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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 current Medicines and Healthcare products
Regulatory Agency (MHRA) marketing authorisation, namely, for the treatment of
arginase 1 deficiency (ARG1-D), also known as hyperargininaemia, in adults,
adolescents and children aged 2 years and older. Pegzilarginase is intended for
chronic management of patients with ARG1-D in conjunction with individualised
disease management (IDM) such as dietary protein restriction, amino acid

supplements and pharmacological treatment including nitrogen scavengers (1).
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Table 1: The decision problem

Final scope issued by NICE

Decision problem addressed in

Rationale if different from the final

the company submission

NICE scope

technology beyond
direct health benefits,

benefits other than health

e \Whether a substantial
proportion of the costs

administered via intravenous (1V)
infusion or subcutaneous injection
(SC) by a healthcare professional

Population Patients with arginase 1 deficiency | Patients with ARG1-D aged 2 N/A
(ARG1-D) aged 2 years and older | years and older
Intervention Pegzilarginase Pegzilarginase N/A
Comparator(s) Established clinical management Individualised disease Immedica proposes to use the term
without pegzilarginase (including management (including dietary ‘individualised disease management’
dietary protein restriction, essential | protein restriction, essential amino | as opposed to ‘established clinical
amino acid supplementation and/or | acid supplementation and/or the management without pegzilarginase’
the use of ammonia scavengers). use of nitrogen scavengers). to better align with the terminology
used to define standard of care in the
published literature and UK clinical
practice, as well as the terminology
used in the PEACE trial.
Outcomes The outcomes to be considered The outcomes to be considered N/A
include: include:
e Plasma arginine concentration | e Plasma arginine concentration
e Level of ornithine and e Level of ornithine and
guanidino compounds guanidino compounds
e Mobility e Mobility
e Adaptive behaviour e Adaptive behaviour
¢ Neurocognitive function e Neurocognitive function
o Adverse effects of treatment e Adverse effects of treatment
e Health-related quality of life e Health-related quality of life
Impact of the o Whether there are significant Pegzilarginase can be N/A
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and on the delivery of
the specialised service

(savings) or benefits are
incurred outside of the NHS
and personal and social
services

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

The impact of the technology
on the overall delivery of the
specialised service

Staffing and infrastructure
requirements, including training
and planning for expertise

in an outpatient setting upon
initiation of treatment. After eight
weeks, and if deemed appropriate
by a healthcare professional, SC
home administration by the patient
or caregiver may be considered
(1). Flexibility with regards to the
mode and setting of
pegzilarginase administration will
allow for treatment to be tailored
according to the requirements of
the patient and/or caregiver.
Furthermore, for patients and/or
caregivers who are deemed able
to do so, self-administration of
pegzilarginase can minimise
disruption to day-to-day routines
through avoiding hospital
attendance, thereby improving
patient and caregiver satisfaction.

Key: NHS: National Health Service; N/A: not applicable.
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B.1.2 Description of the technology being evaluated

Pegzilarginase is a modified, cobalt-substituted, pegylated recombinant form of the
human enzyme arginase 1 (ARG1). Compared to the native enzyme, pegzilarginase
demonstrates enhanced stability, more potent catalytic activity, and an extended half-
life, and represents the first potential enzyme therapy for patients with ARG1-D (2).
Pegzilarginase substitutes for the deficient ARG1 enzyme and provides an alternative
pathway for the metabolism of the amino acid arginine into ornithine and urea, thereby
lowering blood arginine levels. This normalises blood arginine levels in patients with

ARG1-D and prevents hyperargininaemia (Figure 1) (3, 4).

Figure 1: Pegzilarginase mechanism of action

Pegzilarginase
Urea + Ornithine «———  Arginine —— Citrulline + NH,

1 | 1 i

"k "
Ornithine - W
Citrulline

Extracellular

Intracellular

Urea
* Urea Cycle

ARG1 Aspartate
ASS1
Arginine

ASL Arginosuccinate
o
Fumarate

Key: ARG1: arginase 1; ASL: argininosuccinate lyase; ASS: argininosuccinate synthase; CP: carbamoyl phosphate; NH3:
ammonia; OTC: ornithine transcarbamylase.
Source: Adapted from Grimes et al. (2021) (4).

On July 14t 2016, pegzilarginase was granted orphan designation by the European
Medicines Agency (EMA) (EU/3/16/1701) due to the seriousness of ARG1-D, the lack
of licensed treatment options, and the rarity of the condition (5). On December 15t
2023, the European Commission granted marketing authorisation of pegzilarginase,
under exceptional circumstances, for the treatment of ARG1-D in patients aged two
years and older (6). In the UK, the MHRA granted marketing authorisation of
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pegzilarginase on December 20" 2023 for the treatment of ARG1-D in patients aged
2 years and older. Orphan designation was also granted (1).

Table 2 provides an overview of the technology being evaluated. The Summary of

Product Characteristics (SmPC) is included in Appendix C1.1.

Table 2: Technology being evaluated

UK approved name and brand Pegzilarginase (Loargys®)
name

Mechanism of action Pegzilarginase is intended to substitute for the
deficient human arginase 1 enzyme activity in
patients with ARG1-D. Pegzilarginase has been
shown to rapidly and sustainably reduce plasma
arginine and convert it to urea and ornithine (1).

Marketing authorisation/CE Pegzilarginase received a marketing authorisation
mark status under exceptional circumstances on December 15
2023 (EU/1/23/1774) (6).

Pegzilarginase received marketing authorisation from
the MHRA on December 20" 2023 (PLGB
53487/0007). Orphan designation was also granted

(1).

Indications and any Pegzilarginase is indicated for the treatment of
restriction(s) as described in ARG1-D, also known as hyperargininaemia, in adults,
the summary of product adolescents and children aged 2 years and older.

characteristics (SmPC) Pegzilarginase is intended for chronic management of
patients with ARG1-D in conjunction with
individualised disease management (IDM) such as
dietary protein restriction, amino acid supplements
and pharmacological treatment including nitrogen
scavengers (1).

Method of administration and The treatment should be administered by intravenous
dosage (IV) infusion or subcutaneous (SC) injection in
conjunction with IDM.

Pegzilarginase is available in 3mL single-use vials,
containing 0.4mL of 5mg/mL for injection/infusion.

The recommended initial dose of pegzilarginase
administered IV is 0.1mg/kg/week. The dose of
pegzilarginase may be increased or decreased in
0.05mg/kg increments to achieve therapeutic goals.
Doses above 0.2mg/kg/week have not been studied
in clinical trials in ARG1-D.

If appropriate, SC administration by the patient or
caregiver may be considered after at least 8 weeks of
treatment, once a stable maintenance dose has been
established and the risk of hypersensitivity reactions
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Additional tests or
investigations

List price and average cost of a
course of treatment

Patient access scheme (if
applicable)

is assessed as low. Before self-administration, the
patient or caregiver should be adequately trained.

Pegzilarginase will interfere with routine laboratory
analysis, resulting in erroneous low measurements
due to post-collection degradation of arginine. During
clinical studies, nor-NOHA tubes were used to inhibit
residual pegzilarginase activity and stabilise arginine
in plasma samples. Tubes of nor-NOHA will be
available upon commercialisation of pegzilarginase.

Beyond this, no additional tests or investigations are
anticipated beyond what is already performed in
clinical practice to identify patients eligible to receive
pegzilarginase.

List price: £4,690 per vial of 2 mg pegzilarginase for
solution for injection/infusion

Pegzilarginase is intended for chronic management of
patients with ARG1-D.

The recommended dose of Loargys® is 0.1mg/kg per
week, with = 1 vial per administration required (52
administrations per year).

A patient access scheme (PAS) has been approved
by PASLU for NHSE&I. This PAS involved a simple
Il discount from list price. The confidential net
price is |l rer vial of 2 mg pegzilarginase

Key: ARG1-D: arginase 1 deficiency; IDM: individualised disease management; IV: intravenous; MHRA: Medicines and
Healthcare products Regulatory Agency; SC: subcutaneous.

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

treatment pathway

B.1.3.1. Disease overview

ARG1-D, also known as hyperargininaemia, is an ultra-rare, inherited, debilitating,

progressive, neurotoxic, metabolic disease characterised by marked increases in

arginine and its metabolites, with increased morbidity, substantial reductions in health-

related quality of life (HRQoL), and premature mortality (7-9). It is an autosomal

recessive disease caused by a deficiency in the ARG1 enzyme, which is active in the

urea cycle (10).

The role of the urea cycle is to detoxify waste nitrogen by producing urea from

ammonia. The cycle consists of five consecutive enzymatic reactions distributed

between the mitochondria and the cytosol, as well as two transporters mediating the

transport of urea cycle intermediates between mitochondria and cytosol. The final

enzyme reaction within the urea cycle is by ARG1 hydrolysis of arginine to ornithine
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and urea (Figure 2). Urea can thereby be excreted by the kidneys, whereas ornithine
is returned to the mitochondria to continue the cycle (11). All patients with ARG1-D
have a defective ARG1 enzyme with decreased or non-existent activity that leads to
the accumulation of arginine and its metabolites, namely guanidino compounds (GCs),
in the body approximately 50-fold higher than normal levels (Figure 2) (12).
Persistently elevated levels of arginine and its metabolites are believed to be key
contributors to disease manifestation and progression for patients with ARG1-D (see
Section B.1.3.1.1) (13).

Figure 2: Metabolic effects of ARG1-D
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Key: ARG1: arginase 1; ASL: argininosuccinate lyase; ASS: argininosuccinate synthase; NH3;: ammonia; ORNT: ornithine
translocase.
Source: Diaz et al. (2023) (13).

Although ARG1-D has overlapping features with the other urea cycle disorders
(UCDs), it has its own distinct characteristics and manifestations (Figure 3) (11, 14,
15). The common phenotype of ARG1-D involves insidious onset with manifestations
developing in the first one to five years of life, which worsen progressively over time at
variable rates (14, 16-18). The clinical profile of ARG1-D includes spastic paraparesis,
progressive neurological and motor deterioration affecting mobility, growth and
developmental delays, cognitive delays, seizures, and the potential for early mortality
(9, 10, 19). Patients with ARG1-D exhibit lower-limb spasticity which worsens in

severity and impact over time. As a result, these patients may initially
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stumble and appear clumsy, develop gait abnormalities, and mobility impairments, and
eventually lose the ability to walk independently (16). Based on this clinical profile,
ARG1-D is uniquely recognised among UCDs as a clinical mimic of cerebral palsy
(CP) and hereditary spastic paraplegia, hence misdiagnosis is common due to

similarities in clinical presentation (20, 21).

Figure 3: Characteristics and manifestations of ARG1-D versus other UCDs

ARG1-D Other UCDs
Features

Symptoms such as lethargy
and seizures within the first
few days of life

Mean age of symptom onset
is 1.7 — 2.3 years

Newborns appear healthy at
birth

Neonatal hyperammonaemia
and encephalopathy are
common

° Epileptic seizures
Hyperammonaemia is

typically less common, but

triggered by physiologic ° Cognitive disability
stress e.g. iliness, infections,

food refusal

Episodic hyperammonaemia
may occur throughout life

Spasticity commonly not

Spasticity is often present found

Key: ARG1-D: arginase 1 deficiency; UCD: urea cycle disorder.
Source: Adapted from FDA Patient-led Listening Session for the ARG1-D Community (22).

ARG1-D is one of the least common UCDs, accounting for approximately 3.5% of all
UCD cases (23). It is an ultra-rare disease that has an estimated prevalence of 0.58
per million live births in the UK, in accordance with the most recent literature (24).
When applying the population prevalence rate from Catsburg et al. (2022) to the total

population in England of 56.5 million people (25), a cohort of approximately 33 patients

with ARG1-D is estimated. However, I

I (26). The discrepancy between the two figures could arise due to patient
death before a diagnosis of ARG1-D could be made, and/or that some patients may
be misdiagnosed (20, 21, 26). Of the assumed total patients in England, clinical
experts agreed that approximately il of prevalent patients are paediatric (<18 years
of age) (26). An estimate based on newborn screening of other UCDs suggests an
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incidence of 1 in 950,000 births, which, with a 2022 birthrate of 605,479 live babies in
England and Wales in 2022, correlates to one newborn in England and Wales
biennially (27, 28).

B.1.3.1.1. Disease pathogenesis

Markedly elevated plasma arginine (pArg) is the most readily apparent feature of
ARG1-D (13). In a systematic review of case reports by Bin Sawad et al. (2022), 81.5%
of ARG1-D patients with information available were reported to have elevated pArg
levels (29), highlighting that elevated pArg level is the single most common
manifestation in all patients. Clinical recognition of the importance of pArg levels in
ARG1-D is also reflected in current trans-European management guidelines for UCDs
(15).

A clear clinical and pathophysiologic profile of ARG1-D has been formulated as more
case reports/case series have been published in the literature, which demonstrate a
strikingly uniform picture of raised pArg in the first years of life followed by an increase
in disease severity and extent as the patient journey progresses (11, 14, 18, 30). High
pArg, whether as the primary driver or proximal causal component of downstream
toxicity, is believed to be the key driver of global developmental delay, progressive
intellectual disability, seizures and, unique to ARG1-D compared to other UCD
disorders, progressive spasticity, which develop early in childhood and progresses
over time (31, 32). The neurotoxic effects of persistently high pArg and its metabolites
(GCs) in ARG1-D and a mechanistic role in the development and progression of
neurologic manifestations have long been speculated and are supported by both

anecdotal and empirical evidence (9, 11, 33, 34).

Results from the Urea Cycle Disorders Consortium (UCDC) Longitudinal Study
suggest a role of arginine in the development and progression of ARG1-D
manifestations. The study testing included age-appropriate measures of intelligence
and global functioning verbal abilities, visual performance, motor skills, and memory.
The study found that cumulative arginine exposure was correlated with the
deterioration in select neuropsychological outcomes in patients with ARG1-D. Patients
with ARG1-D were at greater risk for low full-scale I1Q (FSIQ) and poor performance in

all of the aforementioned age-appropriate measures. Global functioning and memory
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deficits were more tightly associated with pArg than other biochemical markers, while

higher pArg level was also significantly correlated with a worse motor skills score (32).

Furthermore, patients very rarely, if ever, achieve adequate arginine control with the
current IDM approach. Despite this, case reports from the literature further support
that lowering arginine is associated with slower disease progression and/or disease
improvement (31, 35-40). In patients exposed to sustained high levels of arginine due
to a delayed disease diagnosis, the subsequent lowering of pArg with severe dietary
restrictions was demonstrated to lead to improvements in disease manifestations (35,
37, 40). In adolescent siblings with established neuromotor and neurocognitive
manifestations of ARG1-D, the lowering of pArg with a chemically defined diet resulted
in clinical improvement — spasticity was lessened, mobility improved, independent
feeding and toilet training were regained, and language improved (36, 37). In addition,
in a severely affected paediatric case unresponsive to IDM approaches, lowering of
pArg using an exchange blood transfusion to enhance extra-hepatic arginase activity

resulted in an improvement in clinical status, including a reduction in spasticity (41).

Taken together, the literature findings provide confirmatory evidence of the importance
of arginine with its subsequent metabolite accumulation as the key driver of the
disease manifestations of ARG1-D and illustrate the effectiveness of reducing pArg to
reverse neurologic damage, through enzyme administration or hepatic expression of
ARGH1, for functional recovery of oligodendrocytes to improve central nervous system

abnormalities.
B.1.3.1.2. Clinical burden

a. Morbidity related to ARG1-D

ARG1-D is associated with the development of a variety of progressive and debilitating
manifestations. Initial disease manifestations often consist of clumsiness, tripping,
falling, and diminished growth. The disease is progressive and leads to a gradual loss
of developmental milestones and spasticity (Figure 4) (42). Some patients may display
persistent or intermittent episodes of irritability, nausea, poor appetite, vomiting, and
lethargy that require symptomatic treatment (33).
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Figure 4: The progressive impact of persistently high arginine
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Key: ARG1-D: arginase 1 deficiency.
Sources: 'Carvalho et al. (2012) (14); 2Scaglia et al. (2006) (42); *Wong et al. (1993) (10); “Crombez et al. (2005) (33); °Cai et
al. (2018) (43); ®Bakhiet et al. (2018) (17); "Schlune et al. (2015) (11); 8Prasad et al. (1997) (21).

A systematic literature review (SLR) of epidemiology, methods of diagnosis and clinical
management of patients with ARG1-D by Bin Sawad et al. (2022) reported the
proportion of patients with various manifestations of disease, suggesting that of
patients receiving IDM, 84.8% had intellectual disability, 81.3% had spasticity, 70.7%
had motor deficits, 60% experienced seizures, 49% had developmental delays, 13%
had adaptive behaviour issues, and 7% had impaired balance or ataxia. These studies
indicate a significant impact on patients’ lives and support the notion that current IDM

does not successfully normalise arginine levels (44).

Furthermore, a systematic review of case reports by Bin Sawad et al. (2022), which
included 157 unique patients from 111 publications, reported a multitude of clinical
manifestations of ARG1-D, including developmental delays, intellectual disability,
motor deficits (including spasticity and impaired mobility), and seizures. Motor deficits,
including spasticity, cognitive impairment, and presence of seizures were the most
commonly reported clinical manifestations of patients with ARG1-D (>50% of cases),
followed by developmental delay (37%), impaired mobility/gait (38%), vomiting (30%),
somatic growth delay (22%), spastic quadriplegia (16%), microcephaly (15%), and
hepatomegaly (11%). Progressive spasticity and failure to thrive were reported for
<10% of patients (29). A similar analysis conducted by Diaz et al. (2019) examined
140 unique case reports of patients with ARG1-D and reported lower-limb spasticity
as the most commonly reported ARG1-D manifestation, closely followed by intellectual

disability (Figure 5) (45).
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Figure 5: Commonly reported disease manifestations of ARG1-D

Abnormal gait (n=69) 42
Upper-limb spasticity (n=54) 50
Failure to thrive (n=52) 56

Periodic vomiting (n=74) 65

Symptom

Seizures (n=112) 70
Intellectual disability (n=97) 82
Lower-limb spasticity (n=117) 84
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Patients (%)

Key: ARG1-D: arginase 1 deficiency.
Source: Diaz et al. (2019) (45).

With regards to symptom onset, developmental delays are typically the earliest
observed clinical manifestation of ARG1-D, followed by intellectual disabilities,
seizures, and motor deficits (Figure 5). Clinical manifestations typically appear by the
age of 1-3 years among case reports detailing age of onset (29, 45). The mean age of
symptom onset in two studies including UK-based ARG1-D patients, namely the
European burden of illness (Bol) study (IMM-PEG-001) conducted by Immedica (46),
which is elaborated in further detail in the following narrative, and a real-world UK-

based study by Keshavan et al. (2022) (30), was 3.7 years and 3.3 years, respectively.

To further understand the clinical and economic burden of ARG1-D in Europe, a Bol
study in an ARG1-D cohort, in the form of a patient survey, was conducted across the
UK, France, Spain, and Portugal, between June 2023 and August 2023. The study
population comprised patients diagnosed with ARG1-D (n=21) and their caregivers
(n=16). This report is referred to as the European Bol study, providing data on a
heterogenous cohort of ARG1-D patients observed in clinical practice.

Since ARG1-D is an ultra-orphan disease, the study included all patients and their
caregivers who visited participating clinics during the period defined above. Of the 21
patients included in the study, nearly one third (29%) were from the UK (6 of 21
patients). The median age of all ARG1-D patients was 14 years (range: 0 — 49), slightly
lower than the median age at last follow-up calculated in a real-world cohort of UK
ARG1-D patients by Keshavan et al. (2022) (16 years; range: 12 — 28) (n=6) (30),
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while 76% of patients were female. Overall, 71% of patients (15 of 21 patients)
reported limited mobility and/or cognitive deficiency, whereof 73% (11 of 15 patients)
reported both, despite standard treatment. In addition, 57% patients with ARG1-D (12
of 21 patients) reported spasticity of the lower limbs, which is slightly lower than the
reported figure of 65% in a systematic review of case reports by Bin Sawad et al.
(2022) (29). Furthermore, 29% of patients (6 of 21 patients) reported experiencing
seizures (46), which falls just outside the 30-50% prevalence estimate quoted by UK
clinical experts in consultation with Immedica (47). Table 3 outlines the prevalence of

manifestations of ARG1-D amongst sampled European patients.

Table 3: Disease and symptoms reported in the European Bol study

Variable

Proportion (%) of n
patients if not
other stated

Mobility and cognitive ability

Limited mobility only 10 2

Cognitive deficiency only 10 2

Both 52 11
None 24 5

Do not know 5 1

Mean (SD) age at first sign of limited mobility 9.2 (12.6) 13
Mean (SD) age at first sign of cognitive deficiency 5.0 (3.5) 13
Spasticity

Lower limbs 57 12
Upper limbs 0 0

Both lower and upper limbs 5 1

No 38 8

Experienced seizures

Yes 29 6

No 62 13
Do not know 10 2

Taking anti-epileptic medication to control seizures (n=20)

Yes 20 4

No 75 15
Do not know 5 1

Missing -- 1

Other symptoms?

Yes 33 7*
No 62 13
Do not know 5 1

Other long-term iliness or disability®

Yes 19 4**
No 81 17

Key: Bol: burden of illness; SD: standard deviation.

Notes: Number of patients = 21.

2For example, vomiting, confusion, and dizziness.

bFor example, hypertension, type 2 diabetes, low body weight/eating disorder.
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Source: Table 4, A European Survey of Resource Use and Health-Related Quality of Life in Patients with Arginase 1 Deficiency
and their Caregivers (46).

In order to manage the manifestations of ARG1-D, patients are placed on low-protein,
arginine-restricted diets, often supplemented with essential amino acids (EAAs), with
the aim of reducing pArg levels below <200 pM (15, 30). A cross-sectional study by
Adam et al. (2012) reported that 75% of ARG1-D patients, including all patients below
the age of 16 years, were prescribed EAA supplements as part of their dietary
management in the UK (48). The strict low protein diet is extremely restrictive and is
often unpalatable for patients; low adherence is frequently reported in the literature
(30, 33, 42, 49). Furthermore, even for those who adhere to strict dietary intervention,
mean arginine levels persist well above the target range, in part because a substantial
proportion of arginine comes from endogenous sources (50, 51). As a result, patients
continue to show little or no clinical improvement after the onset of disease
manifestations despite intervention, resulting in the development of significant
neurodisability (14, 30).

Some of the most common ARG1-D-related abnormalities reported in the literature are

elaborated below.

i. Developmental delay

Developmental delay is typically the earliest clinical manifestation observed in patients
with ARG1-D (29). Between 1-3 years of age, linear growth slows, and the majority of
affected children demonstrate growth reduction, slowing cognition, and developmental
regression, which persists if the disease is left untreated (10). Elevated pArg, whether
as the primary driver or proximal causal component of downstream toxicity, is
associated with the onset of global developmental delay (52, 53). The role of elevated
pArg in the pathogenesis of ARG1-D has been described previously in Section
B.1.3.1.1.

The impairment of neurodevelopmental milestones can affect the ability of patients to
use verbal language. In a retrospective evaluation of 16 patients with ARG1-D in Brazil
by Carvalho et al. (2012), three patients with severe mental retardation never
developed spoken language. The ability to speak for the remainder of the cohort was

limited, with patients only able to speak sentences or report facts. Two patients lost

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency
[ID4029]

© NICE (2024). All rights reserved Page 24 of 207



the ability to elaborate spoken language at 7 and 10 years of age, highlighting the

severe neurological deterioration associated with the disease (14).

Furthermore, variation in cognitive abilities was observed in a European Bol study of
ARG1-D patients. Across 13 cognitive dimensions, approximately 30-40% of ARG1-D
patients reported some or moderate problems with cognitive abilities, while 30%
reported either severe problems or no ability. The most severe problems were related
for reading and writing, play and leisure, stressful situations and dimensions related to
the ability to learn, think, and solve problems (46). A clear correlation between
cognitive score and Gross Motor Function Classification System (GMFCS) Level (see
Section B.1.3.1.2.a.iv), was not identified, although these findings could be considered

to be inconclusive given the limited sample of patients enrolled in the study.

Feeding difficulties can develop in early childhood, leading to inadequate nutrition and
consequently, some patients may require supplemental feeding. An SLR conducted
by Bin Sawad et al. (2022) reported that 25% of patients with ARG1-D required tube
feeding, albeit this finding is restricted to a single study (44, 48). Mechanical feeding
problems and unsafe swallow were cited as primary reasons for tube feeding amongst
patients with UCDs, including ARG1-D (48). Literature estimates were aligned with
that of UK clinical experts, who suggested that up to 20% of patients may require
supplementary feeding through a percutaneous endoscopic gastronomy or

nasogastric tube (47).

ii. Intellectual disability

Intellectual disability is a commonly reported manifestation amongst patients with
ARG1-D. The degree of intellectual disability amongst patients with ARG1-D is
heterogenous, with 39% of patients reported to have moderate or severe intellectual
disability in a review of case reports conducted by Diaz et al. (2019) (45). According
to the literature, the onset of intellectual disability typically occurs beyond 3 years of
age, where previously normal cognitive development slows or stops, causing the
patient to lose developmental milestones (10, 54). Deterioration in neuropsychological

outcomes has been shown to correlate with cumulative arginine exposure (32).
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A recent analysis of the UCDC Longitudinal Study, a longitudinal investigation of the
natural history, morbidity, and mortality in patients with UCDs, reported that 67% of
enrolled ARG1-D patients aged =3 years (8 of 12 patients) had intellectual disabilities,
with a mean FSIQ of 65, which is below the population mean of 100 for all age groups.
As a result, patients’ school performance and educational achievement can be
negatively impacted (32). As patients progress to adulthood, intellectual disability has
profound impacts on the ability of patients to live independently. In an earlier report on
the UCDC Longitudinal Study by Waisbren et al. (2016), four adult patients with ARG1-
D (50%) were unable to live independently. The remaining 50% who were able to live

independently suffered from significant memory and motor deficits (54).

Patients with ARG1-D may also experience behavioural problems, including
hyperactivity, inability to obey commands, lack of concentration, and diminished recent
memory (14, 16, 17, 54). In a patient-led listening session for the ARG1-D community
facilitated by the US Food and Drug Administration (FDA), several caregivers referred
to short attention span, hyperactivity, high distractibility, poor impulse control, cognitive
impairment, outbursts, fear, and anger amongst ARG1-D patients receiving caregiving
(22).

iii. Seizures
The neurotoxic effects of GCs, which increase in the plasma and cerebrospinal fluid

as a result of elevated pArg, may contribute to the susceptibility of seizures amongst
patients with ARG1-D (16, 21, 31, 55).

In UK practice, clinical experts consulted by Immedica estimated 30-50% of patients
with ARG1-D experience seizures (47). This estimate aligns closely with the results
obtained from the European Bol study, whereof 29% of patients (6 of 21 patients)
reported experiencing seizures at the time of data collection (46). However, in the
literature, the reported prevalence is much higher, with seizures reported in 60-75% of
patients with ARG1-D, with generalised tonic-clonic seizures the most reported seizure
type (18, 45, 56). In a retrospective study of 19 ARG1-D patients by Huemer et al.
(2016), 63% of patients (12 of 19 patients) had experienced seizures at most recent
follow-up (mean age: 15.4 years, range: 0.9 - 44.7 years), with 75% of these
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patients experiencing generalised tonic-clonic seizures (18). Discrepancies in the data

can be owed to small sample sizes attributed to the orphan nature of the disease.

iv. Motor deficits

Neuromotor complications are a hallmark feature of ARG1-D (10, 34). Patients
typically present with some form of lower-limb spasticity, such as hyperreflexia, clonus,
toe walking and other gait abnormalities, between 1-5 years of age (45). The lower-
limb spasticity typically seen in early childhood impairs mobility and balance,
eventually leading to a complete loss in ambulation and loss of bowel and bladder
control (10). The progressive worsening of mobility impairment causes patients to
become dependent on wheelchairs, orthoses, and other mobility devices, which can
be required at an early age (35, 36). In the European Bol study, 43% of patients (9 of
21 patients) required mobility aids or devices, whereof 78% (7 of 9 patients) reported
using a wheelchair. The use of mobility aids or devices began at a mean age of 12

years, while walking stabilators were used from a mean age of 8 years (46).

Several observational studies report the progressive nature of spasticity in patients
with ARG1-D (14, 18, 30). In a UK-based retrospective review of patient medical
records by Keshavan et al. (2022), all patients with diagnosed ARG1-D developed
significant motor deficits. Four of six ARG1-D patients developed spastic diplegia, with
the remainder developing spastic quadriplegia (30). Furthermore, in a retrospective
evaluation of 16 patients with ARG1-D in Brazil, all patients demonstrated a worsening
of spastic paraplegia over time, with 94% of patients (15 of 16 patients) unable to

ambulate as a consequence (14).

In the European Bol study, movement abilities were assessed according to the Gross
Motor Function Classification System (GMFCS). The GMFCS assigns gross motor
function capabilities based on movements such as sitting, walking, and use of mobility
devices with five categories ranging from | (most functional) to V (transported in
wheelchair in all settings) (see Figure 6 for GMFCS categories for patients aged 6-12
years of age) (57). Among the 16 patients who responded to the survey, 50% were
categorised as Level |. The remaining eight patients were distributed between Level Il
(31%), Level IV (13%), and Level V (6%) (46). At present, the published literature does
not report on the distribution of ARG1-D patients according to GMFCS classification.
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Figure 6: GMFCS categorisation

[ ] GMFCS Level |
’ *Can walk indoors and outdoors and climb stairs without using hands for support

y *Can perform usual activities such as running and jumping
. *Has decreased speed, balance and coordination.

ﬂ / GMFCS Level II

*Has the ability to walk indoors and outdoors and climb stairs with a railing
- *Has difficulty with uneven surfaces, inclines or in crowds

Y 5= *Has only minimal ability to run or jump.

'_' " GMEFCS Level Il

[ F *Walks with assistive mobility devices indoors and outdoors on level surfaces

*May be able to climb stairs using a railing

*May propel a manual wheelchair (may require assistance for long distances or uneven surfaces).

GMFCS Level IV

*Walking ability severely limited even with assistive devices

*Uses wheelchairs most of the time and may propel their own power wheelchair
*May participate in standing transfers.

GMFCS Level V

*Has physical impairments that restrict voluntary control of movement and the ability to maintain head and
neck position against gravity

*Is impaired in all areas of motor function

*Cannot sit or stand independently, even with adaptive equipment

*Cannot independently walk, though may be able to use powered mobility.

Key: GMFCS: Gross Motor Function Classification System.
Notes: GMFCS categories for patients aged 6-12 years of age.
Source: Palisano et al. (2008) (57).

b. Other clinical symptoms related to ARG1-D

i. Hyperammonaemia

Although symptomatic hyperammonaemia and hyperammonaemic crises (HACs) are
comparatively less common and less severe in ARG1-D compared to other UCDs,
they are still a well-known manifestation of ARG1-D. (10, 15). HACs may be preceded
by reported illness, non-compliance with diet, non-compliance with medication, and
major life events (such as surgery, accidents, school stress, etc.) (58). In the pivotal
PEACE study, HACs were defined as ammonia levels 2100 yM requiring acute care

or hospitalisation (59).

In an analysis of § ARG1-D patients in the UCDC registry, il of patients (] of I}
patients) had HACs reported either as part of their medical history or after study
enrolment, with each patient averaging [l HACs (range: il ) (60).

As depicted in Figure 7, a relationship between arginine and ammonia levels has been
observed in some patients with ARG1-D, with markedly elevated pArg typically
coinciding with peak ammonia levels and metabolic decompensation events (30). i
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I confirmed that a correlation between pArg and ammonia levels is observed
amongst their patient cohort, with elevated levels of pArg believed to be the triggering

factor for HACs and metabolic decompensation (personal communication).

Hyperammonaemia, in the context of metabolic decompensations, remains a key
driver of mortality for patients with ARG1-D, as confirmed by | N
I 2] an
additional UK clinical expert consulted by Immedica (47), with the risk of mortality
increasing according to peak plasma ammonia levels. In a study by Enns et al. (2007),
which observed HACs in patients with UCDs, peak ammonia levels of <200 uM, >200-
500 uM, >500-1,000 uM, and >1,000 uM were associated with survival rates of 98%,
99%, 84%, and 47%, respectively (61). Few publications report on the peak
ammonium levels of ARG1-D patients at death. Amongst the cohort of deceased
ARG1-D patients who died following HACs identified in the literature, peak ammonium
levels ranged from 345 — 1,897 uM (21, 30).

Further information on the mortality associated with ARG1-D can be found in Section
B.1.3.1.2.c.

Figure 7: Arginine and ammonia levels (uM) followed up over time (age/years)
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Notes: For Patients 2.1 and 2.2, there were no data points between the ages of 7-12 years and 2-7 years, respectively, as they
had been lost to follow-up. In all patients, arginine levels were above the target of 200 uM virtually throughout follow-up. B: regular
sodium benzoate commenced P: regular sodium phenylbutyrate commenced *: Metabolic decompensation

Source: Keshavan et al. (2022) (30).
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ii. Growth deficiency

Patients with ARG1-D show a failure to thrive and a persistent low growth rate that
leads to a short stature. Despite interventions to aid with nutrient uptake, failure to
thrive is common in ARG1-D patients, with Diaz et al. (2019) reporting a prevalence of
56% in an analysis of 140 unique case reports (Figure 5) (45). Studies conducted by
Carvalho et al. (2012) and Prasad et al. (1997) report that 81% of patients with ARG1-
D demonstrate growth restriction (14, 21), and patients may never subsequently reach
adult height (62). Microcephaly is also a common manifestation reported in the
published literature (29).

iii. Eating disorders

Dietary habits and eating patterns in patients with ARG1-D are infrequently reported
in the literature. In the European Bol study, 19% of patients had a long-term illness or
disability, including low body weight/eating disorder (46). Among patients with UCDs,
protein aversion, food refusal, frequent vomiting, and poor appetite are frequently
reported (63). Amongst 44 patients with UCDs prescribed tube feeds in a cross-
sectional study by Adam et al. (2012), which included three patients with ARG1-D,
inadequate energy intake (25%), poor quality diet (23%), and food refusal (21%) were
highlighted as the primary reasons for tube feeding (48).

c. Mortality

The morbidity associated with ARG1-D increases the risk of early mortality for patients
(29, 45). Very few patients are described in the literature who survive far into
adulthood. While data on the prognosis of ARG1-D is not readily available in a large
cohort of patients, life expectancy is estimated to be 35 years, which is below half the
average life expectancy of the general population in the UK (females: 82.9 years;
males: 79.0 years) (2, 30, 59, 64). A study by Keshavan et al. (2022) and the clinical
studies of pegzilarginase did not enrol any patients above the age of 32 years (2, 30,
59). It is acknowledged that occasionally, patients may live beyond 35 years; Schlune
et al. (2015) describe two deceased patients aged 45 and 47 years, with a third patient
aged 42 years still alive at the last study visit in 2013 (11), while one patient surveyed
in the European Bol study was aged 49 years (46). However, such cases are believed
to be extremely rare.
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The specific factors driving early mortality in ARG1-D are not yet clear; precipitating
events in the literature are diverse and the end stages of the disease remain to be fully
characterised (13). As described in Section B.1.3.1.2.b.i, hyperammonaemia in the
context of metabolic decompensations, remains a key driver of mortality for patients
with ARG1-D (47). Seizures, liver failure, sepsis, and chest infection due to immobility

or other related cause were also highlighted as primary causes of mortality by JJij

B o B (personal communication).

Despite this, the potential for early mortality is frequently reported in patients with
ARG1-D in the published literature. A literature review by Diaz et al. (2019), which
analysed 140 case reports of patients with ARG1-D, identified 20 patients who had
died at the time of publication, with a median age at time of death of 17 years (45).
Where information was reported, causes of death included respiratory complications
(n=6), liver complications (n=4), metabolic complications (n=2), and
hyperammonaemia (n=1). In addition, an SLR of published case reports conducted by
Bin Sawad et al. (2022) identified 16 deceased patients, with a median age at death
of 5.7 years. The reported causes of death include cardiac arrest, cerebral oedema,

pneumonia/respiratory complications and/or sepsis (29).

B.1.3.1.3. Humanistic burden

As outlined in B.1.3.1.2.a, the clinical symptoms of ARG1-D result in functional
disability and can impair activities of daily living for patients with the condition (32).
Due to learning difficulties, many paediatric patients don’'t attend mainstream
education and often require specialist schooling. The European Bol study reported
that 43% of sampled patients had received/did receive specialised education (46). For
those who remain in mainstream schooling, additional educational input is required
(30). Post-education, cognitive deficits can limit the ability of the patient to find and
maintain employment (26). Of the nine patients aged =16 years of age in the survey,
none were employed, highlighting the substantial loss of productivity associated with
adult ARG1-D patients (46).

The adherence to a strict protein-restricted diet, which forms a fundamental part of
IDM in ARG1-D, is cited as one of the most difficult aspects of managing the condition

for patients and caregivers (22). Although the specific impact in ARG1-D has not yet
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been quantified, studies in other metabolic diseases report that the HRQoL for patients
and caregivers is affected by dietary restrictions, even to a higher extent than taking
medications (65-67).

At present, studies in ARG1-D are limited to clinical symptoms and disease-specific
assessments. No study has investigated the longitudinal impact of ARG1-D on patient
HRQoL (29). In the European Bol study, the burden of ARG1-D on HRQoL was
measured cross-sectionally using the EuroQol 5-Dimension 5-Level (EQ-5D-5L)
questionnaire. Most ARG1-D patients experienced problems with the ability to conduct
daily activities (69%), mobility (62%), and pain/discomfort (56%). The mean (standard
deviation [SD]) HRQoL score reported on the EuroQol-Visual Analogue Scale (EQ-
VAS) was 72 (19), and 0.498 (0.352) when reported by the van Hout crosswalk tariff
(68); similar scores have been recorded in patients with multiple sclerosis (69, 70),
another disabling disease associated with spasticity. Both the EQ-5D-5L and EQ-VAS
scores for ARG1-D were also highly correlated with GMFCS level (Figure 8) (46).

Figure 8: Mean EQ-VAS score for ARG1-D patients by GMFCS level

100
v 77 (18)
70
54 (23) o
._'I_
10
G MFC: 3 MFS G MFS GMF=C4 GMFSC 5
.n=-?. {n=5) {n=2) (n=1)
GMFCS levels

Key: EQ-VAS: EuroQoL-Visual Analogue Scale; GMFCS: Gross Motor Function Classification System; SD: standard deviation.
Source: Figure 10, A European Survey of Resource Use and Health-Related Quality of Life in Patients with Arginase 1 Deficiency
and their Caregivers (46).

As a result of functional disability and impairment of activities of daily living from an
early age, patients often require substantial levels of assistance in their home by
professional caregivers and/or family members (46). In the European Bol study,

professional caregiving was provided for 29% of patients (6 of 21 patients) enrolled
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ARG1-D patients. With regards to family caregiving, eight caregivers for patients with
ARG1-D reported providing care for an average of 24 hours a week, with other family
members also contributing to an additional 25 hours of care throughout the week.
Assistance with daily activities (38%) and transportation (38%) were the most common
types of assistance provided, whilst aid with personal care and household activities
were also reported. The level of assistance provided to patients also has a profound
impact on the productivity of caregivers; 50% of caregivers surveyed (8 of 16
caregivers) were unemployed, with 33% (3 of 9 caregivers) stopping work due to
caregiving. Of the caregivers who were employed, 57% (4 of 7 caregivers) had to

reduce work hours in order to be a caregiver (46).

The impact of assistance provision and loss of productivity for caregivers of ARG1-D
patients has not previously been reported in the literature (29). The European Bol
study reported that most ARG1-D caregivers experienced problems with
anxiety/depression (50%), pain/discomfort (50%), and the ability to conduct daily

activities (44%), albeit the number of observations were small (46).

Furthermore, the European Bol study also collected information on caregiver burden
using the Zarit Burden Interview Short: 12 items (ZBI-12) questionnaire (46). The ZBI-
12 score ranges from 0-48, with a higher score representing a greater caregiver
burden (71). Amongst the 16 caregivers involved in the study, a mean score of 12.3
was reported, indicating a mild to moderate burden (72), falling between published
ZBI-12 scores for caregivers of patients with cancer (mean: 10.2) and dementia (mean:
14.2) (73, 74). Results indicated a higher caregiver burden for patients with greater
mobility limitations, with caregivers of patients with GMFCS levels | and I
demonstrating a lower ZBI-12 score (11.3 and 11.5 respectively) compared to those
caring for ARG1-D patients with a GMFCS score of IV and V (16.0 and 16.5
respectively) (46).

B.1.3.1.4. Societal and economic burden

Despite a lack of data, it is evident that the management of ARG1-D is associated with
significant healthcare resource use (HCRU). In the published literature, HCRU for
patients with ARG1-D is based on a single study from the US (75). A retrospective,

observational analysis of claims data by Bin Sawad et al. (2022) found that HCRU was
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twice as high for patients with ARG1-D in terms of emergency room visits, 1.5 times
higher for performing laboratory tests, and patients required hospitalisation three times

more often, compared to those without the disease (75).

Substantial HCRU for ARG1-D patients was confirmed in the European Bol study
(Table 4). Over a 12-month period, six ARG1-D patients (29%) reported having visited
the emergency department, with five of these patients reporting having been
hospitalised for an average of eight days. ARG1-D patients were treated by multiple
healthcare professionals, with metabolic specialists (70%), dieticians (52%),
neurologists (43%), and physiotherapists (38%) amongst the most frequently visited

specialists (46).

Table 4: Healthcare resource use associated with managing ARG1-D

Variable Proportion Mean (SD) Missing
(%) of number of values in

patients visits among the mean
those with any calculation
visits

Visited emergency department at the hospital, n=21

Yes 29 6 1.8 (0.75)

No 71 15

Been hospitalised

Yes 29 6

No 71 15

No. of hospitalisation n=6

1 67 4

2 17 1

3 17 1

No. of hospitals days, n=6 -- 6 7.7 (6)

Visited health care staff, 6

n=21

Neurologist 43 9 1.4 (0.8) 2
Paediatrician 14 3 2.3(2.1)

Metabolic specialist 70 13 4.2 (3.5)

Geneticist 0 0 0

General 5 1 3(-)
practitioner/paediatrician

Nurse 21 4 22.8 (34.3)
Physiotherapist/ Rehabilitation 38 8 26.3 (31.0) 1
specialist

Occupational therapist 14 3 20.0 (21.2) 1
Psychologist 24 5 13.4 (20.7)

Dietician 52 11 5.3(4.2) 1
Speech therapist 10 2 18.0 (24.0)

Other* 14 3 17.7 (16.2)
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Treatment with botulinum 52 11 10.1 3
toxin, yes, n=21
Surgical treatment for 0 0 0
muscle stiffness, yes, n=21

Key: Bol: burden of illness; SD: standard deviation.

Notes: Number of patients = 21.

*For example, endocrinology, haematology, orthopaedics.

Source: Table 8, A European Survey of Resource Use and Health-Related Quality of Life in Patients with Arginase 1 Deficiency
and their Caregivers (46).

Furthermore, the cohort of ARG1-D patients and caregivers who participated in the
European Bol study experienced a substantial economic burden as a result of the
condition. The mean (SD) annual total cost per patient was calculated at £67,096
(£53,225), driven primarily by indirect costs (production loss) to both patients and
caregivers (46%). The cost burden associated with ARG1-D is also driven by GMFCS
level, with an increase in healthcare costs associated with disease progression as
measured by GMFCS level (Figure 9) (46).

Figure 9: Mean (SD) total annual cost stratified by GMFCS levels (£ per year)

£160,000 140,915

(-)
£140,000 124,634
(90,958)

£120,000

£100,000
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£80,000 (44,280)

48,814

£60,000 (36,445)

£40,000
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Mean (SD) Total Annual Cost (£ Per Year)

£0

GMFCS 1 GMFCS 2 GMFCS 3 GMFCS 4 GMFCS 5
(n=8) (n=5) (n=2) (n=1)
GMFCS Level

Key: GMFCS: Gross Motor Function Classification System; SD: standard deviation.

Notes: Costs were calculated from a societal perspective. Total annual costs included direct medical costs (healthcare,
medications, and diet), direct non-medical costs (professional caregiving, family caregiving, wheelchair, and special schooling),
and indirect costs (production loss for patient and caregiver).

Source: Table 16, A European Survey of Resource Use and Health-Related Quality of Life in Patients with Arginase 1 Deficiency
and their Caregivers (46).

B.1.3.2.  Clinical care pathway

Neither the National Institute for Health and Care Excellence (NICE) nor NHS England
provide guidance on the treatment of ARG1-D in the UK (26), while the British Inherited
Metabolic Disease Group (BIMDG) only provide guidelines on the emergency
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management of UCDs, including ARG1-D, and do not provide details of ongoing
treatment (76). As such, the clinical care pathway for ARG1-D patients in England,
depicted in Figure 10, was developed based on feedback from discussions with UK
clinical experts (26). Available guidelines are summarised in the Section B.1.3.2.1 and
Section B.1.3.2.2.

In England, a diagnosis of ARG1-D can be readily made with routinely available
assessment of red blood cell arginase level, pArg assessment, or genetic analysis
(15). Genetic testing is routinely used to confirm diagnosis of ARG1-D, as supported
by structured clinical interviews conducted by Immedica. Screening for ARG1-D is not

part of the NHS newborn screening programme (26).

Despite the multiple and straightforward means of diagnosis, delays in diagnosis or
misdiagnosis still occur. This is likely due to the heterogenous nature of the
symptomatology overlapping with other developmental conditions, such as CP and
hereditary spastic paraplegia, and lack of awareness among healthcare professionals
(14, 43, 77). In a UK-based retrospective review of patient medical records by
Keshavan et al. (2022), a mean delay in diagnosis of 6.1 (0.0 — 11.5) years was
reported (n=6) (30). In the European Bol study, the time to ARG1-D diagnosis for three
patients after initial misdiagnosis ranged from 1-13 years (46). Delays in diagnosis can

lead to disease progression and the deterioration of clinical outcomes (17, 18, 46).

There are no licensed treatments specifically targeting pArg for patients with ARG1-
D. IDM for ARG1-D is based on case reports and limited clinical studies and does not
address the issue of endogenous arginine production (15, 78, 79). IDM consists of
dietary protein restriction, supplemented with EAAs, to manage high arginine levels,
and nitrogen scavengers to prevent HACs that are less commonly associated with
ARG1-D compared to other UCDs (26, 44).

With continued disease progression, an increasing variety of supportive
pharmacological therapies are required to mitigate some of the effects of the disease,
including the control of seizures, reduction of spasticity, and improvement in nutritional
status (26). In addition, these patients may require surgical procedures to address

complications, including contractures related to long-term spasticity (30), or treatment
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with botulinum toxin, which may be used to treat spasticity (26). In rare cases, ARG1-

D is treated by liver transplantation (29).

Consequently, given the heterogenous nature of ARG1-D, the approach to patient
management is highly individualised and requires support from a multidisciplinary
team of specialists, including metabolic specialists, paediatricians, dieticians, and

neurologists (26).
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Figure 10: Current clinical care pathway for ARG1-D patients in England
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B.1.3.21. BIMDG formulary

Guidance issued by the BIMDG is intended for the emergency management of UCDs
only. Management decisions are based on the clinical status of the patient. If there is
clinical suspicion of hyperammonaemia, or the plasma ammonia level is significantly
elevated, the patient is treated with intravenous fluids. For patients with ARG1-D, the
intravenous fluid contains sodium benzoate and sodium phenylbutyrate solutions, and

is provided at a rate of 2mls/kg/hour (76).
No guidance is provided on how to reduce arginine levels in ARG1-D (76).

B.1.3.2.2.  Guidelines for the diagnosis and management of ARG1-
D

Haberle et al. (2019) provide a trans-European consensus clinical practice guideline
for the diagnosis and management of UCDs, with recommendations on ARG1-D

limited to a small sub-section (15). Key recommendations are summarised below:

e Adherence to a strict protein restriction is suggested to reduce pArg levels as low
as possible and <200 uM (15)

e EAA supplementation is required in patients with ARG1-D, providing an overall
adequate EAA intake from natural foods and supplements. Given the severe
natural protein restriction necessary for patients with ARG1-D, up to 50% of the

protein supply may be offered as EAA (15)

e Nitrogen scavengers, including sodium benzoate, sodium phenylbutyrate, or
sodium phenylacetate, and glycerol phenylbutyrate are recommended to prevent

the occurrence of HACs (15)

e Liver transplantation should be considered for patients with severe UCDs without
sufficient response to standard treatment, poor quality of life, without neurological
damage and while in a stable metabolic condition (15)

B.1.3.2.3. Unmet needs with current treatment

Current international guidelines for ARG1-D focus on the reduction of pArg to levels of

<200 pM and ideally to within normal range (defined as 240 - <115 yM) as the
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primary treatment goal (15, 80). However, there are no pharmacologic agents known
to effectively reduce arginine levels in patients with ARG1-D. Current management
approaches for ARG1-D include individualised combinations of protein restriction to
reduce arginine, EAA supplementation, and concomitant medications to manage other
clinical symptoms such as nitrogen scavengers to help control ammonia levels. Dietary
modifications can produce modest reductions in pArg levels but reducing pArg to the
guideline recommended level of <200 uM is very rarely, if ever, achieved via dietary
restriction alone as arginine flux is largely dependent on whole body protein turnover
and is minimally affected by dietary intake (29, 81). In addition, treatment is difficult to
adhere to, does not account for endogenous protein catabolism, may be initiated after
irreversible neurological damage and may therefore not offer an effective treatment for
all patients. Around 25% of patients still suffer from severe mental deficits and loss of

ambulation despite dietary/drug intervention (7).

Liver transplantation has been reported to achieve disease normalisation in some
patients (82, 83); however, transplantation is only available to only a small fraction of
patients, carries a significant risk of morbidity and mortality, and does not reverse

disease progression that has already taken place (29).

Considering the above, a substantial unmet need remains for a treatment option that
can lower and maintain pArg levels to treatment guidelines or within normal range and
offer the opportunity for normal neurocognitive and neuromotor development through

minimising patients to the neurotoxic effects of elevated arginine and its metabolites.

B.1.3.2.4. Proposed positioning of pegzilarginase

Pegzilarginase is positioned for the treatment of ARG1-D, also known as
hyperargininaemia, in adults, adolescents and children aged 2 years and older.
Pegzilarginase is intended for chronic management of patients with ARG1-D in
conjunction with IDM such as dietary protein restriction, amino acid supplements and
pharmacological treatment including nitrogen scavengers. The proposed positioning
of pegzilarginase within the current clinical care pathway in England is displayed

schematically below in Figure 11.
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Figure 11: Proposed positioning of pegzilarginase in the ARG1-D treatment pathway
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B.1.4 Equality considerations

In the UK, ARG1-D predominantly affects individuals from ethnic minority

backgrounds. |
I (personal communication). In addition, all

patients analysed in a UK-retrospective review of patient medical records by Keshavan
et al., (2022) were of Somali or Pakistani ethnicity (30), supporting the notion that a
large majority, if not all, ARG1-D patients in the UK are from an ethnic minority

background.

Due to the autosomal recessive inheritance of ARG1-D, the birth and population
prevalence of the condition is highest in countries with high consanguinity. Estimates
of country-specific birth and population prevalence are highest amongst countries in
the Middle East, including Qatar, Kuwait, United Arab Emirates, and Saudi Arabia. By
contrast, countries with predominantly homogenous white European populations and
very low consanguinity have the lowest birth and population prevalence of ARG1-D
(24). In systematic literature review of case reports conducted by Bin Sawad et al
(2022), 50 of 157 identified patients (32%) were born of consanguineous parents (29,
44). Consanguinity was also observed in two of three families with ARG1-D patients
included in the aforementioned UK-based study by Keshavan et al., (2022) (30).
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B.2 Clinical effectiveness

B.2.1 Identification and selection of relevant studies

An SLR was conducted to identify all the clinical evidence relevant to the technology

being appraised.

See Appendix D1.3 for full details of the process and methods used to identify and
select the clinical evidence relevant to pegzilarginase for the treatment of arginase 1
deficiency (ARG1-D), also known as hyperargininaemia, in adults, adolescents and

children aged 2 years and older.

B.2.2 List of relevant clinical effectiveness evidence

The clinical SLR identified three trials that provide direct evidence on the efficacy and
safety of pegzilarginase for the treatment of ARG1-D in patients aged 2 years and

older:

e CAEB1102-300A (hereafter referred to as PEACE): a Phase 3, randomised
study consisting of a 24-week double-blind, placebo-controlled period followed
by an open-label, long-term extension (LTE) period to evaluate the efficacy and
safety of IV and SC pegzilarginase (up to 150 weeks planned duration) (Table
5)

e CAEB1102-102A (hereafter referred to as Study 102A): a Phase 2, open-
label, LTE study to evaluate the long-term safety, tolerability, and efficacy of IV
pegzilarginase in patients with ARG1-D who completed Part 2 of CAEB1102-
101A (Table 5)

e CAEB1102-101A (hereafter referred to as Study 101A): a Phase 1/2 open-
label, two-part (Part 1 [single ascending dose escalation] and Part 2 [repeated
dosing] study in patients with ARG1-D to investigate the safety,

pharmacokinetics, and pharmacodynamics of IV pegzilarginase (Table 5)

PEACE was a Phase 3, randomised study consisting of a 24-week, double-blind,
placebo-controlled period followed by an open-label LTE period to evaluate the
efficacy and safety of IV and SC pegzilarginase in 32 paediatric and adult patients with
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ARG1-D. The primary source of data underpinning this submission is available from
the PEACE clinical study report (CSR), which describes the final analyses for the
double-blind period of the study and LTE data up to 150 weeks, with the last patient’s
last visit on February 15t 2023 (84). To date, five records relating to final data from the
double-blind period and interim LTE data are available in the public domain, including
one publication (59), three conference abstracts (85-87), and one oral presentation
(88).

Final data from the double-blind period and interim data for the LTE (up to LTE Week
24) was recently published by Sanchez Russo et al. (2024) in eClinicalMedicine (59),
and provides the most-recent source of publicly available long-term data from PEACE,
with a data cut-off date of March 24t 2022. Where possible, published data from
Sanchez Russo et al. (2024) will be used to underpin the narrative on clinical
effectiveness for the 24-week, double-blind period of the study. Furthermore, the most-
recent patient-level analyses of pegzilarginase effect on plasma arginine and clinical
response in the LTE up to LTE Week 120 was recently shared with the EMA as part
of mandatory post-authorisation measures for the marketing authorisation under
exceptional circumstances (23, 89). As a result, this data is used to underpin the
narrative on responder analysis and composite clinical outcome in Section B.2.6.1.2.g.
Besides this, the PEACE CSR forms the primary source underpinning the narrative on

clinical effectiveness for the LTE.

Supporting clinical evidence of the efficacy and safety of pegzilarginase is available
from Study 102A, a Phase 2, open-label LTE study to evaluate the long-term safety,
tolerability, and efficacy of IV and SC pegzilarginase for up to four years in patients
who had previously participated in the parent study, Study 101A. Study 102A was
completed on December 15" 2022, with the CSR providing follow-up data for the
efficacy and safety of pegzilarginase up to 262 weeks. The SLR identified six records
relating to Study 101A/102A in the public domain including one publication (2), four

conference abstracts (90-93), and one oral presentation (94).

Interim data for the first 12 weeks of the open-label LTE Study 102 were published in
the Journal of Inherited Metabolic Disease (2), while limited results from Study 102A
have also been presented in the EMA EPAR (through Week 120) (23). Where
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possible, information sourced from the public domain will be used to supplement
results from the CSR, which forms the primary source of data underpinning Study
102A. Of note, the most-recent patient-level analyses of pegzilarginase effect on
plasma arginine and clinical response in the LTE up to Week 190 was recently shared
with the EMA as part of mandatory post-authorisation measures for the marketing
authorisation under exceptional circumstances (23, 89). As a result, this data is used

to underpin the narrative on composite responder analysis in Section B.2.6.2.6.

Study 101A was a Phase 1/2 open-label, uncontrolled dose-finding study in 16
paediatric and adult patients with ARG1-D. In Part 1, single IV doses were individually
titrated every two weeks to an arginine target level of <200 uM, followed by Part 2,
where treatment was continued as weekly IV dosing for seven weeks. Study 101A was
completed on February 28" 2019, and the CSR provides the primary source of data
underpinning the study narrative. Results from Study 101A were published in the
Journal of Inherited Metabolic Disease, which is used to supplement the narrative on

Study 101A where appropriate (2).

Study 101A was an uncontrolled dose-finding study and was not designed to measure
the efficacy of pegzilarginase, however, given the ultra-orphan nature of ARG1-D, the
study has been included as appropriate in the submission. For the sake of brevity, we
report the study methodology for Study 102A, with details on Study 101A
supplemented in Sections B.2.3 and B.2.4. Details of the clinical effectiveness and

safety data for Study 101A have been included in Appendix P.

Table 5: Clinical effectiveness evidence: PEACE, Study 102A, and Study 101A

CAEB1102-300A
(PEACE)
(NCT03921541)

Study

CAEB1102-102A
(NCT03378531)

CAEB1102-101A
(NCT02488044)

A Randomised,
Double-blind,
Placebo-controlled
Phase 3 Study of the
Efficacy and Safety of
Pegzilarginase in
Children and Adults
With Arginase 1
Deficiency

Study design

A Phase 2 Open-
label, Multicentre
Extension Study to
Evaluate the Long-
Term Safety,
Tolerability and
Effects of Intravenous
AEB1102 in Patients
With Arginase |
Deficiency Who
Previously Received

A Phase 1/2 Open-
label Study in Patients
with Arginase |
Deficiency to
Investigate the Safety,
Pharmacokinetics,

and
Pharmacodynamics of
Intravenous AEB1102
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Population

Intervention(s)

Comparator(s)

Indicate if
study
supports
application for
marketing
authorisation

Indicate if
study used in
the economic
model

Rationale if
study not
used in model

Reported
outcomes
specified in
the decision
problem

All other
reported
outcomes

Treatment in Study
CAEB1102-101A.

Patients aged 2 years
and older with ARG1-
D

Patients aged 2 years
and older with ARG1-
D

Patients aged 2 years
and older with ARG1-
D

Pegzilarginase plus
IDM

Pegzilarginase plus
IDM

Pegzilarginase plus
IDM

Placebo plus IDM

None (Study 102Ais a
single-arm study)

None (Study 101Ais a
single-arm study)

Yes

Yes

Yes

Yes

Yes

Yes

Not applicable.
PEACE presents the
pivotal, regulatory,
clinical evidence in
support of
pegzilarginase in
ARG1-D.

Not applicable. Study
102A provides long-
term efficacy and
safety data in support
of pegzilarginase in
ARG1-D.

Not applicable. Data
used for the statistical
model of the
relationship between
GMFCS and GMFM

e Plasmaarginine
concentration

e Level of ornithine
and guanidino

compounds

e Mobility

e Adaptive
behaviour

¢ Neurocognitive
function

e Adverse effects of
treatment

e Health-related
quality of life

e Plasmaarginine
concentration

e Level of ornithine
and guanidino

compounds

e Mobility

e Adaptive
behaviour

¢ Neurocognitive
function

e Adverse effects of
treatment

¢ Health-related
quality of life

e Plasmaarginine
concentration

e Level of ornithine
and guanidino

compounds

¢ Mobility

e Adaptive
behaviour

¢ Neurocognitive
function

e Adverse effects of
treatment

¢ Health-related
quality of life

Not applicable

Not applicable

Not applicable

Key: ARG1-D: arginase 1 deficiency; IDM: individualised disease management.
Notes: Outcomes used in the economic model are highlighted in bold.
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B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

B.2.3.1. PEACE

B.2.3.1.1.  Trial methodology
Table 6: Summary of study methodology for CAEB1102-300A (PEACE)

Study CAEB1102-300A (PEACE) (NCT03921541)

Location This study is being conducted at 19 sites across seven
countries: United States (9 sites), United Kingdom (4 sites),
France (2 sites), Austria (1 site), Canada (1 site), Germany
(1 site), and ltaly (1 site)

Study design A randomised, double-blind, placebo-controlled Phase 3
study of the efficacy and safety of pegzilarginase when
added to IDM in children and adults with ARG1-D

LTS CHER @ Inclusion criteria:

participants e Documented ARG1-D diagnosis (through elevated
plasma arginine (pArg), pathogenic variants in ARG1,
and/or erythrocyte ARG1 activity)

e pArg 2250 uM (mean of all screening values)

¢ Male and female patients aged =2 years of age on the
date of informed consent/assent

¢ Impairment on any secondary functional mobility
assessment (see Table 8, Section B.2.3.1.3)

Exclusion criteria:

¢ Symptomatic hyperammonaemia (ammonia =100 uM
requiring acute care or hospitalisation)

e Extreme mobility deficit (i.e., unable to complete mobility
assessments)

o Other medical conditions or comorbidities that would
preclude study compliance (e.g., severe intellectual
disability)

e Patients with ongoing or planned initiation of treatment
with botulinum toxin containing regimens during the
blinded portion of the study, or surgical or botulinum
toxin treatment for spasticity-related complications within
16 weeks before first pegzilarginase dose

e Participation in previous interventional study with
pegzilarginase

e Perior liver or haemopoietic transplant procedure
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Settings and locations
where the data were
collected

Study periods and trial
drugs

Prior and concomitant
medication

Primary efficacy
endpoint

Secondary outcomes
used in the
model/specified in the
scope

¢ In the double-blind period, treatment and all study
procedures were performed on outpatient visits to the
study site

o |f appropriate, in the opinion of the investigator in
consultation with the sponsor, patients were permitted to
be administered study treatment and have laboratory
samples taken outside of the study site by appropriately
qualified and trained home healthcare personnel

The study consisted of the following study periods:

1. A screening period of 3-4 weeks to collect all necessary
information to ensure the patients met study eligibility
criteria and to establish baseline pArg data, collect
prescribed diet data, and determine adherence to
prescribed diet using a diet diary

2. Arandomised, double-blind period of 24 weeks

3. An open-label LTE period of up to approximately 150
weeks in which all patients received pegzilarginase. The
first eight weeks of treatment previously administered
during the double-blind period were to remain blinded to
ensure that study data relating to the randomised period
was collected prior to unblinding

Eligible patients were randomised in a 2:1 ratio to receive
weekly IV infusions of pegzilarginase plus IDM or placebo
plus IDM during the 24-week double-blind treatment period.

