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Purpose: This study evaluated the safety and effectiveness of long-term
enzyme replacement therapy with idursulfase (recombinant human idu-
ronate-2-sulfatase) in patients with Hunter syndrome. Methods: All 94
patients who completed a 53-week double-blinded study of idursulfase
enrolled in this open-labeled extension study and received intravenous
idursulfase at a dose of 0.5 mg/kg weekly for 2 years, and clinical

outcomes and safety were assessed. Results: No change in percent
predicted forced vital capacity was seen, but absolute forced vital
capacity demonstrated sustained improvement and was increased 25.1%
at the end of the study. Statistically significant increases in 6-minute
walking test distance were observed at most time points. Mean liver and
spleen volumes remained reduced throughout the 2-year extension
study. Mean joint range of motion improved for the shoulder and
remained stable in other joints. Both the parent- and child-assessed
Child Health Assessment Questionnaire Disability Index Score demon-
strated significant improvement. Infusion-related adverse events oc-
curred in 53% of patients and peaked at Month 3 of treatment and
declined thereafter. Neutralizing IgG antibodies were detected in 23%
of patients and seemed to attenuate the improvement in pulmonary
function. Conclusions: Weekly infusions of idursulfase result in sus-
tained clinical improvement during 3 years of treatment. Genet Med
2011:13(2):95–101.
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Mucopolysaccharidosis II (Hunter syndrome) is a rare X-
linked metabolic disorder caused by a deficiency of the

lysosomal enzyme iduronate-2-sulfatase.1 This enzyme cata-
lyzes a step in the catabolism of glycosaminoglycans (GAGs),2

and its deficiency causes accumulation of GAGs in tissues and
organs of affected individuals. Hunter syndrome has an esti-
mated prevalence of approximately 1 in 170,000 male live
births.3 The clinical phenotype involves many organs and sys-
tems and has been described in detail elsewhere.3 The pheno-
type is variable in both its onset and severity. Patients typically
appear normal at birth with signs and symptoms emerging
between 2 and 4 years of age.2 Patients with a severe phenotype
exhibit somatic symptoms between the ages of 2 and 4 years with
neurologic deficits and cognitive impairment appearing before the
age of 6 years. Death typically occurs in the first or second decade
of life for patients with the severe phenotype. Patients with an
attenuated phenotype have minimal central neurologic involve-
ment and always develop somatic disease. These patients typically
survive into adulthood with normal intelligence.

Recombinant human idursulfase was approved for enzyme
replacement therapy (ERT) of Hunter syndrome in 2006. In the
pivotal clinical trial, a randomized, double-blinded, placebo-
controlled study, patients were treated with intravenous infu-
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sions of idursulfase (0.5 mg/kg) once weekly or every other
week (EOW), or with placebo infusions (weekly) for 1 year.4

Significant functional improvement was found in both idursul-
fase treatment groups compared with placebo, as determined
from a composite endpoint of the sum of the ranks of changes
in 6-minute walk test (6MWT) distance and percent of predicted
forced vital capacity (FVC).4 Other important findings included
significant reductions in spleen and liver size and improvement
in absolute FVC. The most common drug-associated adverse
events (AEs) were infusion-related reactions and included head-
ache, urticaria, and pyrexia. In this study, we describe the
open-labeled extension of that study. Results indicate that idur-
sulfase treatment produced long-term improvements and stabi-
lization of clinical disease.

MATERIALS AND METHODS

All 94 patients who completed the 53-week, double-blinded
study enrolled in the extension study and were treated weekly with
idursulfase (Elaprase�, Shire Human Genetic Therapies, Inc.,
Cambridge, MA) at a dose of 0.5 mg/kg intravenously. Thus,
patients who were in the active treatment groups of the double-
blinded study were treated with idursulfase for a total of 36
months, and the patients in the placebo group of the double-blinded
study were treated with idursulfase for a total of 24 months.
Because of the requirement to participate in the testing procedures,
patients with a severe phenotype were excluded from both the
original double-blinded study4 and, thus, from this open-labeled
extension study. The enzyme was diluted to final volume of 100
mL using normal saline and infused over a period of approximately
3 hours. If a patient developed an infusion reaction (typically chills,
fever, headache, and/or flushing), the following actions were taken:
(a) if it was the first occurrence, the infusion was stopped and not
restarted; (b) for subsequent infusions, the patient was pretreated
with an antihistamine and/or corticosteroid; and (c) if the reactions
still occurred, the infusion was stopped and restarted when the
reaction had resolved.

