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Pabinafusp alfa (JR-141) is a novel enzyme drug that crosses the
blood-brain barrier by transcytosis via transferrin receptors. In
order to establish its efficacy and safety, a multicenter, single-
arm, open-label phase 2/3 clinical trial was conducted in 28 Jap-
anese patients with mucopolysaccharidosis II (MPS-II, Hunter
syndrome) by intravenous administrations of 2.0 mg/kg of pa-
binafusp alfa for 52 weeks. The primary efficacy endpoint was
changes in heparan sulfate (HS) concentrations in the cerebro-
spinal fluid (CSF). Secondary endpoints included assessments
of neurocognitive development for central efficacy, and
changes in plasma HS and dermatan sulfate (DS) concentra-
tions for peripheral efficacy. HS concentrations in the CSF
significantly decreased from baseline to week 52 (p < 0.001),
suggesting continuous inhibition of substrate accumulations
in the CNS, i.e., hitherto unaddressed progressive neurodegen-
eration. Evaluations of neurocognitive developments showed
positive changes in 21 of the 28 patients. SerumHS andDS con-
centrations, liver and spleen volumes, and other assessments
suggested the peripheral efficacy of pabinafusp alfa was compa-
rable to that of idursulfase. Drug-related adverse events were
mild or moderate in severity, transient, and manageable. The
results establish delivery across the BBB of pabinafusp alfa as
an effective therapeutic for treating both the CNS and periph-
eral symptoms of patients with MPS-II.
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INTRODUCTION
The blood-brain barrier (BBB) is a special structure formed by capil-
lary endothelial cells, the basement membrane, and astrocytes to
selectively prevent undesirable substances from entering the central
nervous system (CNS). The BBB can, however, be an impediment
to the delivery of diagnostic and therapeutic large molecules (e.g.,
peptides, proteins, and oligonucleotides) into the brain, and presents
obstacles to pharmacotherapy for CNS disorders generally.1 Efforts
have been made to enable brain delivery of these drugs by transcellu-
lar and paracellular pathways,2 as well as by transient disruption of
the BBB by ultrasound3 and hyperthermia,4 but tangible clinical ben-
efits have so far been limited.
Molec
This is an open access article under the CC BY-NC-
Hunter syndrome (mucopolysaccharidosis II [MPS II]) is an X-linked
recessive lysosomal storage disease caused by a deficiency of iduro-
nate-2-sulfatase (IDS).5 The catabolism of glycosaminoglycans
(GAGs), such as heparan sulfate (HS) and dermatan sulfate (DS), is
dependent on IDS, whose genetic mutations lead to pathological
accumulation of GAGs in the lysosomes throughout the body, result-
ing in a broad spectrum of peripheral symptoms, including coarse
facies, hepatosplenomegaly, upper airway obstruction, and cardiac
dysfunction.5,6 Furthermore, progressive deterioration of the CNS is
common in MPS-I, II, III, and VII,7 although the details of the neuro-
degenerative progression in MPS have not been fully elucidated.8

Intravenous enzyme replacement therapy (ERT) with recombinant
human IDS (idursulfase, Elaprase) for MPS II is effective for most
of the aforementioned peripheral symptoms9–11 but not, because of
the BBB, for the CNS disorders. As a result, progressive neurocogni-
tive deterioration in MPS II remains a critical issue for patients and
researchers alike.7

Efforts have been made to deliver enzymes across the BBB by utilizing
endogenous protein receptors (e.g., insulin12,13 and transferrin14),
which mediate innate transcytosis to facilitate enzyme delivery into
the brain. Positive results have been reported in preclinical and trans-
lational studies.15 Intrathecal16 and intracerebroventricular17 routes
of administration have also been attempted, but invasive procedures
inevitably limit their general long-term use.