Patients were required to maintain dietary protein intake
levels that were consistent with their baseline levels that
were consistent with baseline levels for the entire duration of
the randomised, double-blind period and the eight-week
blinded period of the LTE period of the study.

e Change from baseline in pArg after 24 weeks of study
treatment

Key secondary outcomes:

¢ Mean change from baseline at Week 24 in the 2-Minute
Walk Test (2MWT)

e Mean change from baseline at Week 24 in the Gross
Motor Function Measure-88, Part E (GMFM-E)

Other secondary outcomes:

e Change from baseline in ornithine and guanidino
compounds after 24 weeks of study treatment

¢ Mean change from baseline at Week 24 in the GMFM-
88, Part D (GMFM-D)

¢ Mean change from baseline at Week 24 in the VABS-I
e Adverse events

Tertiary outcomes specified in the scope:

¢ Responder analysis and composite clinical outcomes

¢ Neurocognitive function (BSID-Ill and Wechsler
intelligence batteries)
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¢ Improvement of spasticity (Modified Ashworth Scale)

e Health-related quality of life (PedsQL, SF-36, and ZBI-
12)

Pre-planned subgroups e Age

e Sex
e Region
e GMFCS classification

Key: ARG1-D: arginase 1 deficiency; BSID-llI: Bayley Scales of Infant and Toddler Development, Third Edition; EAA: essential
amino acid; GMFCS: Gross Motor Function Classification System; GMFM-D: Gross Motor Function Measure-88, Part D; GMFM-
E: Gross Motor Function Measure-88, Part E; IDM: individualized disease management; IV: intravenous; PedsQL: Paediatric
Quality of Life Inventory; SC: subcutaneous; SF-36: 36-ltem Short Form Health Survey; VABS-II: Vineland Adaptive Behaviour
Scale, Second Edition; ZBI-12: Short-Form Zarit Burden Interview.

Sources: Sanchez Russo et al. (2024) (59); PEACE CSR (84).

B.2.3.1.2. Trial design

PEACE is a Phase 3, randomized study consisting of a 24-week, double-blind,
placebo-controlled period followed by an open-label, LTE period to evaluate the
efficacy and safety of IV and SC pegzilarginase in conjunction with IDM in patients
aged 2 years and older with ARG1-D (59, 84).

Approximately 30 patients with ARG1-D were to be assessed to evaluate the efficacy
and safety of pegzilarginase, with change in pArg from baseline after 24 weeks of

study treatment (end of the double-blind period) as the primary endpoint (84).

As described in Table 6, and depicted below in Figure 12, the study consisted of the
following stages: a screening period of 3-4 weeks, a randomised, double-blind,
placebo-controlled period of 24 weeks, and an open-label LTE period of up to

approximately 150 weeks in which all patients received active pegzilarginase (59, 84).

Figure 12: Study schema for PEACE

Pegzilarginase + IDM
(N=20) Pegzilarginase + IDM
@. Double-blind Blinded Open-label >
2 Placebo + IDM —
N=30 [N—"-lﬂ] 8 weeks
Screening Period Randomized Period Long Term Extension
~3-4 weeks 24 weeks Up to 150 weeks
R = Randomization, IDM = |ndividualized Disease Management D Double-blind study drug

Source: Supplementary Information, Sanchez Russo et al. (2024) (59); Figure 1, PEACE CSR (84).
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Patients were randomly assigned to a treatment group following completion of all
screening assessments and confirmation of study eligibility in a 2:1 ratio to receive
weekly 1V infusions of pegzilarginase plus IDM or placebo plus IDM during the 24-
week double-blind treatment period. Randomisation was stratified by the severity of
prior history of hyperammonaemia to minimise potential bias from treatment group
imbalance (59, 84).

Overall, 32 patients were enrolled and randomised in a 2:1 ratio to either
pegzilarginase (n=21) or placebo (n=11) (59). Thirty-one of 32 randomised patients
completed the 24-week double-blind period and continued onto the LTE portion of the
study (59, 84). All 31 patients who continued onto the LTE portion of the study
completed the study, with the last patient’s final visit occurring on February 1t 2023
(84).

B.2.3.1.3.  Eligibility criteria

The key inclusion and exclusion criteria for PEACE are described below in Table 7.

Table 7: Key eligibility criteria for PEACE

Key inclusion criteria

Key exclusion criteria

A current diagnosis of ARG1-D
including one of the following: elevated
plasma arginine (pArg) levels, a
mutation analysis that resulted in a
pathogenic variant, or reduced RBC
arginase activity

Average of all measured values of pArg
during the screening period prior to
randomisation visit (Visit 1, Study Day
1) is 2 250 ymol/L

Male and female patients aged = 2
years of age on the date of informed
consent/assent

Patient was able to complete a key
secondary/secondary assessment and
had a baseline deficit in at least one
component as defined in Table 8

Have received documented
confirmation from the investigator
and/or dietician that the patient can
maintain their diet in accordance with

Hyperammonaemic episode (defined as
an event in which a subject has an
ammonia level 2100 yM with one or
more symptoms related to
hyperammonaemia requiring
hospitalisation or emergency room
management) within the 6 weeks before
the first dose of study drug is
administered

Extreme mobility deficit, defined as
either inability to be assessed on the
GFAQ or a score of 1 on the GFAQ

Other medical conditions or
comorbidities that, in the opinion of the
Investigator would interfere with study
compliance or data interpretation (e.g.,
severe intellectual disability precluding
required study assessments)

Patient is being treated with botulinum
toxin-containing regimens or plans to
initiate such regimens during the
double-blind or blinded follow-up
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dietary information presented in the
protocol (i.e., can maintain the current
level of protein consumption, including
natural protein and EAA

portions of the study of the study or
received surgical or botulinum-toxin
treatment for spasticity-related
complications within the last 16 weeks

supplementation) prior to the first dose of study treatment
e Patients receiving nitrogen scavenger in this study
therapy, anti-epileptic drugs, and/or e Participation in previous interventional

medications for spasticity (e.g., study with pegzilarginase

baclofen) must be on a stable dose of e Previous liver haematopoietic transplant
the medication for at least 4 weeks prior procedure

to randomisation, and be willing to
remain on a stable dose during the
blinded portions of the study

Key: ARG1-D: arginase 1 deficiency; EAA: essential amino acid; GFAQ: Gillette Functional Assessment Questionnaire.
Sources: Sanchez Russo et al. (2024) (59); Section 9.3, PEACE CSR (84)

Given the importance of demonstrating clinically relevant treatment effects, in addition
to reducing pArg levels in the PEACE study, enroliment was limited to patients with a
measurable deficit in at least one of the ARG1-D manifestation(s) considered for the
key secondary/other secondary endpoints: 2-Minute Walk Test (2MWT) or Gross
Motor Function Measure-88, Part D (GMFM-D) or Gross Motor Function Measure-88,
Part E (GMFM-E) (59, 84). Baseline deficits for the key secondary/other secondary

endpoints are described in Table 8.

Table 8: Definition of baseline deficits for key secondary/other secondary
endpoints

Domain Assessment Component Definition of Baseline Deficit
Mobility Timed walk 2MWT* Definition of baseline deficit for 2MWT
test (meters) varies by age and sex
Age Female Male
3-5 <112.9 <110.6
6-8 <155.8 <154.9
9-11 <172.0 <169.9
12-15 <168.7 <1721
16-17 <167.5 <173.4
>18 <1424 <148.8
GMFM* Part D
(points) <35
Part E
(points) <68

Key: 2MWT: 2-Minute Walk Test; GMFM: Gross Motor Function Measure.
Notes: *Definition of baseline deficit is calculated from the NIH toolbox motor domain dataset (2-Minute Walk Endurance Test).

**Definition of baseline deficit from Oeffinger et al. (2008) (95).

For a full list of eligibility criteria, please refer to the PEACE CSR (84).
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B.2.3.1.4. Settings and locations where data were collected

PEACE was conducted at a total of 19 study sites across seven countries: US (9 sites),
UK (4 sites), France (2 sites), Austria (1 site), Canada (1 site), Germany (1 site), and
Italy (1 site). All treatment and study procedures occurred on an outpatient basis at the
study site (59, 84).

If appropriate, in the opinion of the investigator in consultation with the study sponsor,
patients were permitted to be administered study treatment and have laboratory
samples taken outside of the study site by appropriately qualified and trained home

healthcare personnel (59, 84).

All site personnel involved in the study, including patients, families, caregivers,
investigators, expert assessors of relevant endpoints, and all sponsor and contract
personnel were blinded to the patient’s randomised treatment assignment to minimise

potential biases of safety and clinical outcomes (59, 84).
B.2.3.1.5. Trial drugs and concomitant medications
a. Pegzilarginase

In PEACE, the study drug was pegzilarginase. This was supplied as a liquid
formulation in 10 mL single-use glass vials containing 5 mL of formulated drug product
at a concentration of 1 mg/mL, or 5 mL of formulated drug product at 5 mg/mL. Patients
initially randomised to the pegzilarginase treatment group received an initial dose of

0.10 mg/kg per week. In the LTE, patients initially randomized to pegzilarginase
continued their optimized dose from the double-blind period, and those initially
randomised to placebo transitioned to 0.10 mg/kg pegzilarginase with dose

modifications permitted as appropriate.

Patients could be switched to SC administration at any point after the first eight weeks
of the LTE. After the fourth SC dose, injections could be administered at the study site

or at home by a qualified health care professional (59, 84).
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b. Placebo

The comparator arm in the PEACE study was placebo. Placebo was supplied in a 10
mL single-use vial containing 5 mL of vehicle. The placebo infusion was volume-
adjusted to match the volume of a hypothetical pegzilarginase infusion. Placebo was
administered by IV infusion at the study site by the site investigator when the patient
was attending a study centre visit during the randomised, double-blind period of the

study, prior to the transition to the pegzilarginase treatment arm (59, 84).
c. Concomitant medications

All eligible patients had stable IDM plans, as demonstrated during the initial screening
phase prior to study participation, including the amount of prescribed protein and the
amount of prescribed EAAs with or without the use of a prescribed dose of nitrogen
scavenger medication. Patients were required to have a stable, consistent diet for the
entire duration of the blinded periods of the study (24-week randomization period and
the first eight weeks of the LTE period). Study sites were instructed to minimize
changes to within 15% of baseline for patients dietary protein intake to keep diet stable

as much as possible throughout the study (59, 84).

Patients receiving ammonia scavenging therapy must have been willing to remain on

a stable dose during the blinded portions of the study (59, 84).
d. Restricted medication

The use of botulinum toxin was prohibited until after patients completed the end of the
blinded period. If necessary for the patient to utilise botulinum toxin during the LTE

period, it was to be discussed with the sponsor prior to administration (84).

In addition, it was recommended that patients not undergo surgical procedures (e.g.,
tendon release) for correction of disease-related abnormalities during the double-
blinded period of the study (84).
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B.2.3.1.6. Outcomes in the economic model or specified in the

scope, including primary outcome

The primary efficacy endpoint of PEACE was change from baseline in pArg
concentration after 24 weeks of treatment (59, 84). As highlighted previously in Section
B.1.3.1.1, pArg is mechanistically related to the primary disorder, is the single most
common manifestation in all patients, and is believed to be the key driver of clinical
manifestations of ARG1-D.

Additional secondary endpoints used to evaluate the magnitude, onset, and duration

of changes in pArg levels included:

e Proportion of patients with pArg levels below target guidance (<200 uM) after

24 weeks of study treatment

e Proportion of patients with pArg levels within the normal range (=40 uM to <115

MM) after 24 weeks of study treatment
e Change from baseline in ornithine and GCs after 24 weeks of study treatment

Other secondary and tertiary outcome measures that were used to evaluate the clinical

benefit of pegzilarginase, per domain, are summarised in Table 9.

Table 9: Clinical outcome assessments in PEACE by domain

Domain Assessed | Test Name Study Endpoint | Age Range*
Locomotion / Mobility | 2-Minute Walk Mean change from 3to 85
/ Endurance Test (2MWT) baseline at Week 24
in the 2MWT
Motor Function Gross Motor Mean change from =5 months
Function baseline at Week 24
Measure-88, Part | in the GMFM-D
D (GMFM-D)
Gross Motor Mean change from =5 months
Function baseline at Week 24
Measure-88, Part | in the GMFM-E
E (GMFM-E)
Modified Mean change from All ages
Ashworth Scale baselines at Week 24
(MAS) in the MAS
Adaptive Behaviour Vineland Mean change from All ages
Adaptive baseline at Week 24
Behaviour Scale, | in the VABS-II
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24 Edition
(VABS-II)
Neurocognition and | Bayley Scales of | Mean change from 2 to 3.5 years
Memory Infant baseline at Week 24
Development, in the BSID-III
Third Edition
(BSID-I11)*
Wechsler Mean change from 2.51t0 7.6 years
Preschool and baseline at Week 24
Primary Scale of | in the WPPSI-IV
Intelligence IV
(WPPSI-IV)
Wechsler Mean change from 6 to 16 years
Intelligence Scale | baseline at Week 24
for Children V in the WISC-V
(WISC-V)
Wechsler Adult Mean change from 16 years and older
Intelligence Scale | baseline at Week 24
IV (WAIS-IV) in the WAIS-IV
HRQoL Pediatric Quality | Mean change from 2 to 18 years
of Life Inventory baseline at Week 24
(PedsQL) in the PedsQL
36-Item Short Mean change from 219 years
Form Health baseline at Week 24
Survey (SF-36) in the SF-36
Caregiver QoL 12-ltem Short Mean change from Completed by
Form Zarit baseline at Week 24 Caregiver; All ages
Burden Interview | in the ZBI-12
(ZBI-12)

Key: HRQoL: health-related quality of life; QoL: quality of life.

Notes: *A patient who completed a baseline assessment continued with that assessment during follow-up, even if they were out
of this age range for the test during follow-up.

Source: PEACE CSR (84).

Safety evaluations used to assess the safety of pegzilarginase monitored the
frequency and nature of AEs, based on the assessment of clinical events, growth
assessments, physical examination (including neurological examination), vital signs,

electrocardiograms, electroencephalograms, and laboratory tests (59, 84).

B.2.3.1.7. Patient datasets

Analyses for both efficacy and safety endpoints were performed using the Full Analysis
Set (FAS). The FAS comprised all patients who were randomised and received at least
one dose of blinded study treatment (59, 84).

Of the 44 patients who were screened and consented to take part in PEACE, 32 were
considered eligible and were randomised in 2:1 ratio to either the pegzilarginase arm

(n=21) or the placebo group (n=11). All 32 patients received at least one dose of
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blinded study treatment and were included in the FAS. Thirty-one of 32 patients
completed the double-blind period of PEACE and continued onto the LTE portion of
the study; one patient in the pegzilarginase group discontinued at Week 6 of the
double-blind stage of the study for personal reasons. All 31 patients who enrolled onto
the LTE portion of the study completed the study (Table 10) (59, 84).

Table 10: Patient disposition (PEACE)

Analysis Set, n (%) Pegzilarginase Placebo

(n=21) (n=11)

Consented Set - - 44
Screen failures - - 12
Randomised Set 21 (100) 11 (100) 32 (100)
Full Analysis Set 21 (100) 11 (100) 32 (100)
Completed double- 20 (95.2) 11 (100) 31 (96.9)
blind period?

Completed double- 20 (95.2) 11 (100) 31 (96.9)

blind period and
enrolled in LTEP
Completed LTE 20 (95.2)° 11 (100) 31 (96.9)

Notes: Percentages were based on the total number of subjects randomized in each treatment group. Consented Set included
all patients who signed an informed consent form. Randomized Set included all patients in the Consented Set who were
randomized to a blinded study treatment. Full Analysis Set included all patients who were randomised and received at least one
dose of blinded study treatment.

@Completers were defined as patients who did not discontinue from study prior to LTE and therefore completed the 24-week
double-blind randomisation period.

bAll 31 patients who completed the double-blind period continued on to the LTE portion of the study. In the LTE, patients initially
randomised to placebo transitioned to 0.1mg/kg pegzilarginase with dose modifications permitted as appropriate.

°One patient completed dosing but did not attend the final follow-up visit and was reported as discontinued (reason: family
bereavement).

Sources: Sanchez Russo et al. (2024) (59); Table 11, PEACE CSR (84).

B.2.3.1.8. Baseline characteristics

Table 11 presents the key baseline characteristics for the PEACE FAS. With a few
exceptions (slightly younger age, lower pArg levels, and less moderate/severe
spasticity among patients randomised to pegzilarginase vs placebo), characteristics

were generally comparable across treatment groups (59, 84).

For the 32 patients enrolled in the PEACE FAS, the median (range) age of patients at
enrolment was 10.5 years (range: 2 to 29 years), which was lower than the median
age of patients enrolled onto the European Bol study (14 years [range: 0 — 49 years))
and those included in the UK-based study by Keshavan et al. (2022) (16.0 years
[range: 12 — 28 years) (30, 46).0Only three patients (9.4%) in the FAS were aged 218.0
years (aged [l and [llyears), further reiterating that patients with ARG1-D are
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subjected to early mortality, and very few patients survive into adulthood beyond 35

years of age (see Section B.1.3.1.2.c).

Despite IDM, median baseline pArg levels, based on data obtained from medical
records prior to enrolment, was 398.2 uM, which is approximately 3.5-fold the upper
limit of normal (115 pM) (80), and twice the recommended treatment goal of <200 yM
specified in clinical guidelines (15). Historical median pArg levels were lower in the

pegzilarginase group compared to the placebo group (84).

In addition, the majority of patients (56.2%) in the PEACE FAS had gross motor
functional impairment of GMFCS Level 211 (59, 84), a proportion similar to that reported
in the European Bol study (50.0%), which included six ARG1-D patients from the UK
(46).

Table 11: Patient demographics and baseline characteristics (PEACE; FAS)

Pegzilarginase Placebo Overall
(n=21) (n=11) (n=32)

Age at enrollment (years)

n 21 11 32
Mean (SD) 9.6 (6.16) 12.9 (6.77) 10.7 (6.47)
Median 8.0 12.0 10.5
Min, Max 2,28 5, 29 2,29
Age categories (years), n (%)

2-<6 5(23.8) 1(9.1) 6 (18.8)
6-<12 8 (38.1) 4 (36.4) 12 (37.5)
12 -<18 7 (33.3) 4 (36.4) 11 (34.4)
218 1(4.8) 2 (18.2) 3(9.4)
Sex, n (%)

Female 9 (42.9) 4 (36.4) 13 (40.6)
Male 12 (57.1) 7 (63.6) 19 (59.4)
Race, n (%)

Asian 3(14.3) 3(27.3) 6 (18.8)
Black/African

American 0 2(18.2) 2 (6.3)
White 10 (47.6) 4 (36.4) 14 (43.8)
Other 6 (28.6) 0 6 (18.8)
Multiple Race 1(4.8) 1(9.1) 2 (6.3)
Missing 1(4.8) 1(9.1) 2 (6.3)
Age at onset of manifestations, years

n 11 10 21
Mean (SD) 1.6 (2.5) 2.5(2.0) 1.9 (2.4)
Median 1.0 2.0 1.0
Min, Max 1,10 0,7 0, 10
Age at diagnosis, years

n | 17 | 9 | 26
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Mean (SD) 2.8 (4.1) 4.2 (3.1) 3.3(3.8)
Median 0.7 4.6 2.6
Min, Max 0, 15 0, 11 0, 15
Historical pArg, pM?

n 19 11 30
Mean (SD) 365.4 (93.7) 471.7 (79.9) 402.0 (101.8)
Median 368.2 483.7 398.2
Min, Max 202, 572 294, 573 202, 573
Level of spasticity, n (%)

Any 13 (61.9) 8 (72.7) 21 (65.5)
Lower-limb 13 (61.9) 8 (72.7) 21 (65.6)
Upper-limb 1(4.8) 3(27.3) 4 (12.5)
Moderate to severe 6 (28.6) 6 (54.5) 12 (37.5)
History of seizures, n (%)

Yes 7 (33.3) 4 (36.4) 11 (34.4)
No 14 (66.7) 7 (63.6) 21 (65.6)
History of hyperammonaemia, n (%)

Yes 12 (57.1) 6 (54.5) 18 (56.3)
No 9 (42.9) 5 (45.5) 14 (43.8)
GMFCS level at baseline, n (%)

I 9 (42.9) 5 (45.5) 14 (43.8)
I 9 (42.9) 4 (36.4) 13 (40.6)
Il 0 0 0

v 3(14.3) 2(18.2) 5(15.6)
\Y, 0 0 0
Baseline GMFM-E score, points®

n 21 11 31
Mean (SD) 48.3 (19.93) 46.5 (24.56) 47.7 (21.25)
Median 53.0 56.0 54.0
Min, Max 5,71 0,72 0,72
Baseline 2MWT, metres®

n 20 11 31
Mean (SD) 109.0 (55.76) 99.9 (49.00) 105.8 (52.82)
Median 122.0 102.0 118.0
Min, Max 2,202 0,171 0, 202
Baseline GMFM-D score, points®

n 21 11 31
Mean (SD) 28.0 (9.6) 29.5 (12.4) 28.5(10.4)
Median 30.0 33.0 32.0
Min, Max 1, 38 0, 39 0, 39

Key: 2MWT: 2-Minute Walk Test; FAS: full analysis set; GMFCS: Gross Motor Function Classification System; GMFM-D: Gross
Motor Function Measure-88, Part D; GMFM-E: Gross Motor Function Measure-88 Part E; Max: maximum; Min: minimum; pArg:

plasma arginine; SD: standard d

eviation.

Notes: Percentages are based on the total number of patients in the FAS.

20ne patient had pArg <250 uM (screening, 242 pM; baseline, 202 uM) but was considered eligible for the study based on

documented historical pArg levels.
®No patients at GMFCS Level V were enrolled due to inability to complete functional mobility assessments.

‘Baseline GMFM-E was assessed in 10 of 11 patients in the placebo group; one patient was not assessed at baseline because

of severe disability and wheelchair dependence.

9Baseline 2MWT was assessed in 20 of 21 patients in the pegzilarginase group; one patient was not assessed at baseline due

to young age.

°Excludes one patient (placebo) with missing baseline value.
Sources: Table 1, Sanchez Russo et al. (2024) (59); Table 14 & Table 15, PEACE CSR (84).
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B.2.3.2.

B.2.3.2.1.

Study 101A/102A

Trial methodology

Table 12: Summary of study methodology for Study 101A/102A

Study

Location

Study design

Key eligibility
criteria for
participants

Settings and
locations where
the data were
collected

CAEB1102-101A (NCT02488044)

CAEB1102-102A (NCT03378531)

Study 101A was conducted at 9
sites in the United States (6 sites),
United Kingdom (1 site), Portugal
(1 site), and Canada (1 site).

Study 102A was conducted at 8
sites in the United States (5 sites),
United Kingdom (1 site), Portugal
(1 site), and Canada (1 site).

An open-label, multicentre study
to evaluate the long-term safety,
tolerability, and efficacy of
pegzilarginase in patients with
ARG1-D

An open-label, multicentre study
to evaluate the long-term safety,
tolerability, and efficacy of
pegzilarginase in patients with
ARG1-D

Inclusion criteria:

e Patient 22 years old with
baseline plasma arginine
(pArg) levels >200 pM.

¢ Diagnosis confirmed by the
presence of pathogenic
variants in the ARG 1 gene or
deficiency in red blood cell
enzyme activity.

Exclusion criteria:

¢ Recent hyperammonaemic
episode requiring
hospitalisation or active
infection requiring treatment

o History of hypersensitivity to
polyethylene glycol

e Any comorbid condition or
laboratory abnormality that
could interfere with study
participation or interpretation

As per Study 101A. For
participation in Study 102A,
patients were also required to
complete Study 101A without
experiencing any clinically
significant adverse event or other
unmanageable drug toxicity that
would preclude continued dosing

e Treatment and all study
procedures were performed
on an outpatient basis

e Treatment and all study
procedures were performed
on outpatient visits to the
study sit for the initial 12
doses of IV pegzilarginase.

o After the initial 12 IV doses,
patients were dosed outside of
the clinical research unit by
home health care
professionals if considered
safe and appropriate. After 24
weeks, patients could be
switched to SC weekly dosing.
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Study periods

and trial drugs

Prior and
concomitant
medication

Primary
efficacy
endpoint

Secondary
outcomes used
in the
model/specified
in the scope

e In cases where patients were
dosed outside of the study
site, home health care
professionals were
responsible for performing the
dosing and conducting the
protocol-required safety and
efficacy assessments and
procedures. In instances
where this was not
appropriate, patients
continued to attend outpatient
visits for treatment and all
study procedures.

Study 101A was an open-label
study conducted in two parts. In
Part 1, patients received single
ascending doses of IV
pegzilarginase at two-week
intervals. In Part 2, patients
received eight weekly repeat
doses of IV pegzilarginase. All
patients received at least one
dose of pegzilarginase.

Study 102A was an open-label,
long-term extension study
conducted for up to four years in
patients with ARG1-D who had
previously completed participation
in Study 101A. All patients
received at least one dose of
pegzilarginase.

Individualised disease
management prior to the study
was maintained and remained
unchanged during the trial.

As per Study 101A

¢ Frequency of adverse events

As per Study 101A

e Change from baseline in pArg
levels

e Change from baseline in
ornithine and guanidino
compounds

e Change from baseline in the
6-Minute Walk Test (2MWT)

e Mean change from baseline at
Week 24 in the Gross Motor
Function Measure-88, Part E
(GMFM-E)

¢ Change from baseline in the
GMFM-88, Part D (GMFM-D)

e Change from baseline in
Modified Ashworth Scale
(MAS)

Exploratory outcomes specified in

the scope

As per Study 101A
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e Composite responder analysis

¢ Neurocognitive function
(BSID-1Il and Wechsler
intelligence batteries

e Health-related quality of life
(PROMIS, PedsQL, ZBI-12)

Pre-planned None As per Study 101A
subgroups

Key: ARG1-D: arginase 1 deficiency; BSID-III: Bayley Scales of Infant and Toddler Development, Third Edition; IV: intravenous;
pArg: plasma arginine; PedsQL: Paediatric Quality of Life Inventory; PROMIS: Patient Reported Outcomes Measurement
Information System; SC: subcutaneous; ZBI-12: Short-Form Zarit Burden Interview (ZBI-12).

B.2.3.2.2. Trial design
Study 102A is an open-label, multicentre extension study to evaluate the long-term
safety, tolerability and effects of weekly IV and SC pegzilarginase for up to four years
in patients aged 2 years and older with ARG1-D previously enrolled in the parent study,
Study 101A (96). The study design for the parent study, Study 101A, and the LTE,
Study 102A, is depicted below in Figure 13.

Figure 13: Study schema for Study 101A/Study 102A

Inclusion criteria:

« Diagnosis of ARG1-D ~ Part1 Part 2 Open Label Extension
- Single Ascending 8 Repeat Doses Qw)
>2 years old (
Dose (Q2W) (Qw)
Exclusion criteria:
o ﬁevefe- UﬂCO”lFOUEd | Weeks 1 | Weeks I Weeks I Weeks Up to 3 years
yperammonaemia 0 ~10 0 ~10 0 12
Clinical Clinical Clinical Clinical
Assessment Assessment Assessment Assessment
N=16" N=15 N=14 N=14

Clinical assessments:
+ Plasma arginine, guanidino compounds, safety, mobility, and adaptive behaviour
+ Pharmacokinetics analysis occurred at week 8 of the open label extension

Key: ARG1-D: arginase 1 deficiency.
Notes: *Two patients withdrew for personal reasons.
Source: Adapted from Figure 1, Diaz et al. (2021) (2).

Study 101A was a Phase 1/2, open-label dose-finding study in 16 adult and paediatric
patients with ARG1-D. The study was conducted in two parts. In Part 1, patients
received single ascending doses of IV pegzilarginase at 2-week intervals. The pre-
defined doses were escalated until stopping rules were met for each patient in Part 1.
In Part 2, patients received 8 weekly repeat doses of IV pegzilarginase and started
with a dose chosen based on dose response from Part 1 of the study. After completion
of Study 101A, patents were eligible to enrol in Study 102A to evaluate the long-term
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effects of pegzilarginase. In Study 102A, patients resumed treatment with weekly
administration of pegzilarginase at a dose selected based on Study 101A data (2, 97).
Overall, 14 patients completed Study 101A and enrolled onto Study 102A. At the
termination of Study 102A (December 151" 2022), 13 patients completed the study
(96).

The primary objective of Study 102A was to evaluate the long-term safety and
tolerability of IV and SC pegzilarginase, with long-term clinical effectiveness on
sustained pArg reduction, GCs, and improvement or stabilisation of neuromotor
manifestations evaluated as secondary endpoints. Long-term clinical effectiveness on
neurocognitive, developmental, and HRQoL outcomes was investigated as an

exploratory outcome in the study (96).

B.2.3.2.3.  Eligibility criteria
Briefly, eligible patients for Study 101A were =2 years old with baseline pArg levels

>200 uM. Diagnosis was confirmed by the presence of pathogenic variants in the
ARG1 gene or deficiency in red blood cell enzyme activity. Exclusion criteria included
recent HACs requiring hospitalization or active infection requiring treatment; history of
hypersensitivity to polyethylene glycol; or any comorbid condition or laboratory

abnormality that could interfere with study participation or interpretation (2, 97).

All patients who completed Study 101A were eligible for participate in Study 102A.
Further details on the key inclusion and exclusion criteria for Study 102A are described
below in Table 13 (96).

Table 13: Key eligibility criteria for Study 102A

Key inclusion criteria Key exclusion criteria

e Completed participation in Study 101A e Had transfusion of =2 units of RBCs

without experiencing any clinically within 60 days before enrolment
drug toxicity that precluded continued systemic treatment
dosing _ _ e Had a known infection with human
e Acurrent diagnosis of ARG1-D as immunodeficiency virus, hepatitis B, or
documented in medical records, which hepatitis C.

must include one of the following:
elevated plasma arginine levels, a
mutation analysis that resulted in a

¢ Had unstable hyperammonaemia
requiring hospitalisation within the 14
days before enrolment
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pathogenic variant, or reduced RBC e Had a history of sensitivity to

arginase activity. polyethylene glycol or any other
e Male and female patients aged = 2 component of the study drug

years of age on the date of informed formulation

consent/assent

e Adequate organ function as follows:

o Bone marrow: haemoglobin 210
g/dL; white blood cell count >3.0 x
10%/L; platelet count

o Hepatic (bilirubin): total bilirubin <2.0
x the upper limit of normal (ULN)

o Hepatic (fransaminases): either
aspartate aminotransferase (AST)
and alanine aminotransferase (ALT)
<3.0 x ULN or ALT and/or AST >3.0
x ULN but both 5.0 x ULN, and in
the opinion of the investigator,
related to ARG1-D.

o Renal: serum creatinine <1.5 x ULN

Key: AE: adverse event; ARG1-D: arginase 1 deficiency; RBC: red blood cell.
Source: Diaz et al. (2021) (2); Section 9.3, Study 102A CSR (96)

For a full list of eligibility criteria, please refer to the Study 102A CSR (96).

B.2.3.2.4. Settings and locations where the data were collected

In Study 101A, a total of nine centres enrolled at least one patient. These centres were
concentrated primarily in the US, which contributed six study centres, with the UK,
Portugal and Canada each contributing a single study site (97). Five US study sites
from Study 101A enrolled patients in Study 102A; one study site failed to enrol any
patients (96).

All doses in Study 101A, and the first 24 doses of pegzilarginase in Study 102A, were
administered IV, with the initial 12 doses in Study 102A administered weekly in the
clinical research unit (CRU) (96, 97). After the initial 12 doses, patients were dosed IV
outside the CRU (i.e., by home health care professionals) if considered safe and
appropriate to do so. After 24 weeks of IV dosing, patients were switched to SC dosing
if it was considered safe and appropriate for the patient. If patients were switched to
the SC dosing route, the first four SC doses were given at the study site. Subsequent
SC injections were administered outside of the study site by appropriately trained

home health care personnel if considered safe and appropriate (96). In Study 102A,
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76.9% of patients (10 of 13 patients) received SC administration by home healthcare
(23, 96).

In cases where patients were dosed outside of the study site in Study 102A,
appropriately qualified and trained home health care personnel were responsible for
performing the dosing and conducting the protocol-required safety and efficacy
assessments and procedures. In instances where this was not appropriate, patients

were required to attend visits at the study site (96).
B.2.3.2.5. Trial drugs and concomitant medications

a. Pegzilarginase

In both Study 101A and Study 102A, the study drug was pegzilarginase.
Pegzilarginase was supplied as a liquid formulation in 10 mL single-use glass vials

containing 5 mL of formulated drug product at a concentration of 1 mg/mL (96, 97).

The pegzilarginase dose level and frequency in Study 102A initially matched the dose
and regimen the patient last received at the end of Study 101A. Patients received
weekly IV pegzilarginase for the first 24 weeks of Study 102A, with the SC dosing route
investigated as an option post 24-weeks if considered safe by the investigator (see
Figure 13, Section B.2.3.2.2). In total, all eligible patients (13 of 14 patients) opted to
have SC pegzilarginase (see Section B.2.10.2) (23, 96).

b. Concomitant medication

Patients who experienced a mild or moderate hypersensitivity reaction or an infusion
reaction during or after the first injection of pegzilarginase received prophylaxis prior

to subsequent injections (96, 97).

As necessary, patients were able to receive supportive care including blood products,
transfusions, antibiotics, nitrogen scavengers, pain medications, and replacement

hormonal therapies (e.g., insulin, thyroid hormone, oestrogen/progesterone) (96, 97).

c. Restricted medication

Patients were prohibited from receiving other investigational therapies or other
enzyme replacement therapy while participating in the study (96, 97).
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B.2.3.2.6.

the scope, including primary outcome

Outcomes used in the economic model or specified in

The long-term safety and tolerability of IV or SC pegzilarginase was the primary
outcome measured in Study 101A and Study 102A. Safety outcomes assessed
throughout the study included AEs, vital signs, electrocardiograms, concomitant

medications, physical examinations, and clinical laboratory tests (96, 97).

The magnitude, onset, and duration of changes in pArg levels and GCs, as well as
clinical response, were assessed using multiple neuromotor, neurocognitive, and
HRQoL measures (Table 14). Efficacy outcomes were measured through a series of
secondary and exploratory outcomes in Study 102A, while Study 101A only measures

the efficacy of pegzilarginase as an exploratory objective.

Table 14: Clinical outcome assessments in Study 101A/Study 102A by domain

Domain Assessed Test Name Age Range?
Locomotion / Mobility / 6-Minute Walk Test 3t085
Endurance (6MWT)
Motor Function Gross Motor Function =5 months
Measure-66, Part D
(GMFM-D)
Gross Motor Function 25 months
Measure-66, Part E
(GMFM-E)
Modified Ashworth Scale | All ages
(MAS)
Adaptive Behaviour Vineland Adaptive All ages

Behaviour Scale, 2
Edition (VABS-II)°

Neurocognition and Memory

Bayley Scales of Infant
Development, Third
Edition (BSID-III)®

2 to 3.5 years

Wechsler Preschool and
Primary Scale of
Intelligence IV (WPPSI-
V)

2.51t0 7.6 years

Wechsler Intelligence
Scale for Children V
(WISC-V)°

6 to 16 years
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Wechsler Adult 16 years and older
Intelligence Scale IV

(WAIS-IV)

HRQoL Pediatric Quality of Life 2 to 18 years
Inventory (PedsQL)
36-Item Short Form 219 years
Health Survey (SF-36)
Patient-Reported All ages

Outcomes Measurement
Information System

(PROMIS)
Caregiver QoL 12-Item Short Form Zarit | Completed by Caregiver; All
Burden Interview (ZBI- ages
12)
Key: HRQoL: health-related quality of life; QoL: quality of life.

Notes:

2A patient who completed a baseline assessment continued with that assessment during follow-up, even if they were out of this
age range for the test during follow-up.

PAdaptive behavior was assessed via the Adaptive Behavior Assessment System, Third Edition (ABAS-IIl) until Protocol
Amendment 1.1, after which it was assessed via the VABS-II.

°The BSID-IIl was not used in the study because there were no subjects enrolled in that age group (ie, younger than 3.5 years
old).

9The WAIS-IV, WISC-V, and ZBI-12 assessments were added in Protocol Amendment 1.1.

Source: Study 101A CSR (97), Study 102A CSR (96).

B.2.3.2.7. Patient datasets

Analyses for both efficacy and safety endpoints were performed using the FAS, unless
otherwise stated. The FAS was defined as all patients enrolled in the study who

received pegzilarginase (96, 97).

B.2.3.2.8. Baseline characteristics

The baseline characteristics of patients in the Study 101A and LTE Study 102A, are

shown below in Table 15.

Table 15: Patient demographics and baseline characteristics (Study 101A and
Study 102A; FAS)

Study 101A Study 102A
(n=16) (n=14)

Age (years)
n 16 14
Mean (SD) 15.1 (8.47) I
Median 15.0 14.0
Min, Max 5, 31 6, 32
Age categories (years), n (%)
2-5 years 2 (12.5) I
6-11 years 4 (25.0) I
12-17 years 5(31.3) 3(21.4)
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=18 years | 5(31.3) 5(35.7)
Height, cm

n o o
Mean (SD) I I
Median [ [
Min, Max — —
Sex, n (%)

Female 11 (68.8) [
Male 5(31.3) ]
Race, n (%)

Asian [ I
Black/African I I
American

White I |
Other — ——
Age at initial symptoms, years?

n u
Mean (SD) [
Median [ ]
Min, Max [
pArg level (uM)

Mean (SD) 373.4 (91.31) 309.2 (97.60)
Median 389.3 I
Min, Max 237.8, 565.8 I
Level of spasticity, n (%)

None 4 (25.0) I
Mild 3(18.8) s
Moderate S (31.3) s
Severe 4 (25.0) [
History of hyperammonaemia, n (%)

Yes 7 (43.8) 6 (42.9)
No 9 (56.2) 8 (57.1)
History of seizures, n (%)

Yes 7 (43.8) [
No 9 (56.2) [
GMFCS Level, n (%)°

I 9 (56.3) 7 (50.0)

Il 4 (25.0) 4 (28.6)
0l 2 (12.5) 2 (14.3)
v 1(6.3) 1(7.1)
Vv 0 0
GMFM-E score, points

n [ [
Mean (SD) ] —
Median [ [
Min, Max | |
6MWT, metres

n ] ]
Mean (SD) ] — N
Median B B
Min, Max I I
GMFM-D score, points
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n | |
Mean (SD) ] ]
Median [ [
Min, Max

Key: 6MWT: 6-Minute Walk Test; GMFCS: Gross Motor Function Classification System; GMFM-D; Gross Motor Function
Measure-88, Part D; GMFM-E: Gross Motor Function Measure-88; Part E; FAS: full analysis set; Min: minimum; Max: maximum;
pArg: plasma arginine; SD: standard deviation.

Notes: Percentages are based on the total number of patients in the FAS.

#0ne patient was diagnosed via newborn screening and did not present with initial symptoms.

®The GMFCS is a 5-level scale that assesses current motor function and what mobility aids a subject may need in the future.
Level I=walks without restrictions; Level ll=walks without assistive devices; Level lll=walks with handheld assistive mobility
devices; Level 1V=self-mobility with limitations, may use power mobility; Level V=self-mobility is severely limited even with the
use of assistive technology. Two patients did not have a GMFCS assessment at the Study 101A Part 1 Baseline but were later
assessed as Level Il and Level |, respectively.

Sources: Table 10 & 11, Study 101A CSR (97); Table 12 & Table 13, Study 102A CSR (96).

B.2.4 Statistical analysis and definition of study groups in the

relevant clinical effectiveness evidence

B.24.1. PEACE

B.24.1.1. Analysis population

In the PEACE study, all patients received at least one dose of blinded study treatment.

Hence, the FAS was used for both efficacy and safety endpoints analysis (96).

B.2.4.1.2. Sample size
Based on the data from the Study 101A and Study 102A studies, arginine levels at 24

weeks post-baseline were reduced to -2.13 on the logz scale, representing a 77%
decrease from baseline. The log2 scale SD was estimated at 0.681. Given that it is
unlikely that placebo would have any true treatment effect on arginine levels at 24

weeks, the reduction at 24 weeks for placebo was estimated to be zero (84).

Under these assumptions, a total sample size of 30 patients with 20 patients assigned
to pegzilarginase and 10 patients assigned to placebo, provides over 95% power to
detect a statistically significant difference in the reduction of arginine levels at the 2-

sided a=0.05 level of significance (84).

Although an exact screen failure rate could not be accurately predicted based on data
available, a sufficient number of patients were to be screened so at least 30 patients
in the FAS would have at least one follow-up measurements on which clinical response
could be assessed (i.e., 2MWT and GMFM-E) (84).
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B.2.4.1.3. Statistical analysis

A summary of statistical analyses for PEACE is available below in Table 16.

Table 16: Summary of statistical analyses: PEACE

Trial number (acronym)
Hypothesis objective

Statistical analyses

Sample size, power

calculations

Data management, patient
withdrawals

Source: PEACE CSR (84).

NCT03921541 (PEACE)

The null hypothesis tested in this study was that there
was no clinically significant difference in plasma
arginine (pArg) concentrations between the
pegzilarginase and placebo study groups

The primary analysis used a MMRM method. Results
were presented as geometric mean values, ratios to
baseline values, and changes with 95% Cls

A sample size of 30 patients was to provide >95%
power to detect a statistically significant difference in
the reduction of pArg levels between the
pegzilarginase and placebo treatment arms at the 2-
sided a=0.05 level of significance

For the primary efficacy endpoint (pArg) and one
secondary endpoint (GCs and ornithine), when a final
value was not available, change from baseline was
imputed as zero.

Missing data due to study withdrawal, death, COVID-
19 were imputed as though the patient did not
improve from baseline: a composite estimand
strategy.

Missing data for key secondary and secondary
endpoints was not imputed.

Key: CI: confidence interval; GC: guanidino compound; MMRM: mixed effect model repeated measures.

a. Primary efficacy analysis

As described previously, the primary efficacy endpoint is the change from baseline in

pArg after 24 weeks of study drug (84).

The primary analysis of the primary endpoint was change from baseline comparing

the baseline logged arginine value to the endpoint logged arginine value (mean of the

last four prior to dosing) using a mixed effect method repeated measures (MMRM)

model. Results were presented as geometric mean values, ratios to baseline values,

and changes with 95% confidence intervals [Cls]. The treatment effect was presented

as a relative ratio to baseline and change with 95% ClIs and a two-sided p-value. The

baseline arginine value was included as a covariate in the MMRM model (84).
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As sensitivity analysis to examine the robustness of the MMRM analysis when the
primary data did not follow the normal distribution, change from baseline to final follow-
up arginine level was compared between pegzilarginase and placebo using a
Wilcoxon Rank Sum test (84).

b. Key secondary efficacy analysis

As described previously, the key secondary efficacy endpoints in PEACE were the
mean changes from baseline at Week 24 in the 2MWT and GMFM-E (84).

Key secondary endpoints were analysed using an MMRM model with data from Week
12 and Week 24, least squares (LS) mean estimates, and differences between
treatments from both timepoints were presented, but the test of difference from 24

weeks was the key secondary endpoint analysis (84).

The MMRM produced estimates, which were consistent with a missing-at-random
assumption for missing data. The tipping point analysis was designed to assess the
potential impact of informative missingness by progressively penalizing subjects with
missing data in the selected treatment group. To assess the reliability of results arising
with the MMRM, an additional tipping point sensitivity analysis using multiple
imputation methods was planned but not conducted due to lack of substantial missing
data (84).

In order to examine the robustness of the normal distribution assumption in the MMRM
analysis, Wilcoxon Rank Sum tests were performed as sensitivity analyses for the key

secondary endpoints did not achieve statistical significance (84).

c. Secondary efficacy endpoints

For all responder analyses, a two-sided Fisher's exact test was used. The proportion
of patients with an endpoint arginine value <200 uM were compared with those with
an endpoint arginine value 2200 uM for each of the treatment groups. This was also
the case when analysing the proportion of patients with a normal endpoint arginine
value (240 - <115 yuM) versus those with an endpoint arginine value outside of the

normal range (84).
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Changes from baseline in GCs and ornithine after 24 weeks of study treatment were
analysed and summarised using the same methods as for the primary endpoint
described in Section B.2.4.1.3.a.

Changes from baseline at Week 24 with respect to neuromotor and adaptive behaviour
assessments were analysed and summarised using the same methods as the key

secondary endpoints described above in Section B.2.4.1.3.b.

d. Tertiary efficacy endpoints

All neurocognitive and HRQoL assessments were summarised using descriptive

statistics by treatment group (84).

e. Subgroup analyses

Subgroup analyses were performed on the primary analysis of change from baseline
in pArg, and the key secondary analyses of change from baseline in 2MWT and

change from baseline in GMFM-E (if numbers within subgroups were sufficient) (84).

f. Safety analyses

All evaluations of safety data were performed on the FAS (84).

B.24.1.4. Participant flow
Details of participant flow in PEACE are provided in Appendix D1.2.

B.2.4.2. Study 101A/102A

B.24.21. Analysis population

The FAS included all patients who received any study medication. The FAS was
used for evaluating patient characteristics, treatment administration, and safety
endpoints (96, 97).

B.24.2.2. Sample size

A sample size of at least 10 paediatric and adult patients was determined using clinical,
rather than statistical considerations and was deemed appropriate for the patient

population under study and the risk/benefit of the proposed protocol therapy. The
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study was exploratory and did not employ hypothesis testing; thus, no power or sample

size calculation was performed (96).

B.2.4.2.3.

Statistical analysis

A summary of statistical analyses for Study 101A/102A is available below in Table

17.

Table 17: Summary of statistical analyses: Study 101A/102A

Trial number
(acronym)

Hypothesis
objective

Statistical
analyses

Sample size,
power
calculations

Data
management,
patient
withdrawals

NCT02488044 (CAEB1102-
101A)

NCT03378531 (CAEB1102-
102A)

Study 101Ais an exploratory
study and did not employ
hypothesis testing.

As per Study 101A

Efficacy endpoints were
summarised using descriptive
statistics. Statistical tests could
be performed as part of the
descriptive analyses, as a
within-patient measure of
observed effects of
pegzilarginase relative to
observed variability.

As per Study 101A

A sample size of 10 paediatric
and adult patients was
determined using clinical, rather
than statistical, considerations.
No power or sample size
calculation was performed for
this study.

As per Study 101A

No imputations of missing data
were performed, and the
analyses were performed on the
observed cases, unless
otherwise stated.

As per Study 101A.

Key: CAEB1102-101A: Study 101A; CAEB1102-102A: Study 102A.

Source: Study 101A CSR (97); Study 102A CSR (96).

B.2.4.24.

Primary efficacy analysis

The frequency of patients with adverse events (AEs) was the primary endpoint for
Study Study 101A and 102A (96, 97).
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B.2.4.2.5. Secondary efficacy analysis

PArg concentration was summarised with descriptive statistics (n, mean, SD, median,
minimum, maximum). Descriptive statistics were used to summarise these data based
on the actual value and change (Study 101A and Study 102A) baseline value at each

timepoint of assessment by dose, day, and nominal timepoints (96).

The efficacy of pegzilarginase on neuromotor outcome assessments outlined in Table
14, Section B.2.3.2.6, was summarised with descriptive statistics for the measures
outlined in Table 14, Section B.2.3.2.6 (96).

B.24.2.6. Exploratory analysis

The efficacy of pegzilarginase on neurocognitive, developmental and HRQoL outcome
assessments outlined in Table 14, Section B.2.3.2.6 was summarised with descriptive
statistics (96).

B.2.4.2.7. Safety analyses

All evaluations of safety data were performed on the FAS (96).

B.24.2.8. Participant flow

Details of participant flow in Study 101A and Study 102A are provided in Appendix
D1.2.

B.2.5 Critical appraisal of the relevant clinical effectiveness

evidence

The clinical effectiveness evidence provided in this submission is derived from
PEACE, a Phase 3, randomised study consisting of a 24-week double-blind, placebo-
controlled period followed by an open-label LTE, Study 102A, an open-label LTE
study. Clinical effectiveness evidence from Study 101A, a two-part (Part 1 [single
ascending dose escalation] and Part 2 [repeated dosing] open-label study is presented

in Appendix P.

The critical appraisal of PEACE was conducted using the quality assessment tool
developed by the University of York’s Centre for Reviews and Dissemination (CRD),

as recommended by NICE. The quality assessments of Study 101A and Study 102A
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was conducted using the Downs & Black checklist. Full results are presented in
Appendix D1.

B.2.6 Clinical effectiveness results of the relevant studies

Summary of clinical effectiveness results

o The efficacy and safety of pegzilarginase in the treatment of ARG 1-D patients aged
2 years and older has been demonstrated in the pivotal Phase 3, randomized,
double-blind, placebo-controlled PEACE study and a supporting Phase 2 open-label
study (Study 102A).

o After 24 weeks of treatment in PEACE, pegzilarginase demonstrated a consistent,
clinically meaningful, and sustained reduction in pArg versus placebo (p<0.0001),
with almost all patients (90.5%) treated with pegzilarginase achieving pArg levels
that met guideline recommendations (<200 uM) and were within the normal range
(240 - <115 uM).

o The reductions in pArg levels were associated with clinically relevant improvements
in mobility. Pegzilarginase demonstrated a clinically meaningful and statistically
significant improvement in GMFM-D versus placebo at Week 24 of the double-blind
period (p=0.0208). Positive trends in GMFM-E versus placebo, while numerical
improvements were observed in the 2MWT.

o More patients treated with pegzilarginase met response criteria across multiple
domains, with generally greater magnitude of response compared to placebo-
treated patients.

o During the LTE period of PEACE, patients continued to maintain normal arginine
levels after receiving SC dosing and either maintained or demonstrated further
improvement in mobility through up to 150 weeks of follow-up.

e Over the course of Study 102A, patients administered with IV or SC dosing
demonstrated a consistent and sustained reduction in pArg level to therapeutic
levels, associated decreased in plasma GC levels, increases in ornithine levels, and
clinically relevant improvements in mobility as assessed by neuromotor function
through up to 262 weeks of follow-up.

o Overall, the results support pegzilarginase as a potentially transformative therapy to
normalize arginine, and to improve functional mobility outcomes compared with
existing IDM approaches alone.

B.2.6.1. PEACE
As depicted in Figure 12, PEACE is comprised of two study periods: a 24-week-

randomised, placebo-controlled, double-blind period, and a subsequent open-label
LTE period for up to 150 weeks. The double-blind period provides outcomes data for
pegzilarginase plus IDM versus placebo plus IDM (current standard of care). The
primary analysis of study endpoints occurred upon completion of the double-blind

period (Week 24), and are described in detail below in Section B.2.6.1.1. Meanwhile,
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the LTE provides long-term data on study endpoints for pegzilarginase plus IDM..

Clinical effectiveness results from the LTE are presented in Section B.2.6.1.2.

PEACE began in May 2019, and included the period in which the COVID-19 pandemic
was occurring globally. When the pandemic occurred, the study was partially enrolled,
and impact was generally limited to screening pauses, study suspension, and visit
attendance on schedule. No formal adjustments or mitigations to study visits or study
procedures were required despite the ultra-rare population, frailty of patients, as
weekly study drug administration and evaluation at home after sufficient safety, were
already part of the study. Second, after careful evaluation, additional potential
adjustments or mitigations to visits or procedures were not considered feasible for this

study.

In the double-blind period, 9.5% of patients (2 of 21 patients) in the pegzilarginase
arm, and 27.3% of patients (3 of 11 patients) in the placebo group had pauses in the
study due to COVID-19 that ranged from [Jjjij days to Jjjij days. In the double-blind
period, Il (g ratients) in the pegzilarginase group and I (I ) in the
placebo group had pauses in the study that ranged from [JJj to [l days. In the LTE

period, | had a pause in the study that was il days. For patients with
COVID-19 pause (n= ), th@lmean (SD) duration was similar in both treatment groups

with | (Il ) weeks in the pegzilarginase group and |l (Il ) weeks in the
placebo group (84).

Any variances from the study’s assessments and procedures were clearly
documented and captures as protocol deviations and annotated as a result of the
COVID-19 pandemic. As of the study completion, a total of JJj patients ()
experienced important protocol deviations that were COVID-19 related. Most of these
deviations involved ‘screening pause’ (g of 32 patients, |Illl). ‘study suspension’ (g
of 32 patients, 9.4%), and ‘visit schedule criteria’ (. of 32 patients, ) (84).

B.2.6.1.1. Double-blind period

a. Primary efficacy endpoint
Treatment with pegzilarginase resulted in significant reductions in pArg starting at

Week 6 which were maintained through Week 24 of treatment. At Week 24,
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pegzilarginase demonstrated a 76.7% reduction in mean pArg compared to placebo
(95% CI: -67.1%, -83.5%; p<0.0001). Mean (SD) pArg levels at Week 24 were 86.4
(0.50) uM and 426.5 (1.31) uM in the pegzilarginase and placebo groups, respectively
(Figure 14) (59, 84). A summary of the change from baseline in pArg levels are

presented in Table 92, Appendix M.

Figure 14: Effect of pegzilarginase on pArg levels during the double-blind period
(PEACE; FAS)
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Key: BL: baseline, FAS: Full Analysis Set; LTE: long-term extension; pArg: plasma arginine; SD: standard deviation; W: week.
Notes: Boxes represent middle 50%; error bars represent 95% Cls. Statistical significance was based on geometric means with
any missing post-baseline values imputed as change from baseline = 0. Normal range for pArg is 240 - <115 puM (80).

Source: Figure 2, Sanchez Russo et al. (2024) (59).

When assessing the reduction in pArg by individual patient, 19 of 21 patients in the
pegzilarginase treatment group (90.5%) had a clinically meaningful change and
normalised pArg at Week 24 compared to the placebo group (normal pArg level: 240
- <115 uM) (59, 80, 84). As noted in Section B.1.3.2.3, the currently recommended
treatment goal of reducing pArg to <200 pM is difficult to achieve with current IDM,
while reducing pArg levels to within or close to the normal range is considered even

more challenging. By achieving normal pArg levels in 90.5% of patients,
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pegzilarginase has the potential to slow or halt the progression of neuromotor,

neurocognitive, and/or adaptive behavioral deterioration in patients with ARG1-D.

Details on the two patients who did not achieve clinically meaningful changes in pArg

are described below (84).
e One patient withdrew consent from the study at Week 6.

e One patient had an uncharacteristic change from baseline at Week 24. In this
patient, pArg was well-controlled for most of the double-blind period, with values
close or within the normal range. At Week 23 of the double-blind period, the
pArg level value was markedly elevated at Jjij vM, which was substantially
higher than the weeks preceding. At this site, another patient who was related
and receiving placebo demonstrated an anomalous marked reduction in pArg
down to |l UM also at Week 23 of the double-blind period, which was
substantially lower than weeks preceding. Based on the comparison of the
overall arginine data by timepoint, the discrepant findings most likely reflect a
dosing error at Week 23, although the possibility of a sample mix as an

alternative explanation cannot be excluded.

Details on the long-term effects of pegzilarginase on pArg are described in Section
B.2.6.1.2.a.

b. Key secondary efficacy endpoints

i. 2-Minute Walk Test (2MWT)

The 2MWT evaluates distance travelled on a flat surface after two minutes (with
bracing or assistive devices). The 2MWT has been validated over a large spectrum of
age groups (98, 99), and has been applied successfully in children and adults with CP,
which is also characterised by spasticity (100, 101). Applied thresholds for clinically
important response were based on a 9% change from baseline in distance travelled
for all patients for the 2MWT, defined using criteria established from CP (95).

At Week 24, patients treated with pegzilarginase demonstrated an improvement in the
2MWT compared to the placebo group. The mean (SD) distance walked over two
minutes in the pegzilarginase group was 115.9 (51.8) metres, representing a 7.3-metre
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increase (+12.8%) from baseline, compared to the mean (SD) distance walked in the
placebo group of 102.3 (51.1) metres, representing a 2.7-metre difference (+4.1%)
from baseline (LS mean difference: 5.5 metres; 95% CI: -15.6%, 26.7%; p= )-
Although the change from baseline to Week 24 for the LS mean difference in 2MWT
between the pegzilarginase and placebo groups did not meet statistical significance,
changes from baseline exceeded the minimal clinically important difference (MCID)
threshold and demonstrated clinically meaningful improvement (Figure 15) (59, 84). A
summary of the change from baseline in 2MWT scores are presented in Table 93,

Appendix M.

Details on the long-term effects of pegzilarginase on 2MWT are described in Section
B.2.6.1.2.b.

Figure 15: Effect of pegzilarginase on 2MWT at Week 24 and LTE Week 24
(PEACE; FAS)
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Key: 2MWT: 2-Minute Walk Test; FAS: Full Analysis Set; LTE: long-term extension; W: week.

Notes: Group sizes reflect all patients with data at each time point; there was no imputation for missing values. LTE data cut-off
date: March 24" 2022.

Source: Figure 4, Sanchez Russo et al. (2024) (59).
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ii. Gross Motor Function Measure, Part E (GMFM-E)

The Gross Motor Function Measure (GMFM) evaluates unaided mobility (performed
without bracing or assistive devices) over time using a range of activities. The GMFM-
E evaluates a subject’s ability to walk, run, and jump via assessment of 24 activities,
each of which is scored on a scale of 0 to 3, for a maximum total score of 72. A higher
GMFM-E score indicates greater ability, with increasing scores indicating improvement
in walking, running, and jumping (59).Clinically important response thresholds were
defined using criteria established for CP, ranging from 21.8 to 24.0 points based on
baseline GMFCS classification (95).

After 24 weeks, patients treated with pegzilarginase demonstrated an improvement in
GMFM-E compared to the placebo group. The mean (SD) GMFM-E score in the
pegzilarginase group was 52.0 (21.3), representing a 4.2-point increase from baseline,
compared to the mean (SD) score of 46.1 (25.7) in the placebo group, representing a
0.4-point decrease from baseline (LS mean difference: 4.6 points; 95% CI: -1.1, 10.2;
P=JH )- Although the improvement demonstrated was not statistically significant,
the mean change from baseline GMFM-E score in the pegzilarginase group was above
MCID thresholds (Figure 16) (59, 84). A summary of the change from baseline in
GMFM-E scores during the double-blind period are presented in Table 94, Appendix
M.

Details on the long-term effects of pegzilarginase on GMFM-E are described in Section
B.2.6.1.2.c.
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Figure 16: Effect of pegzilarginase on GMFM-E at Week 24 and LTE Week 24
(PEACE; FAS)
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Key: FAS: Full Analysis Set; GMFCS: Gross Motor Function System Classification; GMFM-E: Gross Motor Function Measure-
88, Part E; LTE: long-term extension; W: week.

Notes: Group sizes reflect all patients with data at each time point; there was no imputation for missing values. LTE data cut-off
date: March 24" 2022.

Source: Figure 4, Sanchez Russo et al. (2024) (59).

c. Secondary endpoints

i. Changes in ornithine and guanidino compounds at Week 24

Ornithine and urea are products of the hydrolysis of arginine by ARG1 in the final step
of the urea cycle. Ornithine levels are generally low in patients with ARG1-D due to
the lack of the enzyme ARG1 activity required to convert arginine to ornithine (84).
Ornithine is a key intermediate in the urea cycle, hence restoring ornithine to near

normal levels could aid in the prevention hyperammonaemia in ARG1-D (49).

At baseline, median ornithine levels were outside of the normal range of ornithine (2
to 17 years: 22 - 97 uM; 218 years: 38 - 130 yM) in both the pegzilarginase group
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(32.1 uM) and the placebo group (29.2 uM) (102). At Week 24, patients treated with
pegzilarginase had a clinically relevant and statistically significant 106.9% increase in
mean ornithine (70.2 uM, 15 of 21 patients) compared to the placebo group (31.9 uM,
10 of 11 patients) (95% CI: 1.567, 2.731; p<0.0001) (59, 84).

In addition, GCs are direct and indirect products of arginine metabolism and are
generally elevated in ARG1-D. Elevated levels of these compounds are thought to be
a contributory factor causing seizures in patients with ARG1-D (see Section
B.1.3.1.2.a.iii) (16, 21, 31, 55).

At baseline, plasma levels of GC were similarly elevated between the treatment
groups, although the values of alpha-keto-6-guanidinovaleric acid (GVA) and alpha-
N-acetylarginine (NAArg) were incrementally higher in the placebo arm. During the
double-blind portion of the study, plasma levels of GCs statistically significantly
decreased from baseline with pegzilarginase, which started at Week 1 and was
maintained over time through Week 24 at the end of the double-blind period. Relative
reductions in GCs ranged from 53.3% (95% CI: -32.2%, -67.8%; p=0.00003) to 69.8%
(95% CI: -51.8%, -81.8%) with demonstrated strong correlations with pArg. By
contrast, for the placebo group, levels of all four GCs fluctuated over time but remained
similar to baseline levels through Week 24 (Figure 17). (59, 84).

