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ABSTRACT

Background and aims: Arginase 1 deficiency (ARG1-D) is a ultrarare disease with manifestations that
cause mobility and cognitive impairment that progress over time and may lead to early mortality.
Diseases such as ARG1-D have a major impact also outside of the health care sector and the aim of
this study was to estimate the current burden of disease associated with ARG1-D from a societal
perspective.

Methods: The study was performed as a web-based survey of patients with ARG1-D and their care-
givers in four European countries (France, Portugal, Spain, United Kingdom). The survey was distrib-
uted at participating clinics and included questions on e.g. symptoms (including the Gross Motor
Function Classification System, GMFCS, and cognitive impairment), health care use, medication, ability
to work, caregiving, and impact on health-related quality-of-life (HRQoL) using the EQ-5D-5L.
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Results: The estimated total mean societal cost per patient and year was £63,775 (SD: £49,944). The o |
00; I; 131; 13

cost varied significantly with both mobility impairment (from £49,809 for GMFCS level 1 to £103,639
for GMFCS levels 3-5) and cognitive impairment (from £43,860 for mild level to £99,162 for severe
level). The mean utility score on the EQ-5D-5L for patients was 0.498 (SD: 0.352). The utility score also
varied significantly with both mobility impairment (from 0.783 for GMFCS level 1 to 0.153 for GMFCS
level 3-5) and cognitive impairment (from 0.738 for mild level to 0.364 for severe level).

Conclusions: Similar to other studies of rare diseases, the study is based on a limited number of
observations. However, the sample appear to be reasonably representative when comparing to previ-
ous studies of ARG1-D. This study shows that ARG1-D is associated with a high societal cost and sig-
nificant impact on HRQoL. Earlier diagnosis and better treatment options that can postpone or
withhold progression may therefore have a potential for improved HRQoL and savings for the patient,
caregiver, and society.

The current standard treatment for ARG1-D include severe
dietary protein restriction to reduce pArg levels, essential
amino acid supplementation (EEA), nitrogen scavengers and
pharmacological treatment for disease symptoms®’. Current
standard treatment can reduce pArg to normal levels and slow
neurological deterioration if managed to maintain sustained
lowering of pArg levels®®. However, potential to lower argin-
ine to clinically relevant levels, and especially to maintain the
patients within normal or guideline recommended pArg levels,
are rarely achievable. Dietary protein restrictions have only

Introduction

Arginase 1 deficiency (ARG1-D; OMIM # 207800), also known
as hyperargininaemia, is an ultrarare, progressive, autosomal
recessive, metabolic disease, affecting approximately 1 in
726,000 - 950,000 births?. ARG1- D is characterized by a
deficiency of the final enzyme of the urea cycle, arginase 1
(EC3.5.3.1), leading to elevated plasma arginine (pArg) levels.
Manifestation of the disease include spastic paraplegia,
cognitive  deficiency, seizures, and ultimately severe
disability and early mortality®>. In contrast to other urea

cycle disorders, birth and early infancy is relatively normal
and the first symptoms are generally noted between 2 and
4years of age*”.

effect on exogenous arginine while endogenous production,
which is a major source of arginine, would not be affected.
Therefore, there are limitations in the effectiveness of diet
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restrictions as a treatment option to normalize pArg and alter
the disease course'®'". Further, late-initiated treatment due to
issues related to delayed diagnosis, as observed for patients
with the disease (reported to be 1-6years®'*'3) in settings
without newborn screening (NBS)®'*'>, and non-adherence
with prescribed dietary restrictions may contribute to a contin-
ued disease progression. Given the limitations of available
treatment options in the management of ARG1-D, an unmet
need for alternative, disease-modifying treatments have been
reported®'?. Recently, a novel treatment option, and the first
disease-modifying treatment, has been approved by the
European Medicines Agency (EMA, 13 October 2023). This is a
human enzyme therapy (pegzilarginase), intended as an
adjunct to current standard of care, which has been shown in
a Phase llI study to reduce pArg to normal levels in 90.5% of
patients (vs 0% with placebo) '3.

Studies of the natural disease history and disease man-
agement confirm that pArg levels remain above target for
most patients on current standard therapy resulting in pro-
gressive and life-long clinical manifestations>'?, including
motor deficits (80%), spasticity (69%), intellectual disability
(55%), seizures (50%), and premature death®. This creates a
significant burden on patients, caregivers, healthcare, and
the wider society.

