinical experts have highlighted
the lack of treatment available for ASMD, resulting in HCPs only being able to manage a
patient’'s symptoms as opposed to the disease itself (3). There is therefore a need for
additional treatment options which reverses the accumulation of sphingomyelin, thereby
improving symptoms and patients’ QoL and survival.

B.1.3.4 Olipudase alfa place in therapy

Olipudase alfa (recombinant human acid sphingomyelinase) is an enzyme replacement
therapy designed to replace the ASM enzyme, which is lacking in people with ASMD.
Olipudase alfa specifically targets the underlying pathology of ASMD, reversing the
accumulation of sphingomyelin. As the first and only disease-modifying treatment for
ASMD, olipudase alfa represents a major step-change in the management of this
condition. The clinical results from the ASCEND and ASCEND-Peds trial demonstrate
that olipudase alfa is associated with significant improvements in multisystemic clinical
manifestations of ASMD (including respiratory function, spleen volume and liver volume)
in both adults and children, with increased growth and musculoskeletal development in
children (66, 67). The olipudase alfa clinical data are presented in full in Section B.2.

Olipudase alfa is indicated as an enzyme replacement therapy for the treatment of
patients with non-CNS manifestations of ASMD in paediatric and adult patients with type
B or type A/B. Treatment with olipudase alfa is expected to come under the NHS
England lysosomal storage disorders highly specialised service which sets out
commissioning criteria for all currently reimbursed enzyme replacement therapies for
LSDs. The current pathway of care for LSDs in England (for which olipudase alfa is
expected to be incorporated) is illustrated in Figure 4.

Olipudase alfa is intended to fit into the current pathway of care available for LSDs and
will be initially administered from all UK LSD centres (before patients transition to
homecare). Specialised centres currently administer ERTs for other LSDs, such as
Gaucher disease. As current specialised centres would be utilised for the administration
of olipudase alfa, no major changes to structure, staffing, or training are expected with
the introduction of olipudase alfa.
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Figure 4: Current pathway of care for ERT in LSDs
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Abbreviations: ERT, enzyme replacement therapy; GP, general practitioner; LSD, lysosomal storage disease
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B.1.3.5 Issues relating to current clinical practice

Lack of ASM leads to the build-up of sphingomyelin in cells, causing widespread multi-
organ damage (2). Both ASMD type B and ASMD type A/B are typically characterised by
severe and progressive multi-systemic manifestations which negatively impact patients’
and caregivers QoL (2, 9, 12, 13), and result in significant morbidity and mortality (2, 5-7,
25).

There is currently no disease-specific treatment available for patients in the UK with
ASMD. The current clinical practice for children and adults with ASMD includes
monitoring patients, providing symptomatic relief and supportive care. Despite current
BSC, patients continue to deteriorate, with significant morbidity, mortality, and
detrimental impact on QoL remaining. Therefore, there is a significant and urgent unmet
need for a disease-modifying intervention that reverses the disease, thereby improving
patient and caregiver QoL, and improving clinical outcomes of patients with ASMD.

B.1.4 Equality considerations

Although the use of olipudase alfa is unlikely to cause major equality issues, there is
significant inequity in terms of patients’ socioeconomic outlook. The inability to work and
attend school has a negative impact on future earning potential for patients in school,
and current income for those who work. This is often worsened by the need to travel to
numerous medical appointments. The introduction of olipudase alfa would enable
patients to more fully attend school and work alleviating this inequity. Caregivers may
have difficulty maintaining full-time work due to caregiving commitments and therefore
face financial burdens which are likely to cause socioeconomic inequity. The impact of
the time needed to receive treatment would be minimised by the ability to receive ERT at
home following the escalation phase.
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B.2. Clinical effectiveness

Improvement in ASMD clinical outcomes was seen across all olipudase alfa
trials.

The efficacy and safety of olipudase alfa has been evaluated for the treatment of
ASMD in a phase Il/lll placebo-controlled RCT (ASCEND [DFI12712]) and a phase
I/ll single-arm study (ASCEND-Peds [DFI13803]). Additional supporting studies
include the ongoing extension trial LTS13632, and the completed phase | single-
arm trial DF113412

The results of the ASCEND study show that olipudase alfa treatment
significantly reduced spleen volume and significantly improved lung function
(as measured by DLco) in adult patients with ASMD, compared with placebo at
52 weeks. Spleen volume and DLco are clinically meaningful disease markers
that contribute to reduced QoL and increased clinical burden in ASMD (44).

Primary efficacy outcomes

e Treatment with olipudase alfa significantly improved diffusing capacity for carbon
monoxide (DLco) compared with placebo at Week 52 (19.01% increase,
p=0.0004). DLco improvement was consistent across all sensitivity analyses

¢ Treatment with olipudase alfa significantly reduced spleen volume compared with
placebo at Week 52 (39.93% decrease, p <0.0001). Spleen volume reductions
were consistent across all sensitivity analyses

Additional key efficacy outcomes

e Treatment with olipudase alfa significantly reduced liver volume compared with
placebo at Week 52 (26.60% decrease, p<0.0001)

o Treatment with olipudase alfa resulted in a significant increase in platelet count
compared with placebo Week 52 (14.33% increase, p=0.0185)

e Treatment with olipudase alfa resulted in a significant reduction in percentage
change in ALT from baseline to Week 52 compared with placebo (0.98% vs
36.55% decrease, p=0.0060)

e Treatment with olipudase alfa resulted in a significant improvement in exercise
capacity from baseline to Week 52 compared with placebo, as measured by O,
uptake (mL/min) (-411.033 vs 137.611, p=0.0149), percent predicted O, uptake
(%) (-15.137 vs 0.918, p=0.0429), and calculated maximal O, uptake (mL/min/kg)
(-6.699 vs -0.129, p=0.0374)

Safety outcomes

¢ Olipudase alfa was generally well-tolerated, with no treatment emergent adverse
events (TEAEs) leading to treatment discontinuation, and no deaths
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The results of the ASCEND-Peds study show that olipudase alfa treatment
reduced spleen and liver volume and significantly improved DLco in paediatric
patients with ASMD, compared with baseline at 52 weeks

Secondary efficacy outcomes

e Treatment with olipudase alfa improved DLco compared with baseline (32.94%
increase, p=0.0053)

o Treatment with olipudase alfa reduced spleen volume compared with baseline
(49.21% decrease, p<0.0001)

e Treatment with olipudase alfa reduced liver volume compared with baseline
(40.56% decrease, p<0.0001)

e Treatment with olipudase alfa resulted in improved liver function compared with
baseline, with decreases in mean ALT, AST, and total bilirubin (no statistical
analysis conducted)

e Treatment with olipudase alfa resulted in improved height Z-scores compared with
baseline (mean improvement of 0.56, p<0.0001)

e Treatment with olipudase alfa significantly improved HRQoL compared with
baseline for 4 of the 6 subsets of the PedsQL Generic Core Scale (6.8-14.6,
p<0.05), and 4 of the 4 subsets of the PedsQL Multidimensional Fatigue Scale
(10.6-16.2, p<0.001)

Safety outcomes

¢ Olipudase alfa was generally well-tolerated, with no TEAESs leading to treatment
discontinuation, and no deaths having occurred

As of the latest data cut (01 March 2021), with data available for up to 6.5 years
for adult patients and 4 years for paediatric patients, all patients continue to
demonstrate improvement following treatment with olipudase alfa (data from the
ongoing LTS13632 study)

B.2.1 Identification and selection of relevant studies

A systematic literature review (SLR) was conducted to identify publications reporting the
clinical efficacy and safety of the enzyme replacement therapy, olipudase alfa, in the
treatment of ASMD type B or A/B. A description of the methodology is provided in Table
9, and a PRISMA study attrition diagram is shown in Figure 5. Full details of the process
and methods used to identify and select clinical evidence relevant to the technology
being appraised are reported in Appendix D.
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Table 9: Methodology of clinical SLR

Domain

Methodology

Section

Objectives/questions
addressed by the review

The SLR aimed to answer the following research questions:

What is the clinical efficacy/effectiveness and safety of treatment for ASMD?

What is the cost-effectiveness of treatment for ASMD?
What is the economic burden associated with ASMD?
What is the humanistic burden associated with ASMD?

What is the natural history, including prevalence, complications and mortality

rates, for patients with ASMD?
What is the current treatment pathway and standard of care for ASMD?

Appendix D

Searches

Exhaustive literature searches were conducted in Embase, MEDLINE,
MEDLINE In-Process, and the Cochrane Library (Cochrane Database of
Systematic Reviews and Cochrane Central Register of Controlled Trials)
databases via Ovid SP, to identify English-language articles on humans
No limits placed on publication date or geographic location

Unpublished or “grey” literature sources were searched to supplement the
published literature

Appendix D

Study selection

All identified titles and abstracts were independently assessed for inclusion
by two researchers according to the PICOS inclusion and exclusion criteria,
with any discrepancies resolved by a third, senior researcher

Full texts of the studies were screened for all SLR research questions of
interest during both levels of review, and tagged according to SLR topic
during full-text screening

Appendix D

Data extraction

Extraction of data from the included studies was performed by a single
investigator trained in critical assessment of evidence, with validation by a
second investigator

Data were captured in a DET designed in Microsoft Excel

Sanofi data on file
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Domain Methodology Section

Critical appraisal The approach to quality assessment of evidence from randomised controlled Appendix D
trials (RCTs), non-randomised studies and economic models was based on the
Cochrane risk-of-bias tool (69) (mapped to the NICE tool (70)), Cochrane Risk of
Bias in Non-randomized Studies- of Interventions (ROBINS-I) (71) and
Drummond’s checklist (72), respectively.

Evidence synthesis An assessment for possible evidence synthesis was planned. If more than one Appendix D
study is available and the methodology is comparable, a meta-analysis was
considered

Abbreviations: ASMD, acid sphingomyelinase deficiency; CRD, Centre for Reviews and Dissemination; DET, data extraction table; NICE, National Institute for Heath and Care
Excellence; PICOS, population, interventions/comparators, outcomes, and study design; RCT, randomised clinical trial
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Figure 5: PRISMA diagram

_E_’ 2,233 records identified via Ovid
‘E [Embase/Medline: 2,193; CENTRAL/CDSR: 40; EconLit: 0]
l

40 duplicates removed
B
=
8 2,193 records screened after duplicates .| 2,116 records excluded at the title/abstract

removed i level
v 34 records excluded:
E = Population not of interest: 19
2 77 full-texts assessed for eligibility * = Publication type not of interest: 6
o
B = Qutcomes not of interest: 8
l * Could not retrieve FT: 1
43 records included
11 records identified through additional
sources

© *
] = Conference abstracts: 6
g * + Clinical study reports: 5*
- 54 records included

Abbreviations: CDSR, Cochrane Database of Systematic Reviews; CENTRAL, Cochrane Central Register of
Controlled Trials; CSR, clinical study report; FT, full text; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

*Includes four CSRs with interim (n=2) and updated (n=2) results for the ASCEND (DFI12712) and
LTS13632 trials, respectively, and one CSR for the ASCEND-Peds (DFI13803) trial
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B.2.2 List of relevant clinical effectiveness evidence

The systematic review of clinical evidence identified one placebo-controlled randomised
trial (ASCEND) (73), one phase /Il open-label single-arm trial (ASCEND-Peds) (74), one
phase | open-label single-arm trial (DFI13412) (75), and one long-term study (LTS13631)
(76) of olipudase alfa in the population of interest to this submission (Table 10). As the
trial LTS13632 is currently still ongoing, evidence has been provided as an ongoing
study in Section B.2.11. The phase | open-label single-arm trial DFI13412 is an earlier
trial, and not considered a pivotal study. However, as data from the study were used to
support the economic modelling, additional supporting evidence is provided in

Appendix M. An overview of the olipudase alfa trials is presented in Table 11 and Table
12.
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Table 10: List of relevant clinical evidence

Trial no. Population Intervention | Comparator Primary Additional references Is study
(acronym) study excluded from
ref(s) further
discussion? If
yes state
rationale
DFI12712 Adults aged =18 years with Olipudase Placebo CSR (73) Wasserstein et al, 2022 (77) No
(ASCEND): ASMD type B and A/B alfa (IV) Villarubia et al, 2022 (78)
NCT02004691 (n=18 placebo, n=18
olipudase alfa)
DFI113803 Patients aged <18 years Olipudase None CSR (74) Diaz 2021 (79) No
(ASCEND- with ASMD type B and A/B alfa (1V)
Peds) (n=20)
NCT02292654
DFI13412 Adults aged =18 years with Olipudase None CSR (75) Wasserstein 2015 (80) As this was not
ASMD type B and A/B alfa (V) considered a
(n=5) pivotal study,
further details
have been
provided as
supporting
information
(Appendix M)
LTS13632 Paediatric and adult Olipudase None CSR (76) Thurberg et al, 2020 (81) This study is
NCT02004704 paéiir}t; with_ASI\lle typtﬁ % alfa (IV) Wasserstein 2018 (82) Cl_lrfef}t'z'th
an previously enrolle ongoing, further
in DFI13412 or ASCEND- Lachmann et al, 2022 (83) details provided
Peds (n=25 as per 01 Diaz et al, 2022 (84) in Section
March 2021 data-cut) B.2.11

Abbreviations: ASMD, acid sphingomyelinase deficiency; CSR, clinical study report; IV, intravenous
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Table 11: Clinical effectiveness evidence ASCEND

model

Study ASCEND (DFI12712)

Study design Phase lI/11l, multicentre, randomised, double-blinded, placebo-
controlled, repeat dose clinical trial

Population Adults aged =18 years with ASMD

Intervention(s) Olipudase alfa (3.0 mg/kg target dose)

Comparator(s) Placebo (0.9% sodium chloride)

Indicate if study supports Yes v Indicate if trial used in Yes v

application for marketing the economic model

authorisation No No

Rationale if trial not used in Not applicable.

Reported outcomes specified
in the decision problem

Efficacy outcomes (presented in Section B.2.6):

Change in spleen volume

Change in lung function

Change in liver function and volume
Change in fatigue and exercise tolerance

Health-related quality of life

Safety outcomes (presented in Section B.2.10):

Change in biomarkers (including high sensitivity C reactive
protein; ceramide, cardiac troponin, ferritin chitotriosidase,
CCL18 levels, lysosphingomyelin, oxysterols, and lipid
profile)

Change in physical observations (including observations or
measurements from examination of the eyes, nose and
throat; heart, lungs, bone marrow, extremities and joints)
Change in neurological observations (including
observations or measurements from examination of
coordination; cranial nerves; extrapyramidal features;
fundoscopy; gait; motor skills; peripheral nervous system;
reflexes; sensory nervous system; strength and mental
status)

Mortality

Adverse effects of treatment

All other reported outcomes

Change in platelet counts

Change from baseline in fatigue, pain, and dyspnoea
severity

Change in splenomegaly-related score
Pulmonary imaging by HRCT and chest X-ray
Bone disease assessments

Haematology parameters
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Study

ASCEND (DFI112712)

Post-hoc treadmill ergometry

Physician’s global assessment of change
NMR of HDL

Echo-Doppler imaging

Patient global impression of symptom severity
Patient global impression of change scale

Abbreviations: ASMD, acid sphingomyelinase deficiency; CCL18, chemokine ligand 18; HDL, high density
lipoprotein; HRCT, high resolution computed tomography; kg, kilogram; mg, milligram; NMR, nuclear

magnetic resonance
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Table 12: Clinical effectiveness evidence ASCEND-Peds

Study ASCEND-Peds (DFI13803)

Study design Phase I/1l, multicentre, open-label, ascending dose study
Population Patients aged <18 with ASMD

Intervention(s) Olipudase alfa (3.0 mg/kg target dose)

Comparator(s) Not applicable

Indicate if study supports Yes v Indicate if trial used in Yes v
application for marketing the economic model

authorisation No No

Rationale if trial not used in Not applicable.
model

Reported outcomes specified | Efficacy outcomes (presented in Section B.2.6):

in the decision problem e Change in spleen volume

e Change in lung function

e Change in liver function and volume

¢ Change in weight, height and onset of puberty in children
and young people

e Change in fatigue and exercise tolerance

e Health-related quality of life

Safety outcomes (presented in Section B.2.10):

¢ Change in physical observations (including observations or
measurements from examination of the eyes, nose and
throat; heart, lungs, bone marrow, extremities and joints
and height)

¢ Change in neurological observations (including
observations or measurements from examination of
coordination; cranial nerves; extrapyramidal features;
fundoscopy; gait; motor skills; peripheral nervous system;
reflexes; sensory nervous system; strength and mental
status)

e Change in biomarkers (including high sensitivity C reactive
protein; ceramide, cardiac troponin, ferritin chitotriosidase,
CCL18 levels, lysosphingomyelin, oxysterols, and lipid
profile)

e Mortality

e Adverse effects of treatment

All other reported outcomes | ®  Platelet count and haemoglobin
e Pulmonary imaging by HRCT

e Chest X-ray

e Bone age by hand X-ray
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Study ASCEND-Peds (DFI13803)

e Cycle ergometry

¢ Physician’s global assessment of change
e Bone biomarkers

¢ Cognitive and adaptive function testing

o Efficacy analyses by manufacturing process

Abbreviations: ASMD, acid sphingomyelinase deficiency; CCL18, chemokine ligand 18; HRCT, high
resolution computed tomography; kg, kilogram; mg, milligram.
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B.2.3 Summary of methodology of the relevant clinical
effectiveness evidence

B.2.3.1 Description of clinical assessments

An overview of the key efficacy outcome measures used in the olipudase alfa ASCEND
and ASCEND-Peds trial is provided below.

Percentage change in % predicted DLco

Patients with ASMD often present with pulmonary impairment, as measured by DLco.
Reduction in % predicted DLcois a clinically meaningful endpoint in ASMD as it
significantly increases the risk of mortality and reduces patients’ QoL. Furthermore,
changes in DLco can objectively show the effect of olipudase alfa treatment on lung
function. A targeted literature review conducted in 2020, including publications from the
last 5-10 years, supported the use of DLco as a clinically meaningful endpoint in ASMD
trials (44). The use of DLco as a relevant endpoint was also considered appropriate by
clinical expert advisors consulted during a 2022 advisory board (37).

DLco was calculated by comparing the amount of CO exhaled following a known amount
of inhaled CO. As anaemia is common in patients with ASMD and can lower DLco, all
calculations of DLco were adjusted for haemoglobin concentration and ambient
barometric pressure (85). Change in % predicted DLco was assessed at baseline, Week
26, and Week 52.

A patient was considered a responder if his/her absolute change from baseline value on
% predicted DLco was 215%. The clinically meaningful change was selected on the
basis of the literature and international guidelines. A decrease of >15% DLco in absolute
values is associated with increased risk of mortality, the Connective Tissue Disease-
associated interstitial lung disease-OMERACT CTD-ILD working group have published a
consensus guideline that a relative 15% change constitutes a clinical meaningful change
(86).

Percentage change in spleen volume (in MN)

The endpoint of percentage change in spleen volume (in MN), was considered
appropriate as splenomegaly is a significant, consistently present manifestation of
ASMD. A targeted literature review conducted in 2020, which included publications from
all years for ASMD, supported the use of spleen volume as a clinically meaningful
endpoint in ASMD trials (44). The degree of splenomegaly has been recognised as
clinically relevant by disease area experts and shown to be positively correlated with liver
volume and triglyceride levels, and negatively correlated with white blood cell count,
haemoglobin, high density lipoprotein, percent predicted FVC, and height Z score (18). ..
An enlarged spleen is indicative of underlying metabolic and haematological pathologies,
with an increased risk of splenic rupture, bleeding and ultimately death. Splenomegaly is
central to the underlying pathophysiology and usually the first presenting clinical sign in
ASMD, as well as in Gaucher disease, a similar LSD (87), wherein a reduction in spleen
volume is also recognised as a clinically meaningful endpoint (88, 89).
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Spleen volume was assessed by abdominal MRI and expressed as percentage change
in spleen volume (MN) from baseline. Conversion from the unit of cubic millimetres to
MN was performed by the following algorithm:

Spleen volume (MN) = Spleen volume (cm3) / [2*weight (kg)]

A patient was considered a responder if they had a 230% reduction in spleen volume
(MN) from baseline. The clinically meaningful change was selected on the basis of
literature. In Gaucher disease, therapeutic goals for splenomegaly include a 30-50%
reduction in spleen volume within 1 year of enzyme replacement therapy (90).

Percentage change in liver volume (in MN)

Th endpoint of percentage change in liver volume (in MN), was considered appropriate
as hepatomegaly is a common manifestation of ASMD. Patients with an enlarged liver
are at risk of liver dysfunction, cirrhosis, liver failure, and ultimately an increased risk of
death (6). Liver related issues are the major cause of death in patients with ASMD type
A/B (37).

Liver volume was assessed by abdominal MRI and expressed as percentage change in
liver volume (MN) from baseline. Conversion from the unit of cubic millimetres to MN was
performed by the following algorithm:

Liver volume (MN) = Liver volume (cm?) / [25*weight (kg)]

Fatigue/exercise tolerance

Fatigue and exercise tolerance was considered an appropriate endpoint as the majority
of patients with ASMD, report a significantly reduced QoL due to these two factors (9).
Fatigue can result in patients not being able to perform common daily activities and can
affect their school/work performance. A lack of exercise tolerance can also affect their
social lives and may lead to feelings of social exclusion. Furthermore, exercise tolerance
and level of fatigue may also be a reflection on a patient’s cardiac function.

Fatigue

In the ASCEND trial, fatigue was measured using the self-administered BF| Item 3
questionnaire, administered via eDiary. Results of the BFI questionnaire are presented
as change from baseline in fatigue severity as measured by item 3 of the BFI scale at
Week 52.

In the ASCEND-Peds trial, fatigue was measured using the patient self-reported PedsQL
Multidimensional Fatigue Scale at screening, Week 26, and Week 52. The PedsQL
Multidimensional Fatigue Scale consisted of 18 questions, six regarding general fatigue,
six regarding sleep/rest fatigue and six regarding cognitive fatigue. It also included a
child self-report for patients aged 5-18 years of age and a report for parents of patients
2—-18 years of age. Scale scores and total scale scores were calculated based on the 0-
100 scale score and presented by age group cohort at each scheduled time point as
their computed value and change from baseline.
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Exercise tolerance

In the ASCEND trial, exercise capacity was determined using a treadmill ergometer.
Maximum oxygen (O2) uptake (absolute and % predicted), maximum carbon dioxide
(CO2) output, and tidal volume were monitored. Maximum heart rate (absolute and %
predicted), maximum respiratory exchange ratio, maximum respiratory rate
(breaths/min), and maximum O saturation, maximum workload (absolute and %
predicted) and working time were also recorded.

As post-hoc analyses, the following cardiopulmonary exercise test (CPET)
parameters were derived using collected values from treadmill ergometry eCRF:

e (Calculated maximum workload is expressed as metabolic equivalents (METs) at
peak exercise to normalize the value to each patient’s baseline Calculated VO
max (mL/min/kg)

e Calculated predicted maximal voluntary ventilation (L)

e Calculated ventilatory reserve at maximal exercise (L/min)
e Calculated maximum tidal volume (mL)

e Calculated percent predicted O, uptake (%)

e Calculated Percent Predicted Heart Rate (%)

e Calculated predicted maximum O, uptake (mL/min)

In the ASCEND-Peds trial, exercise capacity was determined by cycle ergometry within
one week after infusion. Continuous measurements of O, uptake, CO; output, and tidal
volume were recorded. Heart rate, respiratory rate, and digital O, saturation were also to
be continuously monitored. Steady state levels for each workload were calculated for O;
uptake, CO; output, tidal volume, ventilation, and respiratory exchange ratio. Maximum
workload achieved was recorded and expressed as percent predicted. In addition,
percent predicted maximum were calculated for O, uptake and HR. Note that cycle
ergometry assessments had to occur at the same time for each assessment (ie, £2
hours of the screening assessment). Cycle ergometry assessments included maximum
workload (watts), percent predicted maximum workload (%), working time (min),
maximum HR (breaths/min), maximum percent predicted HR (%), maximum O-
saturation (%), maximum respiratory rate (breaths/min), maximum ventilation (L/min),
maximum O uptake (mL/min), maximum percent predicted O uptake (%), maximum
COzoutput (mL/min), and maximum respiratory exchange ratio. Assessments were
summarised at each time point along with change from baseline by age group cohorts
and overall.
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HRQoL endpoints

In the ASCEND trial changes in HRQoL after 52 weeks administration of olipudase alfa
or placebo were assessed with the following HRQoL questionnaires:

The EQ-5D is a standardised measure of health status developed by the
EuroQoL Group to provide a simple, generic measure of health for clinical and
economic appraisal. The EuroQoL 5 dimension, 5 level (EQ-5D-5L) health status
measure consists of 5 dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each dimension has 5 levels: no
problems, slight problems, moderate problems, severe problems, and extreme
problems. The respondent is asked to indicate his/her health state by ticking (or
placing a cross) in the box against the most appropriate statement in each of the
5 dimensions. This decision results in a 1-digit number expressing the level
selected for that dimension. The digits for 5 dimensions can be combined in a 5-
digit number describing the respondent’s health state. Index-based values (ie,
utilities) are a major feature of the EQ-5D-5L instrument, facilitating the
calculation of quality-adjusted life years that are used to inform economic
evaluations of health care interventions

The SF-36 is a 36-item, multidimensional, generic health-related quality of life
measure that has been validated for adults in numerous healthy and ill populations
internationally (14). The SF-36 consists of 8 scales, including physical functioning,
role physical, bodily pain, mental health, role emotional, social functioning, vitality,
and general health and includes two summary measures of physical health and
mental health derived from scale aggregates

The BPI-SF self-administered questionnaire designed to measure a patient’s
perceived level of pain. The BPI-SF measures the patient’s intensity of pain
(sensory dimension), the interference of pain in the patient’s life (reactive
dimension), and asks the patient about pain relief, pain quality, and the patient’s
perception of the cause of pain. The BPI-SF consists of 15 items that use a
numeric rating scale to assess pain severity and pain interference in the past 24
hours and the past week. Item 3 of the BPI-SF was also separately administered
via eDiary

The splenomegaly-related score (SRS) rates 5 items: abdominal pain, abdominal
discomfort, early satiety, abdominal body image, and ability to bend down. The 5
items were selected from the Myelofibrosis Symptom Assessment Form (MF-SAF).
Using a numerical rating scale of 0 (absent) to 10 (worst imaginable), these
questions assess within the last 24 hours the impact of splenomegaly-related items
that are common in patients with ASMD. The scores were collected via an eDiary
over 7 days. Daily scores were averaged over 7 consecutive assessments prior to
the baseline or quarterly visit. If there were days with missing scores, then the
mean of the available daily scores were used for those respondents who had data
for 4 or more of the 7 days
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e The FACIT-dyspnoea short form is a 2-part questionnaire: 10 questions in each
part. In Part 1, patients are asked to rate how short of breath they felt during the
past 7 days doing activities, such as dressing, walking, and common household
chores; in Part 2, patients rate how functionally limiting the dyspnoea experienced
was while doing the activities presented in Part 1. This instrument was
administered via eDiary

e The NPB-HAQ is a disease-specific questionnaire that covers various aspects of
fatigue, pain, respiratory, abdominal complaints, and quality of life as well as
questions specific to ASMD symptoms and physical activity. The questionnaire
administered at baseline consisted of items to gather information on patient
background, diagnostic history, family history, medical/surgical history, resource
utilisation, current symptomatology, and functional status. The questionnaire
administered during subsequent visits assessed interval history and resource
utilisation, as well as current symptomatology and functional status

e Health-related productivity questionnaire is a self-administered questionnaire that
was developed to measure how treatment of disease impacts an individual’s
ability to participate in the workforce and complete daily household duties

In the ASCEND-Peds trial the following HRQoL questionnaires were completed at
screening, Week 25, and Week 52 by patients and parents:

e The PedsQL scale is a brief, standardised, generic assessment instrument that
systematically assessed patients' and parents' perceptions of health-related
quality of life in paediatric patients with chronic health conditions (6). The PedsQL
consists of a 23-item core measure including a child self-report for patients aged
5 to 18 years and a report for parents of patients from birth to 18 years of age

e The PedsQL Multidimensional Fatigue Scale consisted of 18-questions, 6
regarding general fatigue, 6 regarding sleep/rest fatigue and 6 regarding cognitive
fatigue. It also included a child self-report for patients aged 5 to 18 years and a
report for parents of patients aged 2 to 18 years

e The PedsQL Pediatric Pain Questionnaire consisted of 3 questions and includes
a child self-report (ages 5 to 18) and a proxy report for parents of patients aged 5
to 18 years, with visual analogue scales (VAS) from O (not hurting/no
discomfort/no pain) to 100 (hurting a whole lot/very uncomfortable/severe pain)
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Height, weight, and onset of puberty in children (ASCEND-Peds)

Children with ASMD experience poor growth and development, which can result in
delayed puberty, and increased risk of bone fracture (10). Patients’ height and weight
was included as part of the physical examination. The weight, and height (standing
height was used for patients >2 years of age and supine height was used for patients <2
years of age) was collected at Screening and within 24 hours prior to every infusion visit
from Day 1/Week 0 to Week 64 (or withdrawal if withdrawn prematurely). Change from
baseline, in addition to observed values, were calculated and summarised for all
scheduled visits by age group cohorts and overall.

Patient puberty stage was evaluated according to Tanner staging. Tanner stage for
genitals (male, stage I-V), breasts (females, stage I-V), and pubic hair (both genders,
stage I-V) were documented at screening, Week 12, Week 26, Week 38, and Week 52.

B.2.3.2 Comparative summary of study methodology

The methodology of the relevant studies is summarised in Table 13.
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Table 13: Comparative summary of methodology of relevant studies

Trial number
(acronym)

ASCEND-Peds (DFI13803)

ASCEND (DFI112712)

Settings and

Six investigational sites in six countries (Brazil, France,

23 sites across 17 countries (Argentina, Australia, Belgium,

were enrolled into three age cohorts and received an IV infusion
Q2W of up to a target dose of 3.0 mg/kg (or their highest
tolerated dose) following an intra-patient dose escalation of >16
weeks. The first 12 patients received olipudase alfa and were
enrolled in a staggered fashion into the three age cohorts as
follows: Adolescent cohort (12 to <18 years, >3 patients), Child
cohort (6 to <12 years, >3 patients), and Infant/Early child cohort
(<6 years, >2 patients). To open enrolment in a younger age
cohort, the Sponsor and a Data Monitoring Committee reviewed
the safety data from the first 3 patients who completed the dose
escalation phase in the previous age cohort.

locations Germany, ltaly, the UK, and the US) Brazil, Bulgaria, Chile, France, Germany, Italy, Japan, the
Netherlands, Portugal, Spain, Tunisia, Turkey, the UK, and the
us)

Trial design Phase I/1l, multicentre, open-label, repeated-dose study. Patients | Phase Il/lll, multicentre, repeat-dose, clinical trial

Divided into two consecutive major periods:

1) A 1:1 randomised placebo-controlled, double-blind PAP from
Day -60 to Week 52, followed by

2) An ETP, which was double-blind as patients in the placebo
group crossed over to active treatment

Eligibility criteria
for participants

Male or female paediatric patients aged from birth to <18 years
with documented ASMD who have a spleen volume =5 MN
measured by MRI and a height Z-score <-1.

Patients with acute or rapidly progressive neurological
abnormalities, or who are homozygous for the SMPD1 mutations
p.Arg498Leu, p.Leu304Pro, or p.Phe333SerfsTer52 or any
combination of these three mutations were excluded. A mean
platelet count <60 x 103/uL, ALT or AST >250 IU/L, total bilirubin
>1.5 mg/dL, or an international normalized ratio >1.5 at
screening were also exclusion criteria.

Males or females, aged >18 years, with documented deficiency
of ASM as measured in peripheral leukocytes, cultured
fibroblasts, or lymphocytes; a clinical diagnosis consistent with
ASMD Type B and the following additional criteria:

e DLco £70% of the predicted normal value
e Spleen volume 26 MN measured by MRI
e SRS25

Sample size

N=20 planned and treated (adolescent cohort: n=4; child cohort:
n=9, and infant/early child cohort: n=7)

N=20 evaluated for efficacy/pharmacodynamics, safety, and
pharmacokinetics

N=36 planned, randomised, and treated
N=36 evaluated for efficacy and safety
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Trial number
(acronym)

ASCEND-Peds (DFI13803)

ASCEND (DFI112712)

Planned analysis

All the safety analyses were performed using the safety
population. Patient data were summarised and displayed by age
group cohorts and overall. Safety data were reported up to and
including the time of treatment withdrawal, and follow-up for AEs,
where applicable. The baseline value was the last available value
before the first infusion of olipudase alfa, except for white blood
cell count, platelet count, haemoglobin and possibly ECG
parameters.

For all safety data, the observation period was divided into two
segments:

e The pretreatment period, defined as the time between when
the patient gave informed consent and the start of the first
infusion (excluded)

The on-treatment period defined as the time from the start of the
first infusion (included) till the end of the study

The primary efficacy endpoints were analysed after 52 weeks in
the mITT population using the mixed model for repeated
measures.

The secondary efficacy endpoints were analysed in the mITT
population using the mixed model for repeated measures and 2-
sided hypothesis tests.

Trial drugs

e Olipudase alfa

Formulation: Olipudase alfa is a sterile, non-pyrogenic white to
off-white lyophilised cake supplied in single use, 20 cc Type 1
glass vials. Each vial contained 20 mg of extractable olipudase
alfa. The lyophilized powder was reconstituted with 5.1 mL of
sterile water for injection to yield a concentration of 4.0 mg/mL
olipudase alfa, which was further diluted in 0.9% sodium chloride
solution to a specific volume based on the dose to be
administered.

Route(s) of administration: Intravenous infusion

Dose regimen: Once every 2 weeks +3 days (Q2W regimen).
Target maintenance dose of 3.0 mg/kg or highest tolerable dose,
preceded by an intra-patient dose escalation phase starting at
0.01 mg/kg.

e Placebo (0.9% sodium chloride)
e Olipudase alfa

Formulation: Olipudase alfa is a sterile, non-pyrogenic white to
off-white lyophilised cake supplied in single use, 20 cc Type 1
glass vials™. Each vial contained 20 mg of extractable olipudase
alfa. The lyophilized powder was reconstituted with 5.1 mL of
sterile water for injection to yield a concentration of 4.0 mg/mL
olipudase alfa, which was further diluted in 0.9% sodium chloride
solution to a specific volume based on the dose to be
administered.

Route(s) of administration: Intravenous infusion

Dose regimen: Once every 2 weeks +3 days (Q2W regimen).
Target maintenance dose of 3.0 mg/kg or highest tolerable dose,
preceded by an intra-patient dose escalation phase starting at
0.01 mg/kg.
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Trial number
(acronym)

ASCEND-Peds (DFI13803)

ASCEND (DFI12712)

Permitted and

Prohibited medications included those that may decrease

Prohibited medications included those that may decrease

disallowed olipudase alfa activity (e.g. fluoxetine, chlorpromazine, tricyclic olipudase alfa activity (e.g., fluoxetine, chlorpromazine, tricyclic
concomitant antidepressants). antidepressants).
medication Cationic amphiphilic antihistamines, such as loratadine, Cationic amphiphilic antihistamines, such as loratadine,
desloratadine, astemizole, ebastine, terfenadine, and clemastine, | desloratadine, astemizole, ebastine, terfenadine, and clemastine,
may decrease olipudase alfa activity. Therefore, the need for may decrease olipudase alfa activity. Therefore, the need for
their use in oral or intravenous administration was to be carefully | their use in oral or intravenous administration was to be carefully
considered. considered.
There was no restriction on topical antihistamines. There was no restriction on topical antihistamines.
Method of Not applicable Randomisation was performed centrally by the Interactive (Voice
randomisation or Web) Response System, which generated the patient
and blinding randomisation list. The patient number allocated was a specific
9-digit number consisting of the following: 3-digit country code
(ISO), 3-digit site number, and 3-digit sequential number at the
site with leading zeroes, beginning with 001.
During both the PAP and the first part of the ETP, patients,
Investigators, and the Sponsor study team were blinded to the
identity of study treatment. Patients and investigators did not
have access to the randomisation (treatment codes) until after
the database lock for PAP and dose escalation in ETP was
complete. All patients regardless of treatment underwent dose
escalation in the same manner to maintain the double-blind.
Investigators and sponsors were also blinding to the PK data.
Primary e AES/TEAEs, including IARs, physical examinations, e Percentage change in spleen volume (in MN) from baseline
outcomes neurological examinations, clinical laboratory evaluations, to Week 52 (combined with change in SRS from baseline to
(including vital sign measurements, ECGs, safety biomarkers, doppler Week 52 in the US only, and referred to as the “combination

scoring methods

and timings of
assessments)

echocardiography, liver ultrasound doppler, and immune
response assessments.

spleen endpoint”)

e Percentage change in % predicted DLco adjusted for
haemoglobin and ambient barometric pressure, (referred to
as “% predicted DLco”) from baseline to Week 52

Other outcomes

Secondary outcome

Secondary outcome
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Trial number
(acronym)

ASCEND-Peds (DFI13803)

ASCEND (DFI112712)

Pharmacokinetic variables

Exploratory outcomes

Spleen and liver volume by abdominal magnetic resonance
imaging

Pulmonary function testing

Pulmonary imaging by high resolution computed tomography
Chest X-ray

Height Z-score

Bone age by hand x-ray

Cycle ergometry

Physician’s global assessment of change

Efficacy biomarkers

Lipid profile

Bone biomarkers

Health outcome questionnaires

Cognitive and adaptive function

Percentage change in liver volume (in MN) from baseline to
Week 52

Percentage change in platelet counts from baseline to Week
52

Week 52 change from baseline in fatigue severity as
measured by Item 3 of the BFI scale

Week 52 change from baseline in pain severity as measured
by Item 3 of the BPI-SF scale

Week 52 change from baseline in dyspnoea severity as
measured by the FACIT dyspnoea tool

Change in SRS from baseline to Week 52 (except US, where
it is part of the primary “combination spleen endpoint”)

Safety outcome

Assessment of AEs, including SAEs, infusion-associated
reactions (e.g., CRS, acute phase reactions) and AESIs

Other outcomes
used in the
economic
model/specified
in the scope

Not applicable

Not applicable
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Trial number ASCEND-Peds (DFI13803) ASCEND (DFI12712)
(acronym)

Pre-planned There were no subgroup analyses. There were no pre-planned subgroup analyses. Subgroup
subgroups analyses (based on DLco and spleen volume) were added in
2019 at the request of the FDA.

