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In Hunter syndrome (mucopolysaccharidosis II [MPS-II]),
systemic accumulation of glycosaminoglycans (GAGs) due
to a deficiency of iduronate-2-sulfatase (IDS), caused by mu-
tations in the IDS gene, leads to multiple somatic manifesta-
tions and in patients with the severe (neuronopathic)
phenotype, also to central nervous system (CNS) involve-
ment. These symptoms cannot be effectively treated with
current enzyme-replacement therapies, as they are unable
to cross the blood-brain barrier (BBB). Pabinafusp alfa, a
novel IDS fused with an anti-human transferrin receptor
antibody, was shown to penetrate the BBB and to address
neurodegeneration in preclinical studies. Subsequent phase
1/2 and 2/3 clinical studies in Japan have shown marked
reduction of GAG accumulation in the cerebrospinal fluid
(CSF), along with favorable clinical responses. A 26-week,
open-label, randomized, parallel-group phase 2 study was
conducted in Brazil to further evaluate the safety and efficacy
of intravenously administered pabinafusp alfa at 1.0, 2.0,
and 4.0 mg/kg/week in MPS-II patients. The safety profiles
in the three dosage groups were similar. Neurodevelopmental
evaluation suggested positive neurocognitive signals despite a
relatively short study period. The 2.0-mg/kg group, which
demonstrated marked reductions in substrate concentrations
in the CSF, serum, and urine, was considered to provide the
best combination regarding safety and efficacy signals.
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INTRODUCTION
Hunter syndrome (mucopolysaccharidosis II [MPS-II]) is an
X-linked recessive lysosomal storage disorder, caused by mutations
in the iduronate-2-sulfatase (IDS) gene leading to a deficiency of
IDS,1 an essential enzyme for the catabolism of glycosaminoglycans
(GAGs) such as heparan sulfate (HS) and dermatan sulfate (DS).
The consequent pathological accumulation of GAGs in the lysosomes
in most cells throughout the body results in a broad spectrum of so-
matic symptoms1–3 in patients with the severe (neuronopathic) or the
attenuated (non-neuronopathic) phenotype. Furthermore, central
nervous system (CNS) manifestations resulting from complex pro-
gressive neurodegeneration4 brought about by the accumulation of
substrates are present in the patients with the severe phenotype that
affects around 2/3 of the MPS-II population.2,3
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Enzyme replacement therapy (ERT) with recombinant human IDS
(idursulfase and idursulfase beta) has been used to treat the somatic
symptoms in patients with MPS-II.5–8 However, intravenously
administrated idursulfase does not cross the blood-brain barrier
(BBB) to address the associated neurodegeneration. Much research
still focuses on clarifying and devising treatment for the resulting
CNS manifestations.3

Drug delivery across the BBB9–12 by way of transcytosis has been
explored, focusing on endogenous insulin13,14 and transferrin15 re-
ceptors on the cerebrovascular endothelial cells, the latter being
focused on for their ubiquitous expressions in most organs,16 far
beyond the well-known expressions on hepatocytes and erythroid
precursors.17 Positive findings have been reported in preclinical and
clinical studies of patients with MPS-I.14 Other administration routes
(e.g., intrathecal18 and intracerebroventricular19), as well as transient
disruption of the BBB by ultrasound20 and hyperthermia,21 have also
been attempted but are more invasive, less convenient, and with
limited tangible clinical benefit so far.

JCR Pharmaceuticals has developed pabinafusp alfa (JR-141), which
consists of human IDS fused to the C terminus of the heavy chain
of an anti-human transferrin receptor (hTfR) antibody.22 Its success-
ful delivery across the BBB into the CNS via TfR-mediated transcyto-
sis has been demonstrated in preclinical studies22,23 and subsequently
confirmed in phase 1/2 and 2/3 clinical trials in Japan,24,25 which
evaluated its pharmacokinetics, safety, and efficacy in patients with
MPS-II. Significant reductions in HS concentrations in the cerebro-
spinal fluid (CSF) were observed along with favorable behavioral
changes, both of which suggest successful delivery of the drug across
the BBB with salient clinical efficacy against both somatic and CNS
symptoms. A subsequent phase 2 study was carried out in Brazil
with the aim of replicating the findings of the clinical trials in Japan
and of further investigating the safety, pharmacokinetics, and explor-
atory efficacy of the drug in MPS-II patients, thereby substantiating
tp://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. Trial profile
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its effects on neurodegenerative CNS disorders. This study also exam-
ined the effects of a high dosage of pabinafusp alfa not previously
tested in humans to acquire further dose-response evidence and pro-
vided neurodevelopmental data for detailed analysis.