The burden associated with ARG1-D for the healthcare sys-
tem has recently been estimated based on retrospective,
observational, claims data in the US for a sample of patients
with ARG1-D (n=77) and a control group with other medical
conditions®. The study found that ARG1-D was associated with
a higher health care consumption, including emergency
department (ED) visits and longer hospitalizations. The occur-
rence of specific manifestations was more frequent and
greater in magnitude (spasticity, developmental delay, intellec-
tual disability, and seizures). The overall occurrence of other
comorbidities was also more common (i.e. liver disease, epi-
lepsy, cirrhosis/fibrosis) among patients with ARG1-D com-
pared with patients without ARG1-D*. An analysis of health
care cost for rare diseases based on data from health care sys-
tem databases in the United States also found that urea cycle
disorders are associated with a significantly higher cost com-
pared to other rare diseases and to age-adjusted controls'®.

For diseases such as ARG1-D, a health care perspective
may underestimate the true burden as the nature of the dis-
ease implies that it has a major impact outside of the health
care sector. From a societal perspective, in addition to direct
medical costs (health care, medication), there are also direct
nonmedical costs (caregiving, specialized education), indirect
costs (production loss) and intangible costs (lost quality-of-
life and possibly life-years). Studies applying a societal per-
spective for diseases with similar characteristics to ARG1-D
(cerebral palsy [CP] and Duchenne muscular dystrophy
[DMD]) show that health care cost may only constitute a
minor fraction (10-15%) of the total burden from a societal
perspective'” '8, A major part of the burden consists of costs
for caring and assisting the patient throughout life, the
reduced ability to work, and the impact on quality of life.
These components are, however, rarely available in registries
or medical records and therefore need to be collected from
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the patients and/or caregivers themselves. To our know-
ledge, there are no studies that have estimated resource use
and costs outside of the healthcare sector for ARG1-D.

To the best of our understanding, there is also no study
of the health-related quality-of-life (HRQoL) in ARG1-D specif-
ically. There are, however, studies that show a reduced
HRQoL related to the symptoms that are associated with
ARG1-D. For example, studies of patients with CP shows that
HRQoL are related to level of mobility impairment'®?°. Also,
a study of patients with urea cycle disorders (including
patients with ARG1-D) found a lower HRQoL compared to
healthy people, people with phenylketonuria and people
with diabetes mellitus®'.

The objective of this study was to estimate the current burden
of disease associated with ARG1-D from a societal perspective by
performing a survey among patients and their caregivers in four
European countries. A secondary objective was to assess how
the burden of disease varies by disease severity.

Methods

This study was designed as a cross-sectional, international,
multi-center survey conducted at university hospital clinics spe-
cialised in genetic metabolic diseases in France, Portugal, Spain
and the United Kingdom (UK). The study results focusing on
disease development and caregiver burden have been pre-
sented in detail elsewhere (manuscript under review).

Study sample

Patients with an ARG1-D diagnosis (and their caregivers) con-
nected to the participating or referring clinics were eligible
for inclusion. Patients treated with pegzilarginase as part of
an early access program were eligible given that treatment
period was relatively short as the program was recently
introduced, while patients participating in the longer-term
treatment interventional clinical trials (including extension
studies)®??, were excluded from the study, as were patients/
caregivers that could not read and write in the country-
specific language. However, in case a patient was unable to
read and write, a caregiver could respond on their behalf.

Ethical procedures

The study was approved by the Swedish Ethical Review
Authority (Dnr 2022-00363-01), the Leeds East Research Ethics
Committee in the UK (REC reference 23/YH/0023, IRAS project
ID 316363), the Committee for Personal Protection South
Mediterranean Il in France (223 CO3), the Santiago-Lugo Ethics
Committee in Spain (2022/325), and Centro Hospitalar
Universitario Sao Joaao Ethics Committee (EO 19.22) in
Portugal. Informed consent was obtained from all participants
in the electronic survey form before any data collection.