1 Also known as "neutral”, type 1is a borosilicate glass with good chemical resistance

Abbreviations: AE, adverse event; AESI, adverse event of special interest; ALT, alanine aminotransferase; ASM, acid sphingomyelinase; ASMD, ASM deficiency; AST,
aspartate aminotransferase; BFI, Brief Fatigue Inventory; BPI-SF, Brief Pain Inventory — Short Form; CRS, cytokine release syndrome; DLco, diffusing capacity of the lung for
carbon monoxide; ECG, electrocardiogram; ETP, extension treatment period; FACIT, Functional Assessment of Chronic lliness Therapy; FDA, Food and Drug Administration;
IAR, infusion-associated reaction; mITT, modified intention-to-treat population; MN, multiples of normal; MRI, magnetic resonance imaging; NPD, Niemann-Pick disease; PAP,
primary analysis period; PFT, pulmonary function test; Q2W, once every 2 weeks; SAE, serious AE; SRS, splenomegaly related score; TEAE, treatment-emergent AE.
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B.2.3.3 Patient disposition

B.2.3.3.1 ASCEND

Patients were enrolled at 23 sites across Europe, North America, and South America. In
total, 62 patients were screened, and 36 patients were randomised to placebo (n=18)
and olipudase alfa (n=18) groups. As of the cut-off date, 4 of the 36 randomised patients
(2 patients receiving placebo and 2 patients receiving olipudase alfa) discontinued the
study. One patient in the placebo group did not complete the PAP due to poor
compliance.

. Please see Section 1.2 of Appendix D for further

details.

B.2.3.3.2 ASCEND-Peds

Patients were enrolled at six sites across Europe, North America, and South America. A
total of 23 patients were screened and 20 patients were enrolled and received olipudase
alfa, including four patients in the adolescent cohort, nine in the child cohort, and seven
in the infant/early child cohort. All 20 (100%) patients completed the study and enrolled
into the LTS13631 study, which is ongoing.

B.2.3.4 Patient demographics and baseline characteristics

B.2.3.4.1 ASCEND

Demographic characteristics of patients in the mITT population are summarised in Table
14. Generally, demographics and baseline characteristics were well balanced between
both groups, apart from gender where there were more females (61%) than males
(39%). There was an unbalanced distribution of gender between the groups (50%
females and 50% males in the olipudase alfa group, and 72% females and 28% males in
the placebo group). The mean age at randomisation was 34.81 years. The treatment
arms were generally well matched at baseline, and disease characteristics between the
two arms were similar (Table 15).
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Table 14: Summary of demographic and baseline characteristics in ASCEND — mITT
opulation

Baseline Placebo Olipudase alfa Overall
demographics (N=18) (N=18) (N=36)
Age, years, mean (SD) 33.5(17.1) 36.2 (12.7) 34.8 (14.9)
Weight, mean (kg)? 61.6 (13.4) 67.4 (14.1) 64.5 (13.7)
Sex, n (%)

Male 5 (28) 9 (50) 14 (39)

Female 13 (72) 9 (50) 22 (61)
Race, n (%)

American Ipdian or 0 0 0

Alaska Native

Asian 1 (6) 1 (6) 2 (6)

Black 0 0 0

Native Hawaiian or

Other Pacific 0 0 0

Islander

White 16 (89) 16 (89) 32 (89)

Not Reported 0 0 0

Unknown 0 0 0

Other 1 (6) 1 (6) 2 (6)
Ethnicity, n (%)

Hispanic or Latino 6 (33) 5 (28) 11 (31)

Not Hispanic or 12 (67) 12 (67) 24 (67)

Latino

Not reported 0 1(6) 1(3)

Unknown 0 0 0

a Sanofi data on file
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Baseline Placebo Olipudase alfa Overall

demographics (N=18) (N=18) (N=36)

Ancestry, n (%)
Arab | I I
Jewish I I |
Turkish I I ]
o l - -
Other I I I
Not reported - - -
Unknown I I I

Ancestry — Jewish, n

(%)
Number of patients | | |
with value
Ashkenazi Jewish ] | I
Sephardic Jewish | | |
Jewish - i I ]
unspecified

HIV antibody testing

Non-Reactive _ _ _

Hepatitis B surface

antigen test

Negative I I I

Hepatitis C antibody

test

Negative - _ -

Country, n (%)
Argentina - - -
Australia I | |
Brazil [ | I
Chile N ] I
France e I I
Germany - - -
Italy I | |
Japan - I -
Netherlands l - -
Spain I I I
Turkey ] I |
United Kingdom l - -
United States I I ]
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Abbreviations: n, number; SD, standard deviation
Note: Percentages are calculated using the number of patients who have available data in each treatment

group as the denominator.
Source: Sanofi data on file

Table 15: Baseline disease characteristics in ASCEND — mITT population

diagnosis, years, mean (SD)

Characteristic Placebo Olipudase alfa Overall
(N=18) (N=18) (N=36)

Age at ASMD diagnosis, years,

mean (SD) 14.6 (16.1) 21.4 (20.3) 18.0 (18.4)

Number of years since ASMD 18.9 (13.7) 14.8 (13.4) 16.8 (13.5)

ASM activity (peripheral leukocytes),
nmol/h/mg, mean (SD)

0.121 (0.086)

0.118 (0.073)

0.119 (0.079)

ASM activity (dried blood spot),

Intact spleen

18 (100%)

18 (100%)

nmol/hr/mL, mean (SD) _ _ _
Spleen status, n (%)

Partial splenectomy 0 0 0

Fully splenectomy 0 0 0

36 (100%)

Spleen volume, n (%)

Severe splenomegaly (>15 MN)

3(16.7)

5 (27.8%)

8(22.2)

% Predicted DLco adjusted for
haemoglobin and ambient
barometric pressure, n (%)

Severely reduced (<40%)

4(22.2)

3(16.7)

7 (19.4)

CHIT1 genotype classification, n (%)
Normal / 2 functional alleles

Heterozygous mutation /1
functional allele

Homozygous mutation / 2 non-
functional alleles

SMPD1 genotype, n (%)
Homozygous for Arg610del
Heterozygous for Arg610del

Other mutations

1(5.6%)
5 (27.8%)
12 (66.7%)

4 (22.2%)
5 (27.8%)
9 (50.0%)

5 (13.9%)
10 (27.8%)
21 (58.3%)

Abbreviations: ASM, acid sphingomyelinase; ASMD, acid sphingomyelinase deficiency; CHIT1,
chitotriosidase-1; DLco, diffusing capacity for carbon monoxide; h, Planck’s constant; hr, hour; mg, milligram;
mL, millilitre; MN, multiples of normal; n, number; nmol, nanomole; SD, standard deviation; SMPD1,

sphingomyelin phosphodiesterase 1
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B.2.3.4.2 ASCEND-Peds

Demographic characteristics of patients are summarised in Table 16. Patient ages
ranged from 1.5 to 17.5 years, with both sexes represented in each age cohort and
equally represented in the overall group (total of 10 males and 10 females). Testing for
HIV antibodies was conducted for all patients, with all patients reported as non-reactive.
However, local regulations in Italy did not allow these data to be collected, hence results
were only collected in the database for 16 patients. Body weight at baseline ranged from
9.9 kg to 51.5 kg, with a mean weight of 40.60 kg in the adolescent cohort, 22.8 kg in the
child cohort, and 14.3 kg in the infant/early child cohort.

A summary of baseline disease characteristics is presented in Table 17. Median age at
diagnosis was 2 years, with symptoms appearing at approximately 1 year of age
(median). At disease onset, 18 patients (90.0%) had hepatomegaly and/or splenomegaly
and seven patients (35.0%) had respiratory disease. Twelve patients (60.0%) had severe
splenomegaly (>15 MN) at baseline, and one patient (11.1%) had a severely reduced
percent predicted DLco value (<40.0%) among those who could perform the test (n=9).
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Table 16: Summary of demographic and baseline characteristics ASCEND-Peds — safety

opulation
Baseline demographics Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Age, years, mean (SD) 14.8 (2.2) 8.7 (1.7) 3.8(1.4) 8.2(4.4)
Weight, mean (kg) 40.6 (9.7) 22.8 (3.9) 14.3 (3.1) 23.4 (10.8)
Sex, n (%)
Male 3 (75) 4 (44) 3 (43) 10 (50)
Female 1(25) 5 (56) 4 (57) 10 (50)
Race, n (%)
Naska Natve. 0 0 0 0
Black 0 0 0 0
Other Pacific lsfander 0 0 0 0
Northeast Asian 0 0 0 0
Southeast Asian 1(25) 1(11) 0 2 (10)
White 3 (75) 7 (78) 7 (100) 17 (85)
Other 0 1(11) 0 1(5)
Unknown 0 0 0 0
Not reported 0 0 0 0
Ethnicity, n (%)
Hispanic or Latino 0 0 1(14) 1(5)
Not Hispanic or Latino 4 (100) 9 (100) 6 (86) 19 (95)
Not reported 0 0 0 0
Unknown 0 0 0 0
Ancestry, n (%)
Arab I I I I
Jewish | N | N
Turkish i e i ]
South American | | | |
Native Indian
Other I I N I
Unknown I I N N
Not reported | | | |
Ancestry — Jewish, n (%)
Ashkenazi Jewish | e | ]
Sephardic Jewish | | | |
Jewish - unspecified | | | |
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Baseline demographics Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
HIV antibody testing
Non-Reactive 2 (100) 7 (100) 7 (100) 16 (100)
Hepatitis B surface
antigen test
Negative I I I I
Hepatitis C antibody test
Negative I I I I
Country, n (%)
Brazil | N I N
France I | I I
Germany | I N N
Italy I I | N
United Kingdom e e | ]
United States | e e e

Abbreviations: HIV, human immunodeficiency virus; n, number; SD, standard deviation
Note: Percentages are calculated using the number of patients who have available data in each treatment
group as the denominator.
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Table 17: Baseline disease characteristics in ASCEND-Peds — safety population

Characteristic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Age at symptom onset, years, 1.4 (0.6) 1.6 (1.3) 1.2(0.9) 1.4 (1.1)
mean (SD)
Age at diagnosis, years, mean 2.1(0.7) 3.4 (3.4) 1.6 (1.2) 2.5(2.5)
(SD)
ASM activity (peripheral 0.210 0.129 0.095 0.135
leukocytes), nmol/h/mg, mean (0.092) (0.061) (0.067) (0.078)
(SD)
Spleen status, n (%)
Fully intact 4 (100%) 9 (100%) 7 (100%) 20 (100%)
Spleen volume, n (%)
Severe splenomegaly 1 (25.0%) 5 (55.6%) 6 (85.7%) 12 (60.0%)
(>15 MN)

% Predicted DLco adjusted for
haemoglobin, n (%)

Severely reduced (<40%) 1(33.3%) 1(11.1%)

Symptoms present at disease
onset, n (%)

None
Splenomegaly
Hepatomegaly
Respiratory disease

Excessive
bleeding/bruising

Thrombocytopenia
Failure to thrive
Short stature

Pain

Other

Family history, n (%)
Sibling(s)
Parent(s)

Other

UGT1A1 genotype
classification, n (%)

No Gilbert Syndrome

CHIT1 genotype classification,
n (%)

Normal / 2 functional
alleles
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Characteristic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Heterozygous mutation /1 | [ RN | I
functional allele
Homozygous mutation / 2 | ] | [
non-functional alleles
SMPD1 genotype, n (%)
Heterozygous for 1(25.0%) 3 (33.3%) 2 (28.6%) 6 (30.0%)
Arg610del
Other mutations 3 (75.0%) 6 (66.7%) 5 (71.4%) 14 (70.0%)
CRIM testing, n (%)
Positive | | ] ]

Abbreviations: ASMD, acid sphingomyelinase deficiency; CHIT1, chitotriosidase-1; CRIM, cross-reactive
immunological material; DLco, diffusing capacity for carbon monoxide; MN, multiples of normal; n, number;
SD, standard deviation; SMPD, sphingomyelin phosphodiesterase; UGT1A1, UDP Glucuronosyltransferase
Family 1 Member A1
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B.2.4  Statistical analysis and definition of study groups in the
relevant clinical effectiveness evidence

The statistical analysis for ASCEND and ASCEND-Peds are provided in Section B.2.4.1
and B.2.4.2, respectively.

B.241 ASCEND

B.2.4.1.1 Populations analysed

Definitions of the populations analysed in ASCEND are listed below:

o Randomised population: included any patient who had been allocated to a
randomised treatment group regardless of study drug administration.

o mlITT population: included randomised patients who received at least 1 infusion
(partial or total). The mITT population was used for all efficacy data analysis and
patients were analysed according to treatment group to which they were
randomised.

o Safety population: included randomised patients who received at least 1
infusion (partial or total). The safety population was used for all safety data
analysis and patients were analysed according to the actual treatment received
during the PAP, irrespective of the treatment to which the patients were
randomised.

e Per protocol population: subset of the mITT population who had no critical or
major protocol deviations that were expected to interfere with assessments of
the primary efficacy endpoints.

¢ mITT-C population: subset of mITT population which excludes patients who
had exposure to Process B (non-commercial scale material) of olipudase alfa
in the active treatment group.

e PK population: consisted of mITT patients who had evaluable drug
concentration data.

¢ PD population: consisted of mITT patients who had at least 1 evaluable
PD marker data available post-baseline.
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B.2.4.1.2 Statistical information

A summary of the statistical methods used in ASCEND is presented in Table 18.

Table 18: Summa

y of statistical analyses in ASCEND

Trial number

ASCEND
(acronym)
Hypothesis To evaluate the efficacy of olipudase alfa administered intravenously once
objective every 2 weeks for 52 weeks in adult patients with ASMD
Statisti_cal ¢ Primary efficacy analysis:
analysis of o The primary endpoint, % change in DLco, was analysed using
prl(rjnar_y ffﬁcacy MMRM. The MMRM included baseline DLco, baseline age,
endpoin

treatment arm, study visit, and study visit by treatment arm
interaction as covariates; have an unstructured variance-covariance
matrix; and be fit using restricted maximum likelihood estimation.
The first (co)variance structure yielding convergence was used as
the primary analysis. Comparisons between treatment arms were
made using least-square mean contrasts at the 52 week visit with
denominator degrees of freedom estimated using the Kenward-
Roger approximation.

o The percentage change in spleen volume (MN) and the change in
the SRS (for US, SRS is part of primary endpoints) were analysed
using an analogous MMRM model:

a) For Europe and the ROW outside of US: the percentage change
in spleen volume (expressed in MN) from baseline to Week 52

b) For US: the combination spleen endpoint which consists of two
components: the percentage change in spleen volume (expressed
in MN) from baseline to Week 52 and change in splenomegaly-
related score from baseline to Week 52

o Sensitivity analyses

Sensitivity analyses for the primary efficacy endpoints to support
robustness of results included the following:

o MMRM analysis using the per-protocol population to demonstrate
whether the results vary depending on the population analysed.

o MMRM analysis excluding observations made after the initiation of
rescue therapy. As a sensitivity analysis, the observations collected
after the initiation of rescue therapy were included in the MMRM,;
the treatment arm for rescued patients remained as randomised
treatment.

o The MMRM planned for the primary efficacy analysis assumed
MAR. To assess the robustness of the primary results to that
assumption a pattern mixture model will be used.

o The MMRM planned for the primary efficacy analysis assumes
multivariate normality. To assess the robustness of conclusions
under this assumption, nonparametric testing method will be used:
A WMW will be used to compare the primary efficacy endpoints;
missing Week 52 data will be imputed using LOCF, excluding
patients who initiate rescue therapy.

e Subgroup analyses:
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Trial numbe
1a’ number ASCEND
(acronym)

o Spleen volume by baseline spleen volume severity (severe vs not
severe). Severity is defined as baseline spleen volume >15 MN.

o % predicted DLco by baseline % predicted DLco severity (severe vs
not severe). Severity is defined as baseline % predicted DLco
<40%.

o Baseline ALT or AST abnormality (ALT or AST 21 ULN vs ALT and
AST <1 ULN).

o Baseline total bilirubin abnormality (total bilirubin 21.5 ULN vs total
bilirubin <1.5 ULN).

o Presence vs absence of portal hypertension at baseline (detected
signs of portal vein hyperpressure is “likely severe portal
hypertension” or “likely portal hypertension” for presence of portal
hypertension vs detected signs of portal vein hyperpressure is
“unlikely portal hypertension” for absence of portal hypertension).

¢ Responder analyses:

o Change in % predicted DLco at Week 52. Patients with 215%
change in % predicted DLco from baseline were considered
responders.

o Change in spleen volume at Week 52. Patients with 230%
reduction in spleen volume from baseline were considered
responders.

Statistical e The MMRM model, as used in the primary analysis of spleen volume
analysis of under primary efficacy endpoints, was used to compare treatment
secondary groups for secondary efficacy endpoints including liver volume, platelet
efficacy counts, BFI — Item 3, FACIT-Dyspnoea symptom score.
endpoints
Statistical ¢ The analysis of the safety variables was descriptive, and no systematic
analysis of safety testing was performed.
endpoints
Sample size, The sample size calculations were based on the 2 primary efficacy
power calculation | endpoints using the following assumptions:

e DlLco:

o A 20% common standard deviation

o A 25% mean difference from baseline to Week 52 between
olipudase alfa and placebo in percentage change in DLco (in %
predicted)

o An expected exclusion rate from the primary analysis due to non-
availability of results at Week 52 is 11%

Based on the above assumptions, 36 patients randomised 1:1 to placebo
and olipudase alfa were required to achieve a 93% power, using a t-test at
a 2-sided 5% significance level, for the study

e Spleen volume:

o An 11.8% common standard deviation based on data from previous
ASMD and Gaucher disease Type 1 studies

o A 30% mean difference from baseline to Week 52 between
olipudase alfa and placebo in percentage change in spleen volume
(MN)

o An expected exclusion rate from the primary analysis due to non-
availability of results at Week 52 is 11%
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Trial number

ASCEND
(acronym)

Based on the above assumptions, 36 patients randomised 1:1 to placebo
and olipudase alfa were required to achieve a 99% power, using a t-test at
a 2-sided 5% significance level, for the study.

e Splenomegaly-related score (US):
o A common standard deviation of 9.4
o A mean difference of 8.0 from baseline to Week 52 between
olipudase alfa and placebo in the SRS score
o An expected exclusion rate from the primary analysis due to non-
availability of results at Week 52 is 11%

Based on the above assumptions, 36 patients randomised 1:1 to
placebo and olipudase alfa were required to achieve an 82% power,
using a t-test to detect a statistical trend, defined as 2-sided p-value
<0.15, for the study.

Data Management of clinical trial data was performed according to the following
management rules and procedures. Data entry, verification and validation were carried
out using a standard validated electronic data capture computer software
(Medidata RAVE® 2017.2.3). Data entry was performed directly from the
Investigator site from the data source documents and signed electronically
by the authorized site personnel. Moreover, any modification in the
database was tracked using an audit trail.

Abbreviations: ALT, alanine transaminase; ASMD, acid sphingomyelinase deficiency; AST, aspartate
transaminase; BFI, brief fatigue inventory; DLco, diffusing capacity for carbon monoxide; FACIT-Dyspnoea;
Functional Assessment of Chronic lliness Therapy-Dyspnoea; LOCF, last observation carried forward; MAR,
missing at random; MMRM, mixed model for repeated measures; MN, multiple of normal; ROW, rest of the
world; SRS, splenomegaly-related score; ULN, upper limit of normal; US, United States; WMW, Wilcoxon-
Mann-Whitney

B.2.4.2 ASCEND-Peds

B.2.4.2.1 Populations analysed
Definitions of the populations analysed in ASCEND-Peds are listed below:
o mlITT population: includes all subjects who were exposed to the study treatment

olipudase alfa. The mITT population was used as the primary population for the
efficacy analysis.

¢ Safety population: includes all subjects who were exposed to the study
treatment olipudase alfa. The safety population was used for all safety data
analysis.

¢ PK population: includes all subjects who received at least 1 infusion of
olipudase alfa and had evaluable PK data available post-baseline.

e PD population: includes all subjects who were treated and had at least 1
evaluable PD measurement available post-baseline.
B.2.4.2.2 Statistical information
A summary of the statistical methods used in ASCEND-Peds is presented in Table 19.
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Table 19: Summa

y of statistical analyses in ASCEND-Peds

Trial number

ASCEND-Peds

efficacy endpoint

(acronym)

Hypothesis To evaluate the efficacy of olipudase alfa administered intravenously once
objective every 2 weeks for 52 weeks in adult patients with ASMD

Statistical The analysis of the safety variables was descriptive, and no systematic
analysis of safety | testing was performed

endpoints

Statistical e Exploratory efficacy analysis:

analysis of o All exploratory efficacy analyses were performed using the mITT
exploratory

population.

o For each exploratory efficacy assessment, observed measures and
changes from baseline, as appropriate, were listed and
summarised, including the p-value from analysis of covariance with
baseline as covariate and 95% Cls as appropriate, separately by
time point, age group cohorts and overall.

o Change in baseline was analysed with ANCOVA model with
baseline as the covariate and WMW test p-values for the change
from baseline and percent change from baseline for exploratory
endpoints.

o Sensitivity analysis
Sensitivity analysis to assess the effect of age group cohorts was utilised

for the mITT population with the following model for spleen/liver volume,
FVC (L), FEV1 (L), TLC (L) and DLco (mL/min):

Percent change from baseline at Week 26 or 52 = Age group cohorts +
Baseline value

Sample size,
power calculation

A sample size power calculation was not performed for this study. The
sample size was based upon empirical considerations.

Data
management

Management of clinical study data was performed according to the
following rules and procedures. At regular intervals during the clinical
study, the centre was contacted, through monitoring visits, letters or
telephone calls, by a representative of the monitoring team to review study
progress, Investigator and patient compliance with clinical study protocol
requirements and any emergent problems. Should a correction have been
made, the corrected information was entered in the e-CRF overwriting the
initial information. An audit trail allowed identification of the modification.
Data were available within the system to the Sponsor as soon as they were
entered in the e-CRF. The computerised handling of the data by the
Sponsor generated additional requests in the discrepancy resolution form
to which the Investigator was obliged to respond by confirming or modifying
the data questioned. The requests with their responses were managed
through the e-CRF.

Abbreviations: ASMD, acid sphingomyelinase deficiency; ANCOVA, analysis of covariance; Cl, confidence
interval; DLco, diffusing capacity for carbon monoxide; eCRF, electronic case report form; FEV, forced
expiratory volume; FVC, forced vital capacity; mITT, modified intent-to-treat; ml, millilitre; TLC, total lung
capacity; WMW, Wilcoxon-Mann-Whitney
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B.2.5
evidence

Critical appraisal of the relevant clinical effectiveness

The quality assessment for the ASCEND trial and ASCEND-Peds trials is presented in
Table 20 and Table 21, respectively.

Table 20: Critical appraisal of ASCEND

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

Study name ASCEND
Study question Response How is the question addressed in the study?
(yes/no/not
clear/N/A)

Was randomisation Yes Randomisation was performed using an IXRS,

carried out appropriately? which generated the patient randomisation list.

Was the concealment of Yes Treatment assignment and randomisation were

treatment allocation performed using an IXRS. Patients were randomly

adequate? and centrally assigned in a 1:1 ratio across sites
using blocks of 4 into 1 of the 2 groups, placebo
(0.9% sodium chloride solution) or 3.0 mg/kg
olipudase alfa target dose.

Were the groups similar at Yes Baseline characteristics were well balanced

the outset of the study in between both groups, including age at ASMD

terms of prognostic diagnosis, spleen volume, and % predicted DLco.

factors? However, there were more females, and less
males, in the placebo treatment arm compared
with the olipudase alfa treatment arm.

Were the care providers, Yes All patients, Investigators, and the Sponsor were

participants and outcome blinded to the identity of the study treatment.

assessors blind to All patients, Investigators, and the Sponsor were

treatment allocation? blinded to the identity of the study treatment.
During the double-blind period, olipudase alfa was
packaged with kit codes and sent to an unblinded
pharmacist at the investigational site for
preparation. The appropriate quantity of vials was
assigned via IXRS based on patient weight,
current dose level, and randomisation group.
Treatment group allocation continued to be
blinded for all patients until the end of dose
escalation portion in the ETP

Were there any No Discontinuation rates were equal across the two

unexpected imbalances in treatment groups.

drop-outs between

groups?

Is there any evidence to No The primary and key secondary outcomes listed in

suggest that the authors the methodology section are consistent with those

measured more outcomes reported in the results section.

than they reported?

Did the analysis include Yes Analyses for efficacy endpoints were conducted in

the mITT, comprising all patients randomised to
receive at least 1 infusion of treatment.

For the primary analysis, missing data were not
imputed and were assumed as missing at random
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Abbreviations: ASMD, acid sphingomyelinase deficiency; DLco, diffusing capacity for carbon monoxide;
IXRS, Interactive Voice Response System/Interactive Web Response System; mITT, modified intention-to-
treat

Table 21: Critical appraisal of ASCEND-Peds

Study name ASCEND-Peds
Study question Response How is the question addressed in the
(yes/no/not study?
clear/N/A)

Was the cohort recruited Yes The cohort was representative of the

in an acceptable way? relevant targeted population. Clear
inclusion/exclusion criteria were described in
the publication and protocol

Was the exposure Yes Details of interventions the cohort was fully

accurately measured to described

minimise bias?

Was the outcome Yes Measurements for primary and secondary

accurately measured to outcomes were clearly described. Safety was

minimise bias? determined on the assessment of
AESs/TEAESs, AESI, physical examinations,
neurological examinations, clinical laboratory
evaluations. Vital sign measurement, ECG,
doppler echocardiography and liver
ultrasound Doppler, safety biomarkers, and
immune response assessments. Secondary
outcomes were PK measurements and
timings, and exploratory efficacy.

Have the authors Yes The inclusion criteria were carefully

identified all important considered by investigators with regards to

confounding factors? confounding factors.
Adjustment of results for confounders was
performed, such as the adjustment of DLco
for haemoglobin.

Have the authors taken Yes See above

account of the

confounding factors in the

design and/or analysis?

Was the follow-up of Yes All patients were alive at the end of the 64-

patients complete? week treatment period. After the 64-week
treatment phase, patients were eligible to
enrol in the long-term study LTS13632.

How precise (for example, Yes When appropriate, p-values and 95% Cls

in terms of confidence from analysis of covariance with baseline as

interval and p values) are covariance were provided for change from

the results? baseline values.

Abbreviations: AE, adverse event; AESI, adverse event of special interest; Cl, confidence interval; ECG,
electrocardiogram; N/A, not applicable; PK, pharmacokinetic; TEAE, treatment emergent adverse event
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B.2.6 Clinical effectiveness results of the relevant studies

B.2.6.1 ASCEND
B.2.6.1.1 Primary efficacy endpoints

Percentage change in DLco (% predicted) from baseline to Week 52

As anaemia is common in patients with ASMD and can lower DLco, all calculations of
DLco were adjusted for haemoglobin concentration and ambient barometric pressure
(85). The mean % predicted DLco at baseline was similar in both groups (48.45% in
placebo and 49.44% in olipudase alfa) and reflected an overall moderate impairment of
diffusion capacity (Table 22 and Figure 6). In the mITT population, treatment with
olipudase alfa resulted in significantly greater percentage improvement in % predicted
DLco at Week 52, with a 19.01% (95% CI; 9.32, 28.70) increase compared with placebo
(p=0.0004) (Table 22 and Figure 6). In the ETP, in the olipudase alfa/olipudase alfa
group, the mean % predicted DLco increased by 28.5+6.2% at year 2 (n=10). In the
placebo/olipudase alfa group, the mean % predicted DLco increased by 28.0+6.2% at
year 2 (n=10) (78).
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Table 22: Percentage change in DLco (% predicted) from baseline to 52 weeks in ASCEND
PAP - mITT population, using a mixed model for repeated measures

difference between
groupst

Visit Statistic Placebo Olipudase Difference
(N=18) alfa
(N=18)
Baseline Mean (SD) 48.45 49.44 -
(10.77) (10.99)
Week 26 Number of patients 17 17 -
with value
LS Mean 1.37 15.51 14.14
SE 2.88 2.85 4.06
95% CIt (-4.51, (9.71, 21.32) (5.85, 22.44)
7.26)
P-value for the within 0.64 <.0001 -
treatment comparison®
P-value for the - - 0.0015
difference between
groups’
Mean (SD) 1.49 (9.42) 15.85 -
(14.40)
Week 52 Number of patients 17 17 -
with value
LS Mean 2.96 21.97 19.01
SE 3.38 3.34 4.76
95% CIt (-3.9, 9.85) (15.18, (9.32, 28.70)
28.76)
P-value for the within 0.39 <.0001 -
treatment comparison®
P-value for the - - 0.0004
difference between
groups’t
Mean (SD) 3.08 22.06 -
(11.24) (17.01)
P-value for the - - 0.0001

Abbreviations: SD, standard deviation; SE, standard error; Cl, confidence interval; LS, least squares.

1 The 95% CI and p-values are based on a mixed model for repeated measures approach with baseline
derived % Predicted DLco adj. for Hb and Pressure, baseline age, treatment group, study visit, and study
visit by treatment group interaction as covariates. The variance-covariance structure used in the model is
unstructured covariance.
I The p-value is based on a Wilcoxon-Mann-Whitney test and the missing data at Week 52 were imputed
using LOCF by considering the last available post-baseline data. Mean (SD) reported at each visit are based
on the available data in each treatment group.
Analysis based on 15 March 2021 data cut off
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Figure 6: Percentage change in DLco (% predicted) from baseline to 52 weeks in ASCEND
PAP - mITT populationt, summary plot of the LS means from the MMRM
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Abbreviations: Cl, confidence interval; DLco, lung diffusion of carbon monoxide; LS, least square; MMRM,
mixed-effect model repeated measure

T The vertical bars represent the 95% Cls for the LS means. The LS means and 95% Cls are based on a
mixed model for repeated measures approach with baseline % Predicted DLco adj. for Hb and Pressure,
baseline age, treatment group, study visit, and study visit by treatment group interaction as covariates.

* indicates nominal p-value <0.05, ** indicates nominal p-value <0.01, *** indicates nominal p-value

Sensitivity analyses

Pre-specified sensitivity analyses of the percentage change in DLco were conducted in
the ASCEND trial (Section B.2.4.1.2). The results of all analyses were consistent with the
primary analysis.

Responder analysis

Responder analysis was performed in the ASCEND trial to determine the proportion of
patients with a clinically meaningful improvement (Section B.2.4.1.2). A greater number
of responders, defined as % predicted DLco 215% at Week 52, were observed with
olipudase alfa treatment compared with placebo (27.8% vs 0% respectively).
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Percentage change in spleen volume (in MN) from baseline to Week 52

The mean spleen volume at baseline was similar in the olipudase alfa and placebo
groups at baseline (11.70 MN and 11.21 MN, respectively), indicating moderate
splenomegaly (Table 23 and Figure 7). In the ETP, in the olipudase alfa/olipudase alfa
group, spleen volume decreased by 47.0£2.7% at year 2 (n=14). In the
placebo/olipudase alfa group, spleen volume decreased by 36.0+3.0% at year 2 (n=11)
(78).
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Table 23: Percentage change in spleen volume (MN) from baseline to 52 weeks in ASCEND
PAP - mITT population, using a mixed model for repeated measure

groups¥

Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
Baseline Mean (SD) 11.214 11.696 )
(3.8407) (4.9239)

Week 26 LS Mean -2.37 -30.84 -28.48
SE 2.24 2.173 3.13
95% CIf (-6.93, 2.20) (-35.27, -26.41) | (-34.86, -22.10)
P-value for the Wll:hln 0.30 <0001 )
treatment comparison®
P-value for the
difference between - - <.0001
groups’
Mean (SD) -2.43 (9.82) -30.79 (8.40) -

Week 52 LS Mean 0.48 -39.45 -39.93
SE 2.50 2.43 3.50
95% CIf (-4.62,5.58) (-44.40, -34.50) | (-47.05, -32.80)
P-value for the W|t.h|n 085 <0001 )
treatment comparison®
P-value for the
difference between - - <.0001
groups’
Mean (SD) 0.42 (11.99) -39.39 (8.12) -
P-value for the
difference between - - <.0001

Abbreviations: SD,

Analysis based on 15 March 2021 data cut off

standard deviation; SE, standard error; Cl, confidence interval; LS, least squares.

1 The 95% CI and p-values are based on a mixed model for repeated measures approach with baseline
Spleen Volume (MN), baseline age, treatment group, study visit, and study visit by treatment group
interaction as covariates. The variance-covariance structure used in the model is unstructured covariance.
I The p-value is based on a Wilcoxon-Mann-Whitney test and the missing data at Week 52 were imputed
using LOCF by considering the last available post-baseline data.
Note: Mean (SD) reported at each visit are based on the available data in each treatment group.
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Figure 7: Percentage change in spleen volume (MN) from baseline to 52 weeks in ASCEND
PAP - mITT populationt, summary plot of the LS means from the MMRM
101
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Abbreviations: Cl, confidence interval; LS, least square; MMRM, mixed-effect model repeated measure; MN,
multiples of normal

T The vertical bars represent the 95% Cls for the LS means. The LS means and 95% Cls are based on an
MMRM approach with baseline spleen volume (MN), baseline age, treatment group, study visit, and study
visit by treatment group interaction as covariates.

*** p<0.001

Sensitivity analyses

Pre-specified sensitivity analyses of the percentage change in spleen volume were
conducted in the ASCEND trial (Section B.2.4.2.2). The results of all analyses were
consistent with the primary analysis.

Responder analysis

Post-hoc responder analysis was performed in the ASCEND trial to determine the
proportion of patients with a clinically meaningful improvement (Section B.2.4.1.2). In
Gaucher disease, therapeutic goals for splenomegaly include a 30-50% reduction in
spleen volume within 1 year of enzyme replacement therapy (90). Therefore, a patient
was considered a responder if they had a 230% reduction in spleen volume (MN) at
Week 52. Treatment with olipudase alfa resulted in a statistically greater number of
responders, compared with placebo (94.4% vs 0%, respectively, p=0.002).
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B.2.6.1.2

Percentage change in liver volume

Secondary efficacy endpoints

The mean liver volume (calculated in MN) at baseline was similar in olipudase alfa and
placebo trial arms (1.44 MN and 1.62 MN, respectively), indicating moderate
hepatomegaly (Table 24 and Figure 8). In the mITT population, treatment with olipudase
alfa resulted in a significant reduction in percentage change in liver volume MN from
baseline to Week 52 compared with placebo (-26.60% [95% CI; -33.91, -19.28],
p<0.0001) (Table 24 and Figure 8). In the ETP, in the olipudase alfa/olipudase alfa
group, liver volume decreased by 33.412.2% at year 2 (n=14). In the placebo/olipudase
alfa group, liver volume decreased by 30.5+2.5% at year 2 (n=11) (78).

Table 24: Percentage change in liver volume (MN) from baseline to 52 weeks in ASCEND
PAP - mITT population using a mixed model for repeated measures

Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
Baseline Mean (SD) 1.616 (0.50) 1.444 (0.32) -
Week 26 LS Mean -1.30 -21.28 -19.98
SE 2.08 2.02 2.93
+ (-5.53,2.93) (-25.40, - (-25.96, -
95% Cl 17.16) 14.01)
P-value for the within 0.54 <.0001 -
treatment comparison®
P-value for the difference - - <.0001
between groups’
-1.53 -21.00 (10.33) -
Mean (SD) (6.43)
Week 52 LS Mean -1.47 -28.06 -26.60
SE 2.54 2.49 3.59
o It (-6.66,3.72) (-33.14, - (-33.91, -
95% Cl 22.99) 19.28)
P-value for the within 0.5677 <.0001 -
treatment comparison®
P-value for the difference - - <.0001
between groups’
-1.697 (4.7865) -27.375 -
Mean (SD) (13.6991)

Abbreviations: SD,

Liver Volume (MN), baseline age, treatment group, study visit, and study visit by treatment group interaction

standard deviation; SE, standard error; Cl, confidence interval; LS, least squares.
1 The 95% CI and p-values are based on a mixed model for repeated measures approach with baseline

as covariates. The variance-covariance structure used in the model is unstructured covariance. Mean (SD)
reported at each visit are based on the available data in each treatment group.

Analysis based on

15 March 2021 data cut off
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Figure 8: Percentage change in liver volume (MN) from baseline to 52 weeks in ASCEND
PAP - mITT population, summary plot of the LS means from the MMRM*
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T The vertical bars represent the 95% Cls for the LS means. The LS means and 95% Cls are based on a
mixed model for repeated measures approach with baseline Liver Volume (MN), baseline age, treatment
group, study visit, and study visit by treatment group interaction as covariates.

* indicates nominal p-value <0.05, ** indicates nominal p-value <0.01, *** indicates nominal p-value <0.001.
Analysis based on 15 March 2021 data cut off

Percentage change in platelet counts

The mean platelet count at baseline was similar in the olipudase alfa and placebo group
(107.18 X 10%/L and 115.58 X 10%L, respectively) reflecting mild thrombocytopenia
(Table 25 and Figure 9).

In the mITT population, treatment with olipudase alfa resulted in a significant increase in
percentage change in platelet count from baseline to Week 52 compared with placebo
(14.33% [95% CI; 2.56, 26.10], p=0.019) (Table 25 and Figure 9). In the ETP, in the
olipudase alfa/olipudase alfa group, platelet count increased by 24.9+6.9% at year 2
(n=13). In the placebo/olipudase alfa group, platelet count increased by 21.7+6.4% at
year 2 (n=15) (78).
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Table 25: Percentage change in pre-infusion platelet counts from baseline to 52 weeks in
ASCEND PAP - mITT population, using a mixed model for repeated measures

Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
Baseline Mean (SD) 115.58 (36.27) | 107.18 (26.93) -
Week 14 LS Mean [ ] ] [ ]
SE I I I
I
P-value for the within [ | [ ] |
treatment comparison®@
P-value for the difference I I -
between groups?@
Mean (SD) I |
Week 26 LS Mean -5.69 10.81 16.50
SE 3.44 3.15 4.68
95% CI? (-12.71,1.33) (4.38,17.23) (6.96,26.04)
P-value for the within 0.1082 0.0018 -
treatment comparison?®
P-value for the difference - - 0.0013
between groups?
Mean (SD) -5.93 (10.11) 11.12 (15.73) -
Week 38 | LS Mean ] | I
SE I I I
95% CI I W
P-value for the within [ ] [ ] [
treatment comparison?
P-value for the difference | ] [
between groups a
Mean (SD) ] I
Week 52 LS Mean 2.49 16.82 14.33
SE 4.192 3.96 5.78
95% ClI? (-6.04,11.02) (8.76,24.89) (2.56,26.10)
P-value for the within 0.56 0.0002 -
treatment comparison®@
P-value for the difference - - 0.019
between groups?
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Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)

Mean (SD) 1.93 (16.30) | 17.14 (17.96) -

Abbreviations: SD, standard deviation; SE, standard error; Cl, confidence interval; LS, least squares.

a The 95% CI and p-values are based on a mixed model for repeated measures approach with baseline
Platelets, baseline age, treatment group, study visit, and study visit by treatment group interaction as
covariates. The variance-covariance structure used in the model is unstructured covariance.

