
1 of 15Journal of Inherited Metabolic Disease, 2025; 48:e70066
https://doi.org/10.1002/jimd.70066

Journal of Inherited Metabolic Disease

ORIGINAL ARTICLE OPEN ACCESS

Long-Term Efficacy and Tolerability of Pegzilarginase 
in Arginase 1 Deficiency: Results of Two International 
Multicentre Open-Label Extension Studies
Markey McNutt1   |  Frank Rutsch2   |  Rossana Sanchez Russo3   |  Serena Gasperini4   |  Spyros Batzios5   |  
Elisa Leão Teles6   |  Anaïs Brassier7   |  Jaya Ganesh8  |  Andreas Schulze9   |  Gregory M. Enns10   |  
Mattias Rudebeck11

1UT Southwestern Medical Center, Dallas, Texas, USA  |  2Muenster University Children's Hospital, Muenster, Germany  |  3Emory University School of 
Medicine, Atlanta, Georgia, USA  |  4Fondazione IRCCS San Gerardo dei Tintori, Monza, Italy  |  5Great Ormond Street Hospital for Children, London, 
UK  |  6Centro Hospitalar Universitário de São João, Porto, Portugal  |  7Necker Children Hospital, Paris, France  |  8Icahn School of Medicine at Mount Sinai, 
New York, New York, USA  |  9University of Toronto and the Hospital for Sick Children, Toronto, Canada  |  10Stanford University School of Medicine and 
Lucille Packard Children's Hospital, Palo Alto, California, USA  |  11Immedica Pharma AB, Stockholm, Sweden

Correspondence: Mattias Rudebeck (mattias.rudebeck@immedica.com)

Received: 30 March 2025  |  Revised: 25 June 2025  |  Accepted: 1 July 2025

Communicating Editor: Jorn Oliver Sass 

Funding: Immedica Pharma AB funded the medical writing of this article. Aeglea BioTherapeutics Inc funded the clinical studies described.

Keywords: ARG1-D | arginase 1 | human enzyme therapy | long-term outcomes | pegzilarginase | urea cycle disorders

ABSTRACT
Arginase 1 deficiency (ARG1-D) is an autosomal recessive urea cycle disorder characterised by chronic hyperargininaemia, pro-
gressive spasticity, loss of mobility, and cognitive dysfunction. Standard of care (SOC), based on dietary protein restriction, rarely 
prevents progression. Pegzilarginase, a recombinant human enzyme, is the first approved disease-modifying therapy. We report 
outcomes from Study 102A (n = 14; up to 5 years) and the PEACE long-term extension (LTE) (n = 31; up to 3 years). Weekly peg-
zilarginase was administered with SOC. Outcomes included functional mobility (2-/6-minute walk tests [2MWT/6MWT], Gross 
Motor Function Measure [GMFM] D/E), spasticity (Modified Ashworth Scale [MAS]), plasma arginine, guanidino compounds, 
and safety. In PEACE, LTE arms were named according to initial 24-week double-blind treatment: placebo–pegzilarginase or 
pegzilarginase–pegzilarginase. Of 39 evaluable participants, 37 (95%) met composite response or achieved maximum score in ≥ 1 
motor function domain. In 102A, mean 6MWT improved to 68.2 m (+19%; n = 12); GMFM-D/E increased by 2.7/3.7. In PEACE 
(pegzilarginase–pegzilarginase; placebo–pegzilarginase), 2MWT improved to 16.5 m (+25%; n = 6) and 13.5 m (+16%; n = 2); 
GMFM-D/E improved by 4.3/6.0 (n = 6) and 5.3/11.3 (n = 3). Spasticity improved in 21/25 (84%), with 12 reaching MAS 0 (no 
spasticity). Pegzilarginase sustained plasma arginine control: in 102A, means were 118 μmol/L at Week 192 (n = 9); in PEACE, 
< 115 μmol/L through Week 96 (n = 11). Guanidinoacetic acid normalised; N-acetylarginine approached normal; argininic acid 
and α-keto-δ-guanidinovaleric acid declined by > 50%. Most adverse events were mild/moderate; no treatment-related discontin-
uations or persistent antibodies occurred. Pegzilarginase produced sustained improvements in mobility, spasticity and biochem-
ical control, supporting early intervention, long-term use and disease modification in ARG1-D.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
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1   |   Introduction

Arginase 1 deficiency (ARG1-D) is an autosomal recessive 
urea cycle disorder (UCD) with a global birth prevalence es-
timated at approximately 1 in 350 000, with country-specific 
estimates ranging from 1 in 57 000 to over 1 in 1 000 000 [1]. 
Higher rates are observed in populations with founder muta-
tions, high consanguinity, genetic drift in small or isolated 
groups and historical migration leading to limited genetic di-
versity [1–3]. It has an insidious onset with debilitating disease 
progression, characterised by chronic hyperargininaemia 
with resultant progressive spasticity, developmental delay 
and seizures [2, 4–8]. Episodic hyperammonaemia is also a 
feature in some patients, but not as commonly observed as 
in other UCDs [8]. Standard of care involves a strict protein-
restricted diet, essential amino acid (EAA) supplementation, 
and symptom management, including nitrogen scavengers to 
facilitate ammonia removal through pathways alternate to the 
urea cycle [9–11]. Despite these interventions, it is often not 
possible to maintain normal plasma arginine levels nor slow 
disease progression [11–13].