Survey instrument

Data were collected using a web-based questionnaire which
consisted of 12 sections with the first part (Part I) concerning
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the patient and the second part (Part Il) concerning the care-
giver. Part | included questions on patient demographics, dis-
ease and symptoms, health care resource use, diet and
medication, professional caregiving and assistance, adult
patients’ (16years and older) ability to work, and health-
related quality-of-life (HRQoL). Part Il included questions on
caregiver demographics, amount of caregiving by the family,
patients’ symptoms, caregivers’ ability to work, and caregivers’
HRQoL and caregiver burden. Resource use and ability to
work related to ARG1-D were assessed for the last 12 months.

Patients’ symptoms were assessed by the caregiver using
the Gross Motor Function Classification System (GMFCS) for
motor function and adapted scales for cognitive function.
Questions around the patient’s symptoms were included in
the caregiver Part Il due to the sensitive or challenging nature
of these questions, making it inappropriate to directly posing
specific symptom-related questions to the patient themselves.

The GMFCS is a five-level classification system (1 to 5,
where 5 is worst), developed for use in CP, that differentiates
children based on the child’s current gross motor abilities,
limitations in gross motor function, and need for assistive
technology and wheeled mobility”>. The instrument is
adapted to the child’s age and available in versions for chil-
dren who are 2-4years, 4-6 years, 6-12years, and 12-18 years.
The GMFCS is not used for children below the age of two
years. The GMFCS for children 12-18 years was used to meas-
ure motor function in adults.

Cognitive function was measured using selected dimen-
sions from other instruments and included 13 questions on
the patients’ ability to communicate, socialize, learn/think and
solve problems, and perform activities of daily living. The abil-
ity was rated on a scale from 0 (no problems) to 4 (cannot do
at all). Caregivers were asked to rate the ability of the patient
in comparison to other children/adults of the same age. The
respondent had the option of responding ‘not relevant’ (e.g.
ability to read and write for younger children).

The generic, preference-based instrument EQ-5D-5L was
used to measure HRQoL among patients and caregivers. The
EQ-5D-5L includes questions on five dimensions (mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression) with five response alternatives (no/slight/moder-
ate/severe/extreme problems). The responses generate
health states that can be assigned a preference-based weight
(utility) reflecting the quality of life on a scale from 0 (death)
to 1 (full health) by using available value sets derived from
surveys of the general population. Values can be negative if
the health state is considered worse than death. The proxy
version of the EQ-5D-5L was used for children and adult
patients not capable of answering for themselves. The EQ-
5D-5L also includes the EQ-VAS which ranges from 0 to 100
where 0 represents worst imaginable health and 100 repre-
sents best imaginable health.

Data collection

When a patient fulfilling the eligibility criteria arrived at the
clinic for his or her appointment, the patient or the caregiver
was informed about the study and given an invitation letter.

Alternatively, the patient or caregiver were informed over
telephone by the health care staff and the invitation letter
was sent to them by e-mail. The patient and/or caregiver
completed the questionnaire at the clinic, or at home, by
using the link included in the invitation letter.

A total of 43 patients (France: 9, Portugal: 10, Spain: 7, UK:
17) and their caregivers were invited to participate in the
study. In total, there were 21 responses for Part | (patient
questionnaire) and 16 responses to Part Il (caregiver ques-
tionnaire). Figure 1 summarizes the respondents and missing
data. Caregivers responded to Part | on behalf of children
(below 16 or 18years, according to local regulation) and
adults not capable of answering for themselves (17 care-
givers responding on behalf of 18 patients) before respond-
ing to Part Il (14 caregivers responding on behalf of 15
patients). Adult patients capable of answering Part | by
themselves (n=3), invited their caregivers to respond to Part
Il (n=2, one missing). Caregivers with more than one child
with ARG1-D (n=4) were first asked to complete Part | for
their youngest child. Thereafter, they completed Part | for
their older child(ren) which occurred automatically within the
electronic survey platform (n =1, 3 missing).

Data were collected between June 16 and August 13,
2023,

Data analysis

The data were summarized using standard descriptive meas-
ures as appropriate; proportions for categorical variables and
mean and standard deviation for continuous variables. Data
were presented and analysed as a cohort and not presented
for individual countries.

