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Introduction: Mucopolysaccharidosis II (MPS II) is an X-linked lysosomal

storage disorder caused by a deficiency in the lysosomal enzyme iduronate-

2-sulfatase (I2S), leading to an accumulation of glycosaminoglycans within

lysosomes. Patients experience progressive, multisystemic disease, significant

morbidity, and early mortality.

Areas covered: Idursulfase, an I2S enzyme produced by recombinant DNA

technology in a human cell line, was approved in 2006 in the United States

and 2007 in the European Union for use in MPS II patients. The authors

examine the published pharmacokinetic, safety, and efficacy data from the

Phase I/II, Phase II/III, Phase II/III extension, and post-marketing surveillance

studies of idursulfase.

Expert opinion: Idursulfase is generally well tolerated and produces measur-

able clinical improvements in walking ability and statistically significant

reductions in mean liver and spleen volumes and urinary glycosaminoglycan

levels. The impact of anti-drug antibodies upon efficacy is unclear but is an

active area of research. Treatment should be offered to MPS II patients with

or without cognitive involvement, including females, as soon as possible after

diagnosis. Patients with the severe (neuropathic) phenotype may receive

certain somatic benefits from treatment, supporting a test of idursulfase

treatment with clear expectations and discontinuation criteria discussed

with the family before treatment initiation.

Keywords: drug evaluation, enzyme replacement therapy, Hunter syndrome, idursulfase,

mucopolysaccharidosis II
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1. Introduction

Mucopolysaccharidosis II (MPS II, Hunter syndrome; OMIM 309900) is an
X-linked lysosomal storage disease (LSD) caused by a deficiency in the enzyme
iduronate-2-sulfatase (I2S), leading to accumulation of the glycosaminoglycans
(GAGs) heparan sulfate and dermatan sulfate within lysosomes [1,2]. The incidence
is from 0.2 to 1.07 per 100,000 live births [3-9]. MPS II is a progressive, multisyste-
mic disease with significant morbidity and early mortality. Patients generally appear
normal at birth, with clinical signs and symptoms appearing at 2 -- 4 years of
age [10,11]. The clinical features include hearing loss, recurrent ear and respiratory
infections, coarse facial features, airway obstruction and restriction, communicating
hydrocephalus, spinal cord compression, carpal tunnel syndrome, cardiac valve
disease, hepatosplenomegaly, skeletal abnormalities, growth restriction, and joint
stiffness [1,12].

Patients with MPS II are often described as having either a severe or an attenuated
phenotype, although patients may present at any point upon a spectrum of
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severity [12,13]. About two-thirds of patients exhibit a severe
(neuronopathic) phenotype, characterized by a developmental
plateau in early childhood, followed by a relentless cognitive
decline [14]. Death typically occurs in the second decade [15].
Patients with the attenuated phenotype remain cognitively
intact but can display all of the somatic signs and symptoms
of the disease, including neurological complications such as
communicating hydrocephalus, spinal cord compression, and
hearing loss [16]. Such patients may survive into adulthood,
although premature mortality occurs [15].
In July 2006 in the United States and in January 2007 in

Europe, enzyme replacement therapy (ERT) with idursulfase
(Box 1), a recombinant human I2S (Elaprase�, Shire Human
Genetic Therapies, Inc., Lexington, Massachusetts, USA), was
approved. It is now available in 50 countries. Current treat-
ment guidelines suggest the initiation of weekly idursulfase
treatment as soon after diagnosis as possible for most
patients [17-21], although clinical trial data for the use in
patients under the age of 5 years are not yet available. Safety
and effectiveness data about the use of idursulfase in children
who initiated therapy before 6 years of age have been
described in data from a patient registry that collects observa-
tional data (see section 5.5, Postmarketing Surveillance).