Study design
This study was a multicentered, multinational, open-labeled

clinical trial. The study was conducted in compliance with
international guidelines and appropriate local and country reg-
ulations. The protocol and informed consent documents were
reviewed and approved by institutional review boards and/or
independent ethics committee at each study site.

The primary objective of the study was to assess the long-term
safety and clinical outcome in patients treated with idursulfase.
Safety and clinical outcomes were assessed every 4 months during
the first year of the study and every 6 months thereafter. During the
2 years of the extension study, the primary outcome measures were
6MWT distance and FVC. The 6MWT was conducted according
to the recommendations of the American Thoracic Society. Pa-
tients walked back and forth between markers placed 30 m apart,
and the total distance covered in 6 minutes was recorded by an
observer. FVC was measured by spirometry, according to standard
methods, using the best effort of three determinations on that
day.5,6 Percent predicted FVC (%FVC) was calculated based on
published reference standards based on height and age.7,8 Second-
ary outcome measures included measurement of liver and spleen
volume (measured by magnetic resonance imaging), urine GAG
excretion, cardiac mass (measured by echocardiography), joint
range of motion (JROM, measured by goniometry), linear growth
velocity, and functional status (Child Health Assessment Question-
naire Disability Index Score [CHAQ DIS]). The self-reported
CHAQ questionnaire was completed by all patients aged 12 years

or older, and the parent questionnaire was completed by all parents
or guardians. The CHAQ is a validated instrument9 that assesses
eight domains of physical function based on the responses to 30
questions and presents an overall summary score (standard disabil-
ity index). Hepatomegaly was defined as a liver volume (L)
�3.5%, �2.2%, and �2.6% of body weight (kg) in patients aged
5–12 years, 13–17 years, and �18 years, respectively.10 Spleno-
megaly was defined as a spleen volume greater than the 95th
percentile of the normal distribution in children.11 For the goniom-
etry measurements, an increase of �10° range of motion was
considered clinically important for the majority of joint motions,
except for hip abduction and internal and external rotation, knee
flexion and extension, and ankle dorsiflexion, where an increase of
�5° was considered clinically important. AEs were recorded con-
tinuously throughout the study. A clinical assessment was done at
each study visit. The presence of antiidursulfase antibodies in
plasma were detected by an enzyme-linked immunosorbent assay
as described previously.4 Samples testing positive for IgG antibod-
ies were further tested for neutralizing activity by an in vitro
enzyme inhibition assay and by inhibition of cell uptake of idur-
sulfase. An antibody-positive serum sample with �40% inhibition
of enzyme activity was considered to have been positive for ac-
tivity-based neutralizing antibody. Similarly, a sample was also
considered neutralizing if the amount of idursulfase internalized by
cells was reduced by �23% compared with the effect of pooled
normal human serum.

Statistical methods
This analysis includes results obtained from patients during

treatment with idursulfase EOW or weekly during the original,
double-blinded study4 combined with the results obtained dur-
ing this 2-year, open-labeled extension study. For the purposes
of this analysis, baseline was defined as the most recent assess-
ment before the beginning of treatment with ERT. Thus, for
patients who were in the original placebo group, baseline was
defined as the final assessment in the double-blinded study. For
both the weekly and the EOW 0.5 mg/kg groups, baseline was
the last measurement before starting ERT in the double-blinded
study. The change from baseline was analyzed with a paired t
test or a Wilcoxon signed-rank test, depending on the distribu-
tion of the data. In some cases, separate analyses were con-
ducted for subgroups. All statistical calculations were per-
formed with SAS version 9.1 (SAS Institute Inc., Cary, NC).