Cost calculations

Resource use data for all countries were merged and then
multiplied by unit costs for UK. Unit costs were collected
from national statistics and experts to calculate costs at the
2023 price level (Table 1). The unit cost of a hospital stay
was applied to the data, i.e. not considering the number of
days of hospitalisation. No cost assessments were conducted
for modifications made in the patient’'s home and no costs
were accounted for aids and devices except the cost of
wheelchair. The reason for this was primarily due to difficul-
ties interpreting the responses of these survey questions
(e.g. what does home adjustment due to ARG1-D really
mean and how do we distinguish regular maintenance and
remodelling of a home from that which is directly related to
ARG1-D).

Unit costs for medication were estimated based on litera-
ture, product summaries and assumptions®*™?’. In the medi-
cation cost calculation, it was assumed that reported use of
multiple nitrogen scavengers represented a switch and the
annual cost was calculated for the use of one scavenger to
avoid double-counting.

Production loss was estimated using the human capital
approach, i.e. value according to gross wage and payroll
taxes. Production loss was estimated for patients and
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Physician/Nurse hand out or send
out invitation letter to
patient/caregiver

Part I: Patient responding by
themeselves (n=3)

Figure 1. Survey respondents and missing data.
*17 caregivers responding for 18 patients (1 caregiver responded for 2 patients).

Part II: Caregiver of patients

capable of answering for
themeselves (n=2).

Part I: Caregiver responding on
behalf of patients (n=18%)

Part II: Caregiver of patients not

capable of answering for
themeselves (n=15).

**In addition, there were 3 caregivers responding that they had other child(ren) with ARG1-D but who did not respond Part | for these children.

caregivers with sick-leave or early retirement and for adult
patients not capable of answering for themselves and who
were not employed or students. The calculations were based
on the assumption that the adult patients and 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.

Cost calculation for special schooling was based on informa-
tion on school types and associated annual costs in Sweden®
due to difficulties in obtaining accurate and comprehensive infor-
mation on special schooling and associated costs for the UK.

Costs were divided by GMFCS score and cognitive score.
Scores were missing for four patients as their caregiver did
not complete Part Il, which included the relevant questions.
A GMFCS score was instead assessed based on responses to
other relevant questions in Part | (wheelchair use, mobility
dimension in the EQ-5D) for three patients. One additional
patient was not eligible for GMFCS scoring due to their age
(<2years old). To avoid presenting data for individual obser-
vations, costs for GMFCS levels 3, 4 and 5 were combined
and presented as one. A total cognitive score was calculated
by summarizing the score (0-4, where 4=worst level) of
each separate question. The responses “Don't know” and

“Not relevant” were coded as 0. Cognitive score ranges from
0 (0 for all questions) to 52 (4 for all questions, i.e. worst
level). Costs were presented for cognitive function scores in
ranges 0-10 (mild), 11-20 (moderate), 21-52 (severe).

Health-related quality-of-life (HRQoL)

Irrespective of country, results for the EQ-5D were analysed
based on utility weights derived from UK value set for cross-
walk?® (ie. translation of EQ-5D-3L weights to EQ-5D-5L
weights). The crosswalk has been considered more appropri-
ate than the directly estimated value set by Devlin et al.*
while waiting for a new value set based on updated guide-
lines from the EuroQol®'. The utility weights were also div-
ided based on GMFCS and cognitive function score.

Results
Patient characteristics

Most patients (76%) were females, and the age of the
patients ranged from 0 to 49 years with an overall mean (SD)
age of 16.7 (11.7) years (Table 2). The majority (86%) of the
patients lived with their parents. Ten patients (48%) were of
school age, with five of them (50%) receiving specialized



1150 S. OLOFSSON ET AL.

Table 1. Unit costs.