Details on the long-term effects of pegzilarginase on ornithine and GCs are described
in Section B.2.6.1.2.d.
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Figure 17: Effect of pegzilarginase on ornithine and GC levels (uM) over time during the double-blind period and LTE through
Week 24 (PEACE; FAS)
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Key: ARGA: argininic acid; BL: baseline; FAS: Full Analysis Set; GAA: guanidinoacetic acid; GVA: a-keto-d-guanidinovaleric acid; LTE: long-term extension; NAARG: a-N-acetylarginine; W: week.
Notes: Group sizes reflect all patients with data at each time point; there was no imputation for missing values. Normal range for plasma arginine is 240 - <115 pM (80). Normal ranges for GCs are:
ARGA, 0.025-0.1 yM (dashed lines); GAA, 0.4-3.0 uM (dashed lines); GVA, <0.05 uyM (dashed lines); NAARG, 0.025-0.255 pML (dashed lines) (53). Normal range for ornithine is age-dependent:
ages 2-17 years, 22-97 uM (dotted lines); ages =18 years, 38—130 uM (dashed lines) (102). LTE data cut-off date: March 24" 2022.

Source: Figure 3, Sanchez Russo et al. (2024) (59).
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ii. Gross Motor Function Measure, Part D (GMFM-D)

The GMFM-D evaluates the subject’s ability to stand via assessment of 13 activities,
each of which is scored on a scale of 0 to 3, for a maximum total score of 39. An
increase in GMFM-D score indicates improvement in standing.(59). Clinically
important response thresholds were defined using criteria established for CP, ranging
from 21.5 to 23.3 points based on baseline GMFCS classification) (95).

After 24 weeks, patients treated with pegzilarginase demonstrated a statistically
significant improvement in GMFM-D compared to the placebo group, and observed a
change from baseline in GMFM-D score above the MCID threshold (95).The mean
(SD) GMFM-D score in the pegzilarginase group was 30.5 (10.1), representing a mean
2.7-point increase from baseline, compared to the mean (SD) score of 28.2 (13.33) in
the placebo group, representing a mean 0.4-point increase from baseline (LS mean
difference: 2.3 points, 95% CI: 0.4, 4.2, p=0.0208) (Figure 18) (59, 84). A summary of
the change from baseline in GMFM-D scores during the double-blind period are

presented in Table 95, Appendix M.

Details on the long-term effects of pegzilarginase on GMFM-D are described in Section
B.2.6.1.2.e.
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Figure 18: Effect of pegzilarginase on GMFM-D at Week 24 and LTE Week 24
(PEACE; FAS)
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Key: FAS: Full Analysis Set; GMFCS: Gross Motor Function System Classification; GMFM-D: Gross Motor Function Measure-
88, Part D; LTE: long-term extension; W: week.

Notes: Group sizes reflect all patients with data at each time point; there was no imputation for missing values. LTE data cut-off
date: March 24" 2022.

Source: Figure 4, Sanchez Russo et al. (2024) (59).

iii. Vineland Adaptive Behaviour Scale, Second Edition (VABS-
)]
The VABS-Il is a scale designed to measure the adaptive behaviour of individuals from
birth to age 90 years (103). The VABS-II scoring system describes adequate adaptive
behavior by subdomain as 13-17 and 86-114 for the composite score, with higher

scores indicating better adaptive behaviour (104).

At baseline, the mean (SD) VABS-II adaptive behaviour composite score for patients
in the pegzilarginase group was |l 2" I i the placebo group,
reflecting moderately low (71 to 85) to low range (20 to 70), respectively (104). At
Week 24 of the double-blind period, the mean (SD) change from baseline was an
increase of N roints in the pegzilarginase group, compared to a decrease of
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I roints in the placebo group (LS mean difference: |l 95% Cl: N
I ) The change from baseline to Week 24 indicates numerical improvement in

VABS-II score in the pegzilarginase group (97).
d. Tertiary endpoints

i. Responder analysis and composite clinical outcomes

Mobility assessments (2MWT, GMFM-D, and GMFM-E) were evaluated further to
determine clinical responders based on MCIDs both individually and in a composite
fashion. Responder definitions using published change thresholds in CP were applied
to the ARG1-D patient data to assess improvement in mobility in the absence of ARG1-
D specific thresholds (95, 98). Of note, there is no published MCID for response in the
described mobility assessments, so enrolled patients classified as GMFCS-IV were

excluded from this analysis.

As previously described in Section B.2.6.1.1.a, pegzilarginase demonstrated a
consistent reduction in pArg levels to or below treatment guidelines (<200 uM). Figure
24 provides evidence that a reduction in arginine is associated with clinical
improvements in functional mobility across multiple domains. For patient level
analysis, 26 patients were eligible; five patients were excluded because of baseline
GMFCS Level VI and one patient withdrew before Week 24.

At Week 24, predefined clinical response criteria for =2 functional mobility
assessments were met by 47.1% of patients treated with pegzilarginase (8 of 17
patients) versus non receiving placebo. Of those eight patients achieving =2 response
thresholds, 75.0% of patients (6 of 8 patients) had no worsening or missing data on
any individual component in the pegzilarginase group compared to none (0%) in the
placebo group. The magnitude of change was greater in the pegzilarginase arm versus
placebo. Clinical improvement in 2MWT exceeded the MCID (improvement from
baseline 29%) for 29.4% of patients treated with pegzilarginase (5 of 17 patients) at
Week 24. Furthermore, clinical improvement in GMFM-D and GMFM-E exceeded the
MCIDs (GMFM-D: 21.5 to 23.3 points based on baseline GMFCS classification;
GMFM-E: 21.8 to 24.0 points based on baseline GMFCS classification) for 41.2% (7
of 17 patients) and 52.9% (9 of 17 patients), respectively, at Week 24. No patient in
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the placebo group normalised their arginine levels, albeit 44.4% of evaluable patients
(4 of 9 patients) did have clinically meaningful improvements in a single assessment
domain (Figure 19) (59, 84).

Figure 19: Patient-level analysis of pegzilarginase effect on plasma arginine and
clinical responses in the double-blind period (PEACE; FAS)
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Key: 2MWT: 2-Minute Walk Test; GMFCS: Gross Motor Function Classification System; GMFM-D: Gross Motor Function
Measure-88, Part D; GMFM-E: Gross Motor Function Measure-88, Part D; pArg: plasma arginine.
Source: Figure 5, Sanchez Russo et al. (2024) (59).

ii. Neurocognition and memory (BSID-lll and Wechsler

intelligence batteries)

PEACE utilised four separate assessments to assess neurocognitive functioning, each
dependent on age: WAIS-IV (16 years and older), WISC-V (6 to 16 years 11 months),
WPPSI-IV (2.5 to 7.6 years), and BSID-IIl (2 to 3.5 years). The three Wechsler tests
all report a FSIQ score. FSIQ scores can range from 40-160, with a score of 90-109

considered ‘average’ in the general population.
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In PEACE, no meaningful change in neurocognition and memory assessments
between treatment groups were observed during the double-blind portion of the study.
At baseline, patients across both treatment groups had extremely low FSIQ scores
(FSIQ <70), suggesting significantly below average intellectual functioning. By Week
24 of the double-blind period, the mean (SD) FSIQ in both treatment groups had similar
numeric improvements, with the pegzilarginase group observing a mean (SD) change
from baseline of | compared to a I increase in the placebo group
(Table 18). The sample size of the placebo group at Week 24 is considered insufficient

for robust analysis, so results should be interpreted with caution (84).

Of note, only one patient completed the BSID-III, hence results from this questionnaire

are not presented in the submission.

Table 18: Summary of combined FSIQ score for patients who received either
WAIS-IV, WISC-V, WPPSI-IV in the double-blind period (PEACE; FAS)

Pegzilarginase Placebo
(n=21) n=11

Baseline
n

Mean (SD)
Median
Min, Max
Week 24

n

Mean (SD)
Median
Min, Max
Change from baseline at Week 24
n

Mean (SD)
Median
Min, Max
Key: FAS: Full Analysis Set; FSIQ: full-scale 1Q; Max: maximum; Min: minimum: SD: standard deviation; WAIS-IV: Wechsler
Adult Intelligence Scale, Fourth Edition; WISC-V: Wechsler Intelligence Scale for Children, Fifth Edition; WPPSI-IV: Wechsler

Preschool and Primary Scale of Intelligence, Fourth Edition.
Source: Table 14.2.13.5, PEACE CSR (84).

iii. Modified Ashworth Scale (MAS)

The MAS was developed to assess the spasticity of patients with central nervous
system lesions and is used to measure the resistance to passive movement about a
joint due to spasticity. As a hallmark of ARG1-D is spastic diplegia (see Section
B.1.3.1.2.a.iv), this assessment is particularly relevant for this patient population. The
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scale utilizes a scoring scale of 0 (no spasticity) to 4 (total rigidity). The MAS was
introduced during the study with a protocol amendment, and the number of patients
assessed was more limited (JjJij of 32 patients, ) (84).

At baseline, the mean (SD) MAS lower body score was |l I i the
pegzilarginase group and |l i» the placebo group. By the end of the double-
blind period at Week 24, there was a numeric improvement in the pegzilarginase group
(n=g) versus the placebo group (n=). The mean (SD) change from baseline in the
MAS lower body scores for patients in the pegzilarginase and placebo groups was I
I 2 J B respectively. Thes improved scores indicate that e
of patients [ of patients) with baseline spasticity in the pegzilargnase group
demonstrated improvements, compared to Il ( §§ Pgjents) in the placebo group
(84).

iv. Paediatric Quality of Life Inventory (PedsQL)

The 23-item PedsQL Generic Core Scales, which measures the core dimensions of
health (includes multidimensional scales for physical functioning, emotional
functioning, social functioning, and school functioning) to generate three summary
scores (total health, physical health, and physiological health). For each summary and

dimension score, higher values indicate a better quality of life (scale: 0-100).

Mean total scale scores improved from baseline to Week 24 for patients treated with
pegzilarginase, with a mean change from baseline at Week 24 of i points in parent
reported PedsQL (84).

With regards to the individual domains of PedsQL, at Week 24, the mean (SD) change
from baseline emotional functioning score increased by |l from baseline in the
pegzilarginase group (n=jjij ), exceeding the MCID threshold of 6.5 (irrespective of
GMFCS level) outlined by Oeffinger et al. (2008) (95), while patients treated with
placebo observed a decline of [ from baseline (n5g). A numerical
improvement in social functioning score from baseline was also observed in the
pegzilarginase group (Il compared to the placebo group IIEEEGEGEGEGEGE)-
Patients in both treatment groups experienced a decline from baseline in physical

functioning (pegzilarginase: N placebo: n=.) and school functioning
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(pegzilarginase: n=jl} ; placebo: n§) scores at Week 24, albeit the decline across both

domains was more pronounced in those patients treated with placebo compared to
those treated with pegzilarginase (physical functioning: I V- I ;

school functioning: _) (84).

v. 36-ltem Short Form Health Survey (SF-36)

The SF-36 questionnaire was intended for completion by patients 219 years (Table 9).
Overall, Jll ratients completed the SF-36 questionnaire (Il from the
pegzilarginase group and il patients from the placebo group). Given the low
sample sizes across treatment groups, results are not reported in the submission, with
results instead provided as data on file (105).

vi. Short-Form Zarit Burden Interview (ZBI-12)

The ZBI-12 is a 12-item, short version of the ZBI used to describe caregiver burden. It
consists of 12 items in two domains: personal strain and role strain. Each question is
scored on a 5-point Likert scale, with the sum of scores ranging from 0-48. A higher

score represents a greater caregiver burden (72).

At baseline, the mean (SD) ZBI-12 score was |l i» the pegzilarginase group
and I \'2s recorded for the placebo group out of a potential range of 0-
48, indicating the burden to caregivers was not significant or low. By Week 24, the
mean (SD) total ZBI-12 score decreased by |l i» the pegzilarginase group
compared to a |l increase in the placebo group, demonstrating a small
numerical reduction in caregiver burden in the pegzilarginase group (84) (Table 19).

Table 19: Summary of ZBI-12 scores during the double-blind period (PEACE;
FAS)

Pegzilarginase

(n=21)
Baseline
n
Mean (SD)
Median
Min, Max
Week 24
n
Mean (SD)
Median
Min, Max
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Change from baseline at Week 24

n ] ]

Mean (SD) — —
Median I I

Min, Max

Key: FAS: Full Analysis Set: Max: maximum; Min: minimum: SD: standard deviation; ZBI-12: Zarit Burden Interview Short: 12
items.
Source: Table 14.2.12, PEACE CSR (84).

B.2.6.1.2. Long-term extension

The LTE portion of the PEACE study was planned to be performed for up to 150 weeks
and was completed on February 15t 2023. At this timepoint, patients who entered the

LTE had variable durations of study participation (range: 86-176 weeks).

Clinical effectiveness results for the LTE are sourced from the PEACE CSR, unless
otherwise stated. The data are summarised herein for patients continuing treatment
with pegzilarginase (pegzilarginase/pegzilarginase). Clinical effectiveness results for
patients initially randomised to placebo in the double-blind period who subsequently
received treatment with pegzilarginase in the LTE (placebo/pegzilarginase) are

summarised in Appendix N.

a. Change in plasma arginine (pArg)

The reduction in pArg from baseline observed in the pegzilarginase group upon
completion of the 24-week double-blind period was sustained in the
pegzilarginase/pegzilarginase group over the LTE period. At LTE Week 24, the mean
(SD) change from baseline was |l B M, demonstrating sustained
improvement with longer duration of therapy (n=jjj ). This improvement continued
through LTE Week 48 I -V; n= ). LTE Week 96 I .
ng ), and end of study, although the number of patients in the
pegzilarginase/pegzilarginase group receiving treatment beyond LTE Week 96 were
low (il patients at each assessment timepoint, up to LTE Week 138) (84). Summary
data for the change in pArg over time during the LTE period is presented in Table 96,
Appendix M.

b. 2-Minute Walk Test (2MWT)

The increase from baseline in the 2MWT in the pegzilarginase group at Week 24 of

the double-blind period was sustained with further improvements in the
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pegzilarginase/pegzilarginase group at LTE Week 24, and this improvement was
maintained throughout the study, demonstrating sustained improvement with longer
duration of treatment. Across each LTE timepoint, the mean improvement from
baseline in the pegzilarginase/pegzilarginase group exceeded the MCID threshold for
the 2MWT (>9% increase from baseline) (84). Summary data for the change in 2MWT
distance covered over time during the LTE period is presented in Table 97, Appendix
M.

c. Gross Motor Function Measure, Part E (GMFM-E)

The increase from baseline in GMFM-E observed in the pegzilarginase group at Week
24 of the double-blind period was sustained with further improvement in the
pegzilarginase/pegzilarginase group during the LTE period. The mean (SD) change
from baseline at the end of the double-blind period was 4.2 (7.7) points, increasing to
I roints at LTE Week 24 (n=Jli}). The mean change from baseline in GMFM-E
remained stable throughout the remainder of the LTE period to end of study,
demonstrating sustained improvement with longer duration of therapy (84). Summary
data for the change in GMFM-E score over time during the LTE period is presented in
Table 98, Appendix M.

d. Changes in ornithine and guanidino compounds

As highlighted in Section B.2.6.1.1.c.i, median ornithine levels in the pegzilarginase
group increased from 32.1 uM at baseline to 70.2 yM at the end of the double-blind

period. Increased ornithine levels were maintained during the LTE period (84).

Decreased levels of GCs were also observed during LTE follow-up in all patients.
During the double-blind period, decreases in all four GCs were observed at Week 1
and maintained through Week 24 (see Section B.2.6.1.1.c.i). These reductions were
sustained in all four GCs compounds across the entire LTE period, and further
decreases over time were noticed in several of the analytes (84).

e. Gross Motor Function Measure, Part D (GMFM-D)

The increase from baseline for  GMFM-D observed in the
pegzilarginase/pegzilarginase group at Week 24 of the double-blind period was

sustained with further improvement during the LTE period. The mean (SD) change

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency
[ID4029]

© NICE (2024). All rights reserved Page 91 of 207



from baseline at the end of the double-blind period was 2.7 (3.9) points, compared to
a mean (SD) change of I points (n=). I roints (n=l ). and N
points (n=jjij ), at LTE Weeks 24, 48, and 96, respectively, demonstrating sustained
improvement with longer duration of treatment (84). Summary data for the change in
GMFM-D score over time during the LTE period is presented in Table 99, Appendix
M.

f. Vineland Adaptive Behaviour Scale, Second Edition (VABS-II)

At LTE baseline, the mean (SD) VABS-II adaptive behaviour composite score for
patients in the pegzilarginase/pegzilarginase group (n=20) was 71.6 (24.3), reflecting
a moderately low score (71 to 85). Throughout the LTE, the mean VABS-II adaptive
behaviour composite score remained stable, with the mean (SD) score ranging from
Hooints at LTE Week 24 (n=Jl] ) to I points at LTE Week 150 (end
of study) (n9 ) (84). Due to the detrimental manifestation of ARG1-D, a demonstration

of stabilisation in VABS-II is clinically relevant.

d. Responder analysis and composite clinical outcomes

The heatmap developed for the double-blind period (see Section B.2.6.1.1.d.i, Figure
19) was updated for the LTE period to represent patients who met the criteria for
response in the 2MWT, GMFM-D, and GMFM-E to further visualise the treatment
effect of pegzilarginase over time (see Section B.2.6.3, Figure 24). Overall, the
benefits observed in the mobility assessments, 2MWT, GMFM-D and GMFM-E during
the double-blind period continued to improve through the LTE treatment with longer-
term treatment, increasing 2MWT distance, GMFM-D and GMFM-E scores (84, 89).
Summary data for the composite clinical responder outcome during the LTE period is

presented in Table 100, Appendix M.

As highlighted in Section B.2.2, the most-recent patient-level analyses of
pegzilarginase effect on plasma arginine and clinical response in the LTE up to LTE
Week 120 was recently shared with the EMA as part of mandatory post-authorisation
measures for the marketing authorisation under exceptional circumstances (23). To
account for missing visits in the visualisation in the PEACE CSR, wider protocol visits
were applied to the heat map, where the most recent assessments were included for

LTE Week 24, LTE Week 48, LTE Week 120. LTE Week 48 included a window of most
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recent assessment between LTE Week 41 to LTE Week 48, LTE Week 72 included a
most recent assessment visit of LTE Week 60 to LTE Week 84, and LTE 120 included
a window of most recent assessment between LTE Week 84 and LTE Week 124. If
the timepoint included in the heatmap differed from the assigned heatmap timepoint,

the data was marked in the heatmap (84, 89).

h. Neurocognition and memory (BSID-lll and Wechsler

intelligence batteries)

LTE baseline FSIQ data was available for 15 patients in the
pegzilarginase/pegzilarginase arm. At LTE Week 24, the mean (SD) change from
baseline in FSIQ in the pegzilarginase/pegzilarginase group improved by [N
(n=Jl), with a similar improvement recorded at LTE Week 48 (Il (n=J)- AtLTE
Week 96, mean (SD) FSIQ score increased by [l from baseline (n=. 1IN
patients with data at LTE Week 150 (end of study) had a mean (SD) change from

baseline of I (84)

i. Modified Ashworth Scale (MAS)

The frequency of patients with results beyond LTE Week 96 were low (<2 patients at
each assessment timepoint, up to LTE Week 150). At LTE Week 48, there was a

numeric improvement in MAS lower body score, with a mean (SD) change from

baseline of |G (nJ) (84).

From a review of patient listings, ] pegzilarginase/pegzilarginase patients had
spasticity in the lower limbs at baseline or at their first assessment of MAS. Of these,
B of ratients)f of [l patients) in the pegzilarginase/pegzilarginase group
improved in lower limb spasticity. For [l of patients @ of |l patients) with lower-
limb spasticity, their lower-limb spasticity improved to zero (i.e., no spasticity) at the
last assessment. |l of the remaining patients (i) improved with some
remaining lower-limb spasticity in the last assessment, while the lower-limb spasticity

of I remained unchanged (84).

j- Paediatric Quality of Life Inventory (PedsQL)

The frequency of patients with results for each individual dimension beyond LTE Week

96 were low (<4 patients at each assessment timepoint, up to LTE Week 150). AtLTE
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Week 48, a mean (SD) decrease from baseline was recorded across each individual
dimension,with the magnitude of decline ranging from |l (n=) in physical
functioning score to | (n-g) in emotional functioning score (84).

k. 36-ltem Short Form Health Survey (SF-36)

No patients in the pegzilarginase/pegzilarginase arm had data reported in the LTE
(84).

I. Short-Form Zarit Burden Interview (ZBI-12)

AtLTE Week 24, the mean (SD) ZBI-12 score decreased by |l from baseline in
the pegzilarginase/pegzilarginase group (n=jjjj). At LTE Week 48, the mean ZBI-12
score remained below baseline, with mean changes (SD) from baseline of N
(n=]i} ), but demonstrated an mean (SD) increase of | (=] ) at LTE Week 96.
At LTE Week 150, a small numerical improvement in ZBI-12 score was observed, with
a mean (SD) change from baseline of |l (n) recorded (84).

B.2.6.2. Study 102A

The Study 102A CSR reports results from data analysis that was completed when all
patients completed the study (December 15t 2022). At this timepoint, one patient had
withdrawn from the study at Week 26, the first two patients recruited into the study had
completed Week 260 and the remaining 11 patients had completed between 191 and
224 weeks of treatment. The final analysis includes descriptive summaries of all
neuromotor efficacy data up to and including Week 144 and follow-up pArg data to
Week 192. Follow-up assessments were conducted at the end of the study, and this
occurred between Week 189 and Week 215 for 10 patients, and for two patients the
follow-up occurred at Week 262 (96).

The study began in December 2017 and concluded on December 15™ 2022, which
included the period during which the COVID-19 pandemic was occurring globally.
When the pandemic occurred, the study was fully enrolled, and impact was generally
limited to visit attendance and assessment performance. No formal adjustments or
mitigations to study visits or study procedures were made as a result of the COVID-19
pandemic, as the option for treatment administration and evaluation at home, after
demonstration of sufficient safety, were already part of the study (96).
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Of note, ] patients missed at least one dose of pegzilarginase due to the COVID-19
pandemic (N ): (hcse
were captured as important protocol deviations related to ‘investigational product

compliance’ (96).

B.2.6.2.1. Changes in plasma arginine (pArg)

The rapid onset and prolonged half-life of pegzilarginase resulted in early, consistent,
and sustained reductions in pArg levels through Week 192. At Study 102A baseline,
median pArg levels were approximately >2.5-fold above the normal range (<40 - <115
MM) and >1.5-fold above the treatment guidelines (<200 uyM) (see Table 15, Section
B.2.3.2.8). At Week 96, all patients (100.0%) had achieved pArg levels at the
guideline-recommended level, while 76.9% (10 of 13 patients) achieved pArg levels
within normal limits (93, 96). This reduction was sustained through Week 192,

irrespective of the method of administration for pegzilarginase (Table 20) (96).
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Table 20: Summary of pArg reduction at 168 hours post-dose (Study 102A; FAS)

BL Wk 12 Wk 24 Wk 48 Wk 72 Wk9% Wk120 Wk144 Wk 168 Wk 192

n

14 14
Mean (SD) [ ] 118.9
Bl | (43.79)
Median [ [
Min, Max I [
B N
Below the
?:cl:g?r?r?"leended I ;
level, n (%)
Within the normal |

range, n (%)

Change from Study 102A baseline

n - ]
Mean (SD) i [ ]
|
Median - I
Min, Max ) [ ]
|

Key: BL: baseline; FAS: Full Analysis Set; Max: maximum, Min: minimum; pArg: plasma arginine; SD: standard deviation; Wk: week.

Notes: Every week represents the average of the last four non-missing doses up to and including the week number. Concentrations below the level of quantitation were inputted as half the quantitation
limit. Twelve of the 14 patients commenced subcutaneous injections at Week 25; the remaining two patients switched to subcutaneous injections at Week 38.

2Guideline-recommend level: <200 uM

®Normal range: 240 - <115 yM

Source: Table 18, Study 102A CSR (96); McNultt et al. (2023) (93).

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency [ID4029]
© NICE (2024). All rights reserved Page 96 of 207



B.2.6.2.2. Changes in ornithine and guanidino compounds

Pegzilarginase administration resulted in increases in ornithine levels that were
maintained through Week 140. At Study 102A baseline, the median ornithine level was
outside of the normal range (il mg/dL, normal: 22 — 130 mg/dL). At 168 hours after

the first administration of IV pegzilarginase, the median ornithine level had risen to
I mo/dL (range: Il - ). Median ornithine levels increased further to il
mg/dL (range: |l — ) at Week 24, and to il mg/dL (range: ) 2t
Week 48. This increase was sustained through Week 192, with a median level ofjjjiili]
mg/dL (range: ) Up to Week 240, although only il patients reported
data, the sustained effect was demonstrated (96).

Furthermore, the rapid onset and prolonged half-life of pegzilarginase resulted in early,
consistent, and sustained reductions in plasma GCs levels through Week 240, except
for the Week 240 timepoint for guanidinoacetic acid (GAA). Relative reductions in
median GC concentrations ranged from | 2t \Week 24 and from R
I 2t Week 48. The timing and pattern of reduction in plasma GCs corresponded
with decreases in pArg (Figure 20) (96).

Figure 20: Mean plasma guanidino compounds and arginine reduction (Study
102A; FAS)

Key: ARG: arginine; ARGA: argininic acid; BL: baseline; FAS: Full Analysis Set; GAA: guanidinoacetic acid; GVA: a-keto-o-
guanidinovaleric acid; NAARG: a-N-acetylarginine.
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Source: Figure 3; Study 102A CSR (96).

B.2.6.2.3. 6-Minute Walk Test (6MWT)

The 6-Minute Walk Test (6BMWT) measures the distance a patient can walk on a flat
surface in six minutes; with an MCID of 29% change from baseline considered to be a
conservative benchmark for improvement in the absence of an established MCID for
6MWT in ARG1-D patients (106).

Pegzilarginase administration resulted in an increase from baseline in the mean
distance walked over 6 minutes as measured by the 6MWT that was sustained up to
262 weeks. The mean (SD) 6MWT distance at Week 24 was 322.6 (161.4) metres,
representing a mean increase of |l metres from baseline. At Week 48, the
mean 6MWT distance increased by |l metres from baseline to 346.2 (177.3)
metres. Beyond Week 48, changes from baseline in the 6MWT exceeded the MCID.
Clinically meaningful improvement was demonstrated from Week 48 (mean

percentage change: |l Which was sustained throughout the remainder of the
study to Week 144, ranging from |l (Figure 21) (96).

Of note, two patients were administered botulinum toxin during the study, with last
dose in the latter part of the study, potentially confounding results. The last dose of
botulinum toxin administered for one patient was on Week 95, and the improvement
observed with pegzilarginase treatment can be seen to be reduced after this timepoint.
The other patient had their last dose of botulinum toxin at Week 131, and at the end

of the study improvements in pegzilarginase were reduced slightly (96).
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Figure 21: Sustained effect of pegzilarginase on 6MWT to Week 144 (Study 102A;
FAS)

Key: BMWT: 6-Minute Walk Test; FAS: Full Analysis Set; W: week.

Notes: Group sizes reflect all patients with data at each time point; there was no imputation for missing values. The 6MWT was
not evaluated in one patient, who was non-ambulatory (i.e., unable to walk). A higher BMWT score indicates a longer walking
distance and, therefore, improvement. The minimal clinically important difference for the BMWT is 9%. Twelve of the 14 patients
commenced subcutaneous injections at Week 25; the remaining two patients switched to subcutaneous injections at Week 38.
Source: Table 24 and Table 14.2.2.1.1, Study 102A CSR (96).

B.2.6.2.4. Gross Motor Function Measure (GMFM)

a. Gross Motor Function Measure, Part D (GMFM-D)

Details of the GMFM-D assessment tool are briefly described in Section B.2.6.1.1.c.ii.

Pegzilarginase administration resulted in improvements from baseline in ability to
stand as measured by GMFM-D. The mean (SD) GMFM-D score at Week 24 was 29.1
(11.0) points, representing a mean increase of |l points from baseline. At Week
48, the mean GMFM-D score increased by |l from baseline to 31.8 (8.4) points

(Figure 22). The improvement in the mean (SD) GMFM-D score was sustained through

Week 144 (I roints) (96).

As highlighted in Section B.2.6.2.3, two patients were administered botulinum toxin
during the study, with the last dose in the latter part of the study, potentially

confounding results (96).
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Figure 22: Sustained effect of pegzilarginase on GMFM-D to Week 144 (Study
102A; FAS)

Key: FAS: Full Analysis Set; GMFM-D: Gross Motor Function Measure-66, Part D; MCID: minimally important clinical difference;
W: week.

Notes: One patient, who was GMFCS Level IV and non-ambulatory (ie, unable to walk), discontinued the study at Week 26. A
higher GMFM-D score indicates improvement in standing abilities. The MCID for the GMFM-D is 2.4, 3.3, and 1.5 for GMFCS
Levels I, I, and lll, respectively.

Source: Table 26, Study 102A CSR (96).

b. Gross Motor Function Measure, Part E (GMFM-E)
Details of the GMFM-E assessment tool are briefly described in Section B.2.6.1.1.b.ii.

Pegzilarginase administration resulted in improvements from baseline in ability to walk,
run and jump as measured by GMFM-E. The mean (SD) GMFM-E score at Week 24
was 48.9 (24.6) points, representing a mean increase of |l roints from Study
102A baseline. At Week 48, the mean GMFM-E score increased by |l from
baseline to 53.6 (20.7) points (Figure 23). The improvement in the mean (SD) GMFM-
E score was sustained through Week 144 (Il points) (96).

As highlighted in Section B.2.6.2.3, two patients were administered botulinum toxin
during the study, with the last dose in the latter part of the study, potentially

confounding results (96).
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Figure 23: Sustained effect of pegzilarginase on GMFM-E to Week 144 (Study
102A; FAS)

Key: FAS: Full Analysis Set; GMFM-D: Gross Motor Function Measure-66, Part D; MCID: minimally important clinical difference;
W: week.

Notes: One patient, who was GMFCS Level IV and non-ambulatory (ie, unable to walk), discontinued the study at Week 26 A
higher GMFM-D score indicates improvement in standing abilities. The MCID for the GMFM-D is 3,3, 2.4, and 1.5 for GMFCS
Levels I, Il, and lll, respectively.

Source: Table 26, Study 102A CSR (96).

B.2.6.2.5. Modified Ashworth Scale (MAS)
A brief description of the MAS is provided in Section B.2.6.1.1.d.iii. In Study 102A, the

MAS score was provided for all 14 patients.

At Study 102A baseline, 10 patients (71.4%) had spasticity, all of whom reported
spasticity in both lower limbs. It should be noted two patients were administered
botulinum toxin prior to and during Study 102A, up to Week 95 and Week 131,
respectively. This had the potential to confound the assessment of reduction in
spasticity due to pegzilarginase treatment in these two patients upon withdrawal of

spasticity medication (96).

At Week 24, the mean (SD) MAS score per impacted muscle group was |
(n=j), representing a mean (SD) decrease of |- At Week 48, the mean (SD)
MAS score impacted per muscle group was [l (n=J). representing a mean
(SD) decrease of - 'mprovements in spasticity continued through up to Week
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262, with mean (SD) MAS scores per muscle group of |G 2° B
I at Week 96, Week 144 and follow-up, respectively (96).

All patients assessed at Week 48 ( Jpf [JJatients), Week 96 ( o pdfients), Week 144
( of jgptiefts) and at follow-up ( of patjgntsfjdemonstrated improvements in spasticity.
At Study 102A baseline, the mean number of muscle groups with MAS scores of zero
(no spasticity) was [l , Which improved to ] muscle groups at Week 144 and i}
muscle groups at follow-up. At Week 96, il patients were reported to have no
spasticity in two out of the four muscle groups impacted at baseline; at Week 144, |l
patients achieved a score of zero (no spasticity) in one or two of the four muscle groups
impacted at baseline, while |l had a score of zero for all four muscle groups,

indicating that they no longer had any spasticity in their lower limbs.(96)

B.2.6.2.6. Composite responder analysis

In Study 102A, the percentage of patients considered to be ‘clinical responders’ was
defined in two ways: a patient who improved by at least on MCID on either the 6MWT,
GMFM-D, or GMFM-E; and a patient who improved by at least one MCID on either the
6MWT, GMFM-D, or GMFM-E, but did not have clinically meaningful worsening on
either of the other two assessments. Of note, MCIDs using published change
thresholds in Morquio syndrome (6MWT) and CP (GMFM-D and GMFM-E) were
applied to the ARG1-D patient data to assess improvement in mobility in the absence
of ARG1-D specific thresholds.

Overall, the majority (range: I of cvaluable patients at each timepoint
exceeded the MCID on at least one mobility assessment. Similar proportions were
also observed (range: ) 2mongst patients who exceeded the MCID on
at least one mobility assessment, irrespective of worsening for the other two mobility
assessments (96).

To further characterise the treatment effect of pegzilarginase over time, a heatmap
was developed to represent patients who met the criteria for response in the 6MWT,
GMFM-D, and GMFM-E. Overall, the majority of patients treated with pegzilarginase

in Study 102A demonstrated clinically meaningful improvements in mobility
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assessments based on MCIDs from Week 12 through up to 262 weeks (see Section
B.2.6.3, Figure 24) (89, 96).

As highlighted in Section B.2.2, the most-recent patient-level analyses of
pegzilarginase effect on plasma arginine and clinical response to Week 190 was
recently shared with the EMA as part of mandatory post-authorisation measures for
the marketing authorisation under exceptional circumstances (23). To account for
missing visits in the visualisation, wider protocol visits were applied to the heat map,
where the most recent assessments were included for Week 190 (range: Week 188 to
Week 258).

B.2.6.2.7. Neurocognition and memory (Wechsler intelligence

batteries)

In Study 102A, neurocognitive functioning was assessed via the WAIS-IV, WISC-V,
and WPPSI-IV tests. These tests are described briefly in Section B.2.6.1.1.d.ii.

Of note, there was a discrepancy between the performance of adult patients and
paediatric patients, with adult patients performing at a lower level (moderately to mild
impaired range) than for paediatric patients (average to borderline range), which is
expected in a progressive disease but has not been well documented for ARG1-D.

Two patients in Portugal were not assessed due to lack of translations.

FSIQ scores were assessed for ] patients. il pratients (Jllll) had stable scores,
I ratients (I ) had improved FSIQ scores, and | had scores

fluctuating between stable to worsening over the study (96).

B.2.6.2.8. Vineland Adaptive Behaviour Scale, Second Edition
(VABS-II)

Data are available for the VABS-II for [ of 14 patients. At Study 102A baseline,
median domain standard scores and adaptive behaviour composite score were all
below average, with adult scores worse than those of paediatric patients. A numerical
decrease that was not clinically significant was observed in the mean (SD) group
adaptive composite behaviour scores over time N at Week 144 (96).
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Based on the adaptive behaviour composite scores for individual patients, at the last
on-treatment visit (144 weeks of treatment) il patients were assessed to be stable,
Il patients had declined, and | had improved on study (96).

B.2.6.2.9. Patient-Reported Outcomes Measurement Information
System (PROMIS)

The PROMIS Paediatric Profile-25, Paediatric/Parent Proxy Profile 25, and PROMIS-
29 are disease non-specific measures of health-related domains. The Pediatric/Parent
Proxy Profile, for use in patients 2 - 18 years of age, is a collection of 4-item short
forms assessing anxiety, depressive symptoms, fatigue, pain interference, physical
function-mobility, and peer relationships, as well as a single pain-intensity item.
PROMIS-29, for use in patients 218 years of age, is a collection of 4-item short forms
assessing anxiety, depression, fatigue, pain interference, physical function, sleep
disturbance, and ability to participate in social roles and activities, as well as a single

pain-intensity item.

When data from all PROMIS tools is combined (n=]jj}}), a decrease in pain was reported

in  of Il Agtients (I ) and a decrease in fatigue in  of [l pjtients (I ).

with il patients having a reduction in both. Anxiety was reported as increased in

of Il patient‘ (I ) and improved in  of patient‘ (I ). No other obvious
trends were observed over time (96).

Results for the PROMIS-29 (through Week 144), PROMIS Paediatic/Proxy Profile-25
(through Week 48), and PROMIS Paediatric Profile-25 (through Week 24) are
presented in Table 101 — Table 103, Appendix O.

B.2.6.2.10. Paediatric Quality of Life Inventory (PedsQL)

PedsQL was only completed for two patients who did not complete PROMIS in the
parent study Study 101A. For the parent proxy PedsQL, both patients showed stability
on the Physical health summary score and one patient showed an improvement in the
Psychosocial health summary score over time (Jjjij at baseline versus JJjjij at follow-
up). For the Child reported PedsQL, one patient showed improvement in Psychosocial

health summary score (g at baseline versus at follow-up) and Physical health
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summary score (il at baseline versus | at follow-up), while the other showed
stability on both (96).

B.2.6.2.11. Short-Form Zarit Burden Interview (ZBI-12)

At baseline, the median total ZBI-12 score was |} (range: ). At Week 24
and Week 48, the median total ZBI-12 score was [l (range: ) 2nd gl
(range: ). respectively. In the majority of patients, ZBI-12 score remained
similar over time; one patient had a decrease in ZBI-12 score from i at baseline to

Il at Week 48. Results were consistent through Week 144 (median: [l [range: |l
) (96).

B.2.6.3. Summary of responder analyses — PEACE and Study 102A

As described in Section B.2.6.1.1.d.i, Section B.2.6.1.2.g (PEACE) and Section
B.2.6.2.6 (Study 102A), the mobility function assessments (2MWT/6MWT, GMFM-D
and GMFM-E) were further evaluated to determine clinical responders based on
MCIDs both individually and in a composite fashion for PEACE and Study 102A.
Overall, a majority of patients treated with pegzilarginase met criteria for response,
often across multiple domains. The degree of response across studies was generally
similar, taking into account the baseline GMFCS status, demonstrating the treatment

effect of pegzilarginase with furtherimprovement over long-term treatment (Figure 24).
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Figure 24: Heatmap of responders in PEACE and Study 102A (evaluable patients)

Key: 2MWT: 2-Minute Walk Test; GMFCS: Gross Motor Function Classification System; GMFM-D: Gross Motor Function Measure-88, Part D; GMFM-E: Gross Motor Function Measure-88, Part E;
LTE: long-term extension; MCID: minimally clinical important difference; pArg: plasma arginine.

Notes: There are no response thresholds available for GMFCS Level IV, therefore patients with GMFCS Level IV at baseline were excluded from these analyses, as were those without a post-
baseline assessment at the relevant timepoint. Placebo/pegzilarginase group at Week 24 is not on active treatment.

* Actual timepoint not at defined timepoint but within specified range.

# Met MCID criteria and also reached normal range for age-/sex-matched 2WT distance or maximum score on GMFM-E or GMFM-D.

Source: PEACE CSR (84); Study 102A CSR (96); Data on File — EMA Responder Analysis Heatmap (89).
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B.2.6.4. Study 101A

The clinical effectiveness results for pegzilarginase from Study 101A are described

in Appendix P.

B.2.7 Subgroup analysis

Pre-planned subgroup analyses based on baseline disease covariates were
prespecified and conducted for the primary and key secondary endpoints in the pivotal
PEACE study for the placebo-controlled double-blind period. The FAS was stratified
by age (<18 years of age and =18 years of age) sex (male and female), region (US
and ex-US), and GMFCS classification (Level | and Level >I).

The patient numbers within the age subgroup were insufficient for any robust analysis,
as almost all patients in the study cohort were <18 years of age; there were only three
patients enrolled 218 years of age (one patient in the pegzilarginase group and two
patients in the placebo group). Across the remaining subgroups, results were
consistent with findings in the primary analysis presented in Section B.2.6.1, and
demonstrate the clinical benefit of pegzilarginase in all patients, regardless of sex,
region, and GMFCS classification. It must be noted that subgroup analyses should be
interpreted with caution given the small sample sizes and overlapping 95% Cls (84).
Full results of the subgroup analysis of the primary endpoint are presented in Appendix
E.

Of note, while improvements were observed in both subgroups, patients treated with
pegzilarginase with more severely restricted mobility (GMFCS Level 2Il) had greater
gains in both the 2MWT and GMFM-E compared to patients classified as GMFCS
Level | (See Figure 39 and Figure 40, Appendix E) (84). These differences may reflect
a lesser capacity to capture improvements in clinical benefit with these assessment
tools in patients with near-normal baseline scores. Despite this, patients in GMFCS
Level | continued to demonstrate improvement in mobility outcomes assessments with

pegzilarginase treatment.
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B.2.8 Meta-analysis

PEACE is the only randomised clinical study of pegzilarginase in ARG1-D. Hence, a

meta-analysis was not deemed feasible and was not conducted for the submission.

B.2.9 Indirect and mixed treatment comparisons

An SLR was conducted to identify studies reporting on the efficacy and safety of
interventions for ARG1-D. No relevant published randomised controlled trials on the
comparator specified in the decision problem were identified, and the publications that
where identified consisted of case reports or cohort studies involving few patients.
Furthermore, given that lack of standardisation of comparator, defined as IDM in the
decision problem, an indirect or mixed treatment comparison was not deemed feasible.

As a result, no indirect or mixed treatment comparisons could be conducted.
B.2.10 Adverse reactions

B.2.10.1. PEACE
The safety and tolerability of pegzilarginase for the treatment of ARG1-D patients aged

2 years and older was evaluated for the FAS. As highlighted previously in Section
B.2.3.1.7, the FAS included all patients who were randomised and received at least
one dose of blinded study treatment (59, 84). AEs were coded with the Medical
Dictionary for Regulatory Activities (MedDRA) Version 24.0

B.2.10.1.1. Exposure to pegzilarginase

The median treatment exposure throughout the study was similar across the
pegzilarginase and placebo groups during the double-blind period (24 weeks [range:
6-25 weeks] and 24 weeks [range: 22-25 weeks], respectively) and the
pegzilarginase/pegzilarginase and placebo/pegzilarginase groups during the LTE (i
weeks [range: I weeks] and ] weeks [range: Il Weeks], respectively).
Dosing compliance was high throughout the duration of the study (mean overall

compliance rate lj) (Table 21) (59, 84).
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Table 21: Summary of dosing exposure and compliance during the double-
blind period and the LTE (PEACE; FAS)

Double-Blind Period Long-Term Extension
Pegzilarginase

Placebo/

Pegzilarginase Placebo IPegzilarginas Pegzilarginase

Treatment exposure, weeks?

n 21 11 11

Mean (SD) 23.1 (3.9) 23.8 (0.75) H =
Median 24.0 24.0 [

Min, Max 6, 25° 22,25 I
Dosing compliance, %°

n 21 11 11

Mean (SD) 94.1(7.1) 97.7 (2.9) . T
Median 95.8 100.0 [

Min, Max 71,100 92, 100 I

Key: FAS: Full Analysis Set; Max: maximum; Min: minimum; SD: standard deviation.

Notes: Patients received pegzilarginase for 224 weeks in the LTE, in addition to the 24-week double-blind period.

@Treatment exposure was calculated using the dates of absolute first and absolute last drug administrations per patient. If the
drug was paused, then the time that the drug was paused was subtracted from total exposure. Treatment exposure was calculated
as: (Date of Last Drug Administration — Date of First Drug Administration +1) +7. Patients were allowed to restart the study if they
had a temporary pause due to the COVID-19 pandemic. The number of expected doses includes COVID-19 pauses.

®One patient randomised to pegzilarginase withdrew from the study at Week 6 due to personal reasons.

°Dosing compliance was defined as the number of doses taken/number of expected doses.

Source: Table 3 and Table 4, Sanchez Russo et al. (2024) (59); Table 54 and Table 61, PEACE CSR (84).

B.2.10.1.2. Summary of adverse events

In total, 187 treatment emergent adverse events (TEAEs) were reported in 90.6% of
participating patients (18 of 32 patients) during the double-blind portion of the study,
with 139 TEAEs reported in 85.7% of patients in the pegzilarginase group (18 of 21
patients). By contrast, all patients (11 of 11 patients, 100.0%) in the placebo group
reported a TEAE, albeit the frequency of TEAEs observed were lower than that of the
pegzilarginase group (48 vs 139). TEAEs related to pegzilarginase were recorded in
23.8% of patients with any TEAE (5 of 18 patients). Overall, the majority of TEAEs
recorded were mild in severity, with a similar incidence of mild TEAEs observed across
both treatment groups, (47.6% of patients [10 of 21 patients] in the pegzilarginase
group versus 45.5% of patients [5 of 11 patients] in the placebo group). No patient in
either treatment group experienced TEAESs requiring dose reduction or TEAEs leading
to the discontinuation of study treatment (59, 84).

More AEs were reported during the LTE period compared with the double-blind portion
of the study, as expected with longer observation. During the LTE, all patients had at
least one TEAE. As in the double-blind period, most of the TEAEs were mild or
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moderate in severity in the pegzilarginase/pegzilarginase group (Jjj of 20 patients,
) compared to the placebo/pegzilarginase group (Jjof 11 patients, N )
Treatment-related TEAEs were reported in similar proportions of patients across the
pegzilarginase/pegzilarginase (8 of 20 patients, 40.0%) and placebo/pegzilarginase
arms (4 of 11 patients, 36.4%). No patients experienced TEAEs leading to the
discontinuation of study treatment. |} patients, |l I n the
pegzilarginase/pegzilarginase group (Il ard 1 HEE in the
placebo/pegzilargonase group (Jilll) had a TEAE requiring a dose reduction (Table
22) (59).
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Table 22: Summary of AEs observed in the double-blind period and the LTE (PEACE; FAS)
Double-Blind Period

Long-Term Extension
Pegzilarginase/

Placebo/
Pegzilarginase
(n=11)
Patients?,

n (%)

Placebo
(n=11)

Patients?,

n (%)

Pegzilarginase
(n=21)

Patients?,

n (%)

Pegzilarginase
(n=20)
Patients?,

n (%)

Events®, n Events®, n Events®, n Events®, n

Patients with any TEAE 18 (85.7) 11 (100.0) [
TEAESs by maximum severity
Mild | 10 (47.6) 104 5 (45.5) 36° I
Moderate | 7 (33.3) 31 6 (54.5) 12° I
Severe 1(4.8) 4 0 0 I
Treatment-related TEAEs 5 (23.8) 27 1(9.1) 2 I
TEAE requiring dose reduction 0 0 0 0 e
TEAE requiring dose
interruption 8 (38.1) 20 1(9.1) 2 [ ]
TEAE leading to
discontinuation of study drug 0 0 0 0 0
F;:E;\ts with serious TEAE 4 (19.0) 5 4 (36.4) 5 .
Treatment-related SAE 1(4.8) 1 0 0 |
SAE leading to a fatal outcome 0 0 0 0 0

Key: AE: adverse event; FAS: Full Analysis Set; LTE: long-term extension; MedDRA: Medical Dictionary for Regulatory Activities; SAE: serious adverse event; TEAE: treatment-emergent adverse
event.

Notes: Percentages were based on the total number of subjects for the FAS. Any AE that began or worsened during the study was recorded as a new AE. TEAEs were AEs that started or worsened
after the first dose of study drug was initiated. If a patient experienced more than one AE, the patient was counted only once for the maximum severity. AEs with missing severities were counted as
unknown. If a subject experienced more than one AE, the patient was counted only once for the closest relationship to study treatment. Related AEs consist of possibly related, probably related, and
definitely related AEs. AEs with missing relationships were counted as related. AEs were coded using MedDRA Version 24.0. Events’ columns summarise the number of individual occurrences of the
TEAE.

aPatients were only included in the category denoting the highest severity reported for all AEs in the study.

bTotal study AEs for all subjects were included in the category for their corresponding severity.

°For mild and moderate event counts, there should be one additional event in the placebo group for each severity, as one event that started on the first day of the LTE dosing but prior to the
administration of the LTE dose while one dose was programmatically assigned in error without consideration of timing of treatment administration to the placebo-pegzilarginase group of the LTE period
instead of the placebo-controlled double-blind period.

Source: Table 3, Sanchez Russo et al. (2024) (59); Table 55 and Table 62, PEACE CSR (84).
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B.2.10.1.3. Common adverse events

TEAESs that occurred in 215% of patients in either treatment arm in the double-blind period

and/or LTE are summarised in Table 23 below.

Table 23: TEAEs by MedDRA preferred term occurring in 215% of patients in the
double-blind period and LTE (PEACE; FAS)

Double-Blind Period Long-Term Extension

Preferred Term Peqzilarginase Placebo Pegzilarginase Placebo

9 _ g _ IPegzilarginase /Pegzilarginase
(n=21) (n=11) ) (n=11)

Any TEAE, n (%) 18 (85.7) 11 (100.0) B | e

Vomiting 6 (28.6) 3 (27.3) B I

Nausea 1(4.8) 3 (27.3) T I

Abdominal pain® 1(4.8) 3 (27.3) I I

Pyrexia 4 (19.0) 0 T I

Ammonia 3 (14.3) 2 (18.2) I I

increased

Hyperammonaemia 2 (9.5) 3 (27.3) T I

Decreased appetite 0 2(18.2) T I

Cough 4 (19.0) 1(9.1) B I

Fatigue 0 0 [ I

Alanine

aminotransferase 2 (9.5) 0 [ [

increased

Aspartate

aminotransferase 2 (9.5) 0 [ ] [ ]

increased

SARS-CoV-2 test

positive® 0 0 I I

COVID-19 0 0 ] ]

Amino acid level

Rhinorrhoea 1 (4.8) 0 I |

Headache 2 (9.5) 1(9.1) T I

o 0 0 - —

Upper respiratory

tract infection 0 0 L i

Constipation 0 0 [ I

Diarrhoea 0 0 [ I

Rhinitis 0 0 [ I

Blood potassium

decreased 0 0 i  —

Hypoacusis 0 0 | R

Insulin-like growth

factor decreased 0 0 i  —

Key: AE: adverse event; FAS: Full Analysis Set; LTE: long-term extension; MedDRA: Medical Dictionary for Regulatory Activities; PT:
preferred term; TEAE: treatment-emergent adverse event.

Notes: Percentages were based on the total number of subjects in each treatment group. The patients column shows the total number
of patients with at least one event. AEs were coded using MedDRA Version 24.0. Patients experiencing more than one TEAE within
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a given preferred term were counted once within that PT. TEAEs are AEs that started or worsened on or after the date of the first
dose. SOCs that met the criteria of 215% were included in the table.

2For the preferred term of ammonia increased and the SOC of investigations, there should be one additional patient in the placebo
group, as one event that started on the first day of LTE dosing but prior to the administration of the LTE dose was assigned to the
placebo-pegzilarginase group in the LTE period in error instead of the placebo group in the double-blind period.

bPatients with a positive SARS-CoV-2 test are distinct from those with COVID-19 iliness.

Source: Table 3, Sanchez Russo et al. (2024) (59); Table 14.3.2.1, Table 63 & Table 14.3.3.1.1, PEACE CSR (84).

The majority of TEAEs were of mild or moderate severity. Only one patient (4.8%) in the
pegzilarginase group experienced a TEAE of aspartate aminotransferase increase that
was considered to be severe during the double-blind period of the study. This event was
considered possibly related to pegzilarginase by the investigator. During the LTE, |}
I i the pegzilarginase/pegzilarginase group experienced a severe TEAE.
In the placebo/pegzilarginase group, |l of patients f§ of 11 patients) reported severe
TEAESs during the LTE versus none in the placebo-group during the placebo-controlled
double-blind period (84).

B.2.10.1.4. Summary of serious adverse events

A similar frequency of patients experienced a serious adverse event (SAE) across each
treatment group. Across the double-blind and LTE portions of the study, the most
frequently reported SAE was hyperammonaemia, which was recorded in a higher
proportion of patients in the placebo group (3 of 11 patients, 27.3%) compared to the
pegzilarginase group (2 of 21 patients, 9.5%) during the double-blind period. In the LTE,
events of hyperammonaemia were more frequent in patients who transitioned from
placebo to pegzilarginase @ of 11 patients, IIllll) compared to patients who continued
pegzilarginase treatment (g of 20 patients, |Illl) (Table 24). During the double-blind
period, one patient in the pegzilarginase group experienced an SAE of moderate
hyperammonaemic encephalopathy that was considered probably related to study
treatment and led to treatment interruption. This event occurred during concurrent urinary
tract infection and constipation, was not life threatening, and was resolved in one week.
Long-term exposure did not lead to a meaningful increase in the proportion of SAEs (59,
84).
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Table 24: SAEs by MedDRA preferred term in the double-blind period and LTE
(PEACE; FAS)

Double-Blind Period | Long-Term Extension

Preferred Term Pegzilarginase Placebo Pegzilarginase Placebo

(n=21) (n=11) IPegT::;%i)nase IPegT::::%i)nase
Any SAE, n (%) 4 (19.0) 4 (36.4) [ I
Hyperammonaemia 2(9.5) 3 (27.3) [ . I
Hyperammonaemic
encephalopathy 1(4.8) 101) . .
Vomiting 1(4.8) 0 . I
Gastroenteritis 0 0 I [
Abdominal pain 0 0 I |
Constipation 0 0 I [
Hand-foqt-and- 0 0 I |
mouth disease
Alanine I |
aminotransferase 0 0
increased
Ammonia increased 0 0 [ [ .
Aspartate ] |
aminotransferase 0 0
increased
Haematuria 0 0 [

Key: AE: adverse event; FAS: Full Analysis Set; MedDRA: Medical Dictionary for Medical Activities; SAE: serious adverse event;
TEAE: treatment-emergent adverse event.

Notes: Percentages were based on the total number of patients in each treatment group. The patient’s column shows the total number
of subjects with at least one event. AEs were coded using MedDRA Version 24.0. Subjects who experienced more than one TEAE
within a given preferred term were counted once within that preferred term in the patient’s column. TEAEs are AEs that started or
worsened on or after the date of first dose. Preferred terms were listed in order of descending frequency across all patients.

Source: Table 3 and Table 4, Sanchez Russo et al. (2024) (59); Table 58 and Table 65, PEACE CSR (84).

B.2.10.1.5. Adverse events of special interest

Hypersensitivity reactions, injection site reactions, and HACs were defined as AEs of
special interest for PEACE as it was considered that collection of additional information
across the entire study population would allow better characterisation of these events
(84). An understanding of the favourable and predictable long-term tolerability profile of
pegzilarginase is important given the need for chronic treatment and allow for at-home
administration to reduce treatment burden on patients, caregivers, and healthcare

systems.

a. Hypersensitivity reactions

In the double-blind portion of PEACE, two patients experienced hypersensitivity
reactions. One patient in the pegzilarginase group experienced three AEs of
hypersensitivity, which were mild to moderate in severity and resolved with standard
treatment. Another patient treated with pegzilarginase had an event of swelling face that
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was identified by the investigator as a potential hypersensitivity reaction and was
assessed as possibly related to pegzilarginase although there was no interruption in study
treatment as a result of the event, which was treated with oral cetirizine (59, 84). No

additional hypersensitivity reactions occurred during the LTE period (84).

b. Injection site reactions

No patient experienced an injection site reaction in the double-blind period because no
patient received SC administration of pegzilarginase or placebo in the double-blind
period. During the LTE, injection site reactions were reported for |l of patients |j of
20 patients) in the pegzilarginase/pegzilarginase group, and | " the
placebo/pegzilarginase group. All incidences of injection site reactions were non-serious,

mild, and either resolved spontaneously or resolved with standard medical care (84).

c. Hyperammonaemia events

HACs were prespecified in the protocol where ammonia levels were >100 uM, patients
were symptomatic, patients required treatment in a hospital or emergency room, and are
summarised by a sponsor-defined MedDRA query, which included the MedDRA preferred
terms of hyperammonaemia, hyperammonaemic crisis, and hyperammonaemic

encephalopathy that met these conditions (84).

Overall, 21.9% of patients (7 of 32 patients) experienced a HAC AE during the 24-week
double-blind period, with fewer events in the pegzilarginase arm (3 of 21 patients, 14.3%)
compared to the placebo group (4 of 11 patients, 36.4%) Table 23. Many of the reported
events occurred in the context of potential precipitating factors, i.e., infection (59, 84). In
the LTE, fewer patients experienced HACs in the pegzilarginase/pegzilarginase arm ( |
of 20 patients, |Jllll) compared to the placebo/pegzilarginase group (Jj of 11 patients,
) "he hyperammonaemia TEAEs observed in PEACE occurred at rates consistent
with those typically observed in patients with ARG1-D (11, 15). Hyperammonaemia was
transient and manageable with standard care. A majority of patients had a potential
history of hyperammonaemia and precipitating factors identified by the investigator (see
Table 11, Section B.2.3.1.8).

Furthermore, for most of the LTE visits, all patients had normalised ammonia levels of

<100 pM, with a large proportion of patients having values falling in the category of normal
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(range: 0 to 35 uM) (84). Although it was not possible to quantitatively assess the change

in HACs to understand the impact of pegzilarginase, |
I suggests a decline in HACs with pegzilarginase treatment (47).

B.2.10.1.6. Study drug discontinuation
No TEAEs led to the discontinuation of the study drug (59, 84).

B.2.10.1.7. Deaths
No deaths occurred in the PEACE study (59, 84).

B.2.10.2. Study 102A

The safety and tolerability of pegzilarginase was evaluated as the primary endpoint in
Study 102A. Safety endpoints were evaluated using the FAS, which included all patients

who received any study medication (96).

B.2.10.2.1. Exposure to pegzilarginase
As discussed in Section B.2.3.2.4, patients had the option of switching to SC

administration of pegzilarginase from Week 25 onward. All patients switched to SC
administration, with exception of one patient who withdrew and discontinued the study
after 26 IV doses. Ten of 13 patients (76.9%) received SC administration by home
healthcare. The median IV exposure was il weeks (range: I \eeks), while
median SC exposure was [l weeks (range: I ) (Table 25) (96).

All patients ttansitioning to SC treatment (n=13) were exposed to pegzilarginase for >144
weeks, out of which 10 patients (76.9%) were on treatment for more than 196 weeks.

Overall, the median exposure to pegzilarginase in Study 102A (n=jjjj ) was i} weeks

(range: I \Veeks) (Table 25) (96).
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Table 25: Pegzilarginase exposure (Study 102A; FAS)

v SC IVand SC

(n=14) (n=13) (n=13)

Duration of exposure, weeks

n 14 13 13
Mean (SD) I | .
Median B B

Min, Max I

Maximum duration of exposure, categories, n (%)

<4 weeks 0 0

>4 to <24 weeks T . |

>24 weeks to <48

Weeks - I

>48 weeks to <96

weeks i i

>06 weeks to <144

weeks i i

>144 weeks to <196

weeks [ ]

>196 weeks to <240

weeks [ ]

>240 weeks | |

Key: FAS: Full Analysis Set; IV: intravenous; SC: subcutaneous; SD: standard deviation.

Notes: The columns in this table represent patients on IV, patients who switched to SC, and patients who received both routes of
administration. Note that one patient withdrew from the study prior to receiving SC; thus, 13 subjects were available for this analysis.
aTwelve of the 14 patients switched from IV to SC administration at Week 25. Five of these were captured in the >4 to <24 weeks row
because they switched almost immediately after the Week 24 dose; six of these were captured in the >24 weeks to <48 weeks row
because they switched a few days into Week 24. Two patients switched at Week 38, and one patient discontinued at Week 26.
Source: Table 43; Study 102A CSR (96).

B.2.10.2.2. Summary of adverse events

In total, ] patients (Il ) had at least one TEAE, with il TEAE events reported in

total. Most TEAEs were reported within the system organ class of gastrointestinal
disorders. The most frequently reported TEAEs were cough, vomiting, headache,
hyperammonaemia, nausea, upper abdominal pain, increased ammonia,
nasopharyngitis and COVID-19. Most TEAEs were of mild to moderate severity, with only
Il TEAEs assessed as severe. No patients experienced TEAEs that required dose

reduction, led to pegzilarginase discontinuation, or resulted in death (Table 26) (96).

Table 26: Overview of TEAEs by patient and event count (Study 102A; FAS)

Event Total
(n=14)
Patient, n (%)? Counts of Events®
Patients with any TEAE I [
Mild . —
Moderate [ ]
Severe | '
Drug-related TEAE I ]
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TEAE requiring dose reduction
TEAE requiring dose interruption
TEAE leading to discontinuation of
pegzilarginase

Drug-related TEAE leading to
discontinuation of pegzilarginase
TEAE with fatal outcome

Patients with any SAE
Drug-related SAE

Key: FAS: Full Analysis Set; SAE: serious adverse event; TEAE: treatment-emergent adverse event.

Notes: Percentages are based on the number of subjects in the Full Analysis Set. Dose interruptions are identified based on a
response of “Missed dose,” “Dose held,” or “Drug Interrupted” in the “Action taken with study treatment” field of the adverse event
case report form. Adverse events are coded using Medical Dictionary for Regulatory Activities Version 24.0.

@Patients are only included in the category denoting the highest severity reported for all TEAEs in the study.

bTotal study TEAES for all patients included in the category for their corresponding severity.

Source: Table 46; Study 102A CSR (96).

- -F

B.2.10.2.3. Common adverse events

TEAESs that occurred in 215% of patients in the FAS are summarised below in Table 27
(96).

Table 27: TEAEs occurring in 215% of patients by preferred term (Study 102A;
FAS)

Preferred Term

Patients with any TEAE, n (%)
Cough

Vomiting

Headache

Abdominal pain upper
Ammonia increased

COVID-19

Hyperammonaemia
Nasopharyngitis

Nausea

Constipation

Upper respiratory tract infection
Gastroenteritis

Pyrexia

Arthralgia

Decreased appetite

Diarrhoea

Fatigue

Oropharyngeal pain

Rhinorrhea

Transaminases increased

Key: FAS: Full Analysis Set; TEAE: treatment emergent adverse event.