A BBB-penetrating fusion protein, pabinafusp alfa (JR-141),18 which
consists of intact human IDS and an anti-human transferrin receptor
antibody, utilizes transferrin receptor-mediated transcytosis. Its
penetration across the BBB into the brain and resultant efficacy for
the CNS have been demonstrated in preclinical studies,19 and a
first-in-human translational phase 1/2 study20 has shown marked
ular Therapy Vol. 29 No 2 February 2021 ª 2020 The Author(s). 671
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.ymthe.2020.09.039
mailto:sato-yuji@jcrpharm.co.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ymthe.2020.09.039&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1. Patients’ Demographics and Clinical Characteristics

Prior Enzyme Replacement Therapy with Idursulfase

AllNone Administered

Characteristics N (%) N (%) N (%)

Number of subjects 3 25 28

Age (years)

0 to 3 years old 2 (66.7) 3 (12.0) 5 (17.9)

4 to 7 years old 1 (33.3) 8 (32.0) 9 (32.1)

8 to 19 years old 0 (0.0) 13 (52.0) 13 (46.4)

20 years and older 0 (0.0) 1 (4.0) 1 (3.6)

all 3.0 ± 2.0 9.2 ± 5.5 8.6 ± 5.6

Weight (kg) 17.33 ± 4.12 32.41 ± 14.51 30.79 ± 14.53

Ethnicity Asian 3 (100.0) 25 (100.0) 28 (100.0)

Duration of ERT (days) – 2,077.2 ± 1,476.1 2,077.2 ± 1,476.1

Idursulfase-related infusion associated reaction
no – (–) 11 (44.0) 11 (44.0)

yes – (–) 14 (56.0) 14 (56.0)

Complications
no 2 (66.7) 9 (36.0) 11 (39.3)

yes 1 (33.3) 16 (64.0) 17 (60.7)

MPS II-related medical history
no 1 (33.3) 6 (24.0) 7 (25.0)

yes 2 (66.7) 19 (76.0) 21 (75.0)

MPS II-related neurocognitive impairment
no 0 (0.0) 8 (32.0) 8 (28.6)

yes 3 (100.0) 17 (68.0) 20 (71.4)

Disease phenotype
severe 3 (100.0) 17 (68.0) 20 (71.4)

attenuated 0 (0.0) 8 (32.0) 8 (28.6)
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reduction of GAG accumulation in the cerebrospinal fluid (CSF) of
patients with MPS-II, indicating successful delivery of pabinafusp
alfa with favorable clinical responses. This report presents the results
of a phase 2/3 multicenter, single-arm, open-label trial involving 28
patients with MPS II to establish the efficacy of pabinafusp alfa deliv-
ered across the BBB.

RESULTS
A total of 28 male patients with MPS II were recruited from 19 inves-
tigational sites in Japan to participate in the trial between August 10,
2018 and February 5, 2020. Their baseline demographics and clinical
characteristics are shown in Table 1. Of these 28 patients, only 3 had
not previously received standard treatment with idursulfase. All pa-
tients received 2.0 mg/kg/week of pabinafusp alfa intravenously for
52 weeks.

HS concentrations in the CSF significantly decreased from 5,856 ±

2,614 ng/mL before the initial administration of pabinafusp alpha
to 2,124 ± 882.6 ng/mL at week 52 (p < 0.001; Figure 1). Before the
initial dose, the HS concentrations in the patients with the attenuated
(n = 8) and severe (n = 20) subtypes were 4,028 ± 1,098 ng/mL and
6,626 ± 2,700 ng/mL, respectively, and at week 52, they had decreased
significantly to 1,721 ± 707.2 ng/mL and 2,294 ± 909.9 ng/mL.

HS concentrations in the CSF were classified according to the pa-
tients’ individual subtypes (Figure 2) so that the relationships (partic-
672 Molecular Therapy Vol. 29 No 2 February 2021
ularly those associated with the severity and progression of neurode-
generation) between the phenotypic heterogeneity of MPS-II and the
substrates in the CSF used as biomarkers of the neurodegenerative
process were clear. The HS levels in the CSF at the initial dosing in
the patients with the attenuated (n = 8, excluding one patient who
deceased) and severe (n = 19) subtypes were 4,028 ± 1,098 ng/mL
(2,530–5,500 ng/mL) and 6,626 ± 2,700 ng/mL (4,150–15,100 ng/
mL), respectively. Despite these marked phenotypic differences be-
tween the subtypes, the HS levels had decreased significantly by
52 weeks post dosing, irrespective of the subtype, to 1,721 ±

707.2 ng/mL (1,100–3,340 ng/mL) in the attenuated group and to
2,294 ± 909.9 ng/mL (1,460–5,450 ng/mL) in the severe group (p <
0.001). Notably, HS levels in 18 of the 19 patients with the severe sub-
type fell below 4,000 ng/mL, which is considered to be the baseline HS
level in the attenuated cases.