Resource use Unit Unit cost in GBP (£) Ref
Hospitalisation
Emergency department Per visit 217 3
Hospitalisation Per visit 5,845 33
Health care visits
Neurologist Per visit 226 34
General practitioner Per visit 232 34
Paediatrician Per visit 284 34
Endocrinologist Per visit 286 33
Nurse Per visit 46 34
Physiotherapist or rehabilitation specialist Per visit 65 34
Occupational therapy Per visit 65 34
Psychologist Per visit 86 34
Dietician Per visit 100 34
Geneticist Per visit 694 3
Speech and language therapist Per visit 72 34
Protein substitute Per year® 9,067 27,35
Tests
Blood test Per test 3 3
Ultrasound Per test 98 3
Electrocardiogram (ECG) Per test 159 3
Electroencephalogram (EEG) Per test 227 3
Magnetic resonance imaging (MRI) scan Per test 233 3
Computed tomography (CT) scan Per test 132 33
Material rehab tools and aid
Wheelchair Per year 132 34
Walking aids (walker, rollator, crutches, canes) -
Walking stabilators (casts, splints etc.) -
Medication
Botulinum toxin Per year® 2,598 2436
Sodium phenylbutyrate (Ammonaps) Per year Child: 9,451 2636
Adult: 26,462
Sodium phenylbutyrate (Pheburane) Per year® Child: 9,438 26,36
Adult: 26,425
Glycerol phenylbutyrate (Ravicti) Per year Child: 13,271 2636
Adult: 37,160
Baclofen (muscle relaxant medication for spasticity) Per year 34 2536
Pegzilarginase -Unlicensed
Assistance
Professional assistance Per hour 20 37
Family caregiving (net wage, 70% gross wage) Per hour 17 38
Specialized schooling (elementary school) Per year 29,172¢ 28
Specialized schooling (upper secondary school) Per year 26,090¢ 8
Indirect costs
Productivity losses (gross wage incl. payroll taxes) Per hour 34 3839

@Assuming 92 grams supplementation per day (25 grams protein/100 grams supplementation, need
23 grams protein per day = 50% of daily required protein = 46 grams protein = 0.83 grams pro-

tein/kg at 55 kg on average).

PAssuming 4MU/kg and 55kg per patient, resulting in a total dose of around 200 units.
Administrated around 10 times per year according to survey data.

“Assuming a dose of 262.6 mg NaPB per kg per day and the assumption of a weight of 25kg for a
child and 70kg for an adult. The unit costs for scavengers were calculated as a weighted mean of
sodium phenylbutyrate (NaPB; Ammonaps or Pheburane) and glycerol phenylbutyrate (Ravicti).

dAssuming a dose of 52.5mg per day.
*Based on unit costs in Sweden.

education. Among the nine adult patients, four (44%) had
received specialized education. None of the adult patients
were employed. Six patients (29%) had been diagnosed
through NBS and their age at the time of the study ranged
from 0 to 14 with a mean (SD) age of 7.7 (5.8) years. These
patients had the lowest level of mobility impairment
reported on the GMFCS (score = 1) and less cognitive
impairment compared to the entire sample.

Caregiver characteristics

The mean age of caregivers responding to Part Il (n=16)
was 44 years and a majority (63%) were females. Most (88%)

were parents to the patient with ARG1-D, and four caregivers
(25%) had more than one child with ARG1-D. Six caregivers
(38%) were employed, of which four (67%) had reduced their
employment due to caregiving. Ten caregivers (62%) were
not employed, whereof three reported having stopped work-
ing due to caregiving.

Annual societal cost

Health care resource use related to ARG1-D included hospi-
talisations, health care visits (primarily metabolic specialist,
dietician, neurologists and physiotherapists), tests (primarily
blood sample, ultrasound, and electrocardiogram), and
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Variable

Number of patients

Patients (n = 21)

Mean age (SD)

Female

Current main occupation
Below school age
Primary or secondary school
University
Employed or self-employed
Sick leave or early retirement
Unemployed or looking for work
Other

GMFCS (n=19)
1 =least mobility impairment
2
3
4
5 =most mobility impairment

Mean cognitive score (SD), scale 0-52, 0 =no cognitive impairment (n=17)

Caregivers (n = 16)

Mean age (SD)

Female

Parent of the patient

More than one child with ARG1-D

Current main occupation
Student
Employed
Parental leave
Sick leave or early retirement
Unemployed/looking for work
Retired
Registered as carer for the child with ARG1-D
Other

Impact on employment
Reduced working due to caregiving
Stopped working due to caregiving
No impact reported

16.7 (11.7) 21
76% 16
5% 1
47% 10
5% 1
0% 0
0% 0
5% 1
38% 8
42% 8
26% 5
5% 1
21% 4
5% 1
18.9 (18.0) 17
44 (9) 16
63% 10
88% 14
27% 4
0% 0
38% 6
6% 1
0% 0
31% 5
0% 0
13% 2
13% 2
25% 4
19% 3
56% 9

SD = standard deviation. GMFCS = Gross Motor Function Classification System.