Notes: Percentages are based on the number of subjects in the Full Analysis Set. Adverse events are coded using Medical Dictionary
for Regulatory Activities Version 24.0.

Source: Table 47; Study 102A CSR (96).
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B.2.10.2.4. Summary of serious adverse events

A total of il pratients (Il ) experienced SAEs. SAEs were most frequently in the
system organ classes of Metabolism and nutrition disorders, Infections and infestations,
and Gastrointestinal disorders. The most frequently reported SAEs were
hyperammonaemia (il ). gastroenteritis (JJlll ). and respiratory syncytial virus
infection (Il )- None of the SAEs were life-threatening or fatal (96).

Il ratients (I ) experienced SAEs that were assessed by the investigator as
related to pegzilarginase, comprising ] SAEs of hyperammonaemia and [Jij SAE of
increased ammonia (96).

B.2.10.2.5. Study drug discontinuation
No TEAEs led to the discontinuation of the study drug (96).

B.2.10.2.6. Deaths
No deaths occurred in Study 102A (96).

B.2.10.3. Study 101A

The safety data for pegzilarginase from Study 101A is summarised in Appendix P.

B.2.11 Ongoing studies

The pegzilarginase ARG1-D clinical development programme currently consists of three
studies: Study 101A, Study 102A, and PEACE, the latter of which forms the pivotal study
informing the submission. All three studies are complete; final results from the double-
blind period and LTE data up to Week 150 for PEACE and the final results from Study
102A are provided in Sections B.2.1 — B.2.7 of the submission, while results from Study

101A are provided in Appendix P.

One additional clinical study is currently under development; CAEB1102-301A (Study
301A). Study 301A is a planned Phase 3, open-label study of the safety,
pharmacokinetics, and activity of weekly SC pegzilarginase in ARG1-D patients below
two years of age. This study is due to begin in Q2 2024 and will fulfil the EMA Paediatric
Committee Paediatric Investigation Plan requirements. Considering the population of

patients in the decision problem for this appraisal concerns ARG1-D patients aged 2

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency
[ID4029]

© NICE (2024). All rights reserved Page 119 of 207



years and older, evidence from this study is not considered to be relevant to this

submission. Interpretation of clinical effectiveness and safety evidence.

B.2.12 Principal findings from the clinical evidence

As described in Section B.1.3, the treatment goal for patients with ARG1-D is to minimise
exposure to the neurotoxic effects of elevated arginine and its metabolites, which is very
rarely, if ever, achieved with the current IDM regimens. Therefore, successful
demonstration of efficacy in pivotal clinical trials requires a statistically significant

reduction in pArg in conjunction with a clinical response in mobility.

The efficacy and safety of pegzilarginase in ARG1-D patients aged 2 years and older is
provided by an international, randomised, double-blind, pivotal Phase 3 study (PEACE)
(59, 84), and a Phase 2, open-label, LTE study (Study 102A).

The pivotal Phase 3 PEACE study met its primary endpoint, demonstrating both a
clinically and statistically significant reduction in pArg with pegzilarginase compared to
placebo (estimated reduction relative to placebo: 76.7%; p<0.0001) after 24 weeks of
treatment. PArg levels below guideline recommended target and within the normal range
were achieved in 90.5% of pegzilarginase treated patients compared to 0% of the patients
in the placebo arm (p<0.0001) (see Section B.2.6.1.1.a). Furthermore, continued
administration of pegzilarginase via the SC route of administration in those who were
randomised to pegzilarginase in the double-blind portion of the study resulted in similarly
consistent and sustained reduction in pArg levels in the LTE period. Dietary excursions
did not impact the ability of patients to maintain plasma arginine within the normal range
(see Section B.2.3.1.5.c) (59, 84).

In addition, clinically relevant functional mobility improvements, as assessed by 2MWT,
GMFM-E, and GMFM-D, were demonstrated with pegzilarginase treatment. Statistically
significant and clinically meaningful improvement in GMFM-D was observed in patients
treated with pegzilarginase compared to those treated with placebo at Week 24 (4.2
points; p=0.0208) (see Section B.2.6.1.1.c.ii). Furthermore, similar proportions of patients
in the pegzilarginase group demonstrated clinically relevant and/or numerical increases
in GMFM-E (11 of 20 patients, 55.0%) and 2MWT (10 of 20 patients, 50.0%) assessments
(see Sections B.2.6.1.1.b.i [2MWT] and B.2.6.1.1.b.ii [GMFM-E]). For patients completing
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the LTE, increases from baseline in 2MWT, GMFM-E, and GMFM-D continued to be
observed in patients treated with pegzilarginase (59, 84), highlighting continued

improvement with further therapy.

Overall, the majority (90.5%) of pegzilarginase-treated patients achieved a response by
normalising pArg, while no patients treated with placebo were able to normalise pArg. For
those evaluable patients meeting the clinical thresholds at the individual mobility
assessments and at the composite level, the extent and the magnitude of response were
greater in those patients treated with pegzilarginase compared to placebo (see Section
B.2.6.1.1.d.i) (59, 84). This indicates a positive overall impact linking meaningful arginine
reduction to clinical effect. This supports the demonstrated treatment effect of
pegzilarginase in both reducing and normalising pArg and the benefit of clinical outcomes
in patients with ARG1-D. Normalisation of pArg has not been achieved by IDM alone, and
is a new milestone for a treatment of ARG1-D. Given the diversity of age, disability, and
progression of disease, these data suggest that clinical improvements may be
demonstrated regardless of the severity of underlying disease at presentation after the

normalisation of pArg levels.

In Study 101A/102A, pegzilarginase demonstrated early, clinically meaningful,
consistent, and sustained reduction in pArg to both therapeutic guidelines and normal
levels, corresponding decreases in plasma GC levels, increases in ornithine levels, and
clinically meaningful improvements in mobility as assessed by neuromotor function

through up to 262 weeks of treatment with pegzilarginase.

The clinically meaningful improvements in mobility, including the magnitude of
improvement in GMFM-E score and 6MWT observed at Weeks 24 and 48 were generally
consistent with those observed during PEACE (see Sections B.2.6.2.3 [6MWT] and
B.2.6.2.4.b [GMFM-E]). The consistency of the open-label Study 102A data with those of
the PEACE double-blind period are unlikely to be due to a placebo effect, thereby
supporting the credibility of long-term results observed in Study 102A. Clinically
meaningful improvements in mobility as assessed by neuromotor function that were seen
after 24 weeks were maintained or continued to improve through 144 weeks of treatment

in Study 102A. These results are especially clinically relevant in a population that would
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be expected to experience detectable disease progression, including decreased mobility,

over time.

In summary, pegzilarginase demonstrated early, clinically meaningful, consistent, and
sustained reduction in pArg to both therapeutic guidelines and normal levels,
corresponding decreases in plasma GC levels, and increases in ornithine levels. Clinically
meaningful improvements in mobility, as assessed by neuromotor function with up to 150
weeks of treatment in PEACE and up to 262 weeks of treatment in Study 102A, were

demonstrated and were associated with the reductions in pArg.
B.2.12.1. Strengths and limitations of evidence base

B.2.12.1.1. Strengths of evidence base

A key clinical goal for patients with ARG1-D is to achieve pArg levels to meet the guideline
recommended level (<200 yM) and ideally to normal levels (15, 80), although this is very
rarely, if ever, achieved with current IDM regimens. As of the most recent data cut-off
(24 March 2022), 100.0% of evaluable patients continuing treatment with pegzilarginase
at LTE Week 24 (19 of 19 patients) achieved pArg levels below the clinical guideline
target of <200 uM, and a large majority (88.2%) were within the normal range of 240 -
<115 yM (see Section B.2.6.1.1.a). This occurred in a cohort of ARG1-D patients where,
despite current IDM approaches, mean (SD) pArg at baseline was over double guideline
recommended levels (402.0 [101.8]). By reducing and maintaining pArg to normal levels
in the long-term, patients have the potential to halt the progression of manifestations,

reduce the impact of prior disease progression, and improve functional mobility.

At study baseline in PEACE, patients randomised to pegzilarginase were of a slightly
younger age, had lower pArg levels and suffered from less moderate/severe spasticity
compared to those randomised to receive placebo (see Section B.2.3.1.8). The difference
in baseline characteristics between the two treatment groups could be attributed to the
2:1 randomisation ratio and/or absence of stratification for age, pArg and level of
spasticity covariates during randomisation. As patients randomised to pegzilarginase had
less severe disease at baseline and were close to the upper limit of the scale, it was more
challenging for pegzilarginase to demonstrate a significant benefit across clinical
outcomes versus placebo. Despite suffering from less severe disease, patients treated

with pegzilarginase demonstrated a statistically significant reduction in pArg from
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baseline versus the placebo group. With regards to mobility outcomes, patients treated
with pegzilarginase demonstrated a statistically significant and clinically meaningful
improvement in GMFM-D versus placebo, while clinically relevant/numerical

improvements in 2MWT and GMFM-E were also observed.

Furthermore, while the response to pArg to pegzilarginase was highly consistent across
patients, functional mobility outcomes were more variable, likely reflecting a combination
of differences in disease severity and duration, establishment of functional impairment,
and/or baseline performance. A majority of recruited patients had near-normal gross
motor function at baseline, with 43.8% of patients classified as GMFCS Level | (most
functional) at study enrolment (see Section B.2.3.1.8) (59, 84). As a result, measurement
of improvement in functional mobility assessments was limited by the upper boundary of
the test, as some were close to or at the ceiling or upper boundary of response at
baseline. This was observed for many patients who demonstrated an improvement in
2MWT, GMFM-D or GMFM-E. Many patients achieved normative distance or neared the
maximum possible score but, because their baseline score limited the magnitude of
possible effect size, they were unable to meet thresholds for clinical response. Despite
this, patients at or near the ceiling of functional mobility scores at baseline improved to
the upper limit of maintained their status without decline during the LTE period. Without
disease-modifying treatment, these patients would otherwise follow the natural course of
the disease and would be expected to experience a decline in their neuromotor function,

amongst other outcomes, over time, despite IDM regimens (29).

In addition, although study sites were instructed to minimise dietary protein prescription
changes, a higher proportion of patients on pegzilarginase (8 of 21 patients, 38.1%) than
placebo (2 of 11 patients, 18.2%) consumed >15% of total calories/day at Week 24 of the
double-blind period versus baseline. Similar was also noted for total consumed protein
(including natural and EAA protein). Importantly, this did not impact the ability of patients
treated with pegzilarginase to maintain normal pArg levels (240 - <115 pM) (59, 84).
Furthermore, the consumed natural protein increased and consumed EAAs decreased
over the LTE period (84). As highlighted in Sections B.1.3.1.2.a and B.1.3.1.3, current
dietary restrictions are frequently described as unpalatable, difficult to comply with, and a
contributor to poorer HRQoL amongst both patients and caregivers. Further real-world
data could demonstrate the role of pegzilarginase in diet management of ARG1-D.
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PEACE represents the largest group of prospectively evaluated patients and the first
randomised, blinded, placebo-controlled trial in ARG1-D (59, 84). A placebo group was
used to assist the interpretation of any observed effects of pArg and other efficacy
endpoints that could have been impacted by improved compliance with any IDM
components. However, as previously described in Section B.1.3.2.3, and demonstrated
in the 24-week, double-blind period of PEACE in Section B.2.6.1.1, IDM doesn’t alter the
disease course of ARG1-D. In addition, the use of placebo assists in the interpretation of
secondary endpoints and safety endpoints, which may have the potential to be influenced

by patient or investigator knowledge of assigned study treatment.

B.2.12.1.2. Limitations of evidence base

As described in Section B.2.6.1, the double-blind and LTE portions of the PEACE study
occurred during the COVID-19 pandemic, which required changes to the conduct of the
study and stay-at-home measures to prevent the spread of the iliness. This required the
implementation of pauses on an individual patient level based on the study visit each
patient was in when site closures occurred. The number of missed visits and
assessments due to COVID-19 was small in comparison to the total number planned.
Despite the pandemic, the study was well-executed, and patient safety and data integrity
were maintained. Overall, the COVID-19 pandemic did not significantly impact the ability

to monitor and manage patient safety, data integrity, or efficacy assessment.

In addition, the absence of significant results in motor function assessments between the
pegzilarginase and placebo groups indicates that the 24-week placebo-controlled period
of PEACE may have been too short to cover the optimal treatment effect on adaptive
behaviour, neurocognition and memory, HRQoL, and mortality. However, continued
treatment beyond 24 weeks resulted in increases in MCID responder rates for patients
treated with pegzilarginase/pegzilarginase, while those treated with
placebo/pegzilarginase demonstrated stabilisation or numerical improvements in

functional mobility outcomes.

Early, consistent, sustained, and statistically significant decreases in plasma GC levels
were observed in patients treated with pegzilarginase versus placebo during the double-
blind period (p=0.0059 to p<0.0001). As highlighted in Section B.1.3.1.2.a.iii, elevated
levels of plasma GCs may contribute to the occurrence of seizures in patients with ARG1-
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D, although the exact mechanism is not fully understood. Despite the reduction in plasma
GC levels, a statistically significant difference in the frequency of seizure events was not
observed between the pegzilarginase and placebo treatment groups. At baseline, 33.3%
of patients (7 of 21 patients) randomised to pegzilarginase had a history of seizures, with
a mean (SD) of 0.1 (0.4) in the previous year, despite elevated GC levels, implying that
seizures were well-controlled with current IDM. By contrast, although a similar proportion
of patients randomised to placebo had a history of seizures (4 of 11 patients, 36.4%),
patients reported a much greater mean (SD) number of seizure events in the previous
year (17.5 [35.0]). In the double-blind portion of the study, no patients in the placebo arm
suffered a seizure event, highlighting good adherence to IDM regimens, perhaps better
than that seen in real world practice, although there is no evidence to support this. No
seizure events were recorded for patients transitioning from placebo to pegzilarginase
during the LTE portion of the study. Consequently, evidence on the link between a

reduction in plasma GC levels and seizure events from PEACE is inconclusive.
B.2.12.2. Applicability of evidence to practice

B.2.12.2.1. Patient characteristics

Despite the strict exclusion criteria, including restrictions around IDM adherence and
mobility requirements, 48 patients participated in the clinical studies of pegzilarginase,
with PEACE representing the largest group of prospectively evaluated patients to-date
(n=32) (2, 59, 96). PEACE represents ~7% of all estimated total ARG1-D cases amongst
countries with clinical study sites (24, 59), including 20% of the known UK patient
population (5 of ] patients). This patient cohort was highly heterogenous; patients in
PEACE and Study 102A varied in terms of age (2-32 years), duration of illness, and
degree of manifestations of underlying disease. The diverse population of patients
observed in PEACE and Study 102A is deemed to be generalisable to the broader
population of ARG1-D patients observed in UK clinical practice.

For the 32 patients enrolled in the PEACE FAS, the median (range) age of patients at
enrolment was 10.5 years (range: 2 — 29 years) (59, 84). This was slightly lower than the
median age of patients enrolled onto the European Bol study (14 years [range: 0 — 49
years]) and those included in the UK-based study by Keshavan et al. (2022) (16.0 years
[range: 12 — 28 years]) (30, 46).
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The majority of patients (56.2%) in the FAS had gross motor functional impairment of
GMFCS Level 2ll (59, 84), a proportion similar to that reported in Study 102A (50.0%)
and the European Bol study (50.0%), which included six ARG1-D patients from the UK
(50.0%) (Table 28) (46). In addition, the distribution of GMFCS levels observed in PEACE
and the European Bol study was also largely consistent irrespective of the difference in
sample size. Underlying disease characteristics were also comparable between PEACE,
Study 102A and the European Bol study at baseline (Table 28).

Table 28: Comparison of patient demographics and baseline characteristics of
PEACE, Study 102A and the European Bol study

Study 102A European Bol

(n=14) (n=21)

Age at enrolment,
years, mean (SD) 10.7 (6.5) [ ] 16.7 (1.7)
Age at onset of
manifestations, 1.9 (2.4) [ 3.7 (2.1)
years, mean (SD)
Spasticity, n (%)
Lower-limb 13 (61.9) I 12 (57.1)
Upper-limb 1(4.8) I 0 (0.0)
History of seizures, n (%)
Yes 11 (34.4) I 6 (28.6)
No 21 (65.6) 13 (61.9)
Missing 0 I 2 (9.5)
GMFCS Level (I - V), n (%)
I 14 (43.8) 7 (50.0) 8 (50.0)
Il 13 (40.6) 4 (28.6) 5(31.3)
1l 0 I 0
\ 5(15.6) I 2 (12.5)
\Y 02 | 1(6.3)
Missing 0 [ 5 (23.8)

Key: Bol: burden of illness; GMFCS: Gross Motor Function Classification System; SD: standard deviation.

Notes: The GMFCS assigns gross motor function capabilities based on movements such as sitting, walking, and use of mobility
devices with five categories ranging from | (most functional) to V (transported in wheelchair in all settings) (57).

2No patients at GMFCS Level V were enrolled due to inability to complete functional mobility assessments.

Source : Table 1, Sanchez Russo et al. (2024) (59); Table 14.1.5.1 and Table 14.1.5.2, PEACE CSR (84); Table 13, Study 102A
CSR (96); Table 4 and 5, A European Survey of Resource Use and Health-Related Quality of Life in Patients with Arginase 1
Deficiency and their Caregivers (46).

In addition, patients with extreme mobility impairment (i.e., unable to complete
assessments [GMFCS Level V]) were excluded from the clinical development programme
of pegzilarginase in ARG1-D. Patients with GMFCS V have severely limited self-mobility
even with the use of assistive technology (see Figure 6, Section B.1.3.1.2.a.iv), and were
therefore unable to be assessed for measurable deficits in functional mobility outcomes
in PEACE and Study 102A: 2MWT/6MWT, GMFM-D, or GMFM-E. However, the
aforementioned clinical mobility assessments are not used for ARG1-D patients in UK
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clinical practice. Considering the variety of progressive and debilitating manifestations
associated with the disease, which may develop irrespective of GMFCS level, it is
anticipated that all patients with ARG1-D could derive clinical benefit and be considered
for treatment with pegzilarginase. In addition, minimal patients with GMFCS Level V are
observed in clinical practice (Table 28). As highlighted in the Table 28 above, although
the clinical studies of pegzilarginase excluded patients with GMFCS Level V, the
observed distribution of patients across GMFCS levels in PEACE and Study 102A is

largely representative of what is observed in clinical practice.

Furthermore, PEACE included five study sites from the UK, namely Birmingham
Children’s Hospital, University Hospital of Wales, Great Ormond Street Hospital for
Children, Willink Biochemical Genetics Unit, and the Salford Royal Hospital. In total, four
of the five study sites enrolled and treated patients. Five UK patients were enrolled and
included in the PEACE FAS (5 of 32 patients, 15.6%). Three of five UK-recruited patients
were randomised to receive treatment with pegzilarginase in the double-blind portion of
the study (3 of 21 patients, 14.3%), while the remaining two patients were randomised to
receive placebo before transitioning to pegzilarginase treatment in the LTE phase of the
study (2 of 11 patients, 18.2%). Of note, none of the five UK patients were included in

European Bol due to study exclusion criteria.

The maijority of patients in the PEACE FAS were recruited from study sites in the US (14
of 32 patients, 43.8%), where newborn screening is used to routinely screen for ARG1-

D. Outside of the US, Italy was the only additional country that enrolled patients in PEACE
where newborn screening is currently available (3 of 32 patients, 9.4%). Early detection
of these patients via newborn screening would likely cause these patients to be managed
with IDM at an earlier age than would otherwise be observed in countries were newborn
screening of ARG1-D is not routinely performed. In the UK, and the remainder of the
PEACE study sites where newborn screening is not currently available (Austria, France,
Germany, and Canada) (15 of 32 patients, 46.9%), patients with ARG1-D initiate IDM
later on in life after diagnosis via molecular testing and/or sibling screening. Despite
differences in diagnostic practice, once a patient is diagnosed, it is anticipated that the
subsequent management and treatment of patients in ARG1-D across all study sites is
to be aligned with guidelines issues by Haberle et al. (2019) (see Section B.1.3.2) (15).
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In addition, when the PEACE cohort was stratified by region (US versus ex-US), there
were no observable differences between the two groups at baseline in pArg, 2MWT, and
GMFM-E (see Appendix E). As a result, the availability of newborn screening did not
impact the generalisability of the overall baseline characteristics with UK clinical practice.
Furthermore, this also highlights that despite early intervention, current IDM regimens are
very rarely, if ever, successful at maintaining plasma arginine below guideline-

recommended levels, resulting in continued disease progression.

B.2.12.2.2. Analysis sets

In consideration of the most appropriate analysis set for decision making, the FAS for
PEACE (n=32) is presented, with data from the pegzilarginase group used in the
subsequent cost-effectiveness analysis. As described in Section B.2.4.1, this analysis set
includes all patients who were randomised and received at least one dose of blinded

study treatment.

B.2.12.2.3. Service provision

Treatment with pegzilarginase should be initiated and supervised by a physician
experienced in the management of patients with inherited metabolic diseases.
Pegzilarginase is intended for IV infusion or SC injection and should be administered by
a healthcare professional. If appropriate, SC home administration by the patient or
caregiver can be considered after at least eight weeks, once a stable maintenance dose
has been established and the risk for hypersensitivity reactions has been assessed as

low. Before self-administration, the patient or caregiver should receive adequate training

(1).

Furthermore, pegzilarginase will interfere with routine laboratory analysis, resulting in
erroneous low measurements due to post-collection degradation of arginine. During
clinical studies, nor-NOHA tubes were used to inhibit residual pegzilarginase activity and
stabilise arginine in plasma samples. Tubes of nor-NOHA will be made available by

Immedica upon the commercialisation of pegzilarginase in the UK (1).
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B.3 Cost effectiveness

B.3.1 Published cost-effectiveness studies

No cost effectiveness studies in the population of people with ARG1-D were identified in

the SLR, therefore no results are presented.

B.3.2 Economic analysis

As no cost effectiveness studies in ARG1-D were identified in the SLR, a de novo model

was conceptualised and constructed.

B.3.2.1. Patient population

The model population (GMFCS heath state distribution, age and gender distribution) is
assumed to be as per the pooled PEACE (n=32), Phase 1/2 (Study 101A/102A, n=16)
and European burden of iliness (Bol) survey (IMM-PEG-001) who provided GMFCS data
(n=16) study characteristics. This approach was chosen, firstly, because the larger data
pool is likely to be more representative of clinical practice and more likely to include all
GMFCS health states at baseline. In PEACE, for example, no patients were in GMFCS 3
at baseline. Secondly, pooled data from PEACE and the Phase 2 study were used for the
majority of regression analyses informing the model. Logically, the model baseline
characteristics should also be informed by the same dataset. Finally, the Bol survey

included patients from the UK.

It should be noted that age, gender and GMFCS are modified independently in the model
to allow exploration of the impact of each separately. Furthermore, it should be noted that
the Bol characteristics used in the model differ from those reported in other sections of
the submission as they are derived from the subgroup of patients who reported GMFCS
scores (n=16), rather than the 21 patients in the Bol. The model cohort characteristics at
entry are summarised in Table 30.
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Table 29: Economic model baseline demographics

Characteristic

Baseline Age (mean)

‘ Value

Pooled (base case): I
Comprising:
PEACE: 10.7

Phase 1/2: Il
Bol: 15.63

Source

Pooled PEACE (N=32)
(Table 11), Phase 1/2
(N=16) (Table 15) and Bol
(N=16) patients (total
pooled N = 64).

% Female

Pooled (base case): Il
Comprising:
PEACE: 41%

Pooled PEACE (Table
11), Phase 1/2 (Table 15)
and Bol patients (total

female: -

Phase 1/2: [l pooled N = 64).

Bol: 75%
Weight characteristics of Age 16 and below (N=39), Pooled PEACE + and
pooled PEACE + and phase average age N Phase 1/2 patients. (Table
1/2 patients. female: | 11 and Table 15)

Age 17 and above (N=9),

average age I

Expected general population
weight given pooled PEACE +
and phase 1/2 patients.

baseline characteristics

Age 16 and below: 34.0 kg
Age 17 and above: 77.0 kg

NHS Digital (107),

Weight ratio vs general
population (paediatric, adults)

Il (age 16 and below)
Il (age 17 and above)

Calculated. Ratio of actual
weight in pooled PEACE
and Phase 1/2 patients vs
expected weight given
same age and gender
distribution.

Note: Demographics from the n=16 Bol patients in the economic analysis differ from the n=21 patients summarised in the Bol

report.

Table 30: Economic model motor function at baseline

Patient proportions

Baseline Pooled
GMFCS n=64 (base PEACE Phase 1/2
category case) (n=32) (n=16) Source
PEACE + Phase
GMFCS | 48.4% 43.8% 56.3% 50.0% 1/2 and Bol
patients
PEACE + Phase
GMFCS I 34.4% 40.6% 25.0% 31.3% 1/2 and Bol
patients
PEACE + Phase
GMFCS I 3.1% 0.0% 12.5% 0.0% 1/2 and Bol
patients
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Pooled PEACE +
GMFCS IV 12.5% 15.6% 6.3% 12.5% phase 2 patients
(N = 46).

Pooled PEACE +
GMFCS V 1.6% 0.0% 0.0% 6.3% phase 2 patients
(N = 46).

Key: GMFCS: Gross Motor Function Classification System.

B.3.2.2. Model structure

As stated in Section B.3.1, no cost effectiveness studies have previously been conducted
in ARG1-D, therefore a Markov cohort model was built in Microsoft Excel to evaluate the
cost effectiveness of pegzilarginase + IDM (hereafter referred to simply as
pegzilarginase) vs. IDM alone. The model has a lifetime horizon (87 years; calculated as
100 minus the baseline age) and a 13-week cycle time with a half-cycle correction. The
model includes the ability to apply a flexible stopping rule (criteria to be defined by the
user) at week 26, but none is applied in the model base case given that all patients in
PEACE achieved the primary endpoint of change from baseline in pArg at week 24 (see
Section B.2.6.1.1.a).

The cohort model captures the movement of patients over their lifetime through five
mutually exclusive motor deficit health states, defined by GMFCS score (see Section
B.1.3.1.2.a.iv for description) and death (see Figure 25), and further by level of intellectual
disability, categorised into mild/normal, moderate or severe cognitive impairment. The
GMFCS was considered the best option for categorising motor deficits as it is known that
ARG1-D shares similar disease characteristics and symptoms with cerebral palsy (CP).
A further reason was that GMFCS or GMFCS-like health states have formed the basis of
other cost effectiveness models and/or utility studies in rare diseases with neurological
decline, even if not due to the same underlying disease pathology (108). An SLR was
therefore conducted where CP was used as a proxy disease for ARG1-D to explore data
options for the health economic model (109). In this SLR, several studies were found that
related utilities and resource utilization with different GMFCS levels that could be used to
model the health economic consequences of ARG1-D disease progression. To
complement the review in CP, during the conceptual modelling stage clinical experts were
asked which other rare diseases might be most similar to ARG1-D in their clinical
presentation, which led to the use of metachromatic leukodystrophy (MLD) and X-linked

adrenoleukodystrophy (X-ALD) as alternative sources of costs and/or utility values.
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While occupying any GMFCS and/or cognitive health state, the patients can experience
hyperammonaemic crises (HACs) (defined as “an event in which a subject had an
ammonia level 2100 yM with one or more symptoms related to hyperammonaemia
requiring hospitalization or emergency room management”, Section B.1.3.1.2.b.i). While
the model is structured to be able to capture other disease-related acute events such as
severe nausea and seizures, the former have not been included in the model due their
possible overlap and double-counting with HACs and the latter not included due to their

relative infrequency once stabilized on appropriate anti-epileptic medicine.

Patients are at risk of dying from disease-related mortality during every model cycle.
During the conceptual modelling phase, |l 3 2d an additional UK
clinical expert stated that the main causes of mortality in ARG1-D patients were HACs,
complications from infections/surgery, neurological damage and liver disease. Due to lack
of data, death due to liver disease could not be modelled. The model therefore captures
mortality via either an overall survival (OS) curve, which is independent of health state
occupancy and reflects all-cause mortality, or by capturing GMFCS-specific mortality. In
addition to GMFCS-specific mortality, patients have an instantaneous risk of death when

they experience HAC, conditional on their peak ammonia level (see Section B.1.3.1.2.b.i).

In the pegzilarginase arm, patients start on weekly pegzilarginase treatment but can
discontinue at any model cycle. Once they discontinue, patients, assume the progression

rate of patients on IDM.

In both arms, the model captures the costs of IDM by health state, including medications,
healthcare resource, essential amino acid (EAA) supplements, nursing care and social
services support such as assisted schooling. The model captures the impact on health-
related quality of life (HRQoL) of motor deficit, cognitive deficit, improved diet and HACs.

Costs and outcomes are discounted at a rate of 3.5%.

A diagram of the model structure is presented in Figure 25.
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Figure 25: Model structure diagram

Chronic Events

Normal/mild cognitive Moderate cognitive Severe cognitive
Impairment Impairment Impairment
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Nausea
Seizures

Death due to
causes unrelated to
progression

’

Note: transitions to death can
occur from any health state

Acute Events

Hyperammonaemia

Cognitive and acute morbidities may be modelled independently to GMFCS

health states.

Table 31: Features of the economic analysis

Factor

Current evaluation (no past evaluations in ARG1-D)

Chosen values

Justification

Time horizon

Lifetime (87 years)

ARG1-D is a chronic disease. Pegzilarginase
can impact outcomes over the patients’
lifetime.

Waning of
treatment effect

No waning of treatment
effect is assumed in the
base case. A scenario is
included whereby some
ongoing progression is
modelled following initial
improvement.

Pegzilarginase is a recombinant human
enzyme. There is potential for
immunogenicity to pegylated therapeutic
proteins (PEG), however across all clinical
trials in the pegzilarginase ARG1-D
development program, 12 of 48 subjects
(25%) tested positive for anti-drug antibodies
(ADASs) against PEG and/or the protein
moiety of pegzilarginase, with the majority
detected early after the first dose. There was
no assay available for detecting neutralising
antibodies during the clinical development
programme. The ADAs were transient in
nature and resolved during continued
treatment. The presence of ADAs was
associated with transient changes in the
pharmacokinetics (PK) and
pharmacodynamics (PD) of pegzilarginase in
patients with ARG1-D.

Source of

EQ-5D-5L responses from

The NICE reference case prefers health
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utilities ARG1-D patients and their | state utility values to be obtained from
carers were obtained from | patients (or their carers) on the EQ-5D.
the Bol and mapped to 3L | Given the small sample size, the EQ-5D
utilities using the van Hout | yajues collected will not represent the

algorithm (46). heterogeneity of cognitive deficits

Cognitive deficit experienced by different patients. It would
decrements from a vignette | also fail to reflect HRQoL gains in patients
study in metachromatic who do not change GMFCS health state but

leukodystrophy (MLD) are experience an improvement in cognitive
added (see HST18) (110, function when taking pegzilarginase.

111). The restricted diet was considered to have a
A utility gain from improved | negative impact on HRQoL as reported by
diet was included, from a patients, their carers (46), and interviewed
vignette study in patients clinicians. In PEACE, more patients on

with a restricted diet. pegzilarginase showed an increase in

consumption of dietary protein.

Source of costs | Costs are obtained from the | The NICE reference case prefers costs from
Bol study of patients and UK patients.

carers of patients with Where there was a paucity of data, notably in
ARG1-D (including patients | more severe GMFCS health states, the

from the UK, France, Spain | ARG1-D cost data were supplemented with
and Portugal). Due to cost data from MLD (HST18) as patients with

missing data or low sample | this condition also suffer from motor and
size for some health states, | cognitive decline.

data are supplemented with
health state cost data from
MLD.

Key: ARG1-D: arginase 1 deficiency; Bol: burden of illness; EQ-5D: EuroQol 5-Dimensions; GMFCS: Gross Motor Function

Classification System.
Note: There have been no past NICE appraisals in ARG1-D. Therefore, only the ‘Current evaluation’ columns are populated.

B.3.2.3. Intervention technology and comparators

The intervention is weekly pegzilarginase in combination with IDM (referred to as
pegzilarginase within Section B.3 for simplicity). Pegzilarginase is intended to substitute
for the deficient human arginase 1 enzyme activity in patients with ARG1-D.
Pegzilarginase rapidly and sustainably reduces plasma arginine and converts it to urea

and ornithine. This prevents disease manifestations and clinical symptoms.

The comparator is IDM alone.
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B.3.3 Clinical parameters and variables

B.3.3.1. Progression through GMFCS health states

B.3.3.1.1. Initial disease progression

As stated in the Model Structure section, the model captures change in motor function on
the GMFCS. The GMFCS was captured at baseline for the purpose of defining response
criteria and defining subgroups and at the same follow-up timepoints as the GMFM D and
E (GMFM D&E). GMFCS is not analysed or reported in the CSR. The observed change
in GMFCS score in PEACE between two follow up timepoints was therefore utilised to

generate a single model transition matrix for each arm.

e The change in GMFCS score between baseline and week 24 in the placebo arm
was utilised to generate a single transition matrix, which was applied in the model

from week 0 to week 26 for the IDM arm.

e The change in GMFCS score between baseline and week 96 in the pegzilarginase
arm was utilised to generate a single transition matrix, which was applied in the
model from week 0 to month 36 in the pegzilarginase arm. This means that the
observed transitions between baseline and week 96 are extrapolated for a period
of approximately one year in the pegzilarginase arm of the model. There is the
flexibility to further extrapolate these observed transition probabilities up to 48
months (given some patients continued to show improvement in GMFM D&E score

for up to 4 years).

The phase 2 data were not included, as this began as a dose escalation study and
patients did not initially receive dosing consistent with the SmPC, which poses challenges

to defining a baseline timepoint equivalent to that of PEACE.

As described above, a single transition matrix was generated for each arm from the
patient movements from baseline to either week 24 (for IDM) or week 96 (for
pegzilarginase). Given the slow nature of changes in GMFCS, this avoids generating
multiple transition matrices capturing very few patient movements. These transitions were

adjusted to model cycle length and applied to the model over the initial period (up to week
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26 for IDM, up to month 36 for pegzilarginase), assuming a constant rate of transition, as

described below:

In the IDM arm, the observed patient transitions from baseline to week 24 were used to
generate a single transition matrix. Transition probabilities were adjusted to the model

cycle length (13 weeks; 0.25 years), using the conversion:
Probability13 weeks = 1-(1-probability 24 weeks)0.25/(24/weeks in year)

Note that this is mathematically the same as converting to a rate using the formula -LN(1-
probability), adjusting to cycle length and reconverting to a probability as per the standard

method in Drummond et al (112).

In the pegzilarginase arm, the observed patient transitions from baseline to week 96 were
used to generate a transition matrix. Transition probabilities were adjusted to the model

cycle length (13 weeks; 0.25 years) using the conversion:
Probability13 weeks = 1-(1-probability24 weeks)"0.25/(96/weeks in year)

Note that, due to missing data, several assumptions had to be made regarding

transition probabilities:

e Where a GMFCS score was missing, the last observation carried forward (LOCF)
approach was used to impute missing values at week 96. This is considered a
conservative approach, as no deterioration in GMFM D&E score was seen in any
observed data in the pegzilarginase arm, whereas some patients showed

improvement.

e There were no movements from GMFCS Il to Il observed in the pegzilarginase
arm. This is unrealistic given that there was movement from GMFCS [V to Il
Therefore, the average of the transition probabilities from GMFCS IV->lll and
GMFCS Il to | were used to populate the transition probability of GMFCS Il1->1l.
This is not for the IDM arm as, although some patients improved GMFCS health
state, other measures of mobility such as GMFM D&E and/or 6-MWT did not
demonstrate improvement or worsened and GMFCS is not expected to improve

over the longer term.
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e There were no patients in GMFCS V throughout the trial follow-up period.

Therefore, in the pegzilarginase arm half of the transition probability from GMFCS

IV->11l was applied to populate the transition probability of GMFCS V->IV.

The cycle-adjusted transition matrices applied in the model up to week 26 (IDM) and
month 36 (pegzilarginase + IDM) are shown in Table 32 and Table 33 below. All patient

counts informing these matrices can be found in the “GMFCS patient counts” sheet.

After this initial phase whereby observed GMFCS transitions are utilised, the model
thereafter uses regressions to predict change in GMFM D&E score over time, as well as
GMFCS occupancy conditional on GMFM D&E score (see Sections B.3.3.1.2.c and

B.3.3.1.2.d below).

Table 32: 13-week transition probabilities, IDM arm

From/To GMFCS | GMFCS I GMFCS il GMFCS IV GMFCS V
GMFCS | 100% 0% 0% 0% 0%
GMFCS I 14% 71% 0% 14% 0%
GMFCS Il 0% 0% 100% 0% 0%
GMFCS IV 0% 0% 31% 69% 0%
GMFCS V 0% 0% 0% 0% 100%

Key: GMFCS: Gross Motor Function Classification System.

Table 33: 13-week transition probabilities, pegzilarginase + IDM arm

From/To  GMFCS | 'GMFCs Il GMFCS I GMFCSIV  GMFCSV
GMFCS | 100% 0% 0% 0% 0%
GMFCS I 8% 92% 0% 0% 0%
GMFCS I 0% 10% 90% 0% 0%
GMFCS IV 0% 0% 14% 86% 0%
GMFCS V 0% 0% 0% 5% 95%

Key: GMFCS: Gross Motor Function Classification System

B.3.3.1.2.

Following the initial period during which transition matrices are applied, IDM patients are
assumed to progress whereas in the base case pegzilarginase patients are assumed to
remain in the health state they occupied at the end of the initial 36 months. Continued
progression of pegzilarginase patients, but at a reduced rate compared with IDM
(implemented using a hazard ratio) is considered in scenario analyses.
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It would be unrealistic to extrapolate the observed GMFCS movements in the IDM arm
over the course of the model given that over this very short follow up time, only a few
patients changed GMFCS health state, including a few transitions to an improved GMFCS
health state, which would not be realistic over longer term. Therefore, an alternative

method of modelling transitions past the observed period was required.

In the PEACE clinical trial and studies 101A/102A several outcome measures related to

disease progression were collected (see Sections B.2.3.1.6 and B.2.3.2.6):

Plasma arginine levels (pArg)

e Gross Motor Function Measure (GMFM D and GMFM E)

e 2-Minute and 6-Minute Walk Test (2MWT; 6MWT)

e Ornithine and guanidino compounds (GCs)

¢ Vineland Adaptive Behaviour Scales (VABS-II)

¢ Modified Ashworth Scale (MAS)

e Neurocognition and memory (BSID-Ill and Wechsler intelligence batteries)

e HRQoL (Paediatric Quality of Life Inventory [PedsQL], 36-ltem Short Form
Health Survey, and Short-Form Zarit Burden Interview [ZBI-12])

Out of these outcome measures, reduction in pArg was statistically significant and GMFM
D&E showed meaningful improvement at study endpoint compared with baseline values
in the pegzilarginase arm. For both of these, data were available from the long-term follow
up study. In the PEACE trial, a numerical improvement in the pegzilarginase arm was
seen in the 2MWT (70% at week 24 from baseline). However, since walking ability is
largely correlated with age it would be difficult to model a lifetime disease progression
only based on study 2MWT data. Another limitation with 2MWT is that it does not capture
other motor functions such as the ability to sit or run which is of importance to classify
patient’s mobility. Moreover, there was also a lack of data to relate different walking ability
intervals with appropriate HRQoL and costs. The final rationalisation for using either pArg
or GMFM D&E for modelling GMFCS disease progression are outlined below.
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a. Arginine levels

A logical modelling choice would be to use pArg-response levels (<200 yM or normal
pArg level), as a surrogate to predict GMFCS occupancy, given that high pArg, whether
as the primary driver or proximal causal component of downstream toxicity, is believed to
be the key driver of global developmental delay and progressive spasticity (31, 32).
Despite the established harmful effects of high pARG, little data exists to establish a long
term, linear relationship between pARG levels and symptoms of disease. Therefore, we
did not use pARG as a surrogate for disease progression despite knowing that pARG
levels is the main driver for disease in these patients. Also, since all patients treated per
protocol with pegzilarginase in PEACE FAS reached guideline recommendations (<200
MM) pArg at week 24 (none in the placebo group) (see Section B.2.6.1.1.a), which were
then maintained in the long-term extension study, it was not possible to link individual
change in symptoms over time to pArg level. Of note, as highlighted in Section
B.2.6.1.1.a, there were reasons why two patients (9.5%) did not achieve guideline
recommended levels of pArg at week 24; one patient discontinued from the study at Day
36, whilst another patient received the incorrect treatment allocation at week 23.
Therefore, all patients who received the correct treatment course throughout the 24-week

double-blind period achieved guideline-recommended pArg levels.

Although external data sources such as the UCDC study found that cumulative arginine
exposure is correlated with the deterioration in select neuropsychological outcomes in
patients with ARG1-D (60), the outcome data from the UCDC registry did not provide the
required information to be able to allocate patients to GMFCS health states. This was
confirmed by showing clinical experts extracts of patient reports from the registry and
querying whether it was possible to allocate individual patients to specific GMFCS health
states based on their longitudinal data. Because no data source was available to
extrapolate pArg levels to GMFCS, pArg levels are not used to predict clinical outcomes

in the model.

b. GMFM D&E scores
Apart from pArg, data on GMFM D and GMFM E (the former a secondary endpoint), were
available in the PEACE trial for the placebo arm for up to six months and up to 36 months
for the pegzilarginase arm. A description of these scores and their range can be found in

Sections B.2.6.1.1.b.iiand B.2.6.1.1.c.ii. GMFM D&E, being a continuous score, changes
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faster over time than GMFCS and is also known to correlate with GMFCS in CP (113).
Changes in GMFM D&E could therefore act as an intermediary score to capture disease
progression over time from the trial where the follow-up time was too short to capture
changes in GMFCS. It should be noted that in CP, substantial within-stratum variation
was found in gross motor development (113). A further analysis in CP generated
reference percentiles, providing for normative interpretation of GMFM-66 scores within
GMFCS levels (114). One analysis demonstrated correlations between the GMFM D and
GMFM E domains and GMFCS score, but no predictive algorithms were provided and
only GMFCS I-lll were included (115).

Therefore, outside sources were explored to establish a relationship between GMFM
D&E score and GMFCS, including the aforementioned UCDC registry and the burden of
illness study (46). As explained in Section B.3.3.1.2.a, outcomes from the UCDC registry
were not in a format suitable to track change in GMFCS (or GMFM D&E) over time. The
Bol was not suitable as the GMFM D&E was not collected, and data were cross-sectional
rather than longitudinal, which left the Phase 2 and PEACE data as the only source of
data to establish a relationship between GMFM D&E and GMFCS.

c. Progression in GMFM D&E over time

Given the lack of material change in motor scores in the IDM arm over the 24-week
double-blind period, a potential relationship between age and motor function in the data
was explored in order to predict progression for patients on IDM. While no relationship
was found between baseline GMFCS and age at baseline, a correlation between total
GMFM D&E score at baseline and age at baseline was observed (Figure 26). This is to
be expected, as GMFCS being a categorical score encompassing only 5 levels,
changes more slowly with age whereas GMFM D&E is a continuous score with a larger
range in the observed data, making it easier to generate a slope from a regression of a

small number of observations.

An ordinary least squares (OLS) regression was therefore fitted to the baseline patient
data from the PEACE and Phase 1/2 studies in order to enable prediction of GMFM D&E
score given a particular age (Table 34). When all available subjects were considered

(N=45), the decline per year of age was statistically significant, at -1.4 per annum
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(p=0.031). The regression is used to predict both the GMFM D&E score at baseline and

the score as the cohort ages in the IDM arm.

Figure 26: Plot of GMFM D&E score vs age (natural scale)
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Table 34: OLS regression of GMFM D&E score vs. age

Predictors \ Estimates \ Cl p
(Intercept) 94.6712 76.8648 — 112.4777 <0.001
age -1.4379 -2.7376 —-0.1381 0.031
Observations 45

R?/ R? adjusted 0.104/0.083

Note: Two patients in the phase la trial and one patient in PEACE had missing baseline GMFM D&E.
d. Predicting GMFCS from GMFM D&E score
Figure 27 and Figure 28 below depict the relationship between GMFCS and GMFM D&E

for the baseline only and in the longitudinal samples. There is some consistency between
the two, suggesting that a repeated measures model was appropriate despite high levels
of missing data and censoring. Appropriate to a dependent variable (GMFCS) with more
than two levels, cumulative logistic regression was carried out using a random effects
model for repeated measures, with the continuous variable GMFM D&E total score as the
predictor as shown in Table 28. The model was informed by both PEACE and Phase 1/2
data combined, contributing 436 observations over 48 subjects to the analysis. A non-

mixed regression is included in the economic model as a sensitivity analysis, which led
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to a very minor increase in the ICER (not reported in the scenario analyses given ~1%

impact).

An important assumption underpinning ordered logistic regression is the presence of
proportional odds. That is, constant intervals between dependent variable and the
probability of being in the predicted category. In CP, there is some suggestion that this
may not hold true for the relationship between GMFM-66 score and GMFCS, but
cumulative logistic regression is an approach previously used for predicting GMFCS from
GMFM D&E score in CP (115).

Note that there is no estimate for the cut between GMFCS |V and V, as there were no
observations of GMFCS V in the study data (and very few GMFCS IV). The available
literature also tends to exclude prediction of GMFCS |V and V, given that GMFM D&E
may already be at zero for some GMFCS Il patients (115). This is a key weakness of the
model, as it leads to very few patients in GMFCS V, which clearly reduces the potential
of the model to capture mortality related to neurological progression as well as the very

poor quality of life experienced by patients in the worst GMFCS health states.

Figure 27: GMFCS at baseline by GMFM D&E
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Figure 28: GMFCS over study by GMFM D&E

GMFM_DE

Table 35: Ordered logistic model of GMFCS vs. GMFM D&E score

Predictors Log-Odds Cl P value

GMFCS 1 and lower -17.2355 -26.5581 to -7.9129

GMFCS 2 and lower -7.9108 -13.8577 to -1.9639

GMFCS 3 and lower -2.7166 -7.2684 to 1.8352

GMFM D&E -0.1951 -0.3003 to -0.0899 0
Observations (Groups) | 436 (48)

Key: Cl, confidence interval; GMFCS: Gross Motor Function Classification System.

e. Generation of GMFCS transition probabilities from the ordered

logit model

The derivation of transition probabilities for IDM from the ordered logit model is carried

out in 3 steps:

1. Calculate the cumulative probability of being in a GMFCS state conditional on

GMFM D&E score at a given cycle.

The cumulative probability of being in each GMFCS health state, conditional on
GMFM D&E score at a given cycle, is calculated from the ordered logit model in
Table 35 (which generates coefficients on the log odds scale) as follows, using
GMFCS | as an example:
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EXP(-17.2355-GMFM D&E score*0.1951)/(1+EXP(-17.2355-GMFM D&E
score*0.1951)

2. Calculate the probability of moving to the next heath state, based on the

cumulative probability of being in GMFCS state X at time t+17 vs. time t.

Transition probability(cycle t->t+1) = 1-cumulative probability(cycle t)/cumulative

probability(cycle t+1)

This relies on the assumption that patients can only move one health state per

cycle.

3. Adjust the probability of moving to the next health state by the probability of being
alive; conditional on age and GMFCS-specific mortality rates and instantaneous
mortality from HAC.

As described in Section B.3.3.1.1, during the short-term 36-month period, pegzilarginase
patients could transition to better GMFCS health states based on the observed data.
Following this period, a hazard ratio (HR) is applied to the IDM progression rates. In the
base case, this HR is assumed to be zero, which results in no disease progression for
patients receiving pegzilarginase. This is considered reasonable, given that pArg levels
are controlled in these patients, and the underlying disease pathology leading to motor

deficits has been paused.

B.3.3.2. Neurocognitive deficits

As well as motor deficits, patients with ARG1-D can experience cognitive disability, as
explained in Section B.1.3.1.2.a.i. During model conceptualisation, clinical experts were
questioned regarding whether cognitive deficits correlated with motor deficits in ARG1-D.
Clinical experts were divided on this aspect, with one expert stating that worse GMFCS
health states were generally associated with higher incidence of cognitive deficit, the
others stating that this was independent and tended to be associated with metabolic
decompensation events and hyperammonaemia. In the Bol study (46), there was no clear
correlation between GMFCS level and cognitive score, although all patients with GMFCS

levels V-V had relatively high (worse) cognitive scores.
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Given that cognitive deficit does not necessarily correlate with motor deficit and that
patients might achieve improvement in cognitive performance without changing GMFCS
health state, it is important to capture the impact of treatment on neurocognitive
outcomes. In HST18, atidarsagene autotemcel (Libmeldy®) for treating MLD, an attempt

was made to capture the impact of cognitive deficit on patient and carer HRQoL (111).

In the pegzilarginase clinical studies, the Vineland Adaptive Behaviour Scales (VABS II)
was used to capture changes in adaptive behaviour. The VABS-II contains 4 domains:
communication, daily living skills, socialization, and motor skills and is considered the
most appropriate instrument for capturing neurocognitive changes used in the trials.
However, a means of generating utility values from the VABS-II is required. A literature
search did not identify any means of mapping to utility from the VABS-II. Therefore, other
means of assigning utility were sought. One option included in the model is to use the
approach used in HST18, whereby patients were assigned to cognitive deficit categories
and disutilities by category applied. This was achieved via a real-world study in which
cognitive deficit was measured on the Development Quotient (DQ) scale, which captures

the ratio between a patient’s developmental age and their chronological age.

We therefore looked to the Bol study (46) to see whether patients could be assigned to
the MLD cognitive function categories, given that disutilities were available from HST18,
and Bol study included a rating of cognitive function. Figure 4 from the study report shows
the distribution of cognitive scores by GMFCS. No cut offs were defined for the total score
(only subdomain scores) for mild, moderate or severe cognitive disability. However, there
were 13 questions in total, in which “no/some problems” scored <2, “moderate” 2 and
“severe/cannot do at all” 23. Multiplying these individual question scores by 13, we
therefore assumed that scores of 0-26 denoted normal/mild dysfunction, 27-39 was
moderate dysfunction and >40 was severe dysfunction. It can be seen in Table 36 below
that there is lack of a clear pattern given the very small sample size of 14, which is
insufficient to cover the total number of cognitive health states available.
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Table 36: Assignment of patients from Bol study Figure 4 to cognitive health
states

Health State Normal/Mild Moderate Cognitive  Severe Cognitive
Cognitive Function Impairment Impairment

GMFCS-| 5 1

GMFCS-II 1 3 1

GMFCS-lI

GMFCS-IV 1 1

GMFCS-V 1

Key: GMFCS: Gross Motor Function Classification System.
Note: It was assumed that scores of 0-26 denoted normal/mild dysfunction, 27-39 was moderate dysfunction and >39 was severe
dysfunction.

Given that we did not have a large enough patient sample size to allocate ARG1-D
patients from Bol study to generate a reasonable distribution of cognitive deficit severity
states health states, we explored whether it might be possible to assign patients to
cognitive deficit severity states using the VABS-II. A study in Down syndrome provides
an illustration of how this might be achieved (see Figure 29) (116). In this study, it was
demonstrated that in the general population, Vineland score generally correlates with
calendar age, whereas Down syndrome participants tended to score far below the line.
An attempt was therefore made to repeat this process in ARG1-D; that is, assess whether
the patients’ Vineland score tended to be lower than the expected score given their
calendar age. No correlation could be found with GMFCS, with patient scores lying both

above and below the expected score line.
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Figure 29: Plot of expected vineland score vs. that of Down's syndrome patients
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Key: Adaptive developmental age as estimated by their adaptive behaviour in the Vineland-S, as a function of calendar age in 83
children with Down Syndrome (DS). Note that all scores fell below the norm (identity line; n = 979, age range 1-72 months; Sparrow
et al.15,16). According to the measurement focus of the Vineland-S, the norm scores of typically developing children equal their
calendar age. Blue bullets: Measured boys with DS (n = 40). Red bullets: Measured girls with DS (n = 43). Solid green line: Loess
line fitted to the data of the children with DS pooled across boys and girls. Dotted purple line: (Expected) norm scores (mean) of
typically developing children pooled across boys and girls. Grey dashed lines: upper and lower bound of the 95% confidence
interval of norm scores of typically developing children.

Given that it was not possible to capture improvement in cognitive function via any of the
methods outlines, for IDM the model applies the proportions of patients with different
levels of cognitive deficit from MLD, which assumes that cognitive deficit correlates with
motor deficit, apart from GMFCS | (Table 37). In GMFCS | it was assumed that 5% of
patients would occupy moderate and severe disability health states, respectively (one
patient in Bol study was in the severe state, and it is therefore likely that some might be
in the moderate state given larger sample size). For the pegzilarginase arm (Table 38),
an assumption was made that in GMFCS health states I-lll, there is a small benefit from
treatment with pegzilarginase, given the small improvement in VABS-II scores observed
in the clinical studies. Cognitive deficit was assumed to correlate with motor deficit in
GMFCS-IV and V, with no incremental benefit from treatment (given that these patients
are further in their disease course and that an improvement in GMFCS state would, by
definition, lead to a reduction in cognitive deficit. The different substate distribution for
pegzilarginase was applied in the model after 1 year. Other than this switch, these

substates are static by GMFCS health state over time.
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Table 37: Cognitive deficit by GMFCS health state in the IDM arm

Health Normal/Mild Moderate Severe
State Cognitive Cognitive Cognitive Source
Function Impairment Impairment
GMFCS-| 90.00% 5.00% 5.00% Assumption
MLD cognitive impairment
GMFCS-II 53.00% 38.00% 9.00% health states from HST18
(111)
MLD cognitive impairment
GMFCS-III 33.00% 42.00% 25.00% health states from HST18
(111)
MLD cognitive impairment
GMFCS-IV | 17.00% 28.00% 55.00% health states from HST18
(111)
MLD cognitive impairment
GMFCS-V 4.00% 17.50% 78.50% health states from HST18
(111)

Key: GMFCS: Gross Motor Function Classification System; IDM: individualised disease management; MLD: metachromatic

leukodystrophy.

Table 38: Cognitive deficit by GMFCS health state in the pegzilarginase arm

Normal/Mild

Cognitive
Function

Moderate
Cognitive
Impairment

Severe
Cognitive
Impairment

Source

GMFCS-I

100.00%

0.00%

0.00%

Assumption: all patients
with cognitive impairment
move to mild.

GMFCS-II

70.00%

25.00%

5.00%

Assumption: 13% of
moderate impairment
patients move to mild and
4% of severe move to mild.

GMFCS-llI

43.00%

32.00%

25.00%

Assumption: 10% of
moderate impairment
patients move to mild.

GMFCS-IV

17.00%

28.00%

55.00%

MLD cognitive deficit health
states from HST18 (111).

GMFCS-V

4.00%

17.50%

78.50%

MLD cognitive deficit health
states from HST18 (111).

Key: GMFCS: Gross Motor Function Classification System; MLD: metachromatic leukodystrophy.

B.3.3.3.

Treatment stopping rule

Inclusion of treatment stopping rules can improve cost effectiveness by assuming that
patients who do not achieve specific clinical thresholds are discontinued in clinical
practice, leaving patients with the best clinical outcomes and QALY gains on treatment.
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Although a number of pArg thresholds were evaluated in PEACE (achievement of <200
MM; achieving between 40 to 115 pM [normal levels]) there was no pre-specified arginine
threshold that might define a desired level of efficacy and/or treatment continuation rule
in clinical practice. Therefore, UK clinical experts were asked regarding a continuation
rule that might be applicable to pegzilarginase. Clinical experts were divided regarding
this question, with one expert stating that % reduction from baseline in pArg (50%) would
be more appropriate than a threshold, while others considered that evidence of clinical
deterioration was more appropriate. One expert stated that, were a threshold to be
applied in the economic model, 40 to 115 pM (normal levels) was seen as strict, with

<200 uM cited as a more realistic threshold.

Given the lack of consensus on a stopping rule and the preference for decision making
based on disease progression, no stopping rule considering arginine levels was included

in the model.

As some clinicians cited clinical deterioration as a reason for stopping treatment, the
model has an optional stopping rule whereby patients who progress to GMFCS V. This
option is not assumed in the base case, but it would have no impact, as patients on
pegzilarginase are assumed not to progress, but it would affect a very small proportion of

patients in scenarios where a low level of ongoing progression occurs.

B.3.34. General treatment discontinuation

In the PEACE study, one patient in the pegzilarginase treatment group discontinued the
study during the double-blind period “for personal reasons” and all 31 patients who
completed the double-blind period continued onto the LTE portion of the study and
completed the study. Although the single discontinuation in the pegzilarginase arm
equates to 4.8% of the cohort, we have assumed a low (1%) annual discontinuation rate
in the model, as the patient who discontinued pegzilarginase did so early on in the study,
when they were receiving pegzilarginase by infusion in hospital. The administrative
burden on patients would be lower in practice as patients can receive SC injections from
treatment initiation and can rapidly move to home-based administration, with no need for

the regular trial assessments patients underwent in PEACE.
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B.3.3.5. Frequency of HACs
Although HACs are less frequent in ARG1-D than in other UCDs, NG

and an additional UK clinical expert still cited HACs as a significant source of mortality
and contribution to morbidity and progression. HACs are therefore included in the model
to capture their impact on costs, HRQoL and mortality. To model HACs, we use the
definition of a hyperammonaemic episode from PEACE: “an event in which a subject had
an ammonia level 2100 yM with one or more symptoms related to hyperammonaemia

requiring hospitalization or emergency room management”.

Four serious HACs were experienced by three patients in the PEACE placebo arm. Given
the small placebo sample size and follow-up time and the protocolised exclusion of
patients without stable ammonia scavenger doses, the PEACE data were supplemented
with data from ARG1-D patients in the UCDC registry. The data from both sources were
pooled and used to estimate a rate of i HACs per patient/year for IDM (see Table 39).

In the model, this was adjusted to a rate per model cycle before converting to a probability

of I per cycle.

Table 39: Calculation of HAC rate per year for IDM

Number of Number of Total patient- Rate per

events patients years patient-year
UCDC registry
PEACE placebo
Total IDM

Key: HAC: hyperammonaemic crisis; IDM: individualised disease management; UCDC: Urea Cycle Disorders Consortium.

To generate a HAC rate on pegzilarginase, a rate ratio was applied to the rate per patient-
year on IDM. The rate ratio was generated by comparing the number of events in the
pegzilarginase LTE arm (patients originally randomised to pegzilarginase, mean follow-
up time per patient ] days), versus the number of events in patients on placebo (mean
follow-up time per patient JJjjij days) (see Table 40). Only the event rate from the LTE
phase was used for the pegzilarginase arm (the double-blind period was excluded), as
by this timepoint patients would have benefitted from the full treatment effect of
pegzilarginase and its downstream metabolic impact. This approach generated a rate
ratio of 0.075 for pegzilarginase vs IDM.
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Table 40: Number of HAC events informing rate ratio estimate

PEACE pegzilarginase arm

PEACE placebo arm LTE phase

Total patients 11 21
Mean days of follow up [ ] [ |
Total patient-years of follow [ ] I
up

Number of patients with [ | [ |
events

Number of events I I
Rate ratio 0.075

Key: HAC: hyperammonaemic crisis; LTE: long-term extension.

B.3.3.6.  Mortality

Little evidence regarding overall survival in ARG1-D is available in the literature and
mortality data were not available from the UCDC registry. The only estimate available
comes from an SLR in ARG1-D, in which the median age at death of patients in the case
studies considered was 17 years; half died before 1 year of age, half between age 17-39
and one at 60 yrs. The median age of patients who were not reported dead was 16, the
oldest alive was 37 and second oldest 31 (29). Immedica is not aware of many patients
over the age of 40 in any of the centres it is in contact with throughout Europe (only one
patient aged 49 in the Bol study). |G 21d an additional UK clinical
expert stated the key causes of mortality in ARG1-D patients to be HACs, complications
from infections/surgery, neurological damage and liver disease. Economic models in
other rare diseases have either captured mortality using overall survival (OS) curves
generated from registries and/or applied standardised mortality ratios (SMRs) to general
population mortality from the literature, stratified by GMFCS health state. Unfortunately,
given the absence of data, neither of these options is available in ARG1-D. Two options
are therefore available in the model for modelling of mortality, described in sections

B.3.3.6.1 and B.3.3.6.2. These different options can be applied independently by arm.