RESULTS
Twenty patients diagnosed with MPS-II were screened and random-
ized in this study (Figure 1). Pabinafusp alfa was then administered to
all 20, and 19 of them completed the study. Eleven of these patients
had been previously treated with conventional ERT with idursulfase
(treatment duration: 1 year 3 months to 14 years, with an average
of circa 4 years), whereas eight were naive to treatment. The baseline
demographics and clinical characteristics of the patients are shown in
Table 1. The subtype classification of MPS-II, attenuated or severe,
was by clinical judgment of the investigators based on the symptom-
atology and severity of each patient.

Table 2 summarizes the adverse drug reactions (ADRs) observed
in the study. The ADR profiles in the 1.0- and 2.0-mg/kg dosage
groups were comparable. Most of the observed ADRs were mild
to moderate in severity; the highest rate of ADRs was observed
in the 4.0-mg/kg group. No cessation of test drug administration
was necessitated in any other patients, and no serious adverse
events were considered to be related to the test drug. Although
all three dosages were safely administered, given the higher rate
of ADRs in the 4.0-mg/kg group, we deemed 2.0 mg/kg to be
the best weekly dosage for further clinical trials aimed at establish-
ing the efficacy of pabinafusp alfa.

Figure 2 shows the time courses of plasma concentrations of pabinafusp
alfa at weekly dosages of 1.0, 2.0, and 4.0 mg/kg at week 1 (Figure 2A)
M

and week 26 (Figure 2B). Maximum plasma con-
centrations increased in a dose-dependent
manner. Plasma concentration profiles were
similar in the first and the final administrations,
indicating no drug accumulation in any of the
dosage groups. Plasma half-lives of pabinafusp
alfa at 1.0, 2.0, and 4.0 mg/kg at week 1 and
week 26 are listed in Table S1.

The liver and spleen volumes adjusted for body
weight in the patients previously treated with
conventional ERT were maintained in the 1.0-
and 2.0-mg/kg groups until week 26, whereas
they increased in one patient in the 4.0-mg/kg
group. In the naive patients, however, a pattern
of decreasing volumes was observed in all
dosage groups. As evaluation of changes in or-
ganomegaly needs to take into consideration
large variability in original organ volumes by
subjects, individual relative volume changes
by subjects at week 26 have been calculated, in which the baseline
volume is counted as 100% (Figure S1). Marked improvement in
hepatosplenomegaly was observed in all naive patients and most
of the switched patients, suggesting notable somatic efficacy of pabi-
nafusp alfa against organomegaly even in a relatively short study
period.

Cardiac function, as assessed by echocardiography, generally re-
mained stable throughout the study period in terms of left ventricular
ejection fraction and left ventricular mass index.

The urine HS (Figure S2) and DS (Figure S3) concentrations showed
no changes in all dosage groups in the patients previously treated with
conventional ERT (Figures S2A-1 and S3A-1). In the naive patients,
the urine HS concentrations at weeks 13 and 26 decreased in
the 2.0- and 4.0-mg/kg groups but not in the 1.0-mg/kg group
(Figure S2B-1). The serum HS concentrations in the previously
treated patients (Figure S2A-2) remained stable with some decrease
at weeks 13 and 26 in the 1.0- and 4.0-mg/kg groups, whereas the
serum DS concentrations (Figure S3A-2) were generally stable at
weeks 13 and 26 in all dosage groups. In the naive patients, the serum
HS and DS concentrations were decreased in all dosage groups, albeit
with a high standard deviation in the 1.0 mg/kg group (Figures S2B-2
and S3B-2).