Pegzilarginase (Loargys, Immedica Pharma AB) has recently 
received regulatory approval as the first disease-modifying 
treatment for ARG1-D. It is a recombinant, pegylated and 
cobalt-substituted human ARG1 enzyme that acts extracel-
lularly to cleave excess circulating arginine into ornithine 
and urea (Figure  1) [14, 15]. Compared to native ARG1, the 
recombinant enzyme demonstrates enhanced catalytic activ-
ity and plasma stability. This is achieved by substituting the 
native Mn2+ cofactor with Co2+ through expression in cobalt-
supplemented culture medium, facilitating Co2+ incorpora-
tion at the active site during enzyme folding and maturation. 
The substitution lowers the Km for L-arginine and enhances 

activity at physiological pH, improving enzyme perfor-
mance in  vivo [14–16]. Pegylation of the enzyme extends its 
half-life up to 50 h, facilitating once weekly administration 
via subcutaneous (SC) injection or intravenous (IV) infu-
sion, at a recommended starting dose of 0.1 mg/kg per week 
[14, 15]. Regulatory approval of pegzilarginase was based 
on a programme comprising two Phase 1/2 studies (Study 
101A: EudraCT 2017-003851-45; Study 102A: clini​caltr​ials.​
gov NCT03378531, EudraCT 2018-003163-67) and a Phase 3 
study (Study 300A/PEACE: clini​caltr​ials.​gov NCT03921541, 
EudraCT 2018-004837-34).

Study 101A, a single-arm study conducted across nine cen-
tres in Canada, Portugal, United Kingdom and United States, 
established the safety and efficacy of pegzilarginase in re-
ducing plasma arginine [15]. Study subjects were eligible to 
continue in Study 102A, a long-term extension (LTE) study. 
Results from the first 12 weeks of 102A demonstrated clinical 
improvements in mobility [15]. Another study undertaken in a 
separate population was PEACE, a randomised, double-blind 
(DB), placebo-controlled study followed by an open-label 
LTE, conducted in 19 centres across Austria, Canada, France, 
Germany, Italy, United Kingdom and United States [14]. 
Initial results from the LTE demonstrated that an additional 
24 weeks of pegzilarginase treatment sustained the reductions 
in plasma arginine levels and achieved clinically meaningful 
and sustained improvements in functional mobility.

Given the potential need for life-long treatment with pegzilar-
ginase in ARG1-D, longer-term data on safety and efficacy are 
needed. We present updated findings from 102A and PEACE 
reflecting up to 5 years of treatment with pegzilarginase and 
assessing long-term safety, durability of response and mainte-
nance of clinical benefit.

2   |   Methods

2.1   |   Study Designs

This report presents long-term data from two open-label stud-
ies: (1) Study 102A, the extension of the Phase 1/2 Study 101A, 
and (2) the extension of the Phase 3 double-blind PEACE trial 
(Figure  2). The design and early findings of Study 101A and 
PEACE have been published previously [14, 15]. This report fo-
cuses on data from the LTE periods, with follow-up extending 
up to 262 weeks (Study 102A) and 174 weeks (PEACE). The final 
data collection dates were December 2022 (Study 102A) and 
February 2023 (PEACE) [14, 15].

2.2   |   Study Population

Eligible participants were aged ≥ 2 years with genetically or 
biochemically confirmed ARG1-D. Baseline plasma arginine 
(pArg) during screening had to be > 200 μmol/L (Study 102A) 
or ≥ 250 μmol/L (PEACE). Patients with recent hyperam-
monaemia (≥ 100 μmol/L), active infections, PEG hypersensi-
tivity or recent use of investigational agents were excluded. For 
Study 102A, entry required completion of Study 101A without 
clinically significant adverse events. For PEACE, to be able to 

FIGURE 1    |    Mode of action of pegzilarginase in ARG1-D.  
Abbreviations: ARG1 = arginase 1, ASL = argininosuccinate 
lyase, ASS1 = argininosuccinate synthase, OTC = ornithine 
transcarbamylase.
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FIGURE 2    |    Study design schema and disposition of subjects. All subjects who discontinued from 101A/102A and PEACE withdrew consent for 
personal reasons. One subject in 300A completed dosing in the LTE period but did not attend the final follow-up visit due to a family bereavement 
and was reported as discontinued. However, this subject was considered to have completed the study.  Abbreviations: ARG1-D = arginase-1 
deficiency, DB = double-blind, IDM = individualised disease management, LTE = long term extension, N = number of subjects, Q2W = biweekly 
dosing, QW = weekly dosing.
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demonstrate clinically relevant treatment effects, patients had 
to have measurable functional mobility impairment. Those with 
severe motor deficits precluding assessment, current treatment 
regimens containing botulinum toxin, or prior exposure to peg-
zilarginase were excluded.

2.3   |   Treatment and Dosing

In both LTEs, pegzilarginase was administered weekly. 
Dosing in Study 102A commenced approximately 4 weeks 
after the final dose of Study 101A, and initially matched the 
same dose as the previous study unless adjustments were 
clinically indicated. Dose adjustments were made based on 
the pharmacodynamic profile to maintain plasma arginine 
within the guideline-recommended level of < 200 μM, and if 
achievable, the normal range. The first 24 doses were deliv-
ered intravenously, after which subjects were given the option 
of switching to SC dosing, typically administered at the same 
dose as the IV. In PEACE, subjects allocated to pegzilarginase 
from the outset were referred to as pegzilarginase–pegzilargi-
nase, and those allocated to placebo as placebo–pegzilargin-
ase. The pegzilarginase–pegzilarginase group continued with 
the optimised dose given during the DB period, while those 
in the placebo–pegzilarginase group were initiated on pegzi-
larginase at a dose of 0.1 mg/kg/week. Consistent with Study 
102A, subjects were given the option of receiving pegzilargi-
nase by SC administration at the same dose as the IV after 
8 weeks of the LTE period. Typically, the dose was modified if 
the plasma arginine level at 168 h postdosing was outside the 
range of 50–150 μmol/L. For both studies, premedication with 
antihistamines was permitted in subjects with prior infusion-
related reactions.