B.3.3.6.1.  Mortality based on unspecified ARG1-D disease symptoms
and HACs

In the clinical setting, few patients will survive to adulthood and most patients will die

before the age of 30-40 years, though there is insufficient data to be able to allocate
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specific sources of excess mortality in a quantitative manner. One approach might
therefore be to calibrate the model such that all patients are dead by a specific age. To
ensure that mortality estimates account for both age and neuro-disability, SMRs were
applied to general population mortality. As this would only capture the impact of neuro-
disability, mortality from HAC was captured as an instantaneous risk, conditional on

experiencing the HACs modelled in Section B.3.3.5.

a. ARG1-D calibrated SMRs

Given the lack of data to inform SMRs in ARG-1, a starting point for SMR weightings was
those applied in MLD to capture the impact of neuro-disability (which we understand were
CP SMRs, sourced from the CLN 2 HST12 by the EAG) (111). As there were two more
MLD health states than GMFCS, clinical experts were asked during the conceptual
modelling phase which GMFC-MLD health states could be collapsed into ARG1-D
GMFCS health states. A multiplier was applied to these SMRs and the Excel ‘Goal seek’
function was used to calculate the SMR multiplier that led to all patients being dead by
age 35 (noting that this mortality was inclusive of instantaneous mortality from HAC
events, see B.3.3.6.1.b below). A logical approach for this would be to start all patients at
age 0 and assign them all to GMFCS |, but the generated SMRs led to an unrealistically
low survival due to the higher general population mortality rates in the first years of life.
Patients were therefore set to age 4 for the calibration, the age at which general
population mortality drops substantially. A cohort of patients aged 4 would logically not
be expected to have the same distribution as a cohort aged 13 (the baseline age of the
model). Thus, when seeking the SMR multiplier, the baseline GMFCS distribution is set
to 66.7% in GMFCS | and 33.3% in GMFCS Il, which was the baseline distribution of
patients aged under 5 in the pooled PEACE, Phase 1/2 and Bol datasets. The goal seek
function is then used to generate the SMR multiplier. This approach led to a median
survival of 18 years with nearly all patients dead by age 35. The required multiplier was

554.94. As discussed in Section B.3.3.1.2.d, a key weakness of the model was the lack
of observations in the trial data in GMFCS V and few in GMFCS 1V, which substantially
reduces the patient movements to health states associated with high excess mortality.
This may explain why such high SMRs were required to predict realistic mortality for

ARG1-D patients using the model.
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In the pegzilarginase arm, the MLD SMRs were applied without a multiplier. This retains
past committee assumptions of residual mortality due to neurological disability while
removing the excess mortality from other undefined causes such as liver disease.
Mortality from HACs is also retained in the pegzilarginase arm, but their contribution is
lower than in the IDM arm both due to reduced incidence (see Section B.3.3.5) and
reduced mortality rates (see Section B.3.3.6.1.b). The SMRs applied in the model are

presented in Table 41.

Table 41: SMRs applied in the model

Unweighted

ARG1-D
Health State MLDSMRs — smR(DM  Source
(pegzilarginase
arm)
arm)
SMR multiplier Obtained via model calibration:
(applied to IDM - 554.94 SMRs that lead to nearly all patients
arm) dead by age 35.
) HST18 committee papers (111).
GMFCS-| 1.16 643.73 Average of GMFC MLD 0 and 1
HST18 committee papers (111).
GMFCS-II 1.32 732.51 GMEC MLD 2
) HST18 committee papers (111).
GMFCS-llI 1.80 998.88 GMEC MLD 3
HST18 committee papers (111).
GMFCS-IV 1.80 998.88 GMEC MLD 4
K HST18 committee papers (111).
GMFCS-V 8.14 4514.95 Average of GMFC MLD 5 and 6

Key: GMFCS: Gross Motor Function Classification System; IDM: individualised disease management; SMR: standardised mortality
ratio.

Note: these were the SMRs applied to patients treated with Libmeldy® in HST18, but we have removed the 1.25 SMR that was
added to account for toxicity of the gene therapy delivery procedure by dividing all MLD SMRs by 1.25.

b. Mortality from HAC

As stated above, the survival calibration generated the SMRs that predicted all patients
to be dead by age 35, inclusive of any deaths from HAC. While the frequency of HAC
estimated in B.3.3.5. came specifically from ARG1-D patients, no data are available for
mortality rate from HAC specific to ARG1-D. We therefore made use of the available
literature on mortality from HAC in UCD, which demonstrated that the risk of mortality in
UCD is correlated with the peak ammonia levels during the HAC admission (61). In this

study, the mortality rate in 299 patients with 1,181 HACs over 25 years and association
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with patient age and peak ammonia levels was examined. Table 4 of the publication

stratifies patients into age bands and into the following peak ammonia groups:
e <200 pmol/liter
e >200-500 umol/liter
e >500-1000 pumol/liter
e >1000 pmol/liter

Mortality rates from the >2 years to 12 years (305 episodes) cohort and age >12 years
(325 episodes) were relevant to the model (as pegzilarginase is only licensed for age 2

and above).

To apply these mortality data to ARG1-D patients, the peak ammonia levels by HAC
episode in ARG1-D was required. This was available from the HAC events in the
pegzilarginase studies, but given the small patient numbers, was supplemented with two
sources: (1) individual case reports of hospitalised HACs in the Bin Sawad SLR (29) (2)
individual patient reports in the UCDC registry (60).

For patient receiving pegzilarginase, aligned with our approach to deriving a treatment
effect on HAC rate (see Section B.3.3.5), we restricted the analysis to patients who had
received treatment with pegzilarginase for at least 24 weeks. However, in contrast to the
approach for HAC rate ratio, which considered a randomized comparison, we consider
peak ammonia levels for all HAC events experienced by patients who had received
pegzilarginase for at least 24 weeks, regardless of the initial treatment allocation. The
rationale for this is that peak ammonia levels can vary by admission even in the same
patients and secondly to increase sample size. In the pegzilarginase LTE arm, peak
ammonia levels were only available from JJjjij events; ]l were associated with peak
ammonia levels under 200 pmol/Liter and i with peak ammonia levels 200-500

pmol/Liter. A tabulation of these data is provided in Table 42 below.
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Table 42: Counts of peak ammonia distribution from ARG1-D patients

‘ IDM Pegzilarginase
Peak ammonia level SLR PEACE UCDC registry PEACE

placebo pegzilarginase
LTE

<200 pmol/Liter 25 | [

>200-500 umol/Liter 14 | [ I
>500-1000 pmol/Liter [ |

>1000 pmol/Liter I

Total a7 I ]

Key: IDM: individualised disease management; SLR: systematic literature review; LTE: long-term extension; UCDC: Urea Cycle
Disorders Consortium.

The mortality rate by age and by peak ammonia level was combined with the distribution
of peak ammonia to generate a mortality rate due to HACs for patients in the model aged
12 and below and >12 as presented in Table 43. These rates were multiplied by the risk
of having a HAC per model cycle (as described in Section B.3.3.5) on IDM vs.

pegzilarginase.

Table 43: Calculation of mortality rates from HAC

Distribution of peak ammonia level

in HACs

Peak ammonia Mortality rate Mortality rate PEACE placebo PEACE
level age 2-12 age >12 pegzilarginase
<200 umol/liter 2.1% 0.7% ] ]
>200-500 2.3% 0.6% ] [ ]
pumol/liter
>500-1000 17.9% 6.3% [ [ |
pmol/liter
>1000 pumol/liter 100.0% 50.0% [ [ |

IDM Pegzilarginase
Mortality rate in 5.9% [
age 2-12
Mortality rate in 2.4% [
age >12

Key: HAC: hyperammonaemic crisis.

B.3.3.6.2.  Mortality based on median survival

An alternative approach to that outlined in B.3.3.6.1 is to model overall survival based a
user-specified median. When running this scenario, the survival estimate of 17 years from
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a literature review by Diaz et al.(45) is used as an initial value. In this approach, the model
is set to generate a median OS of age 17 by applying an exponential survival distribution.
For example, given an age at baseline of 12 in the model, median OS is estimated as 17-
12 = 5 years. A constant annual mortality rate (exponential survival curve) is then

estimated using the following formula:
Annual mortality rate = -LN(0.5)/median OS

Were this mortality rate to be applied unrestricted, it could lead to the unrealistic situation
of a lower mortality rate than the general population and/or than that might be expected
for a patient with existing neuro-disability. To avoid this situation, the model includes
SMRs by GMFCS health state, applied to general population mortality. When the constant
mortality rate estimated using the median OS of age 17 falls below that of the SMR-
weighted general population, the model applies the latter mortality rate (noting that this
restriction never needs to be applied if the median OS is very young). Given the lack of
data to inform SMRs in ARG-1, SMRs from MLD are applied in the base case (see the
unweighted SMRs in Table 41) (111).

B.3.3.6.3. Alternative SMRs

An alternative source of SMRs is available from a study in cerebral palsy (117). In the
latter study, it should be emphasised that the SMRs are not stratified by GMFCS, but
rather by a measure called the overall disability score (DISAB), which has range between
1 and 12. While obviously correlated it is not possible to draw one to one correlations
between GMFCS and DISAB and the SMRs assigned to each GMFCS health state is
based on assumptions. Therefore, while providing an alternative source of mortality

SMRs, these are not applied in the model base case.

Health State SMR ‘ Source

GMFCS-I 1.62 Mean if DISAB 1-5 (117)
GMFCS-II 6.43 Mean if DISAB 6-7 (117)
GMFCS-lII 11.6 DISAB 8 (117)
GMFCS-IV 275 DISAB 9 (117)
GMFCS-V 41.2 DISAB 10 (117)

Key: DISAB: overall disability score; GMFCS: Gross Motor Function Classification System; SMR: standardised mortality ratio.
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B.3.3.7. Treatment-related adverse events

Overall, the majority of TEAEs recorded in PEACE were mild in severity, with a similar
incidence of mild TEAEs observed across both treatment groups, (47.6% of patients [10
of 21 patients] in the pegzilarginase group versus 45.5% of patients [5 of 11 patients] in
the placebo group) during the double-blind portion of the study. No patient in the
pegzilarginase arm experienced TEAEs requiring dose reduction or TEAEs leading to
discontinuation (see Section B.2.10.1) (59, 84). Therefore, no TEAEs were included in

the model.
B.3.4 Measurement and valuation of health effects

B.3.4.1. Health-related quality-of-life data from clinical trials

No preference-based HRQoL instruments were administered in the PEACE or Phase 2

studies.

B.3.4.2. Mapping
The PedsQL and SF-36 were administered to patients in PEACE, but as only 3 patients

were aged over 18, SF-36 values were not mapped to the EQ-5D.

The only algorithm we were able to identify which maps the PedsQL onto the EQ-5D was
one by Khan et al (118). This algorithm had poor predictive ability for poorer health states
(utility <0.6) and was stated to be robust for populations comparable to that used to
generate the algorithm; that is, children aged 11-15 years in attendance at secondary
school. Given the substantial difference between the Khan population and ARG1-D
patients, both in terms of age but also morbidity, no attempts were made to map using

this algorithm.

A published algorithm that maps the PedsQL onto Child Health Utility-9 Dimensions
(CHU-9D) utilities was explored (119). This algorithm was developed in a sample of
children and young people of a wide age range (0 to 16 years of age) and with chronic
conditions. The mapping was conducted at the item level on baseline GMFCS data. As
no numerical trend by GMFCS health state was observed using simple summary statistics
(Table 44), which clearly lacks face validity, no attempt at utility regressions was made

and mapped values from the trial are not used in the economic model.
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Table 44: Utility mapped from the PedsQL

Health State |
GMFCS-

GMFCS-I

GMFCS-II

GMFCS-IV

Key: CHU-9D: Child Health Utility-9 Dimensions; GMFCS: Gross Motor Function Classification System; PedsQL: Paediatric Quality
of Life Inventory.
Note: These values are not used in the economic model.

CHU-9D Utility

N
||
|

B.3.4.3. Health-related quality-of-life studies

The SLR identified one publication which reported HRQoL scores in a cohort of Chinese
patients with ARG1-D (82), and two publications that report HRQoL data UCDs (120, 121)
(see Appendix H). No published preference-based HRQoL values that could inform utility
values in ARG1-D patients were identified in the SLR.

B.3.4.3.1.  Patient utility values
The European Bol study (46), collected utility data from ARG1-D patients on the EQ-5D-

5L and used the van Hout algorithm to generate 3L utility values (Table 45) (we are aware
that Fernandez-Alava has since superseded van Hout as NICE’s preferred algorithm but
have not been able to update the analyses) (68). The sample providing both GMFCS and
EQ-5D comprised 16 patients, ranging from age 3 to 49. 14 of the patients were not able
to respond themselves and responses were provided by caregivers, including caregivers
of two adult patients. The patient utility values collected in the European Bol study are

presented in Table 45.

Table 45: Patient utility values from the burden of illness study

ARG1-D Health

Health State State Utilities Standard error Source

GMFCS-| 0.783 0.081 European Bol study (46)
GMFCS-II 0.598 0.123 European Bol study (46)
GMFCS-III 0.344 0.069 EEfoz\éear:%eO?;tClig/lyFaz)Z and 4.
GMFCS-IV 0.090 0.061 European Bol study (46)
GMFCS-V 0.028 0.006 European Bol study (46)

Key: ARG1-D: arginase 1 deficiency; Bol: burden of iliness; GMFCS: Gross Motor Function Classification System;
Note: van Hout crosswalked values
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When data is limited, one strategy is to use a proxy disease. It is known that ARG1-D
shares similar disease characteristics and symptoms with CP. A systematic literature
review was therefore conducted where CP was used as a proxy disease for ARG1-D to
explore data options for the health economic model (109). In this SLR, several studies
were found that related utilities with different GMFCS levels. Although CP has similarities
in disease presentation to ARG1-D (e.g. occurrence of spasticity), unlike ARG1-D, CP is
not a progressive disease and therefore estimation of utilities may be misleading when
basing the analysis on utilities derived from a CP population. For a progressive disease,
patients do not have the possibility to adapt to the situation. They know the disease will
progress and there might be a further reduction in HRQoL due to the fear of more severe
symptoms and due to the risk of early mortality. Nevertheless, two options using utility
values from CP are included in the model for comparison purposes. These are from a
Swedish study that collected the EuroQol-5 Dimensions 5-Levels (EQ-5D-5L) and used
the UK tariff and a UK study which captured values on the EuroQol- 5 Dimensions (EQ-
5D-Youth) (using adult UK tariff) and CHU-9D instruments (122, 123).

Table 46: Utility values from cerebral palsy

Health State EQ-5D-3L EQ-5D-Y Source

Jarletal,, Ryanetal.,
2019 2020

GMFCS-I| 0.80 0.82 \(Jza(glzgt)%.z(g)mg) (122); Ryan et al
GMFCS-II 0.58 0.75 \(Jgélzit)?g.z(g;ﬂg) (122); Ryan et al
GMFCS-IIl 0.48 0.39 223(;'2%36(74 2(5)019) (122); Ryan et al
owoow Jom om L
owosv Jom om |inRA o o

Key: EQ-5D-3L: EuroQol-3 Dimensions-3 Levels; EQ-5D-Y: EurolQol-5 Dimensions-Youth; GMFCS: Gross Motor Function
Measure.

As discussed in B.3.2.2, there are other rare diseases that are characterized by both
neuromotor and neurocognitive progression, including MLD and X-ALD, which have
published utility values for GMFCS-like health states. Of these two, clinical experts
considered X-ALD to be the most similar to ARG1-D in severity. Therefore, the model
also includes the option to use utility values from MLD (values used by ICER group as
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NICE’s accepted values redacted) and X-ALD cost effectiveness studies (noting that in
the X-ALD analysis, we believe that the values originated from multiple sclerosis) (Table
47) (124, 125). As there were two more MLD health states than GMFCS, clinical
experts were asked during the conceptual modelling phase which GMFC-MLD health
states could be collapsed into ARG1-D health states. It should be noted that the utility in
GMFCS V for MLD, being negative, is substantially lower than those in any of the other

indications for which scenarios are included.

Table 47: Utility values from MLD and X-ALD

MLD X-ALD

Health State arees Source oy Source
utilities utilities

Average of GMFC-MLD General population utility
GMFCS-| 093 | gand 1 (125) 0.96 | 5 12-year old
GMFCS-II 0.84 GMFC-MLD 2 (125) 0.68 | ALD-DRS I (124)
GMFCS-lII 0.38 GMFC-MLD 3 (125) 0.59 | ALD-DRSI (124)
GMFCS-IV 0.00 GMFC-MLD 4 (125) 0.11 ALD-DRS Il (124)
Average of GMFC-MLD
GMFCS-V -0.11 5 and 6 (125) 0.03 | ALD-DRS IV (124)

Key: Gross Motor Function Measure; MLD: metachromatic leukodystrophy; X-ALD: x-linked adrenoleukodystrophy.

B.3.4.3.2. Cognitive sub-state disutilities

As well as motor deficits, patients with ARG1-D can experience cognitive disability, as
explained in Section B.1.3.1.2.a.i. Given that cognitive deficit does not necessarily
correlate with motor deficit and that patients might achieve improvement in cognitive
performance without changing GMFCS health state, it is important to capture the impact

of treatment on neurocognitive outcomes.

It could be argued that the ARG1-D utility values captured in the patient survey might
already include the impact of cognitive deficit, but several arguments can be made
against this. Firstly, capturing the impact of cognitive deficits on HRQoL is challenging;
the EQ-5D does not have a cognitive domain and as patients’ cognitive performance
declines, their ability to capture the impact of this decline on HRQoL instruments logically
becomes more challenging. Secondly, the sample size in the ARG1-D patient survey was
very small and therefore unlikely to capture the full range of potential scores and impacts

of cognitive function on HRQoL by health state. Finally, without further cognitive
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disutilities, no benefit would be captured in those patients who improved cognitive

performance but did not change GMFCS health state while receiving pegzilarginase.

The mean utility values of patients with vs without cognitive limitations in the Bol study
were 0.453 vs 0.727, respectively. However, as stated in B.3.3.2, patients in the most
severe health states also tended to have more severe cognitive deficits and there is no
means of applying the disutility value generated by this difference differentially across

health states.

In HST18, an attempt was made to capture the impact of cognitive function on patient
and carer HRQoL and the impact of Libmeldy® (111). While the magnitude of the benefit
was a point of debate, a utility benefit from the improved cognitive function resulting from
treatment was accepted by the appraisal committee. We therefore include the possibility
to add additional decrements to the GMFCS health states in order to capture the changes
in cognitive function modelled in Section B.3.3.2 on patient HRQoL. The disutilities from
MLD are applied (Table 48), calculated by subtracting the difference between the utility
values of the mild/normal cognitive function health states and the moderate and severe
cognitive function health states. As the ‘negativity’ of the resultant health states in MLD
was a significant topic of debate, but the final values accepted by NICE committee are
unknown, the model applies a limit such that no health state utility value can fall beneath

a user-defined threshold, -0.25 in the base case.

Table 48: Cognitive substate disutilities from MLD

GMFCS-I -0.24 -0.53 Average of GMFC-MLD 0 and 1 (125)
GMFCS-II -0.28 -0.57 GMFC-MLD 2 and 1 (125)
GMFCS-IlI -0.28 -0.49 GMFC-MLD 3 and 1 (125)
GMFCS-IV -0.16 -0.33 GMFC-MLD 4 and 1 (125)
GMFCS-V -0.17 -0.28* Average of GMFC-MLD 5 and 6 (125)

Note: Values were redacted in HST18, therefore we apply the utility values reported in the ICER group evaluation of
Libmeldy®.*Original value -0.33; 0.28 after application of minimum utility restriction.

B.3.4.3.3. Caregiver disutilities

In the Bol survey, utility values if caregivers were elicited and stratified by GMFCS (Table

49). Caregivers reported few limitations on the EQ-5D-5L. Anxiety/depression was the
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dimension where most caregivers reported problems, 25% of the caregivers experienced
moderate anxiety/depression. Responses on the (cross-walked) EQ-5D led to a U-shape
patter, with higher values in GMFCS | and V (Table 49). There were no caregivers with
patients in GMFCS Ill. To generate disutilties, the caregiver utilities by GMFCS were
subtracted from the general population utility norm for the caregiver sample (mean age
44 years, 66% female), which was 0.882. As the caregiver utility for GMFCS V was 1

(only one observation), we instead assumed it was the same disutility as GMFCS V.

Table 49: ARG1-D caregiver disutility values from the Bol study

Health - .
State Utility Disutility  Source
Difference between population norm
GMFCS- 0.821 -0.13 and carer utility. (46)
Difference between population norm
GMFCS-I 0.732 -0.22 and carer utility. (46)
GMECS-III 0,599 035 ;I\'?e average of GMFCS Il and GMFCS
GMFECS-IV 0.465 -0.49 Difference bf—:-.tween population norm
and carer utility. (46)
GMFCS-V 1.000 -0.49 Assumed equal to GMFCS IV
Population Ara and Brazier, aged 44, 66% female
0.882
norm (126)

Key: ARG1-D: arginase 1 deficiency; Bol: burden of illness; GMFCS: Gross Motor Function Measure Classification System.

The caregiver disutility values generated from the ARG1-D survey were very high when
compared with, for example, caregiver disutilities for MLD in HST18, which lacks face
validity given the relative severity of the diseases. In the absence of a reasonable
alternative, the model base case therefore applies the disutilities from HST18. GMFC-
MLD health states were collapsed into GMFCS health states according to clinical expert
feedback, the same way as was done for the patient utility values (Table 50). Patients
were assumed to have 2 caregivers up to age 16 and 1 thereafter, with no upper age

limit.

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency
[ID4029]

© NICE (2024). All rights reserved Page 162 of 207



Table 50: Caregiver disutility values from MLD (HST18)

Health State Disutility Source
GMFCS-I 0.00 Average of GMFC-MLD 0 and 1(111)
GMFCS-II -0.02 GMFC-MLD 2(111)

GMFCS-llI -0.03 GMFC-MLD 3(111)
GMFCS-IV -0.09 GMFC-MLD 4(111)
GMFCS-V -0.16 Average of GMFC-MLD 5 and 6(111)

Key: GMFCS: Gross Motor Function Classification System; MLD: metachromatic leukodystrophy.
B.3.4.3.4. Utility gain from improved diet

Patents with ARG1-D have to follow a severe protein-restricted diet, which poses a
significant burden on both patients and caregivers, impacting HRQoL more than
medication in some cases (11-13, 46). In the PEACE study, although sites were
instructed to minimize dietary protein prescription changes, by week 24, a higher
proportion of subjects increased their total protein consumption by more than 15% in the
pegzilarginase group compared to placebo (42.9% versus 18.2%). Importantly, dietary

excursions did not impact ability to maintain pArg within therapeutic range (59).

A utility gain for the impact on HRQoL of improved diet was therefore included in the
model. The utility decrement associated with a severely restricted diet was sourced from
HST13 (Waylivra for treating familial chylomicronaemia syndrome (FCS) in adults) and
specifically, a vignette study by Matza et al. that was used to generate utility values in this
indication (127, 128). Patients with FCS, like patients with ARG1-D, have to follow a strict
diet, except that FCS patients have to restrict their dietary fat levels instead of protein.
The Matza vignette with the highest utility value was chosen as the reference point, as
this represents patients whose triglycerides (TGs) are well controlled but who still have to
follow a strict diet. The difference in utility value between this vignette and the general
population utility of a person aged 46 (the average age of the patients recruited to the
FCS clinical study) and proportion female in the model (56%) was assumed to represent
the utility decrement of a severely restricted diet (Table 51). As patients in the PEACE
trial had an improved diet (as opposed to no restricted diet) half of the utility gain was
applied. The utility gain was applied to the difference between pegzilarginase and placebo
in the proportion of patients who had a >15% increase in their % of total calorie
consumption that was protein at week 24 (calculated as 24.7%).
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Table 51: Calculation of utility gain from improved diet

Parameter Utility value Source

Utility of controlled Utility of low TG, AP naive health state

0.80

patient on strict diet Matza et al (127)

General population 0.88 General population utility of 46-yr old,
utility value ' 41% female (126)

Difference in utility Difference in utility value between the
between no diet and 0.08 y

. above two values
severely restricted

Difference in utility
between improved diet | 0.04
and severely restricted

Assumed to be half the decrement of fully
restricted diet

In PEACE, 42.9% on pegzilarginase
% of patients with utility 24.7% compared to 18.2% on placebo
gain from improved diet e consumed >15% of calories as total
protein (59).

Key: TG, triglycerides; AP, acute pancreatitis.

B.3.4.3.5. Disutility of ageing

Throughout the model time horizon, a utility decrement is applied multiplicatively to the
GMFCS utility and cognitive substate disutility values, using the Ara and Brazier algorithm

for population norms (126).
B.3.4.4. Adverse events

B.3.4.4.1. Disease-related adverse events

The HAC events modelled in Section B.3.3.5 were assumed to incur a disutility. No utility
values could be identified in the literature for hyperammonaemia or metabolic
decompensation, therefore the disutility of epilepsy/convulsions was applied (129). The

disutility was assumed to last for 7 days (Table 1Table 52).

Table 52: Disutility of HACs

Parameter Value Source
Annual QALY loss 0.067 Disutility of epilepsy/convulsions (129)
Duration of HAC (days) 7.00 Assumption

Key: HAC: hyperammonaemic crisis; QALY quality-adjusted life year.
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B.3.4.4.1. Treatment-related adverse events

No patient in the pegzilarginase arm experienced TEAEs requiring dose reduction or
TEAESs leading to discontinuation (see Section B.2.10.1) (59, 84). Therefore, no TEAEs

events were included in the model.

B.3.4.5. Health-related quality-of-life data used in the cost-effectiveness

analysis

The core motor disability health state in the model are defined by GMFCS score (see
Section B.1.3.1.2.a.iv for description of each health state). Cognisant of the NICE
reference case, we have used the ARG1-D patient survey utility values for GMFCS health
states in the base case as they were collected in ARG1-D patients and/or their carers
using the EQ-5D. However, it should be noted that very few patients in the IDM arm
transition to the GMFCS IV and V and their low utility values. This almost certainly leads
to an overprediction of QALYs in the IDM arm. Furthermore, it should be noted that the
ARG1-D utility values are similar to those of poorer GMFCS-like health states in other
rare diseases such as MLD and X-ALD, while being substantially lower in GMFCS I.
There is no obvious reason why this should be the case, other than some disutility due
the restrictive diet. Therefore, we have addressed this face validity issue by assuming
that utility in the GMFCS | health state is the average of the general population aged 13
years and 56% female (as per model baseline characteristics) and the Bol GMFCS | value
of 0.78.

We include scenario analyses whereby the utility values from X-ALD and MLD are
applied, as these substantially reduce the ICER. It is also possible to select utilities for
CP in the model, but these will not be representative of the HRQoL of ARG1-D patients,
who additionally can experience symptoms of metabolic disturbance and liver disease

such as nausea.

Table 53: Summary of annual utility values for cost-effectiveness analysis

Utility value: 95% Reference in
mean o submission e
confidence . Justification
(standard interval (section and
error) page number)
B.3.4.3.1 NICE reference
GMFCS | 0.87 (0.08) 0.67 - 0.98 (page 158) case prefers EQ-5D

utility values from

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency
[ID4029]

© NICE (2024). All rights reserved Page 165 of 207



patients. GMFCS |
adjusted upward to
be more

representative.
B.3.4.3.1
GMFCS I 0.60 (0.12) 0.35-0.82 (page 158) As above
GMFCS Il 0.34(0.07) |022-048 |B3431 As above
(page 158)
B.3.4.3.1 As above
GMFCS IV 0.09 (0.06) 0.01-0.24 (page 158)
GMFCS V 0.03(0.01) |002-004 | 53431 As above
(page 158)
No cognitive
domain on EQ-5D;
GMFCS | - Cognitive B.3.4.3.2 patients may have
disutility - Moderate -0.24 (0.05) 0.15-0.34 A improved cognition
. : (page 160) e
impairment on pegzilarginase
and not change
health state.
GMFCS Il - Cognitive B.3.4.3.2
disutility - Moderate -0.28 (0.06) 0.18-0.40 S As above
SO (page 160)
impairment
GMFCS Il - B.34.32
Cognitive disutility - -0.28 (0.06) 0.18-0.40 ( -a- e‘ 1-60) As above
Moderate impairment Pag
GMFCS IV - B.3.4.3.2 As above
Cognitive disutility - -0.16 (0.03) 0.10-0.23 ( -a- é 1-60)
Moderate impairment Pag
GMFCS YV - B.3.4.3.2 As above
Cognitive disutility - -0.17 (0.03) 0.11-0.23 ( -a- e‘ 1-60)
Moderate impairment bpag
Insufficient sample
size in ARG1-D Bol
study to capture
change by GMFCS.
GMFCS | - Carer -0.01 (0.002) -0.006 - - B.3.4.3.3 Values from MLD
disutility ' ' 0.014 (page 161) used as proxy,
given MLD also
impacts both motor
and cognitive
function.
GMFCS Il - Carer B.3.4.3.3 As above
disutility -0.03 (0.01) -0.02 - -0.04 (page 161)
GMFCS Il - Carer B.3.4.3.3 As above
disutility -0.07 (0.01) -0.04 - -0.10 (page 161)
GMFCS IV - Carer B.3.4.3.3 As above
disutility -0.11 (0.02) -0.07 - -0.15 (page 161)
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GMFCSYV - Carer B.3.4.3.3 As above
disutility -0.16 (0.03) -0.10--0.23 (page 161)
0.07(0.01) No disutility of HAC
-0.001 per 5.3.4.4.1 could be found in
HAC disutility event after | 5g4._.0910 | D04 the literature;
adjustment (page 164) assumed same as
for duration seizure/convulsions.
of 7 days.
Clinicians and
patients cited the
restrictive diet as
Utility gain from full having important
cessation of diet B.3.4.3.4 impact on HRQoL.
(50% of value 0.08 (0.02) -0.05--0.11 ( -a- e' 1-63) Patients in PEACE
assumed for pag demonstrated
relaxation) increased
consumption of
overall protein vs.
placebo.

Key: ARG1-D: arginase 1 deficiency; EQ-5D: EuroQol 5-Dimensions; GMFCS: Gross Motor Function Measure Classification
System; HAC: hyperammonaemic crisis; HRQoL: health-related quality of life.

B.3.5 Cost and healthcare resource use identification,
measurement and valuation

No published sources of healthcare resource use (HCRU) and costs were identified in
the literature. The primary source of HCRU used in the model is the Bol patient survey
(46).

B.3.5.1. Intervention and comparators’ costs and resource use

B.3.5.1.1. Pegzilarginase acquisition costs

Pegzilarginase can be administered via intravenous (IV) infusion or subcutaneous
injection (SC) by a healthcare professional in an outpatient setting upon initiation of
treatment. After eight weeks, and if deemed appropriate, SC home administration by the
patient or caregiver may be considered (1). The recommended initial dose of
pegzilarginase is 0.1 mg/kg per week, but dosing of pegzilarginase is individualised and
the dose may be increased or decreased in 0.05 mg/kg increments to achieve therapeutic
goals. In the PEACE study, dose optimization took place in the double-blind period, with

patients continuing their optimized dose in the LTE.

For the purposes of the model, dosing was therefore split into 12-week periods and a

random effects model fitted to the pegzilarginase dosing data in mg/kg. The analysis
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considered dose data for 20 subjects, as one subject had no post baseline visit data (as
they discontinued at week 6 for personal reasons unrelated to treatment). Patient
characteristics such as weight and gender were not found to be significant covariates,
nor was the initial 12-week period vs 12-24 weeks, therefore the final random effects
model included only a covariate for >24 weeks treatment (vs <24 weeks as reference)
(Table 54). This predicted a dose per patient of 0.15mg/kg in the first 24 weeks and
0.16mg/kg thereafter. In the probabilistic analysis, dose was capped at 0.2 mg/kg per

week as doses above this were not studied in the pegzilarginase clinical trials.

Table 54: Random effects model for pegzilarginase dose

Predictors \ Estimates Confidence Interval P value
Intercept 0.1474 0.1250-0.1698 <0.001

time [weeks > 24] 0.0155 0.0050-0.0261 0.004
Random Effects

N subjid 20

Observations 142

Marginal R?/ Conditional R? 0.016/0.744

Pegzilarginase is licensed for ARG1-D patients aged 2 up to adulthood, thus the age and
hence the weight of the cohort receiving treatment varies as the patient ages. The patient
weight therefore needed to calculate for each model cycle. Mean weight by age and
gender for the UK general population is available from NHS Digital (107), but the fact that
ARG1-D patients have to follow a restricted diet should be taken into consideration, as
well as their diminished growth. Comparing the mean weight of patients recruited to the
Phase 2 and PEACE studies, patients aged 16 and below were 9% lighter than the age
and gender-matched population norm and adults were 23% lower (noting that the latter
comprised only a small proportion of patients). Therefore, patient weight as the cohort
ages is assumed to be 9% lower than the population norm up until age 16 and 23%
thereafter. Although we acknowledge the uncertainty in dealing with such small patient
numbers, the weight ratio is dynamically calculated and any variation in this ratio is

captured within the probabilistic analysis.

B.3.5.1.2. Weight-based dosing estimates

Three options for weight-based dosing are included in the model:
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a. Vial wastage, based on distribution of patient weight

Having estimated the mean (multiplier adjusted) ARG1-D patient weight, a normal
distribution of patient weight for each age was assumed. Based on this, the proportion of
patients requiring 1, 2, 3 whole vials etc. was calculated based on the weight cut-offs for
requiring a given number of whole vials (method of moments approach). E.g. the
maximum patient weight possible to only require one 2mg vial at a dose of 0.15mg/kg is
2/0.15 = 13.6kg. 31% of patients aged 2 are expected to weigh less than 13.6kg,
assuming a normal distribution around a mean weight of 14.8kg and standard error of

2.5kg. The remaining 69% would require 2 vials.

b. No wastage, based on point estimate of patient weight

Having estimated the mean (multiplier adjusted) ARG1-D patient weight, this is multiplied
by the dose in mg/kg.

c. Dose banding, based on point estimate of patient weight

This approach represents a compromise between the full wastage and no wastage
approaches and was selected as the base case. Weight cut-offs for requiring a given
number of whole vials were calculated, but assuming a margin of 10%. E.g., the maximum
patient weight possible to only require one 2mg vial at a dose of 0.15mg/kg is 2/0.15 =
13.6kg, but we assume that a patient can weigh up to 10% more than this; that is, 14.9kg,

before requiring an additional vial.

In all the above approaches, drug costs were calculated by multiplying the drug cost per
mg, including PAS (Table 55), by the average or weighted average number of mgs per

age band.

Table 55: Pegzilarginase acquisition cost

Parameter ‘ Unit cost
Cost of 2mg vial including PAS [ ]
Cost per mg [

For IDM, which applies to both model arms, no costs were explicitly calculated in the base
case as the costs of medication such as ammonia scavengers, anti-epileptics and/or the
cost of dietary supplements were already captured within the health state costs described
in Section B.3.5.2.
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In the event that alternative health state costs from proxy diseases are modelled, the
model can apply the costs of EAA diet and ammonia scavengers separately. Anti-
epileptics are not costed separately for these scenarios as these are also often used in
the proxy diseases, being a common feature of more severe neuromotor dysfunction. Not
forming part of the base case, these are not described here but information on costing

can be provided on request.

B.3.5.1.1. Pegzilarginase administration costs

According to the license, pegzilarginase can be administered in either the outpatient
(either IV or SC) or home setting. In the clinical trials, treatment was initiated as
intravenous administration with subsequent transition to subcutaneous administration
after 8 weeks. It was assumed that 100% of administrations would occur in the hospital
setting for the first two months and that 90% of hospital administrations would be SC and
10% IV. After the first two months, 90% of patients would switch to home-based SC
administration, for which no cost is assumed. For those continuing to receive treatment
in hospital after two months, 100% of administrations were assumed to be SC, as it was
assumed that the only reason a patient would continue to receive their doses in hospital
was due to requiring IV administration. The pegzilarginase administration costs are
summarized in Table 56. Note that due to the model cycle length of 3 months, the actual

switch in costs takes place after 3 months, rather than 2 months.

Table 56: Pegzilarginase administration costs

First 8 weeks ‘ Value Source
Proportion administered in o :
hospital 100.00% Assumption
Proportion administered at 0.00% Assumption
home ere P
Proportion of hospital o ,
administrations that are IV 10.00% Assumption
Proportion of hospital o .
administrations that are SC 90.00% Assumption
9 weeks onwards ‘ Value Source
Proportion administered in 10.00% Assumption
hospital Yo P
Proportion administered SC o ,
at home 90.00% Assumption

Company evidence submission template for pegzilarginase for treating arginase-1 deficiency
[ID4029]

© NICE (2024). All rights reserved Page 170 of 207



Assumption. Patients will be
either in hospital due to a
0% hospitalisation or because
they require help with
administering SC injection.

Proportion of hospital
administrations that are IV

Unit costs ‘ Value Source

1 hour of a band 5-6 nurse’s
time (130). 30 minute infusion

IV administration in hospital £51.50 in CSR. then adding extra
prep and observation time.

SC administration in hospital £12.88 15 minutes of a band 5-6
nurse’s time (130)

Doses per year 522 Pegzilarginase is

administered weekly

Key: IV: intravenous; SC: subcutaneous.

B.3.5.1.2. Pegzilarginase monitoring costs

The ARG1-D health state costs by GMFCS described in Section B.3.5.2. include
monitoring of pArg levels on IDM, as well as outpatient appointments with the NHS
metabolic services. As we assume that there will be no change in the frequency of
monitoring and clinician appointments (the frequency of which is determined by disease

control) no separate monitoring costs are included.
B.3.5.2. Health-state unit costs and resource use

B.3.5.2.1. ARG1-D health state HCRU and costs

No sources of UK health state costs in ARG1-D were identified in the SLR. The only
article identified was a US study which did not stratify resource use by GMFCS (75). The
primary source of HCRU used in the model is the Bol patient survey (46). The HCRU
elicitation and costing methods are described within the standalone report and will not be
discussed in more detail here. Notable gaps were the absence of data for GMFCS lll, as
there were no patients in GMFCS Il within the sample. Secondly, only one patient was
in GMFCS V, and their costs were lower than those GMFCS IV. Unexpected patterns in
the data almost certainly results from the very low sample size (GMFCS | n=8, GMFCS
Il n=5, GMFCS Ill n=0, GMFCS IV n=2, GMFCS V n=1). The cost and HCRU data

collected in the survey were therefore amended using a number of assumptions:

e The costs of GMFCS lll is assumed to have the average of the costs of GMFCS |l

and V.
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e GMFCS V is assumed to incur the average of the costs from HST18 MLD health
states 5 and 6, plus the cost of diet from ARG1-D GMFCS IV.

e The cost of family caregiving is excluded from the base case as this would not be

a cost incurred by the NHS or Personal Social Services.
e Special schooling costs were only applied up to age 17 in the model.

¢ In the societal costs scenario analysis, family caregiving and caregiver production

costs were only applied up to age 17 in the model.

¢ In the societal costs scenario analysis, patient production loss was only applied
from age 18 in the model.

The annual health state costs assumed in the model as presented in Table 57. Costs
which diverge from the Bol patient survey and which have been replaced with
assumptions due to the very small sample size are highlighted in grey boxes. The
costs include societal costs, which can be included as a scenario analysis but are not

included within the model base case.
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Table 57: Annual ARG1-D health state costs
GMFCSI|

Cost category

(n=8)

GMFCSII

(n=5)

GMFCSIII
(n=0)

GMFCS IV

(n=2)

GMFCSV
(n=1)

Total societal costs

Health care costs £6,228 £5,525 £9,591 £13,657 £71,456'
Medication costs £10,369 £5,972 £13,568 £21,164 £21,1642
Diet costs £9,067 £7,253 £8,160 £9,067 £9,0672
Professional caregiving costs £195 £4,992 £4 992 £4,992 £0°3
Wheelchair costs £0.00 £26 £60 £93 £1,0924
Special schooling costs £3,261 £11,668 £10,991 £10,314 £46,680°
Societal costs (not included in base case)
Family caregiving costs £995 £3,713 £4,951 £6,188 £0
Production loss patient £7,480 £11,968 £20,944 £29,920 £59,840
Production loss caregiver £11,220 £17,952 £23,936 £29,920 £59,840
Total NHS and PSS costs £29,120 £35,436 £47,362 £59,287 £149,459
£19,695 £33,633 £49,831 £66,028 £119,680

Key: GMFCS: Gross Motor Function Measure Classification System.

Notes: Source: Bol study Table 16 (46). 'Assumed the sum of MLD costs of Medical tests, Medical visits and procedures, Hospitalisation and Emergency. 2Assumed the same as ARG1-D GMFCS
IV. 3Assumed same as MLD costs of respite care. *Assumed same as MLD cost of healthcare equipment. Assumed the same as MLD cost of social services.
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B.3.5.3. Adverse reaction unit costs and resource use

B.3.5.3.1. Disease-related adverse events

The HACs modelled in Section B.3.3.5 are assumed to incur a cost of hospitalisation. No
costs corresponding to a hyperammonaemia event were identified in either the literature
or NHS reference costs. Each HAC event was therefore assumed to incur the cost of an
inpatient admission for Paediatric Metabolic Disorders, calculated as the weighted
average of non-elective long stay and short stay admissions PK72A, PK72B, PK2C. No
equivalent adult HRG code was available, therefore the paediatric code was used for all
events £5,984. Note that this HRG code will not capture the not insignificant proportion

of paediatric patients who are admitted to ICU.

B.3.5.3.2. Treatment-related adverse events

As explained in Section B.3.3.7, no serous TEAEs were observed for patients receiving

pegzilarginase, therefore no costs are modelled.

B.3.5.3.3. Miscellaneous unit costs and resource use

It is anticipated that pegzilarginase will be delivered as part of the existing specialised
service provision.. As per the license, pegzilarginase is anticipated to be delivered in the
outpatient setting for the first 8 weeks, as either an IV infusion or SC injections, after
which we believe the majority of patients will take their SC injections at home. There are
already homecare delivery arrangements in place for medications as part of metabolic

services and it is anticipated that pegzilarginase will be delivered as part of this.

Potential savings not explicitly captured in the model include the reduction in incidence
of seizures and requirement for medication. Guanidino compounds (GCs) increase in the
plasma and cerebrospinal fluid as a result of elevated pArg and may contribute to the
susceptibility of seizures amongst patients with ARG1-D (16, 21, 31, 55). In reducing pArg
levels, pegzilarginase may consequently reduce susceptibility to seizures.

The model does not capture the impact of ARG1-D on liver disease, liver malignancy and
requirement for liver transplantation. No data were available to inform the cost savings
and/or QALY benefits of avoiding liver disease and its treatment. It is anticipated that the
need for liver transplant in these patients will be reduced with the introduction of
pegzilarginase (Immedica is aware of at least one patient where this is the case).
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While the health state costs will by definition include the costs of treating spasticity, there
may be within-GMFCS improvements in spasticity that are not captured within the model.
That is, GMFCS may not be granular enough to capture the benefits of treatment on

incidence of spasticity.

B.3.6 Uncertainty

The majority of issues of uncertainty are due to the rarity of ARG1-D, which comprises a
very small subset of already rare UCDs, limiting the data available from past and
current registry studies that could inform natural history to complement the very short

double-blind period.

Key areas of uncertainty impacting the cost effectiveness results are the health state
utilities in ARG1-D, the rate of natural history disease progression and mortality and to
what extent pegzilarginase reduces or prevents this. The PEACE study included only a
very short double-blind period insufficient for capturing the natural history of such an ultra-
rare condition with often a prolonged disease course. Immedica has made every effort to
identify external sources of data which could inform disease progression, including an
SLR of case reports (29) and exploration of the UCDC registry (32). Neither of these
resources included key trial outcomes such as GMFM D&E and/or GMFCS scores that

would permit population of the IDM arm of the economic model with their data.

The regression models used to inform the economic model, specifically (1) the prediction
of GMFM D&E score from age and (2) the prediction of GMFCS score from GMFM D&E
score, were generated from very small samples and, in the case of the GMFCS
regression, did not include any observations in GMFCS V and very few in GMFCS IV.
This likely leads to underprediction of patient movements to more severe health states

and a potential over prediction of QALYs in the IDM arm.

To estimate short-term transition probabilities for pegzilarginase, GMFCS data from the
LTE of PEACE were used. However, since patients contributed data for different lengths
of follow up, LOCF was used to generate the same follow-up time between baseline and
week 96. This will, most probably, underestimate the true long term effect of

pegzilarginase.
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B.3.7 Managed access proposal

No managed access scheme is anticipated.

B.3.8 Summary of base-case analysis inputs and assumptions

B.3.8.1.

Summary of base-case analysis inputs

The summary table of base case analysis inputs can be found in Appendix Q (see Table

107).

Table 58 below outlines the key assumptions applied in the cost effectiveness model.

Table 58: List of model assumptions

Assumption Justification

GMFM D&E score is assumed to worsen with
age

In a regression of baseline GMFM D&E score
vs age, age was statistically significant.

GMFM D&E score is predictive of GMFCS
category

A relationship between GMFM-66 score and
GMFCS score has been demonstrated in the
CP literature, though this did not include all
GMFCS health states (113-115)

All patients with ARG1-D are expected to die
before the age of 35 on IDM alone.

Immedica is aware of very few patients aged
above their early thirties across European
treatment centres.

Mortality from HAC is conditional on peak
ammonia levels.

The available literature on mortality from
HAC in UCD, demonstrates that the risk of
mortality in UCD is correlated with the peak
ammonia levels during the HAC admission
(61). It is known that patients with ARG1-D
are less prone to fatal HACs than other types
of UCD, but this is already captured in the
model, as the incidence of HACs and their
peak ammonia levels have been obtained
from ARG1-D patients.

Patients receiving pegzilarginase can
improve GMFCS for up to 3 years post-
treatment initiation.

In the clinical trials, some patients’ GMFM
D&E scores were still improving up to 4 years
post treatment initiation.

Following 3 years of treatment, patients
receiving pegzilarginase remain in their
GMFCS health state.

Once pArg levels are controlled, the
underlying disease pathogenesis is controlled
and there is no reason for patients to
progress. Patients cannot become ‘resistant’
to pegzilarginase; Anti-drug antibodies were
only observed early during treatment and
resolved following long-term treatment(1).

Pegzilarginase reduces mortality from HACs,
by reducing both incidence of HACs and

A positive relationship is observed between
arginine and ammonia levels, with markedly
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peak ammonia levels. elevated pArg typically coinciding with peak
ammonia levels and metabolic
decompensation events (30). | and
additional UK clinical experts in consultation
with Immedica confirmed that elevated levels
of pArg are the triggering factor for
hyperammonaemia events and metabolic
decompensation.

Incidence of HACs was reduced in the
pegzilarginase arm of PEACE and few
patients experienced peak ammonia levels
above 100uM.

Once pArg levels are controlled, the
underlying disease pathogenesis is controlled
and there is no reason for patients to
Pegzilarginase reduces all other causes of progress or develop the morbidities that lead
excess mortality, apart from neuro-disability. to mortality such as liver disease.

The excess mortality due to neuro-disability is | The committee selected SMRs for patients
the same as in MLD. treated with Libmeldy from HST12 (CLN2),
which originally used SMRs from multiple
sclerosis. It therefore appears to be de facto
accepted that mortality rates are dependent
on GMFCS state but independent of disease
pathology.
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B.3.9 Base-case results

B.3.9.1. Base-case incremental cost-effectiveness analysis resultsN

The base-case cost-effectiveness results are provided in Table 59, below.
Pegzilarginase + IDM is estimated to yield substantially more discounted QALYs and LYs
compared to IDM alone, with an incremental gain of ]l QALYs and ]l LYs. The
ICER for Pegzilarginase + IDM is £871,279 with no HST QALY weighting applied.
Pegzilarginase + IDM meets the criteria for the application of a QALY modifier as it is
associated with more than 10 undiscounted QALYs (29.18). The QALY weighting
applicable to the intervention was calculated by dividing the total undiscounted QALYs
by 10, resulting in a QALY weighting of i} Multiplying the incremental QALYs
associated with Pegzilarginase + IDM () by the QALY weighting results in a total of
O weighted QALYs, which leads to a weighted ICER of £298,565 per QALY. The
weighted QALY results are shown in Table 60. Disaggregated cost-effectiveness model

results are provided in Appendix J.

The results from the net-health benefit (NHB) analysis are presented in Table 60. At the
current HST WTP threshold of £100,000 per QALY, the weighted NHB associated with
Pegzilarginase + IDM is |-
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Table 59: Base-case results

Technologies Total costs (£) Total LYG Total QALYs Incremental Incremental Incremental ICER incremental

costs (£) LYG QALYs (E/QALY)

Pegzilarginase + IDM 21.528
IDM 5.087 — F571 275

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

Table 60, Base-case results with QALY modifier applied

Technologies Incremental costs  |Incremental Incremental Undiscounted QALY weight Weighted Weighted ICER
(£) LYG QALYs incremental Incremental incremental
QALYs (E/QALY)

Pegzilarginase + IDM
Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

Table 61: Net health benefit

Technologies Total costs (£) Total QALYs Incremental Incremental Weighted NHB at £100,000 NHB at £100,000
costs (£) QALYs incremental (with QALY
QALYs weighting)

Pegzilarginase + IDM

IDM [ ]

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; NHB, net health benefit
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B.3.10 Exploring uncertainty

B.3.10.1. Probabilistic sensitivity analysis (PSA)

A probabilistic sensitivity analysis (PSA) was conducted to explore the uncertainty around
key model parameters. Parameters were simultaneously varied using appropriate
distributions around their confidence intervals (see Appendix Q), based on the available
data. A standard error of the mean of 20% was assumed where no uncertainty estimates
were available. Although 1000 simulations were conducted, 500 iterations were sufficient
to establish a stable rolling average ICER. Probabilistic results are presented in Table 62.
The unweighted PSA ICER of £883,259 lies very closely to the deterministic ICER of
£871,279, demonstrating stability of the results when uncertainty is captured. This was
also the case for the weighted PSA and base-case ICERs which were £314,942 and
£298,565, respectively. Outputs from the probabilistic sensitivity analysis iterations are
presented as scatter points on the cost effectiveness plane in Figure 30 and Figure 31,
below, which show the PSA with and without the QALY modifier. It is important to note
here that with the exclusion of the QALY modifier, resulted in a narrower distribution of
the incremental QALYs. This can be explained as inclusion of the QALY modifier results
in a variation in the QALY weighting that is applied to the incremental QALY's for each of
the 1000 iterations.
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Figure 30: Scatter Plot of Simulations on Cost-Effectiveness (Pegzilarginase +
IDM vs IDM; weighted QALY)
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Figure 31: Scatter Plot of Simulations on Cost-Effectiveness (pegzilarginase +
IDM vs IDM; unweighted QALY)
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The probabilistic sensitivity analyses results were also plotted in the form of a cost-
effectiveness acceptability curve (CEAC), as shown in Figure 32. The CEAC shows the
probability of cost effectiveness for pegzilarginase + IDM and IDM, given varying
willingness to pay thresholds for a QALY. According to the CEAC, the probability of

pegzilarginase + IDM being cost-effective is 0% at a willingness to pay of £100,000 and
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£300,000/QALY, compared to IDM which has a probability of 100% at both thresholds
(Figure 32).

Figure 32: Cost effectiveness acceptability curve (CEAC) (Pegzilarginase + IDM
vs IDM)
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Table 62: Probabilistic cost-effectiveness model results

Technologies Total costs (£) Total Incremental Incremental Weighted Weighted ICER ICER
costs (£) Incremental incremental incremental
(E/QALY) (E/QALY)

Pegzilarginase + IDM I I - - - -
IDM [ [ [ I ] ] ]

Key: ICER, incremental cost-effectiveness ratio;; QALYs, quality-adjusted life years
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B.3.10.2. Deterministic sensitivity analysis

One-way deterministic sensitivity analyses (OWSA) were conducted to examine the
sensitivity of the model result to lower and upper estimates for parameter values.
Parameters were varied individually around their confidence intervals, based on the
available data, and/or assuming an appropriate distribution around the standard error of
the mean of 20% where no uncertainty estimates were available. The results from the
OWSA are presented in the form of a tornado diagram where the 12 parameters with the
largest influence on the cost-effectiveness results are presented in Figure 33. The most
sensitive parameters were health state utility for the GMFCS | health state, standardised
mortality ratio in the GMFCS Il IDM arm, the intercept value in the pegzilarginase dose
regression and the intercept value in the GMFM D&E regression vs age. The ICER
difference between the lower and upper input values for the first three most sensitive
parameters in the deterministic sensitivity analysis ranged between £207,914 and
£84,087.

Figure 33: Tornado diagram of pegzilarginase + IDM vs. IDM
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B.3.10.3. Scenario analysis

A range of scenario analyses were conducted to further explore the sensitivity of the
model to changes in key parameters and assumptions. The results of the scenario
analyses are presented in Table 63. The most impactful scenarios were including
assumptions that pegziarginase patients progress (that is, assuming some treatment
effect waning after the initial improvement/stabilisation in GMFCS state). Assuming either
an 80 or 90% reduction in GMFCS progression substantially decreases the QALY in the

pegzilarginase arm and hence the overall QALY gain (as GMFCS ultility is a major driver
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of the ICER, as shown in seen in Figure 33, and more severe GMFCS health states have
higher mortality rates). This was followed by assuming that all ARG1-D patients were
dead by age 55 (given there were patients aged 49 in the Bol study). This scenario
generates higher life years in the IDM arm and hence reduced life years gained fpr
pegzilarginase. The model was also sensitive to the weight ratio of ARG1-D patients vs
the general population (which was changed to assume the same weight as the general
population) as this determines the total dose of pegzilarginase required and hence the

drug costs.

The aforementioned scenarios increase the weighted ICER by 19 to 131%. The

remaining scenario analyses impacted the weighted ICER by less than 14%.

B.3.11 Subgroup analysis

No subgroups were specified within the final NICE scope, therefore none are presented

here.
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Table 63: Results of scenario analyses

QALY ICER

weight

Incremental
QALYs

Incremental
costs

Weighted
incremental

Weighted
ICER

Scenario Base case setting

Scenario setting

QALYs

Base case [ [ I [ £871,279 £298,565
Baseline GMFCS | PEACE + Phase I/2 + | Phase /2 (and age | I [ I [ £822,972 £274,591
distribution and Bol pooled (and age | 15.1)
age 13)
Duration of 36 months 24 months [ [ I [ £925,891 £336,568
'mpgl\‘;leFrgeS”t n 48 months — BB | I ] £833,737 | £277,912
Long-term No progression 90% reduction in [ ] [ ] [ ] [ ] £1,037,472 | £476,586
GMFCS GMFCS
progression rate progression
80% reduction in I ] I [ £1,186,973 | £690,643
GMFCS
progression
Weight ratio of qr paediatric, | Same as general T I T I £1,035,480 | £354,833
ARG1-D patient vs for adult population
general population
GMFCS health ARG-1D patient X-ALD [ [ I [ £790,203 £263,401
state utility values survey MLD | ] ) ] £790 630 £263.543
Cognitive decline Included Excluded [ [ I [ £859,017 £286,599
disutilities
Carer disutilities Included Excluded [ ] [ [ [ £853,548 £285,149
Utility gain from Included Excluded [ ] [ [ [ £885,391 £308,156
improved diet
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Drug costs Dose banding Wastage ] [ [ ] [ £923,317 £316,397
Perspective NHS and PSS Societal ] [ [ ] [ £883,762 £302,843
Age at which all All IDM patients are | All IDM patients are | | ENNEE [ [ ] [ £987,963 £367,553
IDM patients are dead by age 35 dead by age 55
dead
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B.3.12 Benefits not captured in the QALY calculation

Whether a substantial proportion of the costs (savings) or benefits are
incurred outside of the NHS and personal social services, or are associated

with significant benefits other than health

Patients with ARG1-D, being physically and/or mentally disabled, are not anticipated
to achieve the employment rates of the general population. There are therefore
significant productivity losses than can be offset by offering ARG1-D patients a

treatment which may prevent disability and permit a normal working lifestyle.
The costs (or cost savings) to government bodies other than the NHS

Patients with ARG1-D can suffer from neuromotor and/or neurocognitive disability.
This may lead to the requirement for schooling tailored to children with special needs,
with additional staffing requirements and/or equipment. In the Bol survey (46), 9
patients (43%) had received or did receive specialized schooling (which has been

captured within the health state costs in Section B.3.5.2.1).
The costs borne by patients that are not reimbursed by the NHS

Out of pocket expenses might include mobility equipment, home adaptations,
transportation, supportive therapy such as speech therapy, extensive physiotherapy

and counselling.

Estimates of time spent by family members providing care. Describe and

justify the valuation methods used

In the Bol survey (46), seven out of 16 caregivers (44%) were employed, whereof three
(43%) full-time and four (57%) part-time. Four caregivers (25%) had reduced their
employment and three (19%) had stopped working due to caregiving. Only one of the
caregivers who had reduced or stopped working due to caregiving reported that their
child received professional caregiving. The symptom severity was high among patients
to caregivers who had stopped working. Two caregivers (12.5%) had taken time off
from work due to caregiving during the last four weeks. The mean impact on

productivity while at work (presenteeism) was reported as 2.7 on average on a scale
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from 0 (no impact) to 10 (full impact). The mean impact on daily activities was slightly

higher, with 3.8 on average.

Production losses of caregivers were estimated in the Bol survey using the human
capital approach, i.e., value according to gross wage and payroll taxes. Production
loss calculation for patients was primarily based on data on sick-leave or early
retirement. For caregivers, production loss was calculated based on data on time taken
off from work or stopped/reduced employment. The calculations were based on an
assumption that the caregivers would have worked full time if the patients did not have
ARG1-D. Family caregiving was valued according to the opportunity cost approach
where value of lost leisure time was assumed to correspond to the net wage. Family
caregiver expenses were estimated to range between £995 and £6,188 per patient by
GMFCS state and caregiver production losses were estimated to range between
£11,220 to £59,840 by GMFCS state.

The impact of the technology on strengthening the evidence base on the
clinical effectiveness of the treatment or disease area, including any planned

or ongoing research initiatives relating to the treatment or disease area

As an ultra-rare disease, little data exists regarding natural history, The PEACE trial
double-blind period, being very short, can contribute little to natural history knowledge
base, but follow-up of patients treated with pegzilarginase was, conversely, extensive,

with some patients having nearly 4 years of follow-up data.

Any plans for creating a patient registry (if one does not currently exist) or
collection of clinical effectiveness data over the next 5 years and how this will

be reviewed

Post launch, real-world-data on ARG1-D patients and treatment with pegzilarginase
will be collected within the European Registry and Network for Intoxication Type
Metabolic Diseases (E-IMD). The E-IMD is an established patient-based registry
including patients with organic acidurias and urea cycle disorders. Immedica has a
pre-existing collaboration with the E-IMD and has initiated discussions with the E-IMD
on collaboration with regards to a project on ARG1-D and pegzilarginase. The E-IMD

registry comprises collection of a substantial amount of non-interventional disease
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related data and allows for cross-sectional as well as longitudinal analyses (see Figure
34). Pegzilarginase will be added to the E-IMD registry’s list of collected variables,

facilitating real-world data collection in ARG1-D.

Figure 34: Schematic overview of the E-IMD registry design
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The expertise and additional infrastructure required to ensure safe and

effective use of the technology and equiable access for all patients

No additional expertise of infrastructure is anticipated to be required; treatment with
pegzilarginase can be integrated seamlessly into the existing metabolic disease

specialised service, including homecare delivery of some prescribed medicines.
B.3.13 Validation

B.3.13.1. Validation of cost-effectiveness analysis

The model functionality and calculations were verified by a senior health economist
not involved in constructing the pegzilarginase project, through use of an internal
model quality control (QC) checklist (which can be provided on request).

Clinical validation of the model results poses enormous challenges with such a rare
disease. As previously explained, no published or unpublished natural history data

were available to inform model progression rates or mortality and our only clear point
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of reference is that few ARG1-D patients over the age of 40 appear to be alive in

Europe.

During the conceptual modelling stage, 3 clinicians were asked to validate the
proposed model structure; 2 clinicians managed paediatric patients and one managed
adult patients. The number of patients under their care ranged from none currently (but
10-12in the last 10 years) to 9. It was apparent during conceptual model validation that
clinician opinion varied widely, reflecting the heterogeneity in symptoms and
progression of this disease. For example, some clinicians stated that children were at
higher risk of mortality from hyperammonaemia whereas others stated that adults were
more susceptible. Another example is lack of agreement regarding the speed of
progression from one GMFCS health state to another (see Table 64 below). If we set
our model such that 100% of patients begin in GMFCS I, 3.0 years are spent in
GMFCS I, 3.2 in GMFCS I, and less than 1 in other health states on IDM. Thus, this
lies within the bounds of the shortest progression times cited by the clinical experts.
However, given so much range between responses, due to the rarity and
heterogeneity of the disease, it is unclear to what extent clinician opinion can

contribute to model validation.

Regarding overall survival, our economic model was calibrated such that nearly all
patients were dead by age 40, which aligns with the observation in practice and with

the age of patients recruited to PEACE (which had no upper age limit).
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Table 64: Clinician elicitation regarding speed of progression

Clinician Clinician Shortest time period to Longest time period to
patient progress from GMFCS | to progress from GMFCS | to
cohort \" v

Clinician1 | Adult Patients can progress from A slow decline was
using handheld devices to considered to be 5-6 years.
limited self-mobility within 2-3
years (GMFCS 2 to GMFCS
4). For the remainder of the
health states (GMFCS 3 to
GMFCS 5), a speed of
progression of 3-4 years
between each stage is
possible.

Clinician2 | Paediatric Shortest time period was Longest time period was cited
cited as 6-7 years. as 20-25 years.

Clinician 3 | Paediatric Shortest time period was Longest time period was cited
cited as ‘a few years’, without | as ‘decades’ and referred to
quantification. Patient Awho is 17 and is still

able to walk without any
mobility aids.

B.3.14 Interpretation and conclusions of economic evidence

This de novo economic analysis was required as there were no published cost

effectiveness analyses, in any jurisdiction that we are aware of, in ARG1-D.

As discussed in Section B.1.3.1, the population in England is anticipated to be
approximately il paediatric and Ji] adult, which contrasts with 80% under 17 in
our base case. A scenario analysis implemented in Section B.3.10.3, whereby the
Phase 1/2 trial characteristics were modelled (56% under 17) had a substantial impact
on the ICER, but this was primarily a result of the change in GMFCS state distribution
used in this scenario rather than the increased age (15 years old in Phase 1/2 vs 13
years old in the pooled base case), which had minimal impact when changed on its
own. The GMFCS health state of the prevalent patients in England is unknown, thus it
is unclear exactly what the cost effectiveness of pegzilarginase would be in this
population. Notwithstanding this, we believe the analysis to be relevant and applicable

to all patient groups likely to be offered pegzilarginase in clinical practice.