To ensure proper developmental assessment in the face of neurodeve-
lopmental heterogeneity in MPS-II and the subsequent variability in
treatment response among a limited number of suitable patients
available for the trial, we made further evaluations to take account
of both phenotypic subtypes and the clinical stages of disease progres-
sion (Table S1). The two subtypes are severe and attenuated, and pa-
tients with the former show far moremarked severity and progression
of neurodegeneration and associated clinical manifestations than
those with the latter, who manifest fewer CNS symptoms. Patients
with the severe subtype are further classified into three phases (initial,



Figure 1. Time Courses of the HS and DS

Concentrations in the CSF

The data are represented as means ± SD.
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middle, and late) according to their age and the stage of disease pro-
gression. Working criteria for judging treatment response are then
created to reflect individualized treatment objectives and reflect het-
erogeneity in severity and clinical stage (Table 2).

Table 3 shows the developmental changes evaluated according to the
Kyoto Scale of Psychological Development (KSPD),21 which are clas-
sified according to the three treatment responses defined in Table 2.
Treatment response as reflected on the KPSD was based on the devel-
opmental quotient (DQ) in the attenuated group, and on age equiv-
alent (AE) scores in the severe group, because AE scores are generally
maintained in patients with attenuated MPS-II and do not, therefore,
provide meaningful assessments of the effects of drugs on neurocog-
nitive development; in patients with severe MPS-II, on the other
hand, DQ invariably falls due to severe and progressive neurodegen-
eration, and only AE scores appropriately reflect the effects of drugs
on this degeneration.

All 8 patients with the attenuated subtype showed either maintenance
(n = 7, DQ changes ± 0.5 SD) or improvement (n = 1, DQ changes
> 0.5 SD). Of the 20 patients with the severe subtype, 11 showed
maintained AE scores ± 3 months, while 2 showed improvement in
AE scores of >3 months (Table 3).

Figure 3 shows the gradients of the developmental trajectories formed
by the chronological versus developmental ages. The gradient thus
defined in the patients with attenuated MPS-II was 0.9543 months/
months from the initial administration of the test drug through 23
and 52 weeks, which is close to the normal gradient of 1 months/
months. The gradient of 0.6705 months/months in the patients
with severe MPS-II in the initial phase shows an increase in develop-
Molec
mental age following the early introduction of
treatment in the initial phase before disease pro-
gression. Since developmental age in such pa-
tients may increase without any treatment,
however, this finding is not necessarily related
to the treatment. On the other hand, the
gradients of �0.0802 months/months and
�0.0904 months/months in the patients in the
middle and late phases, respectively, may indi-
cate maintenance of the developmental ages of
these patients at treatment initiation, although
the changes may be due to the natural course
of the disease. These observations show that a
52-week observation period is too short to
clearly evaluate the effects of the drug on the
psychological development of patients with
MPS-II.
The developmental evaluation with the KSPD at 52 weeks suggests
maintenance or improvement of AE scores or DQ in 21 of 25 patients
(neurocognitive impairment in two of the eligible 27 patients was too
severe to allow testing).