2. Overview of the market

Historical treatment for MPS II was mainly palliative. Based on
successes in MPS I-Hurler (OMIM 607014), hematopoietic
stem cell transplantation (HSCT) has been performed in small
numbers of patients with MPS II. Improvements in some
somatic features have been reported [22-25], but the neurocogni-
tive decline is not ameliorated [22,23,26,27]. Thus, HSCT is not
recommended as a treatment option for MPS II [28]. The

most direct competitor to idursulfase is GC1111 (Hunterase�,
Green Cross Corporation, Yongin, Korea), which has
been approved by the Korea Food and Drug Administra-
tion based on unpublished Phase I/II clinical trial data
(NCT01301898) [29]. A second competitor is the soy isofla-
vone genistein, a natural compound that can inhibit the synthe-
sis of GAGs [30]. Genistein use has been studied in patients with
the related disorders MPS IIIA, B, C, and D (OMIM 252900,
OMIM 252920, OMIM 252930, and OMIM 252940). In an
open-label study enrolling 19 patients, no clinical benefit was
found after 1 year of treatment [31]. A larger, randomized,
placebo-controlled trial enrolling 30 patients with MPS III
found that genistein marginally reduced urinary GAG
(uGAG) and plasma heparan sulfate levels, but no clinical effi-
cacy was detected [32]. For MPS II, an open-label, 26-week
study in seven previously untreated attenuated patients found
that genistein treatment produced statistically significant
improvements in mean active and passive shoulder flexion
and abduction [33]. Elbow, wrist, hip, and knee joint
range-of-motion (JROM) were not improved by treatment.

3. Introduction to idursulfase

Idursulfase, a 525-amino acid glycoprotein with a molecular
weight of approximately 76 kD, is produced by recombinant
DNA technology in a human cell line. Idursulfase acts by
cleaving the terminal 2-O-sulfate moieties from dermatan
sulfate and heparan sulfate. The protein contains two
disulfide bonds and eight N-linked glycosylation sites, each
of which contains two bis-mannose-6-phosphate terminated
glycans. These allow specific binding of the enzyme to the
mannose-6-phosphate receptors on the cell surface, leading
to cellular internalization and targeting to intracellular

Box 1. Drug summary.

Drug name Idursulfase (recombinant human iduronate-2-sulfatase)
Phase Phase IV
Indication Patients with mucopolysaccharidosis II (Hunter syndrome)
Pharmacology description/
mechanism of action

Idursulfase acts by cleaving the terminal 2-O-sulfate moieties from dermatan sulfate and heparan
sulfate, which are abnormally stored in the lysosomes of cells in patients with
mucopolysaccharidosis II

Route of administration Intravenous infusion
Pivotal trials The Phase II/III pivotal trial (NCT 00069641) was a randomized, double-blind, placebo-controlled,

multicenter, international study enrolling 96 attenuated male patients aged 5.0 to 30.9 years with
mucopolysaccharidosis II. Patients received either infusions of idursulfase (0.5 mg/kg every week
or every other week [EOW]), or placebo for 53 weeks. Patients were stratified by age, six-minute
walk test (6MWT) distance, and percent predicted forced vital capacity (%FVC) at baseline. The
primary efficacy endpoint was a two-component score generated by summing the rank scores for
change from baseline in the 6MWT distance and %FVC. Secondary endpoints included changes
in 6MWT distance, %FVC, absolute FVC, liver and spleen volumes, excretion of dermatan sulfate
and heparan sulfate in urine, and passive joint range-of-motion (JROM). After 53 weeks, the
primary efficacy endpoint score was significantly improved in both idursulfase groups compared
with placebo. Liver and spleen volume and urine levels of dermatan sulfate and heparan sulfate
decreased significantly from baseline in both treatment groups when compared with placebo.
Improvements were greater in the weekly treated group; thus, 0.5 mg/kg weekly is the
recommended dose
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lysosomes. The enzyme activity of idursulfase is dependent on
the post-translational modification of cysteine-59 to formyl-
glycine; thus, idursulfase has a specific activity ranging from
46 to 74 U/mg of protein [34,35].

Idursulfase is administered by continuous weekly intrave-
nous infusion, using a 0.2 µm filter, at a recommended dose
of 0.5 mg/kg of body weight weekly diluted in 100 mL of
0.9% sodium chloride. The total volume may be adminis-
tered over 3 h, although a longer infusion time can be used
if infusion-related reactions (IRRs) occur, as long as the
infusion time does not exceed 8 h. A ramping protocol is

suggested with an infusion rate of 8 mL/h for the first
15 min. If the infusion is well tolerated, the rate may be
increased by 8 mL/h increments at 15-minute intervals. The
infusion rate should never exceed 100 mL/h [35].