2.4   |   Concomitant Therapies

Subjects continued individualised disease management 
(IDM) regimens, including prescribed amounts of protein in-
take, EAA supplementation, and where clinically indicated, 
nitrogen scavengers and medications for seizure control or 
spasticity. Diets were tailored to age and clinical status but 
not protocol-specified and varied between subjects; nitrogen 
scavengers (e.g., sodium benzoate, sodium phenylbutyrate, 
glycerol phenylbutyrate) were prescribed at the investigator's 
discretion.

2.5   |   Efficacy

Efficacy data for Study 102A and PEACE were collected 
throughout the LTE periods. Baseline values were taken prior to 
the first pegzilarginase dose at the start of Study 101A and prior 
to active treatment in PEACE.

Pegzilarginase efficacy was assessed by the changes in 
plasma arginine (pArg) and the guanidino compounds ar-
gininic acid (ARGA), guanidinoacetic acid (GAA), α-keto-
δ-guanidinovaleric acid (GVA), and α-N-acetylarginine 
(NAARG). Clinical outcomes included neuromotor and spastic-
ity assessments: 2-minute (PEACE) and 6-minute (Study 102A) 

walk tests (2MWT/6MWT) in subjects aged 3+ years, Gross 
Motor Function Measure parts D and E (GMFM-D/E), and the 
Modified Ashworth Scale (MAS).

Gross motor function was classified using the Gross Motor 
Function Classification System (GMFCS) from Level 1 (minor 
deficit) to Level 5 (severe impairment). GMFM-D (13 stand-
ing tasks, score range 0–39) and GMFM-E (24 tasks involv-
ing walking/running/jumping, score range 0–72) evaluated 
unaided movement, with lower scores indicating greater im-
pairment. MAS rated lower-limb spasticity on a six-point scale 
from 0 (normal tone) to 4 (total rigidity). Additional outcomes 
included the frequency of hyperammonaemic episodes and 
seizures.

2.6   |   Responders and Composite Clinical 
Outcomes

Neuromotor changes were evaluated using minimum clin-
ically important differences (MCIDs) established for simi-
lar neurological conditions. Response thresholds were ≥ 9% 
improvement in 2MWT/6MWT distance; GMFM-D: ≥ 2.4 
(GMFCS I), ≥ 3.3 (II), ≥ 1.5 (III); GMFM-E: ≥ 4.0 (I), ≥ 2.8 
(II), ≥ 1.8 (III). Subjects at GMFCS Level IV or without post-
baseline data were excluded from these analyses, as no thresh-
olds have been established for GMFCS level IV. A composite 
clinical response was defined as meeting the MCID thresh-
old in at least one motor function assessment [17–20]. This 
approach was used due to the heterogeneity of neuromotor 
impairments and ceiling effects that may limit detection of 
change across all three domains. Defining response as im-
provement in ≥ 1 validated measure allowed for a clinically 
appropriate and inclusive evaluation of benefit.

2.7   |   Safety

Adverse events (AEs) were assessed for severity, relation to 
treatment and seriousness, and were monitored until resolu-
tion or return to baseline. In Study 102A, hypersensitivity, 
injection site reactions, hyperammonaemia, and liver func-
tion abnormalities were designated as ‘Other Significant AEs’, 
while in PEACE, the same events (excluding liver-related find-
ings) were classified as ‘Adverse Events of Special Interest’. 
Hyperammonaemic episodes were defined as a subject experi-
encing a confirmed ammonia level ≥ 100 μM, with one or more 
symptoms related to hyperammonaemia, and treatment in a 
hospital or emergency room. Immunogenicity was assessed 
via anti-drug antibody (ADA) testing against pegzilarginase 
and PEG at baseline and regular intervals. Positive samples 
were evaluated for specificity and isotype. Follow-up testing 
occurred every 2–3 months for those with positive ADA re-
sults until titres returned to baseline.

2.8   |   Statistical Considerations

Efficacy analyses were conducted on the Full Analysis Set for 
both studies. Baseline values for the LTE period were defined 
as the last collected value of the corresponding measure prior to 
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TABLE 1    |    Demographics of the study populations.

Patient information Study 102A (n = 14) PEACE (n=32i) All subjects (n=46i)

Age at enrolment, years

Mean ± SD 15.7 ± 9.2 10.7 ± 6.5 12.2 ± 7.7

Median 14 10.5 11.0

Min, max 6, 32 2, 29 2, 32

Sex, n (%)

Female 11 (78.6) 13 (40.6) 24 (52.2)

Male 3 (21.4) 19 (59.4) 22 (47.8)

Race, n (%)

White/Caucasian descent 10 (71.4) 14 (43.8) 24 (52.2)

Asian 2 (14.3) 6 (18.8) 8 (17.4)

Black/African descent 1 (7.1) 2 (6.3) 3 (6.5)

Multiple race 0 (0) 2 (6.3) 2 (4.3)

Other 1 (7.1) 6 (18.8) 7 (15.2)

Missing 0 (0) 2 (6.3) 2 (4.3)

Region, n (%)

United States 8 (57.1) 14 (43.8) 22 (47.8)

Non-United States 6 (42.9) 18 (56.3) 24 (52.2)

Country, n (%)