Investigators’ observations of the qualitative behavioral changes over
52 weeks of treatment with pabinafusp alfa were collected from 26 pa-
tients in order to register the kinds of neuropsychiatric and behavioral
changes that are difficult to evaluate by the standardized methods.
The observed changes were in three major areas: speech, facial expres-
sion/liveliness, and physical movement. Positive findings were noted
in 1 out of the 8 attenuated patients, and in 11 out of the 18 severe
patients. Table S2 summarizes the reports in 6 patients with the severe
subtype in the late phase; all 6 patients had previously received ERT
with idursulfase. Positive changes in speech include increased utter-
ances, improved verbal responsiveness, and resumed singing. In facial
expression/liveliness, stable mood, decreased agitation, and increased
smiling were reported.

As secondary endpoints to evaluate peripheral efficacy, serum HS
concentrations showed a gradual decrease from the baseline to weeks
26 and 52 in all 24 patients (excluding 1 patient who deceased) who
had previously received ERT:�320.7 ± 497.0 and�352.5 ± 484.3 ng/
mL, respectively. In the 3 patients who had not received ERT, the
serum HS concentrations decreased markedly: �3,895 ± 1,923 and
�4,032 ± 2,053 ng/mL, respectively. Similar tendencies were observed
regarding serum DS concentrations (Figure 4).

Liver and spleen volumes, both adjusted by body weight to take ac-
count of natural organ growth, remained fairly stable through the
treatment period in the patients with prior ERT, while they decreased
ular Therapy Vol. 29 No 2 February 2021 673
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Figure 2. Time Courses of the HS Concentrations in

the CSF According to the Subtypes of MPS-II
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after initiation of pabinafusp alfa treatment in those without (Table
S3). Cardiac function showed no significant changes during the treat-
ment period in either group (Table S4). Changes in walk distance at
the 6-minute walk test suggested stabilization and improvement in
the patients treated with idursulfase for longer than 12 months (Table
S5), as opposed to no consistent changes in the joint range of motion
(Table S6).

Serious adverse events were reported in 5 patients, but they were
judged to be unrelated to the test drug. There was one death due to
respiratory failure and resultant hypoxic encephalopathy, both of
which conditions are associated with MPS-II. Other adverse drug re-
actions were seen in 15 patients, 14 of whom presented infusion-asso-
ciated reactions that were transient and clinically manageable without
reduced dosage or cessation of test drug administration. The remain-
ing one adverse event was QT prolongation. Further details of safety
information about the study are summarized in Table 4.

Over the 52-week administration, 14 patients developed anti-pabina-
fasup alfa antibodies, but none were among the 14 who had infusion-
associated reactions. We do not believe that the presence of anti-drug
antibodies directly causes infusion-associated reactions or affects
drug efficacy, since there was no relationship between the presence
of anti-drug antibodies and the serum HS concentrations.

DISCUSSION
This trial demonstrated successful delivery of a therapeutic enzyme,
pabinafusp alpha, across the BBB into the brain via transferrin recep-
tor-mediated transcytosis, as shown by marked reduction in substrate
accumulation in the CSF. Previous early clinical trials of methods to
deliver drugs across the BBB3,4,22,23 have focused on temporary drug
674 Molecular Therapy Vol. 29 No 2 February 2021
delivery via a transient opening of the BBB in
specific brain regions (e.g., the dorsolateral pre-
frontal cortex3), which is not conducive to the
long-term drug administration required to treat
neurodegeneration, in particular when dealing
with such diffuse lesions as those found in
neuropathic MPS. Attempts at drug delivery
through the ventricles and subarachnoid spaces
directly into the brain via intracerebroventricu-
lar17,24 and interthecal16 routes have shown
some positive results, but these methods invari-
ably involve invasive procedures that preclude
long-term repeated administrations. In
contrast, intravenous administrations utilizing
the endogenous transcytosis mechanism offer
sustainable and repeatable drug delivery appro-
priate for long-term therapy for chronic CNS
disorders, and promising results have been ob-
tained in an early clinical trial targeting insulin receptors.13 The pre-
sent study is, to our knowledge, the first late-phase trial to establish
successful delivery via transferrin receptor-mediated transcytosis
across the BBB of a drug with findings suggestive of positive clinical
outcomes.