RESULTS

Table 1 presents the demographics and baseline characteris-
tics of the study population. Ninety-four patients enrolled in the
2-year extension study, and 85 patients completed the end of
study evaluations. One patient died of respiratory failure (see
“Safety results”). Eight patients transferred to their home coun-
tries during the 2-year extension study and continued to receive
idursulfase under the “named patient use” policy. On transfer to
their home countries, these eight patients were withdrawn from
the study because the follow-up evaluations could not be per-
formed. These eight patients were equally distributed among the
original treatment groups from the double-blinded study (idur-
sulfase weekly, n � 2; EOW, n � 3; placebo, n � 3). Com-
pliance with treatment and testing was good among the enrolled
patients; only two patients received �80% of doses, and only
five patients missed four or more consecutive doses.

Efficacy
The primary measures of clinical efficacy in this study were

changes in FVC and 6MWT distance. Baseline of %FVC was
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56.2% � 1.5%. Figure 1 shows the response of %FVC during
ERT. A statistically significant improvement in %FVC was
observed at a single time point during this study (Month 16). In
contrast to the minimal change in %FVC, absolute FVC dem-
onstrated sustained improvement throughout the study (Fig. 2).
Baseline absolute FVC was 1.18 � 0.06 L, and after 3 years, the

increase in absolute FVC was 0.31 � 0.06 L or 25.1% � 4.0%
(P � 0.05). The subgroups of patients younger than 12 years
and patients aged between 12 and 18 years demonstrated sub-
stantial increases in absolute FVC. For example, at 36 months,
the subgroup �12 years demonstrated an increase of 0.39 �
0.09 L, and the subgroup between 12 and 18 years demonstrated

Table 1 Demographic and baseline characteristics

Treatment baseline characteristics

Double-blinded treatment group

All patientsWeekly EOW Placebo

N 31 32 31 94

Age (yr) 14.8 � 1.11 14.4 � 1.24 14.4 � 1.24 14.5 � 0.68

Range (yr) 6.3 to 26.0 5.4 to 30.9 6.0 to 30.0 5.4 to 30.9

Age category, N (%)

5–12 yr 14 (45.2) 14 (43.8) 13 (41.9) 41 (43.6)

12–18 yr 10 (32.3) 9 (28.1) 10 (32.3) 29 (30.9)

19–25 yr 6 (19.4) 7 (21.9) 5 (16.1) 18 (19.1)

�26 yr 1 (3.2) 2 (6.3) 3 (9.7) 6 (6.4)

Height (cm) 129 � 2.7 128 � 2.6 127 � 2.1 128 � 1.4

Weight (kg) 37.6 � 2.4 36.7 � 2.3 35.7 � 2.2 36.7 � 1.3

Race (South American Indian/Asian/black/white/other) 1/0/2/27/1 2/2/1/27/0 0/3/3/24/1 3/5/6/78/2

FVC (L) 1.21 � 0.10 1.17 � 0.10 1.18 � 0.09 1.18 � 0.05

% Predicted FVC 56.1 � 2.8 55.1 � 2.4 57.3 � 2.8 56.2 � 1.5

% Predicted FVC Severity Score, N (%)

Score 1 (mild, �70% to �80%) 7 (22.6) 6 (18.8) 8 (25.8) 21 (22.3)

Score 2 (moderate, �50% to �70%) 13 (41.9) 12 (37.5) 14 (45.2) 39 (41.5)

Score 3 (severe, �50%) 11 (35.5) 14 (43.8) 9 (29.0) 34 (36.2)

6MWT (m) 401 � 17 401 � 18 399 � 19 400 � 10

6MWT Severity Score, N (%)

Score 1 (normal to mild, �500 m) 6 (19.4) 6 (18.8) 4 (12.9) 16 (17.0)

Score 2 (moderate, �300 to �500 m) 20 (64.5) 21 (65.6) 23 (74.2) 64 (68.1)

Score 3 (severe, �300 m) 5 (16.1) 5 (15.6) 4 (12.9) 14 (14.9)