Austria 0 (0) 2 (6.3) 2 (4.3)

Canada 3 (21.4) 1 (3.1) 4 (8.7)

France 0 (0) 6 (18.8) 6 (13.0)

Germany 0 (0) 1 (3.1) 1 (2.2)

Italy 0 (0) 3 (9.4) 3 (6.5)

Portugal 2 (14.3) 0 (0) 2 (4.3)

United Kingdom 1 (7.1) 5 (15.6) 6 (13.0)

United States of America 8 (57.1) 14 (43.8) 22 (47.8)

Age at initial symptoms,a years

Mean ± SD 2.7 ± 5.7 1.9 ± 2.4 2.2 ± 3.6

Median 0.7 1.0 1.0

Min, max 0, 19 0, 10 0, 19

Age at diagnosis,b years

Mean ± SD 4.7 (7.4) 3.3 ± 3.8 3.7 ± 5.0

Median 1.7 2.6 2.1

Min, max 0, 25 0, 15 0, 25

Baseline plasma arginine, μmol/L

Mean ± SD 380.4 ± 89.7 402.0 ± 101.8 395.4 ± 97.8

Median 389.3 398.2 395.3

Min, max 249–565.8 202–573 202–573

(Continues)
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Patient information Study 102A (n = 14) PEACE (n=32i) All subjects (n=46i)

Within normal range (40–115 μM), n (%) 0 (0) 0 (0) 0 (0)

Arginase activity in RBCs, %

n 14 30 44

Mean ± SD 2.6 ± 5.2 0.04 ± 0.1 0.85 ± 3.1

Median (range) 0.1 (0, 15.0) 0.0 (0, 0.5) 0 (0–15.0)

Level of spasticity, n (%)

None 4 (28.6) 11 (34.4) 15 (32.6)

Mild 3 (21.4) 9 (28.1) 12 (26.1)

Moderate 3 (21.4) 9 (28.1) 12 (26.1)

Severe 4 (28.6) 3 (9.4) 7 (15.2)

Location of spasticity, n (%)c

Lower limb 10 (71.4) 21 (65.6) 31 (67.4)

Upper limb 1 (7.1) 4 (12.5) 5 (10.9)

None reported 4 (28.6) 11 (34.4) 15 (32.6)

GMFCS level, n (%)d

Level I 7 (50.0) 14 (43.8) 21 (45.7)

Level II 4 (28.6) 13 (40.6) 17 (37.0)

Level III 2 (14.3) 0 (0) 2 (4.3)

Level IV 1 (7.1) 5 (15.6) 6 (13.0)

Level V 0 (0) 0 (0) 0 (0)

Baseline 2-minute walk test (m)e

Mean ± SD N/A 105.8 ± 52.8 —

Median (range) N/A 118 (0–202) —

Baseline 6-minute walk test (m)f

Mean ± SD 301.2 ± 145.0 N/A —

Median (range) 272 (102–602) N/A —

Baseline GMFM-D score, pointsg

Mean ± SD 27.2 ± 11.6 28.5 ± 10.4 28.1 ± 10.7

Median (range) 27.5 (3–39) 32.0 (0–39) 30.0 (0–39)

Baseline GMFM-E score, pointsh

Mean ± SD 44.8 ± 26.4 47.7 ± 21.2 46.8 ± 22.7

Median (range) 48.5 (5–72) 54 (0–72) 54.0 (0–72)

Seizure history, n (%)

Yes 5 (35.7) 11 (34.4) 16 (34.8)

No 9 (64.3) 21 (65.6) 30 (65.2)

History of hyperammonaemic episodes, n (%)

Yes 5 (35.7) 18 (56.3) 23 (50.0)

No 9 (64.3) 14 (43.8) 23 (50.0)

(Continues)

TABLE 1    |    (Continued)
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the first dose of pegzilarginase. Only results of the LTE follow-up 
periods are presented, excluding the results during initial treat-
ment as presented previously [14, 15]. Descriptive statistics were 
used throughout, and graphical representations were created 
using GraphPad Prism (Version 10.3.0).

3   |   Results

3.1   |   Study Population

A total of 45 subjects were enrolled across both LTEs: 14 from 
Study 101A continued into Study 102A, and 31 of 32 PEACE 
participants entered its LTE phase (Table 1). Mean (SD) age was 
15.7 (9.2) years in Study 102A and 10.7 (6.5) years in PEACE. 
The proportion of females was higher in Study 102A (79%) than 
in PEACE (41%), with an overall distribution of 52% female and 
48% male. At baseline, no subjects had plasma arginine within 
the normal nor guideline-recommended range (≤ 200 μmol/L). 
Lower limb spasticity was present in 67%, hyperammonaemia 
in 50% and seizures in 35%. All participants followed a protein-
restricted diet, and 89% received nitrogen scavengers.

3.2   |   Treatment Exposure

Table 2 summarises treatment exposure, safety and AEs during 
the LTEs. In Study 102A, the median gap between the last 
dose in Study 101A and the first in Study 102A was 8.5 weeks 
(range: 3–23). Median treatment duration during the LTE was 
207.5 weeks (range: 26–260), with all subjects switching to SC dos-
ing. The mean final dose was 0.11 mg/kg/week (range: 0.06–0.2). 
In PEACE, the median LTE exposure (excluding the 24-week 
DB phase) was 94 weeks (range: 62–152), with all subjects also 
transitioning to SC dosing. The mean final dose was 0.16 mg/
kg/week (range: 0.05–0.2). No notable differences in dosing or 

exposure were observed between pegzilarginase–pegzilarginase 
and placebo–pegzilarginase groups. Across both LTEs (n = 45), 
98% of subjects were treated for ≥ 52 weeks, 44% for ≥ 104 weeks, 
29% for ≥ 156 weeks, and 16% for ≥ 208 weeks—totalling 5680 
subject-weeks (109 subject-years) of exposure. The overall mean 
final dose was 0.14 mg/kg/week when combining both studies.