In neuropathic MPS, genetic deficits of enzymes give rise to substrate
accumulations, followed by a cascade of neurodegenerative events
that are multifaceted, involve numerous functional and structural ab-
normalities, and culminate in irreversible neuronal death and brain
atrophy.8 The CNS damage is not localized in the specific pathogno-
monic fashion seen in other neurodegenerative diseases, in which the
resultant clinical manifestations vary depending on the given lesions.
The marked phenotypic heterogeneity of MPS prevents the assess-
ment of CNS symptoms that is essential for appropriate quantitative
efficacy evaluation of new treatments in clinical trials. Along with the
lack of suitable patients available to study, this constitutes a major
methodological difficulty in designing clinical trials for neuropathic
MPS.

This study used HS concentrations in the CSF as an endpoint, since
they are considered to reflect both the fundamental pathogenesis
and overall severity of neurodegeneration in each patient.25 All
patients in this trial showed marked reductions in CSF HS concentra-
tions over the 52-week study period, suggesting inhibition of neuro-
degeneration in the CNS and reinforcing the findings of the phase 1/2
trial.20

These positive findings regarding the endpoint need to be buttressed
by corresponding improvements in the clinical manifestations of neu-
rodegeneration, in particular the progressive neurodevelopmental



Table 2. Criteria for Judgement of Treatment Response at 52 Weeks

According to the Kyoto Scale of Psychological Development

Treatment Response/Disease
Severity and Clinical Stages Improvement Stabilization Exacerbation

Attenuated
DQ changes
> +0.5 SD

DQ changes ±
0.5 SD

DQ changes
< �0.5 SD

Severe: initial phase
AE changes
> +3 months

AE changes ±
3 months

AE changes
< �3 months

Severe: middle phase

Severe: late phase

Maintenance of a developmental quotient after administration of pabinafusp alfa for
52 weeks is defined as changes in DQwithin 0.5 SD, taking account of minimally impor-
tant differences and potential variability in the developmental assessment results due to
measurement errors. AE, age equivalent; DQ, developmental quotient.
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disorders characteristic of MPS-II.26 Neurocognitive development
evolves over a considerable length of time, and long study periods
are essential to follow the developmental trajectories. This creates
great difficulties in conducting clinical trials in a timely fashion.
The favorable neurocognitive changes seen in the previous 12-week
trial of pabinafusp alfa20 made it reasonable to assume that quantifi-
able improvements might be observed over a 52-week trial, although
we recognize that this period is still too short to acquire conclusive
neurodevelopmental findings. Over the 52 weeks, the AE scores of
the patients in the initial phase of the severe subtype seemed to be sta-
bilized, although this may simply have been a reflection of the natural
course of the disease. Notably, the HS concentration in the CSF of one
patient in the initial phase of the severe subtype who started treatment
with pabinafusp alfa aged 22 months had dropped from 5,280 ng/mL
to 1,920 ng/mL byweek 52, along with an increase in AE of 13months;
another patient in the initial phase aged 21 months had an HS con-
centration of 10,600 ng/mL at week 0 and 5,450 ng/mL at week 52,
with an increase in AE of 3 months. Taken together, it is clear that
administration of pabinafusp alfa over 52 weeks led to a decrease in
substrate accumulation in the CSF. Although a study period of
52 weeks is too short to evaluate the therapeutic effects of pabinafusp
alfa on neurocognitive development, the significant decrease in HS
concentrations in the CSF may suggest its neurocognitive efficacy.

The peripheral efficacy of pabinafusp alfa was demonstrated in terms of
serumsubstrate reductionand liver and spleenvolumes. Itwas less evident
in terms of cardiac function, which, however, showed no substantial
changeswithin the studyperiod andmaybe interpreted as being stabilized
without exacerbation due to the treatment. Administration of pabinafusp
alfa led to no significant drug-related adverse events, so it can be consid-
Table 3. The Results of KPSD According to the Four Phenotypes

Classification of Disease Phenotype Total N

Improved

Number of Subjects Proportion (%)

Attenuated 8 1 12.5

Severe: initial phase 2 1 50.0

Severe: middle phase 11 1 9.1

Severe: late phase 4 0 0.0
ered comparable to idursulfase in terms of its safety profile. It has thus
been shown to possess both CNS and peripheral efficacy, with its efficacy
against CNS defects making it superior to the current standard ERT.