injection treatment with botulinum toxin. A majority were
using nitrogen scavengers (81%) and protein substitute (71%).
Four patients, two children and two adults (19%), received
professional assistance and seven patients (33%) were using a
wheelchair. Seven caregivers reported family caregiving of the
patient, i.e. informal caregiving (out of the patients receiving
family caregiving, with all but one of the recipients being chil-
dren). Full time work absence was estimated for six out of
nine adult patients (not capable of responding themselves
and not employed or students). Part-time work absence was
estimated for four caregivers (currently employed, indicating
reduced time working due to caregiving) and full-time work
absence for three caregivers (not currently employed, indicat-
ing stopped working due to caregiving).

The annual, mean total cost per patient was £68,775 (SD:
49,944). Individual mean cost varied between patients with a
range from an annual cost of £9,780 to £188,951 (Table 3).
The largest cost component was indirect costs (46%) fol-
lowed by direct medical costs (37%) and direct nonmedical
costs (17%).

The annual mean total cost for children (n=12, age < 16)
was £46,637 and for adults £98,292 (Figure 2). Indirect costs
(production loss) for adult patients and caregivers accounted
for 61% of the total costs among the adult patients, while
the corresponding proportion among children was 21%.

The annual mean total cost increased with mobility
impairment (GMFCS level); £49,809 for level 1 (lowest level of

impairment), £69,069 for level 2, and £103,639 for level 3-5
(Figure 3). There is also a tendency for higher cost among
patients with a higher (more impaired) cognitive score
(Figure 4). The distribution of costs across different cost com-
ponents varied between disease stages; indirect costs
accounted for a higher proportion of the total costs among
patients with GMFCS level 3-5 and patients with cognitive
scores 21-52 (Figures 3 and 4).

An analysis of costs across cognitive impairment and
GMFCS levels showed that the annual mean total costs were
higher for patients with severe cognitive impairment com-
pared to those with no/mild cognitive impairment for
GMFCS level I-ll and level llI-V, respectively (Table 4).
However, it is important to note that there were only three
individuals in the GMFCS level IlI-V.

Health-related quality of life (HRQol) for patients and
caregivers

In the EQ-5D dimensions, patients, or parents reporting on
behalf of their child, indicated mobility as the area with the
most severe to extreme difficulties (43%) followed by self-
care (38%) and usual activities (36%) (Figure 5). The mean
quality of life for patients based on the EQ-VAS was 72
(SD: 19).

The quality of life of patients decreased by the patient’s
mobility impairment (GMFCS) (Figure 6) and cognitive
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Table 3. Descriptive statistics for cost components for patients with ARGD1 (in £ per year).

Cost components Mean Median Min, £ Max, £ Sum, £ Number of patients with any
(SD), £ (Q1; Q3), £ use/production loss (N=21)

Direct medical cost

Health care 5,388 (5,862) 4,610 (581; 7,164) 0 21,237 113,152 18/21

Medications* 11,235 (10,611) 11,355 (2598; 13,271) 0 31,793 235,953 21/21

Diet 8,635 (1979) 9,067 (9,067; 9,067) 0 9,067 181,340 20/21

Direct non-medical cost

Professional caregiving 3,244 (8,620) 0 (0; 0) 0 31,200 68,120 4/21

Family caregiving 2,231 (4,336) 0 (0; 1768) 0 15,028 46,852 7/21%%

Wheelchair 44 (63) 0 (0; 132) 0 132 924 7/21

Special schooling 6,652 (12,217) 0 (0; 0) 0 29,172 139,696 5/21%%*

Indirect cost

Production loss patient 17,097 (27,700) 0 (0; 59,840) 0 59,840 359,040 6/21

Production loss caregiver 14,247 (22,428) 0 (0; 29,920) 0 59,840 299,200 7/16

Total annual cost 68,775 (49,944) 60,317 (25,032; 103,608) 9,780 188,951 1,444,277 21/21

*No cost applied to pegzilarginase.

