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This open-label clinical study enrolled 10 adults with attenuated Mucopolysaccharidosis Il and advanced
disease under the direction of the Japan Society for Research on Mucopolysaccharidosis Disorders prior to
regulatory approval of idursulfase in Japan. Ten male patients, ages 21-53 years, received weekly intra-
venous infusions of 0.5 mg/kg idursulfase for 12 months. Significant reductions in lysosomal storage and
several clinical improvements were observed during the study (mean changes below). Urinary glycos-
aminoglycan excretion decreased rapidly within the first three months of treatment and normalized in

;ﬁ{;‘;ﬁsacmeﬁ dosis 1l all patients by study completion (—79.9%). Liver and spleen volumes also showed rapid reductions that
Hunter syndrome were maintained in all patients through study completion (—33.2% and —31.0%, respectively). Improve-
Clinical trial ments were noted in the 6-Minute Walk Test (54.5 m), percent predicted forced vital capacity (3.8 per-
Enzyme replacement therapy centage points), left ventricular mass index (—12.4%) and several joint range of motions (8.1-19.0
Idursulfase degrees). Ejection fraction and cardiac valve disease were stable. The sleep study oxygen desaturation
Elaprase index increased by 3.9 events/h, but was stable in 89% (8/9) of patients. ldursulfase was generally
well-tolerated. Infusion-related reactions occurred in 50% of patients and were mostly mild with tran-
sient skin reactions that did not require medical intervention. Two infusion-related reactions were
assessed as serious (urticaria and vasovagal syncope). One patient died of causes unrelated to idursulfase.
Anti-idursulfase antibodies developed in 60% (6/10) of patients. In summary, idursulfase treatment
appears to be safe and effective in adult Japanese patients with attenuated MPS II. These results are com-
parable to those of prior studies that enrolled predominantly pediatric, Caucasian, and less ill patients. No

new safety risks were identified.
© 2009 Elsevier Inc. All rights reserved.
Introduction passes a wide phenotypic spectrum that includes severe and atten-

uated forms. The severe form has onset of symptoms by 2-4 years

Mucopolysaccharidosis type II (MPS II, Hunter syndrome, OMIM
#309900) is an X-linked recessive, lysosomal storage disorder
caused by a deficiency of iduronate-2-sulfatase (IDS, EC3.1.6.13).
This lysosomal enzyme catalyzes the first step in the degradation
of the glycosaminoglycans (GAG), dermatan sulfate and heparan
sulfate [1]. Iduronate-2-sulfatase deficiency leads to the accumula-
tion of GAG within the lysosomes of virtually every cell in the body
and is excreted in excessive amounts in the urine. MPS Il encom-

* Corresponding author. Fax: +81 3 3417 2238.
E-mail address: tora@nch.go.jp (T. Okuyama).

1096-7192/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.ymgme.2009.08.006

old, progression of somatic symptoms and severe cognitive impair-
ment during childhood, and death by 10-15years of age. The
attenuated form has a later onset in childhood, slower and milder
progression of somatic disease, little to no cognitive impairment,
and survival into adulthood. (Fig. 1) Common clinical features in-
clude coarse faces, upper airway obstruction, cardiac valve regurgi-
tation, restrictive lung disease, hepatosplenomegaly, hernias, joint
contractures, poor endurance, and reduced quality of life [2,3]. IDS
gene mutations are heterogeneous, but some show genotype-phe-
notype correlations: deletions and gross rearrangements of the IDS
gene are associated with the severe form, whereas missense
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Fig. 1. A 23-year-old Japanese male study patient with MPS II. (A) Before treatment.
(B) After 12 months of idursulfase treatment. Note the coarse facial features
characteristic of MPS I1. At baseline, the patient had severely limited shoulder range
of motion (flexion and abduction), which improved following treatment.

mutations are more often associated with attenuated disease [4-10].
No racial or geographic differences have been observed. Females
are only rarely affected, most often through skewed X-inactivation
[1]. MPS 11 is the most prevalent MPS disorder in Asia, accounting
for >50% of all MPS patients in Japan [10]. The annual incidence
of all MPS disorders in Japan is estimated to be 1/50,000-1/
60,000, and approximately half of the cases are due to MPS IIL
The estimated birth incidence of MPS Il in Japan is, therefore, 1/
90,000-1/100,000 [11], similar to the 1/92,000 to 1/162,000 inci-
dences reported for predominantly Caucasian countries [12-15].

Until recently, treatment of MPS Il was mainly palliative and fo-
cused on alleviating clinical symptoms through a variety of surger-
ies, medical devices, therapies, and medications. Several patients
have undergone hematopoietic stem cell transplant (HSCT) as a
source of iduronate-2-sulfatase, but unlike for MPS 1, cognitive de-
cline is not halted and the long-term effects on somatic disease are
not well-documented [16,17]. Therefore, most centers consider the
risk-benefit profile unfavorable and do not recommend HSCT for
patients with MPS I1.