Note: Mean (SD) reported at each visit are based on the available data in each treatment group.

Note: The baseline value is the average of all available values before the start of the first infusion of study
treatment.

Note: In the mixed model for repeated measures, the data collected at pre-infusion timepoint for Week 14,
Week 26 and Week 38 were used; For Week 52, the average value of the earliest assessments from
haematology & differential panel and the latest assessments from the hemogram panel that were collected at
pre-infusion timepoint was used.

Analysis based on 15 March 2021 data cut off

Figure 9:

B.2.6.1.3 Additional key efficacy endpoints

Additional key efficacy endpoints in ASCEND included % change from baseline in liver
function tests, pulmonary function tests, fasting lipid profile, change in efficacy
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biomarkers, and exercise tolerance measured by post-hoc treadmill ergometry (Table
26). Overall treatment with olipudase alfa resulted in:

A significant improvement in liver function at Week 52 (ALT: LS mean difference
of -33.60%; p=0.006, AST: LS mean difference of -31.60%; p=0.0003)

Significantly improved patients’ lipid profile at Week 52, with significant % change
in non-HDL cholesterol, HDL cholesterol, and triglycerides

Significant improvement in pulmonary function at Week 52, as measured by %
change in FVC (LS mean difference of 5.28; p=0.026)

Improvement (reduction) in efficacy biomarkers at Week 52 (ACE, CCL18, and
chitotriosidase)

Significant improvement in exercise capacity at Week 52, as measured by O-
uptake at peak exercise

Additional details are provided in Appendix N.6.
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Table 26: Summary of additional key efficacy endpoints ASCEND PAP mITT population

Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
Liver function tests
% Change in ALT (IU/L) Baseline Mean (SD) 44.67 (30.79) 40.78 (28.32) -
Week 26 LS Mean (SE) -2.53 (8.46) -30.71 (8.09) -28.18 (11.72)
95% CIt (-19.90, 14.85) -(47.37, -14.05) (-52.29, -4.08)
P-value for the difference between - - 0.0237
groups’
Week 52 LS Mean (SE) -0.98 (8.68) -36.55 (8.32) -35.58 (12.03)
95% CIt (-18.69, 16.74) -53.55, -19.56) (-60.15, -11.00)
P-value for the difference between - - 0.006
groups’
% Change in AST (IU/L) Baseline Mean (SD) 42.28 (30.23) 43.44 (34.38) -
Week 26 LS Mean (SE) 1.372 (4.57) -28.12 (4.35) -29.49 (6.31)
95% CIt (-7.98, 10.72) (-37.02, -19.21) (-42.41, -16.57)
P-value for the difference between - - <0.0001
groups't
Week 52 LS Mean (SE) 2.00 (5.88) -31.60 (5.71) -33.60 (8.20)
95% CIt (-10.01, 14.00) (-43.27,-19.93) (-50.35, -16.85)
P-value for the difference between - - 0.0003
groups’
Lipid profile
% Change in non-HDL Baseline Mean (SD) 5.12 (1.75) 4.43 (0.94) -
cholesterol (mg/dL) LS Mean (SE) -1.59 (4.41) -22.54 (4.00) -20.95 (5.83)
95% CIt (-10.06, 6.88) (-30.72, -14.35) (-32.85, -9.05)
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Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
Week 26 P-value for the difference between - - 0.001
(change from groups’
baseline)
Week 52 LS Mean (SE) -2.0 (4.46) -28.35 (4.25) -26.15 (6.23)
95% CIt (-11.32,6.91) (-37.04, -19.65) (-38.86, -13.43)
P-value for the difference between - - 0.0002
groups’
% Change in HDL Baseline Mean (SD) 0.53 (0.25) 0.62 (0.22) -
cholesterol (mg/dL) Week 26 LS Mean (SE) 0.54 (6.66) 34.66 (6.48) 34.12 (9.34)
95% CIt (-13.00, 14.08) 21.48, 47.84) 15.12, 53.12
P-value for the difference between - - 0.0009
groups't
Week 52 LS Mean (SE) 5.83 (7.02) 39.34 (6.72) 33.52 (9.77)
95% CIf (-8.44, 20.09) (25.66, 53.02) (13.65, 53.39)
P-value for the difference between - - 0.0016
groups't
% Change in LDL Baseline Mean (SD) 4.01 (1.69) 3.56 (0.74) -
cholesterol (mg/dL) Week 26 LS Mean (SE) -1.49 (5.06) -19.05 (4.71) -17.57 (6.95)
95% CIt (-11.85, 8.88) (-28.71, -9.39) (-31.80, -3.33)
P-value for the difference between - - 0.0174
groups’
Week 52 LS Mean (SE) 0.11 (5.65) -25.74 (5.09) -25.85 (7.67)

95% CIt

(-11.43, 11.65)

(-36.16, -15.32)

(-41.49, -10.22)
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Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)

P-value for the difference between - - 0.0021
groups’

% Change in triglycerides | Baseline Mean (SD) 2.50 (1.01) 1.91 (0.74) -

(mg/dL) Week 26 LS Mean (SE) -0.91 (5.23) -33.22 (5.08) -32.30 (7.47)
95% CIt (-11.58, 9.75) (-43.57, -22.86) (-47.51, -18.00)
P-value for the difference between - - 0.0001
groups’

Week 52 LS Mean (SE) -1.39 (5.64) -34.34 (5.40) -32.95 (7.96)

95% CIt (-12.85, 10.07) (-45.33, -23.36) (-49.12, -16.79)
P-value for the difference between - - 0.0002
groups’

Pulmonary function tests

% Change in FVC (% Baseline Mean (SD) 83.14 (11.75) 81.62 (17.99) -

predicted) Week 26 LS Mean (SE) -0.75 (1.40) 3.81 (1.59) 4.56 (2.13)
95% CIt (-3.63, 2.13) (0.54,7.07) (0.19, 8.92)
P-value for the difference between - - 0.04
groups't

Week 52 LS Mean (SE) 1.48 (1.54) 6.76 (1.64) 5.28 (2.25)

95% CIt (-1.66, 4.62) (3.41,10.011) (0.68, 9.88)
P-value for the difference between - - 0.026
groups’

% Change in FEV1 (% Baseline Mean (SD) 78.61 (8.63) 75.25 (21.50) -

predicted) Week 26 LS Mean (SE) -2.09 (1.54) 3.79 (1.71) 5.88 (2.31)
95% CIt (-5.25, 1.08) (0.30, 7.28) (1.16, 10.59)
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Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
P-value for the difference between - - 0.0164
groups’
Week 52 LS Mean (SE) 0.47 (1.39) 4.38 (1.48) 3.91 (2.03)
95% CIt (-2.37, 3.31) (1.35,7.42) (-0.25, 8.08)
P-value for the difference between - - 0.0644
groups’
% Change in TLC (% Baseline Mean (SD) 77.85 (12.30) 79.89 (16.48) -
predicted) Week 26 LS Mean (SE) 1.57 (2.25) 4.28 (2.26) 2.71(3.19)
95% CIt (-3.05, 6.20) (-0.35, 8.91) (-3.84, 9.26)
P-value for the difference between - - 0.40
groups’
Week 52 LS Mean (SE) 0.95 (3.03) 9.98 (2.96) 8.03 (4.26)
95% CIt (-5.34, 7.25) (2.88, 15.09) (-0.74, 16.80)
P-value for the difference between - - 0.0710
groups't
Efficacy biomarkers
Angiotensin Converting Baseline Mean (SD) [ [ ] |
Enzyme (ulatl) Week 26 LS Mean (SE) I I | .
95% ClI* I I |
P-value for the difference between | | e
groups’
Week 52 LS Mean (SE) I I I
95% ClI* I I |
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Test

Visit

Statistic

Placebo
(N=18)

Olipudase alfa
(N=18)

Difference

P-value for the difference between
groups’

CCL18 (ug/L)

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Chitotriosidase (umol/L/h)

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups't

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Treadmill ergometry (exerc

ise capacity)

O2 uptake (mL/min)

Week 52

LS mean change from baseline

P-value for the difference between
groups
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Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)

Calculate percent predicted LS mean change from baseline ] [ ] |

Oz uptake (%) P-value for the difference between | | e
groups

Calculated maximal Oz LS mean change from baseline [ e |

uptake (mL/min/kg) P-value for the difference between | | e
groups

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence interval; FEV1, volume of air expired during the first second of FVC; FVC, forced vital
capacity; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LS, least squares; O2, oxygen; SD, standard deviation; SE, standard error; TLC, total lung capacity

1 The 95% CI and p-values are based on a mixed model repeated measures approach with baseline test, baseline age, treatment group, study visit, and study visit by
treatment group interaction as covariates.
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B.2.6.1.4 Health-related quality of life (HRQoL)

The HRQoL of patients within the ASCEND trial was assessed via several commonly
used instruments, including EQ-5D-5L and SF-36. Results of the EQ-5D-5L and SF-36
QoL questionnaires are presented in Table 27 and Table 28, respectively. Results of
additional QoL questionnaires are presented in Appendix N.7. There were no statistically
significant differences between treatment groups from baseline to Week 52 between
olipudase alfa and placebo for the following QoL questionnaires:

e Brief pain inventory — short form

o Brief fatigue inventory

e EQ-5D-5L
e SF-36
e NPB-HAQ

¢ FACIT-dyspnoea functional limitation scores
o Health-related productivity questionnaire

As discussed in Section B.1.3.1.2 and 0, symptoms of ASMD negatively impact the QoL
of patients. Patients consider spleen and liver volume, respiratory impairment, and
fatigue as the most impactful symptoms to their daily lives. Clinical outcomes of the
ASCEND trial provide strong evidence of a significant improvement in symptoms with
olipudase alfa compared with placebo. The improvement with olipudase alfa treatment
would be expected to be reflected in HRQoL of patients. However, it appears that the
instruments used may be insensitive to the ASMD population (further discussion in
Section B.2.12.2). Although there were no statistically significant differences in HRQoL
following olipudase alfa treatment, as measured via HRQoL instruments, interviews from
patients that had previously participated in the ASCEND trial highlight the positive impact
olipudase alfa treatment has had on their HRQoL. Olipudase alfa was reported to
improve patients’ symptoms and mental health, with one patient stating, | GczczNz

I /). Aspects not captured in the HRQoL data that

patients have expressed improvement within post-trial interviews also include their
improved ability to attend work/school, with one patient reporting,

(41). Patients have
also expressed improvements in their performance at school, with one patient stating,

" (41). Additionally, treatment with olipudase alfa was reported
to improve patients’ fatigue, and ability to do “normal” things, with one patient stating,

”(41). Another patient described their improved QoL due to a

reduction in fatigue, |
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e
I, (<1). Patients also
expressed an improvement in their image of themselves, and being included with their
peers, with one patient stating, I IEGcGTTNTNENEGEEE
e
I, (1)
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Table 27: Analysis of the change in the VAS scale score on 'your health today' in EQ-5D-5L questionnaire from baseline to 52 weeks in ASCEND
PAP- mITT population, using a MMRM

Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)

Baseline Mean (SD) I I |

Week 26 LS Mean (SE) I I I
95% CIf I I ]
P-value for the difference between groups? | | e

Week 52 LS Mean (SE) I I I
95% CIf I I ]
P-value for the difference between groups? | | e

Abbreviations: Cl, confidence interval; LS, least squares; SD, standard deviation; SE, standard error
T The 95% CI and p-values are based on a mixed model for repeated measures approach with baseline VAS scale score, baseline age, treatment group, study visit, and study
visit by treatment group interaction as covariates

Table 28: Analysis of the change in 8 scales measured by SF36 and 2 summary measures of physical health and mental health from baseline to 52
weeks in ASCEND PAP - mITT population, using a MMRM

Test Visit Statistic Olipudase alfa Difference
(N=18)

Bodily pain scale: norm- Baseline Mean (SD) ] [ ] |

based score Week 26 LS Mean (SE) ] ] ]
95% ClI* I I I
gPrc\)/l:j\:)uS(?r for the difference between I i |

Week 52 LS Mean (SE) I I I

95% CIt I I I
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Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
P-value for the difference between
Prvale I I .
General health scare: Baseline Mean (SD) I ] |
norm-based score Week 26 LS Mean (SE) . . I
95% CIt ] I ]
P-value for the difference between
Pvae I I .
Week 52 LS Mean (SE) I I ]
95% CIt ] ] ]
P-value for the difference between
Pvae I I .
Mental health scale: norm- | Baseline Mean (SD) _ _ I
based score Week 26 LS Mean (SE) . . .
(change from t I I I
baseline) 95% Cl
P-value for the difference between
vae I I .
Week 52 LS Mean (SE) I I I
95% CIt ] I I
P-value for the difference between
e I I -
Physical function scale: Baseline Mean (SD) _ _ I
norm-based score Week 26 LS Mean (SE) . . I
95% CIt I I ]
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Test

Visit

Statistic

Placebo
(N=18)

Olipudase alfa
(N=18)

Difference

P-value for the difference between
groups’

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Role emotional scale:
norm-based score

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups't

Role physical scale: norm-
based score

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups’
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Test

Visit

Statistic

Placebo
(N=18)

Olipudase alfa
(N=18)

Difference

Social function scale: norm-
based score

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Vitality scale: norm-based
score

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Week 52

LS Mean (SE)

95% CIt

P-value for the difference between
groups't

Mental component
summary

Baseline

Mean (SD)

Week 26

LS Mean (SE)

95% CIt

P-value for the difference between
groups’

Week 52

LS Mean (SE)
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groups’

Test Visit Statistic Placebo Olipudase alfa Difference
(N=18) (N=18)
95% CI* I I I
gPr(\)/L:szuseJr for the difference between 1 | |

Physical component Baseline Mean (SD) I ]

Sammary Week 26 LS Mean (SE) ] I ]
95% CIT I I I
gprgﬁ:)useT for the difference between 1 | |

Week 52 LS Mean (SE) I I I
95% ClI* I I I
P-value for the difference between 1 | |

Abbreviations: Cl, confidence interval; LS, least squares;

SD, standard deviation; SE, standard error

T The 95% CI and p-values are based on a mixed model for repeated measures approach with baseline scale score or summary score, baseline age, treatment group, study
visit, and study visit by treatment group interaction as covariates
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B.2.6.1.5 Efficacy conclusions for ASCEND

Primary efficacy endpoint
¢ Treatment with olipudase alfa resulted in a significant improvement in diffusing
capacity of the lung, as measured by percent predicted DLco, compared with
placebo at Week 52 (LS mean difference of 19.01%, p=0.0004).
e Treatment with olipudase alfa resulted in a statistically significant reduction in
spleen volume at Week 52 compared with placebo (LS mean difference of -
39.93%; p<0.0001).

Key secondary efficacy endpoints

¢ Treatment with olipudase alfa resulted in a significant reduction in liver volume at
Week 52 compared with placebo (LS mean difference of -26.60%; p<0.0001).

e Treatment with olipudase alfa resulted in a significant increase in platelet count
at Week 52 compared with placebo (LS mean difference of 14.33%; p=0.0185).

Additional key efficacy endpoints

e Treatment with olipudase alfa resulted in a significant improvement in in liver
function at Week 53 (AST: LS mean difference of -33.60%; p=0.0003).

¢ Treatment with olipudase alfa significantly improved patients’ lipid profile, with a
significant reduction in non-HDL cholesterol (LS mean difference of -26.15%;
p=0.0002), LDL cholesterol (LS mean difference of -25.85%; p=0.0021), and
triglycerides (LS mean difference of -32.95%; p=0.0002) compared with placebo
at Week 52.

e Treatment with olipudase alfa improved pulmonary function at Week 52
compared with placebo in the following pulmonary function tests;, FEV1 and TLC.

e Treatment with olipudase alfa resulted in an improvement (reduction) in
exploratory disease biomarkers related to macrophage proliferation (ACE,
CCL18, and chitotriosidase).

e Evidence of an impact of olipudase alfa treatment on HRQoL was inconclusive,
highlighting that administering generic QoL instruments such as EQ-5D-5L and
SF-36 in a clinical trial may not be appropriate for ASMD (further discussion in
Section B.2.12.2).

B.2.6.2 ASCEND-Peds

B.2.6.2.1 Primary endpoints

The primary objective of ASCEND-Peds was to evaluate the safety and tolerability of
olipudase alfa in paediatric patients. Efficacy was assessed as a secondary endpoint, as
summarised in Section B.2.6.2.2.
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B.2.6.2.2 Exploratory efficacy endpoints

Percentage change in DLco (% predicted) from baseline to Week 52

As anaemia is common in patients with ASMD and can lower DLco, all calculations of
DLco were adjusted for haemoglobin concentration and ambient barometric pressure
(85). The effect of treatment with olipudase alfa on percent predicted DLco adjusted for
haemoglobin is displayed by patient in Figure 10, and percent change from baseline
summarised in Table 29. After 1 year of treatment (52 weeks), percent predicted DLco
adjusted for haemoglobin increased by a mean of 32.94% (relative change from
baseline) in 9 patients who were able to perform the test at baseline (individual patient
changes varied from 0.7% to 91.7%) which was statistically significantly different from
baseline (p=0.0053).

Figure 10: Percentage change in DLco. (% predicted)_in ASCEND-Peds overall mITT
population, by-patient plot over time
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Study Visit

Including one patient whose DLco was performed at the Week 64 visit but within the Week 52 analysis
window as described in the SAP.
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Table 29: Summary of percentage change in DLco (% predicted) in ASCEND-Peds mITT population

Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)

Baseline Observed Mean (SD) 53.43 (23.43) 55.48 (10.13) - 54.79 (14.23)
Week 26 % Change from Baseline Mean (SD) 14.90 (10.12) 22.08 (9.41) - 19.39 (9.68)
LS Mean (SE)* 14.90 (6.19) 22.08 (4.23) - 19.39 (3.67)
95% CIt (-63.70, 93.50) (8.61, 35.55) - (10.41, 28.36)

P-value® 0.2505 0.0137 - 0.0019
Week 52 % Change from Baseline Mean (SD) 28.01 (16.22) 35.41 (35.08) - 32.94 (29.13)
LS Mean (SE)t 28.01 (9.89) 35.41 (8.19) - 32.94 (8.27)
95% CIt (-97.66, 153.67) (12.66, 58.15) - (13.37, 52.50)

P-value® 0.2161 0.0124 - 0.0053

Abbreviations: Cl, confidence interval; DLco, diffusing capacity for carbon monoxide; SD, standard deviation; SE, standard error
1 Based on regression of change from baseline (or percent change from baseline) with baseline value as the covariate.

Pulmonary function tests were performed per protocol in patients at least 5 years old on Study Day 1, and the completion of the test depended on the patient age and
cooperation. Including one patient whose DLco was performed at the Week 64 visit but within the Week 52 analysis window as described in the SAP.
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Percentage change in spleen and liver volume (in MN) from baseline to Week 52

The effect of treatment with olipudase alfa on spleen and liver volume are presented in
Figure 11 and Figure 12, respectively. An effect of olipudase alfa was observed in all
patients from the first post-dose assessment at Week 26 on both spleen and liver
volume.

Figure 11: Spleen volume (multiples of normal) in ASCEND-Peds mITT population, by-
patient plot over time
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Abbreviations: mITT, intention-to-treat population; MN, multiples of normal
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Figure 12: Liver volume (multiples of normal) in ASCEND-Peds mITT population, by-patient
plot over time
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Abbreviations: mITT, intention-to-treat population; MN, multiples of normal

After 52 weeks of treatment, in the overall group (ie, all age cohorts combined), spleen
volume decreased by 49.21% in mean MN (individual patient decreases ranged from
22.91% to 61.46%; Table 30) and liver volume decreased by 40.56% in mean MN
(individual patient decreases ranged from 16.57% to 60.99%; Table 31). Both
improvements were statistically significantly different from baseline (p<0.0001).
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Table 30: Summary of Spleen Volume (MN) over time in ASCEND-Peds mITT Population

Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Baseline Observed Mean (SD) 16.56 (9.08) 19.34 (11.40) 19.90 (4.88) 18.98 (8.77)
Week 26 % Change from Baseline Mean (SD) -37.01 (6.866) -39.86 (7.28) -42.15 (8.25) -39.98 (7.34)
LS Mean (SE)* -37.01 (3.900) -39.86 (1.53) -42.15 (3.73) -39.98 (1.54)
95% CIt (-53.79, -20.23) (-43.47, -36.24) (-52.49, -31.80) | (-43.23,-36.73)
P-value® 0.01 <0.0001 0.0003 <0.0001
Week 52 % Change from Baseline Mean (SD) -46.94 (3.04) -46.04 (11.77) -54.59 (7.56) -49.21 (9.713
LS Mean (SE) T -46.94 (1.65) -46.04 (3.61) -54.59 (2.77) -49.21 (1.99)
95% CIt (-54.01, -39.86) (-54.56, -37.51) (-61.71, -47.47) | (-53.39, -45.04)
P-value® 0.001 <.0001 <.0001 <.0001
Abbreviations: Cl, confidence interval; MN, multiples of normal; SD, standard deviation; SE, standard error
1 Based on regression of change from baseline (or percent change from baseline) with baseline value as the covariate
Table 31: Summary of Liver Volume (MN) over time in ASCEND-Peds mITT Population
Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) Gl (N=20)
(N=7)
Baseline Observed Mean (SD) 2.28 (0.600) 2.73(0.79) 2.76 (0.78) 2.65 (0.74)
Week 26 % Change from Baseline Mean (SD) -29.78 (8.09) -32.48 (7.46) -34.93 (9.14) -32.69 (7.90)
LS Mean (SE)f -29.78 (4.27) -32.48 (1.86) -34.93 (2.76) -32.69 (1.36)
95% CIf (-48.15, -11.40) (-36.88, -28.08) (-42.60, -27.27) | (-35.56, -29.81)
P-valuet 0.02 <0.0001 0.0002 <0.0001
Week 52 % Change from Baseline Mean (SD) -41.28 (6.13) -36.74 (10.47) -45.06 (8.20) -40.56 (9.37)
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Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
LS Mean (SE)t -41.28 (2.87) -36.74 (2.71) -45.06 (2.03) -40.56 (1.67)
95% CIf (-53.64, -28.92) (-43.14, -30.34) (-50.28, -39.84) | (-44.07, -37.05)
P-value? 0.0048 <0.0001 <0.0001 <0.0001

Abbreviations: Cl, confidence interval; MN, multiples of normal; SD, standard deviation; SE, standard error
T Based on regression of change from baseline (or percent change from baseline) with baseline value as the covariate
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B.2.6.2.3 Additional key efficacy endpoints

Additional key efficacy endpoints in ASCEND-Peds included % change from baseline in
liver function tests, pulmonary function tests, fasting lipid profile, change in efficacy
biomarkers, and exercise capacity as measured by cycle ergometry (Table 26). Overall
treatment with olipudase alfa resulted in:

e Animprovement (i.e. reduction) of ALT and AST levels at Week 52

o A decrease in mean total cholesterol, LDL-cholesterol, and triglycerides over the
course of the study, with an increase in mean HDL-cholesterol

¢ Improvements in pulmonary function at Week 52, as measured by % change in
FVC, % change in FEV4, and % change in total lung capacity

o Statistically significant height Z-score mean improvement of 0.56 from baseline at
Week 52 (p<0.0001)

¢ Reduced efficacy biomarkers at Week 52 (ACE, CCL18, and chitotriosidase)
o A trend toward improvement in cycle ergometry at Week 52

Additional details are provided in Appendix N.3.
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Table 32: Summary of additional key efficacy endpoints in ASCEND-Peds mITT population

Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Liver function tests
ALT (IU/L) Observed Baseline Mean (SD) 52.0 (16.4) 62.9 (38.1) 69.4 (33.0) 63.0 (32.2)
% Change Week 26 Mean (SD)
from -47.8 (21.4) -55.9 (23.2) -41.5 (42.0) -49.3 (30.0)
Baseline
% Change Week 52 Mean (SD)
from -60.0 (15.9) -56.3 (27.1) -63.1 (19.4) -59.4 (21.9)
Baseline
AST (IU/L) Observed Baseline Mean (SD) 56.3 (27.3) 80.6 (46.4) 104.4 (66.0) 84.1 (52.2)
% Change Week 26 Mean (SD)
from -40.1 (12.9) -50.1 (20.2) -43.0 (11.5) -45.6 (16.1)
Baseline
% Change Week 52 Mean (SD)
from -49.2 (9.0) -52.6 (17.5) -52.7 (17.1) -51.9 (15.2)
Baseline
Lipid profile
Total cholesterol Observed Baseline Mean (SD) 5.2 (0.8) 5.8 (2.5) 4.8 (0.9) 5.4 (1.8)
(mg/dL) % Change | Week 26 Mean (SD)
from (change
Baseline from -22.4 (11.0) -21.9 (19.1) -7.9 (21.0) -17.1 (19.0)
baseline)
% Change Week 52 Mean (SD) -26.9
from -32.7 (8.9) -27.8 (20.3) (13.0) -28.5 (15.6)
Baseline
Observed Baseline Mean (SD) 0.3 (0.1) 0.5(0.2) 0.4 (0.2) 0.4 (0.2)
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Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)

HDL cholesterol % Change Week 26 Mean (SD)

(mg/dL) from 83.7 (63.4) 71.5(43.4) 80.1 (21.3) 77 (40.0)
Baseline
% Change Week 52 Mean (SD) 195.6
from _ 118.2 (66.9) 87.5(52.4) (86.723) 107.0 (67.6)
Baseline

LDL cholesterol Observed Baseline Mean (SD) 3.9 (0.90) 4.3 (2.2) 3.2(0.4) 3.9 (1.6)

(mg/dL) % Change Week 26 Mean (SD)
from -24.9 (9.8) -26.1 (25.7) -9.7 (30.7) -20.6 (25.1)
Baseline
% Change Week 52 Mean (SD)
from -38.3 (7.5) -35.8 (23.0) -34.0 (16.7) -35.8 (18.0)
Baseline

Triglycerides (mg/dL) Observed Baseline Mean (SD) 2.1 (0.6) 22(1.2) 24(1.2) 22(1.1)
% Change Week 26 Mean (SD)
from -46.4 (17.7) -37.8 (24.8) -46.1 (18.3) -42.4 (20.8)
Baseline
% Change Week 52 Mean (SD) -56.5
from -56.3 (6.0) -47.4 (18.1) (25.0) -52.3 (19.0)
Baseline

Pulmonary function tests

FVC (% predicted) Observed Baseline Mean (SD) 69.5 (16.0) 81.0 (17.0) 80.9 (NC) 77.5(16.2)
% Change Week 26 LS Mean (SE)* 19.2 (8.7) 8.3 (4.3) - 11.9 (3.7)
fBrgrS“e"n . 95% ClIt (-18.4,56.9) (-2.2,18.8) ] (3.6,20.2)

P-value¥ - - - 0.4687
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Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
% Change Week 52 LS Mean (SE)* 16.9 (2.5) 19.4 (6.0) - 15.2 (5.1)
from
Baseline 95% CIf (6.1,27.8) (4.7,34.1) - (4.0,26.4)
P-value* - - - 0.0436
FEV1 (% predicted) Observed Baseline Mean (SD) 62.9 (12.1) 83.7 (14.6) 73.7 (NC) 76.5 (16.1)
% Change Week 26 LS Mean (SE)* 16.3 (6.1) 3.8 (3.5) - 7.9 (2.7)
from
Baseline 95% CIf (-9.7,42.3) (-4.8,12.4) - (1.8,14.1)
P-value* - - - 0.9189
% Change Week 52 LS Mean (SE)f 13.7 (5.4) 9.0 (4.6) - 9.1 (3.7)
from
Baseline 95% CIf (-9.69,36.9) (-2.3,20.3) - (0.9,17.2)
P-value* - - - 0.2
TLC (% predicted) Observed Baseline Mean (SD) 93.7 (18.6) 89.3 (22.3) 46.6 (NC) 86.8 (23.3)
% Change Week 26 LS Mean (SE)* 1.9(7.3) 16.7 (9.0) - 10.1 (6.9)
from
Baseline 95% CIf (-29.4,33.1) (-12.0,45.4) - (-6.3,26.5)
P-value* - - - 0.3
% Change Week 52 LS Mean (SE) T 14.3 (2.6) 25.5(11.9) - 19.9 (7.2)
from
Baseline 95% CIf (3.1,25.6) (-25.7,76.7) - (2.3,37.5)
P-value* - - - 0.7
Height z-score Observed Baseline$ Mean (SD)
(Week 26) -2.3(1.0) -2.2 (1.0) -2.1(0.8) -2.2 (0.9)
Change from | Week 26 Mean (SD) 0.2 (0.2) 0.1 (0.3) 0.5(0.4) 0.2 (0.4)
baseline P-valuet 0.3 05 0.03 0.01
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Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Observed Baseline$ Mean (SD) -2.3(1.0) -2.3(0.9) -2.0 (0.7) -2.2 (0.8)
(Week 52)
Change from | Week 52 Mean (SD) 0.6 (0.3) 0.4 (0.3) 0.7 (0.4) 0.65 (0.4)
baseline P-value 0.0763 0.0148 0.0023 <.0001
Efficacy biomarkers
Angiotensin Observed Baseline Mean (SD) e [ e [ ]
ﬁﬁ(“;’tf[;'“g Enzyme % Change | Week 26 Mean (SD)
from N I I I
Baseline
% Change Week 52 Mean (SD)
from I I I I
Baseline
CCL18 % (ug/L) Observed Baseline Mean (SD) e e [ I
% Change Week 26 Mean (SD)
from I I N I
Baseline
% Change Week 52 Mean (SD)
from - _ - -
Baseline
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Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Chitotriosidase Observed Baseline Mean (SD)
(nmol/hr/mL) . e . .
% Change Week 26 Mean (SD)
from | I B
Baseline
% Change Week 52 Mean (SD)
from I I I
Baseline
Cycle ergometry (exercise capacity)
Maximum workload Observed Baseline Mean (SD) ] [ | I
Change from | Week 26 Mean (SD) |
Baselne I I I
Change from | Week 52 Mean (SD) |
Baselne I I I
Percent predicted Observed Baseline Mean (SD) [ [ | [
maximum workload
Change from | Week 26 Mean (SD) |
Baselne I I I
Change from | Week 52 Mean (SD) |
Baseline I I I
Working time (min) Observed Baseline Mean (SD) ] [ | ]
Change from | Week 26 Mean (SD) |
Baseline I I I
Change from | Week 52 Mean (SD) |
Baseline I I I
Observed Baseline Mean (SD) ] [ | [
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Baseline

Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)

Maximum heart rate Change from | Week 26 Mean (SD) |
(breaths/min) Baseline I ] I

Change from | Week 52 Mean (SD) |

Baseline ] | I
Maximum percent Observed Baseline Mean (SD) [ [ | I
predicted heart rate (%)

Change from | Week 26 Mean (SD) |

Baseline ] ] I

Change from | Week 52 Mean (SD) |

Baselne ] I I
Maximum 02 Observed Baseline Mean (SD) ] [ | ]
saturation (%)

Change from | Week 26 Mean (SD) |

Baselne I ] I

Change from | Week 52 Mean (SD) |

Baselne ] I I
Maximum respiratory Observed Baseline Mean (SD) [ [ | ]
rate (breaths/min)

Change from | Week 26 Mean (SD) |

Baselne I ] ]

Change from | Week 52 Mean (SD) |

Baseline I I I
Maximum ventilation Observed Baseline Mean (SD) ] [ | ]
(L/min)

Change from | Week 26 Mean (SD) |

Baseline I ] ]

Gnange from | Weelc52 | Mean (D) B | I I
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Baseline

Test Visit Statistic Adolescent Child Infant/early Overall
(N=4) (N=9) child (N=20)
(N=7)
Maximum O2 uptake Observed Baseline Mean (SD) [ [ | ]
e Grange from | Wesk 26 | Mean (SD) PR —
Baseline
Shange from | Weelc52 | Mean (D) I ! I
Baseline
Maximum percent Observed Baseline Mean (SD) [ [ | [
predicted O2 uptake
(%) Erange from | Weekc26 | Mean (D) I | . . I
Change from | Week 52 Mean (SD) |
Baseline I | ]
Maximum CO2 output | Observed Baseline Mean (SD) I | ]
(mL/min)
Ghange from | Week 26| Mean (SD) I | . I
Baseline
Change from | Week 52 Mean (SD) |
Baseline I ]
Maximum respiratory Observed Baseline Mean (SD) I e | I
exchange ratio Change from | Week 26 Mean (SD)
Bassine _—— | | .
Change from | Week 52 | Mean (SD) s s ! .

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence interval; FEV1, volume of air expired during the first second of FVC; FVC, forced vital

capacity; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LS, least squares; SD, standard deviation; SE, standard error; TLC, total lung capacity
1 Based on regression of change from baseline (or percent change from baseline) with baseline value as the covariate
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T From ANCOVA model: percent change from baseline = age group cohorts + baseline value. P-value is the age cohort effect
§ Based on patients who had Week X value
9 N=5 (Adolescent N=3, Child N=2)
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B.2.6.2.4 Health-related quality of life (HRQoL)

The PedsQL Generic Core Scale, PedsQL Multidimensional Fatigue Scale, and Pediatric
Pain Questionnaire was selected as the patient-reported outcome endpoint in the
ASCEND-Peds study (Table 33). Olipudase alfa treatment resulted in a significant
improvement in Generic Core Scale and Multidimensional Fatigue Scale for the majority
of subtests at Week 52 compared with baseline.

PedsQL Generic Core Scale

o Treatment with olipudase alfa resulted

o Treatment with olipudase alfa resulted in a

PedsQL Multidimensional Fatigue Scale

¢ Treatment with olipudase alfa resulted

« Treatment with olipudase alfa resulted in || | GGcEIININGEG

Pediatric Pain Questionnaire

*  The degree of “present pain” was [

«  Child and parent reports were [N

o The degree of “worst pain over the past week” was _
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Table 33: Summary of child self-report of QoL questionnaires for 5 to 18 years old patients, change from baseline in ASCEND-Peds mITT

opulation
Test Visit Statistic 5-7 years 8-12 years 13 — 18 years Overall
(N=5) (N=7) (N=3) (N=15)
PedsQL Generic Core Scales
Physical Functioning Scale | Baseline Mean (SD) ] I ] I
Seore Week 26 Mean (SD) [ [ I .
P-value® I I ] I
Week 52 Mean (SD) I I I I
P-value® I I ] I
Baseline Mean (SD) I I I
Emotional Week 26 Mean (SD) I I I
ety EE | Em | | .
Week 52 Mean (SD) I I I
P-value® I I ] I
Social Functioning Scale Baseline Mean (SD) ] ] I ]
Seore Week 26 Mean (SD) I I | S
P-value® I I ] I
Week 52 Mean (SD) I I I I
P-value® I I ] I
School Functioning Scale | Baseline Mean (SD) I I I I
Score Week 26 Mean (SD) I I |
P-value® I I ] I
Week 52 Mean (SD) I I I I
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Test Visit Statistic 5-7 years 8-12 years 13 — 18 years Overall
(N=5) (N=7) (N=3) (N=15)
P-valuef I I I ]
Psychosocial Health Baseline Mean (SD) I ] I ]
Summary Score Week 26 Mean (SD) . I S .
P-valuef ] I I ]
Week 52 Mean (SD) I I I I
P-valuef I I I ]
Generic Core Total Scale | Baseline Mean (SD) I I I ]
Score Week 26 Mean (SD) I ] . .
P-valuef I I I ]
Week 52 Mean (SD) I I I I
P-value' I I I I
PedsQL Multidimensional Fatigue Scale
General Fatigue Baseline Mean (SD) [ [ [ [
Seale Score Week 26 Mean (SD) I IS | S | .
P-value' I I I I
Week 52 Mean (SD) I I I
P-value® ] I ] I
Sleep/Rest Scale Score Baseline Mean (SD) ] ] ] ]
Week 26 Mean (SD) I I I
P-value® ] I ] I
Week 52 Mean (SD) I I I
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Test Visit Statistic 5-7 years 8-12 years 13 — 18 years Overall
(N=5) (N=7) (N=3) (N=15)
P-value® I I ] I
Cognitive Scale Score Baseline Mean (SD) [ [ [ [
Week 26 Mean (SD) I I I I
P-value® I I ] I
Week 52 Mean (SD) I I I
P-value® I I ] I
Baseline Mean (SD) I I I
Week 26 Mean (SD) I I I
Sl = | = =
Week 52 Mean (SD) I I I
P-value® I I ] I
Paediatric Pain Questionnaire
Degree of present pain Baseline Mean (SD) ] I I ]
Week 26 Mean (SD) I I I I
P-value® I I ] I
Week 52 Mean (SD) I I I I
P-value' I I I |
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Test Visit Statistic 5-7 years 8-12 years 13 — 18 years Overall
(N=5) (N=7) (N=3) (N=15)
Degree of the worst pain Baseline Mean (SD) ] I I ]
Week 26 Mean (SD) I I I
P-valuef i I I ]
Week 52 Mean (SD) I I I
P-valuef i I I ]

Abbreviations: Cl, confidence interval; LS, least squares; mITT, intention-to-treat; QoL, quality of life; SD, standard deviation; SE, standard error

T Based on regression of change from baseline with baseline value as the covariate
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B.2.6.2.5 Efficacy conclusions for ASCEND-Peds
Exploratory efficacy endpoints

¢ Treatment with olipudase alfa resulted in a statistically significant improvement in
diffusing capacity of the lung, as measured by percent predicted DLco, compared
with baseline at Week 52 (32.94%; p=0.0053)

¢ Treatment with olipudase alfa demonstrated a statistically significant reduction in
spleen volume and liver volume at Week 52 compared with baseline (-49.21%
and 40.56%, respectively; p<0.0001)

e Treatment with olipudase alfa resulted in a significant improvement in Height Z-
scores, with a mean overall increase of 0.56 at Week 52 (p<0.0001), and 0.78 at
the end of study at Week 64

o While no statistical analysis was conducted, treatment with olipudase resulted in
improved liver function, with decreases in mean ALT, AST, and total bilirubin

e Treatment with olipudase alfa resulted in reduced efficacy biomarkers (lipid
profile, CCL18, and chitotriosidase)

¢ Treatment with olipudase alfa resulted in a

B.2.6.3 Study DFI13412

Study DFI113412 was a phase |, open-label, multicentre, ascending, repeated-dose
study. The primary objective of DFI113412 was to determine the safety and tolerability of
dose escalation to a dose of 3.0 mg/kg olipudase administered IV once every two weeks
for 26 weeks. The primary exploratory efficacy analysis was change from baseline after
26 weeks of olipudase alfa treatment in spleen and liver volume, separately. The
methods and results for this trial are summarised in Table 34 (full details in Appendix M).