TheHSandDS concentrations in theCSF continuously decreased in the
2.0-mg/kg and 4.0-mg/kg dosage groups (Figure 3). The 2.0-mg/kg
group demonstrated a statistically significant reduction from baseline
in both HS and DS concentrations, based on the upper limits of 95%
confidence intervals for the ratio of HS concentrations at week13 and
week 26 to baseline, both below 1 in the 2.0-mg/kg group.
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Table 1. Baseline demographics and clinical characteristics of the study patients

1.0 mg/kg (n = 8) 2.0 mg/kg (n = 5) 4.0 mg/kg (n = 6) Total (n = 19)

Age (years)

Mean ± SD 8.76 ± 8.95 12.93 ± 14.15 19.56 ± 18.82 13.27 ± 14.01

Weight (kg) at screening

Mean ± SD 28.75 ± 15.53 39.34 ± 19.01 41.52 ± 25.12 35.57 ± 19.64

Height standing (cm) at screening

Mean ± SD 115.65 ± 23.20 128.00 ± 18.76 128.62 ± 33.69 122.99 ± 25.38

BMI (kg/m2) at screening

Mean (SD) 20.04 ± 3.29 23.01 ± 6.72 22.38 ± 4.37 21.56 ± 4.63

Race, n (%)

White (%) 6 (75.00) 3 (60.00) 4 (66.67) 13 (68.42)

African American (%) 2 (25.00) 0 1 (16.67) 3 (15.79)

Asian (%) 0 0 0 0

Native American or Inuit (%) 0 0 1 (16.67) 1 (5.26)

Native Hawaiian or other Pacific Islander (%) 0 0 0 0

Other (%) 0 2 (40.00) 0 2 (10.53)

Anti-IDS antibody at screening, n (%)

Positive (%) 5 (62.50) 2 (40.00) 1 (16.67) 8 (42.11)

Negative (%) 3 (37.50) 3 (60.00) 5 (83.33) 11 (57.89)

MPS-II subtype, n (%)

Attenuated (%) 1 (12.50) 1(20.00) 3(50.00) 5 (26.32)

Neuronopathic (%) 7 (87.50) 4 (80.00) 3 (50.00) 14 (73.68)

Previous ERT, n (%)

Yes (%) 6 (75.00) 4 (80.00) 1 (16.67) 11 (57.89)

No (%) 2 (25.00) 1 (20.00) 5 (83.33) 8 (42.11)

Molecular Therapy
The efficacy of pabinafusp alfa on the neurocognitive signs and symp-
toms was evaluated by way of standardized neurocognitive assessments
and descriptive reports on behavioral changes. An extension study
following this trial has generateddata for a further26weeks so far, allow-
ing for a total of 52 weeks of neurodevelopmental data to be analyzed.
The Bayley Scales of Infant and Toddler Development (BSID-III) was
used for neurocognitive evaluations of the patients younger than
42 months of developmental age (age-equivalent [AE] score), whereas
the Kaufman Assessment Battery for Children, 2nd edition (KABC-
II), was used for the older patients. The Vineland Adaptive Behavior
Scale, second edition (VABS-II), was also used to assess a potential in-
fluence of pabinafusp alpha on the adaptive behavioral functions.

Figures 4 and 5 show the changes in AE scores and developmental
quotient (DQ) scores (i.e., cognitive AE score divided by chronological
age � 100) in individual patients against their chronological ages at
baseline and at weeks 13, 26, and 52, as determined with BSID-III/
KABC-II, respectively. The very young patients and the ones with
the severe subtype were assessed by BSID-III; those with the attenu-
ated by KABC-II. Improvements were shown in the patients younger
than 6 years of age with severe MPS-II and also in those older than 10
years. DQ scores weremaintained in the patients younger than 6 years
2380 Molecular Therapy Vol. 29 No 7 July 2021
of age, especially in those twowho showedmaintenance ofDQbeyond
70. Four patients older than 25 years of age had a DQ between 18 and
45 at baseline but nonetheless improved in their DQ and AE score.

VABS-II also provided neurodevelopmental data supporting the
changes observed with BSID and KABC. Subdomain analysis of
VABS-II results with respect to the changes over 52 weeks has re-
vealed improvement or stabilization across the 11 subdomains in
the majority of the patients with severe MPS-II. Figure 6 shows the
changes observed in the three major domains, i.e., communication,
daily living skills, and socialization, in which most of the patients
with severe MPS-II improved or stabilized. The motor skill domain
is not included in Figure 6 for a methodological issue in VABS-II
in that the patients with skeletal deformities often cannot respond
appropriately to the test.