4. Pharmacokinetics

The prescribing information states that the pharmacokinetic
characteristics of idursulfase have been evaluated in several
studies with MPS II patients [35]. The area under the
concentration-time curve increased in greater than a dose-
proportional manner as the dose increased from 0.15 mg/kg
to 1.5 mg/kg following a single 1-hour infusion. In a separate
study, 10 patients aged 7.7 to 27 years received the recom-
mended dose of 0.5 mg/kg as a 3-hour infusion weekly;
pharmacokinetic parameters were determined at Week 1 and
Week 27 (Table 1). The half-lives at Week 1 and Week
27 were 44 and 48 min, with an apparent volume of distribu-
tion of 21% and 25% of body weight, respectively, which
were not significantly different.

5. Clinical efficacy of idursulfase

5.1 Phase I/II study
This 24-week, double-blind, placebo-controlled trial enrolled
12 attenuated patients aged 6 to 20 years who were random-
ized to three dosing groups (0.15, 0.5, and 1.5 mg/kg every
other week) of four patients each; one patient within each
group received placebo [36]. All patients continued in an
open-label extension trial for at least 6 months. The primary
endpoint was change in uGAG level from baseline.
Secondary endpoints included changes in liver and spleen
size, 6MWT distance, pulmonary function, JROM, heart
size and function, and sleep study.

After 24 weeks in the double-blind phase plus 24 weeks in
the open-label phase, reductions in uGAG levels of 47%,
43%, and 58% were seen in the 0.15, 0.5, and 1.5 mg/kg
groups, respectively. Liver and spleen volumes were signifi-
cantly decreased after 24 and 48 weeks in patients with orga-
nomegaly at baseline. No statistically significant changes in
the mean 6MWT distance were seen in any group during
the double-blind phase, but after 48 weeks of treatment, the
mean distance among all treated patients was significantly
improved from 398±117 to 445±124 m (p = 0.013, t-test).
No statistically significant changes in pulmonary function
testing, joint mobility, sleep study parameters, or cardiac
parameters were demonstrated.

5.2 Phase II/III study
The Phase II/III study (NCT00069641) was a randomized,
double-blind, placebo-controlled, multicenter, international
trial enrolling 96 attenuated patients aged 5.0 -- 30.9 years.
Patients received either infusions of idursulfase (0.5 mg/kg
every week or every other week [EOW]), or placebo for
53 weeks. Patients were stratified by age, 6MWT distance,

Table 1. Pharmacokinetic parameters in 10 human

patients receiving idursulfase (0.5 mg/kg weekly as

a 3-hour infusion).

Pharmacokinetic

Parameter (units)

Week 1

(mean, standard

deviation)

Week 27

(mean, standard

deviation)

Cmax (µg/mL) 1.5 (0.6) 1.1 (0.3)
AUC (min�µg/mL) 206 (87) 169 (55)
t1/2 (min) 44 (19) 48 (21)
Cl (mL/min/kg) 3.0 (1.2) 3.4 (1.0)
Vss (% BW) 21 (8) 25 (9)

AUC: Area under the serum concentration-time curve; Cmax: Maximal

concentration; t1/2: Serum terminal elimination half-life; Cl: Normalized serum

clearance; Vss: Apparent volume of distribution at steady state normalized to

body weight.
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Figure 1. Treatment efficacy in the Phase II/III clinical trial for

change in 6MWT distance and change in %FVC from baseline

(components of the primary composite endpoint score).
6MWT: Six-minute walk test; EOW: Every other week dosing; %FVC: Percent

predicted forced vital capacity; SEM: Standard error of the mean.

Reproduced with permission from [34].

*p = 0.0131 compared with placebo at 53 weeks.
zp = 0.0650 compared with placebo at 53 weeks.
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and percent predicted forced vital capacity (%FVC) at base-
line. The primary efficacy endpoint was a two-component
score generated by summing the rank scores for change from
baseline in the 6MWT distance and %FVC. Secondary end-
points included changes in 6MWT distance, %FVC, absolute
FVC, liver and spleen volumes, uGAG excretion, and
passive JROM.