**Information about family caregiving (caregiver respondent and others) was only available for patients whose caregiver answered the survey One outlier (stat-
ing 24/7 assistance) were included with mean hour values for family caregiving.
***Nine out of 21 patients reported that they had received specialised schooling. In the calculation we included only patients currently in school age (n=5,

age range 8-18years).
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Figure 2. Mean annual total cost (in £) per patient.
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Figure 3. Mean annual total cost (in £) per patient by GMFCS levels.
Note: GMFCS ranges from 1 to 5 (1 = least mobility impairment, 5= most mobility impair-
ment). GMFCS = Gross Motor Function Classification System.

impairment (Figure 7). The quality of life of caregivers also
decreased by the patient’s cognitive impairment.

The mean utility weight for patients based on the EQ-5D-
5L was 0.498 (SD: 0.352). Compared to the EQ-VAS, mobility
impairment (GMFCS) and cognitive impairment had a larger
impact on the quality of life reported on the EQ-5D-5L for
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Figure 4. Mean annual total cost (in £) per patient by cognitive score.
Note: Cognitive score ranges from 0 to 52 (0-10 =no cognitive impairment, 11-20 = mild
cognitive impairment and 21-52 = moderate to severe/extreme cognitive impairment).

Table 4. Mean total cost for no/mild and moderate to severe/extreme cogni-
tive impairment across GMFCS levels (in £per year).

GMFCS I-I GMEFCS lI-V
0-20 = no cognitive impairment 47 445 60 317
to mild cognitive impairment SD =37 379 SD=NA
(n=8) (n=1)
21-52 = moderate to severe/ 72 854 164 933
extreme cognitive impairment SD = 39 587 SD = 33 967
(n=5) (n=2)

SD = Standard Deviation, NA = Not Applicable, n =number of patients.

patients (Figures 6 and 7). This is according to expectations
as the EQ-5D-5L utility weights do not take account of adap-
tation to health states which tends to increase quality of life.

Mean utility weight by EQ-5D-5L across symptoms indi-
cated that patients with severe cognitive impairment
reported lower quality of life compared to those with no/
mild cognitive impairment for both GMFCS levels I-ll and
GMEFCS levels III-V (Table 5).

For caregivers, utility weights for the EQ-5D-5L (mean
0.810, SD:0.174) resulted in higher estimates of the quality of
life compared to the EQ-VAS (mean 78, SD:13). However, this
is also to be expected as the EQ-5D-5L is not designed to
capture the impact on caregivers and may be less sensitive
to the impact on quality of life from caregiving.
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Figure 6. Mean (SD) health-related quality of life by EQ-5D-5L for patients and
caregivers by patients’ GMFCS levels.

Note: Health-related quality of life weights by EQ-5D-5L ranges from 0-1 (0=death,
1 =full health). GMFCS ranges from 1 to 5 (1 = least mobility impairment, 5 = most mobil-
ity impairment). GMFCS = Gross Motor Function Classification System.
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Figure 7. Mean (SD) health-related quality of life by EQ-5D-5L for patients and
caregivers by patients’ cognitive score.

Note: Health-related quality of life weights by EQ-5D-5L ranges from 0-1 (0=death,
1 =full health). Cognitive score ranges from 0 to 52 (0-10 =no cognitive impairment, 11-
20=mild cognitive impairment and 21-52=moderate to severe/extreme cognitive
impairment).

Table 5. Utility weights for no/mild and moderate to severe/extreme cogni-
tive impairment across GMFCS levels. Van hout crosswalk tariff.

GMFCS I-II GMFCS -V
0-20 = no cognitive impairment 0.845 0.151
to mild cognitive impairment
SD = 0.161 SD=NA
(n=8) (n=1)
21-52 = moderate to severe/ 0.499 0.029
extreme cognitive impairment
SD = 0.237 SD = 0.001
(n=5) (n=2)

SD = Standard Deviation, NA = Not Applicable, n =number of patients.

Discussion

This study is, to our knowledge, the first survey of patients
with ARG1-D and their caregivers, allowing for collection of
self-reported data which is needed to estimate HRQoL and
costs from a societal perspective. The study shows that
ARG1-D is associated with a high annual societal cost per
patient (£68,775) and that a large proportion of cost (63%) is
attributed to cost components outside of the traditional
healthcare perspective. The study also shows that ARG1-D is
associated with a large impact on HRQoL for patients (0.498).
Both costs and HRQoL vary significantly by disease severity
defined in terms of cognitive and mobility impairment.