The neurodevelopmental parameters from the three test batteries re-
mained stable in all dosage groups, suggesting general maintenance
of overall neurocognitive development and apparent amelioration in
some young patients. Themost notable positive changes were observed
in the receptive language domain (>50% of the patients improved) and
play and leisure time (almost 50% of the patients improved).



Table 2. Incidence of adverse drug reactions

1.0 mg/kg
(n = 8)

2.0 mg/kg
(n = 5)

4.0 mg/kg
(n = 7)

Subjects with ADRs 4 1 6

Skin and subcutaneous
tissue disorders

2 0 5

Urticaria 0 0 4

Dermatitis acneiform 1 0 0

Erythema 0 0 1

Hyperhidrosis 0 0 1

Skin plaque 1 0 0

General disorders and
administration site conditions

1 0 4

Pyrexia 1 0 3

Chills 1 0 0

Infusion site urticaria 0 0 1

Pain 0 0 1

Gastrointestinal disorders 1 0 3

Vomiting 1 0 2

Nausea 1 0 2

Injury, poisoning, and
procedural complications

1 1 2

Infusion-related reaction 1 1 2

Central nervous system disorders 2 0 2

Tremor 0 0 1

Burning sensation 0 0 1

Headache 1 0 0

Somnolence 1 0 0

Investigations 0 0 2

Body temperature increased 0 0 2

Immune system disorders 0 0 1

Anaphylactic reaction 0 0 1

ADRs, adverse drug reactions.
MedDRA version: 22.0.

Figure 2. Time courses of mean plasma concentrations of pabinafusp alfa

at weekly dosages of 1.0, 2.0, and 4.0 mg/kg at weeks 1 and 26

(A) Week 1. (B) Week 26). The data represent mean ± SD.
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The behavioral changes in 19 patients, as recognized by their families
and the investigators, were collected in the narrative records (Table
S2) in order to register subtle changes that standardized assessments
may fail to capture but which can nonetheless be clinically informative.
The findings in three major areas—language, motor skills, and liveli-
ness/expression—indicate generally positive changes throughout, e.g.,
improvement in vocabulary and walking, increased smiling, and stabi-
lized mood. Favorable changes were more frequently observed among
the younger patients than the adults. It is also notable that the patients
without marked improvements in language ormotor functions showed
positive changes in liveliness/expression. These subjective observa-
tional changes are generally in accordance with the objective results
from the aforementioned neurocognitive assessments.

Magnetic resonance imaging (MRI) of the brain was used to assess
cortical gray matter volume, ventricular volumes, diffusion tensor
imaging (DTI), and other parameters. No significant changes were
observed in the volumes of the cortical gray matter or the ventricles.
DTI remained generally stable in both the previously treated and
naive patients in all dosage groups. Overall, the neuroimaging results
suggested no consistently meaningful changes.

Taken together, the exploratory efficacy data suggest first that pabina-
fusp alfa possesses somatic efficacy comparable to that of idursulfase.
Second, the marked reduction of HS concentrations in the CSF
together with the positive changes revealed in the neurocognitive as-
sessments suggests its efficacy also on CNS manifestations.
DISCUSSION
Following on from the preceding phase1/2 study in Japan,22 this study
carried out in Brazil further investigated the safety, pharmacokinetics,
and efficacy of pabinafusp alfa for severe MPS-II, focusing in partic-
ular on the highest dosage of 4.0 mg/kg and including a detailed anal-
ysis of neurocognitive parameters.

As far as safety was concerned, no drug-related severe adverse events
were observed across the three dosages evaluated. Drug-related ADRs
Molecular Therapy Vol. 29 No 7 July 2021 2381
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Figure 3. HS and DS concentrations in the CSF

The data represent mean ± SD.
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were unsurprisingly greatest in the 4.0-mg/kg group, but they were
mostly mild to moderate in severity and except for some manageable
infusion-associated reactions, did not interfere with administration of
the drug to the patients. Of the three dosages, 2.0 mg/kg seems to be
the safest and effective: the efficacy of the drug was most notable
in the 2.0- and 4.0-mg/kg groups, but there were more infusion-asso-
ciated reactions in the 4.0-mg/kg group. The pharmacokinetic evalu-
ation results showed no accumulation of the drug, irrespective of
dosages, so the suggested dosage of pabinafusp alfa for late-phase clin-
ical trials, as well as for wide-scale future usage, is 2.0 mg/kg.