3.3   |   Efficacy

3.3.1   |   Plasma Arginine

Pegzilarginase treatment led to rapid reductions in plasma ar-
ginine that were sustained throughout the LTE periods in both 
studies (Figure 3). In Study 102A, reductions in plasma arginine 
were sustained with a mean (SD) level of 118 μmol/L (40) at 
Week 192 (n = 9). At this timepoint, all subjects (9/9) had val-
ues < 200 μmol/L, and 5/9 (56%) were within the normal range 
(defined as 40–115 μmol/L). Control was consistent at earlier 
timepoints. At Week 240, two subjects remained in or near the 
normal range (58 and 119 μmol/L). In PEACE, plasma arginine 
remained well controlled over up to 150 weeks. In the pegzilar-
ginase–pegzilarginase group, mean (SD) arginine levels were 
88 μmol/L (35; n = 18) at Week 24, 82 μmol/L (27; n = 16) at Week 
48 and 115 μmol/L (98; n = 7) at Week 96. In the placebo–pegzi-
larginase group, mean (SD) levels were 82 μmol/L (20; n = 9) at 
Week 24, 95 μmol/L (37; n = 11) at Week 48 and 100 μmol/L (54; 
n = 4) at Week 96.

3.4   |   Guanidino Compounds

Pegzilarginase treatment led to sustained reductions in all four 
measured guanidino compounds across both LTEs, follow-
ing the same general pattern as plasma arginine (Figure 3). Of 
these, only GAA consistently normalised. NAArg declined and 

Patient information Study 102A (n = 14) PEACE (n=32i) All subjects (n=46i)

Nitrogen scavenger medication required? n (%)

Yes 12 (85.7) 29 (90.6) 41 (89.1)

No 2 (14.3) 3 (9.4) 5 (10.9)

Dietary protein restriction required? n (%)

Yes 14 (100) 32 (100) 46 (100)

Abbreviations: ARG1-D = arginase 1 deficiency, n = number of subjects, SD = standard deviation.
aAge at initial symptoms was available for 13 subjects in Study 102A and 32 in PEACE.
bAge at diagnosis was available for 12 subjects in Study 102A and 32 in PEACE.
cSubjects can be included in more than one category.
dThe GMFCS comprises five levels which reflect the increasing severity of motor impairments (Level 1 = minor motor deficits, Level 5 = severe impairments in motor 
function). No patients at GMFCS Level 5 were enrolled in PEACE, due to their inability to complete the clinical mobility assessments.
eThe 2-minute walk test measured the distance travelled on a flat surface in metres and was assessed in PEACE in subjects aged 3 to 85 years; one patient 
(pegzilarginase) was not assessed because of their young age; therefore, the data are for 31/32 patients.
fThe 6-minute walk test measured the distance travelled on a flat surface in metres. Non-ambulatory subjects did not have the 6MWT administered. One subject could 
not be tested because the subject was unable to walk and dependent on a wheelchair.
gGMFM-D measured standing ability over 13 tasks (possible score range, 0–39). Higher scores indicate better performance. Data for PEACE exclude one patient 
(placebo) with missing baseline value.
hGMFM-E measured mobility when walking, running or jumping across 24 tasks (possible score range, 0–72). Higher scores indicate better performance. Baseline 
GMFM-E was assessed in PEACE in 10/11 patients in the placebo group; one patient could not be assessed safely at baseline because of severe disability and wheelchair 
dependence.
i31 subjects in PEACE continued into the LTE period. Baseline measurements were collected prior to the first dose of pegzilarginase. This was the screening period for 
those in the pegzilarginase–pegzilarginase group during the DB period, and at Week 24 of the DB period for those in the placebo–pegzilarginase group.

TABLE 1    |    (Continued)
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TABLE 2    |    Treatment exposure, safety observations and adverse events.

Study 102A (n = 14) PEACE (n = 31) All subjects (n = 45)

Summary of exposure and compliance

Dosing compliancea

Mean ± SD 99.5 ± 0.6 92.5 ± 5.8 94.6 ± 5.8

Median (range) 99.5 (98–100) 93.8 (72–100) 95.3 (72–100)

Treatment exposure (weeks)b

Mean ± SD 198.9 ± 54.8 93.4 ± 25.6 126.2 ± 61.4

Median (range) 207.5 (26–260) 94.0 (62–152) 101.0 (26–260)

Summary of AEs, n (%)

Subjects with any TEAE 14 (100.0) 31 (100.0) 45 (100.0)

Mild 1 (7.1) 11 (35.5) 12 (26.7)

Moderate 11 (78.6) 16 (51.6) 27 (60.0)

Severe 2 (14.3) 4 (12.9) 6 (13.3)

Treatment-related TEAEs 7 (50.0) 12 (38.7) 19 (42.2)

TEAE-related dose reduction 0 (0) 2 (6.5) 2 (4.4)

TEAE-related dose interruption 8 (57.1) 14 (45.2) 22 (48.9)

TEAE-related dose discontinuation 0 (0) 0 (0) 0 (0)

Subjects with any serious TEAEs (SAE) 8 (57.1) 12 (38.7) 20 (44.4)

Treatment-related SAEs 2 (14.3) 1 (3.2) 3 (6.7)