Table 34: Summary of phase | study DFI13412

Study objective | Primary objective

To determine the safety and tolerability of dose escalation to a dose of 3.0
mg/kg olipudase alfa administered IV once every 2 weeks for 26 weeks

Secondary objectives

e To assess the pharmacokinetics and pharmacodynamics of olipudase
alfa administered IV Q2W for 26 weeks
o To explore the efficacy of olipudase alfa administer IV Q2W for 26

weeks
Trial design Phase |, open-label, multicentre, ascending, repeated-dose study
Patient The study included adult patients aged between 18 and 65 years of age
population with ASMD

Baseline characteristics included:

e Three male and two female patients
e Aged between 23 and 48 years old at baseline
e All patients Caucasian
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e One patient of Jewish heritage

Key findings e No TEAEs were reported to be serious and a majority (97%) of events
was assessed as mild in severity

e No SAEs were reported

o No deaths or TEAEs that resulted in treatment discontinuation
o Spleen volume reduced by 29.4%

e Liver volume reduced by 21.9%

Conclusions ¢ Olipudase alfa is well tolerated at a dose of 3.0 mg/kg

¢ All patients within the study experienced a reduction in spleen volume and
liver volume from baseline to Week 26

Abbreviations: 1V, intravenous; Q2W, once every 2 weeks; SAE, serious adverse event; TEAE, treatment
emergent adverse event

B.2.7  Subgroup analysis

B.2.71 ASCEND

There were no planned subgroup analyses for the ASCEND study. Post hoc subgroup
analyses were performed for primary endpoints.

The effect of olipudase alfa treatment on the percentage change in DLco from baseline to
52 weeks was assessed based on baseline characteristics including:

o Baseline DLco severity
o Baseline ALT or AST abnormality
e Total bilirubin abnormality

The effect of olipudase alfa treatment on the percentage change in spleen volume (MN)
from baseline to 52 was assessed based on baseline characteristics including:

o Baseline ALT or AST abnormality

e Total bilirubin abnormality
e Spleen severity

e Presence of portal hypertension

Subgroup analyses results

Results in the subgroups analysed in ASCEND, stratified by baseline characteristics
(such as DLco severity, spleen severity, baseline ALT or AST abnormality, total bilirubin
abnormality, and presence of portal hypertension) were consistent with the overall
population. There was no differential treatment effect between the subgroups for
percentage change in DLco, or percentage change in spleen volume. More detailed
results for subgroup analyses are detailed below.
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Percentage change in DLco by subgroups
By baseline DLco severity
The first subgroup was based on % predicted DLco severity (severe versus not severe).

Severe was defined as % predicted DLco <40%, and not severe defined as % predicted
DLco 240%.

Treatment with olipudase alfa resulted in
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Baseline ALT or AST abnormality

Percentage predicted DLco was assessed based on baseline ALT or AST abnormality,
with two populations, patients with ALT or AST 21 ULN [abnormal] (placebo, n=13;
olipudase alfa, n=9) and patients with ALT or AST <1 ULN [normal] (placebo, n=5;
olipudase alfa, n=9).

Treatment with olipudase alfa resulted [ EGTcTcTchNcGE@EzGREEEEEEEEEEE
OO0

14—
I
I
.

Figure 14: Percentage change in DLco (% predicted) from baseline to 52 weeks by
subgroups on baseline ALT or AST abnormality in PAP - mITT population, summary plot of
the LS means from the MMRM*
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-4 Sybgroup 2-Olipudase #-& Subgroup 2-Placebo
1 Subgroup 1 includes patients whose baseline ALT or AST =1 ULN/ Subgroup 2 includes patients whose
baseline ALT and AST <1 ULN. The vertical bars represent the 95% Cls for the LS means. The LS means
and 95% Cls are based on a mixed model for repeated measures with baseline Derived % Predicted DLco
adjusted for Hb and Pressure, baseline age, treatment group, study visit, and study visit by treatment group
interaction as covariates
Analysis based on 15 March 2021 data cut off

Total bilirubin abnormality

Percentage predicted DLco was assessed based on total bilirubin abnormality. Total
bilirubin abnormality was defined as 21.5 ULN (placebo, n=0; olipudase alfa, n=4, with
normal total bilirubin defined as <1.5 ULN (placebo, n=18; olipudase alfa, n=14). For
baseline total bilirubin abnormality subgroups,
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Spleen volume by subgroups
Baseline ALT or AST abnormality

Percentage change in spleen volume was assessed based on baseline ALT or AST
abnormality, with two populations, patients with ALT or AST =21 ULN (abnormal)
(placebo, n=13; olipudase alfa, n=9) and patients with ALT or AST <1ULN (normal)
(placebo, n=5; olipudase alfa, n=9).

Treatment with olipudase alfa resulted || EGcCNGEEEEEEEEE
|
B Figure 15).

Figure 15: Percentage change in spleen volume (MN) from baseline to 52 weeks by
subgroups on baseline ALT or AST abnormality in PAP - mITT population, summary plot of
the LS means from the MMRM*
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1 Subgroup 1 includes patients whose baseline ALT or AST =1 ULN/ Subgroup 2 includes patients whose
baseline ALT and AST <1 ULN. The vertical bars represent the 95% Cls for the LS means. The LS means
and 95% Cls are based on a mixed model for repeated measures approach with baseline Spleen volume
(MN), baseline age, treatment group, study visit, and study visit by treatment group interaction as covariates.
Analysis based on 15 March 2021 data cut off

Total bilirubin abnormality

Percentage change in spleen volume was assessed based on total bilirubin abnormality.
Total bilirubin abnormality was defined as 21.5 ULN (placebo, n=0; olipudase alfa, n=4,
with normal total bilirubin defined as <1.5 ULN (placebo, n=18; olipudase alfa, n=14). For
baseline total bilirubin abnormality subgroups,
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By spleen severity

Percentage change in spleen volume was assessed based on baseline spleen severity.
Severe was defined as >15MN (placebo, n=3; olipudase alfa, n=5, with not severe

defined as <15MN (placebo, n=15; olipudase alfa, n=13). Treatment with olipudase alfa
resulted in

(Figure 16).

Presence of portal hypertension

Percentage change in spleen volume was assessed based on the presence of portal
hypertension. For the presence of portal hypertension,
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B.2.7.2 ASCEND-Peds
There were no planned subgroup analyses for the ASCEND-peds study.

B.2.8 Meta-analysis

Only one RCT evaluating olipudase alfa was identified and therefore no meta-analysis
was performed.

B.2.9 Indirect and mixed treatment comparisons

Olipudase alfa has been studied in the phase Il/1ll ASCEND trial in which olipudase alfa
was compared with placebo. Best supportive care is referenced in the NICE scope as
the appropriate comparator. Additionally, as ASMD is a very rare condition, with no
current treatment available, and limited available data, performing an indirect comparison
for paediatric patients was not considered feasible.

B.2.10 Adverse reactions

B.2.10.1 Studies reported in section 2.2

Adverse reactions were recorded throughout the olipudase alfa clinical development
programme; the identification, study details, methodologies, and results of the olipudase
alfa trials are presented in Sections B.2.1-B.2.6. Key safety evidence provided by the
phase I-lll studies of olipudase alfa are presented below.

B.2.10.1.1 Adverse reaction overview
ASCEND

An overview of all TEAEs is presented in Table 35, with a summary of most common
TEAESs provided in Table 36.

All patients in both the olipudase alfa and placebo groups experienced at least 1 TEAE
(Table 35). The total number of events was lower in the olipudase alfa group compared
with the placebo group (242 vs 270, respectively). The number of patients with TEAEs
related to the study drug was greater in the olipudase alfa group compared with the
placebo group (12 vs 6 [66.7% vs 33%], respectively). The percentage of patients with
TEAESs of mild and moderate severity were similar in the olipudase alfa and placebo
groups (100 and 72.2% respectively); however, severe TEAEs were observed in 1
(5.6%) patient in the olipudase alfa group and 6 (33.3%) patients in the placebo group.
The number of patients with SAEs was similar in the olipudase alfa group (n=3; 16.7%)
and the placebo group (n=4; 22.2%), and no SAE was considered drug related. No SAE
led to treatment discontinuation.

One patient in the olipudase alfa group (5.6%) experienced a TEAE (alanine
aminotransferase increased) that led to a temporary dose reduction. There were no
TEAESs that led to treatment discontinuation or study withdrawal. The number of patients
who experienced TEAEs that led to temporary study treatment interruption was identical
(3 patients, 16.7%) in both treatment groups.
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No deaths occurred. The percentage of patients with a protocol defined infusion-
associated reaction (IAR) was higher in the olipudase alfa group compared with the
placebo group (44.4% and 27.8%, respectively) (Table 35). One patient (5.6%) in the
olipudase alfa group experienced a TEAE (one event) that met criteria for dose limiting
toxicity 1 (DLT1) compared to 5 patients in the placebo group (4 patients [22.2%] with 6
events that met the DLT2 criteria, and 1 patient [5.6%] with 1 event that met the
laboratory criteria for DLT3 but did not exhibit the clinical symptom component).

Headache was most frequently observed TEAE across the two treatment groups, with 64
events in 12 patients (66.7%) in the olipudase alfa group, and 32 events in 8 patients
(44.4%) in the placebo group (Table 36). The most common TEAEs were observed in
the infections and infestations SOC, including nasopharyngitis and upper respiratory
tract infection events, occurring in 83.3% of patients in both treatment groups.
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Table 35: Overview of treatment-emergent adverse events in PAP ASCEND - Safety

opulation

Adverse reactions

Placebo (N=18)

Olipudase alfa (N=18)

N (%) Events N (%) Events
Any treatment-emergent 18 (100%) 270 18 (100%) 242
adverse events (TEAEs)t
Any TEAEs potentially 6 (33.3%) 40 12 (66.7%) 77
related to study drug*
Treatment-emergent AEs
by severity
Mild 18 (100%) 206 18 (100%) 190
Moderate 13 (72.2%) 51 13 (72.2%) 49
Severe 6 (33.3%) 13 1(5.6%)
Any serious TEAEs 4 (22.2%) 11 3 (16.7%)
Any serious TEAEs 0 0 0
potentially related to study
drug®
Any TEAEs leading to 0 0 0 0
treatment withdrawn
Any TEAEs leading to 0 0 0 0
study withdrawal
Any TEAEs leading to 0 0 1 (5.6%) 1
dose reduction
Any TEAEs leading to 3 (16.7%) 9 3 (16.7%) 14
study treatment
interruption
Any TEAEs leading to 0 0 0 0
death
Any protocol-defined 5(27.8%) 22 8 (44.4%) 51
infusion-associated
reactions
Any algorithm-defined 13 (72.2%) 67 15 (83.3%) 102
infusion-associated
reactions
Any treatment-emergent 0 0 0 0
pregnancies
Any TEAEs considered 0 0 0 0
symptomatic overdose
Any TEAEs for dose
limiting toxicity criteria met
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Adverse reactions Placebo (N=18) Olipudase alfa (N=18)
N (%) Events N (%) Events

DLT1: Any increase in 0 0 1 (5.6%) 1
AST, ALT, total bilirubin,
or alkaline phosphatase
(AP) >3x baseline (prior
to olipudase alfa
therapy) and > the
upper limit of normal
range >2x ULN

DLT2: Any increase in 4 (22.2.%) 6 0 0
total bilirubin or AP
>1.5x baseline, in the
presence of AST or
ALT above the normal
range >2x ULN

DLT 3: DLTS3: 1 (5.6%) 1 0 0
Any increase in ALT or
AST >3x the upper limit
of normal (ULN)
combined with an
increase in ALT or AST
>2x baseline (prior to
olipudase alfa therapy)
with symptoms of
fatigue, nausea,
vomiting, right upper
quadrant pain or
tenderness, fever, rash,
and/or eosinophilia
(>ULN)

Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence
interval; DLT, dose limiting toxicity; n, number; PAP, primary analysis period; SAE, serious adverse event;
TEAE, treatment emergent adverse event; ULN, upper limit of normal

1 TEAEs = Treatment-emergent adverse events. Includes all adverse events that started during the
treatment epoch of the primary analysis period (for details, refer to SAP). If due to incomplete date/time, this
determination could not be made unambiguously, the AE is assumed to be treatment-emergent.

T Includes TEAEs that were identified by the investigator as related or possibly related to the study treatment
in the primary analysis period.

§ Includes serious TEAES that were identified by the investigator as related or possibly related to the study
treatment in the primary analysis period.

MedDRA version 23.1 has been used for coding the adverse events.

N=Number of patients treated within each treatment group, n (%) = number and % of patients with at least
one TEAE in each category,

Events=number of TEAEs.

Analysis based on 15 March 2021 data cut off
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Table 36: Summary of the most common treatment-emergent adverse events by SOC and
PT in ASCEND PAP - Safety population

Primary System Organ

Placebo (N=18)

Olipudase alfa (N=18)

Class (SOC)
Preferred Term (PT) N (%) Events N (%) Events
Any class’ 18 (100%) 270 18 (100%) 242
Infections and infestations 15 (83.3%) 36 15 (83.3%) 45
Nasopharyngitis 6 (33.3%) 8 (44.4%) 18
Upper respiratory tract 4 (22.2%) 6 (33.3%) 8
infection
Nervous system disorders 9 (50.0%) 40 13 (72.2%) 71
Headache 8 (44.4%) 32 12 (66.7%) 64
Musculoskeletal and 11 (61.1%) 26 12 (66.7%) 23
connective tissue
disorders
Arthralgia 3 (16.7%) 3 4 (22.2%) 10
Respiratory, thoracic, and 5 (27.8%) 15 9 (50.0%) 14
mediastinal disorders
Cough 2 (11.1%) 3 5 (27.8%) 5

Abbreviations: PAP, primary analysis period; PT, preferred term; SOC, system organ class
T Includes treatment-emergent adverse events with percentages of events >= 2% and number of patients >=
2 in the olipudase alfa treatment group and in addition, the percentage of patients with the specific treatment-
emergent adverse events in the olipudase alfa treatment group is greater than placebo treatment group.

MedDRA version 23.1 has been used for coding the adverse events.

N=Number of patients treated within each treatment group, n (%) = number and % of patients with at least
one TEAE in each category, Events=number of TEAEs.
Analysis based on 15 March 2021 data cut off

Company evidence submission template for Olipudase alfa for treating Niemann-Pick
disease types B and A/B [ID3913]

© Sanofi (2022). All rights reserved

Page 138 of 246



ASCEND-Peds

An overview of all TEAEs is presented in Table 37. with a summary of most common
TEAESs provided in Table 38.

Over the 64-week treatment period, all patients experienced at least one TEAE. In the 20
patients, 798 TEAEs were reported. The highest frequency of TEAEs was observed in
the child cohort (457 TEAEs in the 9 child cohort patients, versus 278 TEAEs in the 7
infant/early child cohort patients and 63 TEAEs in the 4 adolescent cohort patients). The
reported TEAEs were mostly mild and moderate, with one patient in each age group
experiencing at least one severe TEAE, and 15% of patients experiencing a severe
TEAE.

Five patients experienced 12 SAEs, among whom three (all in the infant/early child
cohort) experienced five treatment-related SAEs as determined by the Investigator. No
deaths occurred in this study.

During the study, two patients had three events leading to a temporary “treatment
discontinuation” (i.e. the infusion was stopped at that visit and not completed). However,
patients were able to tolerate the next infusions, and completed the study. No patients
permanently discontinued treatment due to TEAEs. Three patients (one in the child
cohort and two in the infant/early child cohort) had 25 events leading to “study treatment
interruption”, i.e., the infusion was paused until event resolution, and then completed.
Several dose “reductions” (corresponding to the decrease of a dose at the next infusion
or the repetition of a dose when the schedule was planning for an increase) occurred
during the study.

Seven patients (35.0%) met at least one protocol defined DLT criterion. All DLTs but one
happened during the dose escalation phase. The criteria for DLT1 were met by two
patients, the criteria for DLT2 were met by five patients, and DLT3 by one patient. No
patients in the adolescent cohort met any DLT criteria.

As shown in Table 38, pyrexia was the most common TEAE. Cough was also a very
common TEAE. The most common TEAEs, by primary SOC, were observed in the
infections and infestation, and gastrointestinal disorders (Table 38).
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Table 37: Overview of treatment-emergent adverse events in ASCEND-Peds - Safety population

Adverse reaction Adolescent (N=4) Child (N=9) Infant/Early child (N=7) Overall (N=20)
N (%) Events N (%) Events N (%) Events N (%) Events
Any treatment-emergent o o o o
adverse events (TEAE)! 4 (100%) 63 9 (100%) 457 7 (100%) 278 20 (100%) 798
Any TEAEs potentially related o o o o
to study drugt 2 (50.0%) 5 6 (66.7%) 94 5(71.4%) 37 13 (65.0%) 136
Treatment-emergent AEs by
severity
Mild 4 (100%) 50 9 (100%) 414 7 (100%) 241 20 (100%) 705
Moderate 3 (75.0%) 12 8 (88.9%) 41 5(71.4%) 36 16 (80.0%) 89
Severe 1(25.0%) 1 1(11.1%) 2 1 (14.3%) 1 3 (15.0%) 4
Any serious TEAEs 0 0 1(11.1%) 4 4 (57.1%) 8 5 (25.0%) 12
Any serious TEAEs potentially 0 0 0 0 3 (42.9%) 5 3 (15.0%) 5
related to study drug$
Any TEAEs leading to o o
treatment discontinuation? 0 0 0 0 2 (28.6%) 3 2(10.0%) 3
Any TEAEs leading to study
withdrawal 0 0 0 0 0 0 0 0
Any TEAEs leading to dose 0 0 4 (44.4%) 10 3 (42.9%) 10 7 (35.0%) 20
reduction
Any TEAEs leading to study 0 0 0
treatment interruption't 0 0 1(11.1%) 22 2 (28.6%) 3 3 (15.0%) 25
Any TEAEs leading to death 0 0 0 0 0 0 0 0
Any protocol-defined infusion- 0 0 6 (66.7%) 68 5 (71.4%) 34 11 (55.0%) 102
associated reactions
Any algorithm-defined 4 (100%) 12 9 (100%) 125 7 (100%) 55 20 (100%) 192
infusion-associated reactions
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Adverse reaction

Adolescent (N=4)

Child (N=9)

Infant/Early child (N=7)

Overall (N=20)

N (%) Events

N (%) Events

N (%) Events

N (%) Events

p=s

Any treatment-emergent
pregnancies

Any TEAEs considered
symptomatic overdose

Any TEAES for dose limiting
toxicity criteria met

DLT1: Any increase in
AST, ALT, total bilirubin, or
alkaline phosphatase (AP)
>3x baseline (prior to
olipudase alfa therapy) and
> the upper limit of normal
range >2x ULN

DLT2: Any increase in total
bilirubin or AP >1.5x
baseline, in the presence
of AST or ALT above the
normal range >2x ULN

1 (11.1%) 1

2 (2.22%) 2

1(14.3%) 2

3 (42.9%) 4

2 (10.0%) 3

5 (25.0%) 6
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Adverse reaction Adolescent (N=4) Child (N=9) Infant/Early child (N=7) Overall (N=20)
N (%) Events N (%) Events N (%) Events N (%) Events
DLT 3: Any increase in 0 0 0 0 1(14.3%) 2 1(5.0%) 2

ALT or AST >3x the upper
limit of normal (ULN)
combined with an increase
in ALT or AST >2x
baseline (prior to olipudase
alfa therapy) with
symptoms of fatigue,
nausea, vomiting, right
upper quadrant pain or
tenderness, fever, rash,
and/or eosinophilia (>ULN)

Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; AP, alkaline phosphatase; Cl, confidence interval; SAE, serious adverse event;
TEAE, treatment emergent adverse event; ULN, upper limit of normal

MedDRA version 22.0 has been used for coding the adverse events.

N=Number of patients treated within each age cohort, n (%) =number and % of patients with at least one TEAE in each category, Events=number of TEAEs.

1 TEAEs = Treatment-emergent adverse events. Includes all adverse events that started during the on-treatment period, i.e. after the first infusion start till the end of study (for
details, refer to SAP). If due to incomplete date/time, this determination could not be made unambiguously, the AE is assumed to be treatment-emergent.

T Includes TEAEs that are identified by the investigator as related or possibly related to the study treatment.

§ Include serious treatment-emergent adverse events that are identified by the investigator as 'related’ or 'possibly related' to the study treatment.

91 Any TEAESs leading to treatment discontinuation: Any TEAE for which the infusion was interrupted at that visit and not completed.

11 Any TEAESs leading to study treatment interruption: Any TEAE for which the infusion was paused until event resolution, and then completed.

11 Protocol-defined infusion-associated reactions=all adverse events that are identified as an IAR by the investigator. Algorithm-defined infusion-associated reactions=all
adverse events that start between the start of infusion and the end of infusion plus 24 hours.
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Table 38: Summary of the most common treatment-emergent adverse events by SOC and PT in ASCEND-Peds safety

populationt

Primary System Organ Adolescent (N=4) Child (N=9) Infant/Early child (N=7) Overall (N=20)
g:'z?esrl('gdo girm (PT) N (%) Events N (%) Events N (%) Events N (%) Events
All 4 (100%) 63 9 (100%) 457 7 (100%) 278 20 (100%) 798
Injury, poisoning and
procedural complications

Contusion 0 0 3 (33.3%) 55 3 (42.9%) 33 6 (30.0%) 88 (11.0%)
General disorders and
administration site conditions

Pyrexia 1(25.0%) 3 7 (77.8%) 24 7 (100%) 29 15 (75.0%) 56 (7.0%)
Injury, poisoning and
procedural complications

Scratch 0 0 2 (22.2%) 36 2 (28.6%) 8 4 (20.0%) 44 (5.5%)
Nervous system disorder

Headache 2 (50.0%) 12 5 (55.6%) 21 1(14.3%) 5 8 (40.0%) 38 (4.8%)
Respiratory, thoracic, and
mediastinal disorders

Cough 2 (50.0%) 7 (77.8%) 15 5(71.4%) 13 14 (70.0%) 31 (3.9%)

Nasal congestion 0 3 (33.3%) 3 (42.9%) 13 6 (30.0%) 18 (2.3%)

Epistaxis 0 3 (33.3%) 1 (14.3%) 11 4 (20.0%) 17 (2.1%)
Infections and infestations

Nasopharyngitis 2 (50.0%) 4 5 (55.6%) 13 4 (57.1%) 11 11 (55.0%) 28 (3.5%)

Upper respiratory tract

infection 0 0 3 (33.3%) 4 5(71.4%) 13 8 (40.0%) 17 (2.1%)
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Primary System Organ Adolescent (N=4) Child (N=9) Infant/Early child (N=7) Overall (N=20)
g::?:"(rgg $irm (PT) N (%) Events N (%) Events N (%) Events N (%) Events
Skin and subcutaneous tissue
disorders
Urticaria 2 (22.2%) 20 2 (28.6%) 4 (20.0%) 24 (3.0%)
Rash 3 (33.3%) 13 3 (42.9%) 6 (30.0%) 17 (2.1%)
Gastrointestinal disorders
Vomiting 2 (50.0%) 6 (66.7%) 21 4 (57.1%) 14 12 (60.0%) 38 (4.8%)
Diarrhoea 2 (50.0%) 5 (55.6%) 10 4 (57.1%) 7 11 (55.0%) 22 (2.8%)
Abdominal pain 0 5 (55.6%) 19 1(14.3%) 1 6 (30.0%) 20 (2.5%)

Abbreviations: PT, preferred term; SOC, system organ class
T This table considers all adverse events that started during the on-treatment period, i.e. after the first infusion start till the end of study (for details, refer to SAP), and with
percentage of events >=2% and number of patients >= 2. The table is first sorted by descending number of events, then alphabetically by Preferred Term.

MedDRA version 22.0 has been used for coding the adverse events.
N=Number of patients treated within each age cohort, n (%) = number and % of patients with at least one TEAE in each category, Events=number of TEAEs.
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B.2.10.1.2 Additional safety endpoints
ASCEND

Change in physical observations

There were no clinically meaningful changes in physical examinations associated with
olipudase alfa at Week 52 (full details in Appendix N.4).

Change in neurological observations

There were no clinically meaningful changes in neurological function associated with
olipudase alfa treatment at Week 52 (full details in Appendix N.4).

Safety biomarkers

Safety biomarkers included hsCRP, ceramide, iron, ferritin, cardiac-specific troponin I,
calcitonin, IL-6 and IL-8. Full results for safety biomarkers are provided in Appendix N.

e Mean hsCRP, iron, ferritin, calcitonin, cardiac Troponin |, and IL-8 _

e Plasma ceramide was used to monitor rapid debulking of sphingomyelin during
dose escalation. Treatment with olipudase alfa resulted in increased plasma
ceramide levels at 24 and 48 hours post-infusion, at Week 52. At 24 hours post-
infusion, olipudase alfa treatment resulted in a 28.93% increase in ceramide
from baseline, compared with a 2.34% increase in the placebo group. At 48
hours post-infusion, olipudase alfa treatment resulted in a 4.91% increase in
ceramide from baseline, compared with a 3.48% decrease in the placebo group.

ASCEND-Peds
Change in physical observations

Abnormal abdomen and general appearance were

(Appendix N.4.).
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Onset of puberty (Tanner stage)

Tanner stage was |

Change in weight and height

Treatment with olipudase alfa resulted in a numerical increase in weight and height at
Week 52 compared with baseline, although no statistical analysis was performed
(Appendix N.5.)

Change in neurological observations

There were no clinically meaningful changes from baseline in neurological function
associated with olipudase alfa treatment at Week 52 (full details in Appendix N.1.).

Safety biomarkers

Safety biomarkers included hsCRP, ceramide, iron, ferritin, cardiac-specific troponin |,
calcitonin, IL-6 and IL-8. Full results for safety biomarkers are provided in Appendix N.
Plasma ceramide was used to monitor rapid debulking of sphingomyelin during dose
escalation, with mean ceramide levels increasing following olipudase alfa infusion
compared with pre-infusion at 24 hours and 48 hours post infusion (13.56% and 6.34%

change from baseline, respectively). [N
A
OO
|

B.2.10.2 Additional studies

The clinical systematic review, detailed in Appendix D, included adverse events, and did
not identify any additional studies.

B.2.10.3 Safety overview

Overall, the available data show that treatment with olipudase alfa was generally well-
tolerated during the one phase II/ll ASCEND study and the phase I/ll ASCEND-Peds
study.

The majority of TEAESs reported were non-serious, and of mild or moderate severity.
There were no TEAESs that led to treatment discontinuation of any patient in any of the
olipudase alfa trials. No deaths were reported in any of the trials. Thus, olipudase alfa
results in significant improvement in clinical efficacy endpoints with a favourable safety
profile.

In the long-term LTS13632 study, the majority of TEAESs reported were non-serious, and
of mild or moderate severity (Section B.2.11.3). No severe adverse events led to
permanent treatment discontinuation or study withdrawal. Thus, olipudase alfa’s
favourable safety profile is maintained as of the current 78 months of data collected.
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B.2.11 Ongoing studies

The LTS13632 study, a multinational, multicentre, non-randomised, open-label, long-
term treatment study of olipudase alfa, is currently ongoing (Table 39). Results are
expected after this submission, in July 2024. However, interim results (up to 2 years for
paediatric patients and up to 6.5 years for adult patients) have been presented at
international congresses (83, 84), and the latest available data (up to 4 years for
paediatric patients and up to 6.5 years for adult patients as of 01 March 2021 data cut)
are summarised in this section. Overall, interim results suggest that olipudase alfa is
well-tolerated and clinical benefits are maintained or amplified in the long term.

Table 39: Clinical effectiveness evidence LTS13632

Study

Study design Phase Il, multinational, multicentre, non-randomised, open-
label, long term treatment study

Population Paediatric and adult patients with ASMD who already received
olipudase alfa

Intervention(s) ¢ Olipudase alfa (patients started at the same dose they were

receiving at the end of their original study provided)

Comparator(s) e None

Indicate if study supports Yes v Indicate if trial used in Yes v

application for marketing the economic model

authorisation No No

Rationale if trial not used in
model

Not applicable.

Reported outcomes specified
in the decision problem

¢ Change in spleen volume

e Change in lung function

e Change in liver function and volume

¢ Change in weight, height and onset of puberty in children
and young people

¢ Change in fatigue and exercise tolerance

e Change in physical observations (including observations or
measurements from examination of the eyes, nose and
throat; heart, lungs, bone marrow, extremities and joints)

¢ Change in neurological observations (including
observations or measurements from examination of
coordination; cranial nerves; extrapyramidal features;
fundoscopy; gait; motor skills; peripheral nervous system;
reflexes; sensory nervous system; strength and mental
status)

¢ Change in biomarkers (including high sensitivity C reactive

protein; ceramide, cardiac troponin, ferritin chitotriosidase,
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Study

CCL18 levels, lysosphingomyelin, oxysterols, and lipid
profile)

e Mortality

e Adverse effects of treatment

e Health-related quality of life

Al other reported outcomes | ® Bone disease assessments

e Pulmonary imaging

e Cycle ergometry

e Physician’s Global Assessment
e Haematology

e Bone biomarkers

e Bone age by hand X-ray (DFI13803 Peds only)

e Tanner Staging (DFI13803 Peds only)

Abbreviations: ASMD, Acid sphingomyelinase deficiency; CCL18, Chemokine ligand 18

B.2.11.1 Methodology
The design and methodology of Study LTS13632 are presented in Table 40.

Table 40: Summary of LTS13632

Trial number LTS13632

(acronym)

Settings and 2 sites across 2 countries (the UK and the US)

locations

Trial design Phase Il, multinational, multicentre, non-randomised, open-label, long-

term study

Patients were enrolled from DFI1342 phase |b and ASCEND-Peds
study

Eligibility criteria
for participants

Patients were included who had completed the treatment period of a
previous study of olipudase alfa with an acceptable safety profile.

Sample size

N=25 enrolled and evaluated for efficacy and safety

Planned analysis

For continuous efficacy measures, change or % change from baseline
was analysed with the ANCOVA method adjusting for baseline value
and no multiplicity adjustment was conducted

Trial drugs

¢ Olipudase alfa (patients started at the same dose they were
receiving at the end of their original study)

Formulation: Olipudase alfa is a sterile, non-pyrogenic white to off-
white lyophilised cake supplied in single use, 20 cc Type 1 glass vials.
Each vial contained 20 mg of extractable olipudase alfa. The
lyophilized powder was reconstituted with 5.1 mL of sterile water for
injection to yield a concentration of 4.0 mg/mL olipudase alfa, which
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was further diluted in 0.9% sodium chloride solution to a specific
volume based on the dose to be administered.

Route(s) of administration: Intravenous
Dose regimen: Once every 2 weeks

Permitted and
disallowed
concomitant
medication

Prohibited medications included those that may decrease olipudase
alfa activity (e.g., fluoxetine, chlorpromazine, tricyclic antidepressants).

Cationic amphiphilic antihistamines, such as loratadine, desloratadine,
astemizole, ebastine, terfenadine, and clemastine, may decrease
olipudase alfa activity. Therefore, the need for their use in oral or
intravenous administration was to be carefully considered.

Medications or herbal supplements that can cause or prolong bleeding
and the use of medications or herbal supplements with potential
hepatotoxicity were to be withheld as per local institution
guidance/practice around the scheduled liver biopsies.

Method of
randomisation and
blinding

Not applicable

Primary outcomes
(including scoring
methods and
timings of
assessments)

e To obtain data regarding safety of olipudase alfa

Other outcomes

Secondary outcome

e To obtain data regarding the efficacy of olipudase alfa and to
characterise PD and PK variables

Exploratory outcomes

e Spleen and liver volume by abdominal magnetic resonance
imaging

e Pulmonary imaging by high resolution computed tomography

e Chest X-ray

e Pulmonary function testing

e Cycle ergometry

e Fasting profile

o Efficacy biomarkers

e Bone biomarkers

e Haematology

e Tanner staging (Peds only)

e Height Z-score (Peds only)

e Health outcome questionnaires

e Physician’s global assessment of change

Other outcomes
used in the
economic
model/specified in
the scope

Not applicable

Pre-planned
subgroups

There were no pre-planned subgroup analyses. Subgroup analyses
were added in 2019 for efficacy endpoints for patients ASCEND-Peds

Abbreviations: ANCOVA, analysis of covariance; cc, cubic centimetre; mL, millilitre; PD, pharmacodynamics;

PK, pharmacokinetics;
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B.2.11.2 Clinical effectiveness

The primary objective of LTS13632 was to obtain data regarding the safety of olipudase
alfa in patients with ASMD who are exposed to long-term treatment with olipudase alfa.
Efficacy was assessed as a secondary endpoint.

B.2.11.2.1 Spleen volume and platelet count

As of the latest date cut (01 March 2021), all patients treated with olipudase alfa
demonstrated a reduction in spleen volume at all timepoints, starting as early as Month 6
and continuing up to Month 78 in the overall population (Figure 17). For adult patients
(n=5), treatment with olipudase alfa resulted in a 59.46% reduction in spleen volume, on
average, by Month 78 (p<0.0001). Olipudase alfa treatment resulted in a mean
apercentage improvement of pre-infusion platelet count of 38.49% by Month 78
(p=0.0093). For paediatric patients (n=7), treatment with olipudase alfa resulted in a
I r<duction in spleen volume, on average, by Month 48 |}l By Month 48,
the mean improvement in pre-infusion platelet count among paediatric patients (n=5)
was 35.83% (p=0.1917).

Figure 17:
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B.2.11.2.2 Liver volume

Treatment with olipudase alfa resulted in a reduction in mean liver volume in all patients,
as early as Month 6 and sustained up to Month 78 in adults and Month 66 in the
paediatric population. For adult patients (n=5), treatment with olipudase alfa resulted in a
I r<duction in liver volume, on average, by Month 78 (). For paediatric
patients (n=7), treatment with olipudase alfa resulted in a [JJJll reduction in liver
volume, on average, by Month 48 (| IEGzGzN).

Figure 18:

B.2.11.2.3 % predicted DLCO

Treatment with olipudase alfa resulted in improvement in the percent predicted DLco,
with greater improvement over time (Figure 19). For adult patients (n=5), treatment with
olipudase alfa resulted in a |JJlLimprovement in % predicted DLco, on average, by
Month 78 (). For paediatric patients (n=5), treatment with olipudase alfa resulted in
a 60.28% improvement in % predicted DLco, on average, by Month 48 ([ ).
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B.2.11.3 Additional efficacy endpoints

Additional key efficacy endpoints in LTS13632 included % change from baseline in liver
function tests, change in weight, height, and onset of puberty (paediatric population
only), health related QoL, pulmonary function tests, fasting lipid profile, change in
efficacy biomarkers, and exercise tolerance measured by cycle ergometry. These data
are provided in Appendix O.

B.2.11.4 Adverse reactions

Overall, all patients experienced a TEAE in the LTS13632 study, with 99.7% of these
events in both adult and paediatric patients reported as mild or moderate in severity. No
severe adverse event led to permanent treatment discontinuation or study withdrawal
and all patients recovered (Table 41).
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Table 41: Overview of treatment-emergent adverse events in LTS13632, safety population

Adverse reactions

Patients from DFI3412

(Adults)
(N=5)

Patients from DFI13803

(Paediatrics)
(N=20)

All patients
(N=25)

N (%)

Events

N (%)

Events

N (%)

Events

Any treatment-emergent adverse
events (TEAEs)'

Any TEAEs potentially related to
study drug*

Treatment-emergent AEs by
severity

Mild
Moderate

Severe

Any serious TEAEs

Any serious TEAEs potentially
related to study drug®

Any treatment-emergent adverse
events leading to permanent
treatment discontinuation

Any TEAEs leading to study
withdrawal

Any TEAEs leading to dose
reduction

Any TEAEs leading to study
treatment interruption

Any TEAEs leading to death

o H N

o H N
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Adverse reactions

Patients from DFI3412
(Adults)
(N=5)

Patients from DFI13803
(Paediatrics)
(N=20)

All patients
(N=25)

N (%) Events

N (%) Events

N (%)

Any protocol-defined infusion-
associated reactions

Any algorithm-defined infusion-
associated reactions

Any treatment-emergent
pregnhancies

Any TEAEs considered
symptomatic overdose

Any TEAEs for dose limiting
toxicity criteria met

DLT1: Any increase in AST,
ALT, total bilirubin, or alkaline
phosphatase (AP) >3x
baseline (prior to olipudase
alfa therapy) and > the upper
limit of normal range >2x ULN

DLT2: Any increase in total
bilirubin or AP >1.5x baseline,
in the presence of AST or
ALT above the normal range
>2x ULN

DLT 3: DLT3: Any
increase in ALT or AST >3x
the upper limit of normal
(ULN) combined with an
increase in ALT or AST >2x
baseline (prior to olipudase
alfa therapy) with symptoms
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Adverse reactions Patients from DFI3412 Patients from DFI13803 All patients
(Adults) (Paediatrics) (N=25)
(N=5) (N=20)

N (%) Events N (%) Events N (%) Events

of fatigue, nausea, vomiting,
right upper quadrant pain or
tenderness, fever, rash,
and/or eosinophilia (>ULN)

Abbreviations: AE, adverse event; ALT, alanine transaminase; AP, alkaline phosphatase; AST, aspartate transaminase; Cl, confidence interval; DLT, dose limiting toxicity; n,
number; PAP, primary analysis period; SAE, serious adverse event; TEAE, treatment emergent adverse event; ULN, upper limit of normal

T TEAEs = Treatment-emergent adverse events. Includes all adverse events that started during the treatment epoch of the primary analysis period (for details, refer to SAP). If
due to incomplete date/time, this determination could not be made unambiguously, the AE is assumed to be treatment-emergent.