After 53 weeks, the primary efficacy endpoint score was
significantly higher in both idursulfase groups than in the
placebo group (p = 0.0049 for weekly and p = 0.0416 for
EOW Figure 1). Liver volume decreased from baseline in
both treatment groups by about 25% (p < 0.0001 for both
vs. placebo). Spleen volumes were decreased by about 25%
in the weekly dosing group and 20% in the EOW group
(p < 0.0001 for both vs. placebo). The uGAG level decreased
by 44.7 ± 4.0% in the EOW group and 52.5 ± 5.3% in
the weekly group (p < 0.0001 for both vs. placebo;
p = 0.0394 for weekly vs. EOW). Elbow joint mobility was
significantly improved in the weekly group as compared
with placebo (p = 0.0476), but no other JROM differences
between groups were seen.

5.3 Phase II/III extension study
All 94 patients who completed the Phase II/III study enrolled in
the extension study (NCT00630747) and were treated with
intravenous idursulfase 0.5 mg/kg weekly for an additional
24 months [37]. The primary efficacy endpoints of the extension
study were changes from baseline in 6MWT distance and
%FVC. Secondary endpoints included changes in liver and
spleen volume, uGAG level, cardiac mass, JROM, linear growth
velocity, and functional status (Child Health Assessment
Questionnaire Disability Index Score [CHAQ DIS]).

Statistically significant improvement in %FVC was
observed at a single time point (Month 16) only, although
absolute FVC showed sustained improvement throughout
the study (Figure 2). Improvements in 6MWT distance were
statistically significant at all but one time point (Figure 3).
Reductions in liver and spleen volumes seen in the double-
blind study were maintained throughout the extension. The
mean uGAG level decreased 77% from baseline (p < 0.001)
by Month 36. Statistically significant and clinically important
improvements in JROM were seen only for the shoulder, but
no other joints. The mean linear growth velocity in 15 patients
who had not yet reached Tanner Stage 2 at baseline was
4.33 cm/year. The standard parent-assessed CHAQ DIS score
showed statistically significant improvements from baseline at
months 8, 16, 20, 24, and 30.

5.4 Phase II/III and extension secondary analysis:

effects of idursulfase on growth
A secondary analysis of height measurements from 18 attenu-
ated patients who began treatment before the end of puberty
and who were treated for at least 3 years in the Phase II/III and
extension studies has been reported [38]. Height measurements
were taken the year before starting ERT, at baseline, and at years
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1, 2, and 3. The patients were divided into two groups: those
who had begun ERT at less than 10 years of age (n = 9) and those
who had begun ERT at 10 years of age or older (n = 9). The
mean increase in height at Year 3 in the younger group was
14.6 ± 5.5 cm, maintaining 8/9 patients’ height within normal
range (Figure 4). There was an increase in height of about 3 cm
(Z score = -0.5) the year beforeERT, and5.3 cm(Z score = 0.02),
4.5 cm (Z score = -0.07), and 5.7 cm (Z score = 0.08) for the
first, second, and third years on ERT, respectively. In the older
group, the mean increase in height over 3 years was 8.1 ±
1.6 cm; their growth curves remained below the 3rd percentile.
There was an increase in height of 1.5 cm (Z score = -0.8) in
the year before ERT, and 3.9 cm (Z score = -0.17), 3.6 cm
(Z score = 0.23), and 1.3 cm (Z score = -0.06) for the first,
second, and third years of ERT, respectively. The conclusion

was that idursulfase improves growth velocity, but the most
benefit is obtained when initiated before the age of 10 years.

5.5 Post-marketing surveillance
As part of a commitment to post-marketing surveillance,
Shire HGT supports the Hunter Outcome Survey (HOS), a
global disease registry that is overseen by national, regional,
and global scientific advisory boards [10]. HOS was established
in 2005 with the objectives to collect real-world data on the
natural history of MPS II and on the long-term safety and
effectiveness of the use of ERT in patients with MPS II. All
data are anonymous.