Key strengths of the analysis include a robust randomised placebo-controlled clinical

study with significant follow-up time for patients receiving pegzilarginase, which
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contributed significant data to the longer-term assumption that patient mobility and
cognitive scores improved and/or stabilise through treatment with pegzilarginase.
Clinical trial data were supplemented with registry data for the modelling of HACs, a

key cause of mortality in pegzilarginase patients.

Limitations of the analysis include the lack of availability of a natural history study to
inform progression rates on IDM. We employed a pragmatic approach using all the
available baseline data to demonstrate a relationship between GMFM D&E score and
age, and using all the available baseline and follow-up data to demonstrate a
relationship between GMFM D&E score and GMFCS health state, the latter being
consistent with the available evidence in CP (113-115). The progression predictions
resulting from this approach fell within the bounds of estimates of time to progression
from GMFCS | to GMFCS V provided by clinicians.

A further limitation was a lack of observations in GMFCS V to inform the ordered
logistic regression of GMFCS vs. GMFC. This results in an extremely low rate of
movement to the worst GMFCS health states and their low HRQoL and mortality.
Cognisant of the NICE reference case, we have used the ARG1-D patient survey utility
values for GMFCS states in the base case. However, as discussed in section
B.3.3.1.2.d, very few patients in the IDM arm transition to GMFCS V and its low utility
values. Furthermore, it should be noted that the ARG1-D utility values for poorer health
states are higher than those of GMFCS-like health states in other rare diseases such
as MLD and X-ALD. This almost certainly leads to an overprediction of QALYs in the
IDM arm and an inflation of the ICER.

While mortality data in ARG1-D were sparse, perhaps the most compelling evidence
of early mortality is the absence of any patient over the age of 50 in the Bol and trial
cohorts and very few patients over the age of 30. We used a method which
incorporated SMRs, the known distribution of patients alive and mortality from HACs
to predict mortality of ARG1-D patients, which applied calibrated SMR weights to
general population mortality rates. However, we believe that this approach was
necessitated because, as discussed in section B.3.3.1.2.d, a key weakness of the
analysis was the lack of observations in the trial data in GMFCS V and few in GMFCS
IV, which substantially reduces the patient movements to health states associated with
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high excess mortality. This may explain why such high SMRs were required to predict
realistic mortality for ARG1-D patients. This calibration method predicted a median
survival of approximately 18 years, which is slightly higher than that reported in the
available literature (45), and results in nearly all patients being dead by age 35. We
believe this to be the most robust method of estimating survival in the absence of data
in ARG1-D patients.

B.3.15 Costto the NHS and Personal Social Services

A total of ] patients are estimated to be eligible for treatment with pegzilarginase in
England. Due to the ultra-rare nature of ARG1-D, the number of eligible patients is not
expected to grow over a 5-year period. Given the scarcity of treatment options
available to patients with ARG1-D, the expected uptake of pegzilarginase is high,
estimated to be 60% in year 1, 70% in year 2 and 80% in years 3 to 5. The estimated
budget impact (with PAS applied) of pegzilarginase is | Bl in year 1, rising
slightly each year as patient uptake increases, to |} in year 5.

A detailed breakdown of the technology costs and all resource implications associated
with pegzilarginase is provided in the stand-alone budget impact assessment

document that has been submitted as part of this appraisal.
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Summary of Information for Patients (SIP):

The pharmaceutical company perspective

What is the SIP?

The Summary of Information for Patients (SIP) is written by the company who is seeking approval
from NICE for their treatment to be sold to the NHS for use in England. It is a plain English summary
of their submission written for patients participating in the evaluation. It is not independently
checked, although members of the public involvement team at NICE will have read it to double-
check for marketing and promotional content before it is sent to you.

The Summary of Information for Patients template has been adapted for use at NICE from the
Health Technology Assessment International — Patient & Citizens Involvement Group (HTAi PCIG).
Information about the development is available in an open-access JTAHC journal article

SECTION 1: Submission summary

Note to those filling out the template: Please complete the template using plain language, taking
time to explain all scientific terminology. Do not delete the grey text included in each section of this
template as you move through drafting because it might be a useful reference for patient reviewers.
Additional prompts for the company have been in red text to further advise on the type of
information which may be most relevant and the level of detail needed. You may delete the red text.

1a) Name of the medicine (generic and brand name):

Pegzilarginase (Loargys®)

1b) Population this treatment will be used by. Please outline the main patient population that is
being appraised by NICE:

Arginase 1 deficiency (ARG1-D), also known as hyperargininaemia, in adults, adolescents and
children aged 2 years and older

1c) Authorisation: Please provide marketing authorisation information, date of approval and link to
the regulatory agency approval. If the marketing authorisation is pending, please state this, and
reference the section of the company submission with the anticipated dates for approval.

Pegzilarginase received marketing authorisation from the Medicines and Healthcare products
Regulatory Agency on 20™ December 2023 (PLGB 53487/0007) (1). Further details can be found in
Section B1.2 of the company evidence submission.

https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b
3dbdal

1d) Disclosures. Please be transparent about any existing collaborations (or broader conflicts of
interest) between the pharmaceutical company and patient groups relevant to the medicine. Please
outline the reason and purpose for the engagement/activity and any financial support provided:



https://htai.org/interest-groups/pcig/
https://www.cambridge.org/core/journals/international-journal-of-technology-assessment-in-health-care/article/development-of-an-international-template-to-support-patient-submissions-in-health-technology-assessments/2A17586DB584E6A83EA29E3756C37A14
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b3dbda1
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b3dbda1

Immedica Pharma UK provide financial support to Metabolic Support UK in the form of an annual
grant to cover ongoing running costs and the organisation of their annual UK conference.

SECTION 2: Current landscape

Note to authors: This SIP is intended to be drafted at a global level and typically contain global data.
However, the submitting local organisation should include country-level information where needed
to provide local country-level context.

Please focus this submission on the main indication (condition and the population who would use
the treatment) being assessed by NICE rather than sub-groups, as this could distract from the focus
of the SIP and the NICE review overall. However, if relevant to the submission please outline why
certain sub-groups have been chosen.

2a) The condition — clinical presentation and impact

Please provide a few sentences to describe the condition that is being assessed by NICE and the number of
people who are currently living with this condition in England.

Please outline in general terms how the condition affects the quality of life of patients and their
families/caregivers. Please highlight any mortality/morbidity data relating to the condition if available. If the
company is making a case for the impact of the treatment on carers this should be clearly stated and
explained.

ARG1-D is an ultra-rare and debilitating metabolic disease that worsens over time. ARG1-D is
caused by a fault in a gene that limits the body’s ability to break down arginine, resulting in
persistently high levels in the blood (2). Arginine is a vital amino acid that plays an important role
in the body, but elevated arginine levels can have a devastating and progressive impact on a
patient’s ability to complete daily activities (2-4).

The excessive accumulation of arginine in the blood and cerebrospinal fluid (the clear fluid that
surrounds the brain and spinal cord of all vertebrates) causes the development of key disease
manifestations including:

e progressive spasticity (stiff or rigid muscles that can interfere with walking, movement,
speech, and many other activities of daily living),

e developmental delay (not reaching developmental milestones at the expected age,
affecting one or more areas of growth, such as cognitive, motor, social or emotional
development),

e seizures (a sudden, uncontrolled burse of electrical activity in the brain),

e and potential early death (2-4).

While the way that patients experience the symptoms of ARG1-D varies, symptoms usually
become apparent within the first five years of life, and worsen over time with increasing exposure
to high blood arginine and its metabolites over time (5, 6).

The most common feature of ARG1-D is prominent and progressive lower-limb spasticity seen in
early childhood, leading to gait abnormalities, difficulty walking and climbing stairs, and the need
for assistive devices (2, 7). Patients typically have some form of lower-limb spasticity, with
approximately 60-75% of patients having spasticity at initial presentation, which increases with
extended follow-up (8). Most patients ultimately develop impairment of gross motor function and
mobility, which may lead to them not being able to walk or becoming reliant on a wheelchair (9,
10). Patients may require substantial levels of assistance in their home by caregivers (11).




In England and Wales, there are 22 known patients living with ARG1-D (12). These patients are at
a greater risk of dying earlier compared to the general population. Few patients are described in
the literature who survive far into adulthood.

2b) Diagnosis of the condition (in relation to the medicine being evaluated)

Please briefly explain how the condition is currently diagnosed and how this impacts patients. Are there any
additional diagnostic tests required with the new treatment?

A diagnosis of ARG1-D can be made with molecular genetic testing, which will require a blood
test. Patients may have a genetic test earlier if they have a family history or ARG1-D. Patients will
not need to have any extra diagnostic tests to be treated with pegzilarginase.

Delays in diagnosis of ARG1-D often occur due to similarities in clinical profile with other
developmental diseases, including cerebral palsy and hereditary spastic diplegia, and a lack of
disease awareness. An average delay in diagnosis of 6.1 years was reported in a UK-based study of
six patients with ARG1-D (13).

2c) Current treatment options:

The purpose of this section is to set the scene on how the condition is currently managed:

e What is the treatment pathway for this condition and where in this pathway the medicine is likely
to be used? Please use diagrams to accompany text where possible. Please give emphasis to the
specific setting and condition being considered by NICE in this review. For example, by referencing
current treatment guidelines. It may be relevant to show the treatments people may have before
and after the treatment under consideration in this SIP.

e Please also consider:

o ifthere are multiple treatment options, and data suggest that some are more commonly

used than others in the setting and condition being considered in this SIP, please report
these data.

o arethere any drug—drug interactions and/or contraindications that commonly cause
challenges for patient populations? If so, please explain what these are.

There are no UK-specific clinical guidelines for the diagnosis and management of ARG1-D. Current
international guidelines for ARG1-D focus on reduction of blood arginine to levels of <200 uM, and
ideally to within the normal range (240 -<115 uM), as the main treatment goal (14). However,
there are no approved treatments that specifically reduce arginine levels in patients with ARG1-D,
and long-term outcomes are poor.

Current management approaches for ARG1-D include individualised disease management, which
consists of individualised combinations of dietary protein restriction, amino acid supplementation,
and symptomatic treatments to manage other clinical symptoms of the disease such as ammonia
scavenging treatments to help control ammonia levels (14).

Dietary restriction can produce modest reductions in blood arginine levels, however reducing
blood arginine to the guideline-recommended level is rarely achieved, partly because a substantial
proportion of arginine is produced by the body itself (15, 16). In addition, the low protein diet is
often difficult to maintain and manage, especially in growing children, resulting in poor
compliance (13). Liver transplantation has been reported to achieve disease normalisation in
some patients (17); however, transplantation is available only to a small fraction of patients and
carries a significant risk of further medical problems and death. There is also no evidence that
liver transplantation will reverse symptoms and the underlying damage that has already taken
place.




Patients with ARG1-D require a range of continuous therapies and ongoing monitoring to manage
manifestations, and often require surgery to manage muscular issues (13).

Other common medications include anti-epileptics for seizure control, anti-spasmodics for
spasticity, and medical foods to aid nutritional status. The use of medical devices including ankle-
foot orthoses, arm crutches, canes, walkers, and wheelchairs is common (9, 10).

Given the diversity of symptoms associated with ARG1-D, patients require support from a varied
team of specialists, including metabolic specialists, paediatricians, dieticians, and neurologists
(18).
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2d) Patient-based evidence (PBE) about living with the condition

Context:

e Patient-based evidence (PBE) is when patients input into scientific research, specifically to provide
experiences of their symptoms, needs, perceptions, quality of life issues or experiences of the
medicine they are currently taking. PBE might also include carer burden and outputs from patient
preference studies, when conducted in order to show what matters most to patients and carers
and where their greatest needs are. Such research can inform the selection of patient-relevant
endpoints in clinical trials.

In this section, please provide a summary of any PBE that has been collected or published to demonstrate
what is understood about patient needs and disease experiences. Please include the methods used for
collecting this evidence. Any such evidence included in the SIP should be formally referenced wherever
possible and references included.

Immedica conducted a descriptive survey in a cohort of current ARG1-D patients to estimate the
burden of illness in Europe from a societal perspective. Since ARG1-D is an ultra-rare disease, the
study included all patients and caregivers who across participating clinics in the UK, France,
Portugal and Spain. The questionnaire included questions on demographic variables, disease-
related symptoms, healthcare resource use, and sick-leave (adult patients only) during the last 12
months, measures of caregiver burden, and health-related quality of life using the EQ-5D-5L (11).

Key findings from the survey are listed below:

e Cognitive abilities varied amongst patients; few patients had severe problems or no ability
across several dimensions, including reading and writing, play and leisure, stressful
situations and dimensions related to the ability to learn, think, and solve problems.

e Regarding diet adherence, a majority of patients could follow dietary guidelines at most or
all of their meals, but many found the low protein diet difficult to follow. Some patients
had problems with self-feeding.

e Family caregivers spent substantial amounts of time assisting with daily activities and
transportation the most common types of assistance provided. Some patients also




received professional assistance to aid with daily activities and transportation, amongst
others.

e Just under half of patients used aids or devices to assist mobility, whereof some patients
were using a wheelchair.

e Most ARG1-D patients experienced problems with the ability to conduct daily activities,
mobility, and pain/discomfort.

e Many paediatric patients don’t attend mainstream education; just under half of paediatric
patients had received/did receive specialised education.

e None of the adult patients were employed, highlighting a substantial loss of productivity
associated with adult ARG1-D patients.

e With regards to caregivers, half were unemployed, with one-third stopping work due to
caregiving. Of the caregivers who were still employed, over half had to reduce work hours
in order to be a caregiver.

e Most ARG1-D caregivers experienced problems with anxiety/depression, pain/discomfort,
and the ability to conduct daily activities, albeit the number of observations was small.

SECTION 3: The treatment

Note to authors: Please complete each section with a concise overview of the key details and data,
including plain language explanations of any scientific methods or terminology. Please provide all
references at the end of the template. Graphs or images may be used to accompany text if they will
help to convey information more clearly.

3a) How does the new treatment work?

What are the important features of this treatment?

Please outline as clearly as possible important details that you consider relevant to patients relating to the
mechanism of action and how the medicine interacts with the body

Where possible, please describe how you feel the medicine is innovative or novel, and how this might be
important to patients and their communities.

If there are relevant documents which have been produced to support your regulatory submission such as a
summary of product characteristics or patient information leaflet, please provide a link to these.

Patients with ARG1-D have low or absent levels of an enzyme called arginase. Arginase is one of
six enzymes that play a role in the breakdown and removal of nitrogen from the body, a process
known as the urea cycle. This enzyme helps the body control levels of arginine. If arginine is not
controlled, it can build up in the body and cause damage to the brain and other organs.

The active substance in Loargys, pegzilarginase, acts similarly to the natural enzyme arginase-1,
which is lacking or not working properly in patients with ARG1D-D. Treatment with pegzilarginase
has been shown to rapidly and sustainably lower levels of arginine and its toxic metabolites,
potentially preventing toxic effects to the brain and other organs. It is the first and only disease
modifying treatment for patients with ARG1-D.

Patient Information Leaflet:
https://mhraproducts4853.blob.core.windows.net/docs/84fd0a0cd5029bdd3d0b810e60e836b39
731674e

Summary of Product Characteristics:
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b
3dbdal

3b) Combinations with other medicines


https://mhraproducts4853.blob.core.windows.net/docs/84fd0a0cd5029bdd3d0b810e60e836b39731674e
https://mhraproducts4853.blob.core.windows.net/docs/84fd0a0cd5029bdd3d0b810e60e836b39731674e
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b3dbda1
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b3dbda1

Is the medicine intended to be used in combination with any other medicines?
e Yes/No

If yes, please explain why and how the medicines work together. Please outline the mechanism of action of
those other medicines so it is clear to patients why they are used together.

If yes, please also provide information on the availability of the other medicine(s) as well as the main side
effects.

If this submission is for a combination treatment, please ensure the sections on efficacy (3e), quality of
life (3f) and safety/side effects (3g) focus on data that relate to the combination, rather than the
individual treatments.

Pegzilarginase is to be used in combination with other ways to manage the disease, which may
vary from patient to patient. These may include:

e Adiet thatis low in protein

e Dietary supplements with essential amino acids

e Medicines to manage other symptoms of the disease, including medicines that lower
levels of ammonia in your body (collectively known as ammonia scavenger therapies),
control seizures (collectively known as anti-epileptics), and reduce spasticity (collectively
known as anti-spasmodics)

ARG1-D treatment is highly individualised, and will depend on the range and severity of symptoms
of the presenting patient. This is true with and without pegzilarginase as an option, and the
pegzilarginase trial includes the use of individualised disease management in its design.

3c) Administration and dosing

How and where is the treatment given or taken? Please include the dose, how often the treatment should
be given/taken, and how long the treatment should be given/taken for.

How will this administration method or dosing potentially affect patients and caregivers? How does this
differ to existing treatments?

Pegzilarginase is intended for the long-term management of ARG1-D, to be used along with other
ways to manage the disease, including a diet that is low in protein, dietary supplements with
essential amino acids and medicines to manage symptoms of the disease, such as medicines that
lower the levels of ammonia. Treatment with pegzilarginase will be started and supervised by a
healthcare professional experienced in the management of patients with inherited metabolic
diseases (1).

Pegzilarginase is administered as an infusion (drip) or as an injection under the skin, as considered
appropriate by a healthcare professional. The recommended initial dose of pegzilarginase is 0.1
mg/kg per week, although the dose may be increased or decreased by 0.05 mg/kg increments to
keep blood arginine levels under control, if deemed appropriate by a healthcare professional.
Blood arginine levels will be monitored through regular blood tests alongside standard clinical
monitoring visits, with intervals no longer than 3-6 months (1).

If deemed appropriate by a healthcare professional, pegzilarginase may be administered at home
as an injection under the skin. Flexibility with regards to the mode and setting of administration
allows for treatment to be tailored according to the requirements of the patient and/or caregiver.
Furthermore, for patients who are able to do so (in the opinion of a healthcare professional),
patients and/or their caregivers may be able to inject pegzilarginase themselves after training
from a healthcare professional. This can minimise disruption to day-to-day routines through
avoiding hospital attendance for drug administration, thereby improving patient and caregiver
satisfaction (1).




3d) Current clinical trials

Please provide a list of completed or ongoing clinical trials for the treatment. Please provide a brief top-level
summary for each trial, such as title/name, location, population, patient group size, comparators, key
inclusion and exclusion criteria and completion dates etc. Please provide references to further information
about the trials or publications from the trials.

PEACE (otherwise known as CAEB1102-300A) was the pivotal trial that assessed the safety and
efficacy of pegzilarginase with individualised disease management, compared to individualised
disease management alone, in ARG1-D patients aged 2 years and above.

Key inclusion criteria were:

e patients aged 22 years;

e documented ARG1-D diagnosis;

e blood arginine 2250 uM, and impairment on any secondary functional mobility
assessment.

Key exclusion criteria included:

e symptomatic hyperammonaemia (ammonia 2100 uM requiring acute care or
hospitalisation) within 6 weeks before first pegzilarginase dose;

e extreme mobility impairment (i.e., unable to complete assessments);

e medical conditions or comorbidities that would preclude study compliance or data
interpretation (e.g., severe intellectual disability);

e prior liver or hematopoietic transplant;

e or participation in prior pegzilarginase study.

The study included 32 patients and took place in 19 study sites across the USA, UK, France,
Austria, Canada, Germany and Italy. The study consisted of three distinct periods:

e A 3-4 week screening period, which collected all necessary information to ensure that
enrolled patients met the study eligibility criteria

e Arandomised, double-blind period of 24 weeks, during which patients were randomly
assigned to treatment with pegzilarginase or placebo (a dummy treatment).
Randomisation occurred in a 2:1 ratio, meaning that 2/3 of eligible patients were
allocated treatment with pegzilarginase with individualised disease management, with the
remainder allocated to placebo plus individualised disease management. Patients and trial
staff were unaware of what treatment was being provided, hence the study is described
as ‘double-blinded’.

e An open-label period of approximately 150 weeks, in which all patients received
pegzilarginase. Patients previously randomised to receive placebo transitioned to
treatment with pegzilarginase, while those initially randomised to pegzilarginase
continued treatment until the end of the study.

The last patient visit was on February 1%t 2023. Further information about the PEACE study,
including the final analysis of the 24-week double-blind period, and interim results from the long-
term open-label period up to Week 24, can be accessed here (data cut-off date: March 24™" 2022):
https://www.thelancet.com/journals/eclinm/article/Pl1IS2589-5370(23)00582-5/fulltext

In addition, Study 102A (otherwise known as CAEB1102-102A) was an open-label trial that
evaluated the long-term safety and efficacy of pegzilarginase in conjunction with individualised
disease management for up to 4 years in patients with ARG1-D. Eligible patients were >2 years old
with a documented diagnosis of ARG1-D, and completed participation in the parent study (Study
101A; CAEB1102-101A) without experiencing any significant adverse event. The study included 14
patients and took place in 8 study sites across the US, UK, Portugal and Canada. Study 102A was



https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(23)00582-5/fulltext

an open-label, single-arm study, meaning patients and staff were aware of the treatment that was
being administered and all patients received pegzilarginase. Study 102A was completed on
December 15" 2022.

Further information about Study 102A, including interim results up to Week 96 of the study, can
be accessed here: https://www.gimopen.org/article/S2949-7744(23)00009-2/pdf

3e) Efficacy

Efficacy is the measure of how well a treatment works in treating a specific condition.

In this section, please summarise all data that demonstrate how effective the treatment is compared with
current treatments at treating the condition outlined in section 2a. Are any of the outcomes more
important to patients than others and why? Are there any limitations to the data which may affect how to
interpret the results? Please do not include academic or commercial in confidence information but where
necessary reference the section of the company submission where this can be found.

In the pivotal PEACE study, pegzilarginase was compared with placebo in a study of 32 adults and
children with ARG1-D. The main measure of effectiveness was the change in the level of arginine
in the blood (plasma arginine) after 24 weeks of treatment. The study showed that pegzilarginase
significantly reduced plasma arginine after 24 weeks of treatment, improving levels to better than
those recommended in the guidelines in 90.5% of patients. These levels were achieved and
maintained at normal levels (240 -<115 uM). By contrast, no patient treated with placebo
achieved the guideline-recommended levels of plasma arginine (<200 uM) (see Company
Evidence Submission, Section B.2.6.1.1.a, page 75) (19).

Furthermore, patients treated with pegzilarginase met or exceeded pre-defined and literature-
based thresholds for minimum clinically important differences, suggesting clinically meaningful
improvements in functional mobility. Importantly, considering the progressive nature of ARG1-D,
these improvements continued to increase in magnitude with long-term treatment. At Week 24,
47.1% of assessed patients treated with pegzilarginase met the criteria for response in response in
> 2 neuromotor function assessments along with normalisation of plasma arginine levels, with 6
of the responders having no worsening in any assessments. Without treatment with
pegzilarginase, no patients met clinical response criteria in 2 or more clinical outcomes (see
Company Evidence Submission, Section B.2.6.1.1.d.i, page 85) (19).

During the open-label extension, patients who previously received pegzilarginase demonstrated
sustained improvements in plasma arginine levels and functional mobility assessments. Patients
initially randomised to placebo who transitioned to pegzilarginase in the open-label extension
period also showed similar reductions in mean plasma arginine levels (19).

In Study 102A, treatment with weekly pegzilarginase resulted in pronounced plasma arginine
reduction and clinically meaningful improvements in functional mobility. After 2 years of
treatment, 100% of patients had plasma arginine levels below guideline-recommended levels
(<200 uM), while 77% normalised plasma arginine levels (240 -<115 uM) (See Company Evidence
Submission, Section B.2.6.2.1, page 95) (20). Clinically important response criteria were met or
exceeded on assessments of functional mobility tasks involving aided walking, running, jumping,
sitting and standing. The magnitude of improvement increased with longer duration of treatment.
At an individual patient level, 10 of 12 evaluable patients met or exceeded the thresholds of
clinically important response on 21 mobility assessment after 2 years. The remaining were
clinically stable and did not decline in functional mobility (see Company Evidence Submission,
Section B.2.6.2.6, page 102) (20).

3f) Quality of life impact of the medicine and patient preference information


https://www.gimopen.org/article/S2949-7744(23)00009-2/pdf

What is the clinical evidence for a potential impact of this medicine on the quality of life of patients and
their families/caregivers? What quality of life instrument was used? If the EuroQol-5D (EQ-5D) was used
does it sufficiently capture quality of life for this condition? Are there other disease specific quality of life
measures that should also be considered as supplementary information?

Please outline in plain language any quality of life related data such as patient reported outcomes (PROs).

Please include any patient preference information (PPI) relating to the drug profile, for instance research to
understand willingness to accept the risk of side effects given the added benefit of treatment. Please
include all references as required.

Patient quality of life was measured using the Paediatric Quality of Life Inventory (PedsQL), a
survey which measures the health-related quality of life across four different items: physical
functioning, emotional functioning, social functioning, and school functioning). For each item, a
score of 0-100 is generated, with higher values indicating a better quality of life.

At Week 24 of the double-blind period, patients achieved a minimal clinically important difference
in emotional functioning, whilst a numerical improvement in social functioning was also observed.
By contrast, patients treated with placebo observed a decrease in emotional functioning and
social functioning scores. Across both treatment groups, a decrease in physical functioning and
school functioning scores were observed, albeit the decline was more pronounced in patients
treated with placebo versus pegzilarginase (see Company Evidence Submission, Section
B.2.6.1.1.d.iv, page 88) (21).

Caregiver quality of life was also measured, and a small numerical reduction in ZBI-12 scores was
observed in the pegzilarginase group at Week 24 of the double-blind period, indicating slight
improvement in caregiver burden (see Company Evidence Submission, Section B.2.6.1.1.d.vi, page
89) (21).

Data on patient health-related quality of life was limited in Study 102A, with no obvious trends
observed over time in the Patient-Reported Outcomes Measurement Information System
(PROMIS) and PedsQL scores (see Company Evidence Submission, Sections B.2.6.2.9 & B.2.6.2.10,
page 104). Caregiver burden scores, as measured by ZBI-12, remained similar over time through
Week 96 (see Company Evidence Submission, Section B.2.6.1.11, page 105) (22).

3g) Safety of the medicine and side effects

When NICE appraises a treatment, it will pay close attention to the balance of the benefits of the treatment
in relation to its potential risks and any side effects. Therefore, please outline the main side effects (as
opposed to a complete list) of this treatment and include details of a benefit/risk assessment where
possible. This will support patient reviewers to consider the potential overall benefits and side effects that
the medicine can offer.

Based on available data, please outline the most common side effects, how frequently they happen
compared with standard treatment, how they could potentially be managed and how many people had
treatment adjustments or stopped treatment. Where it will add value or context for patient readers, please
include references to the Summary of Product Characteristics from regulatory agencies etc.

Pegzilarginase was well-tolerated, with side-effects being mostly short-lived, mild/moderate in
severity, and either self-limiting or manageable with standard medical care.

In the 24-week double-blind period of the study, the most common side effects reported were
vomiting (29%), cough (19%), and pyrexia (19%). By contrast, nausea (36%), hyperammonaemia
(27%), vomiting (27%) and abdominal pain (27%) were the most frequently reported side-effects
amongst patients receiving treatment with placebo (19). More side-effects were reported during
the open-label extension, however this was expected given the longer period of observation (see
Company Evidence Submission, Section B.2.10.1.3, page 112) (21).

During the double-blind period, one patient experienced a serious adverse event related to
pezilarginase. The event of hyperammonaemic encephalopathy in the pegzilarginase arm




occurred during concurrent urinary tract infection and constipation, was moderate in severity, not
life-threatening, and was resolved within one week (19).

Unlike other enzyme replacement therapies, hypersensitivity reactions and injection site reactions
were infrequently reported. During the double-blind period, 10% of patients treated with
pegzilarginase experienced non-serious, mild/moderate hypersensitivity reactions that were
managed with antihistamines. These occurred within the first 8 weeks of the study, and no
additional events were recorded thereafter (19). Injection site reactions were reported for few
patients in the open-label long-term extension. All incidences of injection site reactions were mild
and resolved with without dose change (see Company Evidence Submission, Section B.2.10.1.5,
page 114) (21).

After 2 years of treatment in Study 102A, the most common side-effects for patients treated with
pegzilarginase were cough (57%), vomiting (57%), and headache (50%). Side effects were
generally mild/moderate, non-serious, short-lived, and manageable. No hypersensitivity reactions
were reported, while three patients experienced mild injection site reactions. Hyperammonaemia
was reported for 6 patients; 4 of 6 patients had a history of hyperammonaemia (20).

3h) Summary of key benefits of treatment for patients

Issues to consider in your response:

e Please outline what you feel are the key benefits of the treatment for patients, caregivers and their
communities when compared with current treatments.

e Please include benefits related to the mode of action, effectiveness, safety and mode of
administration

e Pegzilarginase demonstrates rapid, statistically significant, and sustained efficacy in
plasma arginine levels, allowing greatly improved control of arginine levels relative to
what can be achieved with current treatment options.

e Pegzilarginase is the only disease-modifying treatment to normalise plasma arginine levels
in the management of ARG1-D. Normalisation of plasma arginine was previously
unachievable with current individualised disease management, as reflected by the
multiple-fold elevation of plasma arginine in the trial cohort at baseline and extensive
documentation in the literature.

e Patients treated with pegzilarginase were able to increase their caloric intake, as well as
total consumed protein, without an impact on their ability to maintain normal pArg levels
(240 - <115 uM). Given that current dietary restrictions are frequently described as
unpalatable, difficult to comply with, and a contributor to poorer quality of life among
patients and caregivers, this could translate to a benefit in the treatment of ARG1-D.

e Pegzilarginase produced meaningful clinical improvements in functional mobility. With
long-term treatment, the size of improvements increased and surpassed thresholds for
clinically important response (substantially for some patients). The increasing
improvement with longer-term treatment suggests potential to stop progression of
manifestations, reduce impact of prior disease progression, and improve functional
mobility.

e Pegzilarginase can be administered via intravenous infusion or subcutaneous injection, in
a hospital or home setting (if deemed appropriate), allowing treatment to be tailored
according to the requirements of the patient and/or caregiver. For patients and/or
caregivers who are deemed appropriate to do so, the self-administration of pegzilarginase
could minimise disruption to day-to-day routines through avoiding hospital attendance.




3i) Summary of key disadvantages of treatment for patients

Issues to consider in your response:

e Please outline what you feel are the key disadvantages of the treatment for patients, caregivers
and their communities when compared with current treatments. Which disadvantages are most
important to patients and carers?

e Please include disadvantages related to the mode of action, effectiveness, side effects and mode of
administration

e Whatis the impact of any disadvantages highlighted compared with current treatments

e Pegzilarginase addresses the underlying cause of the disease by normalising arginine
levels, but does not treat symptoms of ARG1-D. Hence, individualised disease
management, which may include a low protein diet, dietary supplements with essential
amino acids, and ammonia scavenger therapies, may still be required alongside
pegzilarginase treatment.

e Pegzilarginase is intended for administration by infusion (drip) or an injection under the
skin by a healthcare professional, which will require an additional hospital visit, in addition
to standard clinical monitoring visits, for at least the first 8 weeks of treatment. As a
result, during this period, treatment with pegzilarginase will initially involve more visits to
hospital.

3i) Value and economic considerations

Introduction for patients:

Health services want to get the most value from their budget and therefore need to decide whether a new
treatment provides good value compared with other treatments. To do this they consider the costs of
treating patients and how patients’ health will improve, from feeling better and/or living longer, compared
with the treatments already in use. The drug manufacturer provides this information, often presented using
a health economic model.

In completing your input to the NICE appraisal process for the medicine, you may wish to reflect on:

e The extent to which you agree/disagree with the value arguments presented below (e.g., whether
you feel these are the relevant health outcomes, addressing the unmet needs and issues faced by
patients; were any improvements that would be important to you missed out, not tested or not
proven?)

e If you feel the benefits or side effects of the medicine, including how and when it is given or taken,
would have positive or negative financial implications for patients or their families (e.g., travel
costs, time-off work)?

e How the condition, taking the new treatment compared with current treatments affects your
quality of life.

The manufacturer of pegzilarginase built an economic model in Microsoft Excel to explore the
cost-effectiveness of pegzilarginase when compared with individualised disease management in
adults, adolescents, and children aged 2 years and older, with Arginase 1 deficiency (ARG1-D). The
economic model shows the different ways in which a patient’s health can change after treatment.
It compared the total costs (drugs and healthcare resource use) generated by pegzilarginase and
individualised disease management as well as the survival and quality of life over their lifetime.
The last two are combined to produce a measure called the quality-adjusted life year (QALY). One
QALY is equal to one year of life in perfect health.

The model used data from the PEACE and 101A/102A trials, and the key input was response to
treatment measured through the Gross Motor Function Classification System (GMFCS) score. The
GMFCS is a five-level classification that was developed for use with children with cerebral palsy,
which presents with many similar motor issues as ARG1-D. The GMFCS assigns gross motor
function capabilities based on movements such as sitting, walking, and use of mobility devices




with five categories ranging from | (most functional) to V (transported in wheelchair in all
settings). The model also included factors such as hyperammonaemic crises (abnormally high
levels of ammonia), seizures, nausea, and mortality.

The results of the economic model showed that pegzilarginase is associated with increased QALYs
compared with individualised disease management, but with a higher cost. Patients receiving
pegzilarginase had a mean increase in survival of 42.5 years, with an incremental cost
effectiveness ratio was approximately £298,000.

3j) Innovation

NICE considers how innovative a new treatment is when making its recommendations.

If the company considers the new treatment to be innovative please explain how it represents a ‘step
change’ in treatment and/ or effectiveness compared with current treatments. Are there any QALY benefits
that have not been captured in the economic model that also need to be considered (see section 3f)

A key clinical goal, rarely obtainable with the current individualised management treatment
approach, is to achieve guideline-recommended levels of plasma arginine, and ideally to normal
levels, although this has generally not been attainable in this patient population to date.
Consequently, patients continue to experience disease progression and succumb to early
mortality.

Currently, patients with ARG1-D are not anticipated to achieve the employment rates of the
general population, or may suffer from neuromotor and or/neurocognitive disability leading to
requirement for tailored schooling and equipment. In addition, caregivers may also need to stop
or reduce their employment.

Pegzilarginase represents the first and only disease-modifying treatment to normalise plasma
arginine levels in the management of ARG1-D. By lowering and maintaining plasma arginine levels
at normal levels in the long-term, patients have the potential to halt the progression of disease
manifestations, reduce the impact of prior disease progression, and improve functional mobility.

3k) Equalities

Are there any potential equality issues that should be taken into account when considering this
condition and this treatment? Please explain if you think any groups of people with this condition are
particularly disadvantaged.

Equality legislation includes people of a particular age, disability, gender reassignment, marriage and civil
partnership, pregnancy and maternity, race, religion or belief, sex, and sexual orientation or people with
any other shared characteristics

More information on how NICE deals with equalities issues can be found in the NICE equality scheme
Find more general information about the Equality Act and equalities issues here

ARG1-D predominantly affects individuals from ethnic minority background in the UK. Immedica
estimate that majority of patients managed in UK clinical practice are from ethnic minorities. A
20-year retrospective review of patient medical records at Great Ormond Street Hospital
identified six patients from three unrelated families, all of whom were of Somali or Pakistani
ethnicity.

Furthermore, ARG1-D is inherited autosomal recessive disease, meaning two copies of an
abnormal gene must be present in order for the disease or trait to develop. Given the nature of
the disease, the birth and population prevalence of the condition is highest in countries with a
high prevalence of consanguineous parents (i.e., parents of the same blood origin). By contrast,
countries with predominantly homogenous white European population and very low




consanguinity have the lowest birth and population prevalence rate of ARG1-D (23).
Consanguinity was observed in two of three families included in the aforementioned study by
Great Ormond Street Hospital (13).

SECTION 4: Further information, glossary and references

4a) Further information

Feedback suggests that patients would appreciate links to other information sources and tools that can help
them easily locate relevant background information and facilitate their effective contribution to the NICE
assessment process. Therefore, please provide links to any relevant online information that would be
useful, for example, published clinical trial data, factual web content, educational materials etc.

Where possible, please provide open access materials or provide copies that patients can access.

Further information on the product characteristics and clinical effectiveness data for
pegzilarginase:

e Summary of Product Characteristics:
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c466
8a9%e5b3dbdal

e Patient Information Leaflet
https://mhraproducts4853.blob.core.windows.net/docs/84fd0a0cd5029bdd3d0b810e60e
836b39731674e

e UK Public Assessment Report:
https://mhraproducts4853.blob.core.windows.net/docs/210d7d61f0fb614aba979d0ael?2
4caa48ffdfed9

e European Medicines Agency:
https://www.ema.europa.eu/en/medicines/human/EPAR/loargys

e Efficacy and safety of pegzilarginase in arginase 1 deficiency (PEACE): a phase 3,
randomized, double-blind, placebo-controlled, multi-centre trial:
https://www.thelancet.com/journals/eclinm/article/P11IS2589-5370(23)00582-5

e Pegzilarginase demonstrates long-term, clinically meaningful improvements in functional
mobility in ARG1-D: patient-level analysis from the Phase 3 PEACE trial:
https://onlinelibrary.wiley.com/doi/10.1002/jimd.12668

e Clinical effect and safety profile of pegzilarginase in patients with arginase 1 deficiency:
https://onlinelibrary.wiley.com/doi/10.1002/jimd.12343

e Long-term efficacy and safety of pegzilarginase for arginase 1 deficiency: 2 years of
experience in the phase 2 extension study:
https://www.sciencedirect.com/science/article/pii/52949774423000092

Further information on NICE and the role of patients:
e Public Involvement at NICE Public involvement | NICE and the public | NICE Communities
About | NICE

e NICE’s guides and templates for patient involvement in HTAs Guides to developing our
guidance | Help us develop guidance | Support for voluntary and community sector (VCS)
organisations | Public involvement | NICE and the public | NICE Communities | About |
NICE

e EUPATI guidance on patient involvement in NICE: https://www.eupati.eu/guidance-
patient-involvement/

e EFPIA —Working together with patient groups:
https://www.efpia.eu/media/288492/working-together-with-patient-groups-
23102017.pdf

e National Health Council Value Initiative. https://nationalhealthcouncil.org/issue/value/



https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b3dbda1
https://mhraproducts4853.blob.core.windows.net/docs/bc42347f14c6799e0e1fbf27c4668a9e5b3dbda1
https://mhraproducts4853.blob.core.windows.net/docs/84fd0a0cd5029bdd3d0b810e60e836b39731674e
https://mhraproducts4853.blob.core.windows.net/docs/84fd0a0cd5029bdd3d0b810e60e836b39731674e
https://mhraproducts4853.blob.core.windows.net/docs/210d7d61f0fb614aba979d0ae124caa48ffdf6d9
https://mhraproducts4853.blob.core.windows.net/docs/210d7d61f0fb614aba979d0ae124caa48ffdf6d9
https://www.ema.europa.eu/en/medicines/human/EPAR/loargys
https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(23)00582-5
https://onlinelibrary.wiley.com/doi/10.1002/jimd.12668
https://onlinelibrary.wiley.com/doi/10.1002/jimd.12343
https://www.sciencedirect.com/science/article/pii/S2949774423000092
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement/support-for-vcs-organisations/help-us-develop-guidance/guides-to-developing-our-guidance
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement/support-for-vcs-organisations/help-us-develop-guidance/guides-to-developing-our-guidance
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https://www.eupati.eu/guidance-patient-involvement/
https://www.eupati.eu/guidance-patient-involvement/
https://www.efpia.eu/media/288492/working-together-with-patient-groups-23102017.pdf
https://www.efpia.eu/media/288492/working-together-with-patient-groups-23102017.pdf

e INAHTA: http://www.inahta.org/

e European Observatory on Health Systems and Policies. Health technology assessment - an
introduction to objectives, role of evidence, and structure in Europe:
http://www.inahta.org/wp-
content/themes/inahta/img/AboutHTA Policy brief on HTA Introduction to Objectives

Role of Evidence Structure in Europe.pdf

4b) Glossary of terms

2-Minute Walk Test (2MWT): Evaluates the distance travelled on a flat surface in two minutes
(with bracing or assistive devices)

Argininase-1: Enzyme that catalyses the conversion of arginine to urea and ornithine in the final
step of the urea cycle

Consanguinity: Kinship with a relative who is descended from a common ancestor

EQ-5D-5L: A survey that asks patients to mark how they are — generic, preference-based measure
of health-related quality of life in 5 dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression.

Gross Motor Function Classification System (GMFCS): Evaluates self-initiated movement with
emphasis on sitting, walking, ascending stairs, and wheeled mobility, and classifies impairment
from Level 1to 5

Gross Motor Function, Part D (GMFM-D): Evaluates the level of unaided mobility with regards to
sitting and standing (possible scores range from 0-39)

Gross Motor Function, Part E (GMFM-E): Evaluates the level of unaided mobility with regards to
walking, running, and jumping (possible scores range from 0-72)

Hyperammonaemia: Ammonia 2100 uM requiring acute care or hospitalisation
Hypersensitivity reaction: An allergic reaction

Paediatric Quality of Life Inventory (PedsQL): Brief measure of health-related quality of life in
children and young people in 4 domains: emotional functioning, physical functioning, school
functioning, and social functioning

Patient-Reported Outcomes Measurement Information System (PROMIS): A set of person-
centred measures that evaluates and monitors physical, mental, and social health in adults and
children living with chronic conditions

Pyrexia: Elevation of an individual’s core temperature above 38C

Zarit Burden Interview Short 12 Items (ZBI-12): Evaluates health-related quality of life after a
period of time of caregiving for patients with chronic disease
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Section A: Clarification on effectiveness data

Statistical questions

A1. Priority: Clarify why all patients are assumed to start with the same GMFM_DE
score (75.9) when it is clear from Figure 26 of the company submission document B
(CS doc B) that there is considerable heterogeneity in the relationship between age
and GMFM DE, with an R?-adjusted of below 0.10. Using the 75.9 value for all

patients results in the predicted distribution at baseline being markedly different from

the other estimates as shown in the plot.

Company response (updated): We had initially considered a simulation of GMFM
DE stratified by starting GMFCS health state, whereby the predicted GMFCS
distribution over time, conditional on starting GMFCS health state, was combined into
a single distribution of GMFCS for the cohort. Given the substantial amounts of
heterogeneity and poor model fit, we would have preferred that patients enter the
model at their observed mean GMFM DE stratified by observed GMFCS category.
However, GMFM DE was not captured in the burden of iliness (Bol) study (1), therefore
it would not be possible to incorporate the data from these patients, which contributed
25% of the base case model cohort.

Start of updated section

In addition to re-running the regressions using a fresh dataset (see Appendix A and
Appendix B to these responses), we have updated the model to generate:

(1) A GMFM DE score over time, stratified by GMFCS.
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The starting GMFM DE score by GMFCS health state was calculated as the mean
GMFM DE score by GMFCS from the pooled PEACE/phase 1/2 baseline data ( |l

I for GMFCS [-IV, respectively)

(2) Transition probabilities by GMFCS at baseline

These are generated by applying the ordered logit model to the stratified GMFM DE
scores. In contrast with the submitted model (where we assumed a coefficient for
GMFCS IV to V for the ordered logit model), we now assume that transition
probabilities for GMFCS |V to V are the same as for lll to IV.

The transition probabilities stratified by GMFCS are then combined based on the
weighted average of GMFCS distribution at baseline (see new sheet in the model

called Progression estimates).

Using this approach results in a higher proportion of patients distributed in the GMFCS
IV and V health states over the lifetime of the model (see Table 1). It also generates
better cost effectiveness estimates (see Table 2), which additionally incorporate the
Hernandez-Alava utility values, a phased HAC treatment effect (see question B18)
and an SMR multiplier of 800 (see question B6), and removal of special schooling (see

question B25).

Table 1: Time in GMFCS health states for IDM arm

‘GMFCSI GMFCSII GMFCSII GMFCSIV GMFCSV
Submitted model

Time in state (years) 1.7 29 0.6 0.6 0.0
SPtraotzortlon of time in 29.0% 49.9% 0.6% 11.0% 0.5%

Updated model

Time in state (years) 0.9 1.7 0.9 0.6 0.1
Sptr;zomon of time in 21.4% 40.0% 22.2% 14.5% 1.9%

Key: GMFCS: Gross Motor Function Classification System.

In response to question A2 below we additionally consider an approach which
circumvents the need for a prediction of GMFCS occupancy using the logistic

regression, which renders use of the predicted mean GMFM DE score redundant.
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Table 2. Updated results using logistic regression of GMFM DE stratified by GMFCS

Incremental Incremental Incremental e QALY Weighted Weighted ICER

Incremental incremental
QALYs (E£/QALY)

incremental
(E/QALY)

Technologies

costs (£) LYG QALYs weight

Submitted base case I 16.440 I £871,279 I I £298,565
Analysis stratified by
GMFCS ] I ] [ I ] [

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using Hernandez-Alava utility values. Includes lower HAC rate in double-blind period as per question B18 and SMR multiplier of 800 as per question B6.

End of updated section
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A2. Priority: The current approach for calculating state occupancy from the ordered
logistic model results in the transition probabilities being dependent on both state
occupancy and the age of the patient. For example, the transition probability of
moving from GMFCS-IIl to GMFCS-IV is essentially JJjjij in the early cycles as no
patients are predicted to start the model in GMFCS-III; as patients age, and more are
estimated to be in GMFCS-III, the transition probabilities increase. Clarify whether
this was the intention, and if so, what clinical support you had for this approach. We
also note that the transition probabilities for exiting GMFCS-IV is identical to leaving
GMFCS-III. Clarify whether there was clinical support for this approach. Commonly,
cohort models without tunnel states (as this model is) would have a fairly constant
transition probability from one health state to another and we anticipate that this is
what the Appraisal Committee would expect to see here having noted the limitations
in the company’s methodology (which are also noted on page 175 of CS doc B).
Clarify why the approach taken in the company’s model is preferred to either of the

following options, which the EAG believes are better:

e Eliciting the average time spent in each health state under current care from
clinical experts and using this within the model to estimate constant transition
probabilities (as happened in NICE HST29)

e Estimating threshold levels of GMFM_DE at which patients move to a different
GMFCS and estimating the time that would be spent in each state assuming a
decrease of 1.44 in GMFM_DE per year (as currently assumed). These times

could be used to estimate constant transition probabilities.

Company response: We have clearly acknowledged the weaknesses of our
approach outlined by the EAG in our submission. As discussed in the submission, a
number of alternative approaches were attempted including using registry data. It was
not possible to assign patients to GMFCS or GMFM DE scores using these data,

therefore we looked to the clinical data itself to predict progression.
Start of updated section

As discussed in question A1, we have updated the analysis to generate transition
probabilities stratified by GMFCS at baseline, which leads to a larger proportion of
transitions to the GMFCS |V and V health states. We disagree with the statement that
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transition probabilities should stay constant over time. Logically, as GMFM DE score
reduces, the probability that the patient will be in a more severe GMFCS health state
increases, though we acknowledge the issues of these time-changing probabilities

once a patient changes GMFCS health state.

End of updated section

We provide responses regarding the two methods proposed by the EAG below:
Clinician elicitation

Immedica took the decision not to conduct a formal clinician elicitation exercise,
considering that with so few patients (compounded by a change in clinician at
adulthood) and large heterogeneity, clinicians would be unlikely to provide much
additional information on natural history beyond that provided by the literature, ARG1-
D registry data, trial and/or Bol study. This was borne out during the conceptual
modelling validation calls, in which clinicians were asked the following questions

regarding progression (2):

e “Is the progression of patients from one GMFCS level to the next constant, or
do patients get ‘stuck’ at a particular level for long periods or even

permanently?”

e “What is the shortest/longest time period for a patient to progress from
GMFCS 1 to GMFCS 57"

The responses in Table 3 indicate wide variability and inconsistency with the observed
data e.g. Clinician 1, who manages adult patents, indicated that the slowest
progression time was 5-6 years despite patients in the pegzilarginase trials and/or Bol
study living into their 30s and even the occasional patient in their late forties. Clinician
2 (paediatric care) was unable to provide a range while clinician 3 provided a large
range between less than a decade up to two to three decades (2). We therefore believe
that, given the ultra-rarity of the condition (a subgroup of an already rare group of urea
cycle disorders), a formal elicitation exercise would not be more informative than the

information provided by UK clinicians.
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Table 3: Summary of clinical responses: Progression time for ARG1-D patients

Clinical
expert

Age group managed
(#patients)

Is the progression of patients from one
GMFCS level to the next constant, or

do patients get ‘stuck’ at a particular
level for long periods or even
permanently?

What is the shortest/longest time for a
patient to progress from GMFCS | to
GMFCS V?

Clinician 1 Adult patients The duration spent in each GMFCS Shortest time for a patient to progress from
health state for ARG1-D is analogous to | GMFCS Il to IV could be 2-3 years. A
Current number of that of MLD. MLD patients spend roughly | speed of 3-4 years between each stage is
ARG1-D patients: 9 the same amount of time in each health possible in GMFCS Il to V.
state until they reach GMFCS-MLD-6, The longest time for a patient to progress
where they become stuck. was 5-6 years
In ARG1-D, patients become stuck in the
GMFCS Level V health state. ARG1-D
patients can progress slowly, but they
can stay in a particular GMFCS health
state for 2-3 years before moving onto
the next GMFCS level.
Clinician 2 Paediatric patients It can be difficult to determine a patients | Shortest time cited as ‘a few years’,
progress through the different GMFCS without quantification. The longest time
Experience: Six patients| levels over time as each patient is referred to was ‘decades. The clinician
have been treated at heterogenous in their symptomology and | mentioned an example of a patient who is
GOSH over the last 25 | clinical management. 17 and is still able to walk without any
years. mobility aids.
Progression can be dependent on
Current number of whether the patient adheres to the diet,
ARG1-D patients: 2 the efficacy of the restricted diet in terms
of managing their symptoms, frequency
of HA crises etc.
Clinician 3 Paediatric patients Patients with ARG1-D tend to spend The shortest time: 6-7 years. The longest
longer in the earlier GMFCS levels time: 20-25 years.
compared to MLD. This can depend on
the severity of the condition.
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Experience: 10-12
patients.

No patients in his
current centre

Key: ARG1-D: arginase 1 deficiency; MLD: Metachromatic leukodystrophy; HA: hyperammonaemia.
Source: Data on File — Clinical Expert Validation (2).
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Prediction of time in state using GMFCS cutoffs

We agree with the EAG that this is a reasonable approach to implement in the model.

We have therefore used the following approach to generate transition probabilities:

1) Specify cut-off values in GMFM DE score that determine when a patient moves from

one GMFCS state to the next most severe state.

Start of updated section

Medians, maximums and minimums of GMFM D and E score by GMFCS are
available from the cerebral palsy (CP) literature (3, 4), but a comparison of
these vs. the mean GMFM D and E scores by GMFCS in the clinical data
showed the mean GMFM DE to be lower in ARG1-D, particularly in GMFCS I.
This is to be expected given the progressive nature of ARG1-D, in which GMFM
DE decreases over time, whereas in CP it will be largely static. GMFM DE cut
offs which determine when a patient moves to the next GMFCS health state
were therefore generated from the observed data (all observations, pooled
PEACE and phase 1/2). We have used the mid-point between the lower
confidence interval (Cl) and upper Cl of the GMFM DE score of adjacent
GMFCS health states as the cut-off (see Table 4).

When the CP literature is used, we use the minimum and maximum values
reported in Table | from Lidbeck et al., 2021 (3), these statistics being the only
estimates reported, with some data manipulations (see footnote to Table 4). We
selected Lidbeck as the literature source as it was the only CP publication we
identified that reports GMFM D and E values for GMFCS |V.

2) Estimate the time required to move from one GMFM DE cut-off value to the next

based on the regression of GMFM DE vs. age (which predicts a reduction in GMFM

DE score per year of age of 1.45 for IDM patients). The time required to move from

one GMFM DE cut-off value to the next determines the mean time in GMFCS state.

For GMFCS |, we assume that the time in state is the time to progress from a GMFM
DE score of 107 (the mean GMFM DE score of patients in GMFCS | in the pooled
PEACE and phase 1/2 data) to the cut off value for GMFCS 1.
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4) Generate constant transition probabilities using the inverse of the mean time in
state, converting from annual to cycle-specific transition probabilities before

implementation in the model.

The values used for this approach are summarised in Table 4. Updated cost
effectiveness results are detailed in Table 5, with all results generated using
Hernandez-Alava utility values, a phased HAC treatment effect and an SMR multiplier
of 800. The progression based on mean time in state is slower than that using the
logistic regression, leading to lower QALY gains from pegzilargiinase. The CP cut offs
lead to better cost effectiveness results than using the ARG1-D data as the cut off for
moving from GMFCS | to Il is higher, leading to a shorter average time in GMFCS |
and a higher transition probability for GMFCS | patients. This has a substantial impact

on the model as | occupies GMFCS | at baseline.

Table 4: Calculation of transition probabilities based on time in state

GMFCS | GMFCS I GMFCS Il GMFCS IV

Lidbeck et al. (2021) cerebral palsy (3)

Min,Max GMFM DE score* 96,103 37,103 18,77 2,22

Lower cut off GMFM DE value for 100

transition to next GMFCS (average of

96 and
103)

57 20
(average of | (average of 2
37and 77) | 18 and 22)

Time from previous cut off to next 5.2 (time
cut-off in years from
GMFCS |
mean 294 254 12.7
GMFM DE
score of
107)

Annual transition probability

. 19.3% 3.4% 3.9% 7.9%
(inverse of row above)

PEACE and phase l/ll all observations

Cl of GMFM DE score I . . .
Lower cut off GMFM DE value for [ | m m
transition to next GMFCS (average of

(average of | (average of [ |

and
-) Hadil) |l adil)
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Time from previous cut off to next | | (time
cut-off in years (inverse of row from
above) GMFCS |
mean ] ] ]
GMFM DE
score of
)
Annual transition probability [ [ [ [

Key: GMFCS: Gross Motor Function Classification System.
Notes: *Scores in Lidbeck Table | are reported as % of maximum score. These were converted to absolute GMFM D and E
scores based on the maximum D and E score of 39 and 72, respectively. Minimum and maximum GMFM DE values from
Lidbeck were calculated as the sum of the minimum and maximum GMFM D and E values, respectively..
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Table 5. Scenario analyses using different methods of prediction of progression

ICER Weighted Weighted ICER
Technologies Incremental Incremental Incremental . QALY

Incremental incremental

costs (£) LYG QALYs QALYs (E/QALY)

(E/QALY) L

Logistic regression of
GMFM DE stratified by
GMFCS (as per question
A1)

Time in state using
ARG1-D GMFM DE cut-
offs derived from the
pooled PEACE and
phase 1/2 data

Time in state using
Lidbeck et al. cerebral
palsy GMFM DE cut-offs
3)

Key: ARG1-D: arginase 1 deficiency; GMFCS: Gross Motor Function Classification System; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using Hernandez-Alava utility values. Includes lower HAC rate in double-blind period as per question B18 and SMR multiplier of 800 as per question B6.

17.479 £839,044 £285,286

17.286 I £884,777 I I £308,375

17.317 . £873,586 I T £302,540

End of updated section
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A3. Clarify whether the GMFM D&E score is simply an addition of the GMFM D and
GMFM E. Clarify whether any analyses were conducted using the GMFM D and E
scores individually when predicting GMFCS.

Company response: The GMFM D&E score (referred to simply as DE in this

response document) is the sum of the two scores.

No attempt was made to conduct regression analyses for the two individual scores, as
the combined measure was considered to be a more comprehensive patient level

measure of patient motor function.
Start of updated section

Furthermore, GMFM D was found to correlate strongly with GMFM E in the trial data
(see Figure 1 and Table 6).

Figure 1: correlation between GMFM D and E score

75-

50-

aGMFM_E
8

0 10 20 30 40
aGMFM_D

Table 6: Regression analysis of GMFM E vs D

Predictors Estimates Cl p
(Intercept) -9.2929 -11.5761 — -7.0098 <0.001
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aGMFM D 2.0283 1.9562 — 2.1005 <0.001

Observations 442
R? / R? adjusted 0.874/0.874

End of updated section

This aligns with the observation that both GMFM D and E correlate strongly with
GMFCS in the analyses undertaken by Oeffinger et al. (2004) in CP (though only

GMFM E score was a significant predictor in their logistic regression) (4).

The only other analysis undertaken was generation of simple summary statistics of
GMFM E by GMFCS to allow comparison of the ARG1-D patient values with the
means and ranges of GMFM E score by GMFCS reported in Oeffinger et al. Table II.
This was conducted to determine whether the relationship between GMFM E score
and GMFCS in CP was generalisable to ARG1-D. The mean GMFM E by GMFCS was
much lower in ARG1-D vs. CP, which is not unexpected given the progressive nature
of the disease, as GMFM score will be moving downwards over time whereas in CP it

will remain largely static.
A4. In CS doc B, page 140 to 141, a linear regression was fitted using baseline data.

1) A linear model assumes that the GMFM D&E score changes at a constant rate

with age. Please justify this assumption.

2) Also, in CS doc B, Figure 26, 42 out of 45 patients are between age 2 and age
15. Please justify why such a relationship can be expected to be the same for

patients over 15 years old.

3) The baseline data include the GMFM D&E scores from 45 different patients at
one time point, without information on how individual score changes over time.
Please justify how such a cross sectional data would be informative on predicting

GMFM D&E scores over time, considering that the R? is low.

Company response:

Start of updated section
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1) A Generalised Linear Model (GLM) regression analysis was also attempted vs. age
with a log link (that is, assuming an exponential rather than linear relationship), but the
differences between the OLS and GLM models was not considered material (R20.112
vs. 0.086 for the OLS and GLM, respectively), and there was little difference in visual
fit (see Figure 2), therefore the linear regression of GMFM DE vs. age was retained

for the model for simplicity.

Figure 2: Comparison of OLS linear and GLM log link model fits (double blind
and phase I/1l)

90 -

Model
— OLS
— GLMlog

30-

Age

Key: OLS, ordinary least squares; GLM, generalised linear model.

End of updated section

2) During the conceptual model development clinicians were asked the following
question: “Are there any subgroups we should consider based on e.g. age at onset,
speed of disease progression, symptomology etc.?” None of the clinicians indicated

that speed of progression might differ according to age.

3) As explained in our submission and in the response to A2, Immedica investigated
other methods, including registry data, to generate progression estimates. The
placebo follow-up time was too short to derive a patient-level change over time. As the
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clinician estimates of speed of progression varied so wildly, there is no way of
validating whether the cross-sectional approach is valid or not. Currently, Immedica

considers it to be the best approach available for modelling,

A5. CS doc B, page 142, states that “an important assumption underpinning ordered
logistic regression is the presence of proportional odds”. Please justify the

appropriateness of this assumption using statistical tests.

Company response:
Start of updated section

A Brant test confirmed that the assumption of proportional odds was not violated (p =
0.783). Note that this test can only be run on the non-random effects version of the
model (which does not account for correlation of observations between the same

patient).
End of updated section

A6. CS doc B, page 141 to page 143, states that “cumulative logistic regression was
carried out using a random effects model for repeated measures, with the continuous
variable GMFM D&E total score as the predictor as shown in Table 28”. Please provide
the equations for this model. Please clarify whether D&E scores at baseline or D&E
scores over time are included as predictors and justify why treatment groups are

excluded as predictors. Please also provide evidence of goodness-of-fit.
Company response:
Start of updated section

GMFM DE scores over time were included as predictors. Treatment arm generated
highly insignificant p values (p>0.8, whether including or excluding phase 1/2 data).
We are not aware of any available goodness of fit test for the xtologit command in
STATA, however, the pseudo-R? value of the non-random effects version of the model

(that is, a version not accounting for repeated measures) was 0.58.
End of updated section

The equation for deriving a probability for the model is summarised below:
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Equation 1:
EXP(Bemrcs x - GMFM DE score*Bemrm)/(1+EXP(Bemrcs x - GMFM DE score*Bemrm)

The linear predictor portion of Equation 1 predicts the log(odds) that a patient falls
within that GMFCS category vs. the preceding categories, with Scurcs « representing
the intercept for each GMFCS category and Bcurv representing the slope, as

follows:
Bemrcs x - GMFM D&E score*Bemrm

The formula EXP(linear predictor)/(1-EXP(linear predictor) transforms the linear

predictor from log(odds) scale to a probability.
Clinical questions

A7. Priority: CS doc B, Figure 28 suggests that there are longitudinal data on both
GMFCS and GMFM_DE for patients receiving pegzilarginase treatment. Tabulate
the transitions between GMFCS for patients on pegzilarginase treatment (with and
without prior placebo treatment) for each 12-week period. Also provide a stacked plot
of GMFCS by time period similar to the plot below (which has used data in the Excel

model taken from patients in PEACE and Phase Il) to show movement in GMFCS

over time.

Company response: Start of updated section
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For transparency we have provided the longitudinal PEACE data in a separate Excel
file entitted GMFCStrans 13.05.24 which includes both GMFCS and GMFM DE
scores. Regarding the request to tabulate 12-week transitions, we do not believe these
transitions to be useful as there are material amounts of missing data at each
observation point, which means that the observations at the beginning and end of each
12-week period do not come from the same patients. When dealing with small sample
sizes such as the PEACE data even small amounts of missing data can lead to highly
skewed transition probabilities. The level of missing data is evident from a plot of the
number of patients in each GMFCS state by period, as shown in Figure 3 below (noting

that this chart assumes that week 24 is baseline for placebo patients).

