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Hunter disease is an X-linked lysosomal storage disorder characterized by progressive storage of glycosami-
noglycans (GAGs) and multi-organ impairment. The central nervous system (CNS) is involved in at least
50% of cases. Since 2006, the enzymatic replacement therapy (ERT) is available but with no effect on the
cognitive impairment, as the present formulation does not cross the blood–brain barrier. Here we report
the outcome of 17 Hunter patients treated in a single center. Most of them (11) started ERT in 2006, 3
had started it earlier in 2004, enrolled in the phase III trial, and 3 after 2006, as soon as the diagnosis was
made. The liver and spleen sizes and urinary GAGs significantly decreased and normalized throughout
the treatment. Heart parameters improved, in particular the left ventricular mass index/m2 decreased
significantly. Amelioration of hearing was seen in many patients. Joint range of motion improved in all
patients. However, no improvement on respiratory function, eye, skeletal and CNS disease was found. The
developmental quotient of patients with a CNS involvement showed a fast decline. These patients were
no more testable after 6 years of age and, albeit the benefits drawn from ERT, their quality of life worsened
throughout the years. The whole group of patients showed a consistent residual disease burden mainly
represented by persistent skeletal disease and frequent need of surgery. This study suggests that early
diagnosis and treatment and other different therapies which are able to cross the blood–brain barrier,
might in the future improve the MPS II outcome.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Mucopolysaccharidosis type II (MPS II) or Hunter syndrome
(OMIM# 309900) is a lysosomal storage disorder due to mutations of
the gene encoding the enzyme iduronate-2-sulfatase (I2S); it is the
only X-linkedmucopolysaccharidosis (MPS). Female carriers are usually
asymptomatic [1]. Prevalence is around 1:140,000–156,000 male live
births [1]. Glycosaminoglycans (GAGs) deposition virtually affects all
tissues and organs: this produces direct damage but also triggers
secondary and tertiary mechanisms leading to distortion of tissues
and loss of organ function as the final effect [2]. Symptoms and signs
are clinically recognizable at any age [3,4] depending on the severity
of the disease. The main features of MPS II patients are dysmorphic
facies, skeletal abnormalities, hepatosplenomegaly, cardiomyopathy
and heart valve disease, airway obstructions, hearing impairment and
central nervous system (CNS) involvement with mental retardation in
more than 50% of the cases [4]. Treatment for Hunter syndrome was
mainly palliative until enzymatic replacement therapy (ERT) became
available in 2006 [1,5]. The drug was approved on the basis of a phase
II/III study involving 96 patients with the attenuated form of MPS II
(no cognitive involvement) [5]. The existing ERT formulation does not
cross the blood–brain barrier but it has been reported to improve
many somatic symptoms and signs of the disease [6,7]. Another
treatment which is currently available is the hematopoietic stem cell
transplantation (HSCT); in the last 20 years this treatment has been
used in few Hunter patients but its effects on CNS and cognitive
development are not encouraging, contrary to what is observed in
severe MPS I [8,9]. Here we analyze the long-term clinical outcome of
17 Hunter patients on ERT, treated in a single center. Partial data of
7 of these patients were included in the AIFA study by Tomanin
et al. [10].
2. Materials and methods

2.1. Setting

This is a single-center observational prospective study. Patients
were treated and followed up according to a standardized clinical
protocol for mucopolysaccharidosis type II [6]. No informed consent
was requested as all tests were part of the regular follow-up proce-
dures of the center.
Table 1
Characteristics of the 17 Hunter patients included in the study. # = brothers; * U/mg/h fibrob
**** nmol/mg/4 h fibroblasts (nv 36 ± 9). Note that patient 14 stopped ERT after 3 years

Patient-phenotype I2S activity in leukocytes
nmol/h/mgpt
(nv 2.3–7.9)

Mutation in
the I2S gene

Age at onset of
first signs and/o
symptoms (m)