Comparisons of the pharmacokinetic parameters investigated in this
study and the preceding phase 1/2 study22 in Japan are not possible
due to the limited number of subjects assigned to each of the three
doses tested in this study with its wide variability, but the time courses
of mean plasma concentrations of pabinafusp alfa at 1.0 and 2.0 kg/mg
did not show notable differences between the two studies. Relatively
low plasma concentrations of pabinafusp alfa after the 26-week admin-
istration in this study are interpreted to be due to the said wide vari-
ability of the concentrations in each patient within a small sample, in
addition to development of antidrug antibodies in one patient in
both 2.0 and 4.o mg/kg groups.

The efficacy of pabinafusp alfa against somatic symptoms was evalu-
ated on the basis of substrate concentrations in the urine and serum,
as well as liver and spleen volumes and cardiac functions. Marked re-
ductions in substrate concentrations were observed in the naive pa-
tients, and levels were generally maintained in the patients who
switched from idursulfase to the test drug. Liver and spleen volumes
and cardiac functions remained generally stable throughout the study
period in patients previously on the conventional ERT, whereas im-
provements in organomegaly were seen in ERT-naive patients. Taken
together, these results suggest that the somatic efficacy of pabinafusp
alfa is comparable to that of idursulfase.
2382 Molecular Therapy Vol. 29 No 7 July 2021
In terms of the drug’s efficacy against CNS symp-
toms, the Brazil study showed most notable re-
ductions of HS levels in the CSF in the 2.0-mg/
kg and 4.0-mg/kg dosage groups, successfully
replicating the findings of the clinical trials24,25

conducted in Japan and providing further evi-
dence that pabinafusp alfa is delivered into the
brain through the BBB to address the initial pro-
cess of the complex cascade of neurodegenerative
events that take place in severe MPS-II.4

As neurodegeneration causes multifaceted func-
tional and structural damage that is neither spe-
cific nor pathognomonic to MPS-II, clinical
manifestations vary significantly, making them
difficult to evaluate clinically. One of the most devastating CNS
manifestations of severe MPS is neurocognitive impairment, which
is known to differ in severity and progression according to the spe-
cific MPS-II phenotypes.26 Furthermore, neurocognitive evaluation
needs to take account of both normal development, which may be
sustained in some patients for several years after birth, and dis-
ease-derived developmental delays that differ considerably from pa-
tient to patient. Evaluation of neurocognitive development is thus
hard to conduct in a limited number of patients within a short study
period.

The neurodevelopmental data of 52 weeks from this study and its
extension study showed overall stabilization of neurocognitive func-
tion as well as adaptive behavior, along with positive changes in devel-
opmental trajectories in most patients, irrespective of the severity of
their condition.

Neurodevelopmental tests (BSID-III/KABC-II) showed improve-
ments in the patients younger than 6 years of age with severe
MPS-II and also in those older than 10 years, although the changes
in the very young patients are difficult to differentiate from normal
development before neurodegeneration manifests itself, and need to
be evaluated in the light of long-term observation. This study
included five patients aged 24 years or older, whose DQ was in a
range between 18 and 42 at baseline, a value that would normally
not assign them to the attenuated phenotype. These low scores
may be due to limitations inherent in the KABC-II, whereby older
patients score much lower than their true developmental status.
The notable improvement in their AE score and DQ, however,
may suggest that at least some CNS symptoms can still respond to
pabinafusp alfa even in older patients, probably those symptoms
caused chiefly by a neurotransmission defect that is not as irrevers-
ible as the neuronal loss.4 On the other hand, the early introduction
of ERT with pabinafusp alfa seems to be very important for patients



Figure 4. Age-equivalent scores and developmental quotients against

chronological age as determined with BSID-III

(A) Age-equivalent scores. (B) Developmental quotients. All patients belong to a

severe (neuronopathic) subtype. The curves with asterisks denote the patients naive

to ERT.
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with the severe subtype who will probably benefit most from its po-
tential prophylactic effects before neurodegeneration leads to irre-
versible damage.