To deal with the missingness, one approach is to assume the last observation carried
forward (LOCF). However, this approach is also problematic, as temporary changes
in GMFCS (both increases and decreases) were observed for some patients, meaning
that when applying LOCF a temporary change in GMFCS may be converted into a
permanent one. These issues aside, an additional plot based on the last observation
carried forward (LOCF) approach (see Figure 4) shows that patients over time
generally see a steady improvement in their GMFCS score, noting that this chart
assumes that week 24 is baseline for placebo patients. Inspection of the GMFM DE
scores in the patient data also reveals continued improvement past week 96 for a

number of patients, justifying a forward extrapolation of improvement in GMFCS.

Twelve-week transition probabilities (using LOCF and assuming that week 24 is
baseline for placebo patients) can be found in sheet GMFCStrans LOCF w pbo of the

supplied Excel file.
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Figure 3: Patients in each GMFCS state by study period (observed numbers)

Key: GMFCS: Gross Motor Function Classification System.
Note: Study week 24 set as baseline for placebo patients. EOS150 represents either the week 150 visit OR the patient’s last
study visit.

Figure 4: Proportions in each GMFCS state by study period (LOCF)

Key: GMFCS: Gross Motor Function Classification System; LOCF: last observation carried forward.
Note: Study week 24 set as baseline for placebo patients. EOS150 represents either the week 150 visit OR the patient’s last
study visit.
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End of updated section

A8. Priority: Please clarify why patients who switched to pegzilarginase after the
double-blind period do not appear to show the same degree of response to
pegzilarginase over multiple outcomes at week 24 of the LTE as those who were in
the pegzilarginase arm of the trial did over the same period of time on treatment (24
weeks). For example, in CS doc B, Figure 15, those starting on pegzilarginase
treatment there were increases in 2MWT of 12.8 in the first 24 weeks and of 26.3 in
the second 24 weeks (noting that the number of respondents changed over time); for
those starting on placebo the gain after 24 weeks of pegzilarginase treatment was
0.1 (with the caveat as for pegzilarginase arm). For later time points, please clarify
whether the apparent response is due to patients who had poor/no response at

earlier timepoints not being included in the analysis.

Company response: To compare the results of the pegzilarginase/pegzilarginase and
placebo/pegzilarginase treatment groups throughout the double-blind and long- term
extension (LTE) portions of the study, the company has provided side-by-side
comparisons of the mean change from baseline for the 2-Minute Walk Test (2MWT,;
Figure 5), Gross Motor Function Measure, Part E (GMFM-E; Figure 6) and Gross
Motor Function Measure, Part D (GMFM-D; Figure 7) below.
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Figure 5: Change from baseline in distance walked for 2MWT (metres) (PEACE;
FAS)

ey: . 2-Minute Walk Test; : end of study; T Full Analysis Set; :long-term extension; W: week.
Note: For the pegzilarginase, placebo, and pegzilarginase/pegzilarginase groups, baseline was defined as the baseline value
obtained at the screening/baseline period prior to the first dose of blinded study treatment. For the placebo-pegzilarginase group,
baseline was defined as the last value obtained during the double-blind Week 24 timepoint. Change from Baseline is the value
at the timepoint — the baseline value.
Source: Table 21 & Table 39; PEACE CSR (5).

Figure 6: Change from baseline in GMFM-E score (points) (PEACE; FAS)

Key: EOS: end of study; FAS: Full Analysis Set; GMFM-E: Gross Motor Function Measure-88, Part E; LTE: long-term extension;
W: week.
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Note: For the pegzilarginase, placebo, and pegzilarginase/pegzilarginase groups, baseline was defined as the baseline value
obtained at the screening/baseline period prior to the first dose of blinded study treatment. For the placebo-pegzilarginase group,
baseline was defined as the last value obtained during the double-blind Week 24 timepoint. Change from Baseline is the value
at the timepoint — the baseline value.

Source: Table 22 & Table 40; PEACE CSR (5).

Figure 7: Change from baseline in GMFM-D score (points) (PEACE; FAS)

Key: EOS: end of study; FAS: Full Analysis Set; GMFM-D: Gross Motor Function Measure-88, Part D; LTE: long-term extension;
W: week.

Note: For the pegzilarginase, placebo, and pegzilarginase/pegzilarginase groups, baseline was defined as the baseline value
obtained at the screening/baseline period prior to the first dose of blinded study treatment. For the placebo/pegzilarginase group,
baseline was defined as the last value obtained during the double-blind Week 24 timepoint. Change from Baseline is the value
at the timepoint — the baseline value.

Source: Table 35 & Table 41; PEACE CSR (5).
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During the LTE portion of the study, functional mobility outcomes (2MWT, GMFM-E
and GMFM-D) varied for both treatment groups at each of the study timepoints
highlighted in the figures above. The baseline performance of patients across each of
the functional mobility assessments had a large influence on the observed clinical
responses to pegzilarginase treatment; patients with near-normal baseline scores
were unable to meet the thresholds for clinical response because their baseline scores
limited the magnitude of possible effect size. In addition, due to missed assessment
visits as a result of the COVID-19 pandemic, and variable durations of study
participation during the LTE portion of the study as a result of early study completion
(range: [ to @ weeks) (5), the outcomes data at each study timepoint contained a
sample of different patients who had data available. Data wasn’t censored, hence the
sample size at each study timepoint reflects all patients with available data. The
inclusion or exclusion of patients with near-normal baseline scores may therefore have
a profound effect on the observed response to pegzilarginase across each treatment
group. Hence, the results presented in Figure 5, Figure 6 and Figure 7 should be

interpreted with caution.

It should be noted that for the placebo/pegzilarginase group, pegzilarginase treatment
was initiated six months later in these patients, allowing for further deterioration from
baseline during the double-blind period (5). Given the limited sample size in the
placebo/pegzilarginase arm, the observed effect of pegzilarginase at LTE Week 24 is
likely to have been compounded by the exclusion of patients who did not observe a

worsening in functional mobility outcomes from baseline.

Overall, patients in the placebo/pegzilarginase arm demonstrated sustained

improvement in neuromotor function with longer duration of therapy.

A9. Clarify whether the outcomes of the one patient who discontinued pegzilarginase
treatment in PEACE due to ‘personal reasons’ were similar to, or worse than patients
who continued treatment.

Company response: One patient randomised to receive pegzilarginase in the double-
blind period of PEACE (Il ) discontinued treatment at Week 6 due to
personal reasons unrelated to pegzilarginase (5, 6).
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At study baseline, this patient was]] years old, classified as Gross Motor Function
Classification System (GMFCS) Level | and had near-normal GMFM-D and GMFM-E
scores of Jj (maximum score: 39 points) and [Jj (maximum score: 72 points) points,

respectively (5, 7).

Prior to study withdrawal, this patient did not normalise plasma arginine (pArg)
(baseline pArg: | 1M; Week 1 pArg: i 1M, Week 6 pArg: ] ©M) (5, 7). PArg
reduction in this patient during dosing may have been limited by the development of
anti-drug antibodies (ADAs). As highlighted in Table 37, page 133, of the Company
Evidence Submission, 12 of 48 patients (25%) across all the clinical studies of
pegzilarginase developed ADAs against pegylated therapeutic proteins and/or protein
moiety of pegzilarginase, which were typically transient and resolved with continued
treatment (5, 6). Therefore, it is plausible to assume that with continued treatment, the
patient who discontinued at Week 6 could have experienced a clinical meaningful
change and normalised pArg upon completion of the double-blind portion of the study.
At Week 24 of the double-blind period, pArg below the guideline-recommended level
(<200 uM) was achieved by 90.5% (19 of 21 patients) on pegzilarginase, and
normalisation (40-115 uM) by 90.5% (19 of 21 patients) (all p < 0.0001 vs placebo) (5,
6).

In addition, given withdrawal from the study at Week 6, the patient did not have a
neuromotor function and/or neurocognitive assessment across any of the study
timepoints post-baseline. Hence, it is not possible to determine the outcomes of the

patient relative to the remainder of the PEACE trial cohort.

A10. Please clarify how long patients in Study 101A were receiving a dose
equivalent to the licensed dose for, prior to joining Study 102A. Would it be
appropriate to combine the time on treatment in Study 101A with the time on
treatment in Study 102A, to work out the time point of outcomes with respect to the

commencement of treatment?

Company response: As mentioned in the pegzilarginase Summary of Product
Characteristics (SmPC), ‘The recommended initial dose of Loargys is 0.1 mg/kg per
week. This dose may be increased or decreased in 0.056 mg/kg increments to achieve
therapeutic goals’ (8). Given the weight-based dosing of pegzilarginase, it is difficult to

define the licensed dose as this varies between patients. During Part 2 of Study
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101A, Il of patients @ of 14 patients) underwent dose adjustments prior to or at the
time of the last administration to achieve further improvements in pArg control (9).
Therefore, one could assume that at least JJjjij of the cohort were not an optimal
licensed dose during the previous part of the study. For each individual patient at the
start of Study 102A, the dose of pegzilarginase was selected based on the dose and

regimen last received at the end of Study 101A.

All 14 patients who completed Study 101A Part 2 were enrolled and treated in Study
102A. However, the median duration of time between the last dose of pegzilarginase
in Study 101A and the first dose in Study 102A was ] weeks (range: |l weeks)
(Table 7) (10). During this time period, patients were not receiving active treatment
with pegzilarginase, and given the progressive nature of the disease, results of clinical
outcomes may have worsened. Therefore, combining time on treatment in Study 101A
with Study 102A would not provide a true reflection of the efficacy of pegzilarginase

over time for patients with ARG1-D.

Table 7: Duration of time between Study 101A Part 2 and Study 102A (FAS)

Duration (Weeks)
(n=14)

Mean (SD) ]
Median
Min, Max .
Patient

1

2

3

4

5

6

7

8

9

10

11 .

12

13

14

Key: FAS: Full Analysis Set; SD: standard deviation.
Notes: Dosing in Study 102A was to commence approximately 4 weeks (but no sooner than 3 weeks) after the last dose of

pegzilarginase in Study 101A.
Source: Table 9; Study 102A CSR (10).

A11. Please clarify the reason(s) why, given the trial guidelines, 38.1% of patients in

the pegzilarginase group had >15% protein in their diet compared to 18.2% in the
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placebo arm (CS doc B, page 123). Could this difference indicate that blinding may
have been subverted by some patients or clinicians. Please clarify if the 15% change
was permitted during the 24-week randomisation period plus the 8-week blinded LTE
period, or only after this period, or across all periods, and which time point the data
relate to. Clarify whether there are any long-term data on the proportion of patients
that have increased their protein intake whilst on pegzilarginase treatment. Clarify
what these protein improvements mean in terms of food to provide context to the
committee (for example, does the increase allow an additional egg per day or a

handful of nuts).

Company response: The 24-week placebo-controlled, randomised portion of PEACE
was double-blinded. During this time, all site personnel involved with the study,
including patients, families, caregivers, investigators and expert assessors of relevant
endpoints, and all sponsor and contract personnel, were blinded to the patient’s
randomised treatment assignment to minimise potential biases in assessment of

safety and clinical outcomes, as per study protocol (5, 6).

Throughout the entire duration of the blinded-period, which included the 24-week
randomisation period and the first eight weeks of the LTE, sites were instructed to
minimise changes to within 15% of baseline for patient’s dietary protein intake to keep
the diet as stable as possible throughout the study. Despite this, an increase in total
consumed protein >15% from baseline was observed in both treatment groups across
the double-blind period (Table 8) (5). At Week 12, the total consumed protein was
similar across the pegzilarginase and placebo treatment groups (Table 8) (5), hence
there was no difference in the proportion of patients exceeding their total prescribed
protein during the first half of the double-blind period. However, as the EAG have
correctly highlighted (albeit with values referencing total consumed calories as
opposed to total protein consumption), 34.4% of patients (11 of 32 patients) treated
with either pegzilarginase (9 of 21 patients, 42.9%) or placebo (2 of 11 patients, 18.2%)
increased their total protein consumption by >15% at Week 24 of the double-blind

period, despite trial guidelines (5, 6).
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Table 8: Summary of total protein consumption during the double-blind period
(PEACE; FAS)

Total Consumed Pegzilarginase Placebo

Protein/Day (g) (n=21) (n=11)
Week 12

Increase of >15%, n
(%)

Within + 15%, n (%)

Decrease of <15%, n
(%)
Week 24

Increase of >15%, n
(%)

Within + 15%, n (%) ] ] I

Decrease of <15%, n

(%) . | .

Key: FAS: Full Analysis Set; g: grams.
Notes: Percentages are based on the total number of subjects in each respective treatment groups.
Source: Sanchez Russo et al. (2024) (6); Table 32; PEACE CSR (5).

9 (42.9) 2 (18.2) 11 (34.4)

Considering the study protocol, the hypothesis from the EAG that blinding may have
been subverted by some patients or clinicians seems unfeasible. Instead, the company
hypothesises that the reduction in pArg levels and subsequent control of disease as a
result of pegzilarginase treatment may be responsible for the reduction in natural
protein aversion. Like other urea cycle disorders (UCDs) (11, 12), patients with ARG1-

D also experience natural protein aversion (13, 14).

Upon completion of the blinded-period of the study, diet prescription changes were
permitted. According to treatment guidelines, modifications to the prescribed protein
consumption could be adjusted as clinically indicated to maintain pArg within the
normal range (40 - 115 uyM) (5, 15). Data on the proportion of patients that increased
their protein intake in the double-blind period whilst on pegzilarginase treatment is
provided below in Table 9. Overall, fluctuations in the amount of total protein (natural
protein and essential amino acids [EAAs]) were observed amongst patients treated
with pegzilarginase, but a clear indication on liberalisation of diet was seen during the
LTE period, with consumed total protein observed to increase over time (Table 9) (5,
16). Importantly, dietary fluctuations did not impact the ability of patients to maintain

pArg within the normal range.
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Table 9: Summary of total protein prescription and consumption during the
LTE period (PEACE; FAS)

LTEO09

Pegzilarginase/
Pegzilarginase
(n=21)

Prescribed

n (%)

n (%)

Placebo/
Pegzilarginase
(n=11)

n (%)

Consumed Prescribed Consumed

n (%)

Total
(n=32)

n (%)

Prescribed Consumed

n (%)

<-15%

-15% - 0%

0% - 15%

>15%

Not
calculated

LTE21

<-15%

-15% - 0%

0% - 15%

>15%

Not
calculated

LTE45

<-15%

-15% - 0%

0% - 15%

>15%

Not
calculated

LTE93

<-15%

-15% - 0%

0% - 15%

>15%

Not
calculated

EOS/LTE15

<-15%

-15% - 0%
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0%-15% | M | | — HN BN
>15% — B BN BN BN B
Not

I | I | | S | | .

calculated

Key: EOS: end of study; FAS: full analysis set; LTE: long-term extension.
Notes: Percentages are based on the total number of patients in the respective treatment groups.
Source: Table 14.2.16.1; PEACE CSR (5, 16).

At study baseline, patients in the pegzilarginase arm consumed a mean (Sl
(I ) of protein per day (5, 16). When referring to the baseline value in the

pegzilarginase treatment group, a 15% increase from baseline in protein consumption
would represent a mean increase of il which is equivalent to

I |t is acknowledged, however, that a 15% change in protein
consumption would vary per patient in terms of food, as it is ultimately dependent on

the individual patient’s baseline protein consumption. For example, when considering
the range of total consumed protein at baseline in the pegzilarginase group (range: i}

) 2 15% increase from baseline could represent a mean change of [N
I < 'sus I (5. 16).

A12. Please clarify what restricted medications and interventions (e.g. surgery) were

administered in each intervention arm.

Company response: In PEACE, according to the study exclusion criteria, the use of
botulinum toxin to treat spasticity-related complications was prohibited until all patients
had completed the blinded portion of the study (LTEQ9). Despite this, no patients

required treatment with botulinum toxin during the LTE portion of the study (5).

Similarly, surgical procedures (e.g., tendon release surgery) to correct disease-related
abnormalities were not prohibited throughout the study, but the recommendation was
that they were not administered during the double-blind period. Across both the blinded
and LTE portions of the study, no patients in either treatment arm required a surgical

procedure (5).

A13. Please clarify the reasons for the 12 screening failures (CS doc B, Table 10).

Clarify how might this impact the generalisability of the study results.

Company response: Of the 44 ARG1-D patients who consented to participate in
PEACE, 12 (27.3%) were screen failures. As highlighted in the footnotes of Figure 36,

Appendix D.1.2, screen failures failed due to meeting the following exclusion criteria:

Clarification questions Page 29 of 98



hyperammonaemic history (n=1), other medical condition judged by investigator to
interfere with study assessments (n=1); or not meeting the following inclusions criteria:
provision of informed consent (n=4), arginine elevation 2250 uM (n=2), able to
complete the study assessments and had a baseline deficit in at least one component
(n=4) (5, 6).

The 44 ARG1-D patients who consented to participate in PEACE represented ~10%
of all estimated total ARG1-D cases amongst countries with clinical study sites (5, 6,
17). The observed number of patients with a hyperammonaemic history (1 patient,
2.3%) or a medical condition that could interfere with study assessments (1 patient,
2.3%) was low, hence it is anticipated that minimal patients with the aforementioned
clinical characteristics would be observed in clinical practice, given that a large
proportion of the ARG1-D population amongst the countries with clinical study sites

was screened.

For entry into PEACE, the average of all measured values of pArg during the screening
period prior to the randomisation visit was required to be =250 uM (5, 6). Hence,
enrolled patients with a relatively modest level of hyperargininaemia <250 uM (2 of 32
patients, 4.5%) were excluded from the study. As per the SmPC, these patients are

included in the marketing authorisation for pegzilarginase and are eligible for treatment

(8).

In Study 102A, there was no inclusion/exclusion criteria based on pArg level; this was
an open label-extension study for patients who had previously completed participation
in Study 101A, albeit the median time between Study 101A completion and Study
102A initiation was JJjjj weeks (see A10) (10). At Study 102A baseline, I of 14
patients) had a baseline pArg level of <250 uM (range: I vV). All patients
were female and aged between ]l years of age. |l patients were classified as
GMFCS Level |, Il classified as GMFCS Level Il and | c'assified
as GMFCS Level Il (10).

Results from functional mobility assessments over time are presented overleaf in
Table 10. Overall, the functional mobility outcomes for patients with pArg <250 uM

treated with pegzilarginase in Study 102A were consistent with the findings in PEACE.
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Therefore, the exclusion of patients with pArg <250 uM is unlikely to affect the

generalisability of PEACE results.
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Table 10: Individual patient change from baseline in functional mobility assessments (Study 102A; pArg <250 uM)

Change from Study 102A Baseline

Week 96 Week 120 Week 144  Follow-Up

6MWT metres
| — = | |
[ | || | | !
[ | | | | i
i m m u m
[ [ [ [ [
GMFM-D, points

|| |
‘ i
GMFM-E, points

Key:6MWT: 6-Minute Walk Test; BL: baseline; GMFM-D: Gross Motor Function Measure-66, Part D; GMFM-E: Gross Motor Function Measure-66, Part E; pArg: plasma arginine.
Source: Tables 26 — 28; Study 102A CSR (10).
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The requirement for a measurable deficit at baseline in at least one of the functional
mobility assessments (2MWT, GMFM-E and/or GMFM-D) was required in order to
demonstrate clinically relevant treatment effects in PEACE. As highlighted in A8 and
demonstrated in Study 102A, the magnitude of possible effect size is more limited in
patients with functional mobility outcomes close to or at the ceiling of normality, and
hence little improvement in outcomes is observed. Despite this, the maintenance of
normal functional mobility would be viewed as a positive outcome given the
progressive nature of the disease. With current individualised disease management
(IDM) approaches, the patient would otherwise be predicted to experience disease
progression and a decline in functional mobility, based on historical observations (13,
18-20).

Finally, the baseline characteristics of patients who did not received informed consent
to participate in the study are unknown. However, given the small number of patients
(4 patients, 9.1%), it is unlikely that the absence of these patients would affect the

generalisability of the study results.

A14. CS doc B, Table 10 — footnote c states “One patient completed dosing but did
not attend the final follow-up visit and was reported as discontinued (reason: family
bereavement).” Please clarify if this is the same patient who discontinued at 6
weeks, or another patient. If this is another patient, clarify why the total who
completed LTE is 20, not 19, in accordance with footnote ¢ (reported as

discontinued).

Company response: The patient who completed dosing but did not attend the final
follow-up visit (I ) \v2s not the same patient who discontinued the study
at Week 6 due to reasons unrelated to pegzilarginase (I ) 5)

As the EAG correctly highlights, footnote c¢ for Table 11 in the PEACE CSR reports
‘One subject completed dosing but did not attend the final follow-up visit and was
reported as discontinued (reason: family bereavement)’. This patient (| )
received the last dose of study drug at LTE Week 80 (after 104 weeks of
pegzilarginase treatment), with the last study assessment occurring at LTE Week 62.
Despite being reported as discontinued, the patient was still considered to have
completed the LTE period of the study (as highlighted in the footnotes of Figure 2,
PEACE clinical study reports [CSR]), and hence was included as part of the cohort
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who completed the LTE period of PEACE in Table 10, Section B.2.3.1.7 and Figure
36, Appendix D in the Company Evidence Submission (5-7).

A15. Two patients did not continue from 101A to 102A. Please clarify, across all

three trials, how many patients discontinued treatment and the reasons why.

Company response: Across the three clinical studies of pegzilarginase, five patients
(5 of 48 patients, 10.4%) discontinued treatment: two from Study 101A, one from Study
102A, and two from PEACE. Reasons for treatment discontinuation across each study

are listed below:

e Study 101A: Two patients withdrew from the study due to personal reasons.
One patient decided to withdraw to focus on high school, whilst another patient

withdrew due to the sudden unexpected death of a family member (9).

e Study 102A: One patient had withdrawn consent and discontinued at Week 26.
The mother of the patient reported being dissatisfied with the medical care they
were receiving from the hospital and withdrew consent; she did not report being

dissatisfied with the study treatment (10).

e PEACE: One patient in the pegzilarginase group discontinued treatment at
Week 6 of the double-blind period due to personal reasons unrelated to
pegzilarginase. Another patient completed dosing but did not attend the final
follow-up visit due to a family bereavement and was reported as discontinued
(as reported in response to A14, although this patient was reported as
“discontinued”, they completed dosing up to LTE Week 80, with final
assessment on LTE Week 62. They were therefore deemed to have completed

the study despite missing the final visit) (5, 6).

A16. Please clarify why the historical pArg levels reported in Table 15 of the CSR

(N fo" PEACE differ from those
reported in the CS doc B, Table 11 (365.4 (93.7); 471.7 (79.9); 402.0 (101.8) and the

Sanchez Russa 2024 Journal article Table 1. Please clarify which values are correct.
Please also clarify why historical pArg is more relevant than baseline pArg.

Company response: Sanchez Russo et al. (2024) and Table 11, page 56 in the

Company Evidence Submission report baseline pArg values. The company

Clarification questions Page 34 of 98



acknowledges that the latter incorrectly labels the values as historical pArg values,
which is an incorrect reference; the label should instead refer to baseline pArg. The
baseline value for pArg was defined as the mean of all logged values obtained during
the screening/baseline period and prior to the first dose of blinded study treatment (5).
By contrast, Table 15 of the CSR reports historical values of pArg, as available, for the
year previous to study enrolment, rather than baseline pArg values. Overall, the

company believes that baseline pArg is more relevant than historical pArg values.

A17. Please clarify if the baseline data for pArg placebo group should be 471.7
(79.9) as reported in Table 19 of the PEACE CSR, or 464.7 (1.21) as reported in CS
Appendix M, Table 92. Also, the MMRM p-value and WRS p-value (and some of the
outcome data) for GMFM-D differ in Table 95 of the CS Appendix M (0.0208; 0.0939)
compared to the PEACE CSR Table 27 (0.3037; 0.2509).

« Please clarify which data is the most up to date and/or correct

o Since the PEACE CSR has a later data cut than the published paper
(Sanchez Russa 2024), should the PEACE CSR be considered the

most up to date analysis for all outcomes?

e When interpreting the p-values for the GMFM-D, please clarify which
analysis, MMRM or WRS, is more appropriate, and why.

Company response: As correctly highlighted by the EAG, Table 19 of the PEACE
CSR and Table 92 in Appendix M of the Company Evidence Submission provide
different baseline values for pArg in the placebo group . Table 19 of the PEACE CSR
reports on the observed pArg values, which were used to calculate descriptive
statistics (5). By contrast, Appendix M, Table 92, reports on log-transformed values of
pArg, the data of which was used for the primary analysis of the primary endpoint. In
both tables, the baseline value was defined as the arithmetic mean of all pArg values
obtained during the screening period and prior to the first dose of blinded study
treatment. Within the context of the submission, the observed baseline data for pArg
placebo in Table 19 of the CSR (5), which is also reported in Table 11 in the Company
Evidence Submission, is the most appropriate for the interpretation of clinical

effectiveness.
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Furthermore, in the final analysis for the double-blind period, presented in PEACE
CSR Table 27, a data error was noted for one patient. This patient had the largest
change from baseline in the GMFM-D. The patient was not tested at baseline yet had
a score of zero entered, which resulted in incorrect baseline and confounded change
from baseline scores. A corrected analysis, removing this patient, was subsequently
performed, which demonstrated a statistically difference between treatment groups in
favour of pegzilarginase (p=|Jllll ) (5)- Results from the corrected analysis are
presented in Appendix M, Table 95 of the Company Evidence Submission and PEACE
CSR Table 35. The company acknowledges an error in the footnote of Appendix M,
Table 95; the source should reference Table 35 of the PEACE CSR rather than Table
27. The result from the corrected analysis is the most appropriate data for the

interpretation of GMFM-D results from the double-blind portion of the study.

As highlighted in Section B.2.2 of the Company Evidence Submission, Sanchez Russo
et al. (2024) report on final data from the double-blind period and interim data for the
LTE (up to LTE Week 24), with a data cut-off date of March 24t 2022 (6). The PEACE
CSR reports on final data from the double-blind period and final data for the LTE, with
the last patient visit on February 151 2023 (5). The results published in Sanchez Russo
et al. (2024) are presented in the relevant sections of the PEACE CSR. Considering

this, the PEACE CSR be considered the most up to date analysis for all outcomes.

Although the Mixed Model Repeated Measures (MMRM) and Wilcoxon Rank Sum
(WRS) analyses are both appropriate for the interpretation of p-values for GMFM-D,
the MMRM should be considered first, since the WRS is provided as a sensitivity
analysis. The WRS p-value is only considered more appropriate when the MMRM

analysis has not been adjusted for indications of heteroscedasticity.

A18. CS doc B, page 63 states “In Study 102A, 76.9% of patients (10 of 13 patients)
received SC administration by home healthcare (23, 96).” On P64 it states “Patients
received weekly 1V pegzilarginase for the first 24 weeks of Study 102A, with the SC
dosing route investigated as an option post 24-weeks if considered safe by the
investigator (see Figure 13, Section B.2.3.2.2). In total, all eligible patients (13 of 14
patients) opted to have SC pegzilarginase (see Section B.2.10.2) (23, 96)”. On CS
doc B, page 116, it states “All patients transitioning to SC treatment (n=13)...”
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o The first of these statements appears to be at odds with the other two
statements. Please clarify.

o Please clarify what the equivalent number was for the PEACE study.

« Please clarify for both studies why any patients were not treated at
home.

Company response: Patients in Study 102A were required to utilise intravenous (1V)
administration of pegzilarginase for Weeks 1 through 24. The first 12 doses were
administered in the clinical research unit (CRU). After 12 initial IV doses, patients were
dosed outside of the CRU by home health care professionals, if considered safe and
appropriate to do so in the opinion of the investigator. After 24 weeks of IV treatment,
patients had the option of switching to the same dose via SC administration from Week
25 onwards. All patients switched to subcutaneous (SC) administration, except for one
patient, who withdrew consent for personal reasons and discontinued the study after
26 IV doses (13 of 14 patients, 92.6%). For patients who switched to the SC dosing
route, the first four SC doses were provided at the investigational site. Subsequent SC
injections were allowed to be administered outside the investigational site by
appropriately trained home healthcare personnel. In total, 10 of 13 patients (76.9%)
received SC administration by home healthcare (10). The remainder received SC
administration at the hospital; these patients lived within close proximity and chose to
continue receiving pegzilarginase treatment by a healthcare professional in this

setting.

In PEACE, patients had the option to receive pegzilarginase by SC administration after
the first eight weeks of the blinded LTE period. As observed in Study 102A, the first
four SC doses were provided at the investigational site, with subsequent SC doses
administered outside of the investigational site by appropriately trained home
healthcare personnel if considered safe and appropriate in the opinion of the
investigator. All 31 patients who completed the double-blind period switched from IV
to SC administration (5). A similar proportion of patients in PEACE received SC
administration of pegzilarginase by home healthcare ([ of 31 patients, | N )
compared to Study 102A. The remaining ] patients ([l ) received SC
administration at the study site only (5, 7); as highlighted above, these patients lived
within close proximity of the study site and chose to continue receiving pegzilarginase
via SC administration in this setting.
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A19. 2MWT data (CS doc B, page 78) - “changes from baseline exceeded the
minimal clinically important difference (MCID) threshold and demonstrated clinically
meaningful improvement’. Please clarify what the mean change from baseline

between groups was.

Company response: The 2MWT evaluates distance travelled on a flat surface in 2
minutes (with bracing or assistive devices). The clinical important response thresholds
for the 2MWT was defined using criteria established for cerebral palsy. The minimal
clinically important difference (MCID) was based on a 9% change from baseline in
distance travelled for all patients for the 2MWT (21).

At baseline, the mean (SD) distance walked over 2 minutes for patients who received
treatment with pegzilarginase was 109.0 (55.76) metres, compared to 99.9 (49.0)
metres for patients who received placebo. At Week 24, the mean (SD) distance walked
over two minutes in the pegzilarginase group was 115.9 metres (51.81), representing
a 7.3-metre increase (+12.8%) from baseline, compared to the mean distance walked
in the placebo group of 102.3 (51.10) metres, representing a 2.7-metre (+4.1%)
difference from baseline (Figure 8) (5, 6). Although the change from baseline to Week
24 for the LS mean difference in the 2MWT between the pegzilarginase and placebo
groups (5.5 metres) did not meet statistical significance (p=|Jllll). there was
numerical improvement in the pegzilarginase group compared to the placebo group
which was clinically meaningful (5, 6). A summary of 2MWT and change from baseline
at Week 12 and Week 24 during the double-blind period is presented in Appendix M,
Table 93.
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Figure 8: Effect of pegzilarginase on 2MWT at Week 24 (PEACE; FAS) -
Company Evidence Submission, Figure 15
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Key: 2MWT: 2-Minute Walk Test; FAS: Full Analysis Set; LTE: long-term extension; W: week.

Notes: Group sizes reflect all patients with data at each time point; there was no imputation for missing values. LTE data cut-off
date: March 24" 2022.

Source: Figure 4, Sanchez Russo et al. (2024) (6).

A20. CS doc B, Figure 15 — we cannot locate the value 12.8 in Table 93 of the CS
Appendix M, or in Table 21 of the PEACE CSR. Nor can we locate the value 4.1. We
also cannot locate the value 39.1, or 4.2 in Table 97 of the CS Appendix M or Table
39 of the PEACE CSR. However, CS doc B, Figures 16 and 18 contain data
locatable in the CS Appendix M, Tables 94 and 95. Please clarify where the values

in Figure 15 come from and why data for Figures 16 & 18 are as in the CS appendix
M, but are not for Figure 15. If appropriate, please redraw Figure 15 with the correct
values.

Company response: Figure 15 in the Company Evidence Submission (as depicted in
Figure 8 above) is sourced from Figure 4 in the publication of final analyses from the
double-blind period, and interim analysis through LTE Week 24 of the LTE, by
Sanchez Russo et al. (2024) (6). Figure 8 visualises the change from baseline in
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distance travelled for the 2MWT in the pegzilarginase group compared to the placebo
group, and whether the changes from baseline in either treatment group at study

timepoints exceeded the threshold for a clinically important response.

As discussed in A19, the MCID for the 2MWT was defined as a 9% change from
baseline in distance travelled (21). To demonstrate the latter, data on the mean change
from baseline for the pegzilarginase group was required to be converted to a
percentage from an absolute value to assess whether either treatment group had
exceeded the threshold for a clinically meaningful response. This calculation was done
for the purposes of the publication only and was not provided in the PEACE CSR for
the pegzilarginase group. Data on the mean change from baseline (metres) for the
pegzilarginase is provided in the PEACE CSR and is provided in the Company
Evidence Submission in Table 93 Appendix M.

Furthermore, Figures 16 and 18 in the Company Evidence Submission visualise the
mean change from baseline (points) for GMFM-E and GMFM-D, respectively, across
the pegzilarginase and placebo groups. The data provided in these figures is provided
in the PEACE CSR, and is locatable in Appendix M, Tables 94 and 95. No data
processing was required to demonstrate whether either treatment group had exceeded
the threshold for a clinically important response at each timepoint; the MCIDs for
GMFM-D (=2.4 for GMFCS |, 23.3 for GMFCS Il, and 21.5 for GMFCS Ill) and GMFM-
E (24.0 for GMFCS [, 22.8 for GMFCS Il, and 21.8 for GMFCS Ill) use the same units

as the scores collected in each assessment (units: points) (21).

It should also be noted that the mean change from baseline for LTE Week 24
presented in Figures 15, 16 and 18 of the Company Evidence Submission uses an
earlier data cut-off (March 24 2022) than the final CSR (last patient’s last visit:
February 15t 2023) (5, 6). As such, these values are not locatable in the PEACE CSR.

A21. Please clarify why long-term data from PEACE and 102A were not pooled to
provide greater certainty in long term outcomes, and more data upon which to

conduct subgroup analyses.

Company response: As highlighted in Section B3 of the Company Evidence
Submission, pooled clinical data from PEACE and Study 102A were used for the
majority of regression analyses informing the model. However, as noted by the EAG,
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pooled analyses of the clinical outcomes from PEACE and Study 102A were not

presented in Section B2.

The company was requested to explore the possibility of a pooled analysis of the
available studies by the EMA, as part of the D120 clarification call (February 15t 2023),
to provide further insight into the treatment effects of pegzilarginase. The primary
analysis of the pooled data used a MMRM method for the primary efficacy endpoint
(pArg concentration), two key secondary endpoints (2MWT and GMFM-E), and
GMFM-D. No pooled analyses for individual subgroups (age, sex, region, and GMFCS
Level) were undertaken. The MMRM model for each endpoint included baseline
values, treatment group, study (Study 102A and PEACE), visit and interaction between
visit and treatment groups as covariates in the model. The study factor was included
to adjust the study differences between Study 102A and PEACE (22).

The results of the pooled analyses are described below:

e PArg: At baseline, the geometric mean (SD) pArg levels were lower in the
pegzilarginase group (329.2 uM [30% CV]) than in the placebo group (464.7
MM [19% CV]). Similar to PEACE, the analysis with the pooled data showed
treatment with pegzilarginase resulted in significant reductions (p<0.00001) in
pArg compared to placebo starting at Week 6 and were maintained through
Week 24 of treatment. At Week 24, pegzilarginase demonstrated a 77.9%
reduction (versus 76.7% in PEACE) in mean pArg compared to placebo
(p<0.0001) (5, 6, 22).

e Timed Walk Test (TWT): In Study 102A and PEACE, the 6MWT and 2MWT
were assessed, respectively. To analyse the data in the same scale,
percentage of change from baseline was used, instead of the observed walking
distance in metres. At Week 24, the mean (SD) percentages of change from
baseline in TWT were 9.2% (34.6%) and 4.1% (25.7%) for the pegzilarginase
and placebo treatment groups, respectively. The LS mean difference between
the treatment groups was 6.0% (95% ClI: -19.6%, 31.6%; p=0.6409), which was
similar to the result observed in PEACE (p=0.5961) (5, 6, 22).

e GMFM-E: The mean (SD) baseline GMFM-E values for the pooled

pegzilarginase and placebo treatment groups were similar, 47.8 (22.4) and 46.5
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(24.6), respectively. At Week 24: the LS estimates of the mean change from
baseline in GMFM-E for the two treatment groups were 3.5 (95% CI: 1.2, 5.8)
and -1.1 (95% CI: -5.3, 3.2), respectively. The corresponding LS mean
difference was 4.6 with a p-value of 0.0703 (improved compared to PEACE
result [p=0.1077]) (5, 6, 22).

GMFM-D: The mean (SD) baseline GMFM-D values for the pooled
pegzilarginase and placebo treatment groups were similar, 28.0 (10.4) and 26.8
(14.8), respectively. At Week 24: the LS estimates of the mean change from
baseline in GMFM-E for the two treatment groups were 2.2 (95% CI: 1.2, 3.2)
and 0.0 (95% CI. -2.0, 1.9), respectively. The corresponding LS mean
difference was 2.2 with a p-value of 0.0504 (worsened compared to PEACE
result [p=0.0208]) (5, 6, 22).

The forest plot below provides a visual summary of the combined analyses of primary

and selected secondary endpoints for Study 102A and PEACE, and clearly

demonstrates the superiority of pegzilarginase treatment in pArg reduction and

functional mobility outcomes (Figure 9) (22).

Figure 9: Meta-analysis Forest plot (Study 102A & PEACE)

Study Endpaints

GMFIW-D : & |
GMFM-E f . 4 |
Walk Test %Change } > ]
Plasma Arginine f & I
4 . o 1 2

Standardized Difference between Pooled PEG and Placebo and 95% Cl

Key: Cl: confidence interval; GMFM-D: Gross Motor Function Measure, Part D; GMFM-E: Gross Motor Function Measure, Part
E; PEG: pegzilarginase.
Note: All endpoint measurements were converted so that higher values (to the right) represent favouring pegzilarginase.
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Source: Data on File — D120 Pooled Analyses (22).

In conclusion, the pooled data from Study 102A and PEACE demonstrate the
treatment effect of pegzilarginase on clinical outcomes in ARG1-D with improved

statistical measurements.

A22. Considering CS doc B, Figures 19 and 24, patients with GMFCS data IV were
excluded. Please provide the numerical patient level outcome data for these

patients, as given in CS doc B, Figure 24.
Company response: Patients classified as GMFCS IV (5 of 32 patients; 15.6%) were

excluded from the original composite clinical outcomes responder analysis presented
in Section B.2.6.3, page 106 of the Company Evidence Submission as there was no
published MCID for response for the GMFM-D and GMFM-E assessments (5, 6). The
threshold for a clinically important response in the 2MWT, defined as a 9% change
from baseline in distance travelled (21), was however still applicable to this patient
cohort. Numerical patient level outcomes data across the mobility assessments is

provided below in Figure 10.
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Figure 10: Heatmap of responders in PEACE (patients with GMFCS Level IV)

Key: 2MWT: 2-Minute Walk Test; GMFCS: Gross Motor Function Classification System; GMFM-D: Gross Motor Function Measure-88, Part D; GMFM-E: Gross Motor Function Measure-88, Part E;
LTE: long-term extension.

Notes: There are no response thresholds available for GMFCS Level IV for GMFM-D and GMFM-E. Placebo/pegzilarginase group at Week 24 is not on active treatment. One patient (G
) was non-ambulatory at baseline and wheelchair dependence.

* Actual timepoint not at defined timepoint but within specified range.

Source: Listing 16.2.6.1.1, Listing 16.2.6.1.2, Listing 16.2.6.1.3; PEACE CSR (5, 7).
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A23. Please clarify whether interaction tests were performed for the subgroup
analyses, and if so, what the results of these tests were. If they were not performed,

please clarify why.

Company response: Interaction tests were not performed for subgroup analyses
according to the Statistical Analysis Plan. From a statistical perspective, the
populations in the subgroup analyses would be too small (low power) for valid

interaction test analyses to be performed.

A24. Please provide more information about VABS-II, including which domains are

included in the tool.

Company response: The Vinelands Adaptive Behaviour Scale, Second Edition
(VABS-II) is a scale designed to measure adaptive behaviour of individuals from birth
to age 90 years (23). The VABS-II contains 11 general subdomains grouped into four

domains as follows:

1. Communication domain evaluates the receptive, expressive, and written

communication skills of the child

2. Daily living skills domain measures personal behaviour, as well as domestic

and community interaction skills

3. Socialisation domain covers play and leisure time, interpersonal relationships,

and various coping skills
4. Motor skills domain measures both gross motor and fine motor skills.

The 4 domain composite scores then combine to form the adaptive behaviour
composite for those individuals aged birth to 6 years 11 months. Three domain
composite scores (communication, daily living skills, and socialisation) combine to
form the adaptive behaviour composite for those ages 7 through 90 years. The VABS-
Il scoring system describes how adequate adaptive behaviour by subdomain as 13 to

17 and 86 to 114 for the composite score (23).

The Company Evidence Submission reports on the VABS-II adaptive composite
scores across the double-blind period (Section B.2.6.1.1.c.iii, page 84) and LTE
(Section B.2.6.1.2.f, page 92) portions of PEACE, and Study 102A (Section B.2.6.2.8,
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page 103). Results for each of the four individual domains of the VABS-II scale can be
found in the PEACE and Study 102A CSRs (5, 10).

A25. Please clarify why there is no data beyond LTE96 for pArg for the
pegzilarginase-pegzilarginase arm (CS Appendix M, Table 96). Please clarify what
these data were at 120 weeks and 150/End of Study if available, since there are data

for other outcomes at these timepoints.

Company response: As highlighted in Section B.2.6.1.2.a in the Company Evidence
Submission, the number of patients in across the pegzilarginase/pegzilarginase group
receiving treatment beyond LTE Week 96 (<5 at each assessment timepoint) was low,
with data available up to LTE Week 138.

At LTE Week 120, ]l ratients in the pegzilarginase/pegzilarginase group were still
receiving treatment. The mean (SD) change from baseline in pArg for the
pegzilarginase/pegzilarginase group at LTE Week 120 was [l NN M (nJ)
(5, 16). Outcomes data on pArg was not available at LTE Week 150/end of study
(EOS) as no patients in the pegzilarginase/pegzilarginase group were receiving

treatment at this timepoint (5, 16).

The low frequency of patients with data at and beyond LTE Week 96 can be attributed
to the early completion of the study. The LTE portion of the study was planned to be
performed for up to 150 weeks and was completed on February 15t 2023. At this time,
patients who entered the LTE had variable study participation, raging from |l
weeks (5). The proportion of patients across each treatment duration category is

provided below in Table 11.

Table 11: Figure 4: Duration of treatment in the LTE period (PEACE; FAS)

Pegzilarginase/ Placebo/
Treatmer!t duratoion Pegzilarginase Pegzilarginase
categories, n (%) (n=20) (n=11)
224 to <48 Weeks
248 to <72 Weeks -
272 to <96 Weeks e
=96 to <120 Weeks -
2120 to <144 Weeks
2144 to <168 Weeks T
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Key: FAS: Full Analysis Set.
Source: Table 61; PEACE CSR (5).

A26. CS doc B, page 86 — please provide the BSID-IIl data.

Company response: The BSID-lll is a performance-based, clinician-reported
outcome assessment for use in children aged 2-3.5 years. Scales include Cognitive
Language (Receptive Communication and Expressive Communication subscales),
and Motor (Gross and Fine Motor subscales). Each (sub)scale yields a total raw score,

which is then standardised according to the patient’s chronological age (scaled score).

As highlighted in Section B.2.6.1.1.d.ii, page 87 of the company evidence submission,
only one patient completed the Bayley Scales of Infant and Toddler Development,
Third Edition (BSID-III). The results for this patient are presented overleaf in Table 12.
This patient was randomised to pegzilarginase during the double-blind period of the
study, and had measurements recorded at screening visit 3 and Week 24 (completion
of double-blind period). No measurements were recorded in the LTE. Overall, there
was no meaningful observed change in the neurocognition and memory of this patient
at Week 24, aligning with results observed in other assessments measuring
neurocognitive function in the study (Wechsler intelligence batteries; see Section

B.2.6.1.1.d.ii, page 86 of the Company Evidence Submission) (5, 7).
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Table 12: Bayley Scales of Infant and Toddler Development lll (BSID-IIl) score (PEACE; FAS)

Age Equivalent

Visit Domain Subdomains Scaled Composite Years Months DEVES
Cognitive Cognitive
Receptive
Communication
Expressive
Language Communication
Screening Language Sum B - - -
Visit 3 Language
Overall } ) . ) ) )
Fine Motor - - - - - -
Gross Motor - - - - - -
Motor Sum - - - - - -
Motor Overall - - - - - -
Cognitive Cognitive | | N | | |
Receptive
Communication
Expressive
Language Communication o i ) i i i
Language Sum -
Language
Overall
Fine Motor
Gross Motor
Motor Sum
Motor Overall

Motor

Week 24

Motor

Key: NA: not applicable.
Notes: Only one patient was eligible for and completed the BSID-III.
Source: Listing 16.2.6.11; PEACE CSR (5, 7).
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A27. CS doc B, page 93 — ‘Il ratients with data at LTE Week 150 (end of study)
had a mean (SD) change from baseline of |l (84).” — please clarify if these
were pegzilarginase or placebo-pegzilarginase patients, and if there were any other
data for this outcome at this timepoint.

Company response: At LTE Week 150/EQCS, |l patients in the
pegzilarginase/pegzilarginase group had a mean (SD) change from baseline of

B B ith data in the placebo/pegzilarginase group had a stable
score from baseline. No additional data is available for this outcome at this timepoint

(5).

A28. CS doc B, page 75 — “At Week 24, pegzilarginase demonstrated a 76.7%
reduction in mean pArg compared to placebo (95% CI: -67.1%, -83.5%; p<0.0001).”
— please clarify how this number was calculated as we cannot find this in the data
tables provided. Please clarify if this is based on the geometric or the arithmetic

mean change from baseline.

Company response: As highlighted in Sanchez Russo et al. (2024), pegzilarginase
statistically significantly reduced geometric mean (SD) baseline pArg from 354.0 (0.27)
MM to 86.4 (0.50) uM at Week 24 of the double-blind period; a 76.7% reduction
compared to placebo (95% CI: -67.1%, -83.5%; p<0.0001) (5, 6). This reduction of
76.7% was calculated using the geometric mean ratio at Week 24 (il ). which is
provided in Table 20 of the PEACE CSR and Table 92, Appendix M of the Company

Evidence Submission (value rounded to two decimal places; ) (5).

A29. Please clarify how many patients in each arm of PEACE achieved the MCID for

VABS-II and the neurocognitive outcomes at all relevant timepoints.

Company response: A detailed description of the VABS-Il assessment tool is
described in response to A24. In PEACE, a responder was defined as a patient with
>7.5-point improvement in adaptive behaviour composite score (24). At Week 24, the
number of patients who achieved a response was low for both the pegzilarginase and
placebo groups. The proportion of patients who achieved a response from the
pegzilarginase group in VABS-II adaptive behaviour were Il (Jj of 21 patients,
) i the pegzilarginase group and |l (B of 11 patients) in the placebo group.
In the LTE, the proportion of responders for VABS-II remained stable through LTE
Week 150/EOS across both treatment groups (5, 16).
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Table 13: Proportion of responders for VABS-Il during double-blind and LTE
periods (PEACE; FAS)

Pegzilarginase/ Placebo/
Pegzilarginase Pegzilarginase
(Week24
n 21 11
Responders, n (%) ] I
LTE Week 24
n 20 11
Responders, n (%) ] ]
LTE Week 48
n 20 11
Responders, n (%) [ I
LTE Week 72
n 20 11
Responders, n (%) ] ]
LTE Week 96
n 20 11
Responders, n (%) ] ]
LTE Week 150/EOS
n 20 11
Responders, n (%) I ]

Key: EOS: end of study; FAS: Full Analysis Set; LTE: long-term extension; VABS-II: Vinelands Adaptive Behaviour Scales,
Second Edition.

Notes: Response for VABS-II adaptive behaviour score defined as an improvement by >7.5 points from baseline. Otherwise,
including if the change was missing, the patient was classified as a non-responder.

Source: Table 14.2.6.4.1; PEACE CSR (5, 16).

With regards to neurocognitive outcomes, a change of 27.5 points in full-scale 1Q
(FS1Q) score from baseline is considered to be clinically significant (24). By applying
this threshold to patients with assessable FSIQ data, |l of patients N
patients [pegzilarginase/pegzilarginase: | patients; placebo/pegzilarginase: 2
patients]) at the last assessment visit were assessed as improved (i.e., exceeded the
27.5-point change from baseline). A further |l of patients Jj of |l patients
[pegzilarginase/pegzilarginase: djtients; placebo/pegzilarginase: patientf]) improved
FSIQ score but not to the level of clinical significance, or improved to clinical
significance but did not maintain this change at the final assessment and were stable
overall. i of i ratients (Jll [regzilarginase/pegzilarginase: | patients;
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placebo/pegzilarginase: JJ patients]) had scores that were stable over the duration of

the study period, whie [l patents (@ H W patients, N
[pegzilarginase/pegzilarginase: | patients; placebo/pegzilarginase: I

experienced a decline from baseline in FSIQ over the duration of the study (5).

A30. Table 3 of the CS doc B — there are asterisks (* and **) in the table that are not

defined. Please clarify what they mean.

Company response: The asterisks have been included in the table in error. An

update to Table 3 of the Company Evidence Submission is provided below (Table 14).

Table 14: Disease and symptoms reported in the European Bol study (Table 3 -
Company Evidence Submission)

Variable Proportion (%) of n

patients if not
other stated

Mobility and cognitive ability

Limited mobility only 10 2
Cognitive deficiency only 10 2
Both 52 11
None 24 5
Do not know 5 1

Mean (SD) age at first sign of limited mobility 9.2 (12.6) 13
Mean (SD) age at first sign of cognitive deficiency 5.0 (3.5) 13
Spasticity

Lower limbs 57 12
Upper limbs 0 0
Both lower and upper limbs 5 1

No 38 8
Experienced seizures

Yes 29 6
No 62 13
Do not know 10 2
Taking anti-epileptic medication to control seizures (n=20)

Yes 20 4
No 75 15
Do not know 5 1

Missing -- 1

Other symptoms?

Yes 33 7
No 62 13
Do not know 5 1

Other long-term iliness or disability®

Yes 19 4
No 81 17

Key: Bol: burden of iliness; SD: standard deviation.

Notes: Number of patients = 21.

2For example, vomiting, confusion, and dizziness.

bFor example, hypertension, type 2 diabetes, low body weight/eating disorder.
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Source: Table 4, A European Survey of Resource Use and Health-Related Quality of Life in Patients with Arginase 1 Deficiency
and their Caregivers (46).

A31. The PRISMA flow diagram in Appendix D states that 171 articles were selected
for the review, but the review does not list all 171 articles, nor are 171 likely to be of

prime importance to the appraisal. Please clarify why 171 are included, but not listed.

Company response: As described in Appendix D, two published systematic literature
reviews (SLRs) were used as the foundation to build from for the SLR update (25, 26).

These SLRs were conducted by the originator company and are listed below:

e Bin Sawad A, Jackimiec J, Bechter M, Trucillo A, Lindsley K, Bhagat A, Uyei J,
Diaz GA. Epidemiology, methods of diagnosis, and clinical management of
patients with arginase 1 deficiency (ARG1-D): A systematic review. Mol Genet
Metab. 2022 Sep-Oct;137(1-2):153-163. doi: 10.1016/j.ymgme.2022.08.005.
Epub 2022 Aug 25. PMID: 36049366.

e Bin Sawad A, Pothukuchy A, Badeaux M, Hodson V, Bubb G, Lindsley K, Uyei
J, Diaz GA. Natural history of arginase 1 deficiency and the unmet needs of
patients: A systematic review of case reports. JIMD Rep. 2022 Mar
25;63(4):330-340. doi: 10.1002/jmd2.12283. PMID: 35822089; PMCID:
PMC9259395.

The PRISMA flow diagram in Appendix D presents the flow of literature for the SLR
update only. The SLR update identified 16 eligible articles identified through the
database search, and a further 5 records identified from the Bin Sawad et al. (2022)
epidemiology SLR through citation chasing. The list of 21 included studies is provided
in Table 68, Appendix D of the Company Evidence Submission.

The additional 150 articles identified through citation chasing represents all of the
additional studies that were included in the two Bin Sawad SLRs. These were reported
under the citation chasing header because it was unclear according to the PRISMAs
which studies from the SLRs aligned with the SLR inclusion/exclusion criteria. For the
sake of brevity, these studies were not included in the list of included studies identified
in the SLR update, as their results were summarised in the Bin Sawad publications.

A32. CS doc B, page 43 states that Study 101A was on safety, pharmacokinetics,

and pharmacodynamics of IV pegzilarginase, and text on CS doc B, page 45 states
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“was not designed to measure the efficacy of pegzilarginase,” but then in CS doc B,
Table 12 it states Study 101A is “An open-label, multicentre study to evaluate the
long-term safety, tolerability, and efficacy of pegzilarginase in patients with ARG1-D”.

Please clarify which statement is correct.

Company response: Study 101A is a Phase 1/2 open-label study in patients with
ARG1-D to investigate the safety, pharmacokinetics, and pharmacodynamics of IV
pegzilarginase. The study was designed to evaluate the safety and tolerability of IV
administration of pegzilarginase in patients with ARG1-D (9, 27). As highlighted on
page 45 of the Company Evidence Submission, the study was not designed to
measure the efficacy of pegzilarginase; the evaluation of efficacy was an exploratory

objective of the study.

Section B: Clarification on cost-effectiveness data

Modelling questions

B1. Priority: Please provide revised base case analyses and sensitivity analyses

should the economic model be revised based on the clarification process.

Company response: Start of updated section

Immedica has revised the base case as follows:

Incorporation of new regressions from our updated patient dataset (ordered

logit, GMFM DE vs age, pegzilarginase dose by trial period)

e Method of predicting progression for IDM based on time in state, using cut
offs for each GMFCS from the trial data (as per question A2)

e SMR multiplier manually changed to 800 (question B6)
e Utility values using Hernandez-Alava (question B17)

e HAC rate on pegzilarginase stratified by first 6 months vs post-6 months
(question B18)

e Special schooling removed from NHS costs and incorporated into societal
(question B26)
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Changes that do not affect the base case include:

Implementation of progression estimates from the ordered logit model based
on GMFM DE stratified by GMFCS (see question A1).

e Correction of the error in B11

e Reallocation of MLD health state costs to ARG1-D health states aligned with
clinician feedback

e Optional continuity correction for baseline distribution (excluding GMFCS V)

e Dirichlet added for baseline GMFCS distribution (note that this leads to a
materially higher PSA ICER)

e Pooled Bol carer disutility values for GMFCS IV & V

CEAC code changed to incorporate optional QALY weight

A list of changes made in the model can be found in the Change log sheet of the

updated model (just before the References tab).

Updated base case and scenario analysis results are presented in Table 15, Table 16
and Table 17, with sensitivity analysis results presented in Table 43, Table 44, Figure

11 and Figure 12 in the Appendices accompanying this document.

Clarification questions Page 54 of 98



Table 15: Updated base-case results

Total LYG Total QALYs Incremental Incremental LYG Incremental ICER
costs (£) QALYs incremental

(E/QALY)

Technologies

Total costs (£)

Pegzilarginase + IDM 21.405

IDM _ 4.119 -

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

£10,726,318 17.286 12.123 £884,777

Table 16: Updated base-case results with QALY modifier applied

Undiscounted
incremental

Incremental Incremental LYG Incremental
costs (£) QALYs

Technologies

QALY weight Weighted Weighted ICER
Incremental incremental

QALYs (£/QALY)

Pegzilarginase + IDM

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years

Table 17: Updated Net Health benefit

Technologies Total costs (E) Total QALYs Incremental Incremental Weighted NHB at £100,000 NHB at £100,000

incremental

Pegzilarginase + IDM

costs (£) QALYs

QALYs

(with QALY
weighting)

IDM

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; NHB, net health benefit

End of updated section
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B2. Priority: Clarify whether any analyses using continuity corrections were
performed to alleviate the possibility that the probability of some plausible events
would be zero. Instances where using continuity corrections may be beneficial
include the distribution of ammonia levels in patients having HACs whilst on

pegzilarginase treatment where a distribution has been defined based on events.

Company response: A sensitivity analysis using continuity corrections by adding 0.5
to the number of patients at each ammonia level is presented in Table 18. These
corrections led to a marginally higher ICER (£873,681 vs £871,279 for base case),
and impacted the weighted ICER by only 3.91%, increasing the ICER from £298,565
(base case) to £310,251.

However, while this approach is appropriate for large sample sizes, we do not believe
this to be appropriate when dealing with a sample of jevents (5). For example, adding
0.5 to all categories for the pegzilarginase arm increases the proportion of events in
the two upper ammonia categories from 0% to 8% (16% combined). This is a higher
proportion in the upper categories than observed in the placebo group, which is not
realistic. We also believe it to be plausible for patients on pegzilarginase to not have
hyperammonaemia events that reach these levels, given the correlation between pArg
and ammonia levels already described in the dossier. Therefore, we reiterate that we

do not believe this scenario to be reasonable.

Continuity corrections could have been applied to the patient transitions, but we
believe the approach taken, using the average transition probability of two adjacent

health states, to be more clinically plausible.

B3. Priority: Provide results from a scenario analysis where the SMR has been
calculated based on the company’s base case population as defined by cells
H33:H40 in the ‘Settings’ sheet but maintaining the assumption that all patients

would be dead by 35 years in the IDM arm

Company response: The exploratory analysis where the SMR was calculated based
on the company’s base case population (GMFCS distribution and age) while keeping
the age of death assumption decreased the ICER by 1.30% and increased the
weighted ICER by 2.25%. The change was caused by a reduction in the QALYs
captured for IDM arm that caused higher incremental QALYs compared with the base

case. Further details are presented in Table 19.
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Table 18. Submitted base-case results vs sensitivity analysis (Continuity corrections - distribution of ammonia levels

Incremental Incremental Incremental - QALY Weighted 'Welghted ICER
Incremental incremental

incremental )
costs (£) LYG (E/QALY) weight (E/QALY)

Technologies

Submitted base case I 16.440 I £871,279 | I £298,565
Continuity corrections —

distribution of ammonia

levels in patients having I 15.993 L £873,681 L L £310,251
HACs

Key: HACs: Hyperammonaemia crises; ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using van Hout utility values.

Table 19. Submitted base-case results vs sensitivity analysis (SMR calculations considering base case population)

Incremental Incremental Incremental ICER QALY Weighted Weighted ICER

Incremental incremental
QALYs (£/QALY)

incremental
(E/QALY)

Technologies

costs (£) LYG QALYs weight

Submitted base case

I 16.440 I £871,279 £298,565
SMR without changing
baseline characteristics I 16.961 I £859,938 £292,483

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using van Hout utility values.

Clarification questions Page 57 of 98



B4. Priority: Provide more explanation on why the caregiver disutility from the
Burden of lliness study is assumed to lack face validity (CS doc B, Section 3.4.3.3.
As a bespoke study has been performed to collect these data, they should be more
appropriate than using values from a different disease. Comment on whether the
carer disutilities for MLD may be underestimated instead, as, for example it seems
unlikely that there would be minimal impact on a carer with a child in GMFCS-I.
Provide caregiver disutilities from other relevant diseases to allow the Appraisal
Committee to see all relevant evidence. Additionally, comment on the likelihood that
other data from the Burden of lliness study may also be incorrect if the caregiver

utility data is to be discarded.

Company response: As we now have access to the individual patient data, we have
been able to generate individual carer disutilities by subtracting the UK population
norm (calculated using the Ara and Brazier algorithm (28)) from the carer’s utility value
(mapped using Hernandez-Alava (29), as per question B17). These disutilities align
more closely in magnitude to the MLD carer utilities than those reported in the
submission. However, likely due to small sample size, they do not follow the expected

trend of worsening with more severe mobility or cognitive health states (see Table 20

and Table 21). Further issues |G
I

-
I (1) As they now have face validity in terms of their general magnitude but not

in terms of their ordinal value, we believe that the MLD values remain the most

appropriate to be used in the model.

Table 20: Carer disutility values derived from Bol study patient-level data
(including one double-counted carer)

GMFCSI GMFCSII GMFCS IV GMFCS V
(n=8) (n=5) (n=2) (n=1)
GMFCS Mean -0.019 -0.149 -0.133 0.098
No/mild cognitive
impairment (n) -0.028 (7) -0.034 (1) -0.161 (1)
Moderate/severe
cognitive impairment (n) | 0.050 (1) -0.177 (4) -0.105 (1) 0.098 (1)

Key: Bol: burden of iliness; Gross Motor Function Measure Classification System.
Note: No iatients in GiFCs 11

. Utilities derived using Hernandez-Alava algorithm.
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Table 21: Carer disutility values derived from Bol study patient-level data
(excluding one double-counted carer)

GMFCSI| GMFCSII GMFCS IV GMFCS V
(N=7) (N=5) (N=1) (N=1)
GMFCS Mean 0.002 -0.149 -0.105 0.098
No/mild cognitive
impairment (n) -0.006 (6) -0.034 (1)
Moderate/severe
cognitive impairment (n) | 0.050 (1) -0.177 (4) -0.105 (1) 0.098 (1)

Key: Bol: burden of iliness; Gross Motor Function Measure Classification System.
Note: No patients in GMFCS IlI. Utilities derived using Hernandez-Alava algorithm.

Carer disutilities for MLD were obtained from Pang et al. (2020). This study assessed
the burden of MLD based on a survey of 21 caregivers across different domains such
as personal and family relationships, personal time, daily activities, physical and
mental health, social life, leisure activities, work productivity and finances. Interviews
of caregivers from Germany (n=7), the United States (n=8) and the UK (n=6) were

performed as a semi-structured telephone interview (30).