SAE leading to a fatal outcome 0 (0) 0 (0) 0 (0)

Subjects with any AESI 8 (57.1) 9 (29.0) 17 (37.8)

Hypersensitivity reactionsc 0 (0) 0 (0) 0 (0)

Hyperammonaemia episodesd 10 (71.4) 7 (22.6) 17 (37.8)

Injection site reactionse 3 (23.1) 3 (9.7) 6 (13.6)

TEAEs with ≥ 15% incidence, n (%)

Vomiting 8 (57.1) 17 (54.8) 25 (55.6)

Cough 11 (78.6) 13 (41.9) 24 (53.3)

Pyrexia 5 (35.7) 14 (45.2) 19 (42.2)

Fatigue 3 (21.4) 11 (35.5) 14 (31.1)

Headache 7 (50.0) 7 (22.6) 14 (31.1)

Hyperammonaemia 6 (42.9) 7 (22.6) 13 (28.9)

Nausea 6 (42.9) 7 (22.6) 13 (28.9)

Ammonia increased 6 (42.9) 7 (22.6) 13 (28.9)

Nasopharyngitis 7 (50.0) 6 (19.4) 13 (28.9)

COVID-19 6 (42.9) 6 (19.4) 12 (26.7)

Oropharyngeal pain 5 (35.7) 6 (19.4) 11 (24.4)

Alanine aminotransferase increased 3 (21.4) 8 (25.8) 11 (24.4)

Aspartate aminotransferase increased 2 (14.3) 8 (25.8) 10 (22.2)

Upper respiratory tract infection 5 (35.7) 5 (16.1) 10 (22.2)

(Continues)
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approached normal values. Levels of ARGA and GVA decreased 
by more than 50% from baseline but remained above normal 
ranges at trough levels.

3.5   |   Neuromotor Outcomes

Pegzilarginase treatment was associated with sustained im-
provements in functional mobility across both LTEs, as mea-
sured by walk tests and GMFM scores (Figure 4). In Study 102A, 
the mean (SD) 6MWT distance at final follow-up was 68.2 m 
(91.0), reflecting a mean (SD) improvement of 19% (25%) from 
baseline, exceeding the MCID (n = 12). GMFM-D and GMFM-E 
scores improved by a mean (SD) of 2.7 (2.8) and 3.7 (3.4) points, 
respectively (n = 12 for each). In PEACE, the pegzilarginase–
pegzilarginase group achieved a mean (SD) 2MWT distance at 
final follow-up of 16.5 m (30.5), reflecting a mean (SD) improve-
ment of 25% (42%) from baseline, exceeding the MCID (n = 6). 
GMFM-D and GMFM-E scores improved by a mean (SD) of 4.3 
(5.5) and 6.0 (5.1) points, respectively (n = 6 for each). The pla-
cebo–pegzilarginase group showed delayed gains, with mini-
mal changes up to Week 48, followed by later improvements. By 
study end, 2MWT increased by a mean (SD) of 13.5 m (19.1), or 
16% (23%) from baseline (n = 2). GMFM-D and GMFM-E scores 
improved by 5.3 (9.2) and 11.3 (15.5) points, respectively (n = 3 
for both).

3.6   |   Clinical Responder Analysis

Neuromotor assessments were analysed using MCID thresholds 
to identify clinical responders, both individually and in compos-
ite (Figure 5). At final follow-up, 95% of subjects (37/39) met re-
sponder criteria or achieved the maximum score in at least one 
motor function domain; 79% (31/39) did so in two domains, and 
33% (13/39) in all three. Responses were most evident in subjects 
with GMFCS Levels II and III, where greater functional gains 

were possible. Subjects with GMFCS Level IV were excluded 
from MCID analyses due to the lack of validated thresholds. 
Nonetheless, two such subjects in PEACE improved to Level III, 
indicating clinical benefit. In total, four participants improved in 
GMFCS level during the LTE, including one who worsened from 
Level II to IV during placebo treatment and improved to Level III 
after starting pegzilarginase.

3.7   |   Lower Limb Spasticity

Weekly pegzilarginase treatment led to sustained improvements 
in spasticity, as measured by the MAS (Table 3). In Study 102A, 
all assessed subjects with baseline spasticity showed improvement 
at Weeks 96 (n = 5), 144 (n = 6) and 262 (n = 5). At Week 262, four 
subjects achieved a score of zero in one or two affected muscle 
groups; one subject had no spasticity across all four. Two received 
botulinum toxin during the LTE, but improvements persisted 
when they were not receiving botulinum toxin (61–97 weeks). In 
PEACE, 16 of 19 subjects (84%) showed improvement at final as-
sessment; 8 (42%) reached a score of zero, 2 (11%) were unchanged 
and 1 showed worsening.

3.8   |   Safety Evaluation

All subjects experienced at least one treatment-emergent adverse 
event (TEAE) during the LTEs, most of which were mild or mod-
erate (Table 2). Six subjects had severe TEAEs, and two required 
dose reductions, though none discontinued treatment or died. 
Treatment-related TEAEs were reported in 19 subjects. In Study 
102A, the most common treatment-related TEAEs were asymp-
tomatic increased ammonia, symptomatic hyperammonaemia, 
and vomiting (each in 3/14 subjects, 21%). Hyperammonaemia-
related events (including ‘hyperammonaemia’ and ‘ammonia in-
creased’) occurred in 10 subjects, often with contributing factors 
such as infections or gastrointestinal symptoms; six had a prior 

Study 102A (n = 14) PEACE (n = 31) All subjects (n = 45)

Constipation 5 (35.7) 4 (12.9) 9 (20.0)