1-B 0.3* G374G 0.5
2-B 0.19* c878G N A 12
3-A 0.019** R468W 24
4-A 0.5 Q521K 10
5-A 0.1*** Q80X 36
6-A 0.23 c.189delT 28
7-B 0.08 A82V 36
8-A 0.4*** Y103X 2
9-A 0.0 G140V 24
10-A 0.008**** del exon 8 4
11-A# 0.02 p.P86L 24
12-A # 0.02 p.P86L 4
13-B 0.1 R443X 0
14-A 0.27 Y264X 4
15-A/B 0.0 R443X 24
16-A 0.12 ΔH159 4
17-B 0.16 R443X 2
Median 11
Mean 14.9
2.2. Patients

17 male patients (Table 1) affected by MPS II were treated with
idursulfase (Elaprase® Shire Human Genetic Therapies, Cambridge,
MA) at a dose of 0.5 mg/kg weekly intravenously. For all patients,
diagnosis of MPS II was confirmed by low I2S activity in skin fibroblasts
or leukocytes and pathologic mutations in I2S gene. One patient (no.
14), in agreement with his parents, discontinued ERT after 3 years
following a tracheotomy for respiratory insufficiency. He died one
year after the discontinuation of the treatment at 11 years of age. The
other 16 patients were treated for a minimum period of 5.1 years to a
maximum period of 10.3 years (mean 7.8, median 7.8).

Most of them (11) started ERT in 2006, 3 (no. 2, 7, 17) had started
earlier (2004) as benefitted from enrollment in the phase III trial (two
different European sites). The remaining 3 patients started at a later
date as soon as the diagnosis was made. 11 patients had CNS involve-
ment (phenotype A), 5 did not (phenotype B) and one (no. 15) was
considered intermediate (phenotype A/B) as he had mild cognitive
delay and very severe somatic involvement at the age of 25.7 years
(baseline of this study). He was included in group A.

3. Methods

All the patients had an at least yearly multidisciplinary evaluation
according toMuenzer et al. [6]. Amulti-detector computed tomography
(MDCT) of the upper airwayswas performed in addition to the standard
evaluation if clinically needed. The baseline evaluation was performed
in the 6 months prior to the start of ERT and the last evaluation was
carried out within 6 months from end of study (January–July 2014).
The liver size was evaluated by abdominal examination and the spleen
size by abdominal ultrasounds [11]; corneal clouding was scored as 1
(normal cornea), 2 (mild clouding) or 3 (severe clouding). Data about
retinawere scored as 1 for normal retina and 2 for retinal degeneration.
Left ventricularmass index (LVMI) was calculated as the left ventricular
mass normalized for body surface area according to the recommenda-
tions of the American Society of Echocardiography (ASE) [12]. Normal
geometry (no hypertrophy) was considered b115 g/m2 [13]. Functional
status and Quality of Life (QoL) were tested through the MPS Health
Assessment Questionnaire (MPS-HAQ) [14]. Cognitive function was
evaluated through specific tests (administered by PM or FN) chosen ac-
cording to the patient's age and clinical status: Griffiths Developmental
Mental Scales, Bayley Scales of Infant Development (BSID-II), Wechsler
lasts (nc 17); ⁎⁎ nmol/h/mgpt fibroblasts (nv 2.4–18.4); *** U/mg proteins (nv 9–31);
and died at home one year later.

r
Age at
diagnosis (y)

Age at starting
ERT (y)

Age at end
of study (y)

Years on ERT at the
last evaluation
(January–July 2014)

3 10.2 18.1 7.8
4.2 8 17.7 9.7
2.2 7.7 15.5 7.9
3.8 8.7 16.5 7.8
4 15.7 22.2 6.4
2.7 5.2 13.1 7.8
3.8 16.3 26.2 9.9
2.5 11.6 18.6 7.0
3.7 12.7 20.2 7.4
4 12.8 20.6 7.7
2 2.3 7.3 5.1
3.3 3.7 8.7 5.1
4.5 7.0 14.8 7.8
4.1 7.2 11.2 3.0
4.2 25.5 34.0 7.5
2.8 12.0 19.8 7.8
4.6 6.2 16.5 10.3
4 8 7.8
3 9 7.4