Idursulfase (Elaprase®, Shire Human Genetic Therapies, Inc.,
Cambridge, MA, USA) is a recombinant human form of iduronate-
2-sulfatase that is produced in a human cell line. Preclinical studies
carried out in an MPS Il knockout-mouse model [ 18] and in a Phase
1/2 dose-ranging study of MPS II patients [19] indicated that idur-
sulfase was effective at reducing lysosomal GAG. The safety and
efficacy of idursulfase was confirmed in a Phase 2/3 double-blind,
placebo-controlled clinical study that randomized 96 MPS II pa-

tients to one of three treatment arms for 52 weeks: 0.5 mg/kg idur-
sulfase weekly, 0.5 mg/kg idursulfase alternating with placebo
every other week, or placebo weekly [20]. The primary efficacy
endpoint was a composite of changes in percent predicted forced
vital capacity (FVC) and the 6-Minute Walk Test (6MWT). Patients
who received weekly idursulfase showed a greater difference in
the composite endpoint compared to placebo (p = 0.005) than did
the every other week idursulfase group (p=0.042). The weekly
idursulfase arm showed a mean 44.3 m increase in 6MWT distance
(37 m difference from placebo, p = 0.013) and a mean 3.45 percent-
age point increase in percent predicted FVC (2.7 percentage point
difference from placebo, p = 0.065). These clinical changes were
associated with significant reductions versus placebo in urinary
GAG level (-52.5%, p <0.0001), liver volume (—-25.3%, p < 0.0001),
and spleen volume (—-25.1%, p < 0.0001). Idursulfase was well-tol-
erated, with infusion-related reactions being the most common
drug-related related adverse events, occurring in 69% (22/32) of
patients in the weekly idursulfase arm.

Idursulfase was approved for the treatment of MPS II by the
United States Food and Drug Administration (FDA) in July 2006
and by the European Medicines Agency (EMEA) in January 2007.
Due to the life-threatening nature of the disease and the small
number of patients, the Japanese Ministry of Health, Labour, and
Welfare (MHLW) Committee for the Use of Unapproved Drugs rec-
ommended that idursulfase be approved based on ethical grounds
and the results of overseas clinical trials, which included four
Japanese patients. The committee also requested that idursulfase
be made available to the most seriously ill MPS II patients prior
to approval, which occurred in October 2007. Consequently, the
Japan Elaprase Treatment (JET) study was initiated under the direc-
tion of the Japan Society for Research on MPS Disorders. Here, we
present the results of this study.

Materials and methods
Patients

To be eligible for the study, patients had to meet all of the fol-
lowing inclusion criteria: (1) Documented deficiency of iduro-
nate-2-sulfatase enzyme activity of <10% of the lower limit of
normal with a normal enzyme activity level of one other sulfatase.
(2) Male and above 20 years of age. (3) Clinically advanced disease
status with <80% predicted FVC and New York Heart Association
Class II-1V. (4) Capable of showing improved quality of life. (5) Able
to complete study assessments.

Patient exclusion criteria included: (1) Previous bone marrow or
cord blood transplant. (2) Known hypersensitivity to one of the
components of idursulfase. (3) Previous treatment with idursulf-
ase. (4) Unable to receive weekly infusions of idursulfase at the pa-
tient’'s local hospital. All patients provided signed informed
consent prior to enrollment.

Study design

This was a multi-center, open-label study that enrolled 10 adult
males with MPS II at 5 clinical sites in Japan. The study adhered to
the guidelines set forth in the Declaration of Helsinki. Idursulfase
was manufactured by Shire Human Genetic Therapies, Inc. and dis-
tributed by Genzyme Corporation (Cambridge, MA, USA). Genzyme
Corporation performed all statistical analyses, and Genzyme Japan
KK (Tokyo, Japan) provided data management support.

Idursulfase

Patients were administered 0.5 mg/kg idursulfase diluted in sal-
ine to a final volume of 100 cc intravenously over 3 h on a weekly
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basis (x3 days) for up to 12 months. Infusions rates were ramped
up over the first hour as described in the Phase 2/3 study [20]. Pa-
tients were monitored during each infusion and were discharged
1 h after completing the infusion, if clinically stable.

Efficacy assessments

Urinary GAG level was determined as the concentration of uron-
ic acid normalized for creatinine (mg/g creatinine) and was mea-
sured using the carbazole reaction at a central laboratory (SRL
Medisearch, Tokyo, Japan) or at Osaka City University Hospital.
Liver and spleen volumes were quantitated by computerized
tomography (CT), with the upper limits of normal being 2.5% and
0.2% of body weight, respectively. Percent predicted FVC and the
6MWT were performed according to American Thoracic Society
guidelines [21,22]. Cardiac structure and function were evaluated
by echocardiography (two-dimensional and M-mode). Left ventric-
ular mass index (LVMI) was calculated as the left ventricular mass
normalized for body surface area, with normal values defined as
<131 g/m?. Active joint range of motion was measured by goniom-
etry, and included the shoulder (flexion, extension, and abduction),
elbow (flexion and extension), hip (flexion and extension), and knee
(flexion and extension). Left and right joint ranges of motion for
each were averaged for each patient. The sleep study oxygen desat-
uration index (ODI) was assessed by pulse oximetry and defined
as the number of desaturations (<89% oxygen saturation or >4%
decrease in oxygen saturation from baseline lasting > 10 s) per hour
of sleep. A normal ODI was considered to be <5 events/h [23].