The present study has several limitations, the first of which is that it
was an open study with no comparator arm. Although a double-blind
comparative study with idursulfase may be most rigorous and ideal,
an open study was selected as the best feasible option at the moment,
through discussions with the regulatory authority in Japan, because
(1) the preceding phase 1/2 study results20 suggest significant reduc-
tions of the HS levels in the CSF by pabinafusp alfa even over 4 weeks,
an effect not attainable by idursulfase, hence comparison between the
two drugs was considered not sufficiently conducive for the primary
endpoint; (2) investigators anticipated that limited availability of the
feasible patients would be further undermined if the study required
randomization for the conventional ERT known to be ineffective
for the CNS disorders; and (3) ethical concerns were raised as the allo-
cation of the patients suffering from progressive neurodegeneration
to idursulfase for 52 weeks may imply depriving them of an opportu-
nity to benefit from the expected CNS effects of the test drug.

The second limitation concerns the relatively short study duration of
52 weeks. The efficacy of pabinafusp alfa against neurodegeneration
can only be established by longer observation, which will also clarify
the associations between individual genotypic and phenotypic infor-
mation, HS levels in the CSF, and long-term prognosis, so that accurate
predictions of the treatment responses of individual patients are
possible. This will help develop a treatment regimen to maximize the
therapeutic effects of pabinafusp alfa in curbing, and hopefully prevent-
ing, the progressive deterioration of CNS functions. Long-term devel-
opmental data will therefore need to be collected duly that also enable
comparison with the available natural history data27 to allow detailed
analysis of the drug’s effects on developmental trajectories.

Third, as with the current ERT, pabinafusp alfa appears to have
limited efficacy for skeletal, respiratory, and eye lesions in MPS-II.
Mortality in MPS-II is reported to depend mainly on its skeletal, res-
piratory, and cardiac manifestations, which are caused by substrate
accumulation and are not generally responsive to current ERT.6 Im-
provements in enzyme delivery to these lesions should be the next
step toward better pharmacotherapy.

In conclusion, a novel technology has been established and success-
fully translated it into a clinical application that enables delivery of
Stabilized Worsened

Number of Subjects Proportion (%) Number of Subjects Proportion (%)

7 87.5 0 0.0

1 50.0 0 0.0

7 63.6 3 27.3

3 75.0 1 25.0
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Figure 3. Changes of Gradients by Chronological

and Developmental Ages According to Phenotypic

Subtypes
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large molecules across the BBB to address CNS disorders hitherto un-
amenable to pharmacotherapy. The positive results of this study need
to be consolidated through long-term observations of neurodevelop-
ment, which will be duly made through the ongoing extension studies
of this trial and the phase 1/2 trial in Brazil, followed by post-market-
ing surveys, as well as through a multinational phase 3 comparative
study to be initiated shortly. We hope these efforts will lead to further
improvement and application of this technology to address CNS dis-
orders at large, for which the inability to deliver drugs across the BBB
has been a critical obstacle.

MATERIALS AND METHODS
Study Design

We conducted a multicenter, open-label clinical trial to evaluate the
efficacy of pabinafusp alfa in treating CNS symptoms in patients
with MPS II based on changes in HS concentrations in the CSF.

The study was conducted in 19 hospitals in Japan 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.

The study consists of a treatment period of 52 weeks, which was pre-
ceded by an observation period of 4 weeks for the patients who
switched from previous ERT with idursulfase or of 2 weeks for those
with no prior history of ERT.
676 Molecular Therapy Vol. 29 No 2 February 2021
Participants and Procedures

A total of 28 male patients were enrolled in the
study. They received pabinafusp alfa intrave-
nously at a dose of 2.0 mg/kg/week. The initial
dose was started at an infusion rate of approxi-
mately 8 mL/h, which was then gradually
increased. After the patients’ safety had been es-
tablished with the initial dose, the second and
subsequent doses were administered at a con-
stant infusion rate below 33mL/h. Pretreatment
with antihistamines, steroids, and other appro-
priate medications was allowed during the
treatment if infusion-associated reactions were
suspected.