Fig. 1.Results of treatmentwith idursulfase in 17MPS II patients. In the right upper corner
of some figures the p-value is given. 1a shows the decrease of urinary glycosaminoglycans
from baseline during ERT; 1b: individual ratio to normal of splenomegaly at baseline and
at 2, 5–6 and 7–8 years of ERT are reported: after 5 years of treatment no patient has
splenomegaly; and 1c: hepatomegaly decreased over time: only very mild hepatomegaly
was found at 7–8 years of ERT.
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scales (WISC-R, WISC-III, WPPSI), Stanford–Binet and Leiter Interna-
tional Performance Scale-Revised (Leiter-R). Each result was converted
to a Z-score. Z-scores were classified according to Orsini and Laicardi
[15] and ICD-10 Guide for Mental Retardation. (www.who.int/mental_
health/media/en/69.pdf accessed on 20 August 2014; World Health
Organization, Geneva, 1996). Vineland Adaptive Behavior scales were
used to evaluate the most severely cognitively compromised patients
[16].

3.1. Statistics

In order to analyze the impact of ERT, the Wilcoxon rank sum test
was performed on the changes from baseline to 5 and 7 years of ERT,
to test significant differences in the following clinical parameters:
urinary GAGs, splenomegaly, hepatomegaly, heart echocardiographic
parameters and Joint Range of Motion (JROM). All tests were two-
sided. SAS 9.2 package (SAS Institute, Cary, NC) was used for data
analysis.

4. Results

4.1. Safety

A total of 6085 infusions were administered. Infusion-related
adverse reactions (IARs) occurred in 4/17 patients. The most common
IARs were itching and urticaria that occurred from 1 month to 7 years
after starting ERT. Anti-idursulfase antibodies (Abs) were absent or
mildly increased (IgG 800–1600), with absent IgE. All reactions were
treated and prevented by the usage of antihistamine and corticosteroid
medications. One patient (no. 8), in agreement with the family,
discontinued the treatment after 7 years due to IARs (urticaria and
wheezing) and progressive CNS involvement.

4.2. Urinary GAGs

Urinary GAGs were elevated at baseline and decreased significantly
during the first year of treatment (p = 0.0005). The significantly
lower values compared to baseline were maintained throughout the
treatment for 5 (16 subjects p = 0.0001) and 7 years (12 subjects
p = 0.002) (Fig. 1a).

4.3. Organomegaly

Organomegaly decreased progressively and steadily throughout the
years of treatment. Difference from baselinewas significant both for the
spleen (at 5–6 years 15 pts: p= 0.0005; at 7–8 years 12 pts: p= 0.004)
and for the liver (at 5–6 years 16 pts: p b 0.0001; at 7–8 years 12 pts:
p = 0.0005) (Fig. 1b and c).

4.4. Anthropometry

Fig. 2a shows that at baseline 7 patients had height within normal
Standard Deviations (SD) (age 2.3–8.7 years, mean 5.9) and 10 of
them (age 7.2–25.5 years, mean 13.2) had height below −2 SD
(between −2.3 and −7.4 SD). At the last evaluation (from 3 to
10.3 years of treatment) only 3 patients were within normal range
and the other 14 were below −2 SD (between −2.3 and −11.3 SD).
Two brothers (no. 11 and no. 12), who started the therapy respectively
at 4 and 2 years of age, had heights in the normal range at the last fol-
low-up but interestingly the youngest (age 7.2 y 0 SD) was taller than
his brother (age 9.6 years −2 SD). Most of these patients had normal
weight in the first years of life and became underweight during adoles-
cence (Fig. 2b). Macrocrania was a common finding that worsened or
remained stable over the years (Fig. 2c).
4.5. Eyes, ENT and respiratory assessment

The corneal clouding and the retinal degeneration showed a tenden-
cy to worsen (Fig. 3a and b).