Safety assessments

Safety evaluation included continuous monitoring of adverse
events and periodic clinical laboratory and physical examination
evaluations. Adverse events were reported by severity (mild, mod-
erate, severe, life-threatening) and by relatedness to idursulfase.
An infusion-related reaction was defined as any adverse event
occurring during or following an infusion (i.e., within 24 h of infu-
sion initiation) that was reported by the investigator as related to
idursulfase. Antibodies to idursulfase were measured by an en-
zyme-linked immunosorbant assay (ELISA; Shire Human Genetic
Therapies).

Statistics

Efficacy results are reported as the mean # standard error of the
mean (SEM). For missing data at 12 months, the last observation
carried forward method was used for values obtained at 6 months
or later. The number of evaluable patients was at least nine for
each endpoint, except for LVMI (n =6, primarily due to missing
baseline data) and the 6MWT (n = 7, primarily due to the inability
to perform the test). The Wilcoxon signed rank test was used to
evaluate changes in efficacy endpoint from baseline to 12 months,
and p-values <0.05 were considered statistically significant. Per-
cent change was tested for pharmacodynamic parameters (i.e., uri-
nary GAG level and liver and spleen volumes), whereas absolute
change was tested for clinical endpoints.

Results
Patient disposition

Ten adult Japanese males with attenuated MPS Il were enrolled
in the study and received idursulfase treatment. Nine patients
completed the 12-month study; one patient died of causes unre-
lated to idursulfase after receiving 41 of 44 scheduled infusions
(see Safety Section). Compliance with treatment was excellent,
with all 10 patients receiving >93% of scheduled infusions; 80%
(8/10) of patients did not miss a single scheduled infusion.

Patients

The mean patient age was 30.1 years (range 21.1-53.9). All
patients had been diagnosed during mid-childhood or adoles-
cence with MPS Il (mean age 7.9 years), and all had advanced
disease burden at the time of enrollment into the study. All pa-
tients had short stature (height <3rd percentile for Japanese
adult males). Past medical history was significant for the fol-
lowing MPS Il-related features (n = number of patients): valvular
heart disease consisting mainly of aortic and/or mitral valve
insufficiency (10), joint contractures (7), hepatomegaly (7), deaf-
ness (6), retinal degeneration (5), sleep apnea (5), otitis media

Table 1
Summary of efficacy changes after 12 months of treatment with idursulfase.
N Baseline 12 months Change % Change p-Value

Urinary GAG (mg/g creatinine) 9 106.4+7.8 21229 -852+7.1 -799+22 0.004'
Liver volume (cc¢) 10 1491.2+929 993.2+75.0 —498.0+70.2 -332+40 0.002'
Spleen volume (cc) 10 210.2+225 138.1+125 -721+15.7 -31.0£5.5 0.002'
6-Minute Walk Test (m) 7 286.0+ 534 340.5 +49.6 54.5+27.0 374+18.1 0.109
Forced vital capacity (% predicted) 9 399+6.6 43.7+6.0 3828 150+8.0 0.250
Forced vital capacity (L) 9 14+03 1.5+02 0101 163+8.0 0.250
Left ventricular mass index (g/m?) 6 139.9+25.1 133.2+389 -6.7+15.5 -124+t11.1 0.563
Left ventricular ejection fraction (%) 10 67.0%5.2 64.3+6.0 -28+25 -6.1+£5.7 0.244
Joint range of motion (degrees) NA

Shoulder flexion 10 93.8+49 109.8+7.1 15073 0.066
Shoulder extension 10 44.1+4.1 438+38 -03+4.1 0.945
Shoulder abduction 10 76.3+3.9 95.3+8.1 19.0+8.8 0.125
Knee flexion 9 103.7+ 8.5 1144 +52 10.7£10.3 0.461
Knee extension 9 -11.1+45 -103+5.0 08+25 0.875
Hip flexion 9 89.2+8.1 1033+76 142+5.1 0.031
Hip extension 9 3.1+50 19167 -13%18 0.750
Elbow flexion 10 1209+ 4.0 121.8+3.7 09125 0.828
Elbow extension 10 —43.1+4.2 -35.0+4.2 8.1+34 0.063
Oxygen desaturation index (events/h) 9 18.5%6.1 223+74 3935 NA 0.426

The last observation carried forward (LOCF) method was used to replace a missing value at the 12-month timepoint.

All values are the observed means + SEM. All p-values are based on the Wilcoxon signed rank test for change from baseline to the 12-month timepoint.
NA, not applicable. Some patients had values of 0 at baseline that precluded calculation of percent change.

" The p-value is based on the Wilcoxon signed rank test for % change from baseline to the 12-month timepoint.