Disease Severity Score, N (%)a

Score 2 2 (6.5) 2 (6.3) 1 (3.2) 5 (5.3)

Score 3 7 (22.6) 6 (18.8) 8 (25.8) 21 (22.3)

Score 4 10 (32.3) 11 (34.4) 14 (45.2) 35 (37.2)

Score 5 10 (32.3) 9 (28.1) 5 (16.1) 24 (25.5)

Score 6 2 (6.5) 4 (12.5) 3 (9.7) 9 (9.6)

Liver volume (mL)b 1261 � 52 1191 � 48 1186 � 58 1213 � 30

Spleen volume (mL)b 320 � 41 251 � 26 303 � 32 292 � 19

Urine GAG (�g/mg creatinine) 330 � 26 338 � 21 419 � 23 362 � 14

Values are expressed as mean � SE unless otherwise indicated.
aDisease severity score is the sum of the 6MWT and % predicted FVC severity scores.
bThe number of patients who had treatment baseline liver and spleen volumes measured was 30, 29, and 29 in the double-blinded weekly, EOW, and placebo groups,
respectively (total � 88).
EOW, every other week; FVC, forced vital capacity; 6MWT, 6-minute walking test; GAG, glycosaminoglycan.
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an increase of 0.45 � 0.11 L. In the patients older than 18 years,
a decrease of 0.04 L was seen at 36 months (Fig. 2).

Figure 3 shows improvement in 6MWT distance in the total
study population as a function of time on treatment. The base-
line for 6MWT distance in the entire study population was
400 � 10 m. Positive changes in 6MWT were recorded at all
time points, and these values were statistically significant at all
but one time point. The mean increases ranged from 14 � 5 m
at 4 months to 42 � 10 m at 20 months, corresponding to mean
percent increases of 6.4% � 2.7% and 11.7% � 3.0% increases,
respectively. The largest increases were seen in the patients
older than 18 years (n � 24), who had a baseline 6MWT
distance of 351 � 27 m and demonstrated a mean increase of
48 � 13 m at 36 months. The subgroup � 12 years (n � 41) had
a baseline 6MWT distance of 428 � 11 m and demonstrated an
increase of 8 � 6 m at 36 months. The patients aged between 12
and 18 years (n � 29) had a baseline 6MWT distance of 403 �
18 m and demonstrated an increase of 0.7 � 7 m at 36 months.

Abnormal liver and spleen volumes were present in 79% of
the patients at baseline. As shown in Figure 4, liver and spleen

volumes were significantly reduced after 4 months of treatment.
These reductions were sustained throughout the study.

At baseline, 91 of 94 patients had urine GAG levels above
the upper limit of normal (127 �g/mg creatinine). The mean
urine GAG level at the beginning of treatment was 362 � 14
�g/mg creatinine, a value 3-fold greater than the upper limit of
normal. At 4 months, the mean value declined to 156 � 9
�g/mg creatinine (P � 0.001), and at 16 months, the mean
value had fallen to 107 � 9 �g/mg creatinine, a value below the
level of the upper limit of normal. At Month 36, the mean GAG
level was reduced to 81.7 �g/mg creatinine. At final study visit,
only 31 of 94 patients had urine GAG levels above the upper
limit of normal.

Progressive, statistically significant, and clinically important
improvements in JROM were seen only for the shoulder (Fig.
5). No consistent change in function was observed for elbow,
wrist, digits, hip, knee, or ankle.

Linear growth velocity in the 15 patients who were prepu-
bertal (defined as not yet reaching Tanner Stage 2) throughout
the study was 4.33 cm/year. No effect of the duration of ERT on
growth was apparent (data not shown). At baseline, the mean
height of the patients who were younger than 12 years (n � 41)
was 120 � 1.5 cm, and after 36 months of ERT, height had
increased by a mean of 11.9 � 1.0 cm. The mean growth
velocities at individual time points ranged from 3.71 to 4.48
cm/year over 36 months. In the group of patients aged between
12 and 18 years (n � 26), mean height was 128 � 2.2 cm, and
after 36 months, height had increased by a mean of 9.8 � 1.4
cm. The mean growth velocities at individual time points ranged
from 3.04 to 4.38 cm/year over 36 months. In contrast to the
growth seen in the younger patients, the patients older than 18
years demonstrated minimal change in stature. At baseline,
mean height was 140 � 2.5 cm, and after 36 months, height had
increased by a mean of 1.2 � 0.4 cm. Mean growth velocity at
individual time points was �1.11 cm/year.