A recent large analysis described data from 124 patients
enrolled in HOS who had begun ERT with idursulfase under
the age of 6 years (mean, 3.6 ± 1.6 years) [39]. In the subgroup
of 34 patients with elevated baseline uGAG levels, mean levels
decreased by 37% from baseline after at least 6 months of
idursulfase (p < 0.0001). Mean liver size as estimated by pal-
pation was also significantly decreased after at least 6 months
of idursulfase. These were comparable results to those seen in
a similar cohort of patients in HOS who had begun ERT over
the age of 6 years.

6. Safety and tolerability of idursulfase

6.1 Adverse events
The most common AEs in the clinical trials and post-
marketing surveillance studies were IRRs, which were managed
by slowing the infusion and/or premedication with antihist-
amines or steroids [34,36-39]. The incidence of IRRs in the pub-
lished studies varied between 20% and 75% (Table 2). Serious
or potentially life-threatening IRRs were uncommon. Other
AEs included limb pain, visual disturbance, chest wall pain,
anxiety, and dyspepsia [35].

The idursulfase prescribing information carries a black-box
warning that life-threatening anaphylactic reactions have been
observed in some patients during infusions; therefore, appro-
priate medical support should be readily available during
administration. Biphasic anaphylactic reactions have also
been observed, which may require prolonged observation.
Patients with compromised respiratory function or acute
respiratory disease may be at risk of serious acute exacerbation
of their respiratory compromise due to IRRs, and these
patients require additional monitoring [35].

Compliance with idursulfase treatment was reported to be
good in the clinical trials and the extension studies. All patients
completed the Phase I/II trial and extension. In the Phase II/III
trial, all patients received at least 80% of infusions and no
patient missed more than four consecutive infusions. Ninety-
four of 96 patients completed the double-blind phase (two
patients died of non-drug-related causes), and 85/94 patients
completed the 2-year extension (one patient died of non-drug-
related causes, and eight patients relocated). In the extension
phase, only two patients received less than 80% of doses, and
only five patients missed four or more consecutive doses.
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6.2 Antibodies to idursulfase
IgG antibodies to idursulfase were detected at one or more
time points in about half of treated patients across the clinical
trials and post-marketing surveillance study (Table 2). Anti-
body positivity decreased over time. In the Phase II/III study,
the incidence was 31.7% at Week 53, but only 27.1% of
patients were antibody positive at Month 36 in the exten-
sion [34,37]. In the Phase I/II study, antibody positivity was
reported to have no significant effect on response as assessed
by changes in uGAG levels, liver and spleen volumes,
6MWT distance, or %FVC volume [36]. In the Phase II/III
study, the reduction in uGAG levels in antibody-positive
patients was reported to be about two-thirds of that seen
in antibody-negative patients, but no correlation between
antibody status and clinical assessments was seen [34]. No
anti-idursulfase IgE antibodies were detected at any time in
these studies.
The presence of neutralizing antibodies was reported only

in the Phase II/III extension study [37]. Of the 94 patients,
22 (23.4%) were positive for neutralizing antibodies at any
point. At the end of the study, 19/85 (22.3%) of patients
were positive, indicating that tolerization had not occurred.
As opposed to non-neutralizing antibodies, neutralizing anti-
bodies were reported to be associated with a more muted
absolute FVC response to idursulfase, although 6MWT, liver
and spleen volume, and uGAG levels were not affected by
neutralizing antibody status.

7. Access to treatment

Policies about eligibility for idursulfase treatment vary from
country to country; these differences typically center around
treating patients with cognitive involvement [19,40-42]. One
reason for these differences is that there is no available

cost-effectiveness study of idursulfase for MPS II, which costs
approximately $300,000 -- $500,000 per patient per year.
Such studies are very difficult to conduct for rare diseases
and usually are not able to demonstrate cost-effectiveness [43].
Thus, reimbursement agencies have diverse views on medical
equity, health-care rights, and the “rule of rescue” [43,44]. It
has been argued that MPS II is a very rare disease, making
the overall cost to a government or reimbursement agency
for idursulfase treatment small compared with their total
health care expenditures [19]. The manufacturer of idursulfase
has a patient assistance program in the United States meant to
provide access for certain eligible patients [45].