T Includes TEAEs that were identified by the investigator as related or possibly related to the study treatment in the primary analysis period.

§ Includes serious TEAEs that were identified by the investigator as related or possibly related to the study treatment in the primary analysis period.

MedDRA version 23.1 has been used for coding the adverse events.

N=Number of patients treated within each treatment group, n (%)=number and % of patients with at least one TEAE in each category,

Events=number of TEAEs.

Analysis based on 01 March 2021 data cut off

B.2.11.5 Additional safety endpoints

Additional safety efficacy endpoints in LTS13632 included change in physical observation, change in neurological observations, and change in
key safety biomarkers. These data are provided in Appendix O.
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B.2.12 Interpretation of clinical effectiveness and safety
evidence

B.2.12.1 Principal findings from the clinical evidence highlighting the
clinical benefits of the technology

The results of the olipudase alfa studies, including the randomised, double-blind, phase
[I/lI ASCEND trial (73), the single-arm phase I/Il ASCEND-Peds trial (74), and the long-
term LTS13621 study (76), demonstrate that olipudase alfa is an effective treatment
option in adult and paediatric patients with ASMD type B and type A/B. Olipudase alfa
demonstrated efficacy as an enzyme replacement therapy for patients with ASMD,
significantly improving clinical and patient-relevant outcomes versus placebo in adult
patients, and versus baseline in paediatric patients. Furthermore, the clinical benefits of
olipudase alfa have been validated by clinical expert advisors in a 2022 advisory board,
with olipudase alfa described as a ‘lifesaving treatment’ with clear improvement in
several clinical outcomes, which are surrogate markers for mortality in ASMD (37). The
improvement in surrogate markers for mortality was ‘expected to be due to the reversal
of the disease with olipudase alfa treatment’ (37).

Pulmonary impairment is common in patients with ASMD, with respiratory disease a
leading cause of death in patients with ASMD type B and A/B (6). Abnormal diffusing
capacity is consistent with interstitial lung disease (43), which may manifest with
coughing, breathlessness, fatigue and recurrent respiratory infections including
pneumonia (25), which has a significant impact on their ability to carry out daily activities
and QoL (9, 22). Treatment with olipudase alfa resulted in a significant improvement in
DLcoin adults (% predicted) compared with placebo at Week 52 (19.01%; p<0.001) (73).
A greater number of responders, defined as % predicted DLco 215% at Week 52, were
observed with olipudase alfa treatment compared with placebo (27.8% vs 0%
respectively) (73). The Connective Tissue Disease- associated interstitial lung disease
(CTD-ILD)-OMERACT CTD-ILD working group consensus guideline highlights that a
relative 15% change in DLco constitutes a clinically meaningful change (86). International
guidelines indicate a decrease of >15% DLco in absolute values is associated with
increased risk of mortality (91, 92). Treatment with olipudase alfa also resulted in a
significant improvement in percent predicted DLco adjusted for haemoglobin for children
at Week 52 (mean increase of 32.94%, relative change from baseline) (74). In patients
who were able to perform the test at baseline; improvement was also observed on
percent predicted FVC, FEV1, and total lung capacity (74). The improvement in DLco
reflects an improvement in lung function and may prevent manifestations such as
shortness of breath, difficulty breathing, chest pain, and recurrent respiratory infections.
The improvements in lung function following olipudase alfa treatment would also enable
patients to carry out daily activities and fully participate in school/ work.
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Significant enlargement of the spleen is often observed in patients with ASMD type B
and A/B; it can be indicative of underlying metabolic and haematological pathologies and
overall disease severity (2, 40). Patients with an enlarged spleen are at increased risk of
splenic rupture, with abdominal pain, eating difficulty and worsening clinical outcomes (6,
7, 25, 38). Furthermore, a patient’s QoL is severely impaired due to restricted
participation in activities, social exclusion, and bullying (especially for children) (52). In
adults, treatment with olipudase alfa resulted in a statistically significant reduction in
spleen volume at Week 52 in the olipudase alfa group compared with the placebo group
(-39.93%; p<0.0001). Treatment with olipudase alfa resulted in a statistically greater
number of responders (=230% reduction in spleen volume (MN) at Week 52), compared
with placebo (94.4% vs 0%, respectively, p=0.002). Gaucher disease is another LSD
which has similar symptoms to ASMD. In Gaucher disease, therapeutic goals for
splenomegaly include a reduction in spleen volume of 30-50% within Year 1 of enzyme
replacement therapy (90). Based on this goal, treatment with olipudase alfa resulted in a
clinically meaningful reduction in spleen volume. In the single-arm phase /1l ASCEND-
Peds trial, olipudase alfa demonstrated a statistically significant improvement in spleen
and liver volume at Week 52, compared with baseline (mean decrease (in MN) of
49.21% and 40.56% for overall paediatric patients, respectively). The improvement in
spleen volume may be indicative of an overall reduced severity of ASMD, with a reduced
risk of splenic rupture and bleeding. The patient’'s QoL would also be improved due to no
longer looking different to others and being more able to carry out daily activities due to a
reduction in the size of the abdomen.

Patients with ASMD type B and A/B often have enlarged livers, which is associated with
increased risk of liver dysfunction, cirrhosis, liver failure, portal hypertension, upper Gl
bleeding and premature death (personal communication; | GcEININGEG
) (6)- As with an enlarged
spleen, an enlarged liver often results in abdominal pain, eating difficulty, and reduced
QoL. Treatment with olipudase alfa resulted in a statistically significant reduction in liver
volume for adults at Week 52 compared with placebo

(-26.60%; p<0.0001) (73). Olipudase alfa also demonstrated a statistically significant
improvement in liver volume at Week 52, compared with baseline (mean decrease of
40.56% in MN for overall paediatric patients) (74). Olipudase alfa also improved liver
function in adults at Week 52 (ALT: LS mean difference of -33.60%; p=0.006, AST: LS
mean difference of -31.60%; p=0.0003) and children, which may result in a reduced risk
of complications such as liver failure.

Children with ASMD experience poor growth and development, which can result in
delayed bone age, which is indicative of delayed puberty (25). Patients with ASMD also
have decreased bone mineral density which can result in skeletal fracture, and results in
joint or limb pain (10). Olipudase alfa demonstrated an improvement in height z-scores in
children, with a mean overall increase of 0.56 at Week 52, and 0.78 at the end of study
at Week 64 in the ASCEND-Peds trial (74). The improvement in height z-scores with
olipudase alfa treatment may also indicate normal bone development and reduced risk
for skeletal fractures or bone pain. The improvement in height z-scores in paediatric
patients following olipudase alfa treatment would greatly improve patients’ QoL, as
demonstrated with statistically significant improvements in PedsQL subtests. Treatment
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with olipudase alfa also significantly improved the QoL of parents. The significant
improvement in QoL for children was not reflected in the adult population, which may be
due to an increased severity in the paediatric population, and maybe a reduction in
‘coping’ with their condition over time.

Olipudase alfa has also demonstrated improvement in lipid profiles, including total
cholesterol and LDL levels within recommended ranges, which would potentially reduce
the risk of CVD, and prevent long-term effects of high cholesterol such as stroke or heart
attack (93).

In the ongoing LTS13632 study, currently available long-term follow up data
demonstrates durability of olipudase alfa effect. Improvements in spleen volume, liver
volume and mean DLco following olipudase alfa treatment are maintained for adult
patients treated up to 7 years and children treated up to 5 years. Olipudase alfa
represents an innovative and potentially transformative treatment which will revolutionise
the treatment of adults and children with this disease. Olipudase alfa specifically targets
the underlying pathology of ASMD and has demonstrated the ability to reverse clinical
manifestations of the disease, such as inflammation in the liver and lungs (37). Liver and
lung disease are major causes of death in patients with ASMD (37), with the reversal of
disease with olipudase alfa treatment potentially delaying the onset of complications, and
ultimately death. As there is currently no treatment available for ASMD, olipudase alfa
offers patients who otherwise would be given BSC, and continue to deteriorate, a
substantial improvement of their condition and the ability to live a more normal life.

Treatment with olipudase alfa could also have a transformative effect for caregivers and
patient’s families, who would otherwise have reduced QoL as a result of the burden of
caring for a person with ASMD and the fear of losing their loved one.

Treatment with olipudase alfa was generally well-tolerated during the phase Il/llI
ASCEND study and the phase I/l ASCEND-Peds study. The majority of TEAESs reported
were non-serious, and of mild or moderate severity. There were no TEAEs that led to
treatment discontinuation of any patient in any of the olipudase alfa trials. No deaths
were reported in any of the trials. Thus, treatment with olipudase alfa results in significant
improvement in clinical efficacy outcomes with a favourable safety profile.

B.2.12.2 Strengths and limitations of the clinical evidence base for the
technology

The clinical development programme for olipudase alfa comprises a series of phase |-ll|
clinical trials in patients with ASMD. To date, one phase II/lll study, one phase I/Il study,
and one phase | study has been completed and one study is ongoing. The clinical
development programme for olipudase alfa addresses the decision problem:

e The patient population in the studies includes those of the final scope, including adult
and paediatric patients with ASMD type B and type A/B.

¢ Olipudase alfa is directly compared with placebo in ASCEND, with best supportive
care identified as the most relevant comparator in the NICE scope.
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o The key outcomes, as outlined in the NICE scope have been evaluated in patients
with ASMD, i.e. change in spleen volume, change in lung function, change in liver
function, change in neurological observations, change in physical observations,
change in biomarkers, mortality, adverse effects of treatment and HRQoL.

e The ASCEND-Peds trial was designed as a single arm trial and is considered
relevant to the decision problem as it includes paediatric patients with ASMD types
A/B and B. ASMD is a very rare disease with a severely limited number of patients
available for this study, as reflected in the 20 patients recruited for the trial.
Additionally, paediatric onset of ASMD is often more severe and rapidly progressing ,
with a significant risk of mortality (7). ASMD is also a progressive disease, for which
there is currently no treatment available. Taking all these considerations into account,
a single arm trial was deemed appropriate, with the alternative of providing no
treatment for these children considered unethical.

The clinical evidence for olipudase alfa has demonstrated the important benefits of this
disease-modifying treatment compared with placebo and baseline in several clinically
and patient-relevant outcomes including interstitial lung disease and spleen volume. The
primary efficacy endpoints included changes in spleen volume and DLco. Both primary
efficacy endpoints are clinically meaningful endpoints in ASMD ftrials as they are
common clinical features of ASMD, contributing to a reduced QoL and increased disease
burden (44). The primary endpoint of spleen volume is relevant to the clinical need of
patients with ASMD as an enlarged spleen is associated with abdominal pain/discomfort,
eating difficulty and diarrhoea, and worsening clinical outcomes for patients. An enlarged
spleen is also indicative of underlying metabolic and haematological pathologies, with an
increased risk of splenic rupture, bleeding, and ultimately early death. The use of DLco
as a relevant endpoint was also considered appropriate by clinical expert advisors
consulted during a 2022 advisory board (37). Furthermore, a targeted literature review
conducted in 2020, including publications from the last 5-10 years, supported the use of
lung function and spleen volume as clinically meaningful endpoints in ASMD trials (44).
Although there is currently no ASMD-specific evidence for the association of a decrease
in predicted DLco and increased mortality, data from other diseases such as chronic lung
disease and pulmonary hypertension suggest that the risk of mortality increases 31%
with every 10% decrease in predicted DLco (94); suggesting the primary endpoint of
DLco is relevant to the clinical need of patients with ASMD.

The instruments used to measure HRQoL in the ASCEND study (including EQ-5D-5L and
SF-36) may be insensitive to the ASMD population (95). As ASMD is a chronic disease,
patients with ASMD may learn to cope with their condition over time, which may limit the
responsiveness of the anxiety and depression domain on the EQ-5D-5L and the mental
health domain on the SF-36. Patients may also adjust expectations of their usual activities
(EQ-5D-5L), kinds of work (SF-36), and levels of accomplishment (SF-36), which may
affect the sensitivity of these items.
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Interviews of participants in the ASCEND trial show that patients learn to cope with their
condition, with one patient stating,

(41). Another patient reported,

(41). The lack of sensitivity with HRQoL instruments for patients with ASMD was validated
at the recent global advisory board, with challenges raised including the rare and slow
progressive nature of ASMD, hedonic

adaptation, and the small number of patients available (37). Lack of sensitivity with HRQoL
instruments in this submission may also be due to the time of follow-up of 52 weeks, with

one patient _stating |

" (41). One patient also highlighted that
they were unsure whether some of their symptoms improved in the first year (time of
measurement) and that they only realised they had improved on reflection at a later date,

9393

(41). Additionally, patients expressed that the demands of the trial, such as travel and
undertaking assessment, may have masked the improvement in fatigue that they then later
felt after the trial (41).

ASCEND is a phase II/lll randomised, placebo-controlled, double-blinded, multicentre
trial with balanced treatment arms, and is therefore robustly designed to assess the
safety and efficacy of olipudase alfa. Patients included in the study were equally
distributed across treatment groups (n=18 for both treatment groups). However, the
placebo treatment group included a greater percentage of females compared with the
olipudase alfa treatment group (72% vs 50%). This would not be expected to alter the
effect of olipudase alfa treatment on the primary outcomes. Only one patient did not
complete the PAP (placebo treatment group) due to poor compliance. The majority of
patients included in the study were Caucasian (89%), which closely resembles that of the
UK (84.8% in 2019) (96).

While the evidence base clearly demonstrates the clinical value of olipudase alfa in
adults and paediatric patients with ASMD, it has some limitations. ASCEND-Peds is a
single arm open-label trial, with no comparison to placebo potentially introducing
uncertainty to the efficacy of olipudase alfa. However, paediatric onset of ASMD is
associated with a poorer prognosis compared to adult onset, with no improvement of the
condition expected without an efficacious treatment. Hence, it was considered unethical
to include placebo for this population of patients. Treatment with olipudase alfa resulted
in the reversal of disease progression, which would be highly unlikely without an
efficacious treatment.
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While results from the ASCEND and ASCEND-Peds trials were limited to 52 weeks and
64 weeks, respectively, patients previously treated with olipudase alfa are enrolled into a
phase Il long-term study (LTS13632). The LTS13632 study provides long-term evidence
and durability of effect of olipudase alfa. The results of the LTS13632 study to date
indicate that the effects of olipudase alfa are maintained up to 6.5 years for adults, and
5 years for paediatric population (76). Although the long-term efficacy of olipudase alfa
beyond this timeframe is currently unknown, long-term efficacy and safety follow-up will
be performed for LTS13632 up to 9 years or until marketing approval, whichever is
sooner.

While the evidence base for olipudase alfa clearly demonstrates the clinical value of
olipudase alfa in patients with ASMD, the small number of patients treated with olipudase
alfa in ASCEND (n=18), and ASCEND-Peds (n=20), may be considered a limitation.
However, despite the small size of the patient population, a clear benefit of treatment
with olipudase alfa was demonstrated in adults (compared with placebo) and paediatrics
(compared with baseline). Furthermore, the small number of patients is a common
limitation with rare diseases, with the number of patients included in the ASCEND and
ASCEND-Peds trials comparable to the number of known patients in the UK.
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B.3. Cost effectiveness

e A cohort-based Markov model was developed in Excel to evaluate the cost-
effectiveness of olipudase alfa for the treatment of ASMD from the perspective of
the UK NHS/PSS. Spleen volume and DLco were used to determine health states.

e Paediatric and adult populations were modelled separately due to difference in
natural history. The paediatric only base case compared olipudase alfa with BSC
in paediatric patients utilising the ASCEND-Peds trial as the source of clinical
characteristics. The adult base case compared olipudase alfa with BSC in adult
patients utilising the ASCEND trial as the source of clinical characteristics. An
overall combined ICER for both populations was also included.

e The structure of the model and inputs was validated in an advisory board meeting
with key UK clinical experts (physicians treating ASMD) (3).

e Deterministic ICERs for olipudase alfa compared with BSC were £103,227 per
QALY gained and £194,360 per QALY gained for the paediatric and adult
populations respectively (£133,311 per QALY gained across both populations).
ICERs were substantially lower when a more severe subgroup was considered:
£48,305 per QALY gained and 164,736 per QALY gained for the paediatric and
adult populations respectively.

e The model predicts impressive discounted QALY gains of 24.95 in paediatric
patients and 16.44 in adult patients despite likely conservative assumptions
regarding mortality and patient and family/carer utilities.

e As would be expected, probabilistic sensitivity analyses show a high level of
uncertainty. This is inevitable for such a rare disease and as stated in the new
NICE manual, there can now be a greater acceptance of uncertainty in specific
circumstances: for rare diseases, for medicines treating peadiatric populations and
for innovative or complex treatments. As olipudase alfa is an innovative, ultra-
orphan medicine that can be used to treat children with ASMD, all three of these
circumstances are relevant.

e As stated in NICE’s principles (principle 7), recommendations should not be based
on the evidence of costs and benefits alone (i.e. cost per QALY). Given the
challenges in collecting evidence for such a rare disease, including those
associated with the additional burden of collecting evidence from patients and their
families, it is not possible for a cost-effectiveness analysis to truly reflect the value
of olipudase alfa. The ICERs presented above must be considered alongside the
benefits for patients, their families and society that are not captured in the QALY
estimates (for example the ability to fully participate in work or education).

¢ Olipudase has the potential to address a critical unmet need, offering substantial
health benefits for a population with high mortality and morbidity where no
treatment is currently available. Given the small number of ASMD patients in the
UK, decision risk and budget impact are manageable.
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e A positive recommendation for olipudase alfa would support innovation (NICE
principle 8) and would allow further evidence to be collected to strengthen the
evidence base in ASMD.

B.3.1 Published cost-effectiveness studies

A SLR was conducted to identify relevant economic evaluations of treatments for
patients with ASMD type B and A/B, described in Appendix D. No economic evaluations
of treatments for ASMD were identified in the SLR.

B.3.2 Economic analysis

The base case evaluates the cost-effectiveness of olipudase alfa versus BSC and is
informed primarily by the ASCEND and ASCEND-Peds clinical trials.

B.3.2.1  Patient population

The population considered in the base case analysis includes both children (<18 years)
and adults (=18 years) with ASMD types A/B and B, using ASCEND-Peds and ASCEND
as the source of clinical characteristics, respectively (Section B.2.3.4).

B.3.2.2 Intervention technology and comparators

The intervention of interest to this submission is olipudase alfa. This treatment
corresponds to the treatment arm of the ASCEND and ASCEND-Peds trial. Following a
dose escalation phase (Table 42), olipudase alfa is administered as an intravenous
infusion (IV) at a recommended maintenance dose of 3 mg/kg every 2 weeks. In line with
the decision problem, BSC is considered a relevant comparator to this submission.

Table 42: Dose escalation regimen in adult and paediatric patients

Adverse reaction Adult patients (218 years | Paediatric patients (0 to
old) <18 years old)

First dose (Day 1/Week 0) 0.1 mg/kg® 0.03 mg/kg®
Second dose (Week 2) 0.3 mg/kg’ 0.1 mg/kgt

Third dose (Week 4) 0.3 mg/kg’ 0.3 mg/kgt

Fourth dose (Week 6) 0.6 mg/kg® 0.3 mg/kgt

Fifth dose (Week 8) 0.6 mg/kg® 0.6 mg/kgt

Sixth dose (Week 10) 1 mg/kgt 0.6 mg/kgt
Seventh dose (Week 12) 2 mg/kgt 1 mg/kg®

Eighth dose (Week 14) 3 mg/kg' (recommended 2 mg/kgt

maintenance dose)
Ninth dose (Week 16) i 3 mg/kgt (recommended
maintenance dose)

Abbreviations: kg, kilogram; mg, milligram

1 Actual body weight will be used for patients with a BMI <30. For patients with a BMI >30, an optimal body
weight will be used as calculated by: Body weight (kg) to be used for dose calculation = 30 x (actual height in
m)?
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B.3.2.3 Model structure

A cohort-based Markov model was developed in Microsoft Excel. The model uses a
Markov structure with health states defined by patients’ spleen volume (SV) and DLco.
Spleen volume and DL¢o form the core of the model as they are important predictors of
disease progression, with a severe impact on the level of disability and QoL of patients,
and thus are the primary efficacy endpoints from the ASCEND trial (2, 7, 44). The clinical
relevance of spleen volume and DLc¢o as primary endpoints for ASMD has also been
supported in a recent review by Jones et al, 2020 (44). The model is designed to reflect
clinical practice and disease progression of ASMD, with the key aspects of ASMD and
the relationships between them outlined in Figure 20. The structure was validated in an
advisory board meeting with key UK clinical experts (physicians treating ASMD) (3).

Figure 20: High level economic model concept
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Abbreviations: DLco, diffusing capacity for carbon monoxide

Three levels of SV were modelled: SV <6 MN (mild splenomegaly), 6-15 MN (moderate
splenomegaly) and 215 MN (severe splenomegaly). Similarly, three levels of DLco were
modelled: DLco percent predicted =280 (mild reduction), 40—80 (moderate reduction) and
<40 (severe reduction). Health states in the model were a combination of the three levels
each of SV and DLco, resulting in a total of nine alive health states plus death. A
schematic of the model is shown in Figure 21.

Company evidence submission template for Olipudase alfa for treating Niemann-Pick
disease types B and A/B [ID3913]

© Sanofi (2022). All rights reserved Page 165 of 246



Figure 21: Model structure

6 = 5V <15

DL > 80

Abbreviations: DLco, diffusing capacity for carbon monoxide; SV, spleen volume

Patients enter the model distributed over the nine health states based on a combination
of their SV and DLco as observed in the corresponding adult or paediatric clinical trial
(ASCEND and ASCEND-Peds, respectively, in the base case) and, in each model cycle,
can continue in the same health state or transition to a new health state that shows an
improvement or worsening of their symptoms. In the base case, patients receiving
olipudase alfa can only transition to a new health state for up to 2 years, after which they
transition to the SV <6 / DLco >80 state until the end of the time horizon or death.
Patients entering the model in the BSC group can also continue in the same health state
or transition between health states in each cycle. However, in contrast to patients on
treatment, those on BSC can transition in every cycle until the end of the time horizon or
death. Patients in all health states can die at any point in time due to all-cause mortality,
with the risk of death modified by the severity of splenomegaly, estimated by comparing
observed mortality data from patients in the SPHINGO-100 study (stratified by spleen
volume) to expected age- and sex-adjusted mortality rates in the general population,
from US life tables (as the most representative population based on SPHINGO-100
demographics).

Patients receiving olipudase alfa start in a dose-escalation phase, during which their
dose is gradually increased up to the highest tolerated dose. The distribution of highest
tolerated dose for adults and children is based on the ASCEND (73) and ASCEND-Peds
(74) clinical trials, respectively (0.6 mg/kg in 5.6% of adults, 3.0 mg/kg in 94.4% of adults
and 100.0% of children). In each cycle, a proportion of patients experience disease-
related complications, with the risk of these modified by treatment. The risks of
respiratory and bleeding complications are stratified by DLco and SV, respectively. The
risks of liver, spleen, and cardiovascular complications are not stratified by health state,
but a direct treatment effect is applied each cycle for those patients on olipudase alfa
treatment.
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Patient utilities are determined primarily by their health state modified by age, DLco, and
SV, with additional disutilities applied for patients experiencing complications. Caregiver
disutilities are determined by treatment, using a proxy based on disutilities for caregivers
of non-ventilator-dependent children with Pompe disease (97) due to unavailability of
data for ASMD, with an additional caregiver disutility associated with the death of the
patient. Caregiver disutility does not depend on the age of the patient, but the number of
caregivers differs between children and adults. Costs accounted for in the model include
olipudase alfa drug acquisition and administration costs, complication costs, costs of
treatment-related AEs, and routine care costs, which are stratified by treatment.

3.2.3.1 Perspective

For this evaluation, a UK NHS/PSS perspective is employed, consistent with the NICE
reference case (98).

3.2.3.2 Time horizon

All outcomes were evaluated over a lifetime time horizon in the base-case analysis, with
the lifetime age limit set at 100 years of age. A lifetime time horizon was considered
appropriate to capture the long-term clinical and economic impacts of olipudase alfa for
the treatment of ASMD. The model uses a lifetime horizon of 100 years, after which point
it was assumed all patients would have died.

3.2.3.3 Cycle length

To accurately model treatment effect in the first year during which clinical trial data were
available, the first two cycles in the model are 6 months in length, with subsequent
cycles 12 months in length. The cycle length is also reflective of anticipated UK clinical
practice once treatment becomes available, where patients would initially be monitored
every 6 months and every 12 months thereafter (personal communication; || GGz

I

3.2.3.4 Discounting

The model assumes an annual discount rate of 3.5% for costs and 1.5% for outcomes in
the base case. This reflects the guidance on discount rates in the HM Treasury’s Green
Book (99) based on the fact that, whilst discounting of costs reflects both the time
preference and a wealth effect, the same cannot apply to health and life where there is
no wealth effect. In fact, it has been suggested that the value of health and societal
expectations of health maintenance are increasing (100, 101), further justifying this
approach. In addition, evidence suggests that differential discounting provides a less
biased assessment in cases where the benefit are long-term, but the costs are accrued
sooner (100, 102) — as in the case of olipudase.

In addition, a scenario analysis was carried out using a discount rate of 1.5% for both
costs and effects, considered applicable when treatment restores people who would
otherwise die or have very severely impaired life to full or near full health for a very long
period (98)..
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B.3.3  Clinical parameters and variables

B.3.3.1 Incorporating the clinical data for olipudase alfa and BSC into the
model

3.3.1.1 Additional studies included in the model

A prospective, multicentre, natural history study (SPHINGO-100) was performed to
characterise the clinical features, and disease burden over time in children and adults
with ASMD (8). The SPHINGO-100 natural history study enrolled 59 patients (31 males
and 28 females) with chronic ASMD types A/B and B, ranging from 7—64 years of age
across 5 countries between May 2001 and June 2002. The median length of observation
was 10.2 years (1.4-11.1). Assessments included patient medical histories, physical
examinations, assessments of cardiorespiratory function, clinical laboratory data, liver
and spleen volumes, radiographic evaluation of the lungs and bone, and QoL
assessments (54)

3.3.1.2 Baseline patient characteristics

Baseline characteristics including age, weight, and the baseline distribution of patients’
DLco and SV were informed by ASCEND-Peds and ASCEND for the adult and paediatric
base cases, respectively. The impact of using different data sets was also explored in
scenario analyses, with baseline characteristics informed by SPHINGO-100 trial data. A
summary of the baseline characteristics used in the model is shown in Table 43.

Table 43: Baseline characteristics by subgroup

Description ASCEND-Peds ASCEND
Age (Years) 8 34
Weight (kg) 20.5 64.5
DLco 280% 0.0% 0.0%
DLco 40 — 80% 88.9% 80.6%
DLco £40% 11.1% 19.4%
Spleen volume <6 MN 0.0% 0.0%
Spleen volume 40.0% 77.8%
6-15 MN

Spleen volume =215 MN 60.0% 22.2%

Abbreviations: DLco, diffusing capacity for carbon monoxide; kg, kilogram; MN, multiples of normal

Weight of the adult patients was informed by the ASCEND trial, and assumed to be
constant over the time horizon (103). For paediatric patients, the Z-score function was
derived from using data from the SPHINGO-100 ftrial for children at 8 years and written
as below:

Zscore = 2.9625 + 0.0313 x Age? — 0.7709 = Age
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Derived Z-scores were used to determine weight, which was calculated based on the
general population mean weight informed by the UK growth chart and Z-score as a
quadratic function of age. The average weight by age at 50" percentile was used as a
proxy for mean weight

The weight of all children in the model was then derived as: Meangen, pop + SDgen pop *

Zscore (Table 44). Children were assumed to switch to adult weight calculations at
18 years of age, which remained constant thereafter.

Table 44: Children weight for age Z-score coefficients

Coefficient Value
Intercept 2.9625
Age linear (years) -0.7709
Age quadratic (years) 0.0313

3.3.1.3 Transition probabilities

Transition probabilities were calculated using multi-stage modelling of patient-level data
for olipudase alfa and placebo from four clinical trials and one natural history study:

e DFI13412 — phase 1b trial including five adult patients for up to 26 weeks

e DFI13803 — ASCEND-Peds phase 1/2 trial including 20 paediatric patients for
64 weeks

e LTS13632 —long-term extension of DFI13412 and DFI113803 including 25 adult and
paediatric patients for up to 9 years

o DFI12712 — ASCEND phase 2/3 trial including 36 adult patients for up to 52 weeks for
the primary analysis, with a total duration of at least 3 years and up to 5 years, 3
months

o SPHINGO-100 — natural history study including 59 patients with ASMD type B, with
data collected at baseline, 1 year, and a third time point varying from 5-11 years

The outcomes of the analysis were SV and DLco, with separate analyses conducted for
adult and paediatric patients. Transition probabilities for SV in the first year were
differentiated by the first 26 weeks (0—6 months), and subsequent 26 weeks (6—-12
months) of the first annual cycle (6—12 months) due to the availability of SV data at these
two time points. Transitions in DLco were not differentiated at 26 weeks, as only 52-week
data were available, and an identity matrix was applied so that transitions in DLco were
only differentiated from 52 weeks.

Multi-stage modelling is a method for analysing the movement of patients through
different states. The observed outcome is a categorical variable denoting the different
states (level of disease). The three states considered for SV were: SV <6 MN, SV 6-15
MN, SV 215 MN; and the three states for DLco were: DLco <40%, DLco 40-80%, DLco
280%. The analysis was conducted under the assumption that transitions between states
between each cycle would depend only on their current state in that cycle. Transitions
between SV and DLco states were assumed to be independent and were estimated
separately.
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Transition probabilities for the paediatric patients in the first year were calculated using
ASCEND-Peds for olipudase alfa and SPHINGO-100 for BSC. In subsequent years,
transition probabilities for olipudase alfa were determined using a combination of
ASCEND-Peds and LTS13632, while SPHINGO-100 was used for BSC. Similarly,
transition probabilities for adults in the first year were calculated using ASCEND and
DF13412 for olipudase alfa and ASCEND and SPHINGO-100 for BSC. In subsequent
years, transition probabilities for olipudase alfa were determined using a combination of
ASCEND and LTS13632, while SPHINGO-100 was used for BSC.

Patients receiving olipudase alfa can only transition to a new health state for up to
2 years, after which they transition to the SV <6 / DL¢o >80 state until the end of the time
horizon or death.

The full set of transition probabilities for olipudase alfa is shown in Table 45 and Table
46, and Table 47 and Table 48 for BSC.
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Table 45: Transition probabilities SV—olipudase alfa

Start state End state
<6 MN 6-15 MN 215 MN
0—6 Months
Children <6 MN 100.0% 0.0% 0.0%
6-15 MN 26.2% 73.8% 0.0%
215 MN 7.9% 43.6% 48.5%
Adult <6 MN 100.0% 0.0% 0.0%
6-15 MN 36.2% 63.9% 0.0%
215 MN 21.3% 64.5% 14.2%
6—12 Months
Children <6 MN 97.6% 2.4% 0.0%
6-15 MN 11.3% 88.7% 0.0%
215 MN 4.3% 59.3% 36.5%
Adult <6 MN 97.5% 2.5% 0.0%
6-15 MN 12.5% 87.5% 0.0%
215 MN 3.5% 45.2% 51.3%
Year 2+
Children <6 MN 100.0% 0.0% 0.0%
6-15 MN 100.0% 0.0% 0.0%
215 MN 100.0% 0.0% 0.0%
Adult <6 MN 100.0% 0.0% 0.0%
6-15 MN 100.0% 0.0% 0.0%
215 MN 100.0% 0.0% 0.0%
Abbreviations: MN, multiples of normal; SV, spleen volume
Table 46: Transition probabilities DLco—olipudase alfa
Start state End state
280% 40-80% <40%
0—6 Months
Children 280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
Adult 280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
6—12 Months
Children 280% 100.0% 0.0% 0.0%
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Start state End state
280% 40-80% <40%
40-80% 24.7% 75.3% 0.0%
<40% 0.0% 0.0% 100.0%
Adult 280% 100.0% 0.0% 0.0%
40-80% 6.3% 93.7% 0.0%
<40% 2.9% 72.0% 25.1%
Year 2+
Children 280% 100.0% 0.0% 0.0%
40-80% 100.0% 0.0% 0.0%
<40% 100.0% 0.0% 0.0%
Adult 280% 100.0% 0.0% 0.0%
40-80% 100.0% 0.0% 0.0%
<40% 100.0% 0.0% 0.0%

Abbreviations: DLco, diffusing capacity for carbon monoxide
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Table 47: Transition probabilities SV-BSC

Start state End state
<6 MN 6-15 MN 215 MN
0—6 Months
Children <6 MN 100.0% 0.0% 0.0%
6-15 MN 0.0% 100.0% 0.0%
215 MN 0.0% 6.0% 94.0%
Adult <6 MN 100.0% 0.0% 0.0%
6-15 MN 6.7% 86.3% 7.0%
215 MN 1.2% 30.4% 68.4%
6—12 Months
Children <6 MN 91.5% 8.5% 0.0%
6-15 MN 0.0% 100.0% 0.0%
215 MN 0.0% 3.1% 96.9%
Adult <6 MN 100.0% 0.0% 0.0%
6-15 MN 1.0% 96.9% 2.0%
215 MN 0.0% 0.0% 100.0%
Year 2+
Children <6 MN 83.8% 16.2% 0.0%
6-15 MN 0.0% 100.0% 0.0%
215 MN 0.0% 6.2% 93.8%
Adult <6 MN 100.0% 0.0% 0.0%
6-15 MN 2.0% 94.0% 4.0%
215 MN 0.0% 0.0% 100.0%
Abbreviations: BSC, best supportive care; MN, multiples of normal; SV, spleen volume
Table 48: Transition probabilities DLco—-BSC
Start state End state
280% 40-80% <40%
0—6 Months
Children 280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
Adult 280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
6—12 Months
Children 280% 52.7% 47.3% 0.0%
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Start state End state
280% 40-80% <40%
40-80% 21.7% 78.3% 0.0%
<40% 8.1% 48.5% 43.3%
Adult 280% 38.2% 59.3% 2.5%
40-80% 3.2% 90.3% 6.5%
<40% 0.5% 24.2% 75.3%
Year 2+
Children 280% 93.2% 6.6% 0.2%
40-80% 0.0% 94.4% 5.6%
<40% 0.0% 0.0% 100.0%
Adult 280% 91.2% 8.6% 0.2%
40-80% 0.0% 95.5% 4.5%
<40% 0.0% 8.3% 91.7%

Abbreviations: BSC, best supportive care; DLco, diffusing capacity for carbon monoxide

3.3.1.4 Mortality

Overall survival was derived using data from the SPHINGO-100 observational study. For
patients aged 3 years onwards, a standardised mortality ratio (SMR)-adjusted mortality
rate was used. The overall survival was modelled by applying the SMR derived for
patients with ASMD with severe splenomegaly (defined as SV 215 MN) and patients
without severe splenomegaly, from the SPHINGO-100 observational study. The overall
SMR was 12.5 [95% CI: 4.3, 20.7], and for patients with and without severe
splenomegaly the SMRs were 43.1 and 4.3, respectively. Each year, the risk of ASMD-
related mortality was calculated separately for patients with severe splenomegaly (215
MN) and for patients without severe splenomegaly (<15 MN), by multiplying the
corresponding SMR with the general population mortality at a specific age. Finally, the
total mortality in each cycle was estimated based on the proportion of patients in health
states with SV <15 MN (SV <6 MN and 6-15 MN) and 215 MN and the calculated
mortality risk.

The SMRs? were estimated by comparing the observed mortality in the SPHINGO-100
natural history study with the expected mortality of the general population in the US
(104). The US life tables were used to estimate the SMR since the majority of patients in
the SPHINGO-100 study were from North America. The estimated SMR was then
applied to the mortality rates of the general population of the UK (105), as a multiplier to
calculate the adjusted survival probabilities as shown in Table 49. The full data set is
included in Appendix N. This approach assumes that once the SMR is calculated, it is
independent of the geographic region. It likely underestimates the impact of ASMD on

@ The ratio of the observed number of deaths in a study population divided by the number of
deaths that would be expected, based on the age- and sex-specific mortality rates in a general
population.
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mortality, as patients who died prior to the age of six years or diagnosis of ASMD were
no accounted for in the analysis. This is in line with the clinical advice received during the
advisory board and from communications with a clinical expert stating, that the impact of
ASMD on mortality is likely more pronounced than what is predicted using the SMR
approach, in particular in the paediatric population (personal communication; || Gz
) (3). In fact,
a recent initial analysis based on US data confirms a higher impact of ASMD on mortality
in paediatric patients than that shown by SPHINGO-100 (55).
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Table 49: Calculation of adjusted survival probabilities for the UK

UK (2016—2018) general population Survival probabilities-adjusted for ASMD
population
Age (years) Probability Number Number Person- Total Expectation | Probability Number Adjusted
of dying surviving dying years lived number of | of life at age of dying surviving to Survival
between to age x between between person- X between age x Prob
ages x and ages x and ages x and years lived ages x and
x+1 x+1 x+1 above age x x+1
qx Ix dyx Lx Tx €x qx*SMR Ix (ASMD) S

0 0.003874* 100000.0 387.4 99806.30 8106543.8 81.07 0.003874* 100000.0 1.000000

1 0.000240* 99612.6 24.0 99600.62 8006737.5 80.38 0.000240* 99612.60 0.996126

2 0.000133* 99588.6 13.2 99582.02 7907136.9 79.40 0.000133* 99588.64 0.995886

3 0.000106 99575.4 10.6 99570.12 7807554.8 78.41 0.000106 x 99575.40 0.995754
SMR

4 0.000086 | 99564.8 8.6 99560.56 7707984.7 77.42 0.000086 x | 99443.43 0.994434
SMR

5 0.000087 99556.3 8.7 99551.95 7608424.2 76.42 0.000087 x 99336.51 0.993365
SMR

6 0.000077 99547.6 7.7 99543.76 7508872.2 75.43 0.000077 x 99228.46 0.992285
SMR

7 0.000068 99539.9 6.8 99536.50 7409328.5 74.44 0.000068 x 99132.31 0.991323
SMR

8 0.000065 99533.1 6.5 99529.83 7309792.0 73.44 0.000065 x 99047.41 0.990474
SMR

Abbreviations: ASMD, acid sphingomyelinase deficiency; SMR, standardised mortality ratio; UK, United Kingdom
* SMR was not applied for age 0-3 years
1 ellipses denote ‘and so on’
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B.3.4 Measurement and valuation of health effects

ASMD has a severe impact on patients’ QoL. Clinical manifestations associated with
ASMD result in patients being unable to care for themselves, perform common daily
activities, and take part in social activities (2, 5, 9). There is also a profound impact on a
patient’s self-esteem, with a risk of anxiety and depression (39). Children with ASMD
experience poor growth and development, which can result in delayed puberty, and
increased risk of bone fracture (10). The lack of a disease-modifying treatment, and
having to cope with the symptoms of ASMD, results in poor functioning and affects the
mental health of many patients.