The CHAQ was used to collect data on the functional status
of patients with Hunter syndrome on their ability to perform
daily physical activities. Scores range from 0 (no problem) to 3
(unable to perform), and changes of �0.13 to �0.25 are con-
sidered to be clinically important improvements in function.12,13

The standard parent-assessed DIS at baseline was 1.50 � 0.71
(n � 81, mean � SE), and statistically significant improvements
were seen at months 8, 16, 20, 24, and 30. For example, at 24
months, the parent-assessed DIS had declined by �0.13 �

Fig. 1. The effect of idursulfase on percent predicted
forced vital capacity (% predicted FVC). Baseline % pre-
dicted FVC � 56.2% � 1.5% (mean � SE). **P � 0.01.
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Fig. 2. The effect of idursulfase on absolute forced vital
capacity (FVC). The data points for the �12-year-old and
the 12–18-year-old subgroups are offset slightly for clarity.
N represents the total number of patients at each time
point. P � 0.001 compared with baseline for each value of
the total population. No statistical testing was performed
on the subgroups. Baseline FVC was 1.18 � 0.055 L
(mean � SE) for the total population and was 0.96 � 0.05,
1.26 � 0.10, and 1.47 � 0.14 L in the �12 years, 12–18
years, and �18-year-old subgroups, respectively.

Fig. 3. Effect of idursulfase on 6-minute walking test
(6MWT) distance. Baseline 6MWT distance � 400 � 10 m
(mean � SE). The dotted horizontal line represents the
baseline. **P � 0.01; ***P � 0.001.
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0.064 (P � 0.047). The child-assessed CHAQ was completed
by 48 children at baseline, and their standard DIS was 1.28 �
0.10. Statistically significant improvements in the child-as-
sessed standard DIS were seen at Months 20, 24, 30, and 36. For
example, after 24 months, the child-assessed CHAQ had im-
proved by �0.15 � 0.65 (n � 44, P � 0.031). Statistically
significant improvements for the hygiene (�0.3 � 0.12) and
reach (�0.4 � 0.13) domains were seen at 24 months. The
improvement in the reach domain remained statistically signif-
icant up until the final measurement at Month 36.

Safety results
AEs of varying severity were reported by all patients. Fifty-

six patients (59.6%) experienced at least 1 drug-related AE
(Table 2). Treatment-related AEs were more common in pa-
tients who were in the original placebo group (23/31, 74.2%)
than in the weekly dose (18/31, 58.1%) or EOW groups (15/32,
46.9%). A total of 27 patients (28.7%) experienced at least one
severe or life-threatening AE. Severe AEs that occurred in two
or more patients included bacteremia (n � 2), otitis media
chronic (n � 2), carpal tunnel syndrome (n � 6), obstructive
airway disorder (n � 2), sleep apnea (n � 2), and abdominal
strangulated hernia (n � 2). The life-threatening AE was an
obstructive airway disorder. This 21-year-old patient had been
treated with weekly idursulfase (0.5 mg/kg) for approximately
14 months when he was hospitalized due to an exacerbation of
asthma. Five days later, he was discharged but was readmitted

after 1 day due to hematemesis, which was found to be caused
by stomach herniation into an umbilical hernia. He experienced
an acute episode of desaturation and was admitted to an inten-
sive care unit and placed on a ventilator. Approximately 1 week
later during an exchange of the endotracheal tube, it was found
that his right main bronchus was completely occluded, and his
left main bronchus was 75% occluded. He died during a com-
puted tomography scan before the planned tracheal stenting.
The cause of death was reported as upper airway obstruction
and mucus plugging. This death was not considered to be
related to treatment by the investigators. Overall rates of AEs,
serious AEs, and severe or life-threatening AEs were similar in
all prior treatment groups.