8. Conclusion

Clinical trial data from the pivotal Phase II/III trial and
extension indicate that treatment with idursulfase produces
measurable clinical improvements in a two-component score
generated by summing rank scores for change from baseline
in the 6MWTdistance and%FVC; in liver and spleen volumes;
and in standard parent-assessed CHAQDIS score at some time
points. In the Phase II/III trial, statistically significant improve-
ments in elbow joint mobility were seen, while in the extension
trial, only significant improvements in shoulder joint mobility
were seen. A secondary analysis of the Phase II/III height data
for 18 patients concluded that idursulfase improves growth
velocity in a subset of patients, with the most benefit obtained
when initiated before the age of 10 years. A post-marketing
surveillance analysis based on disease registry data concluded
that liver volume as measured by palpation decreased in a
cohort of patients who initiated idursulfase treatment before
6 years of age. Consistent with these results, biochemical assays
across these studies show statistically significant reductions in
the uGAG levels of treated patients. IRRs were the most

Table 2. Summary of safety data in the Phase I/II, Phase II/III, and Phase II/III extension studies, and the HOS under

6 year analysis.

Number of patients

who experienced

Phase I/II [36] Phase II/III [34] Phase II/III EXT [37] HOS Under 6 yrs [39]

Any AE (possibly or probably
drug-related)

NR NR 56/94 (59.6%) NR

‡ 1 serious AE (related or
unrelated to study drug)

1/12 (8.3%) 26/96 (27.1%) 27/94 (28.7%) 16/124 (12.9%) < 6 yrs
58/287 (20.2%) ‡ 6 yrs

‡ 1 IRR 0/4 placebo
6/8 (75%) idursulfase

21/32 (65.6%) placebo
22/32 (68.8%) weekly
22/32 (68.8%) EOW

50/94 (53%) 34/124 (27%) < 6 yrs
56/287 (20%) ‡ 6 yrs

‡ 1 serious IRR 1/12 (8.3%) NR NR 1/124 (0.8%) < 6 yrs
6/287 (2.1%) ‡ 6 yrs

Death 0 2* 1* 5*
IgG antibodies to idursulfase
at ‡ 1 time point

6/12 (50%) 30/64 (46.9%) idursulfase
0/32 placebo

47/94 (50%) 38/71 (53.5%) < 6 yrs
71/166 (42.8%) ‡ 6 yrs

IgE antibodies to idursulfase
at ‡ 1 time point

0 0 0 0

*Unrelated to study medication.

AE: Adverse event; EOW: Every other week dosing; NR: Not reported.
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commonly reported AE across these studies, although their
frequency decreased over time. These were managed by slowing
or stopping the infusion and administering steroids and/or anti-
histamines as necessary. Severe IRRs can be life-threatening;
therefore, appropriate medical support needs to be available
during infusions. Late-emergent anaphylactic reactions after
an initial severe infusion reaction have been rarely reported
and require prolonged observation.

9. Expert opinion

The approval of ERT with idursulfase for MPS II represented
an advance in patient care for a disease that could previously
only be managed palliatively. Based on data from clinical trials
and an open-label extension study, we see that idursulfase treat-
ment can improve or stabilize several somatic disease features
and consider that stabilization of signs and symptoms is a ther-
apeutic benefit in a progressive disease. These data, coupled
with the secondary analysis of the growth data from the
Phase II/III trial, support the conclusion that idursulfase treat-
ment should be offered to MPS II patients with an attenuated
or an indefinite phenotype as soon as possible after diagnosis.
This has been recommended elsewhere as well [17,20,21]. Sibling
case studies support this conclusion [46]. Should this recommen-
dation extend to children under the age of 5 years? Although the
safety and efficacy data from a 53-week, open-label trial of idur-
sulfase in patients 5 years of age or younger (NCT00607386)
have not yet been published, a recent abstract presented at the
12th International Symposium on MPS and Related Diseases
reported similar effects upon uGAG levels and liver and spleen
size in 27 patients as previously reported for older patients, with
no new safety concerns [47].