Families and caregivers of patients with ASMD face a substantial QoL burden (9, 11-13).
They have to deal with the worry and grief of the disease progressing and their loved one
deteriorating or dying (12). They struggle to maintain relationships, and attend social
activities (11). In addition, they face an extreme financial burden due to time spent
caregiving and the inability to work (9).

With a view to factoring these patient considerations into the economic appraisal where
possible, the following section sets out the data, methods and assumptions used to
measure and value health effects.

B.3.4.1  Health-related quality-of-life data from clinical trials

HRQoL was estimated by assigning utilities to health states and disutilities to
complications and AEs. Utilities assigned to health states (based on SV and DLco) were
stratified by patient age (paediatric and adult). Utility decrements associated with
complications and AEs were applied multiplicatively (by multiplying the utility by 1 —
decrement).

3.4.1.1 Health state utilities

While EQ-5D-5L and SF-36 data were collected in the ASCEND trial, these instruments
lack sensitivity in patients with ASMD. Neither instrument assesses important aspects of
ASMD, such as deterioration in pulmonary function and symptoms related to SV (e.g.
bleeding and bruising). The lack of sensitivity of these instruments in ASMD is
demonstrated by baseline data from ASCEND, which shows that utilities derived from
both instruments were lowest (worst) among patients with the least severe ASMD. This
may, in part, be due to a lack of sufficiently large sample size to represent different
health states within ASMD, which is a common problem in rare diseases as it is often not
feasible to recruit large patient populations. Furthermore, as ASMD is a chronic disease,
many patients may learn to cope with their condition over time, which may limit the
responsiveness of the anxiety and depression domain on the EQ-5D-5L and the mental
health domain on the SF-36. Patients may also adjust expectations of their usual
activities, kinds of work and levels of accomplishment, which may further affect the
sensitivity of these items.
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Therefore, to obtain reliable utility estimates, as per NICE guidance (98), for use in cost-
effectiveness modelling of treatment for patients with ASMD, health state utilities for
children and adults were derived from a vignette study, including [} participants in [}
. (106). The utility study used health state vignettes based on existing literature
reviews, clinical expert opinion, and clinical trial results. The cross-sectional study was
conducted in two phases (pilot and main study phase) and involved in-person interviews
to evaluate the health states. Based on the results of the pilot study, | KGcNIG
.|
I Utility values associated with each health state were summarised
with means and 95% Cls. Health state utilities for children and adults can be found in
Table 50 and Table 51, respectively.

Table 50: Health state utilities from vignette study-children

Health state Mean (95% CI)

A1: ASMD without impairment

A2: ASMD with mild/moderate impairment in DLco

A3: ASMD with mild/moderate spleen and liver
volume increase

A4: Mild/moderate ASMD

A5: ASMD without DLco impairment with severe
spleen and liver volume increase

A6: ASMD with severe DLco impairment and
without spleen and liver volume increase

A7: ASMD with mild/moderate DLco impairment
with severe spleen and liver volume increase

A8: ASMD with severe DLco impairment with
mild/moderate spleen and liver volume increase

A9: Severe ASMD

Abbreviations: ASMD, acid sphingomyelinase deficiency; ClI, confidence interval; DLco, diffusing capacity for
carbon monoxide

Table 51: Health state utilities from vignette study-adults

Health state Mean (95% Cl)

A1: ASMD without impairment

A2: ASMD with mild/moderate impairment in DLco

A3: ASMD with mild/moderate spleen and liver
volume increase

A4: Mild/moderate ASMD
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Health state Mean (95% CI)

A5: ASMD without DLco impairment with severe
spleen and liver volume increase

AB: ASMD with severe DLco impairment and
without spleen and liver volume increase

A7: ASMD with mild/moderate DLco impairment
with severe spleen and liver volume increase

A8: ASMD with severe DLco impairment with
mild/moderate spleen and liver volume increase

A9: Severe ASMD

Abbreviations: ASMD, acid sphingomyelinase deficiency; Cl, confidence interval; DLco, diffusing capacity for
carbon monoxide

3.4.1.2 Utility decrement for complications and adverse events

Disutilities due to complications were extracted from published literature and assumed to
be assigned one time at the start of the event. Due to the limited availability of utility data
specific to ASMD-related complications, disutilities for complications were sourced from
literature on analogue diseases:

For respiratory complications, a disutility for pneumococcal disease was chosen
as a representative respiratory complication. The disutility for respiratory
complications was based on the utility for hospitalised pneumonia from a
published UK vignette study for pneumococcal and human papillomavirus
diseases (107).

For liver complications, the disutility for decompensated cirrhosis in hepatitis C
was taken from a large meta-analysis drawing on data from multiple countries
(108). It was also cited in the HST committee papers for ID737 (Sebelipase alfa
for treating lysosomal acid lipase deficiency).

For spleen complications, no utility data were identified for splenic infarction or
splenic crisis. Therefore, splenectomy was the closest concept for which utility
data were available. The disutility associated with splenectomy in patients with
immune thrombocytopenic purpura was used to inform spleen complications
(109).

For cardiovascular complications, the disutility associated with cardiovascular
disease was extracted from the published utilities for angina in patients with
diabetes-related chronic conditions (110). The reference is widely used in models
of cardiovascular disease, diabetes, and related conditions.

For major bleeding, the utility associated with thrombocytopenia in patients with
immune thrombocytopenic purpura in the UK was used to inform major bleeding
(111). Immune thrombocytopenic purpura was chosen as the closest proxy as
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bleeding in patients with ASMD is also related to thrombocytopenia resulting from
splenomegaly.

The duration of hospitalised pneumonia was assumed to be 2 weeks, while for all other
complications it assumed to be one year. Utility decrements for complications can be
found in Table 52.

Participants in the UK advisory board commented, that these complications likely have
long-term consequences for patients with ASMD (3). Modelling these as one-off events
can therefore be considered a conservative assumption.

Disutilities due to AEs were not included in the base-case analysis, as the nature of
these events (increased alanine aminotransferase, urticaria, rash, anaphylactic reaction,
and hypersensitivity) were not assumed to have a long-term additional impact on patient
quality of life on top of the SV, DLco and complication mediated differences in patient
QoL (considering the multiplicative approach to utility estimation used in the model).

Table 52: Utility decrement for complications

Complication Utility decrement Source
Respiratory -0.034 Galante et al, 2011(107)
Liver Disease -0.237 McLernon et al, 2008 (108)
Spleen -0.080 Snyder et al, 2008 (109)
Cardiovascular Disease -0.230 Sullivan et al, 2016 (110)
Maijor Bleeding -0.129 Szende et al, 2010 (111)

3.4.1.3 Utility decrement for caregivers

Caregiver disutilities are determined by treatment (Table 53), given the treatment-
mediated impact on patients’ symptoms and manifestations, and the potential reduction
in caregiver burden this brings. No caregiver disutilities were identified in the SLR, and
therefore conservative estimates were used. Caregiver disutility was assumed the same
as for caregivers of non-ventilator-dependent infants with Pompe disease (an inherited
LSD with similar symptoms to ASMD, including respiratory difficulties, reduced growth,
and fatigue (112) (97). An additional caregiver disutility associated with death was also
included and assumed to be -0.5; this specific disutility value was assumed using
conservative estimates based on those associated with patient death as used in
published cancer models (113).

The model assumes that patients under the age of 18 have an average of 1.8 caregivers
per patient, based on the average number of caregivers per child in the UK (105) in line
with previous HST appraisals (114, 115); this reduces to 1 caregiver per patient beyond
the age of 18, to ensure caregiver disutility estimates are conservative when reflecting
patients who have reached adulthood.
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Table 53: Utility decrement to caregivers of patients with ASMD type B and A/B

Caregiver’s disutility Spleen volume (MN)
1-6 6-15 >15
Olipudase alfa
DLco 100-80 0.000 0.000 0.000
80-40 0.000 0.000 0.000
<40 0.000 0.000 0.000
BSC
DLco 100-80 -0.150 -0.150 -0.150
80-40 -0.150 -0.150 -0.150
<40 -0.150 -0.150 -0.150

Abbreviations: DLco, diffusing capacity for carbon monoxide; MN, multiples of normal

B.3.4.2 Mapping

Mapping was not required, as utility values were directly available from the TTO method
used in the vignette study.

B.3.4.3  Health-related quality-of-life studies

A SLR was conducted to identify HRQoL studies relevant to the decision problem. The
following electronic databases were searched: Embase, MEDLINE, MEDLINE In-
Process, and the Cochrane Library (Cochrane Database of Systematic Reviews and
Cochrane Central Register of Controlled Trials) databases via Ovid SP. Please see
Appendix D for full details of the original search. In total, five studies reporting burden of
disease and HRQoL were identified, of which four evaluated measures of HRQoL. No
utility data were identified in the SLR. Details of the HRQoL studies identified are
available in Appendix H.

B.3.4.4 Adverse reactions

The model considers the effects of serious AEs on costs only, as these would be the
events assumed to materially impact the resource and cost of the treatment of patients.
AEs were stratified by the initial year of treatment (i.e., Year 1) and subsequent years
(Table 54). A separate set of AEs were considered for children and adults. The incidence
rates of AEs for children were obtained from the ASCEND-Peds and the long-term
extension trial, while AEs for adults were estimated from the ASCEND-PAP + ETS study.

The incidence of serious AEs in children was based on the incidence of five events in the
ASCEND-Peds and long-term extension study. The events included were increased
alanine aminotransferase, urticaria, rash, anaphylactic reaction, and hypersensitivity.
The overall incidence was then calculated as an annual probability, based on the
duration of each trial. The incidence of AEs for adults was based on the occurrence of
serious extrasystoles in the ASCEND-PAP + ETS study, converted to an annual
probability. The probability of serious AEs related to treatment can be found in Table 54
below.
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Table 54: Serious AE related to treatment

Treatment-related AEs Year 1 Subsequent Years Source
Children 8.30% 8.30% ASCEND-P CSR,
LTS13632 CSR
(74, 76)
Adults 1.02% 1.02% ASCEND CSR (73)

Abbreviations: AE, adverse event

The model also considers the effects of disease-related complications on costs and
health-related quality of life. The complications included in the model are respiratory,
liver, spleen, cardiovascular, and bleeding complications (Table 55 and Table 56). The
base annual rate of complications were derived from SPHINGO-302 (116) and odds
ratios were derived from SPHINGO-100 (8).

Table 55: Rates of complications

Complications

Complication probabilities

Base Annual RR BSC Olipudase Alfa
Rate (116)
Liver complications 0.035 0.10 3.4% 2.4%
Spleen 0.035 1.00 2.3% 1.6%
complications
Cardiovascular 0.023 1.00 3.0% 2.1%
complications
Abbreviations: BSC, best supportive care; RR, relative risk
Table 56: Rates of respiratory and bleeding complications
Respiratory and Base Annual Rate OR (8) Complication
bleeding (116) probabilities
complications
Respiratory complications
DLco 280% 0.141 - 13.1%
DLco 40-80% - 2.14 26.0%
DLco £40% - 3.12 35.6%
Bleeding complications
SV <6 MN 0.027 - 2.7%
SV 6-15 MN - 1.00 2.7%
SV 215 MN - 2.56 6.7%

Abbreviations: DLco, diffusing capacity for carbon monoxide; MN, multiples of normal; OR, odds ratio; SV,

spleen volume
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B.3.4.5
analysis

Health-related quality-of-life data used in cost-effectiveness

A summary of the utility data used in the economic model for each health state is
provided in Section B.3.4.1.

Table 57: Summary of utility values for cost-effectiveness analysis

State

Utility
value

95% confidence

interval

Reference in
submission

(section and

page number)

Justification

Health state utilities -

children

A1: ASMD without
impairment

Section 3.4.1.1

A2: ASMD with
mild/moderate
impairment in DLco

Section 3.4.1.1

A3: ASMD with
mild/moderate spleen
and liver volume
increase

Section 3.4.1.1

A4: Mild/moderate
ASMD

Section 3.4.1.1

A5: ASMD without
DLco impairment with
severe spleen and
liver volume increase

Section 3.4.1.1

A6: ASMD with
severe DLco
impairment and
without spleen and
liver volume increase

Section 3.4.1.1

A7: ASMD with
mild/moderate DLco
impairment with
severe spleen and
liver volume increase

Section 3.4.1.1

A8: ASMD with
severe DLco
impairment with
mild/moderate spleen
and liver volume
increase

Section 3.4.1.1

A9: Severe ASMD

Section 3.4.1.1

Health states
included were
observed in the
ASCEND trials, with
SV and DLco
affecting clinical
outcomes

Health state utilities —

adults

A1: ASMD without
impairment

Section 3.4.1.1

A2: ASMD with
mild/moderate
impairment in DLco

Section 3.4.1.1

Health states
included were
observed in the
ASCEND trials, with
SV and DLco
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State

Utility
value

95% confidence
interval

Reference in
submission

(section and

page number)

Justification

A3: ASMD with
mild/moderate spleen
and liver volume
increase

Section 3.4.1.1

A4: Mild/moderate
ASMD

Section 3.4.1.1

A5: ASMD without
DLco impairment with
severe spleen and
liver volume increase

Section 3.4.1.1

A6: ASMD with
severe DLco
impairment and
without spleen and
liver volume increase

Section 3.4.1.1

A7: ASMD with
mild/moderate DLco
impairment with
severe spleen and
liver volume increase

Section 3.4.1.1

A8: ASMD with
severe DLco
impairment with
mild/moderate spleen
and liver volume
increase

Section 3.4.1.1

A9: Severe ASMD

Section 3.4.1.1

affecting clinical
outcomes

Utility decrement for complications

Respiratory -0.034 NR Section 3.4.1.2
Liver Disease -0.237 NR Section 3.4.1.2
Spleen -0.080 NR Section 3.4.1.2
Cardiovascular -0.230 NR Section 3.4.1.2
Disease

Major Bleeding -0.129 NR Section 3.4.1.2

The complications
included are
common in patients
with ASMD and
have been identified
as having the most
impact on valued
quality of life

Abbreviations: ASMD, acid sphingomyelinase deficiency; DLco, diffusing capacity for carbon monoxide; MN,
multiples of normal; NR, not reported; SV, spleen volume

Source: Sanofi data on file
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B.3.5 Cost and healthcare resource use identification,
measurement and valuation

B.3.5.1 Resource identification, measurement and validation studies

A SLR was conducted to identify resource use and costs data relevant to the decision
problem. The following electronic databases were searched: Embase, MEDLINE,
MEDLINE In-Process, and the Cochrane Library (Cochrane Database of Systematic
Reviews and Cochrane Central Register of Controlled Trials) databases via Ovid SP.
Please see Appendix D for full details of the original search. In total, one study (5)
identified in the SLR reported baseline annual resource utilisation for the following
categories (as detailed in Appendix I):

e Hospital admissions
e Emergency room visits
e OQutpatient service use
e Surgical procedures

¢ Medication/therapy use

B.3.5.2 Intervention and comparators' costs and resource use

NHS reference costs (2019-2020) have been used to inform cost inputs for
administration costs, monitoring costs, and adverse event management (117).

3.5.2.1 Acquisition costs

Drug unit cost and package information are provided in Table 58. Two vial options, 4 mg
and 20 mg were provided in the model. The 4 mg vial is anticipated to become available
in the first half of 2023, with an equivalent per mg cost as the 20 mg vial.

Table 58: Drug acquisition costs

Drug name Unit cost Unit strength Package size Cost per mg
Olipudase alfa [ 4 mg 1 e
Olipudase alfa I 20 mg 1 e

Abbreviations: mg, milligram

Annual drug acquisition costs are provided in Table 59. A compliance of 90% for all
years was assumed in the model, in line with available trial data (73) and clinical expert

opinion (personal communication; |GGG
I ). Child weight was also assumed to not changed in

Year 1. In subsequent years, drug costs are calculated each cycle based on weight.
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Table 59: Annual drug acquisition cost

Description Compliance Total annual Annual Cost
dose

Children

Year 1 (escalation +

0,
maintenance) 90.0% 1,265 mg

Subsequent years

9 -
(maintenance) 90.0%

Adults

Year 1 (escalation +

I
maintenance) 90.0% 3,822 mg ]
I

Subsequent years

0,
(maintenance) 90.0% 4,824 mg

3.5.2.2 Administration costs

Cost of dose escalation

During dose escalation, the annual administration cost was calculated from the biweekly
cost of dose escalation consisting of a physician visit and any monitoring tests required
for dose escalation until HTD was achieved.

Table 60: Cost of annual administration cost during dose escalation (biweekly)

Description Value

Cost per visit of dose escalation

and monitoring (biweekly) £135.00

Cost of maintenance (subsequent years)

In subsequent years, administration cost was calculated as the weighted average cost
based on location of administration, with no cost assumed for independent administration
(Table 61). Cost of administration by a nurse was assumed post escalation in Year 1.
Cost per administration by nurse was calculated based on a weighted average of mean
duration of infusion by dose (Table 62) and the distribution of highest tolerated dose
(HTD) patients achieved to estimate the overall mean duration and applied hourly cost.
Hourly cost for nurse visit, cost per physician, and hospital outpatient clinic visit was
extracted from Unit Costs of Health & Social Care 2020 (118).

Table 61: Cost of maintenance

Location Children Adults Cost per
admin/hourly cost

Hospital outpatient clinic 0.0% 0.0% £135.00
Physicians’ office 0.0% 0.0% £39.00
Home with nurse present 100.0% 100.0% -

Hourly administration - - £44.00

cost for the first 60

min
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Location Children Adults Cost per
admin/hourly cost
Hourly admin cost - - £44.00
after the first 60 min
Independent 0.0% 0.0% £0.00
administration
Other 0.0% 0.0% £0.00

Source: Unit Costs of Health & Social Care 2020 (118)
Abbreviations: min, minute

Table 62: Mean duration of infusion during maintenance

HTD Duration of infusion (minutes)

Children Adults
0.03 mg/kg 18 N/A
0.10 mg/kg 35 35
0.30 mg/kg 60 220
0.60 mg/kg 80 220
1.00 mg/kg 100 220
2.00 mg/kg 160 220
3.00 mg/kg 220 220
Mean duration of infusion 220 220
(minutes)

Abbreviations: HTD, highest tolerated dose; kg, kilogram; mg, milligram

Annual administration cost

The annual administration cost for Year 1 (escalation and maintenance) and subsequent
years (maintenance) is provided in Table 63.

Table 63: Annual administration costs

Description Annual cost
Childrent

Year 1 (escalation + maintenance) £3,561.90
Subsequent years (maintenance) £3,778.16
Adults?

Year 1 (escalation + maintenance) £3,567.87
Subsequent years (maintenance) £3,778.16

Abbreviations: mg, milligram
1 based on ASCEND-Peds
1 based on ASCEND
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B.3.5.3 Health-state costs and resource use

Medical management of ASMD is associated with costs that are additional to those
directly related to treatment, due to regular or unexpected visits to healthcare providers.
Unit costs were informed by National Schedule of Reference Costs 2019-2020 (117).
Annual frequencies of resource use were derived from a retrospective cohort analysis
conducted using IQVIA Open Claims for patients with confirmed and potential (high
probability) ASMD type B. Frequencies of resource use were validated by a UK clinical
expert (personal communication; |GGG
) R<source utilisation for treatment of ASMD with
either olipudase alfa or BSC are found in Table 64 and Table 65. All resource utilisation
estimates were assumed to be the same for patients treated with olipudase alfa and
BSC.
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Table 64: Annual number of visits and tests

Medical services Olipudase alfa BSC Unit cost
Children Adults Children Adults

Healthcare professional visits

Primary care physician - - - - £39.52

Nurse visits [ [ [ | [ £42.31

Neurologist [ [ [ | [ £188.54

Other specialist [ [ [ | [ £139.31

Physical therapist [ [ [ | [ £111.30

Other healthcare professional [ [ [ | [ £0.00

Laboratory tests

Hepatic function panel - - - - £8.46

Lipid panel [ [ [ | [ £4.84

Complete blood count [ [ [ | [ £2.55

Hormone panel (FSH, LH,

oestradiol, testosterone, TSH, [ [ [ ] [ £1.21

Free T3, T4)

Monitoring tests

Pulmonary function tests [ [ [ | [ £157.89

Electrocardiogram [ [ [ | [ £131.21

Abdominal ultrasound [ [ [ | [ £94.95

Echocardiogram [ [ [ | [ £119.09

MRI (abdomen) [ [ [ | [ £308.78

Chest X-ray [ [ [ | [ £32.96

Company evidence submission template for Olipudase alfa for treating Niemann-Pick disease types B and A/B [ID3913]
© Sanofi (2022). All rights reserved

Page 189 of 246




Medical services Olipudase alfa BSC Unit cost
Children Adults Children Adults

E)lr%rg) grtraasstl:;/tlon computed - - - - £913.02
Coronary angiography [ [ [ | [ £259.51
absorptometry - - - . 7767
Bone age study [ [ [ | [ £32.96
Other

Molecular pathology procedure - - - - £36.85
Ophthalmological exam [ [ [ | [ £110.93
Pulse oximetry [ [ [ ] [ £205.06
Developmental screening [ [ [ ] [ £332.22

Source: Sanofi (65); National Schedule of NHS costs, 2019 (117)
Abbreviations: BSC, best supportive care; FSH, follicle stimulating hormone; LH, luteinising hormone; MRI, magnetic resonance imaging; T3, triiodothyronine; T4, thyroxine;

TSH, thyrotropin

Table 65: Proportion of medication and vaccinations

Medical services

Olipudase alfa

BSC

Children

Adults

Children

Adults

Annual cost per patient

Medication and vaccinations

Statins

Vitamin D

Bisphosphonates for osteoporosis in adults

Influenza vaccine

Pneumococcal pneumonia vaccine
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Medical services

Olipudase alfa

BSC

Children

Adults

Children

Adults

Annual cost per patient

Ace Inhibitors

Aldosterone Antagonists

Antibiotics

Anticoagulants

Beta Blockers

Respiratory impairment

Bronchodilators

Oxygen therapy

Lung transplant

Splenomegaly

Wheelchair

Carer’s Allowance

Hoist and home adjustments

Spleen Guard

Other treatments

Liver transplant

Source: Sanofi (65); National Schedule of NHS costs, 2019 (1
Abbreviations: BSC, best supportive care

-

7

~

Annual cost of routine care by population and treatment arm are shown in Table 66. Unit costs were informed by National Schedule of

Reference Costs 2019-2020 (117).
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Table 66: Average annual cost of routine care

Care

Olipudase alfa

BSC

Children

Children

Adults

Healthcare professional visits

Monitoring and laboratory tests

Other routine care

Medications and vaccinations

Other treatments

Lung transplant

Liver transplant

>
o
II I E
=3
(7}

Source: National Schedule of NHS costs, 2019 (117)

All costs were inflated to 2021
Abbreviations: BSC, best supportive care
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B.3.5.4 Adverse reaction unit costs and resource use

B.3.5.4.1 Adverse reaction costs

Adverse reaction costs for children were based on the weighted average of national
average unit cost and number of events of alanine aminotransferase increase, rash,
anaphylactic reaction, urticaria and hypersensitivity. Cost for adults was based on the
cost of extrasystoles. Unit costs were informed by National Schedule of Reference Costs
2019-2020 (117). Table 67 shows annual cost of treatment-related AEs.

Table 67: Annual cost of treatment-related AEs

Treatment Olipudase alfa BSC
Children

Year 1 £25.66 £0.00
Subsequent years £25.66 £0.00
Adults

Year 1 £10.51 £0.00
Subsequent years £10.51 £0.00

Source: National Schedule of NHS costs (117)
Abbreviations: AE, adverse event; BSC, best supportive care

3.5.4.2 Complication costs

Complication costs are applied when a specific complication of the disease occurs.
Costs were stratified by medical vs. pharmaceutical costs (Table 68). Medical costs were
based on weighted average of national average unit cost of events associated with each
complication extracted from National Schedule of Reference Costs 2019-2020 and
number of events informed from the SPHINGO-302 study. Unit cost of events was
derived from the average of cost associated with their HRG codes. Pharmaceutical costs
were based on average cost of common treatments used for each complication. Unit
costs were extracted from Monthly Index of Medical Specialities Drug Database.

Table 68: Complication costs

Complication Event cost
Respiratory complication—medical £694.18
Respiratory complication—pharmaceutical £1.28
Spleen complication—medical £1,5633.37
Spleen complication—pharmaceutical £0.00
Liver disease—medical £1,692.72
Liver disease—pharmaceutical £35.35
Cardiovascular disease—medical £1,798.47
Cardiovascular disease—pharmaceutical £59.26
Major bleeding—medical £327.64

Source: National Schedule of NHS costs (117)
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B.3.6  Uncertainty

ASMD is a very rare disease, with approximately 36 patients in the UK. Robust
epidemiological data for ASMD are scarce, with no published studies of ASMD
epidemiology in the UK. However, personal communication with clinical experts was
used to reduce the uncertainty surrounding ASMD epidemiology in the UK (personal
communication; || | GTcNcEEEEEEEEEEEEEEEEEEEEEEEE Thcsc cstimates have
been further supported by the NICE final scope (4), and an advisory board conducted by
Sanofi (3).

Uncertainty is inherent in very rare diseases such as ASMD, with the common challenge
of generating evidence from sufficiently large cohorts of patients. The low number of
patients within clinical trials may affect the reflection of treatment effect. However, the
clinical trial results (ASCEND and ASCEND-Peds) show unequivocally the large benefit
of olipudase alfa treatment for both adults and children with ASMD. Furthermore, as with
many rare diseases, the availability of evidence and published studies is sparse, as
evident from the SLR. No economic evaluations of treatments for ASMD were identified
in the SLR, with only one study identified that reported economic outcomes. Therefore,
UK clinical experts provided validation for assumptions throughout the model, via
advisory boards and personal communication. Input from UK clinical experts provides a
realistic view of what is occurring in the UK for this condition and enables a greater
understanding of the wide range of symptoms and healthcare interventions for this
condition within the UK. The natural history of ASMD was also investigated, including
long-term outcomes and mortality, using a number of sources, including the Sanofi
sponsored SPHINGO-100 study (8, 54).

Measuring HRQoL for patients with ASMD is also challenging. Generic QoL instruments
such as EQ-5D and SF-36, do not appear to fully capture the effect of ASMD on patients
QoL (as discussed in Section B.3.4). Although some measurements included in the
instruments are relevant, such as pain, symptoms specifically related to patients with
ASMD such as SV, which can dramatically affect a patient’s life, are missing from these
instruments. Patients have expressed that symptoms with the most impact to their QoL
include a distended abdomen, which may not be included in the generic instruments,

with one patient stating, |EEEEEEEEE—

I 2 ). However, to account for the uncertainty of the HRQoL data
obtained from ASMD clinical trials, and to obtain reliable utility estimates for use in the

cost effectiveness model, health state utilities were derived from a vignette study. This
allowed for a greater number of participants to be included, and also to include ASMD
specific measurements.

B.3.7 Managed access proposal
Not applicable.
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B.3.8

Summary of base-case analysis inputs and assumptions

A summary of all the inputs used in the economic model is provided in Table 69. Base
case results are reported in tables and figures.

B.3.8.1

Summary of base-case analysis inputs

A list of all variables used in the economic analysis is provided in Table 69 and Table 70.

Table 69: Summary of variables applied in the economic model for paediatric base case

Variable

Value (reference to
appropriate table or figure in

Measurement of
uncertainty and

Reference to
table/figure in

submission) distribution: submission
confidence
interval
(distribution)
Baseline patient characteristics
Age (Years) 8 Normal Table 43
Weight (kg) 20.5 Normal
DLco>80% 0.0% Normal
DLco40-80% 88.9% Normal
DLco £40% 11.1% Normal
Spleen volume <6 0.0% Normal
MN
Spleen volume 6- 40.0% Normal
15 MN
Spleen volume 60.0% Normal
215 MN
Children weight for age Z-score coefficients
Intercept 2.9625312 Normal Table 44
Age linear (years) -0.7708681 Normal
Age quadratic 0.0313266 Normal
(years)
Transition probabilities
Spleen volume 0-6 months Table 45 -
Olipudase alfa Table 48
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 26.2% 73.8% 0.0%
215 MN 7.9% 43.6% 48.5%
Spleen volume 6-12 months
Olipudase alfa
Start state End state
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Variable Value (reference to Measurement of Reference to
appropriate table or figure in | uncertainty and table/figure in
submission) distribution: submission
confidence
interval
(distribution)
<6 MN 6-15 MN 215 MN
<6 MN 97.6% 2.4% 0.0%
6-15 MN 11.3% 88.7% 0.0%
215 MN 4.3% 59.3% 36.5%
Spleen volume year 2+
Olipudase alfa
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 100.0% 0.0% 0.0%
215 MN 100.0% 0.0% 0.0%
Spleen volume 0-6 months
BSC
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 0.0% 100.0% 0.0%
215 MN 0.0% 6.0% 94.0%
Spleen volume 6-12 months
BSC
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 91.5% 8.5% 0.0%
6-15 MN 0.0% 100.0% 0.0%
215 MN 0.0% 3.1% 96.9%
Spleen volume year 2+
BSC
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 83.8% 16.2% 0.0%
6-15 MN 0.0% 100.0% 0.0%
215 MN 0.0% 6.2% 93.8%
DLco 0-6 months Table 45 -
Olipudase alfa Table 48
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Variable Value (reference to Measurement of Reference to
appropriate table or figure in | uncertainty and table/figure in
submission) distribution: submission
confidence
interval
(distribution)
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
DLco 6-12 months
Olipudase alfa
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 24.7% 75.3% 0.0%
<40% 0.0% 0.0% 100.0%
DLco year 2+
Olipudase alfa
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 100.0% 0.0% 0.0%
<40% 100.0% 0.0% 0.0%
DLco 0-6 months
BSC
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
DLco 6-12 months
BSC
Start state End state
280% 40-80% <40%
280% 52.7% 47.3% 0.0%
40-80% 21.7% 78.3% 0.0%
<40% 8.1% 48.5% 43.3%
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Variable

Value (reference to
appropriate table or figure in

Measurement of
uncertainty and

Reference to
table/figure in

impairment

A2: ASMD with
mild/moderate
impairment in
DLco

A3: ASMD with
mild/moderate
spleen and liver
volume increase

A4: Mild/moderate
ASMD

A5: ASMD without
DLco impairment
with severe
spleen and liver
volume increase

A6: ASMD with
severe DLco
impairment and
without spleen
and liver volume
increase

A7: ASMD with
mild/moderate
DLco impairment
with severe
spleen and liver
volume increase

A8: ASMD with
severe DLco
impairment with
mild/moderate
spleen and liver
volume increase

submission) distribution: submission
confidence
interval
(distribution)
DLco year 2+
BSC

Start state End state

280% 40-80% <40%
280% 93.2% 6.6% 0.0%
40-80% 0.0% 94.4% 5.6%
<40% 0.0% 0.0% 100.0%

Health state utilities

A1: ASMD without Beta Table 50
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Variable Value (reference to Measurement of Reference to
appropriate table or figure in | uncertainty and table/figure in
submission) distribution: submission
confidence
interval
(distribution)

A9: Severe ASMD [
Utility decrement for complications

Respiratory -0.034 Beta Table 52

Liver Disease -0.237

Spleen -0.080

CVvD -0.230

Maijor Bleeding -0.129
Caregiver’s disutility
Caregiver disutility: 0.000 Beta Table 53
olipudase alfa
Caregiver disutility: -0.150 Table 53
BSC
Caregiver disutility -0.500 Beta Section 3.4.1.3
associated with death

Serious AE related to treatment

Treatment related AE 8.30% Normal Table 54
Year 1

Treatment related AE
subsequent years

Rates of complications

Liver complications 3.4% Normal Table 55
BSC

Liver complications 2.4%

olipudase alfa

Spleen complications 2.3%

BSC

Spleen complications 1.6%

olipudase alfa

Cardiovascular 3.0%
complications BSC

Cardiovascular 2.1%
complications
olipudase alfa

Respiratory complication probabilities

DLco 280% 13.1% Normal Table 56
DLco 40-80% 26.0%
DLco £40% 35.6%

Bleeding complication probabilities
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Variable

Value (reference to
appropriate table or figure in

Measurement of
uncertainty and

Reference to
table/figure in

after the first 60 min

submission) distribution: submission
confidence
interval
(distribution)
SV <6 MN 2.7% Normal Table 56
SV 6-15 MN 2.7%
SV 215 MN 6.7%
Complication costs
Respiratory £694.18 Gamma Table 68
complication—
medical
Respiratory £1.28
complication—
pharmaceutical
Spleen £1,533.37
complication—
medical
Spleen £0.00
complication—
pharmaceutical
Liver disease— £1,692.72
medical
Liver disease— £35.35
pharmaceutical
Cardiovascular £1,798.47
disease—medical
Cardiovascular £59.26
disease—
pharmaceutical
Major bleeding— £327.64
medical
Drug acquisition unit costs
Olipudase alfa 4 mg ] Constant Table 58
Olipudase alfa 20 mg ]
Cost of maintenance
Hospital outpatient £135.00 Gamma Table 61
clinic
Physicians’ office £39.00
Home with nurse -
present
Hourly admin cost for £44.00
the first 60 min
Hourly admin cost £44.00
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Variable

Value (reference to
appropriate table or figure in
submission)

Measurement of
uncertainty and
distribution:
confidence
interval
(distribution)

Reference to
table/figure in
submission

Independent
administration

£0.00

Other

£0.00

Annual administration costs

Year 1 (escalation +
maintenance)

£3,561.90

Subsequent years
(maintenance)

£3,788.16

Gamma

Table 63

Routine care costs

Olipudase BSC

alfa

Healthcare
professional visits

Monitoring and
laboratory tests

Other routine care

Medications and
vaccinations

Other treatments

Lung transplant

Liver transplant

Gamma

Table 66

Treatment related AE

cost

Year 1

£25.66

Subsequent years

£25.66

Gamma

Table 67

Abbreviations: AE, adverse event; ASMD, acid sphingomyelinase deficiency; BSC, best supportive care; Cl,
confidence interval; DLco, diffusing capacity for oxygen; kg, kilogram; mg, milligram; MN, multiples of normal;

Table 70: Summary of variables applied in the economic model for adult base case

Variable

Value (reference to
appropriate table or figure

Measurement of
uncertainty and

Reference to
table/figure in

in submission) distribution: submission
confidence
interval
(distribution)
Baseline patient characteristics

Age (Years) 34 Normal Table 43
Weight (kg) 64.52 Normal
DLco>80% 0.0% Normal
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Variable

Value (reference to
appropriate table or figure

Measurement of
uncertainty and

Reference to
table/figure in

in submission) distribution: submission
confidence
interval
(distribution)
DLco 40-80% 80.6% Normal
DLco £40% 19.4% Normal
Spleen volume <6 0.0% Normal
MN
Spleen volume 6-15 77.8% Normal
MN
Spleen volume 215 22.2% Normal
MN
Transition probabilities
Spleen volume 0-6 months Table 45 -
Olipudase alfa Table 48
End state
Start state <6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 36.2% 63.9% 0.0%
215 MN 21.3% 64.5% 14.2%
Spleen volume 6-12 months
Olipudase alfa
End state
Start state <6 MN 6-15 MN 215 MN
<6 MN 97.5% 2.5% 0.0%
6-15 MN 12.5% 87.5% 0.0%
215 MN 3.5% 45.2% 51.3%
Spleen volume year 2+
Olipudase alfa
End state
Start state <6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 100.0% 0.0% 0.0%
215 MN 100.0% 0.0% 0.0%
Spleen volume 0-6 months
BSC
End state
Start state <6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
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Variable Value (reference to Measurement of | Reference to
appropriate table or figure uncertainty and | table/figure in
in submission) distribution: submission
confidence
interval
(distribution)
6-15 MN 6.7% 86.3% 7.0%
215 MN 1.2% 30.4% 68.4%
Spleen volume 6-12 months
BSC
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 1.0% 96.9% 2.0%
215 MN 0.0% 0.0% 100.0%
Spleen volume year 2+
BSC
Start state End state
<6 MN 6-15 MN 215 MN
<6 MN 100.0% 0.0% 0.0%
6-15 MN 2.0% 94.0% 4.0%
215 MN 0.0% 0.0% 100.0%
DLco 0-6 months Table 45 -
Olipudase alfa Table 48
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
DLco 6-12 months
Olipudase alfa
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 6.3% 93.7% 0.0%
<40% 2.9% 72.0% 25.1%
DLco year 2+
Olipudase alfa
Start state End state
280% 40-80% <40%
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ASMD

Variable Value (reference to Measurement of | Reference to
appropriate table or figure uncertainty and | table/figure in
in submission) distribution: submission
confidence
interval
(distribution)
280% 100.0% 0.0% 0.0%
40-80% 100.0% 0.0% 0.0%
<40% 100.0% 0.0% 0.0%
DLco 0-6 months
BSC
Start state End state
280% 40-80% <40%
280% 100.0% 0.0% 0.0%
40-80% 0.0% 100.0% 0.0%
<40% 0.0% 0.0% 100.0%
DLco 6-12 months
BSC
Start state End state
280% 40-80% <40%
280% 38.2% 59.3% 2.5%
40-80% 3.2% 90.3% 6.5%
<40% 0.5% 24.2% 75.3%
DLco year 2+
BSC
Start state End state
280% 40-80% <40%
280% 91.2% 8.6% 0.2%
40-80% 0.0% 95.5% 4.5%
<40% 0.0% 8.3% 91.7%
Health state utilities
A1: ASMD without [ ] Beta Table 50
impairment
A2: ASMD with [ ]
mild/moderate
impairment in DLco
A3: ASMD with -
mild/moderate
spleen and liver
volume increase
A4: Mild/moderate [ ]

Company evidence submission template for Olipudase alfa for treating Niemann-Pick
disease types B and A/B [ID3913]

© Sanofi (2022). All rights reserved

Page 204 of 246




Variable

Value (reference to

in submission)

appropriate table or figure

Measurement of
uncertainty and
distribution:
confidence
interval
(distribution)

Reference to
table/figure in
submission

A5: ASMD without
DLco impairment
with severe spleen
and liver volume
increase

A6: ASMD with
severe DLco
impairment and
without spleen and
liver volume
increase

A7: ASMD with
mild/moderate DLco
impairment with
severe spleen and
liver volume
increase

A8: ASMD with
severe DLco
impairment with
mild/moderate
spleen and liver
volume increase

A9: Severe ASMD

Utility decrement for co

mplications

Respiratory

-0.034

Liver Disease

-0.237

Spleen

-0.080

CVvD

-0.230

Major Bleeding

-0.129

Beta

Table 52

Caregiver’s disutility

Caregivers disutility
olipudase alfa

0.000

Table 53

Caregivers disutility
BSC

-0.150

Table 53

Caregivers disutility
associated with death

-0.500

Section 3.4.1.3

Serious AE related to treatment

Treatment related AE
Year 1

1.02%

Treatment related AE

subsequent years

Normal

Table 54

Company evidence submission template for Olipudase alfa for treating Niemann-Pick
disease types B and A/B [ID3913]

© Sanofi (2022). All rights reserved

Page 205 of 246




Variable

Value (reference to
appropriate table or figure

Measurement of
uncertainty and

Reference to
table/figure in

disease—medical

in submission) distribution: submission
confidence
interval
(distribution)
Rates of complications
Liver complications 3.4% Normal Table 55
BSC
Liver complications 2.4%
olipudase alfa
Spleen complications 2.3%
BSC
Spleen complications 1.6%
olipudase alfa
Cardiovascular 3.0%
complications BSC
Cardiovascular 2.1%
complications olipudase
alfa
Respiratory complication probabilities
DLco 280% 13.1% Normal Table 56
DLco 40-80% 26.0%
DLco <40% 35.6%
Bleeding complication probabilities
SV <6 MN 2.7% Normal Table 56
SV 6-15 MN 2.7%
SV 215 MN 6.7%
Complication costs
Respiratory £694.18 Gamma Table 68
complication—medical
Respiratory £1.28
complication—
pharmaceutical
Spleen complication— £1,533.37
medical
Spleen complication— £0.00
pharmaceutical
Liver disease—medical £1,692.72
Liver disease— £35.35
pharmaceutical
Cardiovascular £1,798.47
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Variable

Value (reference to

appropriate table or figure

Measurement of
uncertainty and

Reference to
table/figure in

alfa

Healthcare professional
visits

Monitoring and
laboratory tests

Other routine care

Medications and
vaccinations

Other treatments

Lung transplant

in submission) distribution: submission
confidence
interval
(distribution)

Cardiovascular £59.26
disease—
pharmaceutical
Maijor bleeding— £327.64
medical
Drug acquisition unit costs
Olipudase alfa 4 mg ] Constant Table 58
Olipudase alfa 20 mg ]
Cost of maintenance
Hospital outpatient £135.00 Gamma Table 61
clinic
Physicians’ office £39.52
Home with nurse -
present
Hourly admin cost for £44.00
the first 60 min
Hourly admin cost after £44.00
the first 60 min
Independent £0.00
administration
Other £0.00
Annual administration costs
Yegr 1 (escalation + £3.561.90 Gamma Table 63
maintenance)
Sub_sequent years £3.788.16
(maintenance)
Routine care costs

Olipudase BSC Gamma Table 66
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Variable Value (reference to Measurement of | Reference to

appropriate table or figure uncertainty and | table/figure in

in submission) distribution: submission
confidence
interval
(distribution)

Liver transplant [ ] [ ]
Treatment related AE cost
Year 1 £10.51 Gamma Table 67
Subsequent years £10.51

Abbreviations: AE, adverse event; ASMD, acid sphingomyelinase deficiency; BSC, best supportive care;
CVD, cardiovascular disease; DLco, diffusing factor for carbon monoxide; kg, kilogram; mg, milligram; MN,

multiples of normal; SV, spleen volume.
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B.3.8.2

Assumptions

Assumptions used in the economic model and the rationale for each assumption are

provided in Table 71.