A total of 50 patients (53%) experienced at least one infu-
sion-related AE in the extension study, with the incidence
during the extension study being higher in the group originally
treated with placebo (74.2%) compared with the groups origi-
nally treated with weekly (45.2%) or EOW (40.6%) idursulfase.
The three most common infusion-related AEs were headache
(16%), urticaria (11.7%), and pyrexia (8.5%). The incidence of
infusion-related AEs peaked at about Month 3 of treatment and
declined thereafter as shown in Figure 6.

Antibodies
A patient was considered antibody positive if antiidursulfase

antibodies were detected at any time during the double-blinded
or open-labeled extension studies. Forty-seven patients (50%)

Fig. 4. The effect of idursulfase on liver and spleen volumes. Baseline liver volume � 1213 � 30 L (mean � SE). Baseline
spleen volume � 292 � 19 L.

Fig. 5. Passive joint range of motion results for shoulder during treatment with idursulfase. ***P � 0.005 compared with baseline.
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were positive for IgG antibodies at some time during the dou-
ble-blinded or extension studies. At the end of the extension
study, 23 of 85 patients (27.1%) were IgG positive. At any time
during the study, 22 of 94 (23.4%) patients had neutralizing
antibodies, and after 105 weeks, neutralizing antibodies were
detected in 19 of 85 (22.3%) patients, suggesting that toleriza-
tion had not occurred. The development of neutralizing anti-
bodies seems to be a significant factor in the long-term drug
response. The increase in absolute FVC was higher in patients
who were neutralizing antibody negative (n � 72, mean in-
crease at individual time points ranged from 6.7 to 31.8%) than
in patients who were neutralizing antibody positive (n � 22,
mean increase at individual time points ranged from 2.3 to
12.7%). Patient responses on 6MWT, liver and spleen volume,
and urine GAG levels were not affected by the neutralizing
antibody status. No IgE antibodies were detected at any time
during the study.

DISCUSSION

This study represents the largest and longest study of ERT in
the treatment of Hunter syndrome. The results extend the ob-
servations of the double-blinded study4 in an open-labeled ex-
tension phase for 2 additional years and demonstrate the sus-
tained benefits of idursulfase treatment. Significant and
sustained improvements in absolute FVC and 6MWT compared
with baseline were observed. Decreases in liver and spleen
volumes observed in the first phase of the study were main-
tained during the extension phase. Urine GAG levels showed a
continuous decrease during the 3 years of treatment. Improve-
ments were also seen in parameters of joint movement and
measurement of quality of life. The most common treatment-
related AEs were infusion-related headache, pyrexia, and urti-
caria. Overall, the study demonstrates the benefits of continuous
treatment with idursulfase during a 3-year period.

During the double-blinded study, mean %FVC increased
from 55.3 to �58.8% in the 0.5 mg/kg weekly group, but the
increase was not statistically significant (P � 0.07). In the
present analysis, no change in %FVC was evident. The formu-
lae for %FVC assume both normal growth and height7,8 neither
of which applies to patients with Hunter syndrome. The height
of patients older than 9 years in this study was below the 5th
percentile for age.4 The persistent improvement observed in
absolute FVC supports beneficial effects of idursulfase on pul-
monary function. The increases in absolute FVC observed dur-
ing the study may reflect growth that occurred in the younger
patients during treatment with idursulfase, because no change in
absolute FVC was observed in the subgroup of patients older
than 18 years, who had no significant growth.