The hearing was tested at baseline in 12 patients. 11 had a severe
(70–110 dB) hearing impairment (between 2000 and 4000 Hz) and
one (no. 17) had a moderate hearing loss. On ERT, 6 patients improved
with a gain of 20–50 dB, 4 stabilized and one patient (no. 17) worsened
(Fig. 3c). One patient was never tested after baseline.

http://www.who.int/mental_health/media/en/69.pdf
http://www.who.int/mental_health/media/en/69.pdf
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Fig. 2.Anthropometry during ERT in 17Hunter subjects. 2a, 2b and 2c show the number of
subjects with normal (N−2–b2 SD, white bars) or abnormal (gray or black bars)
anthropometric parameters (height, weight, head circumference respectively) at baseline
(BL) and at last evaluation (LE) (5–9 years of ERT).
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Fig. 3. Eyes and hearing evaluation during ERT in 17MPS II patients (baseline—BL- and last
evaluation—LE- at 5–9 years of ERT). 3a and b shows the stratification of severity of cornea
and retina scores respectively. Higher scores at the last evaluation reflect more severe
ocular damage. 3c: hearing deficit stratification shows an improvement with ERT.
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Cardiorespiratory monitoring and/or continuous nocturnal oxygen
saturation were performed in 10 patients. Only two patients (nos. 3 and
7) had severe obstructive apneas prior to and following 7 and 5 years of
ERT, respectively. Patient no. 14 underwent a tracheotomy 3 years after
starting ERT, while suffering from a severe acute bronchopulmonary
infection. Spirometry was performed in all 5 patients belonging to
group B: patient no. 2 had a normal result both at baseline and at last
examination. The other 4 patients had a severe obstructive airway disease
at the last evaluation. Patient no. 7 and patient no. 17 worsened from
baseline. MDCT of the airways was carried out in patients nos. 1, 3, 4, 6,
7 and 9, if signs or symptoms suggested tracheal stenosis, or as part of
their anesthesiological evaluation before a surgical procedure. These
patients had tracheal stenosis in the medium (2 patients) or in the distal
tract (1 patient) or in both (3 patients) 4–6 years after starting ERT.
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4.6. Heart

Patient no. 15 had undergone mitral and aortic mechanical valve
substitution at the age of 13 and at the time of this study he had
tricuspidal insufficiency. One patient had all valves involved, 2 other pa-
tients had 3 valves damaged; all the others had 2 valves involvement
with the prevalence of mitral and aortic. At the last follow-up the sever-
ity of valve disease had worsened in 4 patients and was unchanged in
the others.

At baseline, ejection fraction (EF) was reduced in 2 patients (nos. 14
and 15) who improved at the last evaluation. Only patient no. 10
worsened, developing a very mild EF reduction.

12/13 patients showed a significant reduction of LVMI at the last
evaluation compared to baseline (5–8 years of treatment, Fig. 4a). A
clear improvement of LVMI (g/m2) was particularly seen in 4/13 pa-
tients who had an overt hypertrophy at baseline (136.9–193.6, g/m2

to 76.3–131.1 g/m2).
4 patients (nos. 2, 7, 11 and 12) underwent baseline evaluation in

other hospitals and their baseline LVM assessment was not comparable
or not available. No. 7 had LVM hypertrophy (143.4 g/m2) after 9 years
of ERT, the other 3 were normal, at the last evaluation.

All 17 patients' median and mean LVMI at the last evaluation were
93.45 and 94.4 g/m2 respectively (range of 43.7–143.4 g/m2; SD 26.3).

4.7. JROM, 6 minute walking test and QoL assessment

Most of the improvement of JROMwas seen in the first two years of
ERT for shoulders, elbows, hips and knees. Change from baseline at
5 years of ERT (13 patients) was statistically significant only for the
right shoulder (p = 0.03). No patient worsened from baseline
(Fig. 4b). 6 Minute Walking Test (6MWT) was performed at baseline
and then repeated yearly. In group B, the walked distance increased or
remained stable (change from baseline 0–174 m, mean 70.8) after
7 years. In group A, no patient improved and almost all patients became
poorly testable due to hyperactive behavior or because wheel-chair
bound.

15 patients (5 MPS II B and 10 MPS II A) underwent MPS HAQ at
baseline and at last evaluation (5–9 years of ERT). Fig. 5 a, b and c
shows the net proportion of subjects in both groups (MPS IIA and MPS
II B) with positive or negative changes from baseline for each MPS-
HAQ item. The MPS II B patients improved for 23/52 items and wors-
ened for 3/52. MPS IIA patients improved for only 9/52 and worsened
for 32/52 items. The other items (27 for MPS IIB and 11 for MPS IIA)
remained stable during the years. MPS II B patients were all walking,
both at the baseline and last evaluation. In group A, only patients nos.
10 and 15were wheelchair-bound for some hours a day at baseline; con-
versely only 2 were still deambulating at last evaluation (nos. 11 and 12).