Abdominal pain 2 (14.3) 7 (22.6) 9 (20.0)

Abdominal pain upper 6 (42.9) 3 (9.7) 9 (20.0)

Rhinorrhoea 3 (21.4) 5 (16.1) 8 (17.8)

Diarrhoea 3 (21.4) 4 (12.9) 7 (15.6)

Gastroenteritis 4 (28.6) 3 (9.7) 7 (15.6)

Amino acid level increased 1 (7.1) 6 (19.4) 7 (15.6)

SARS-CoV-2 test positive 0 (0) 7 (22.6) 7 (15.6)

Abbreviations: AE = adverse event, AESI = adverse event of special interest, SAE = serious TEAEs, TEAE = treatment-emergent adverse event.
aDosing compliance was defined as the number of doses taken/number of expected doses.
bTreatment exposure was calculated using the dates of absolute first and absolute last drug administrations per subject. 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. Subjects 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.
cFor hypersensitivity reactions, the MedDRA preferred term of hypersensitivity was used.
dFor hyperammonaemic episodes, the following MedDRA preferred terms were included: hyperammonaemia, hyperammonaemic crisis and hyperammonaemic 
encephalopathy for PEACE, and the same for 102A but which also included Ammonia increased.
eFor injection site reactions, the MedDRA HLT Injection Site Reactions was included. Only includes subjects who transitioned to SC (n = 13 for Study 102A and n = 44 
for all subjects). Subjects could transition to SC dosing during the LTE period any time after LTE09.

TABLE 2    |    (Continued)
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10 of 15 Journal of Inherited Metabolic Disease, 2025

history of hyperammonaemia. In the PEACE LTE, elevated al-
anine aminotransferase and aspartate aminotransferase were 
the most frequent treatment-related TEAEs (5/31; 16% each). 
Hyperammonaemia TEAEs occurred in seven subjects, with one 
considered treatment-related. Serious AEs (SAEs) were reported 

in 20 subjects across both LTEs, most commonly hyperammonae-
mia (5/14 in 102A; 7/31 in PEACE). No hypersensitivity reactions 
were reported. Injection site reactions occurred in 6/44 (14%) sub-
jects. No clinically relevant trends were seen in clinical laboratory 
tests, vital signs, ECGs or related to route of administration.

FIGURE 3    |    Pegzilarginase treatment facilitated a sustained reduction in plasma arginine, within the therapeutic range, over the LTE periods 
and corresponded to a decrease in guanidino compounds. All show mean with standard deviation. Grey shading indicates normal range. Normal 
ranges for ARGA and GVA are too low to visualise in the figure. Baseline was defined as the value obtained prior to the first dose of pegzilarginase. 
Subjects in the pegzilarginase–pegzilarginase group of the PEACE LTE had already received treatment with pegzilarginase for 24 weeks in the 
double-blind period. Therefore, LTE24, LTE48, LTE96, LTE120 correspond to treatment weeks 48, 72, 120 and 144, respectively.  Abbreviations: 
ARGA = argininic acid (normal range: 0.025–0.1 μmol/L), GAA = guanidinoacetic acid (normal range: 0.4–3.0 μmol/L), GVA = α-keto-δ-
guanidinovaleric acid (normal range: < 0.05 μmol/L), NAArg = α-N-acetylarginine (normal range: 0.025–0.255 μmol/L).
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3.9   |   Immunogenicity

No subjects in Study 102A developed anti-drug antibodies 
(ADAs). In the PEACE LTE, one subject in the placebo–pegzi-
larginase group developed transient ADAs after the first dose, 
which resolved with continued treatment. No ADAs were de-
tected after LTE Week 24.

4   |   Discussion

Long-term treatment with pegzilarginase led to clinically mean-
ingful improvements in neuromotor function, mobility and 
spasticity across both LTE studies, with effects sustained for 
up to 262 weeks. These gains frequently exceeded stabilisation, 
with several subjects showing partial reversal of impairment. 
These findings support the potential for disease modification in 
ARG1-D, a condition in which progressive neuromotor decline is 
often expected once symptoms emerge.

The improvements in neuromotor and mobility outcomes across 
both studies included measures of standing, walking, running, 
jumping and spasticity. The use of multiple complementary as-
sessments allowed for evaluation across our heterogenous cohort. 
Most patients met pre-defined response criteria in at least one do-
main, and many across multiple. The degree of response aligned 
with GMFCS status and room for improvement. Improvements 

were sustained over long-term follow-up. Importantly, these out-
comes reflect not just stabilisation, but improvement, which is 
a notable achievement in a progressive disorder where deteri-
oration is expected once symptoms appear. This has important 
implications for independence, caregiver burden, and health sys-
tem resource use [21, 22]. That pegzilarginase may reverse clini-
cal decline, even in patients with advanced impairment, marks a 
significant step forward in ARG1-D management.

As anticipated, long-term pegzilarginase treatment conferred 
sustained reductions in plasma arginine concentrations through-
out the LTEs. With weekly administration, most subjects main-
tained arginine below the guideline-recommended threshold 
and within the normal range. Current UCD management guide-
lines advise a therapeutic target of < 200 μmol/L—higher than 
the typical range in a healthy person—and suggest aiming for the 
upper limit of normal when possible [13]. However, this is rarely 
achieved with existing standard of care (SOC), which relies heav-
ily on dietary protein restriction and essential amino acid (EAA) 
supplementation [9, 13, 23]. Liver transplantation (LT) is an op-
tion in ARG1-D, and while it can restore metabolic control and 
improve outcomes, it carries procedural risks and necessitates 
lifelong immunosuppression [24]. Pegzilarginase represents a 
less invasive, disease-modifying alternative.