Hepatosplenomegaly is a consistent feature of Hunter syn-
drome. Liver and spleen volumes showed consistent decreases
during treatment with idursulfase that were independent of
antibody status. Reduced liver size may contribute to improved
diaphragmatic movements, pulmonary function, and gastroin-

Table 2 Most common adverse events considered possibly or probably drug related

System organ class preferred term

Double-blinded treatment group (%)

Total (N � 94)Weekly (N � 31) EOW (N � 32) Placebo (N � 31)

Any system organ class 18 (58.1) 15 (46.9) 23 (74.2) 56 (59.6)

Nervous system disorder 8 (25.8) 7 (21.9) 10 (32.3) 25 (26.6)

Headache 6 (19.4) 5 (15.6) 6 (19.4) 17 (18.1)

Vascular disorders 5 (16.1) 2 (6.3) 7 (22.6) 14 (14.9)

Flushing 1 (3.2) 2 (6.3) 4 (12.9) 7 (7.4)

Skin and subcutaneous tissue disorders 4 (12.9) 5 (15.6) 15 (48.4) 24 (25.5)

Urticaria NOS 2 (6.5) 2 (6.3) 7 (22.6) 11 (11.7)

Erythema 1 (3.2) 1 (3.1) 5 (16.1) 7 (7.4)

Pruritus 2 (6.5) 1 (3.1) 4 (12.9) 7 (7.4)

Rash NOS 1 (3.2) 1 (3.1) 4 (12.9) 6 (6.4)

General disorders 5 (16.1) 5 (15.6) 10 (32.3) 20 (21.3)

Pyrexia 3 (9.7) 2 (6.3) 4 (12.9) 9 (9.6)

Only adverse events that occurred in �10% of patients in any of the three treatment groups of the initial double-blinded study (idursulfase weekly, idursulfase EOW, or
placebo) are listed.
EOW, every other week; NOS, not otherwise specified.

Fig. 6. Incidence of infusion reactions during treatment
with idursulfase.
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testinal comfort, leading to increased capabilities for physical
activities and better quality of life.

Patients with Hunter syndrome historically have short stat-
ure, and it is the experience of the investigators that most
patients with Hunter syndrome have a strong desire to be taller.
Although no control group was included in this study, the
growth velocity observed in prepubertal patients (4.33 cm/year),
as well as in the patients younger than 12 years who demon-
strated similar growth velocity during idursulfase treatment,
suggests that in some patients growth rates approaching those
seen in the age-matched general population may be achieved
(approximately 5–6 cm/year).14

Joint stiffness is a common symptom in patients with Hunter
syndrome15 and contributes to difficulties in performing activ-
ities of daily living. The JROM results demonstrated consistent
improvement for combined shoulder flexion/extension and
shoulder abduction (Fig. 5), but no improvement was seen for
other joints. The improvements in shoulder movement are re-
flected in the results of the CHAQ self-assessment of functional
status that showed persistent significant improvement in “reach”
beginning at 20 months.

The safety profile of idursulfase was similar to that reported for
ERT of other lysosomal storage diseases.10,16–21 Importantly, the
incidence of infusion reactions decreased during the course of up to
3 years of treatment. Up to 50% of patients developed IgG anti-
bodies at some time during the study, but immunological tolerance
was occurring at the end of the study. However, no tolerization was
evident in patients with neutralizing antibodies, an observation that
is important because neutralizing antibodies seemed to attenuate
the increase in absolute FVC.

Study limitations
This study design was open-labeled, and the lack of a con-

currently followed placebo group limits the strength of the
observations, because the progression of the disease is variable
and has not been well described.

CONCLUSION

The results of this study greatly expand the experience with
idursulfase for the treatment of Hunter syndrome. Reductions in
urine GAG and hepatosplenomegaly and the clinically meaningful
benefits observed during the double-blinded study were sustained
during the open-labeled extension study. Continued clinical effec-
tiveness of idursulfase is documented by improved lung function,
the increased 6MWT distance, improved shoulder range of motion,
and improvements in quality of life. It is important to note that even
stabilization of clinical disease in patients with Hunter syndrome is
significant, because it is a progressive lysosomal storage disorder.
No new safety issues were observed, and infusion-related reactions
declined significantly with continued idursulfase treatment. The
long-term impact of neutralizing antibodies will need to be moni-
tored. In summary, long-term continued weekly treatment of idur-
sulfase is beneficial, and clinical disease has been stabilized and/or
improved, which has resulted in an improved quality of life for
patients with Hunter syndrome.
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