The research further demonstrates that there is a signifi-
cant impact on caregivers of patients with ARG1-D, including
impact on capacity to work, caregiving, and HRQoL. The
results, however, reveal that it may be challenging for care-
givers to report the amount of time with caregiving. Also,
the EQ-5D may not fully capture the impacts on the HRQoL
among caregivers, as it does not include essential dimen-
sions such as social life, health, sleep, financials and time for
other family members.

This is the first study applying a survey approach to col-
lect data among the ARG1-D patient population. The benefit
of this approach is that data outside of registries and clinical
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records can be collected, such as resource use outside the
healthcare system and HRQoL. A limitation is that all details
may not be available, and assumptions are needed in the
calculation of costs. Conservative assumptions were applied
in order not to overestimate costs. For example, use of more
than one scavenger was assumed to represent a switch even
though it may be plausible for some patients to use two
scavengers at the same time. Also, in the calculation of medi-
cation cost we made assumption about the weight for chil-
dren and adults and doses from the literature were used
since we did not ask for this in the questionnaire. Therefore,
results on medication cost should be interpreted with cau-
tion. Furthermore, we did not include house adjustments
and device (except for use of wheelchair) in the cost calcula-
tions due to difficulties in interpreting survey responses. This
is, however, expected to have a minor impact on the total
costs per patient per year.

A strength of this study is that it is based on self-reported
data from patients and their caregivers, providing valuable
insights. However, self-reported symptom severity may not
be as objectively measured as when reported by physicians.
Also, HRQoL was reported by caregivers for the majority of
patients who were either unable or too young to respond
on their own. Proxy-reported HRQoL may be biased if the
caregiver underestimates or overestimates the impact of the
disease on HRQoL.

Similar to other studies of ultra rare diseases, the study
included a limited number of subjects. The survey approach,
relying on response rates, causes further reductions to this
number. Due to the low number of subjects, costs were cal-
culated for all countries merged using UK unit costs. This
may disguise some of the variation across countries.

To keep the study sample as large as possible, all analyses
included the four patients treated with pegzilarginase as part
of an early access program. Even though the inclusion of
those patients might bias the average costs and utilities for
the overall study population, any potential improvement in
symptoms due to pegzilarginase treatment will have less
impact when reporting costs and utilities per symptom
severity group. Weekly injections might have a negative
impact on both costs and utilities, while a positive impact on
both costs and utilities might be expected due to improved
symptoms and due to being less worried about future
progression.

Furthermore, the small sample of patients also means that
individual responses may have a large impact on mean
results and that the results should be interpreted with cau-
tion. Comparison of the study sample characteristics to other
studies of individuals with ARG1-D show that the median
age is similar (17 vs. 15%, 16'% and 11%%) while the share of
females is higher (76% vs. 43.3%° and 40.6%%%) The mean
age at diagnosis was similar to or lower compared to what
has been reported in other studies (3.8 vs. 3.3%2, 6.4°, and
8.8'%) Other studies also report similar rates of spasticity
(57% vs. 66%>* and 69%°) seizures (29% vs. 34%>* and
50%°) and cognitive dysfunction (62% vs 55%°) Mobility
impairment as reported by the GMFCS was higher in this

study compared to the baseline level in a clinical trial®* (1:
42% vs. 43%, 2: 26% vs. 40%, 3-5: 31% vs. 16%).

The differences in HRQoL according to GMFCS level iden-
tified in this research align with variations in HRQoL based
on GMFCS level observed in a study involving patients with
CP*2. The mean cost of ARGI-D reported in this study
(€68,396) is similar to the mean cost of DMD in European
countries ($42,140-72,870) '®. However, the share of direct
medical cost (47%) indicates higher than similar share
reported for CP (8%)'” and DMD (15%)'®. For CP and DMD,
the cost of community services and informal caregiving was
much higher than for ARG1-D. The cost of community serv-
ices may be underestimated in this study as it was restricted
to specialized education. The cost of e.g. specialized child-
care and day activities for adult patients were not included.
The cost of informal caregiving may also be underestimated
because it was not estimated for caregivers that did not
report the number of hours of caregiving per week.

Conclusions

This study shows that ARG1-D is associated with a high soci-
etal cost and significant impact on HRQoL with the impact
intensifying with the severity of the disease. This suggests
that earlier diagnosis and improved treatment options hold
the potential for cost savings and health benefits by delaying
or mitigating disease progression.
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