There has been some debate about the role of idursulfase
treatment in the management of severe patients. Idursulfase
does not cross the blood--brain barrier and does not alter
cognitive decline [19]. Nonetheless, patients with the severe
phenotype may receive somatic benefits of treatment [19,48].
A recent abstract detailing a case series of 22 patients concluded
that severe patients could experience improved JROM, reduced
liver and/or spleen size, fewer respiratory infections, resolution
of diarrhea, and fewer hospitalizations [48]. While such observa-
tions have not yet been confirmed by clinical trials, clinical
experience would support a trial of idursulfase treatment in
severe patients, with clear expectations and discontinuation
criteria discussed with the family before treatment initiation.

MPS II in females, while uncommon, does occur, usually
due to skewed X inactivation or complex genetic rearrange-
ments [49,50]. Treatment of females with idursulfase has not
been studied in clinical trials. We found during magnetic
resonance imaging (MRI) studies of the brain and cervical
spine of an 11-year-old female with severe MPS II that the
abnormalities did not differ from those detected in male
patients [51]. After 2.5 years of idursulfase treatment, brain
atrophy on MRI progressed. Jurecka et al. found that the
somatic signs and symptoms of two female Polish patients

with severe disease responded to idursulfase treatment simi-
larly to those of male patients [52]. They received 24 and
20 months of idursulfase treatment, during which both
patients experienced reduced uGAG levels. In addition, the
first patient showed stabilization in cardiac disease, liver size,
and JROM, while the other patient experienced decreased
liver and spleen size and improved mobility.

Unanswered questions about idursulfase treatment remain.
Approximately 50% of patients develop IgG antibodies to
idursulfase, but limited data about the impact of antibody
positivity upon efficacy are available. Indeed, measuring effi-
cacy loss in clinical trials using established endpoints like the
6MWT and FVC is not straightforward given the progressive
nature of the disease and the inability to use these tests in
severe patients or young children. Assuming that efficacy
loss can be demonstrated, would a tolerization regimen be
feasible and clinically useful? Would an increase in dose over-
come reduced efficacy? The impact of a drug holiday or ERT
discontinuation upon patient outcomes is also unclear as yet.
A very recent report of five Polish patients with MPS II who
discontinued ERT for a median of 3 months (range
2 -- 8 months) noted that worsening of the patients’ clinical
status was observed. Symptoms after ERT discontinuation
included recurrent respiratory infections (severe pneumonia)
with respiratory insufficiency (80%), difficulty with walking/
standing (60%), increased joint stiffness (40%), decreased
hematological parameters (40%), renal insufficiency (40%),
and death (20%) [53].

Looking forward, an investigational formulation of idur-
sulfase has been designed for intrathecal delivery (idursulfase-
IT, Shire Human Genetic Therapies, Inc., Lexington,
Massachusetts, USA) in an attempt to alter the cognitive decline
in severe patients. A safety study in monkeys found no clinical
signs or gross central nervous system lesions in treated
animals [54]. A follow-up study demonstrated widespread cellu-
lar deposition of idursulfase-IT throughout the central nervous
system [55]. Idursulfase-IT is currently being investigated in a
Phase I/II trial in severe patients (NCT00920647), and results
are expected in the coming months. It is unclear whether
idursulfase-IT will produce clinically significant plasma concen-
tration of the drug, allowing uptake by somatic cells. Should
idursulfase-IT prove safe and effective for altering cognitive
decline and addressing somatic signs and symptoms, the role
of intravenous idursulfase may shift to exclusive use in patients
without central nervous system involvement.

When thinking about future goals for MPS II treatment, it
is important to remember that the signs and symptoms are
almost certainly not all directly caused by GAG storage.
Many secondary pathogenic cascades appear to be triggered
by accumulated GAGs [56-60]. Future treatment will very likely
involve not only ERT, but will take a synergistic approach that
can address the pathological effects of secondary cascades. To
this end, we encourage researchers in the search for
biomarkers for the MPSs, not only to better study the efficacy
and safety of ERT via surrogate endpoints in clinical trials, but
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also to better inform efforts toward a personalized medicine
approach to treatment in these devastating disorders.
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