Randomization and Masking

This was an open-label study with no masking.

Outcomes

The protocol is available online (https://
clinicaltrials.gov/ct2/show/NCT03568175). A
list of all efficacy and safety endpoints of the
study is shown in Table S7. The primary efficacy
endpoint was the changes in HS concentrations in the CSF as
measured at the time of the initial dose and at week 52, which were
used to evaluate reductions in substrate accumulations in the CNS
as indicators of neurodegeneration. Measurement of HS was conduct-
ed by high-sensitivity liquid chromatography-tandem mass spec-
trometry (LC-MS/MS).25 The secondary endpoints for efficacy
included developmental assessments with the KSPD21 and Vineland
Adaptive Behavior Scales.28 Assessments were made at the time of
the initial dose, and at weeks 25 and 52 to evaluate the effects of pa-
binafusp alfa on neurocognitive development. Investigators’ observa-
tions of the qualitative behavioral changes in the patients were also
collected to register the kinds of neuropsychiatric and behavioral
changes that can be subtle but potentially important, yet are difficult
to capture by the aforementioned standardized methods. To evaluate
peripheral efficacy, we compared changes in serum HS and DS con-
centrations by LC/MS/MS, liver and spleen volumes by CT, cardiac
function by echocardiography, and other parameters as measured
at baseline and at weeks 25 and 52. Prespecified safety endpoints
were adverse events, adverse drug reactions, anti-drug antibodies,
and infusion-associated reactions, as well as data from laboratory tests
and electrocardiography.

Statistical Analysis

The minimum sample size needed to evaluate the primary efficacy
endpoint was calculated as in the preceding phase 1/2 study.20 The ef-
fect size of pabinafusp alfa versus the standard idursulfase treatment

https://clinicaltrials.gov/ct2/show/NCT03568175
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Table 4. Summary of Adverse Events and Adverse Drug Reactions

Adverse Drug Reactions

Number of subjects 28

Number of subjects
experiencing adverse events/
reactions

15

Proportion of subjects
experiencing adverse events/
reactions (%)

53.6

Number of adverse
events/reactions

59

Adverse events Number of
Subjects

Proportion
(%)

Number of
EventsPreferred Terms

Nervous system disorders 1 3.6 9

Dizziness 1 3.6 1

Headache 1 3.6 7

Syncope 1 3.6 1

Skin and subcutaneous tissue
disorders

4 14.3 11

Urticaria 3 10.7 3

Rash 1 3.6 4

Erythema 1 3.6 4

General disorders and
injection site reactions

11 39.3 38

Pyrexia 11 39.3 31

Chills 2 7.1 2

Fatigue 1 3.6 5

Investigations 1 3.6 1

Electrocardiogram QT
prolonged

1 3.6 1

Figure 4. Serum HS and DS Concentrations in Patients with Prior ERT (Left)

and Those Without (Right) at 0, 26, and 52 Weeks of Treatment with

Pabinafusp Alfa

The data are represented as means ± SD.
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in reducing HS concentrations in the CSF was conservatively esti-
mated to be about 1,100 ng/mL. Detection of this effect with 80% po-
wer using a 2-sided paired t test at 5% significance level would require
5 patients for the study, but we actually enrolled a much larger num-
ber to collect sufficient data to evaluate both central and peripheral
clinical efficacy.

All data analyses followed the intention-to-treat principle, whereby all
patients who had received at least one dose of pabinafusp alfa were
included in the analysis. One patient for whom no data on HS con-
centrations in the CSF at baseline or after the first dose of pabinafusp
alfa were available was excluded from the primary endpoint analysis.

The paired t test was used to analyze the differences between HS con-
centrations in the CSF at baseline and at week 52. Summary statistics
at each time point were also calculated.
All statistical analyses were performed with the SAS version 9.4 statis-
tical software package (SAS Institute, Cary, NC, USA).
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