Analysis of VABS-II in the subdomains revealed that even in the rela-
tively short observation period of 52 weeks, most of the patients
showed positive changes in terms of their receptive and expressive
language skills, their daily living skills (interpersonal and personal),
and their motor skills (gross and fine). The narrative behavioral re-
ports also described favorable changes over the 52 weeks, irrespective
of the patients’ age or disease severity, including notable improve-
ments that are only perceived non-verbally (i.e., changes in liveliness,
facial expressions, and smiling, the last being a well-established
attachment behavior27 in child psychiatry). Accordance of these sub-
jective observations with the objective findings from the three assess-
ment scales further suggests the neurocognitive efficacy of pabinafusp
alfa. Despite the limited study period and sample size, the present
study provides salient developmental data, both objective and subjec-
tive, suggesting positive neurocognitive changes by pabinafusp alfa.

As long-term functional and structural assessment necessary to eval-
uate drug efficacy for the CNS is impractical in the case of a rare and
progressive disease in pediatric patients such as MPS-II, a realistic
compromise had to be made in this study to capture both biochemical
surrogate endpoints on the one hand, i.e., HS levels in the CSF, and
clinical endpoints reflecting CNS manifestations, i.e., neurodevelop-
mental assessments, on the other. In other words, this study examined
both the initial process of neurodegeneration and at the same time,
some of the clinical neuropsychiatric manifestations as a final
outcome of the long and complex pathological process.

There were several limitations to this study. First, it was an open study
with no comparator arm. Second, the study duration was 26 weeks
with another 26 weeks of extension, which was sufficient to show sig-
nificant reductions in HS concentrations in the CSF but was not long
enough to substantiate neurodevelopmental effects, even with a total
of 52 weeks of data. A longer comparative study with idursulfase as
well as comparative analysis with natural history data28 is expected
to address these two limitations and help establish the efficacy of pa-
binafusp alfa against CNS disorders, in particular, progressive neuro-
cognitive impairment.

In conclusion, the present study has established the safety profile and
pharmacokinetics of pabinafusp alfa up to a weekly dose of 4.0 mg/kg
in patients with MPS-II. It has also shown that the somatic efficacy of
the drug is comparable to that of idursulfase. Regarding its efficacy in
relation to CNS symptoms, the significant reduction of substrate con-
centrations in the CSF and the positive results of the neurocognitive
batteries strongly suggest that the drug was successfully delivered
across the BBB, taking enzymatic activity to the brain and leading
to positive clinical effects. 2.0 mg/kg has been suggested to be the
best weekly dosage, with which we plan to further illustrate these ef-
fects in another multinational comparative trial.29 Furthermore, our
success in achieving drug delivery across the BBB is a clinically
Molecular Therapy Vol. 29 No 7 July 2021 2383

http://www.moleculartherapy.org


Figure 5. Age-equivalent scores and developmental quotients against

chronological age as determined with KABC

(A) Age-equivalent scores. (B) Developmental quotients. All patients belong to the

attenuated subtype. The curves with asterisks denote the patients naive to ERT.
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significant achievement and is hoped to be applied to other large mol-
ecules to address a wide range of CNS disorders.

MATERIALS AND METHODS
Study design

This was a 26-week, open-label, parallel group, randomized clinical
trial to evaluate the safety, pharmacokinetics, and efficacy of pabina-
fusp alfa administered intravenously to patients with MPS-II. The
study was conducted in two hospitals in Brazil and complied with
the Declaration of Helsinki. The protocol and procedures regarding
informed consent were reviewed and approved by the Institutional
Review Board at each participating institution. All patients or their
legal guardians submitted a signed, informed consent form prior to
enrolment.

The study consisted of four periods: screening and confirmation of
eligibility, baseline studies, randomization and washout, and treat-
ment/assessment. The patients who had been receiving idursulfase
underwent a washout period of 1 week before switching to the test
drug, thereby ensuring no interruption of the weekly enzyme replace-
ment. The patients were intravenously administered the assigned
dosage weekly for 26 weeks, after which, efficacy and safety of the
test drug were evaluated.