Table 71: Assumptions used in the economic model

Area

Assumption

Justification

Time horizon

Lifetime time horizon with cut off
at 100 years

A lifetime time horizon was
considered appropriate to
capture the long-term clinical
and economic impacts of
olipudase alfa for the treatment
of ASMD, as per the NICE
guide to the methods of
technology appraisal (98). The
lifetime horizon was set at 100
years, after which point it was
assumed all patients would
have died.

Model cycle length

6 months for the first two model
cycles and 1 year for subsequent
cycles

The model cycle length was 6
months for the first two model
cycles to accurately model
treatment effect in the first year
during which clinical trial data
were available. The cycle
length is also reflective of
anticipated UK clinical practice
once treatment becomes
available, where patients would
initially be monitored every
6 months and then every year
ersonal communication;

).

Discount rate

3.5% for costs and 1.5% for
outcomes

Based on stipulations in HM
Treasury’s Green Book and
potentially increasing value of
health (99) .

Patient population and
characteristics

Children assumed to switch to
adult weight at 18 years of age

This is in line with the SmPC
for olipudase alfa, which
assumes a switch to adult
dosing at 18 years of age.
Children are assumed to have
clinically developed into
adulthood by age 18. This was
a simplifying assumption.

Transition probabilities

Transitions between SV and DLco
states assumed to be
independent

This was a simplifying
assumption designed to reduce
the number of parameters
needing to be estimated.
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Area

Assumption

Justification

Patients receiving olipudase alfa
only transition to a new health
state for up to 2 years, after which
they transition to the SV <6 / DLco
>80 state until the end of the time
horizon or death

Two years of data are available
from clinical trial data for
olipudase alfa (ASCEND (73)
and ASCEND-Peds (74)), after
which assumption is used to
reallocate patients to states.
Two years of data are available
from clinical trial data for
olipudase alfa (ASCEND (73)
and ASCEND-Peds (74)), after
which assumption is used to
reallocate patients to states.

Overall survival vs
general population

SMR of 4.3 and 43.1 used for
patients without and with severe
splenomegaly, respectively

Best available data comes
from an analysis of data from
the observational natural
history study SPHINGO-100
(54). In line with advice from
clinical experts, this likely
underestimates the impact of
ASMD on mortality and
therefore is a conservative
assumption.

Treatment duration

Lifetime

This is in line with the SmPC
for olipudase alfa.

No discontinuation, 90%
compliance

As olipudase alfa is
administered in a healthcare
setting, compliance is assumed
to be 90%, in line with trial
data. This was validated by a
UK clinical expert (personal
communication;

).

Caregiver utilities

Caregiver disutility value is
assumed the same as Pompe
disease and cancer

Conservative assumption on
caregiver disutility based on
published cancer models:

e Caregiver -0.16 (79)
e Duetodeath-0.6

(119)
Caregiver disutility assumed This is a conservative
relevant for adult patients, but assumption.

number of caregivers reduced to
1.0 versus 1.8 in children

1.8 paediatric caregivers based
on ONS data and used in
HST11 (120)

1 adult caregiver has been
used previously in published
studies for other diseases
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Area Assumption Justification

Resource utilisation Resource utilisation estimates The assumption for medication
were assumed to be the same for | costs is considered
patients treated with olipudase conservative as treatment with
alfa or BSC in the base case olipudase alfa would be

expected to decrease these.

Frequencies for resource
utilisation were validated by a
UK clinical expert (personal
communication;

).

Costs Cost of administration by a nurse | Cost was calculated based on
was assumed post escalation in location of administration. The
Year 1 escalation phase includes a

physician visit and any
monitoring tests required for
dose escalation. During the
maintenance phase of
treatment, olipudase alfa may
be administered at home with

an HCP present.

Abbreviations: ASMD, acid sphingomyelinase deficiency; BSC, best supportive care; DLco, diffusing capacity
for carbon monoxide; HCP, healthcare practitioner; NICE, National Institute for Health and Care Excellence;
SmPC, summary of product characteristics; SV, spleen volume; UK, United Kingdom
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B.3.9 Base-case results

Overall survival curves for the base case paediatric and adult populations are presented
in Figure 22 and Figure 23: respectively.

Figure 22: Model projections of survival for children treated with olipudase alfa, BSC, and
the general population

100%
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60%
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40%
30%
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Abbreviations: BSC, best supportive care

Figure 23: Model projections of survival for adults treated with olipudase alfa, BSC, and
the general population
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Abbreviations: BSC, best supportive care
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B.3.9.1

Base-case incremental cost effectiveness analysis results

Base case results for the paediatric, adult, and combined overall population are presented in Table 72.

Table 72: Base-case (deterministic) results

Population | Technologies Total Incremental (olipudase alfa vs BSC) ICER (£/QALY) ICER
(E/Weighted
QALY
Costs (£) LYG QALYs Costs (£) LYG QALYs | Weighted
QALYs
Paediatric | Olipudase alfa | | N e 24.41 I [ ] 24.95 74.86 — —
BSC I -0.54 i i - -
Adult Olipudase alfa | | IEN e 6.66 ] [ ] 16.44 36.89 — —
BSC I -9.77 i i - -
Combined | Olipudase alfa | | N | TR 15.54 e [ 20.69 55.88 — —
BSC I -5.16 i i - -

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Company evidence submission template for Olipudase alfa for treating Niemann-Pick disease types B and A/B [ID3913]
© Sanofi (2022). All rights reserved

Page 213 of 246




In the combined population, olipudase alfa is estimated to offer a high per-patient
incremental health benefit. Base case results discounted at 3.5% for costs and 1.5% for
outcomes show that olipudase alfa provides an increase in life years (LYs) and QALYs

compared to BSC (JJll LYs and 15.54 QALYs for olipudase alfa vs [JJJLYs and -
5.16 QALYs for BSC). The estimated incremental cost-effectiveness ratio (ICER) for
olipudase alfa vs BSC is |l per unweighted QALY gained and | per
weighted QALY gained.

Clinical outcomes from the model and estimated disaggregated results are presented in

Appendix J.

B.3.10 Exploring uncertainty

B.3.10.1 Probabilistic sensitivity analysis

3.10.1.1 Inputs

In order to assess the overall effect of parameter uncertainty on the model outcomes,
probabilistic sensitivity analysis (PSA) was conducted. Key model parameters were
assigned to statistical distributions based on the parameter type and the expected
uncertainty around the default parameter values. A total of one thousand simulations
were performed during the PSA as this quantity of simulations proved to be sufficient in
producing convergent results. The distributions used are presented in Table 73.

Table 73: Distributions used for model parameters in PSA

Model
parameter

Distributions used

Patient baseline
characteristics

e Starting age: normal distribution
e Adult weight: normal distribution

Children weight
for age Z-score

Children weight for age Z-score parameters were varied assuming a
normal distribution

parameters

Transition Sampled from a Dirichlet distribution

probabilities

Highest tolerated | Highest tolerated dose for children and adults was sampled from a Dirichlet
dose distribution

Drug acquisition
costs

Compliance-maintenance for children and adults was sampled from a beta
distribution

Administration
costs

e Cost per visit of dose escalation and monitoring (biweekly): Gamma
e Admin cost by nurse - first 60 min: Gamma

e Admin cost by nurse - after first 60 min: Gamma

e Admin cost - hospital outpatient clinic: Gamma

¢ Admin cost - physicians office: Gamma

e Admin cost - independent admin: Gamma

e Admin cost — other: Gamma

Complications
rates

e Respiratory base rate - DLco 280%: Normal
e Respiratory OR - DLco 40-80%: Normal
e Respiratory OR - DLco £40%: Normal
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Model
parameter

Distributions used

¢ Bleeding base rate - SV <6 MN: Normal
e Bleeding OR - SV 6-15 MN: Normal

e Bleeding OR - SV 215 MN: Normal

e base rate - Liver complications: Normal

e base rate - Spleen complications: Normal
e base rate - CV complications: Normal

e RR- Liver complications: Normal

¢ RR - Spleen complications: Normal

e RR - CV complications: Normal

Complication
costs

e Respiratory complication — medical: Gamma

¢ Respiratory complication — pharmaceutical: Gamma
e Spleen complication — medical: Gamma

e Spleen complication — pharmaceutical: Gamma

e Liver disease — medical: Gamma

e Liver disease — pharmaceutical: Gamma

e CVD - medical: Gamma

e CVD - pharmaceutical: Gamma

¢ Major bleeding — medical: Gamma

Treatment
related adverse
events

e TRAE rates: Normal
e TRAE costs- SAEs related to treatment — child: Gamma
e TRAE costs — SAEs related to treatment — adult: Gamma

Routine care
costs

Routine care costs including healthcare professional visits, monitoring and
laboratory tests, other routine care, medications and vaccinations, other
treatments, lung transplant, liver transplant were sample from gamma
distributions

Health state
utilities

Health state utilities for children and adults were sampled from a beta
distribution

Complication
and adverse
events disutilities

Complication disutilities and AE disutilities were sampled from a beta
distribution

Caregivers Caregiver disutilities were sampled from a beta distribution
disutilities
Mortality SMR with and without severe splenomegaly were varied using a normal

distribution

Abbreviations: AE, adverse events; CV, cardiovascular; CVD, cardiovascular disease; DLco, diffusing
capacity for carbon monoxide; MN, multiples of normal; SAE, serious adverse event; SMR, standardised
mortality ratio; SV, spleen volume; TRAE, treatment related adverse event;

3.10.1.2 Results

Paediatric population

The PSA cost-effectiveness plane, and the cost effectiveness acceptability for the
paediatric population is presented in Figure 24 and Figure 25, respectively. With a
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willingness to pay threshold of |l the CE probability was [JJll for the paediatric
population.

Figure 24: I
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Adult population

The PSA cost-effectiveness plane, and the cost effectiveness acceptability for the
paediatric population is presented in Figure 26 and Figure 27, respectively. With a
willingness to pay threshold of || Jlll, the CE probability was [JJij for the adult
population.
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As would be expected, the probabilistic sensitivity analyses show a high level of decision
uncertainty. This is inevitable for such a rare disease and as per the new NICE manual
there can now be a greater acceptance of uncertainty in specific circumstances. This can
be considered for rare diseases, for medicines treating paediatric populations and for
innovative or complex treatments. As olipudase alfa is an innovative, ultra-orphan
medicine that can be used to treat children with ASMD, all three of these circumstances

are relevant to this appraisal.
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B.3.10.2 Deterministic sensitivity analysis

Deterministic sensitivity analyses (DSAs) were conducted to explore the impact of
changing assumptions concerning key model parameter values on the plausible ICER.
Tornado diagrams, in which a numerical variable is varied over a specified range in order
to measure its impact on cost-effectiveness, were generated. Parameters included in
tornado diagrams were varied by +20% of the base case in order to assess the relative
impact of these parameters on the cost-effectiveness estimates.

Parameters varied in the univariate sensitivity analysis were:

e Patient baseline characteristics

e Drug acquisition costs

e Administration costs

e Complication costs

o Treatment related adverse events
¢ Routine care costs

o Utilities

o Mortality

The results for the DSA for the overall paediatric and adult populations for olipudase alfa
vs BSC are presented in Figure 28 and Figure 29, respectively. Drivers of the cost-
effectiveness model that had the greatest effect on ICER outcomes for both the
paediatric and adult population included drug unit cost, adult weight, compliance of
adults during the maintenance phase, and health state utilities for adults and children. In
comparison, the remaining parameters are seen to have a much smaller effect on cost-
effectiveness model outcomes.
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Figure 28:
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Figure 29:
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B.3.10.3 Scenario analysis

Scenarios evaluated are summarised in Table 74.

Table 74: Scenario analyses conducted in the paediatric and adult population, and

rationale

Scenario

Rationale

1.5% discount rate for costs

The NICE guide to the methods of technology
appraisal specifies that, when treatment restores
people who would otherwise die or have very severely
impaired life to full or near full health for a very long
period, a discount rate of 1.5% may be used (98).

Alternative mortality assumptions
based on McGovern et al (2013) (7)

To assess the impact of alternative mortality
assumptions and modelling based on data in published
literature

Discontinuation in Week 80 of rate of
5.56%

To reflect the patients in the ASCEND trial who
discontinued during the extended trial period in the
adult portion of the cohort.

Patient compliance increased to 95%

To determine the effect of a higher compliance rate on
results as compliance in clinical trials was affected by
Covid-19. This is a conservative scenario analysis, as
it does not account for the additional benefit from
higher compliance.

Abbreviations: CE, cost effectiveness; QALY, quality adjusted life years
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3.10.3.1 Summary of scenario analyses results

Results of scenario analyses are shown in Table 75.

Table 75: Summary of scenario analyses (weighted average of paediatric and adult cohort)

Scenario

Incremental (olipudase alfa
vs BSC)

Costs (£)

LYG

QALYs

ICER per
QALY (£)
versus BSC
(unweighted)

ICER per QALY (£)
versus BSC

(weighted)

Costs (£)

1.5% discount rate
for costs in
paediatric cohort

20.69

1.5% discount rate
for costs in adult
cohort

20.69

1.5% discount rate
for costs in
paediatric and
adult cohort

20.69

Mortality modelled
through
parametric fit of
data from
McGovern et al.
(2013) (7)

29.33

Discontinuation at
80 weeks of
5.56% (zero
thereafter)

15.89

Patient
compliance
increased to 95%

20.69

Abbreviations: BSC, best supportive care; ICER, Incremental Cost-Effectiveness Ratio; LYG, life years

gained; QALY, quality-adjusted life year

B.3.11 Subgroup analysis

A subgroup analysis was conducted based on a population of patients with severe
disease, in whom the following additional characteristics/assumptions were modelled:

e All patients are assumed to start in the most severe health state within the model:
DLco <40% and SV =215 MN.

o Paediatric patients start at age 2 years and adults at 34 years: this was the
average age at diagnosis for paediatric patients; average age at start of ASCEND
trial for adults.

o Rather than SMRs (with and without severe splenomegaly), mortality is modelled
by treatment using a parametric fit (Weibull distribution) to extrapolate survival
data from McGovern et al. (2013) (7)
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Table 76: Summary of subgroup analysis — severe patients

Population Incremental (olipudase alfa vs BSC) ICER per ICER per
costs@® | Y6 [ QALYs | alilmdc | versus BSC
(unweighted) (Weighted)
Children I [ 47.42 e e
Adults I [ ] 17.83 ] ]
Combined I [ 32.62 ] I

Abbreviations: BSC, best supportive care; ICER, Incremental Cost-Effectiveness Ratio; LYG, life years
gained; QALY, quality-adjusted life year

In this analysis, the ICER was reduced markedly, mainly through increased incremental
QALY gains with olipudase alfa.

A PSA was run in both the paediatric and adult populations of the severe patient
subgroup. The PSA cost-effectiveness plane, and the cost effectiveness acceptability for
the paediatric population is presented in Figure 30 and Figure 31, respectively. With a
willingness to pay threshold of |}, the CE probability was [l for the paediatric
population.

Figure 30: |
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Adult population

The PSA cost-effectiveness plane, and the cost effectiveness acceptability for the adult
population is presented in Figure 32 and Figure 33, respectively. With a willingness to
pay threshold of |l the CE probability was il for the adult population.
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B.3.12 Benefits not captured in the QALY calculation

The clinical manifestations of ASMD have a severe impact on patients’ QoL, including
their emotional well-being (Section 0). Given the multi-organ involvement, patients
require multiple medical appointments to manage their symptoms and monitor disease
progression. The need to coordinate these has a profound impact on the lives of people
with ASMD and their families, already struggling with the everyday impact of the
condition. As there is currently no disease-modifying treatment available for patients with
ASMD, they suffer from feelings of anxiety, depression, frustration, and the fear of not
knowing how their disease will progress. Due to the lack of available treatment, patients
also struggle to plan for the future due to the uncertainty of the disease, with one patient
stating: |
I (13). Olipudase alfa is the first disease modifying
treatment available, paving the way for improvements in how ASMD is treated. The
technology will provide hope for patients with ASMD and enable them to look forward to
the future without the worry of their disease progressing.

The clinical manifestations of ASMD, such as respiratory impairment, and liver
complications, are included as short-term events in the QALY calculation. However,
these complications likely have long-term consequences for patients with ASMD,
including the need for supplemental oxygen which can substantially limit people’s ability
to lead normal lives (3). As these complications have been modelled as one-off events
for the QALY calculation, it can be considered a conservative estimation, with additional
benefits from the prevention of long-term consequences not fully captured. The evidence
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for the long-term improvement of patient and caregiver utilities due to olipudase alfa
continues to evolve.

Children with ASMD often miss school due to their symptoms, or medical appointments,
which has a detrimental effect on their future career prospects and earning potential. In
addition, the high risk of bleeding and bone fractures can result in requirements for
additional support at school, limit participation in normal play and sports, leading to
feelings of social exclusion and poor mental health. Adult patients with olipudase alfa
struggle to maintain full-time jobs due to symptoms such as fatigue, with one patient
stating 1
I (39). The difficulty to attend school would also result in
negative outcomes for the patient’s future, with reduced school absence negatively
linked to attainment (50), and potential loss of lifetime income for patients (51).
Olipudase alfa treatment would enable children and adults to attend school/work
completely thereby improving their economic situations and quality of life.

Caregivers of patients with ASMD have difficulties maintaining their emotional and
mental health, as well as maintaining social activity and relationships. The care needed
by children with ASMD will also likely have a negative impact on their siblings, who may
feel like they are not given sufficient attention. They may also have difficulty maintaining
full-time work due to caregiving commitments, and therefore face extreme financial
burdens and feelings of low self-worth. The reduced income is particularly important,
given that it has been estimated that families with a disabled person face close to £600
per month additional costs compared to the average family (121). Olipudase alfa
treatment would improve caregiver’s productivity, enabling them to work and reduce their
loss of income. The impact of olipudase alfa treatment on carer and family QoL is likely
to be underestimated in the QALY calculation. The impact of high mortality for children
with severe phenotypes in paediatric populations is especially likely to be
underestimated. The literature on caregiver anticipatory grief is only now evolving, but
the impact in a disease like ASMD s likely substantial.

There are also wider societal benefits of treatment including for social care, education
and allied health profession budgets, productivity of caregivers and patients and
utilisation of hospice care. These elements could be important in the evolving integrated
care system (ICS) structures within the NHS.

B.3.13 Validation

B.3.13.1 Validation of cost-effectiveness analysis

The cost-effectiveness model has undergone validation within a UK advisory board
conducted in May 2022 by Sanofi (3). Five clinical experts participated in the advisory
board.

Any issues identified were considered in the final model and discussed with a clinical
expert.
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The model approach, methodology, parameters and data sources, calculations and
programmed functionality, and internal and external validity of outcomes were evaluated
by two external health economists separate to the model development process.

B.3.14 Interpretation and conclusions of economic evidence

B.3.14.1 Interpretation of economic evidence

In the overall ASMD population, using base case assumptions, the weighted ICER was
estimated to be ||l per QALY gained (accounting for QALY weighting). In the
paediatric population, the weighted ICER was estimated to be || per QALY
gained (accounted for QALY weighting). In the adult population, the weighted ICER was
estimated to be |l per QALY gained. This decreased substantially in the severe
subpopulation (ICER of |l per QALY gained, accounting for QALY weighting).

Sensitivity analyses conducted supported the results of the base case. In deterministic
sensitivity analyses, for which input parameters were varied by +/-20% of base case
value, the ICER for olipudase alfa vs BSC was most sensitive to varying the olipudase
alfa medication cost. The drivers that most affected the ICER included adult weight,
compliance of adults during the maintenance phase, and health state utilities for adults
and children. The mean ICER from the probabilistic sensitivity analysis for both
paediatric and adult population was slightly higher than the deterministic ICER.As would
be expected, the probabilistic sensitivity analyses showed a high level of decision
uncertainty, inevitable for such a rare disease. As indicated in the new NICE manual,
there can now be a greater acceptance of uncertainty in rare diseases, for medicines
treating paediatric populations and for innovative or complex treatments — all of which
apply to olipudase alfa.

All ICERs should be interpreted in the context of value not captured in the QALY. This
relates both to the healthcare system (for example avoiding future long-term
complications and need for additional treatment), as well as to patients and their family
(including impacts such as being able to fully participate in school, work, social
activities). A more detailed description is presented in section B.3.12.

The cost-effectiveness model does not capture all benefits that would be expected with
olipudase alfa treatment, such as the cost saving associated with the long-term
improvement of symptoms. The model also does not capture the impact of olipudase alfa
on broader societal costs such as education, employment, and future earning potential.

In spite of some benefits not captured in the QALY calculation, the ICER for the
combined adult and paediatric population reduced to |l per QALY gained
(accounting for QALY weighting) in the severe subgroup of patients. It is likely that this
analysis using parametric extrapolation of survival data from McGovern et al. 2013 (7)
could be closer to capturing the actual impact on ASMD on patients’ life expectancy than
that based on SPHINGO-100. Clinical opinion suggests the approach using SPHINGO-
100 is underestimating the impact of ASMD on mortality. This is likely due to the
inclusion criteria in SPHINGO-100 (age of at least six years) and the potential for the
most severe patients to die prior to diagnosis.
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B.3.14.2 Consistency with published economic literature

As no treatment is currently available for ASMD, no economic evaluations of treatments
for ASMD were identified.

B.3.14.3 Relevance to all groups of patients who could potentially use the
technology

The cost-effectiveness analysis was considered relevant to all groups of patients in
England that could potentially use olipudase alfa. The economic evaluation included both
children (<18 years) and adults (=218 years) with ASMD and included data from the
ASCEND and ASCEND-Peds trials, as well as sensitivity analyses to include natural
history cohort (SPHINGO-100).

B.3.14.4 Strengths and limitations of the economic evaluation

The strengths and limitations of the economic evaluation include:

¢ Robust data from a randomised controlled trial was used to inform the efficacy of
olipudase alfa in the adult population. The effect of olipudase alfa seen in the
paediatric trial was consistent with that for adult patients and was modelled
separately to account for, amongst others, the differences in prognosis.

e Sensitivity analyses and several scenario analyses were conducted to test the
robustness of the economic evaluation.

e Due to the rare nature of ASMD, data used to inform comparisons in some
populations were limited, with small numbers of patients within trials available.
However, this is common in very rare diseases, and efforts have been made to
source natural history data for long-term outcomes and mortality. The olipudase
alfa trials demonstrated an unequivocal benefit of treatment in spite of the small
patient numbers inherent in a very rare disease.

e A robust vignette study, including - participants, was used to obtain reliable
utility estimates for children and adults as the EQ-5D and SF-36 instruments
used in the ASCEND trial had substantial limitations for estimating utilities for
patients with ASMD in the cost effectiveness analysis. The vignette study was
built on existing literature reviews, expert clinical opinion, and clinical trial results.
A pilot phase was also conducted to ensure the comprehensibility and feasibility
of the health state and methodology. The vignette study also enabled a larger
cohort of participants to be included (Jlj versus 36 from the ASCEND trial).

e The natural history study utilised for mortality curves within the cost effectiveness
analysis was conducted in the US. However, adjusted survival probabilities were
calculated by applying the mortality rates of the general population of the UK, and
were conservative in nature (compared to alternative mortality rates based on
other studies as tested in scenario analyses).

e The impact of ASMD on mortality was likely underestimated, therefore providing
a conservative estimate of the benefits of olipudase. This is being further
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investigated (55), with initial results suggesting higher mortality in ASMD patients
than derived from SPHINGO-100.

e The US natural history SPHINGO-302 study was used to inform complications
and number of events in the cost effectiveness analysis. However, American
monitoring guidelines may not be truly reflective of UK clinical practice.

o UK clinical opinion was sought via advisory boards and individual conversations
with experts to ensure validity of the assumptions and data inputs in the
economic analysis.

A disease modifying treatment for ASMD would allow patients to lead a more normal life,
improving their ability to attend school/work, and alleviating the burden on caregivers,
with large benefits beyond the QALY. It is clear that a large number of potential benefits
of olipudase to the patients, their families and the society could not be quantified and
included in the economic model. However, as highlighted in the statements from patients
treated with olipudase, it is likely to offer patients and their families large benefits at a
relatively small budget impact for the NHS.

B.3.15 Cost to the NHS and Personal Social Services

B.3.15.1 State how many patients are eligible for treatment in England.
Present results for the full marketing authorisation and any
subgroups considered. Also present results for the subsequent 5
years.

Olipudase alfa is indicated in paediatric and adult patients for the treatment of non-CNS
manifestations of ASMD (type B or A/B). The estimated prevalence and incidence of
ASMD in England, and the estimated number of patients with the condition, are shown in
Table 77. In the absence of published estimates, prevalence estimates for Year 1 were
based on clinical expert estimates that 33 patients are currently diagnosed with ASMD
type B or A/B in the England (personal communication;

I /~ =nnualised five-year mortality rate of 0.053% from the CEM was
applied to the prevalence estimate in Year 1 (as detailed in Section 3.3.1.4). There are
limited published data available regarding incidence figures, but it is estimated that
around 1 to 2 patients are diagnosed with ASMD each year in England (4).

Prevalence and incidence estimates for year 2—-5 were based on assumptions applied to
the year 1 data. Incidence was assumed to remain constant from year 1-5 and was
applied to the previous year’s prevalence to obtain the following years prevalence.
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Table 77: ASMD prevalence and incidence England

Scenario Year 1 Year 2 Year 3 Year 4 Year 5
Prevalence 33 35 36 38 39
Incidence 2 1 2 1 2

Estimated
pat?eunrrsb\?vgtﬁfthe 35 36 38 39 41
condition

Abbreviations: ASMD, acid sphingomyelinase deficiency

B.3.15.2 Describe the expected uptake of the technology and the changes
in its demand over the next 5 years.

Olipudase alfa is expected to be available for all patients with ASMD in England. As
there is currently no treatment available for ASMD, olipudase alfa is expected to be used
for 100% of ASMD patients in England. Based on the estimated number of patients with
the condition, olipudase alfa is expected to be used for 35 patients in Year 1, up to

42 patients by Year 5 (Table 78).

Table 78: Estimate eligible ASMD population and olipudase alfa uptake

Year 1 Year2 | Year3 | Year4 | Year5
Total eligible population 35 36 38 39 41
Total % uptake of olipudase alfa 100% 100% 100% 100% 100%
Patients treated with olipudase alfa, n 35 36 38 39 41

Abbreviations: ASMD, acid sphingomyelinase deficiency

B.3.15.3 In addition to technology costs, please describe other significant
costs associated with treatment that may be of interest to NHS
England (for example, additional procedures etc).

The costs considered in the analysis include drug acquisition and administration, in
addition to adverse event management, complication and bronchodilator costs. Aligned
with the accompanying cost-effectiveness model, costs for dose escalation were
calculated biweekly until the HTD was achieved. Maintenance dose cost was then
calculated dependent on location of administration. Please refer to Section B.3.5.2 for
further details.
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B.3.15.4 Describe any estimates of resource savings associated with the
use of the technology, including any other opportunities for
resource savings or redirection of resources that it has not been
possible to quantify

Patients treated with olipudase alfa experience a reduction in the frequency of spleen,
liver, respiratory, cardiovascular and bleeding complications versus BSC. The reduction
in complications results in resource savings as all complications incur treatment costs.
The full impact of avoided complications was unable to be accurately quantified. The
reduction in complications patients experience from treatment is expected to
subsequently reduce the need for other treatments (including surgeries) which carry a
risk of further complications. Patients using olipudase alfa also require bronchodilators
less often than BSC, resulting in further resource savings (Appendix K.1.2.).

Patients treated with olipudase alfa would be able to live more independently due to
improvement in symptoms of ASMD, with a new hope of improvement in their condition
now that a treatment for their condition is available. This would thereby improve their
mental health and lower the need for mental health support. As there is currently no
treatment currently available for ASMD, the effect of a treatment on resource use is
difficult to estimate.

B.3.15.5 Describe any costs or savings associated with the technology
that are incurred outside of the NHS and Personal Social Services

No costs or savings associated with the technology incurred outside of the NHS/PSS
were included in the analysis. It should be noted that this is a conservative assumption,
as there is the potential for the use of olipudase alfa to reduce indirect (societal) costs
associated with productivity losses for adult patients and caregivers, in addition to the
impact of loss of income and earnings for the patients and caregivers themselves.
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B.3.15.6 State the estimated budget impact for the NHS and Personal
Social Services over the first year of uptake of the technology,
and over the next 5 years

Table 79 shows the annual budget impact to the NHS of olipudase alfa reimbursement at
assumed list prices.

Table 79: Total budget impact of olipudase alfa

Year 1 Year 2 Year 3 Year 4 Year 5

Medicine

acquisition cost I I I [ ]

per patient per
annum

ADD:
Supportive
medicines cost £0 £0 £0 £0 £0
per patient per
annum

Gross
additional
medicines
costs per
patients per
annum

Net additional
medicines
(savings)/costs

Number of
patients treated 35
in each year

Budget impact
(new medicine

medicine costs
only)

Budget impact
— net medicine
costs

I N | S
N B N e
36 38 39 41
and supportive | NN NN NN NN &
I N D DN |

Other (savings)/costs

(Savings) (51) (79) (79) (79) (79)

Costs (per
patient)

(savings)/costs

Net total
budget impact

I

Total other
N I | e I
I
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B.3.15.7 Describe the main limitations within the budget impact analysis

(for example quality of data inputs and sources and analysis etc)

Section B.3.14.4 provides details of the limitations of the cost-effectiveness analysis. The
limitations relating to the cost-effectiveness analysis, in terms of the availability of the
underlying data and any structural assumptions also apply to the budget impact analysis.

In addition to the cost-effectiveness analysis, the main limitations within the budget
impact analysis include:

Compliance is assumed to be 90% in the analysis; while an assumption,
olipudase alfa will be administered by healthcare professionals this should be
considered a reasonable estimation. This was validated by a UK clinical expert

(personal communication; [

ASMD is a very rare disease, with no published studies of ASMD epidemiology in
England or the UK. The lack of robust epidemiological data makes it difficult to
accurately estimate the size of the population in England. However, personal
communication with clinical experts in the UK have been used to inform
assumptions by Sanofi on the number of patients who may be treated with

olipudase alfa in the first 5 years (personal communication; || GcNG_

. s ostimates have been further supported by

the NICE final scope (4), and a 2022 advisory board conducted by Sanofi (3).

It was not possible to model accurately the full impact of avoided complications.
The reduction in complications that patients experience due to treatment is
expected to subsequently reduce the need for other treatments (including
surgeries) which carry a risk of further complications.
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Addendum to original HST submission to include new survival
data for ASMD

After provision of the initial evidence submission to NICE in August 2022, further data
relevant to the decision problem have become available. A chart review and subsequent
pooled data analysis of ASMD patients (n=270) in Germany, France, the USA and
Brazilll provides new survival estimates for adults and children with ASMD (Figure 1).
Clinicians consulted by Sanofi confirmed that the population included in this study was
generalisable to ASMD patients in the UKI?!,

Figure 1: Kaplan Meier curve for survival (overall population), from birth date with risk
adjustment (left truncation; n=270)
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*3 patients with missing first symptoms and diagnosis dates

These data were used to conduct parametric survival analyses. Overall survival (OS)
was modelled using both a single and piecewise-parametric approach. Goodness of fit
was assessed via statistical methods — using Akaike information criterion (AIC) and
Bayesian information criterion (BIC) methods (Table 1) — and assessment of visual fit
(Figure 2). The piecewise parametric approach provided a better fit to the observed
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Kaplan Meier data compared with a single fitted parametric survival curve. Gompertz
distributions both before and after the splitting point of 40 years provided the lowest
AIC/BIC statistics compared to other distributions. The first Gompertz distribution (i.e.,
before 40 years) provided a very close fit to the observed data. The second Gompertz
distribution (i.e., after 40 years) provided both the best fit to the observed data but may
be considered conservative as it predicted that all patients would be expected to die by
age 80 (i.e., the earliest age predicted compared with all other distributions). The
second-best fitting distribution in the second time-period was the Weibull distribution.

Table 1: Model fit testing and selection statistics

Before piecewise split After piecewise split

Model AIC BIC AIC BIC

Exponential model 320.47746 | 323.97463 41.88031 43.8506
Weibull model 307.02703 | 314.02136 26.78161 30.7222
Gompertz model 303.3732 | 310.3675 25.73244 29.67302
Log-logistic model 305.6815 | 312.6758 28.69222 32.6328
Log-normal model 304.9689 | 311.9633 31.2049 35.14549
Generalised Gamma model 305.5933 | 316.0848 NA NA

Figure 2: Fitting of piecewise parametric survival curves to KM estimates
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Implementation into cost-effectiveness model (CEM)

The generated curves have been used to update the model cited in the previous
submission. The choice of curve for the base case and scenarios was informed by
clinical opiniont?l. For children, base case overall survival was modelled using a single
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parametric fit and for adults, overall survival was implemented in the CEM using the
piecewise-parametric approach. In the paediatric base case, a Weibull distribution was
used to model overall survival. In the adult base case, a Gompertz distribution was used
to model OS before 40 years of age, and a Weibull distribution was used from age 40
years onwards. Alternative plausible parametric fits were also implemented in the CEM
for scenario analyses.

Base-case survival traces

Overall survival curves using a one-piece Weibull distribution and piece-wise Gompertz-
Weibull distributions to model survival in the paediatric and adult populations are
presented in Figure 3 and Figure 4, respectively. Clinical opinion? confirmed that there is
expected to be a relatively high early mortality in patients diagnosed in childhood, as
these would be severe cases.

Figure 3: Model projections of survival for children treated with olipudase alfa, BSC, and
the general population
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Figure 4: Model projections of survival for adults treated with olipudase alfa, BSC, and the
general population
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Abbreviations: BSC, best supportive care
* olipudase alfa curve is not visible as it overlaps with BSC curve
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Base-case incremental cost effectiveness analysis results

Updated base case results for the paediatric and the adult population are presented in Table 2.

Table 2: Base-case results

Technologies Total Incremental (olipudase alfa vs BSC) Weighted
Costs (£) LYG QALYs Costs (£) LYG QALYs (Gl -
(unweighted) (weighted)

Children Olipudase alfa | |GGG [ 25.13 I e 108.87 [ ]
BSC I I -11.15 - - -

Adult Olipudase alfa | | GGG [ 16.55 ] [ 62.55 ]
BSC [ [ -4.30 - - -

Combined Olipudase alfa | |GGG [ 20.84 I e 85.71 ]
BSC ] e -7.73 - - _

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

In the combined paediatric and adult population, olipudase alfa is estimated to offer a high per-patient incremental health benefit, providing an
increase in QALYs compared to BSC (20.84 unweighted QALYs with olipudase alfa vs -7.73 QALYs with BSC). With this clinical benefit, the
estimated incremental cost-effectiveness ratio (ICER) for the combined population for olipudase alfa vs BSC is |} I per QALY gained.
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Sensitivity analysis

Results from probabilistic sensitivity analyses are shown in Figure 5,

Figure 6, Figure 7 and Figure 8.