Most ARG1-D patients do not undergo liver transplant, and are 
managed by diet instead—but the limitations of this approach 

FIGURE 4    |    Sustained improvements in clinical assessments of neuromotor function and mobility were reported with pegzilarginase treatment. 
All show mean with standard deviation. Baseline was defined as the value obtained prior to the first dose of pegzilarginase. Higher scores indicate 
better functioning. Subjects in the pegzilarginase–pegzilarginase group of the PEACE LTE had already received treatment with pegzilarginase for 
24 weeks in the double-blind period. Therefore, LTE 24, LTE 48, LTE 96, LTE 120 correspond to treatment weeks 48, 72, 120 and 144, respectively.  
Abbreviations: 2MWT = 2-minute walk test, 6MWT = 6-minute walk test, GMFCS = gross motor function classification system, GMFM-D = gross 
motor function measure part D, GMFM-E = gross motor function measure part E, LTE = long-term extension, TWT = timed walk test.
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were evident in Study 102A and PEACE study populations, 
where baseline plasma arginine levels under SOC ranged from 
202 to 573 μmol/L. In addition to being difficult to maintain, 
restrictive diets pose growth and developmental challenges, 
particularly in children [9, 13, 25, 26]. While clinical data in 
asymptomatic individuals remain limited, the established role 
of chronically elevated arginine in driving neurological dam-
age provides a strong rationale for early treatment with peg-
zilarginase—even in patients identified pre-symptomatically 
through family or newborn screening—to prevent cumulative 
neurotoxicity and preserve function.

In ARG1-D, while elevated plasma arginine is consistently 
observed and is directly linked to metabolic and neuromotor 
dysfunction, elevated guanidino compounds (GCs), which ac-
cumulate as downstream products of arginine metabolism, are 
also observed [27–30]. Their role in human disease pathophys-
iology has been documented with preclinical and biochemical 
evidence suggesting that GCs contribute to CNS toxicity and 
neuromotor symptoms [21]. In our study, all four measured GCs 
declined over time with pegzilarginase treatment, although only 
GAA decreased to the normal range. Samples were collected at 
the end of the dosing interval, likely reflecting peak GC levels 
and potentially underestimating the extent of reduction. While 
these findings are encouraging, further research is needed.

Our data reflect 109 subject-years of LTE exposure, and 123 subject-
years when including the parent studies. Pegzilarginase was well 
tolerated over the long term, with a safety profile consistent with 
earlier phases. No safety differences were observed between IV and 
SC administration. Although pegzilarginase consistently reduced 
plasma arginine, hyperammonaemia still occurred in some treated 
patients, with 13 events reported across both LTEs. Only four of 
these were considered possibly or likely related to treatment. These 
events are not unexpected in this patient population, where hy-
perammonaemia is a recognised complication of ARG1-D, often 
precipitated by factors such as intercurrent illness or reduced nu-
tritional intake [31–33]. Notably, rates were higher in the placebo 
group than in the pegzilarginase group during the PEACE double-
blind phase [14]. One possible contributing factor to the risk of hy-
perammonaemia, despite normalisation of plasma arginine, may 
relate to the mechanism of action of pegzilarginase. The enzyme 
increases plasma ornithine via extracellular conversion of arginine; 
however, it is not documented whether this circulating ornithine is 
effectively transported into hepatocytes and used within the mito-
chondrial urea cycle, although it would be expected.

The immunogenicity profile of pegzilarginase was favourable, 
with anti-drug antibodies (ADAs) transient and without ob-
served impact on safety or efficacy [34]. This is important given 
the risk of neutralising antibodies and hypersensitivity reactions 

FIGURE 5    |    Heat map of responders in Studies 300A and 102A (evaluable subjects). There are no response thresholds available for GMFCS 
Level IV; therefore, those subjects with a Baseline GMFCS Level IV 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 TWT distance or maximum score 
on GMFM-E or GMFM-D.  Note: Individual component changes from LTE Baseline that met the response criteria for improvement or worsening 
were as follows: 2MWT/6MWT = ≥ 9% in distance walked (metres). GMFM-D = ≥ 2.4 for GMFCS I, ≥ 3.3 for GMFCS II and ≥ 1.5 for GMFCS 
III. GMFM-E = ≥ 4.0 for GMFCS I, ≥ 2.8 for GMFCS II and ≥ 1.8 for GMFCS III. Abbreviations: 2MWT = 2-minute walk test, 6MWT = 6-minute 
walk test, CFB = change from baseline, GMFCS = gross motor function classification system, GMFM-D = gross motor function measure part D, 
GMFM-E = gross motor function measure part E, LTE = long-term extension, TWT = timed walk test.
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with other enzyme therapies. Overall, the long-term safety find-
ings support pegzilarginase as a suitable option for sustained 
use in ARG1-D.

A limitation of the LTEs is the absence of a long-term control 
group, although prior data on SOC outcomes provide relevant 
context [9, 12, 13, 26, 33]. Real-world evidence will be valuable 
to further validate these findings.

5   |   Conclusion

This analysis of the largest and longest dataset of pegzilarginase-
treated patients reported to date demonstrates sustained clinical 
benefits including improved mobility and reduced spasticity. 
Consideration of early initiation of therapy, ideally before symp-
toms occur, appears warranted, although there is also a role in 
patients with existing disease given the reversal of functional 
decline observed. The data support pegzilarginase as a disease-
modifying therapy that addresses a critical unmet need in the 
management of ARG1-D.
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