Participants and procedures

A total of 20 patients were screened at the two study sites and
randomly allocated to three pabinafusp alfa dosage groups, with eight
in the 1.0-mg/kg group, five in the 2.0-mg/kg group, and seven in the
4.0-mg/kg group. Nineteen of the patients received the test drug
weekly for the entire study period, whereas one died of exacerbation
of disease-associated respiratory arrest (unrelated to the study drug).
The study protocol, including the full inclusion and exclusion criteria,
is available online (https://clinicaltrials.gov/ct2/show/NCT03359213;
ClinicalTrials.gov: NCT03359213).

Randomization and masking

After screening, the patients were divided into three age groups (0 to 3
years 11 months, 4 to 7 years 11 months, and 8 years or older) and
randomly assigned to one of the three dosage groups, ensuring that
at least two members of each age group were assigned to each dosage
group so that overall randomization to the treatment arms was at a
ratio of 1:1:1.

Outcomes

Primary endpoint evaluations of the safety of weekly intravenous ad-
ministrations of pabinafusp alfa at the assigned dosages were based on
the type and severity of adverse events, vital signs (heart rate, respira-
tory rate, body temperature, and blood pressures), anti-pabinafusp
alpha antibodies, electrocardiography results, routine blood tests (he-
matology, liver function, renal function, and iron-related parame-
ters), and urinalysis.

The secondary efficacy endpoints were the following: (1) changes be-
tween baseline and week 26 in serum and urine HS and DS

https://clinicaltrials.gov/ct2/show/NCT03359213


Figure 6. Changes seen over 52 weeks in three

subdomains in VABS-II in the MPS-II patients

The patients include both attenuated and severe subtypes.
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concentrations, liver and spleen volumes by MRI, and left ventricular
mass index by echocardiography and (2) changes between baseline and
week 26 in cortical graymatter, ventricular volumes and DTI results by
MRI, HS and DS concentrations in the CSF, results of neurocognitive
and adaptive behavioral tests (BSID-III, KABC-II, and VABS-II), qual-
ity-of-life measurements, and actigraphy readings. High-sensitivity
liquid chromatography-tandemmass spectrometry23 was used tomea-
sure HS and DS concentrations in the CSF, serum, and urine.

Pharmacokinetic evaluations were performed at all dosing points and
after the first and the last administrations of pabinafusp alfa in the pa-
tients aged 8 years or older who had been administered at least one
dose of the test drug and from whom at least one blood sample had
been collected. Blood samples were collected at six time points:
10 min prior to infusion; 1 h after the start of dosing; immediately af-
ter the last administration; and then 3, 6, and 21 h post-infusion. To
provide pharmacokinetic parameters (AUC0-t, Cmax, AUC0-inf,
tmax, kel, t1/2, and MRT0-t), electrochemiluminescence assay was
used to measure plasma concentrations of the test drug.

Statistical analysis

All data analyses followed the intention-to-treat principle, whereby
the analyses included all patients who had received at least one dose
of pabinafusp alfa with at least one post-baseline efficacy assess-
ment. Pharmacokinetics analysis was done only for the patients
older than 8 years of age who were administered with at least one
dose of pabinafusp alfa and for whom plasma drug concentration
data were available.

The somatic efficacy endpoints were analyzed separately in the pa-
tients with and without prior ERT with idursulfase. The liver and
M

spleen volume MRI results were adjusted for
body weight and expressed as the volume per ki-
logram of body weight. The urinary HS and DS
concentrations were adjusted by dividing the
original concentrations by the urinary creatinine
concentrations.

Regarding HS and DS concentrations in the CSF
and neurocognitive testing, the patients with and
without prior ERT were analyzed together. In the
neurocognitive testing result analyses, AE scores
and DQ scores were calculated for the cognitive
domain of the BSID-III and the nonverbal index
of the KABC-II. For the VABS-II, patients were
classified in terms of improvement, stabilization,
or deterioration according to the absolute change
in AE scores for each subdomain at 52 weeks.
All statistical analyses were performed with the SAS version 9.4 statis-
tical software package (SAS Institute, Cary, NC, USA).
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