Caregiver disutilities from other relevant diseases are presented in Table 22 to allow
the Appraisal Committee to see all relevant evidence. HST2, HST3, HST12, HST15
and HST18, for Mucopolysaccharidosis type IVa, Duchenne muscular dystrophy,
Neuronal Ceroid Lipofuscinosis — type Il, Spinal Muscular Atrophy and Metachromatic
Leukodystrophy, respectively are reported in this table. The size of carer HRQoL effect
reported in those technology appraisals ranged from 0 to 0.189, and carer disutilities

were generally modelled by patients’ severity of the disease.

We believe that the Bol study patient utility values are relevant for the model, while
acknowledging the issues relating to double-counting cognitive disutility discussed in
BS5.
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Table 22. Carer health related QoL in NICE technology appraisals

TA | Indication population = Method for  Size of carer Carer details
including HRQoL effect
carer HRQoL
HST2 | Mucopolysaccharidosis| Carer disutility| Disutility 1 carer
(31) type IVa (MPS IVa) modelled by | ranged from
patient’s 0.00t0 0.14
disease
severity
HST3 | Duchenne muscular Carer disutility | Disutility of Company original
(32) Dystrophy (DMD) modelled by | 0.11 submission: 1 carer.
patient’s Company revised model:
ambulatory 3 carers.
status ERG analysis: 2 carers
HST12 | Neuronal Ceroid Carer disutility | Disutility 1 carer
(33) Lipofuscinosis — assumed to ranged from
type 1l (CLN2) increase as 0.02t0 0.189
disease’s
severity does
HST15 | Spinal Muscular Carer disutility | Disutility 1 carer
(34) Atrophy (SMA) varies by the | ranged from
health state of | 0.03 to 0.08
the patient
HST18 | Metachromatic Disutility Company original
(35) Leukodystrophy (MLD) ranged from | submission:
0.00t0 0.189 | GMFCS 0-4: 0
GMFCS 5-6: 1
Company scenario:
GMFCS 0-1: 0; GMFCS
2-3: 0.5; GMFCS 4-6: 2
ERG analysis:
GMFCS 0: 0; GMFCS 1:
0.5; GMFCS 2-3: 1;
GMFCS 4-6: 2

Key: GMFCS: Gross Motor Function Classification System; HRQoL: health-related quality of life.

B5. Priority: The company’s statement that if there were no further decrements

associated with cognitive deficit then the model could not distinguish between people

in the same GMFCS with mild and severe impairment is valid. However, as some

patients will have had impairment a more appropriate method would be to estimate

the utility in each GMFCS for people with no or mild impairment and then apply

disutilities for more severe impairments. Attempt to perform these analyses.

Company response: We have further stratified the utility values from the Bol study
according to whether patents had no/mild cognitive impairment vs. moderate/severe
cognitive impairment. As described in the dossier section B.3.3.2, no cut offs were

defined for total cognitive score (only subdomain scores) for mild, moderate or severe
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cognitive impairment in the Bol study. However, there were 13 questions in total, in
which “no/some problems” scored <2, “moderate” scored 2 and “severe/cannot do at
all” scored =23. We have assumed that a total score of 0-20 denotes normal/mild

impairment and 21-52 moderate-severe impairment.

Whether using the van Hout or Hernandez-Alava algorithm (see Table 23) (29, 36),
these stratified values lack face validity, doubtless due to small sample size. For
example, the utility of GMFCS |l patients with no or mild impairment is higher than that
of GMFCS | patients with no or mild impairment. Similarly, the utility of GMFCS I
patients with moderate to severe impairment is higher than that of GMFCS | patients
with moderate to severe impairment. The pooled values for GMFCS V-V are more
realistic, with negative utility values for no or mild cognitive impairment patients and
highly negative utility for moderate to severe cognitive impairment. But these again

come from very small patient samples.

Although the overall health state values lack face validity, the disutility values
calculated from them may be realistic. That is, the disutility of cognitive impairment
may be less impactful in patients with more severe motor impairment (as was
considered in MLD). We therefore conduct a scenario analysis whereby the separate
moderate and severe cognitive disutilities from MLD are replaced by the pooled
moderate to severe disutilities calculated in Table 23. For GMFCS lll, we take the
average of GMFCS Il and the pooled GMFCS IV-V value from Table 23. This scenario
analysis has been conducted using the Hernandez-Alava GMFCS health state utilities
reported in B17.

Table 23. Utility values stratified by level of cognitive impairment (Hernandez-
Alava algorithm)

GMFCSI| GMFCSII GMFCS GMFCS IV-V
(average or (n=3)
GMFCS |l

and GMFCS

Cognitive

impairment (n=8) (n=5)

IV-V)
0-20=no to mild 0.835 0.925 0.414 -0.098
cognitive SD=0.176 SD=NA SD=NA
impairment* Min=0.516 (n=1) (n=1)
Max=0.987
(n=7)
21-52=moderate to | 0.231 0.523 0.234 -0.091
severe/extreme SD=NA SD=0.215 SD=0.049
(n=1) Min=0.236 Min=-0.126
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cognitive Max=0.728 Max=-0.056
impairment (n=4) (n=2)
Disutility of -0.605 -0.401 -0.234 -0.006
moderate to severe

cognitive

impairment

Key: GMFCS: Gross Motor Function Classification System; NA: not applicable; n: number of patients; SD: standard deviation.
Notes: Three patients reported no cognitive impairment (all in GMFCS Level |). There were no patients in GMFCS IlI.

Replacing the MLD moderate and severe cognitive disutilities lead to a slightly
decreased ICER (-1.52%): £884,488 vs £871,279 reported for base case scenario
(updated base case scenario with Hernandez-Alava utilities: ICER=£887,643), and a
3.63% increment in the weighted ICER that changed from £298,565 to £309,398. The
change was mainly explained by the decrease in the QALYs of IDM, which
experienced a reduction in 11.11% compared to the pegzilarginase + IDM impact

observed (-2.90%). Results are reported below in

ICER
incremental
(E/QALY)

QALY
weight

Incremental
QALYs

Incremental Incremental
costs (£) LYG

Technologies

Submitted base case
Submitted base case
using Hernandez-Alava
algorithm

MLD disutilities replaced
by the combined

moderate/severe
disutilities

£871,279

£887,643

16.440

£884,488
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Table 24. Submitted base-case results vs sensitivity analysis (MLD replaced by the combined moderate/severe
disutilities).

Incremental Incremental | Incremental CER QALY Weighted Weighted ICER
costs (£) incremental Incremental incremental

(E/QALY) T (E/QALY)

£871,279

Technologies

Submitted base case

Submitted base case
using Hernandez-Alava
algorithm

MLD disutilities replaced
by the combined
moderate/severe
disutilities

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using van Hout algorithm.

£298,565

£310,647

16.440 £887,643

16.440 . £884,488 - £309,398
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B6. Priority. Economic Model: Clarify whether the calibration to obtain the SMR
Weight is working as intended in the OS_calibration macro. It is believed that the
goal for ‘output_dead’ is ‘ARG1D _input_dead’ although this does not appear to be in
the model, (‘input_dead’ is however) with ‘ARG1D-SMR-weight’ being changed to
achieve the goal. Goal Seek arrives at a value of 554.94, with a difference between
the value and the goal of 0.08% (shown by putting a break point in the macro when
the overrides are set to their original values). Manually changing ‘ARG1D-SMR-
weight’ to a higher value, for example 800, before the overrides a reset would result

in the target being met more closely.

Company response: This does indeed appear to be the case. The ‘goal seek’ method
was implemented for efficiency when carrying out scenario analyses of different ages
at death. However, we note that there is a <£10k difference in the ICER when applying
the 554.94 vs. 800 (£298,565 vs £289,036, respectively) We agree that goal seek
should be used to obtain an initial estimate and the final weight should be implemented

manually for accuracy.

B7. Priority Explore the impact on the ICER of changing the age at which all people
would be expected to die under IDM to 50 years rather than 35 years. Conduct this for
both the company’s base case and the requested analysis where the SMR has been

estimated using the company’s baseline characteristics.

Company response: Two scenario analyses were performed in this section; both
considered a change in the ARG1-D patients age of death which was set to 50 years
instead of the 35 years reported in the submitted base case. The first one uses the
original SMR approach, which modifies the model baseline characteristics prior to
calibration, while the second one explored the SMR estimation using the company’s

baseline characteristics.

The two scenarios presented in Table 11 resulted in higher ICERs as patient survival
age was prolonged and more QALYs and costs were accumulated over time. The
more significant increases in total costs were observed for the IDM (£342,692 and
£332,484 respectively vs £184,702 reported for base case), compared to the effect
those observed changes had for Pegzilarginase + IDM model patients (£10,874,508
and £10,873,048 vs £10,854,418 presented for base case).
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The exploratory analyses increased the ICER by 10.01% and 9.42%, respectively.
Those increments were caused by the magnitude of the impact in costs that were not
compensated by the QALY's gained in those additional 15 years added to the age dead
umbral. The two scenarios increased the weighted ICER by 16.88 and 15.82%,
respectively changing from £298,565 (base case) to £348,976 in SMR original
approach and £345,798 using the SMR requested approach.
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Table 25. Submitted base-case results vs sensitivity analysis (ARG1-D age of dead: 50 years).

. Incremental Incremental Incremental !CER QALY Weighted Weighted ICER
Technologies incremental

Incremental incremental

costs (£) LYG QALYs QALYs (E/QALY)

(E/QALY) I

Submitted base case
ARG1-D age of dead
equal to 50 years
ARG1-D age of dead
equal to 50 years and
SMR estimated using the

company’s baseline
characteristics.

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; SMR: Standardised mortality ratios.
Notes: Results using submitted van Hout utility values.

£871,279 £298,565
£958,513 £348,976

12.318

12.576 . £953,337 - £345,798
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B8. Economic model: Clarify whether using a variable name for starting age
(‘n_age_bl’) in calculating the time horizon (‘Settings’ sheet cell D22) but not in row
35 of settings could cause errors when performing sensitivity analyses where age is

changed.

Company response: We do not believe that this would result in an error, as ‘n_age_bl’
is the ‘live’ value from the Parameters sheet (after any varying in sensitivity analysis)
whereas the lifetime time horizon is always 100 minus the live age, unless replaced
by an alternative time horizon, in which case the time horizon is fixed at the user’s

specified value.

B9. Economic model: Clarify whether there is a conflict on the formulas for
calculating cumulative logit by GMFCS between the CS doc B (page 144) and the
Excel model (sheet ‘Transitions’, columns AG:AK). Clarify the formulas for
cumulative logit by GMFCS.

Page 144 in the CS Excel model

e—17.2355—0.1951*GMFM D&E score e—17.2355—(—0.1951)*GMFM D&E score

1 + e—17.2355-0.1951«GMFM D&E score | 1 4 —17.2355—(—0.1951)*GMFM D&E score

Company response: We can confirm that the CS is incorrect whereas the Excel

model is correct.

B10. Economic model: In the Excel model (sheet ‘Transitions’, columns AG:AK), the
log-odds of GMFCS-IIl and lower (-2.7166) is assumed to be the same as GMFCS-
IV and lower (-2.7166); thus, the cumulative probability for GMFCS 4 and lower is

the same as GMFCS 3 and lower, resulting in zero probability of being in GMFCS 4.

Please clarify the justification for this assumption.

Company response:
Start of updated section

As discussed in question A1, we have updated the logistic regression model as well
as how it is applied, now stratifying GMFM DE by GMFCS health state at baseline

Clarification questions Page 67 of 98



before combining as a weighted average probability. In this updated approach, the
probability of transitioning from GMFCS IV to GMFCS V is now assumed to be the
same as that of transitioning from GMFCS Ill to GMFCS |V, thus removing the need
to make an assumption regarding the ordered logit model coefficient. We have
received no feedback from clinicians to suggest that speed of progression from either

health state is likely to differ.
End of updated section

B11. Economic model: Clarify whether cells BU10:BU109 in the sheet ‘Life Table

HRQoL Weight’ should be changed so that these contain formulae as in cell BU9.

Company response: The EAG is correct, we have corrected this in the updated

model.

B12. Economic model: Clarify that all cells that are confidential in a revised model

are marked as such.

Company response: This will be provided with the updated model.

B13. When mapping the GMFC-MLD states to GMFCS clarify why MLD3 is not
merged with another state to inform the mapping. We would anticipate that this
would be combined with MLD2 or MLD4 to use all data as similar approaches have

been undertaken elsewhere in the model.

Company response: The specific rules that have been used throughout the model
regarding combining health states were based on responses from clinicians who were
asked which MLD health states should be collapsed into GMFCS health states (see
Table 26). Only one clinician provided a response to this question and their suggestion
was to combine states GMFC-MLD-0 and 1 to align with GMFCS 1, while GMFC-MLD-
5 and 6 were merged into GMFCS 5. We therefore followed this rule when collapsing
states in the model.

Table 26: Summary of clinical responses: MLD health states and applications
for ARG1-D

Patient experience
population
Clinician 1 Adult patients “GMFC-MLD 5 and 6 could be
combined into GMFCS 5 while

Clinical expert

Individual response
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GMFC-MLD-0 and GMFC-MLD-1
could be combined to align with
GMFCS 17

Clinician 2 Paediatric patients “The two scales are not directly
comparable and integrating health
states would be challenging”
Clinician 3 Paediatric patients CP was cited as a better proxy for

utilities compared to MLD
Key: ARG1-D: arginase 1 deficiency; CP: cerebral palsy; MLD: metachromatic leukodystrophy.

Table 27. Allocation of GMFC-MLD states to GMFCS: Utilities.

MLD Health State | ARG1-D Health State | Notes
GMFC-0 GMECS-| GMFQ-MLD-O .and 1 were
GMFC-1 combined to align with GMFCS 1
GMFC-2 GMFCS-II Aligned with GMFCS-2
GMFC-3 GMFCS-IlI Aligned with GMFCS-3
GMFC-4 GMFCS-IV Aligned with GMFCS-4
GMFC-5 GMFC-MLD 5 and 6 were
GMFC-6 GMFCS-V combined into GMFCS 5

Key: GMFCS: Gross Motor Function Classification System; GMFC-MLD: Gross Motor Function Classification in MLD; MLD:
metachromatic leukodystrophy.

With respect to the mortality values, Increased MLD-related mortality in GMFC-MLD
1-5 was considered based on NICE ERG report on CLN2 (HST12). In that case, the
following rule applied for the Selected SMRs after reassignment to GMFCS 1-V (see
Table 28).

Table 28. Allocation of GMFC-MLD states to GMFCS: Mortality.
MLD Health State ~ ARG1-D Health State | Notes

GMFC-0 GMECS-| GMFC-MLD-0 and 1 were
GMFC-1 combined to align with GMFCS 1
GMFC-2 GMFCS-II Aligned with GMFCS-2

GMFC-3 GMFCS-IlI Aligned with GMFCS-3

GMFC-4 GMFCS-IV Aligned with GMFCS-4

GMFC-5 GMFCS-V Aligned with GMFCS 5

GMFC-6 Not used

Key: GMFCS: Gross Motor Function Classification System; GMFC-MLD: Gross Motor Function Classification in MLD; MLD:
metachromatic leukodystrophy.

Regarding health state costs in the updated model to be submitted at clarification,
Immedica will change the approach used in the previous version of the model to be
consistent with the clinical responses presented in Table 29, noting that MLD was only
implemented as a scenario analysis. We acknowledge that there is an inconsistency
with respect to allocation of utility and mortality, which we will correct in the updated
model. However, we would like to point out that the model is currently using the ARG1-
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D Bol study as a cost and HRU source for the base case, and that the model has not

shown evidence of being sensitive to health state costs.

Table 29. Allocation of GMFC-MLD states to GMFCS: health state costs

MLD Health State = ARG1-D Health State | Notes
GMFC-0 GMFCS-I
GMFC-1 was not used in the
GMFC-1 i allocation to ARG1-D
GMEC-2 GMFCS-II GMF(_?-MLD—2 .and 3 were
GMFCS-IlI combined to align with GMFCS 2
GMFC-3 GMFCS-IlI Aligned with GMFCS-3
GMFC-4 GMFCS-IV Aligned with GMFCS-4
GMFC-5 GMFCS-V GMFC-MLD 5 and 6 were
GMFC-6 combined into GMFCS 5

Key: GMFCS: Gross Motor Function Classification System; GMFC-MLD: Gross Motor Function Classification in MLD; HRU:
healthcare resource use; MLD: metachromatic leukodystrophy.

B14. Clarify why the utility of GMFC-MLD 0 was not assumed to be applicable to
GMFCS-I despite assuming that other GMFC-MLD states were generalisable to
GMFCS. Provide analyses using GMFC-MLD 0. Provide exploratory analyses where
the cognitive distribution per GMFCS is independent of treatment so the Appraisal

Committee can gauge the impacts of the assumptions made in CS doc B, Table 38.

Company response: The company considered that gross motor function abilities
associated with the MLD GMFCS scale were not applicable to GMFCS | since GMFC-
MLD O considers patients that are able to walk without support with quality of
performance normal for age. This situation was not assumed to be applicable to
GMFCS | as in this health state patients have already shown problems in balance,
coordination, or speed and the inclusion criteria for in the PEACE study required that
patients have at least one motor deficit at baseline (see Table 17 of the protocol). The
presence of the GMFC-MLD 0 state in the Libmeldy® appraisal may reflect differences
between the indications and/or trials for Libmeldy® (a gene therapy) vs.
pegzilarginase: children who have the late infantile or early juvenile types of MLD must
have no clinical signs or symptoms of disease to be eligible for Libmeldy®, thus the

model had to be able to capture patients with no mobility issues.

The PEACE trial, conversely, required that patients have at least one motor deficit to
be recruited. However, a number of patients were rejected at screening due to not
having motor deficit (see A13) and there were patients in the Bol study in GMFCS |

without motor deficit. Furthermore, there were patients without motor symptoms in the
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Bol study who were coded as GMFCS I. This ‘normal’ health state can therefore be
considered as an omission from the model, not only because some patients without
symptoms may be eligible for pegzilarginase but also because patients with mild motor
deficit treated with pegzilarginase might revert to normal mobility levels, which the
model is not currently able to capture. Without a formal GMFCS 0 state, it is important
that the utility and survival of the GMFCS | health state reflects the fact that a

proportion of patients have normal mobility.

The two requested scenario analyses are presented in Table 30 and described

below:

1. The scenario in which the GMFCS-I utility is equal to GMFC-MLD 0 utility
generates higher QALYs for both pegzilarginase + IDM and IDM, reflected as
a lower ICER (£810,212 vs £871,279 reported for base case). This scenario
decreased the weighted ICER by 9.54%, changing from £298,565 (base case)
to £270,071.

2. The exploratory analysis where the cognitive disutilities are the same in each
arm (both as per IDM) increased the ICER and the weighted ICER by 4.57%
and 9.02%, respectively. The increment was caused by the reduction in the

QALYs generated for pegzilarginase + IDM and IDM, compared to base case.
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Table 30. Submitted base-case results vs sensitivity analysis (GMFCS-I utility is equal to GMFC-MLD 0 utility).

Incremental Incremental Incremental [9Ax QALY Weighted _Welghted ICER
Incremental incremental

incremental )
costs (£) 2£,QA|_Y) weight (E/QALY)

Technologies

Submitted base case I 16.440 £871,279 I £298,565
GMFCS-I utility equal to

GMFC-MLD 0 utility [ 16.440 £810,212 [ £270,071
Cognitive distribution per

GMFCS is independent | I 16.440 £911,053 [ £325,492

of treatment

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using van Hout utility values.
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B15. Clarify that according to the model, in the company’s base case a price
reduction of approximately [Jjij of the list price is required to produce a weighted
ICER of £100,000/QALY gained.

Company response: The EAG’s interpretation is correct.

B16. Clarify why it was deemed appropriate to use the hourly costs of a nurse to
provide IV treatment (CS doc B, Table 56) rather than NHS Reference Costs such as
SB13Z, SB14Z and SB15Z.

Company response: The company considered that IV administration in hospital could
be better represented by 1 hour of a band 5-6 nurse’s time as 30-minute infusion are
generally required for the administration of pegzilarginase, then adding extra time for

preparation and observation.

In contrast, NHS Reference costs such as SB13Z, SB14Z and SB15Z refer to the more
complex administration of chemotherapy treatments (which often require pre-
medication and/or more careful handling due to their toxic nature, requiring more
resource use), such as Complex Parenteral Chemotherapy, Complex Parenteral
Chemotherapy including Prolonged Infusion Treatment, and Subsequent Elements of

a Chemotherapy Cycle, respectively.

B17. Clarify the problem in updating the results to use the Hernandez Alava method
for mapping to the EQ5D-3L from the EQ5D-5L rather than the Van Hout approach.
Assuming that it is possible, provide results using the Hernandez Alava method of
mapping to EQ5D-3L.

Company response: We have now generated utility values using the Hernandez-
Alava algorithm (see Table 31 and Table 32). We report results here replacing the van
Hout values with the Hernandez-Alava values (using the average of GMFCS Il and IV
for GMFCS lll, and assuming that the utility of GMFCS | is equal to the average of the
general population utility and the Bol GMFCS | value, as per our submitted model).

Replacing the GMFCS health state utilities with the Hernandez-Alava algorithm
reduced the QALYs in each group: 2.48% and 6.42% for pegzilarginase + IDM and
IDM, respectively.
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The change in the utilities translated into a reduction of 1.84% for incremental QALYSs.
Therefore, an ICER increase of 1.88% was observed (£887,643 vs £871,279 reported
for base case), while the weighted ICER increased by 4.05%, changing from £298,565
(base case) to £310,647. Results are presented in Table 33.

Table 31: Patient utility weights by GMFCS level, by mapping

GMFCS 1l

(average

algorithm

GMFCSI GMFCSII GMFCSIV GMFCSV

Mapping algorithm

Van Hout algorithm,

(n=8)

0.783

(n=5) of Il and (n=2)

0.598

V)

0.09

(n=1)

0.028

mean (SD) (0228) | (0.276) 0.344 (0.086) (NA)
Hernandez-Alava 0.759 0.604 0263 -0.077 -0.126
algorithm mean (SD) (0.269) (0.258) : (0.029) (NA)

Key: GMFCS: Gross Motor Function Classification System; NA; not applicable; n: number of patients; SD: standard deviation,

Table 32: Careg

Mapping algorithm

iver utility wei

GMFCSI|

(n=8)

GMFCS I
(n=5)

IV)

hts by GMFCS level, by mapping
GMFCS 1l

(average
of Il and

GMFCS IV
(n=2)

algorithm

GMFCS V
(n=1)

Van Hout algorithm, 0.821 0.732 0.749 0.765 1.000*
mean (SD) (0.162) (0.218) : (0.04) (NA)
Hernandez-Alava 0.864 0.733 0.735 0.737 0.985
algorithm mean (SD) (0.122) (0.225) ' (0.001) (NA)

Key: GMFCS: Gross Motor Function Classification System; NA; not applicable; n: number of patients; SD: standard deviation.

*Note: |

Clarification questions

Page 74 of 98




Table 33. Submitted base-case results vs sensitivity analysis (Hernandez-Alava method)

ICER
Technologies Incremental Incremental Incremental QALY

incremental )
costs (£) LYG QALYs (E/QALY) weight

Weighted
Incremental
QALYs

Weighted ICER
incremental
(E£/QALY)

Submitted base case.
(using Hernandez-Alava
method for mapping
utilities)

16.440 . £871,279

£298,565

Hernandez-Alava method

I
for mapping to the EQ5D- | I 16.440 [ ] £887,643
3L from the EQ5D-5L

£310,647

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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B18. It is noted that the rate ratio of HACs for pegzilarginase is derived using only
data from the long-term extension phase as it takes time for the full treatment effect
of pegzilarginase to be obtained. Clarify why the model does not apply a higher rate
of HACs in the pegzilarginase arm for the first 6 months when the full treatment
effect has not been reached and provide a sensitivity analysis using an appropriately

increased rate ratio in the first two cycles.

Company response:
Start of updated section

The treatment effect on HAC rate in the updated base case is now stratified between
the first 6 months and follow-on months in the model, based on the results of a Poisson
regression model (see Table 34). As expected, this change has had little impact on
the results; applying the HAC rate from the LTE period to the first 6 months decreases
the QALY-weighted ICER in the updated base case from £308,375 to £307,112.

Table 34: Poisson model for HAC rate ratio

Predictors Incidence Rate Cl p
Ratios
(Intercept) 0.0021 0.0006 — 0.0048 <0.001
Peg DB period 0.3977 0.0783 — 1.8043 0.227
Peg LTE period 0.0764 0.0106 — 0.3912 0.003
Observations 51
R? Nagelkerke 0.321

Key: Peg: pegzilarginase; DB: double blind period; LTE: long-term extension period.

End of updated section

B19. Please redraw the model structure in CS doc B, Figure 25 to clearly indicate
which health states and conditions are considered in the model. For example,

seizures and nausea should be removed from the diagram.

Company response: Figure 25 was updated and is now available below:
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Figure 25: Model structure diagram

Death due to
causes unrelated to
progression

Chronic Events

Normal/mild cognitive Moderate cognitive Severe cognitive
Impairment Impairment Impairment ‘

H \' ’

Note: transitions to death can

Hyperammonaermia occur from any health state

Acute Events

Cognitive and acute morbidities may be modelled independently to GMFCS
health states.

Key: GMFCS: Gross Motor Function Classification System.

B20. Clarify why cognitive limitations would not have an impact on any of the five

EQ-5D domains particularly self-care, usual activities, and anxiety / depression.

Company response: This statement more accurately relates to patients completing
the EQ-5D themselves (2 of 16 patients in this analysis) as patients with more severe
cognitive deficits become less capable to self-report and tend to report higher HRQoL
values than proxy completers (37). However, a concern regarding proxy values is that
factors such as the relationship of the proxy, and specific characteristics of the proxy
themselves can impact proxy assessments of HRQoL, as well as more pragmatic
aspects such as the perspective the proxy is told to adopt when completing the
measure and mode of administration (i.e., telephone, postal or interview) (37). This

issue will clearly be more impactful with smaller sample sizes.

B21. Please provide a table summarising the utilities of all combinations of GMFCS,

cognitive impairment, and treatment used in the company’s base case.

Company response: Table 35 summarises these values. The net value comprises
the sum of the health state, cognitive disutility and utility gain from diet, where relevant.

Note that the utility values are restricted to a minimum value of -2.5.
Start of updated section (table updated with Hernandez-Alava utility values)

Table 35: Summary of all utility values applied in the model

‘ GMFCS|I GMFCSII GMFCSIlIT GMFCSIV GMFCSV

Health state L L L . .
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Moderate cognitive
impairment

Severe cognitive
impairment

Gain from diet

Net utility (mild/no
cognitive impairment)

Net utility (moderate
cognitive impairment)

Net utility (severe
cognitive impairment)

Pegzilarginase + IDM

Health state

Moderate cognitive
impairment

Severe cognitive
impairment

Gain from diet

Net utility (mild/no
cognitive impairment)

Net utility (moderate
cognitive impairment)

Net utility (severe
cognitive impairment)

Key: GMFCS: Gross Motor Function Classification System; IDM: individualised disease management.

End of updated section

B22. Re CS doc B, Table 49: Provide results using a pooled GMFCS IV and V group
which would not discard a data point rather than setting the GMFCS V value to that
of GMFCS IV. This would also have a knock-on effect for the GMFCS Il group if this
was calculated based on the GMFCS-IV value.

Company response: We provide a pooled analysis of the Hernandez-Alava values

presented in Table 36 below.

Table 36: Caregiver utility weights by GMFCS level, by mapping algorithm,
pooled GMFCS IV-V

GMFCS il

Mapping algorithm GMFCS | GMFCS I Average of GMFCS IV-V
(n=8) (n=5) GMFCS Il and (n=3)
pooled IV/IV
Van Hout algorithm, mean 0.821 0.732 0788 0.843
(SD) (0.162) (0.218) ) (0.211)
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Van Hout carer disutility (vs

general population value of -0.061 -0.15 -0.094 -0.039
0.882)

Hernandez-Alava algorithm 0.864 0.733 0776 0.820
mean (SD) (0.122) (0.225) ' (0.143)
Hernandez-Alava carer

disutility (vs general -0.018 -0.149 -0.106 -0.062
population value of 0.882)

Key: GMFCS: Gross Motor Function Classification System; NA; not applicable; n: number of patients; SD: standard deviation,

Immedica has performed a sensitivity analysis using a pooled GMFCS IV and V
group to avoid discarding a data point rather than setting the GMFCS V value to that
of GMFCS IV. The results are presented in Table 37 using the Hernandez-Alava
algorithm for all utility values. As the Bol carer utilities were not used in the original

base case, to permit comparison, we present:

e The base case using MLD carer utility values (as per the updated results in
B17).

e The scenario aligned with our original scenario analysis (whereby the GMFCS
V perfect health value was discarded and GMFCS V was assumed to equal
GMFCS V). That is, the values presented in Table 38 (but exchanging the

van Hout values for Hernandez-Alava).

e The scenario whereby the GMFCS V value is not discarded and the pooled
GMFCS IV to V value is used.

The results demonstrate an increase in the ICER and weighted ICER caused by the
reduction in the QALYs gained by each group over time. The change in the caregiver
disutilities using the Bol source led to an increase in the ICER equal to 3.31% and
3.06% for the GMFCS = GMFCS |V and the pooled GMFCS IV-V scenarios,
respectively. Therefore, the weighted ICER increased by 7.96% and 7.16%,
respectively (£335,368 and £332,899 vs £310,647 reported for the updated base
case). Results are presented in Table 37.
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Table 37. Base-case results vs sensitivity analysis (Pooled value for GMFCS 4-5 group).

Incremental Incremental Incremental ADSE QALY LR B T AR

Technologies costs (£) LYG QALYs incremental weight Incremental incremental
(E/QALY) QALYs (E/QALY)

Submitted base case

(MLD carer utility) [ 16.440 £887,643 [ £310,647

Scenario using Bol carer

utility (GMFCS V= [ 16.440 £917,022 [ £335,368

GMFCS V)

Scenario using Bol carer

utility (pooled GMFCS V- | 1IN 16.440 £914,823 [ ] [ £332,899

V)

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years. Bol, burden of illness.
Note: Using the Hernendez-Alava algorithm for all utility values.
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B23. Clarify whether the Population norm value in CS doc B, Table 49 is incorrect or
whether the estimated disutilities are incorrect. Currently the addition of utility and (-)
disutility provides a value for GMFCS-| to GMFCS - |V that does not equal 0.882.

Company response: This was a transcription error, Table 38 below presents the
actual values from the model.

Table 38: ARG1-D caregiver disutility values from the Bol study

Health State \ Utility Disutility Source

Difference between population norm and
GMFCS-I 0.821 -0.06 carer utility. (1)

Difference between population norm and
GMFCS-II 0.732 -0.15 carer utility. (1)
GMECS-III 0,599 028 ;(?e average of GMFCS Il and GMFCS

Difference between population norm and
GMFCS-IV 0.465 -0.42 carer utility. (1)
GMFCS-V 1.000 -0.42 Disutility assumed equal to GMFCS IV
Population 0.882 Ara and Brazier, aged 44, 66% female

norm ' (27)

Key: ARG1-D: arginase 1 deficiency; Bol: burden of illness; GMFCS: Gross Motor Function Measure Classification System.

B24. Clarify why the utility in GMFCS-I estimated from the burden of iliness study

B s assumed to be an underestimate when

..
|
-

Company response: The methodology of the two CP studies differs substantially from
that in the Bol (see Table 39). The Ryan et al. (2020) study used the EQ-5D-Y
instrument and patients completed the instrument themselves (with some assistance
from the researcher where required) (38). As discussed in B20, proxy completers tend
to report worse EQ-5D scores than patients themselves where there is more severe
cognitive impairment, thus a lower mean score in the Bol study reflects the proxy
completer’s perspective of the impact of cognitive impairment in GMFCS | patients (5
of 8 having mild-severe impairment). The mean EQ-5D (Hernandez-Alava) utility for
those in GMFCS | with no cognitive impairment in the Bol study (n=3) was 0.83, which

is only slightly lower than the value used for GMFCS | without cognitive impairment in

the economic model.
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In the Jarl et al. (2019) study the EQ-5D3L instrument was completed, but this study
enrolled adults aged 18-73, thus the mean utility value also reflects the disutility

associated with an older population (39).

Referring back to question B17, without a formal GMFCS 0 state, it is important that
the utility of the GMFCS | health state reflects the fact that a proportion of patients
have normal mobility, either because they have been treated before the appearance

of symptoms, or because they revert to normal mobility.

Table 39. Characteristics of responders from the cerebral palsy studies.

Cerebral palsy QoL study Person completing QoL measure

Paediatric and adolescent
Ryan et al. (2020) patients (aged 10-19) EQ-5D-Y

Jarl et al. (2019) Adult patients (aged 18-73) EQ-5D-3L
Key: EQ-5D-3L: EuroQol-5 Dimensions-3 Levels; EQ-5D-Y: EuroQol-5 Dimensions-Youth; QoL: quality of life.

B25. Clarify whether it is plausible that the costs of professional caregiving costs (CS

doc B, Table 57) are jjfor GMFCS-V given that | NG
I

Company response: Both the professional caregiving and health care costs from the
Bol for GMFCS V were zero (though note that the |
I ). therefore we looked to MLD to populate these. The closest category
to ‘professional caregiving’ costs we could identify in the MLD HRU was ‘respite care’,
but this was also zero in MLD GMFC states 5 and 6. We therefore assumed that
professional caregiving costs were probably included within the MLD ‘hospitalisation’
category. Furthermore, the three cost categories taken from MLD (medical tests,
hospitalisation and medical visits and procedures) sum to a total of £71,456 per year
(vs. £13,657 in GMFCS IV from the Bol), thus we believe that this would adequately

capture any costs relating to the respite care category.

B26. Section 4.2.10 of the NICE manual states that technologies which may have
substantial benefits to other government bodies should be identified during the
scoping stage. If these are agreed with the Department of Health and Social Care
and other relevant government bodies these would be included in the final scope. As
the costs of special schooling are not in the final scope, clarify why these are
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included in the company’s base case (CS doc B, Table 57). Provide analyses with

costs of special schooling excluded.

Company response: We had thought that special schooling costs were covered by
personal social services, hence their inclusion. However, the model is insensitive to
these costs. Reducing the costs by excluding special schooling had a more significant
impact for IDM than for pegzilarginase + IDM, as it decreased the total costs for the
IDM by 15.15%, compared to the 0.25% reduction for pegzilarginase + IDM costs.
Thus, special schooling costs exclusion leads to a slightly increased ICER (£871,342
vs £871,279 reported for base case) and a weighted ICER increased by 0.007%,
changing from £298,565 (base case) to £298,587.

The results of the scenario analysis are presented in Table 40.
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Table 40. Submitted base-case results vs sensitivity analysis (special schooling costs excluded).

Incremental Incremental Incremental — QALY Weighted Weighted ICER

Incremental incremental
(£/QALY)

incremental
(E/QALY)

W
Costs of special
schooling excluded I 16.440 . £871,342 |

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years. Results using van Hout utility values.

Technologies

costs (£) LYG QALYs weight

Submitted base case

£298,565
£298,587
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B27. Clarify whether the marginal cost of delivering pegzilarginase as part of
homecare delivery is assumed to be zero as the company has agreed to pay this

cost. If not, estimate the costs of home care delivery and include in the model.

Company response: Immedica will cover the marginal costs of homecare delivery.

B28. Clarify whether the 23-item PedsQL can be mapped onto the EQ-5D-3L. If it

can be done, perform sensitivity analyses using these values conditional on GMFCS.

Company response: This was discussed in section B.3.4.2 of our submission,

which we restate below:

The only algorithm we were able to identify which maps the PedsQL onto the EQ-5D
was one by Khan et al. (2014) (40). This algorithm had poor predictive ability for poorer
health states (utility <0.6) and was stated to be robust for populations comparable to
that used to generate the algorithm; that is, children aged 11-15 years in attendance
at secondary school. Given the substantial difference between the Khan population
and ARG1-D patients, both in terms of age but also morbidity, no attempts were made

to map using this algorithm.

An attempt was made to map the baseline PedsQL onto the CHU9D and stratify by
GMFCS, as reported in section B.3.4.2 of our submission, but no relationship between
HRQoL and GMFCS was observed.

B29. Given that the magnitude of the benefit of cognitive improvement was a point of
debate in HST18, perform a sensitivity analysis where the disutilities associated with
cognitive impairment presented in CS doc B, Table 48 are halved.

Company response: The requested sensitivity analysis has shown that once the
disutilities associated with cognitive impairment were halved (as presented in Table
41), QALYs obtained by each group become higher, improving the incremental QALY's
results. Therefore, an ICER reduction of 0.71% was observed (£871,279 vs £871,279
reported for base case), while the weighted ICER decreased by 2.04%, changing from
£298,565 (base case) to £292,488.

Results for scenario requested in B29 are presented in Table 42.
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Table 41. Cognitive substate disutilities for sensitivity analysis - B29.

Health State Moderate Impairment Severe Impairment
GMFCS-| -0.12 -0.27
GMFCS-II -0.14 -0.29
GMFCS-lII -0.14 -0.25
GMFCS-IV -0.08 -0.17
GMFCS-V -0.08 -0.14

Key: GMFCS: Gross Motor Function Classification System.

Start of updated section

We have not provided responses to the additional three clarification questions sent
to us later. Health state costs do not appear at all in the tornado diagram, with the
impact of individual cost components in GMFCS |V and V on the ICER being <£100.

However, we can confirm that MLD costs were not inflated.

End of updated section
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Table 42. Submitted base-case results vs sensitivity analysis (disutilities associated with cognitive impairment).

ICER QALY Weighted Weighted ICER

Technologies incremental : Incremental incremental
costs (£) LYG (E/QALY) weight (£/QALY)

Incremental Incremental Incremental

Submitted base case I 16.440 I £871,279 £298,565
Disutilities associated
with cognitive impairment — 16.440 — £865,104 £292,488

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
Notes: Results using van Hout utility values
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Section C: Textual clarification and additional points

Literature review searches

C1. In CS appendix D, Section 1.1 Identification and selection of relevant studies,
figure 35: the PRISMA flow of literature (page 7) shows that 155 out of the 171
records were identified and included in the review through citation chasing compared
to 16 from the database searches. Clarify the reason(s) for the database searches
not retrieving the 155 records. Please provide the list of 16 studies included from the

database search that were used in the citation chasing.

Company response: As described in response to A31, the Bin Sawad SLRs were
used as the foundation for the SLR update (25, 26). As it was unclear according to the
PRISMAs in the publication which identified studies were aligned with the SLR
inclusion/exclusion criteria, all citations from these two studies were identified via
citation chasing and incorporated into the PRISMA for the SLR update. The Bin Sawad
SLRs were then updated by running the original search strategy again to find more

recent publications since they ran the original searches.

The update search began at the beginning of the year in which the Bin Sawad
searches were run (January 2020) but did not go further back because it was assumed
that the search strategy for the Bin Sawad SLRs had identified all relevant older
publications. This explains why the updated database searches did not identify the
155 records identified in the Bin Sawad SLRs.

As highlighted above, the two Bin Sawad SLRs were utilised for citation chasing. No

additional articles were used in the citation chasing.

Potential typographical errors

C2. Confirm whether the data seen by the EMA was up to week 120 (CS doc B,
page 44) or week 190 (CS doc B, page 45).

Company response: As highlighted in Section B.2.2 of the Company Evidence
Submission, the most-recent patient-level analyses of pegzilarginase effect on pArg
and clinical response in the LTE of PEACE, and Study 102A, was recently shared with
the EMA as part of mandatory post-authorisation measures for the marketing
authorisation under exceptional circumstances. The heatmap was developed on
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March 18" 2024 (41), and utilises the final data analysis of the double-blind and LTE
periods from the PEACE CSR (final data cut-off date: February 15t 2023) and Study
102A CSR (final data cut-off date: December 15" 2022) (5, 10). This analysis is
presented in Figure 24, Section B.2.6.3 of the Company Evidence Submission. For
PEACE, the responder heatmap for the evaluable patients for the LTE period was up
to LTE Week 120 (Week 144), while for Study 102A, the responder heatmap for
evaluable patients was up to Week 190. Hence, the responder analyses seen by the
EMA was up to LTE Week 120 for PEACE and Week 190 for Study 102A.

C3. Confirm whether the numbers on CS doc B, pages 84 and 85 are correct. An
increase of j compared with a decrease of Jjjj appears to be a difference that isn’t
4.9.

Company response: The company assumes that the EAG is referring to the following
narrative from Section B.2.6.1.1.c.iii: ‘At Week 24 of the double-blind period, the mean
(SD) change from baseline was an increase of B points in the pegzilarginase
group, compared to a decrease of I proints in the placebo group (LS mean
difference: |} 95% ClI: I ). The change from baseline to Week 24

indicates numerical improvement in VABS-II score in the pegzilarginase group’.

The results described above align with those reported in Table 30, pg. 119 of the
PEACE CSR (5). The LS mean difference (pegzilarginase-placebo) is based on an
MMRM with visit, randomised study treatment, interaction between visit and
randomised study treatment as effects, and baseline values are included as a

covariate.

C4. Clarify whether the time horizon in the model should be marked as commercial-
in-confidence (CIC) as the baseline age (which has been marked as CIC can be
calculated) from this number.

Company response: Yes, the company agrees with the EAG that the time horizon in
the model should be marked as CIC.

C5. In CS doc B, Table 48, should the 3rd to 5th rows omit ‘and 1’ from the source.

Company response: GMFCS-| already includes information from GMFC-MLD 0 and
1. 3rd to 5th rows now omit the text ‘and 1’ from the source, which was included in

error and is not considered for calculations.
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Table 48: Cognitive substate disutilities from MLD

Health State Irmfac:?r;at:ﬁt Imgzi‘ll'(:znt Source
GMFCS-I -0.24 -0.53 Average of GMFC-MLD 0 and 1 (125)
GMFCS-II -0.28 -0.57 GMFC-MLD 2 (125)
GMFCS-IlI -0.28 -0.49 GMFC-MLD 3 (125)
GMFCS-IV -0.16 -0.33 GMFC-MLD 4 (125)
GMFCS-V -0.17 -0.28* Average of GMFC-MLD 5 and 6 (125)

Note: Values were redacted in HST18, therefore we apply the utility values reported in the ICER group evaluation of Libmeldy®.
*Original value -0.33; 0.28 after application of minimum utility restriction.
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Appendix A: Updated sensitivity analysis results

Table 43: Updated probabilistic results

Technologies Total costs (£) Total QALYs Incremental Incremental Weighted Weighted ICER ICER incremental
costs (£) QALYs Incremental incremental (E/QALY)
QALYs (E/QALY)
Pegzilarginase + IDM I I
IDM [ ] ] £918,250 £338,263

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs,

Table 44: Updated scenario analysis results

Scenario

Base case setting

Scenario setting

Incremental
costs

QALY
weight

Incremental ICER

QALYs

Weighted
incremental
QALYs

Weighted
ICER

Base case I £884,777 £308,375
Baseline GMFCS | PEACE + Phase I/2 + | Phase I/2 (and age [ £831,079 £280,700
distribution and Bol pooled (and age | 15.1)
age 13)
Duration of 36 months 24 months [ £944 478 £350,949
improvement in
GMECS 48 months [ £844,392 £281,464
Source of GMFCS | Pooled PEACE and Lidbeck et al., 2021 | £873,566 £302,540
cut-off values phase 1/2
Method of Tiem in state using Ordinal logistic [ £839,044 £285,286
predicting GMFCS cut offs model stratified by
progression starting GMFCS
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IDM patients are
dead

dead by age 35

dead by age 50

Long-term No progression 90% reduction in [ ] [ ] [ ] [ ] £952,476 £374,525
GMFCS GMFCS
progression rate progression
80% reduction in [ [ I [ £1,023,060 | £451,984
GMFCS
progression
Weight ratio of Il for paediatric, Same as general I [ ] [ ] [ £1,050,569 £366,160
ARG1-D patientvs | Jjjjij for adult population
general population
GMFCS health ARG-1D patient X-ALD [ [ I [ £783,519 £261,173
state utility values | survey VLD - ) ) ] £775.070 £258 357
Cognitive decline | Included Excluded [ ] [ [ [ £861,643 £290,502
disutilities
Carer disutilities Included Excluded [ ] [ [ [ £863,194 £292,603
Utility gain from Included Excluded [ ] [ [ [ £899,249 £318,414
improved diet
Drug costs Dose banding Wastage I [ ] [ ] [ £939,913 £327,592
Perspective NHS and PSS Societal I [ ] [ ] [ £899,113 £313,372
Age at which all All IDM patients are All IDM patients are | I I [ [ £983,754 £365,448

Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYsS,
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Figure 11: Updated CEAC (QALY weighted in qualifying simulations)
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Figure 12: Updated one-way sensitivity analysis

Health state utility GMFCS 1
SMR by GMFCS level GMFCS 1 IDM
Health state utility GMFCS 2
SMR by GMFCS level GMFCS 2 IDM
Pegzilarginase dose regression - Intercept
Pegzilarginase dose regression - LTE vs DB
SMR by GMFCS level GMFCS 4 IDM = | ower input
% with utility gain from diet Upper input

Health state utility GMFCS 3

Cognitive disutility - Moderate impairment GMFCS 2
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SMR by GMFCS level GMFCS 5 IDM
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Appendix B: Updated regression models

Table 45: Linear regression of GMFM DE score vs age

Predictors

‘ Estimates

‘ 95% Confidence interval

(Intercept) 94.7843 77.3135 - 112.2551 <0.001
b age -1.4452 -2.6646 —-0.2257 0.021
Observations 47

R2 / R2 adjusted 0.112/0.093

Key: ClI: confidence interval.

Table 46: Random effects ordered logit of GMFCS vs GMFM DE

Predictors Coefficient SIENCETE 95% Confidence interval
-0.1864771 | 0.0539585 | 0.001 | -0.2922337 -0.0807204
/cut1 -16.48208 | 4.772774 -25.83655 -7.127614
/cut2 -7.547909 | 3.204317 -13.82825 -1.267564
/cut3 -2.305604 | 2.420046 -7.048808 2.437599

/sigma2_u | 8.853564 | 5.160105 2.824971 27.7474

Key: GMFCS: Gross Motor Function Classification System.

Table 47: Mixed model of pegzilarginase dose per time period

Predictors Coefficient S:f:rdard 95% Confidence interval
LTE 0.0256367 0.0041807 0.000 0.0174427 0.0338306
_cons(DB |, 1380118 | 0.0104592 | 0.000 0.1175121 | 0.1585114
period)
sigma_u 0.04350208
sigma_e 0.03320922
rho 0.63180365

Key: LTE: long-term extension; DB: double-blind.
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N I c National Institute for
Health and Care Excellence
Highly Specialised Technology Evaluation
Pegzilarginase for treating arginase-1 deficiency [ID4029]
Patient Organisation Submission

Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.
You can provide a unique perspective on conditions and their treatment that is not typically available from other sources.
To help you give your views, please use this questionnaire with our guide for patient submissions.

You do not have to answer every question — they are prompts to guide you. The text boxes will expand as you type. [Please
note that declarations of interests relevant to this topic are compulsory].

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being
mislaid or make the submission unreadable

e We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your
submission you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 10 pages.

Patient organisation submission
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NIC

About you

National Institute for
Health and Care Excellence

1.Your name

2. Name of organisation

Metabolic Support UK

3. Job title or position

4a. Brief description of
the organisation
(including who funds it).
How many members does
it have?

Metabolic Support UK are the leading organisation for Inherited Metabolic Disorders (IMDs), supporting
thousands of people worldwide through providing individual support, building communities, and continually
advocating for and empowering those living with IMDs. Using qualitative and quantitative data generated via
various methodologies, our small, dedicated team works to proactively identify priority needs and develop
evidence-based outputs and programmes to ensure the maximum impact for individual patients, collective
patient communities and the wider IMD community. Metabolic Support UK receives its funding from
corporation, community fundraising and grants, trusts and giving.

4b. Has the organisation
received any funding from
the company bringing the
treatment to NICE for
evaluation or any of the
comparator treatment
companies in the last 12
months? [Relevant
companies are listed in
the evaluation
stakeholder list.]

If so, please state the
name of the company,
amount, and purpose of
funding.

Metabolic Support UK received 5000 GBP in funding from Immedica towards the organisation of our annual
conference in 2023.

Metabolic Support UK received 350 GBP in reimbursement from the comparator company, Eurocept, for
participating in a CPD training on hyperammonaemia for healthcare professionals in January 2024.

Metabolic Support UK received 4300 GBP from the comparator company, Eurocept, towards our patient
education programme “Access to Medicines” on hyperammonaemia.

Patient organisation submission
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Health and Care Excellence

4c. Do you have any
direct or indirect links
with, or funding from, the
tobacco industry?

No

5. How did you gather
information about the
experiences of patients
and carers to include in
your submission?

The information contained within this submission has been gathered in collaboration with the Arginase 1
Foundation (ARG1D foundation). A draft of the submission was reviewed by several families affected by
ARG1d. The submission relies on information gathered through on-going discussions with families affected by
ARG1d, including resources shared by the ARG1D foundation (1-3), a dedicated survey (4), our ARG1d
disorder page (5) and our Think Ammonia! campaign (6).

(1) ARG1D Foundation. 2023. Personal Stories about Living with ARG1d from Eleven Families. Data on file.
(2) ARG1D Foundation. 2021. Meet our Families. Accessible via: https://arg1d.org/meet-our-families/

(3) ARG1D Foundation. 2021. FDA Patient-led Listening Session Report. Accessible via: https://arg1d.org/wp-
content/uploads/2021/10/Family-Listening-Session-FDA-Arg1-D.pdf

(4) Metabolic Support UK & ARG1D Foundation. 2024. Arginase 1 Deficiency Questionnaire. Data on file.

(5) Metabolic Support UK. 2024. Arginase Deficiency. Accessible via:
https://metabolicsupportuk.org/condition/arginase-deficiency/

(6) Metabolic Support UK. 2024. Think Ammonia! Accessible via: https://metabolicsupportuk.org/news-and-
events/policy-hub/our-campaigns/think-ammonia-campaign/

Additionally, the following freely accessible published literature is referenced in our submission:

(7) Scaglia & Lee. 2006. Clinical, Biochemical, and Molecular Spectrum of Hyperargininemia Due to Arginase |
Deficiency. Am J Med Genet C Semin Med Genet; 0(2): 113-120.

(8) Bin Sawad, Pothukuchy et al. 2022. Natural history of arginase 1 deficiency and the unmet needs of
patients: A systematic review of case reports. JIMD Rep; 63(4): 330-340.
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Living with the condition

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

Arginase 1 deficiency (ARG1d) is an ultrarare, autosomal recessive inherited metabolic disorder (IMDs). Itis a
progressive disorder associated with considerable physical and cognitive impairments, as well as mental health
impacts, resulting in premature death. People living with ARG1d generally put a high demand on the healthcare
system, requiring regular medical appointments with various specialist, as well as hospitalisations, including life-
threatening emergency admissions, the number of which increases by age. The condition has a profound impact
on the parents and carers of those living with ARG1d, including their mental health, day-to-day life, social life and
ability to be in paid-employment.

ARG1d

ARG1d is a disorder which impacts the body’s ability to break down protein (5). Many foods contain protein. To
remove waste protein, the body produces the toxic chemical ammonia. Through the urea cycle, ammonia is
subsequently turned into urea, which is secreted by the body through urine. In people living with a urea cycle
disorder (UCD), one of the reactions in the cycle is impacted by a deficiency of one of the enzymes involved.
Arginase 1 (ARG1) is the last enzyme of the urea cycle, breaking down the amino acid arginine, produced earlier
in the urea cycle, into urea. In ARG1d, the body lacks the enzyme ARG1, which leads to toxic arginine levels
which cause the signs and symptoms of the disorder (5).

Birth and diagnosis
All families have shared that their child was born healthy and that there were initially little to no concerns:

“[She] was born happy, healthy and lively [... ] She checked all the boxes and was sent on her way to start a
young family life [...] with her mom and dad” (1)

‘[She] ate and slept well and met her developmental milestones on time [during her first year]” (2)
“His newborn screening came back positive for PKU (phenylketonuria) but repeated testing came back negative
and results showed [he] didn’t have PKU, giving us the belief he was a healthy baby boy.” (1) Clarification note:

PKU is also an IMD. After receiving a false-positive, the family assumed they had a healthy son; they received
an ARG1d diagnosis after his third birthday.
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Families report a wide timeframe during which ARG1d symptoms first present, ranging from the newborn stage
all the way to early adulthood. In line with published literature (7,8), numerous families indicated that symptoms
started during late infancy or pre-school age, i.e. around 2 to 4 years of age:

“He had symptoms most of his life” (4)
“Right around 6 months old [he] started having seizures.” (1)

“The first year of [her] life she was able to meet all her milestones. It wasn't until she was 1.5 years old when she
began to have symptoms such as nosebleeds and bruising.” (1)

“Between the ages of 2 and 3, [he] wasn't meeting milestones. He was a picky eater and wouldn't eat meat. He
was very hyperactive, a toe walker, and his legs were tight. [He] started showing signs of developmental delay.”
(1)

“After a few months we started to notice a decline in her motor abilities which resulted in an inaccurate diagnosis
of “low tone”. For the first couple of years, she was slow to meet her milestones but did eventually reach them.
Around the age of 3, she started to decline much more noticeably and seemed to be losing all the progress, she
had worked so hard to reach. It was now obvious that there was something terribly wrong. [She] had no growth
or weight gain during her 4th year of life. She was labelled “Failure to Thrive”.” (1)

“l was diagnosed with ARG 1-D at the age of 4.5 years old.” (1)
“At the age of 10, [she] began to experience fatigue and would stumble frequently causing her to fall.” (1)

“[She] was 18 years old and had just graduated from high school when she began to show similar symptoms as
her older sister.” (1)

As can be deduced from the excerpts above, initial symptom presentation varies. However, in line with the
literature (7,8), missed milestones and mobility problems were common initial symptoms. From there, the
disorder gradually progresses, with all survey respondents describing the general health of the person living with
ARG1d as “poor” (measured by a six-level Likert scale ranging from “excellent” to “very poor”) when not
receiving pegzilarginase. Specifically, families describe how the lives of their child changed as the disorder
progressed:

“He had many abilities throughout his life. Crawling, walking, propelling his chair, use of his hands, feeding
himself, eating orally and the list goes on of his abilities. Slowly over time these things stopped one by one.” (1)

“She could once dance, run, jump, play tag, and chase her puppy but now we are seeing her fall constantly,
struggle to walk, and not want to eat anything. She was having 30 - 40 seizures a day and when the seizures
were controlled with medication, she would have horrible night terrors.” (1)
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“Before the onset of the symptoms, [he] enjoyed life fully, was very active and an outdoor person, made friends
and socialised. [He] can no longer do any of the above and lost confidence and feels confined and not able to
participate with others.” (4)

Mental health

Many of these responses hint towards the underreported impact of ARG1d on the mental health of the individual
living with the condition. This was also picked up by our survey, in which all respondents were asked to complete
the EQ-5D-Y-3L. All respondents reported that their child was either “very worried, sad or unhappy” or “a bit
worried, sad or unhappy”. Additionally, families have shared:

I worry my daughter could become depressed if she is unable to live an independent life.” (1)

“[She] is socially on point. This means that she is able to now recognize her differences and struggles with being
so different from her classmates. [...] Honestly, this is the hardest part, knowing that my kid is aware of her
differences and is sad and alone.” (1)

“He is so isolated that he doesn’t like to meet people and doesn’t want to go anywhere. He is always at home in
front of his computer and very much isolated.” (1)

“Due to [her] inability to walk and run like other children her age has caused [her] to experience depression and
withdraw from society.” (1)

Physical and cognitive symptoms

Next to the impact ARG1d has on the mental health of people living with the condition, it is also associated with
numerous physical and cognitive symptoms. Our survey respondents all mention experiences with the following
symptoms in relation to the ARG1d diagnosis: missed developmental milestones / intellectual delays, stiff/rigid
muscles (spasticity), seizures, vomiting, fatigue, falls and muscle weakness (4). Additionally, hyperammonaemia,
behavioural issues, blood clotting difficulties, protein aversion and osteoporosis or fractures were also
highlighted as symptoms (4). A separate report from the ARG1d Foundation, based on the experiences of five
families living with ARG1d, also mentions each of these symptoms, with the exception of protein aversion. This
report also highlights that some people living with ARG1d experience glaucoma, weakened immunity and liver
dysfunction (3). Nonetheless, it is important to note that the severity of the disorder and its symptoms does vary
between individuals (1,3,4,8). Finally, the disorder is known to lead to premature death due to the complications
of the condition and hyperammonaemia (6,8).

Missed developmental milestones / intellectual delays
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As detailed previously, missed developmental milestones are often one of the first symptoms observed by family
members of a child who will later be diagnosed with ARG1d (4). The missing of developmental milestones and
intellectual delays become more pronounced over time: “[She] had to drop out of school” (1) and “School is a
challenge as [she] is about 4 grade levels behind in math. She only just caught up to grade level with reading
and is still multiple grade levels behind in spelling. Her handwriting is often illegible, even after 6 years of
physical therapy focusing on this.” (1)

Additionally, as also detailed previously, developmental regression also occur (4), with a child or teenager
consistently hitting developmental milestones, only to regress and lose physical and intellectual capabilities over
time: “Throughout the years witnessing how my child has been progressively losing his walking mobility has
been the worst experience of my life” (1). In line with this, parents report that their adult child has the “mental age
of a child”, needing ‘“fulltime care” (4). This was also reflected in the EQ-5D-Y-3L responses, with all respondents
stating their child either has “some problems completing age-appropriate activities” or “a lot of problems
completing age-appropriate activities” (4).

Stiff / rigid muscles (spasticity)

Similar to missed milestone, spasticity is often one of the first symptoms observed by family members of a child
who will later be diagnosed with ARG1d (4). This was also found in the report from the ARG1d Foundation (3).
The spasticity remains and similar to other symptoms of the disorder, progresses over time:

“[She] suffers from spasticity in all of her limbs but predominantly in her legs. This diagnosis is probably her most
debilitating physical symptom. The spasticity requires her to wear AFOs (braces that wrap around her foot,

ankle, and knee) to walk with proper alignment. Even with these, she often trips over her feet and stumbles on
uneven ground. Just a crack in the pavement can cause her to fall.” (1)

“[She] started to show spasticity in both legs after 2 months after being diagnosed. A few weeks later, she began
toe walking and started to lose mobility. She could no longer walk without assistance.” (1)

“His spasticity had become tighter and he is struggling with daily living skills and walking.” (1)

This progression is also reflected in the EQ-5D-Y-3L responses, with the parents reporting on behalf of the
youngest responder indicating that the child has “no problems walking or crawling”, while those reporting on
behalf of the oldest respondents indicate “a lot of problems walking or crawling” (4).

Seizures
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Seizures are also common amongst those diagnosed with ARG1d (4). At least two families indicated that
seizures were the first symptom of ARG1d “right around 6 months old [he] started having seizures” (1) and “[he]
had his first gazing seizure when he was six months old” (3).

For other families, seizures are an additional symptom that present over time, sometimes in conjunction with
night terrors:

“Right before [his] 3rd birthday, he had an onset of seizures” (1)

“[She] also suffers from night terrors and seizures” (1)

“She was having 30 - 40 seizures a day and when the seizures were controlled with medication, she would have
horrible night terrors” (1)

Vomiting & protein aversion

Vomiting is often regarded as an undescriptive early symptom of ARG1d as it is common among babies in
general. Several families indicated frequent and profuse vomiting during infancy (1,3,4) which may persist
through childhood and into adulthood: “If we walked out the front door, we always had the pan and towels to
catch his vomit. He vomited 6 to 12 times a day, throwing up what little he could eat and all of his formula. [...] he
was unable to walk, run, or laugh without vomiting, his world was limited to riding in a stroller or a little red
wagon, and no cartoons which he would laugh at” (3).

Some families also noted that their child had a protein aversion (4).

Fatigue

Fatigue is common among children and people living with ARG1d (4) and was highlighted as an issue for all
participants who contributed to the report from the ARG1d Foundation (3). Additionally, families shared:

“[She] was constantly tired and wouldn't want to leave her room. She was no longer social with others and would
experience anxiety.” (1)

“She can’t walk for long distances as it takes a lot of exertion to lift her legs. A trip to the grocery store can
physically wipe her out. She can'’t take part in a lot of kid focused activities because they usually require more
physicality than what [she] is able to manage. She gets fatigued very quickly and has to sit out and watch the
other kids play.” (1)

Falls and muscle weakness / osteoporosis and fractures
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As a result of a number of the other symptoms of ARG1d, especially spasticity and fatigue, falls and muscle
weakness are commonplace for people living with ARG1d. In some cases, people also reported the emotional
impact of falls “multiple unexplained falls a day caused injuries and were embarrassing” (1); while others shared
that muscle weakness has led to individuals losing the ability to walk (1,3,4) or requiring mobility devices or
wheelchairs to remain mobile (3,4). Symptoms persist with age and in older patients have led to further
complications such as contractures, hip dysplasia, osteoporosis and fractures (3,4).

Hyperammonaemia

Hyperammonaemia, a metabolic crisis during which the toxic substance ammonia builds up in the body, can be
extremely dangerous. It can lead to irreversible brain damage, as well as death, if not treated on time (6).
Hyperammonaemia is common among all UCDs and often a presenting symptom. In ARG1d, “all of the families
said they most feared this symptom