Figure 5: |
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Figure 7: |
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Outputs from one-way (deterministic) sensitivity analyses are shown in Figure 9 and
Figure 10.

Figure 9: | I
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Scenario analysis

Scenarios in which mortality was modelled using alternative parametric distributions
were evaluated to assess the impact of distributional selection on the ICER. Results from
these scenarios analyses are shown in Table 3 and Table 4.

Table 3: Summary of scenario analyses (paediatric population)

Scenario Incremental (olipudase alfa vs BSC) ICER per

QALY (£)

Costs (£) LYG QALYs versus BSC
(weighted)

Piecewise: Gompertz-Gompertz N | N 89.97 I
Piecewise: Gompertz-Weibull [ ] [ 93.00 [ ]
One-piece fit: Gompertz I e 67.28 I
One-piece fit: Weibull I e 108.87 I

Abbreviations: BSC, best supportive care; ICER, Incremental Cost-Effectiveness Ratio; LYG, life years
gained; QALY, quality-adjusted life year

Table 4: Summary of scenario analyses (adult population)

Scenario Incremental (olipudase alfa vs BSC) ICER per
QALY (£)
Costs (£) LYG QALYs versus BSC
(weighted)
Gompertz-Gompertz I N 56.14 I
Gompertz-Weibull I e 62.55 [

Abbreviations: BSC, best supportive care; ICER, Incremental Cost-Effectiveness Ratio; LYG, life years
gained; QALY, quality-adjusted life year

References
1. ASMD Chart review pooled data analysis. Sanofi Genzyme, November 2022
2. Clinical opinion. Data on file. Sanofi, March 2023.
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Notes for company

Highlighting in the template

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

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

Literature searches

A1. Please confirm whether additional searches were conducted to identify
conference abstracts in Ovid Embase and if so, please provide details of the search
strategy. The search strategy for Ovid MEDLINE & Embase reported in Table 80
(Appendix D) applies a limit of ‘Article’ or ‘Article in Press’ in line #12. This limit

excludes conference abstracts from search results.

Additional hand searches of the following conferences were conducted to identify

relevant abstracts in Ovid Embase from the past two meeting years:
e WORLDSymposium
e European Society of Human Genetics

e Annual Symposium of the Society for the Study of Inborn Errors of

Metabolism

Details of the search strategy are provided in Table 1.
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Table 1: Search procedure for grey literature sources

metabolism/vol/135/issue/2

Conference, HTA Body or Search Information Website Search Terms
Organization Name Navigation
Pathway
WORLDSymposium, 2021 https://www.sciencedirect.com/journal/molecular-genetics-and- Use ctrl + f Acid Sphingomyelinase
metabolism/vol/132/issue/2 Deficiency
WORLDSymposium, 2022 https://www.sciencedirect.com/journal/molecular-genetics-and- Use ctrl + f NA

European Society of
Human Genetics, 2021

https://www.abstractsonline.com/pp8/#!/10372

Use search bar

Acid Sphingomyelinase
Deficiency

European Society of
Human Genetics, 2021

https://www.abstractsonline.com/pp8/#!/10372

Use search bar

Acid Sphingomyelinase
Deficiency

European Society of
Human Genetics, 2022

NA- has not occurred

NA

Acid Sphingomyelinase
Deficiency

Annual Symposium of the
Society for the Study of
Inborn Errors of
Metabolism, 2021

https://onlinelibrary.wiley.com/doi/epdf/10.1002/jimd.12458

Use search bar

Niemann

Annual Symposium of the
Society for the Study of
Inborn Errors of
Metabolism, 2021

https://onlinelibrary.wiley.com/doi/epdf/10.1002/jimd.12458

Use search bar

Niemann

Annual Symposium of the
Society for the Study of
Inborn Errors of
Metabolism, 2022

NA- has not occurred

NA

Niemann

Cost-Effectiveness
Analysis Registry via Tufts
Medical Center

https://cevr.tuftsmedicalcenter.org/databases/cea-reqgistry

Click "View the

CEA Registry",

click methods in
basic search

Acid Sphingomyelinase
Deficiency
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https://urldefense.com/v3/__https:/www.sciencedirect.com/journal/molecular-genetics-and-metabolism/vol/132/issue/2__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_uu0RS98$
https://urldefense.com/v3/__https:/www.sciencedirect.com/journal/molecular-genetics-and-metabolism/vol/135/issue/2__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_kaRgeto$
https://urldefense.com/v3/__https:/www.sciencedirect.com/journal/molecular-genetics-and-metabolism/vol/135/issue/2__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_kaRgeto$
https://urldefense.com/v3/__https:/www.abstractsonline.com/pp8/*!/10372__;Iw!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_hVz9LGI$
https://urldefense.com/v3/__https:/www.abstractsonline.com/pp8/*!/10372__;Iw!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_hVz9LGI$
https://urldefense.com/v3/__https:/onlinelibrary.wiley.com/doi/epdf/10.1002/jimd.12458__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_g2sq6jQ$
https://urldefense.com/v3/__https:/onlinelibrary.wiley.com/doi/epdf/10.1002/jimd.12458__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_g2sq6jQ$
https://urldefense.com/v3/__https:/cevr.tuftsmedicalcenter.org/databases/cea-registry__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_vQpcHBW$

Conference, HTA Body or Search Information Website Search Terms
Organization Name Navigation
Pathway
Cost-Effectiveness https://cevr.tuftsmedicalcenter.org/databases/cea-registry Click "View the Niemann
Analysis Registry via Tufts CEA Registry",
Medical Center click ratios in
basic search
Cost-Effectiveness https://cevr.tuftsmedicalcenter.org/databases/cea-registry Click "View the | Acid Sphingomyelinase
Analysis Registry via Tufts CEA Registry", Deficiency
Medical Center click utility
weights in basic
search
Cost-Effectiveness https://cevr.tuftsmedicalcenter.org/databases/cea-registry Click "View the Niemann
Analysis Registry via Tufts CEA Registry",

Medical Center

click methods in
basic search

Cost-Effectiveness https://cevr.tuftsmedicalcenter.org/databases/cea-registry Click "View the | Acid Sphingomyelinase
Analysis Registry via Tufts CEA Registry", Deficiency
Medical Center click ratios in
basic search
Cost-Effectiveness https://cevr.tuftsmedicalcenter.org/databases/cea-registry Click "View the Niemann
Analysis Registry via Tufts CEA Registry",
Medical Center click utility
weights in basic
search
Clinicaltrials.gov https://clinicaltrials.gov/ Search in Acid Sphingomyelinase
conditions, Deficiency
apply "with
results" in filters
Clinicaltrials.gov https://clinicaltrials.gov/ Search in NA
conditions,
apply "with

results" in filters
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https://urldefense.com/v3/__https:/cevr.tuftsmedicalcenter.org/databases/cea-registry__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_vQpcHBW$
https://urldefense.com/v3/__https:/cevr.tuftsmedicalcenter.org/databases/cea-registry__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_vQpcHBW$
https://urldefense.com/v3/__https:/cevr.tuftsmedicalcenter.org/databases/cea-registry__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_vQpcHBW$
https://urldefense.com/v3/__https:/clinicaltrials.gov/__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_r-Shtd1$
https://urldefense.com/v3/__https:/clinicaltrials.gov/__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_r-Shtd1$

Conference, HTA Body or
Organization Name

Search Information

Website
Navigation
Pathway

Search Terms

International Guideline
Library

https://g-i-n.net/library/international-guidelines-library/international-

quidelines-library

Use search bar

Acid Sphingomyelinase
Deficiency

International Guideline
Library

https://g-i-n.net/library/international-guidelines-library/international-

quidelines-library

Use search bar

Acid Sphingomyelinase
Deficiency

library at bottom
of page, click
"clinical
specialties”

ECRI Guidelines Trust https://guidelines.ecri.org/ Navigate to Acid Sphingomyelinase
library at bottom Deficiency
of page, click
"clinical
specialties”
ECRI Guidelines Trust https://guidelines.ecri.org/ Navigate to Niemann

Abbreviations: CEA, cost-effectiveness analysis; ECRI, Emergency Care Research Institute
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https://urldefense.com/v3/__https:/g-i-n.net/library/international-guidelines-library/international-guidelines-library__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_qDeX_o4$
https://urldefense.com/v3/__https:/g-i-n.net/library/international-guidelines-library/international-guidelines-library__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_qDeX_o4$
https://urldefense.com/v3/__https:/guidelines.ecri.org/__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_ngdpVzP$
https://urldefense.com/v3/__https:/guidelines.ecri.org/__;!!NknhfzgzgQ!1w6sV9f98HkoQHEV8BvwUcHtHZskK5yQyXeNYP5gvWHorgiQ7he_Fi2mIBRQ1D0X6khquVAzrScPPL7sJTk2cVn9_ngdpVzP$

A2. Please confirm whether the references from conference abstract searches and
other grey literature searches were screened by 2 reviewers? Were any records

identified from these grey literature searches excluded, and for what reasons?

Grey literature was screened by two reviewers (initial screening by one and
validation by a second senior reviewer). A total of 27 conference abstracts were
identified through keyword searching, of which 19 of those records were excluded

due to the following:
e Population: 10
e Outcomes: 4
e Duplicate: 5

A3. Please provide the search strategies used to identify unpublished trials at

ClinicalTrials.gov, and strategies used in the Cost Effectiveness Analysis Registry.

Unpublished trials were identified at ClinicalTrials.gov by searching in conditions
“acid sphingomyelinase deficiency” as well as “Niemann”, the “with results” filter was

selected to only identify trials with results.

As for the Cost-Effectiveness Analysis Registry, a similar approach was used
wherein each overarching topic of the basic search (i.e. ratios, utility weights, and
methods) were searched for both “acid sphingomyelinase deficiency” and
“‘Niemann”. This methodology resulted in six hits, all of which were excluded due to

population.
Systematic literature review methods

A4. Please provide justification for the exclusion of non-medical interventions as

comparators in the SLR.

The inclusion criteria of the SLR were limited to medical interventions for ASMD due
to the fact that non-medical interventions such as supplemental nutrition,
occupational therapy, etc. are aimed at reducing symptom burden rather than
treating ASMD. In addition, there were no potentially relevant studies identified
through the searches of grey literature that were excluded for evaluating a non-

medical intervention.
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AS5. Please provide justification for not using NCT00410566 to provide supporting
evidence in the submission (with particular reference to safety data) despite

providing critical appraisal ratings for this trial.

Study NCT00410566 did not include patients treated with the licensed maintenance
dose (3.0 mg/kg) and was therefore deemed to be of limited relevance. An overview

of the study is provided below:

Study NCT00410566 was a phase |, single-centre, open-label, nonrandomised,
single-ascending-dose trial which evaluated the safety of olipudase alfa
(administered 1V) at a dose of 0.03, 0.1, 0.3, 0.6, or 1.0 mg/kg in 11 adults
(18-65 years of age) with ASMD type B (1, 2). Overall, no serious adverse drug
reactions occurred during the study. The maximum tolerated starting dose of
olipudase alfa in patients with ASMD type B was identified to be 0.6 mg/kg, with

results of the study supporting the use of a within-patient dose-escalation strategy.

The company has also provided the CSR for NCT00410566 (1) in the updated

reference pack.

A6. The ROBINS-I tool for critical appraisal requires researchers to pre-specify the
confounders that will be considered in the appraisal. Please state which confounders

were selected for this purpose.

As discussed in the company submission, a mix of clinical and demographic
confounders were selected: age, gender, weight, medical history (history of blood,
lymphatic system, or hepatobiliary disorders), prior treatments (including history of
surgical/medical procedures), concomitant medication, age at symptom onset, age at
diagnosis, genotype/phenotype subtype, disease severity and symptoms at baseline,

and family history.

A7. Please provide full critical appraisal ratings (i.e. across all signalling questions)

for trials of olipudase alfa.

Full ratings for Cochrane AROB and the ROBINS-I assessment are provided as a

separate document (3).

A8. Further justification is needed for critical appraisal ratings given for ASCEND-

Peds. We further note that the ROBINS-I tool was primarily developed to evaluate
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risk of bias in comparative studies, and therefore the appraisal should explicitly
consider the additional risks presented by single-arm trials. Please provide a
justification for your following statements:

Justification for critical appraisal ratings for ASCEND-Peds have been provided in

Table 21 of the company submission. Justifications have been extracted below.

e That the cohort of ASCEND-Peds was “representative of the relevant targeted
population” (CS p. 87, Table 21);

The cohort of ASCEND-Peds was considered “representative of the relevant
targeted population” as all eligible patients meeting the protocol-defined inclusion

criteria were enrolled and completed the study.

e That the trial design adequately accounted for confounding factors in the

design and/or analysis;

The inclusion criteria were designed a priori to help minimise confounding factors.

Results were adjusted as needed for any remaining confounders.
e That the findings were sufficiently precise.

For exploratory efficacy assessments, observed measures and changes from
baseline values were analysed with a regression model using baseline as the
covariate, least squares mean, 95% Cls and p-values were provided. In addition, any

concerns with precision could be driven by the smaller sample size.

A9. Please confirm that the critical appraisal ratings reported for the included trials

were attributed to all reported trial outcomes.

The company can confirm that this is correct.
Administration of olipudase alfa

A10. The EAG understands that there is no diagnostic test to confirm type of ASMD
(i.e. type A, B, or A/B), and that diagnosis is based on clinical presentation. The

licence for olipudase alfa does not specify a minimum age for use, however do you
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consider there to be a minimum age for use to ensure that a diagnosis of type A
ASMD has been ruled out?

The diagnosis of ASMD is established by detection of biallelic pathogenic variants in
SMPD1 and/or residual acid sphingomyelinase enzyme activity that is less than 10%
of controls (in peripheral blood lymphocytes or cultured skin fibroblasts) (4, 5). In a
study evaluating the natural history of 10 type A patients, the results revealed that
the natural history of this disorder is very similar amongst affected patients and is
characterised by a relentless neurodegenerative course that leads to death usually
within 3 years (4). According to clinical opinion, the distinction between patients with
ASMD type A and other phenotypes (type B, and A/B) is clear (6).

A11. Would you please provide further information about the packaging of olipudase
alfa and the potential for wastage when used in clinical practice? Please also explain
about the shelf life of the medication and whether there are specific storage

requirements.

Packaging of olipudase alfa

Olipudase alfa is a white to off-white lyophilised powder for concentrate for solution
for infusion (powder for concentrate). Each vial contains 20 mg of olipudase alfa.

After reconstitution each vial contains 4 mg of olipudase alfa per mL (7).

Potential for wastage

Enzyme replacement therapy doses are routinely rounded to the nearest vial to

avoid wastage, according to clinical experts from three different centres (personal

communication: |

B /| three clinical experts confirmed that the standard procedure would
be to round up or down to the nearest vial, if weight is halfway between two vials
they would round down dose one week and up the next week to avoid wastage. Vial

rounding is therefore expected to be the routine practice in England.

Shelf life and storage requirements (Section 6.3. of SmPC (7))

Unopened vials
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Shelf life of unopened vials is 48 months.

Reconstituted medicinal product

After reconstitution with sterile water for injection, chemical, physical and
microbiological in-use stability has been demonstrated for up to 24 hours at 2-8°C or

12 hours at room temperature (up to 25°C).

From a microbiological point of view, the reconstituted medicinal product should be
used immediately. If not used for dilution immediately, in-use storage times and
conditions prior to dilution are the responsibility of the user and should normally not

be longer than 24 hours at 2°C - 8°C or 12 hours at room temperature (up to 25°C).

Diluted medicinal product

After dilution with sodium chloride 9 mg/mL (0.9%) solution for injection, chemical,
physical and microbiological in-use stability has been demonstrated between 0.1
mg/mL and 3.5 mg/mL for 24 hours at 2-8°C, and up to 12 hours (including infusion

time) when stored at room temperature (up to 25°C).

From a microbiological point of view, the diluted medicinal product should be used
immediately. If not used immediately after dilution, in-use storage times and
conditions are the responsibility of the user and should normally not be longer than
24 hours at 2°C to 8°C followed by 12 hours (including infusion time) at room

temperature (up to 25°C).
Methodology used for clinical trials of olipudase alfa

A12. The CS reports that 62 patients were screened for ASCEND but 38 patients
were considered eligible for inclusion. Can you please provide a breakdown of why
these 24 patients were considered ineligible, and confirm whether all patients
considered ineligible had a diagnosis of ASMD B or A/B?

Please consider the screen failure list below.
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A13. Please can you confirm whether any of the participants in the included trials

had previously received treatment with olipudase alfa?

No participant in ASCEND and ASCEND-Peds had previously received olipudase

alfa within 30 days before study enrolment, as stated on the protocol.

A14. Two participants discontinued from the olipudase alfa arm of ASCEND (11.1%)
but the reasons for their discontinuation is unclear. Please can you provide further
details, and/or confirm whether discontinuation was related to the efficacy or safety

of olipudase alfa?

There were no discontinuations related to the efficacy or safety of olipudase alfa.

The ID of the two ASCEND participants from the olipudase alfa arm that

discontinued were | IEEEEEEEEE ©oth participants

discontinued after the primary analysis period (PAP) (did not complete the extension
treatment period [ETP]).
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A15. Please provide the number of participants in each trial and trial arm diagnosed
with ASMD type B vs. type A/B.

At the time ASCEND was initiated, no clear diagnostic classification criteria were
available and the subtypes were considered to represent a disease spectrum rather
than discrete entities. Consequently, while the inclusion criteria in ASCEND stated
ASMD type B the study enrolled both patients with a clinical diagnosis consistent
with ASMD type B and type A/B. Considering this, the trial protocols did not require
investigators to sub-classify patients according to ASMD Type A/B and B subtypes at

enrolment.
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A16. Please provide population eligibility criteria for the included clinical trials (please
note that we have accessed these from the trial CSRs, but we cannot report these

without redaction unless you present them in your submission).

Eligibility criteria for participants are presented in the submission for the included

clinical trials as follows:

e ASCEND-Peds and ASCEND is provided in Table 13 of the company

submission
e DFI13412 is provided in Table 101 of Appendix M
e LTS13632 is provided in Table 40 of the company submission
The eligibility criteria are not deemed confidential.

A17. PRIORITY. Please provide data for the treatments received by participants

in all treatment arms of the trials, including:

e dose received

e mean dose duration

e dose modifications

e details of background care received.

Please see below data for the treatment received by participants in all treatment
arms of the ASCEND study.

Table 2: Treatment received by participants in all treatment arms of ASCEND study

ASCEND Placebo (N=15) Olipudase alfa (N=18)
Cumulative dose (mg) on olipudase alfa in PAP

Number of patients with 0 [ |

value

Mean (SD) I
Median _

Abbreviations: mg, milligram; PAP, primary analysis plan; SD, standard deviation
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Please see below data for the treatment received by participants in ASCEND-Peds.

Table 3: Treatment received by participants in all treatment arms of ASCEND-Peds study

ASCEND-Peds Olipudase alfa (N=20)

Number of infusions received

Number of patients with value .
Mean (SD) I
Median -

Abbreviations: SD, standard deviation

Please see below a summary of concomitant medications in ASCEND PAP-mITT

population.

Table 4: Summary of concomitant medications in ASCEND PAP-mITT

ASCEND Placebo Olipudase alfa (N=20)

Summary of concomitant medication in PAP — mITT population

Nervous System, n(%)

Analgesics

Psycholeptics

Anesthetics

Antiepileptics

Psychoanaleptics

Alimentary tract and
metabolism, n(%)

Stomatological preparations

Mineral supplements

Vitamins

Antidiarrheals, intestinal
antiinflammatory/antiinfective
agents

Antiemetics and
antinauseants

Drugs for constipation

Other alimentary tract and
metabolism products

Drugs for acid related
disorders

Drugs for functional
gastrointestinal disorders

Antiobesity preparations,
excl. diet products
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ASCEND

Placebo

Olipudase alfa (N=20)

Summary of concomitant medication in PAP — mITT population

Bile and liver therapy

Cardiovascular system,
n(%)

Cardiac therapy

Lipid modifying agents

Agents acting on the renin-
angiotensin system

Calcium channel blockers

Diuretics

Vasoprotectives

Antihypertensives

Beta blocking agents

Dermatologicals, n (%)

Antipruritics, incl.
antihistamines, anesthetics,
etc.

Anti-acne preparation

Antibiotics and
chemotherapeutics for
dermatological use

Antifungals for
dermatological use

Emollients and protectives

Other dermatological
preparations

Respiratory system, n (%)

Cough and cold preparations

Antihistamines for systemic
use

Nasal preparations

Drugs for obstructive airway
diseases

Antiinfectives for systemic
use, n (%)

Antibacterials for systemic
use

Vaccines
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ASCEND Placebo

Olipudase alfa (N=20)

Summary of concomitant medication in PAP — mITT population

Antivirals for systemic use

Blood and blood forming
organs, n (%)

Antihemorrhagics

Antianemic preparations

Blood substitutes and
perfusion solutions

Antithrombotic agents

Musculo-skeletal system,
n(%)

Antiinflammatory and
antirheumatic products

Muscle relaxant

Drugs for treatment of bone
diseases

Topical products for joint and
muscular pain

Various, n (%)

All other therapeutic
products

Allergens

Unspecified herbal and
traditional medicine

Contrast media

General nutrients

Antiparasitic products,
insecticides and
repellents, n (%)

Anthelmintics

Genito urinary system and
sex hormones, n (%)

Sex hormones and
modulators of the genital
system

Sensory organs, n (%)

Clarification questions

Page 16 of 43




ASCEND Placebo Olipudase alfa (N=20)

Summary of concomitant medication in PAP — mITT population

Ophthalmologicals

Systemic hormonal
preparations, excl. sex
hormones and insulins, n
(%)

Thyroid therapy

Corticosteroids for systemic
use

Abbreviations: n, number; mITT, modified intention to treat; PAP, primary analysis period.

Please see below summary of concomitant medications in ASCEND-Peds safety

population.

Table 5: Summary of concomitant medications in ASCEND-Peds safety population

ASCEND-Peds Olipudase alfa (N=20)

Summary of concomitant medications — Safety Populations

Respiratory system, n (%)

Antihistamines for systemic use

Nasal preparations

Cough and cold preparations

Drugs for obstructive airway diseases

Other respiratory system products

Throat preparations

Nervous system, n (%)

Analgesics

Anesthetics

Psycholeptics

Other nervous system drugs

Antiinfectives for systemic use, n (%)

Vitmains

Antiemetics and antinauseants

Antidiarrheals, intestinal
antiinflammatory/antiinfective agents

Mineral supplements

Drugs for constipation
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ASCEND-Peds

Olipudase alfa (N=20)

Summary of concomitant medications — Safety Populations

Drugs for functional gastrointestinal
disorders

Stomatological preparations

Musculo-skeletal system, n (%)

Antiinflammatory and antirheumatic
products

Muscle relaxants

Topical products for joint and muscular
pain

Dermatologicals, n (%)

Antibiotics and chemotherapeutics for
dermatological use

Emollients and protectives

Corticosteroids, dermatological
preparations

Antifungals for dermatological use

Antipruritics, incl. antihistamines,
anesthetics, etc.

Medicated dressings

Other dermatological preparations

Preparations for treatment of wounds and
ulcers

Blood and blood forming organs, n (%)

Antianemic preparations

Blood substitutes and perfusion solutions

Antithrombotic agents

Various, n (%)

Unspecified herbal and traditional medicine

All other therapeutic products

Homeopathic preparation

Cardiovascular system, n (%)

Lipid modifying agents

Cardiac therapy

Vasoprotectives
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ASCEND-Peds Olipudase alfa (N=20)

Summary of concomitant medications — Safety Populations

Sensory organs, n (%)

Ophthalmologicals

Otologicals

Ophthalmological and otological
preparations

Systemic hormonal preparations, excl.
sex hormones and insulins, n

(%)

Corticosteroids for systemic use

Thyroid therapy

Antiparasitic products, insecticides and
repellents, n (%)

Anthelmintics

Antineoplastic and immunomodulating
agents, n (%)

Immunostimulants

Genito urinary system and sex
hormones, n (%)

Sex hormones and modulators of the
genital system

Abbreviations: n, number

Mean dose duration and dose modifications are not available at this time, this may

be provided at a later date if required by the EAG.

A18. Please confirm the number of participants available at reported follow-up
timepoints in the extension period of ASCEND, and can you explain why sample size

varies across outcome for the same time point?

The number of participants available at reported follow-up timepoints in the

extension period of ASCEND are presented in Table 6.
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Table 6: Number of participants available at follow-up timepoints in the extension period -
ASCEND

Outcome Follow-up Number of participants available
timepoint
Placebo/olipudase alfa Olipudase
alfa/olipudase alfa
% predicted DLco Year 1 17 17
Year 2 10 10
Spleen volume (MN) | Year 1 17 18
Year 2 11 14
Liver volume (MN) Year 1 17 17
Year 2 11 14
Platelet count (10%L) | Year 1 16 18
Year 2 15 13
Lung HRCT ground | Year 1 17 18
glass appearance I year 2 14 16
ALT (IU/L) Year 1 16 18
Year 2 15 12
HDL cholesterol Year 1 16 18
(mg/dL) Year 2 14 12
LDL cholesterol Year 1 15 18
(mg/dL) Year 2 14 12

Abbreviations: DLco, diffusing capacity for carbon monoxide; MN, multiples of normal
Source: Villarubia et al, 2022 (8)

For the same visit (timepoint) the assessments (such as MRI or PFT) could be
scheduled during a 7 day window from the visit date and could be performed
separately of the infusion. For some reasons, patients could miss one assessment
and perform the other for a given visit. Some assessments performed at a given visit
were not included in the database due to technical reasons (assessments partially

done or not readable).

A19. Please report descriptive statistics for the length of follow-up available in the

included trials.

Please see below data on the duration of study treatment in ASCEND and ASCEND-
Peds (Table 7 and Table 8, respectively). The duration of exposure is defined as the

number of weeks between first infusion and disposition dates (i.e. end of study).
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Table 7: Duration of study treatment - ASCEND

ASCEND Placebo (N=18) Olipudase alfa (N=18)
Duration (weeks) on study treatment in PAP

Number of patients with value - .

Mean (SD) ] I
Median e [

Abbreviations: PAP, primary analysis plan; SD, standard deviation

Table 8: Duration of study treatment — ASCEND-Peds

ASCEND-Peds Olipudase alfa (N=20)

Duration (weeks) on study treatment

Number of patients with value .

Mean (SD) I

Median -

Abbreviations: SD, standard deviation

A20. For clarity, can you please confirm whether any data points reported in the CS
or used in the model were derived from analysis sets other than the mITT set (for

clinical data) or safety set (for safety data)?

In the economic model, no other analysis sets than the mITT or safety set from the

clinical trials were used.

e The EAG understands that the mITT and safety populations are the same,
since no participant received a treatment other than the treatment they were

allocated to receive. Can you please confirm this is the case?

In ASCEND and ASCEND-Peds, mITT and safety populations are indeed the same.
In study DFI13412 no mITT population was defined.

Clinical outcomes reported for trials of olipudase alfa

A21. A number of clinical data points are provided without accompanying variance
data (i.e. SD, SE or 95% Cis). Moreover, several clinical data points are described in
text without accompanying data (e.g. “significant improvement in exercise capacity”

CS Doc B, p. 93). Please provide missing data points and variance data for all
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clinical outcomes reported in the CS. Please ensure that baseline data for all

reported outcomes are also reported as these are missing for some outcomest/trials.

Further data on the exploratory endpoints listed on page 93 of the company
submission (liver function, lipid profiles, pulmonary function, and efficacy biomarkers
(ACE, CCL18, and chitotriosidase) are provided in Appendix N.6. LS mean change
from baseline and p-values for treadmill ergometry are provided in Table 26 of the
company submission. However, additional data for treadmill ergometry including
baseline mean (SD), LS mean change from baseline (SE), and 95% Cls are

provided in Table 9.

Table 9: Treadmill ergometry (exercise capacity) — ASCEND PAP mITT population

Test Visit Statistic Placebo Olipudase Differenc
(N=18) alfa e
(N=18)
O2 uptake Baselin | Mean (SD) [ |
(mL/min) e
Week LS mean change from [ |
52 baseline (SE)
95% CIf [ |
P-value for the [
difference between
groups’
Calculate Baselin | Mean (SD)
percent e
porzeS;)cttaelfe Week LS mean change from
(%) 52 baseline (SE)

95% CI*

P-value for the
difference between
groups’

Calculated | Baselin | Mean (SD) i
maximal Oz | e
tlr?:_a/ir(:in/kg Week LS mean change from B
) 52 baseline (SE)

95% CIf i

P-value for the
difference between
groups’

Abbreviations: Cl, confidence interval; LS, least squares; Oz, oxygen; SD, standard deviation; SE, standard error.
1 The 95% CI and p-values are based on a mixed model repeated measures approach with baseline test,
baseline age, treatment group, study visit, and study visit by treatment group interaction as covariates
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A22. In the CS Section B2.11.3 it is stated that the additional endpoints measured in
LTS13632 are reported in Appendix O, however not all these data points are
reported. Please provide complete data for missing endpoints.

Please see Table 10, Table 11, and Table 12 for the requested additional endpoints
measured in LTS13632 as reported in Appendix O in the company submission

(pulmonary function tests, fasting lipid profile, and exercise tolerance, respectively).

Table 10: Summary of pulmonary function tests in LTS13632 safety population

Test Visit Statistic Patients Patients All
from from patients
DFI13412 DFI13803 (N=25)
(Adults) (Paediatrics)
(N=20)

—_
4
11
(3]
~

Pulmonary function tests

% Change in Baseline Mean (SD)
FEV1 (%

predicted) Month 78 Mean (SD)

(% change

from
- T
baseline) P-value
LS Mean (SE) T
95% CIt
P-value?
% Change in Baseline Mean (SD)
FVC (%
predicted) Month 78 Mean (SD)
(% change
from
- T
baseline) P-value

LS Mean (SE)*

95% CIt

P-valuet
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Test Visit Statistic Patients Patients All
from from patients
DFI13412 DFI13803 (N=25)
(Adults) (Paediatrics)
(N=5) (N=20)

% Change in Baseline Mean (SD)
TLC (%

predicted) Month 78 Mean (SD)

(% change

from
baseline)

P-valuet

LS Mean (SE) T

95% CIt

P-valuet

Abbreviations: Cl, confidence interval; dl, decilitre; FEV1, forced expiratory volume; FVC, forced vital capacity;
mg, milligram; LS, least squares; SD, standard deviation; SE, standard error; TLC, total lung capacity.

1 From ANCOVA model: change (or percentage change) from baseline = age group cohorts + baseline value. P-
value is for the age effect

I From Wilcoxon-Signed Rank test

Table 11: Summary of fasting lipid profile in LTS13632 safety population

Test Visit Statistic Patients Patients All
from from patients

DFI13412 DFI13803 (N=25)

(Adults) (Paediatrics)

baseline) | LS Mean (SE)*

95% CIt

(N=5) (N=20)
Lipid profile
Total cholesterol | Baseline | Mean (SD) - - -
(mg/dL)
cees
(%
hange | o vaier — BN BN
e Il I
P-value?* I I
HDL cholesterol | Baseline | Mean (SD) - - -
(mg/dL)
ce s
(%
hange | o et — BN
I I

P-valuet
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Test Visit Statistic Patients Patients All
from from patients

DFI13412 DFI13803 (N=25)

(Adults) (Paediatrics)

baseline) | LS Mean (SE)*

95% CIt

P-valuet

(N=5) (N=20)
LDL cholesterol | Baseline | Mean (SD) - - -
(mg/dL)
e es .
%
hange | aiuet IE | I |
~< .
P-value?* ] I
Triglycerides Baseline | Mean (SD) - - -
(mg/dL)
e s .
(%
NG [ pvalue — BN BN
] I

Abbreviations: Cl, confidence interval; dl, decilitre; HDL, high density lipoprotein; LDL, low density lipoprotein; LS,
least squares; mg, milligram; SD, standard deviation; SE, standard error

1 From ANCOVA model: change (or percentage change) from baseline value. P-value is testing of change or
percentage change from baseline is different from zero.

I From Wilcoxon-Signed Rank test

Table 12: Summary of exercise tolerance measured by cycle ergometry in LTS13632 safety
opulation

Test Visit Statistic Patients Patients All patients
from from (N=25)
DFI13412 DFI13803
(Adults) | (Paediatrics)
(N=5) (N=20)
Cycle ergometry (exercise capacity)
Workload Baseline | Mean (SD) I [ | ]
Month 66 | Mean (SD) I i I
o 9| Pvaluet 1 [
baseline) | 95% CIt I | I
Percent Baseline Mean (SD) I _ _
predicted
maximum Month 36 | Mean (SD) i I
workload (% P-valuet | (| H
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Test Visit Statistic Patients Patients All patients
from from (N=25)
DFI13412 DFI13803
(Adults) | (Paediatrics)
(N=5) (N=20)
change | 959, CIt [ H H
from
baseline)
Working time | Baseline Mean (SD) _ I _
(min) Month 66 | Mean (SD) - ] -
(change
bataiing) | P-value’ 1 [
baseline) -value
co '
Maximum Baseline | Mean (SD) [ [ | [
neartrat® | 'Montn 66 | Mean (SD) ] i 1
(breaths/min) (change
from 9 P-valuef [ [ | ]
baseline) | 95% CIt I | I
Maximum Baseline Mean (SD) - I -
gfggf;; g Month 66 | Mean (SD) ] ] ]
change
heart rate (%) ]Emm 9 P-value® ] | I
baseline) | 95% CIt ] | .
Maximum O: | Baseline | Mean (SD) [ [ | I
H 0,
saturation (%) ["viontn 66 | Mean (SD) ] i ]
i I [
baseline) | 95% CIt I | I
Maximum Baseline Mean (SD) - I _
rote e [Month 66 | Mean (SD) 1 [
. change
(breaths/min) ]Emm 9 P-value® ] [ ]
baseline) | 95% CIt ] | L
Maximum Baseline Mean (SD) _ I _
iy " | Month 66 | Mean (SD) 1 [
onange | p-valuet 1T [
baseline) | 95% CIf I [ I
Maximum Oz | Baseline | Mean (SD) [ [ | ]
inliminy | Month 66 | Mean (sD) [ i [
fonange | pvaluet 1T _____
baseline) | 95% CIt I | L
Baseline | Mean (SD) | [ |
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Test Visit Statistic Patients Patients All patients
from from (N=25)
DFI13412 DFI113803
(Adults) | (Paediatrics)
(N=5) (N=20)
Maximum Month 66 | Mean (SD) I I I
percent (change T
predicted O2 | from P-value i i i
saturation (%) | baseline) | 95% CIt [ | [ | |
Maximum Baseline Mean (SD) _ I _
i Montn 66| Mean (D) 1 ]
fonande | Pvaluet | 1 [
baseline) | 95% CIt I | .
Maximum Baseline Mean (SD) _ I _
exenangs’ | Montn 66 | Mean (SD) I 1 ]
. change
ratio ]Emm 9 P-valuet ] [ ]
baseline) | 95% CIt I | I

Abbreviations: CO2, carbon dioxide; Cl, confidence interval; dl, decilitre; L, litre; ml, millilitre; Oz, oxygen; SD,
standard deviation
T Based on regression of change from baseline with baseline value as covariate

A23. Data points for outcomes in LTS13632 are reported at different timepoints and
the rationale for this is unclear. For example, for spleen volume the CS states that
follow-up in paediatric participants is available at 66 months but the data point is

provided for month 48 (p. 150). Please can you:

e Clarify if a rule was used to select timepoints reported in the CS

As patients entered the LTS13632 study at different times, the timepoint chosen for
analysis was the latest assessment with at least 5 patients (adults and paediatrics
separately), which was the number of patients deemed necessary for a meaningful
analysis. For most outcome measures this timepoint was Month 78 in adult patients
and Month 48 in paediatric patients. In a few cases, an earlier timepoint was used to

obtain the minimum of 5 patients for analysis.

e Clarify the length of follow-up available for adult and paediatric participants for

each outcome of LTS13632, including the available sample size.

The length of follow-up available for adult and paediatric participants for each

outcome of LTS13632 are as follows:
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Table 13: Length of follow-up for reported outcomes in LTS13632

Outcome Population Length of follow-up | Maximum length of
reported in CS follow-up recorded
(available sample (available sample
size) size)

Spleen volume Adult N
Paediatric I
Platelet count Adult I
Paediatric I
Liver volume Adult BB ___ 1
Paediatric I
% predicted DLco Adult I
Paediatric I

Abbreviations: DLco, diffusing capacity for carbon monoxide

e Please include outcomes at final available follow-up in your response to

clarification question A21

The outcomes at final available follow-up have been provided by the company in

response to question A21.

e On p.169 of the CS it is stated that data up to 9-years is available from
LTS13632 to inform transition probabilities in the model. Can you please

explain this assertion?

Data up to 9 years is available from LTS13632, however, patients receiving

olipudase alfa can only transition to a new health state for up to 2 years.

A24. Please can you confirm whether a responder analysis was conducted for data

gathered within the ASCEND extension period, and report these data if so?

As per the statistical analysis plan, responder analyses were carried out exclusively
for the PAP.

A25. The CS states that all subgroup analyses conducted were post hoc. Please
provide a rationale for the selection of subgrouping categories, including a rationale

for why these were selected over other prognostic markers (e.g. those identified in
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Eskes 2020) or demographic markers such as age of onset/diagnosis and type B vs.
type A/B.

These subgroup analyses were requested by the FDA who did not provide a

rationale for the populations that they requested.

A26. The HRQoL results show that treatment results in a benefit for generic HRQoL
in paediatric but not adult participants treated with olipudase alfa. In the CS, it is
suggested that generic HRQoL measures in adults may be insensitive to change in
HRQoL for people with ASMD. Do you have a rationale for why this may be different

in the adult vs. the paediatric populations?

The concerns around the sensitivity of HRQoL measures apply to both adult and
paediatric populations. The paediatric trial did not have a control arm, preventing

evaluation of the treatment related benefit on quality of life.
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Section B: Clarification on cost-effectiveness data

Cost-effectiveness evidence

B1. PRIORITY QUESTION. The CS contains deterministic ICERs only. Please provide the probabilistic ICERs for the

paediatric, adult and overall populations. It would be helpful if you could present these in a table outlining incremental,
costs, LYs and QALYs.

The company have run an additional