4.8. Cognitive function

In all group B patients the Z-score ranged from −2.1 (Mild Mental
Retardation/Borderline) to +1.5 (Superior) and was maintained or
improved during the follow-up. Patient no. 15was Borderline at baseline
(25.7 years) and worsened to moderate mental retardation at the last
examination after 63 months of ERT. All other 11 MPS II A patients
soon became not testable due to a fast decline of cognitive functions
associated with hyperactive behavior. At last evaluation, only 2 group
Apatientswere still testable (nos. 11 and12), the otherswere examined
through Vineland Adaptive Behavior Scales and had a mental age
ranging from b1 y 6 m to 1 y 9 m at a mean age of 14.9 years (median
15 and range of 6–21).

4.9. Epilepsy

8/17 (47.1%) patients, all belonging to group A, developed epilepsy
at an age ranging 7–15.2 years regardless of ERT commencing timing.
They are now treatedwith antiepileptic drugs (sodiumvalproate, carba-
mazepine, levetiracetam, topiramate, fenitoin, oxcarbazepine) in mono
or multi-therapy, with partial benefit.

4.10. Orthopedic/X-ray and brain and spine MRI features

Orthopedic/X-ray and brain and spine MRI features' proportions at
end of study are reported in Table 2 for both groups (A and B). A rele-
vant burden of signs and symptoms at starting of ERT was maintained
or worsened throughout the treatment.

4.11. Surgery and other treatments with anesthesia

All together, our 17 patients underwent 62 surgical interventions
or treatments with anesthesia, 14 of which prior to diagnosis, 21 in-
between diagnosis and commencement of ERT, and 27 following ERT
commencement. Individually the number of interventions ranged
from 0 (nos. 11, 12) to 7 (no. 9) (Fig. 4c).

5. Discussion

Themajority of our patients were affected by the severe form ofMPS
II for which clinical trial data are lacking [17]. Tomanin et al. [10] recent-
ly analyzed data from 27 MPS II subjects involved in a multicenter
Italian study, 17 of whom were cognitively impaired. Those patients
were treated for 3.5 years with ERT and no significant changes were
found from baseline except for urinary GAGs and hepatomegaly. Anoth-
er study [17] showed improvement in at least 4 signs/symptoms in 22
MPS II neuronopathic subjects from 5 centers following at least
2 years of ERT. Our study is the longest single center prospective inde-
pendent study showing detailed clinical data of 17 Hunter patients
treated with idursulfase for 5–9 years.

In this study idursulfase showed a safe profile with only few mild
and easy manageable IARs.

5.1. GAGs and organomegaly

Muenzer et al. [5,18] reported a significant improvement in 94
cognitively normal patients who participated in phase III trial and its
extension, up to 3 years of treatment. Our data show that these param-
eters improvewith ERT even in themore severe Hunter phenotype, and
this improvement is sustained at 7 years of treatment.

5.2. Growth

The natural history of growth in MPS II patients has been described
in several papers [19–21]. After the first few years of age, patients
start losing centiles and reach a final mean height invariably below
−2 SD. Jones et al. [22], Schulze-Frenking et al. [23], Patel et al. [24],
and Cho et al. [25] showed height improvement with HSCT or ERT. On
the contrary, Zuber et al. [26] did not see any significant difference in
his 13 ERT-treated patients. In our cohort, it is difficult to evaluate the
effect of ERT on growth due to the small number of subjects and to
the advanced age of most of them at the beginning of ERT. Probably
attributable to ERT is the fact that the youngest of a couple of brothers
who started ERT at the same time, was taller than the elder at the last
evaluation.

5.3. ENT and respiratory function

Improvement of hearing on ERT has been reported in MPS II mice
[27]. No specific data in MPS II patients are published in the literature.
The hearing threshold improved in 6 of our patients during ERT. This
result may be mainly attributed to decreased mucous production and
reduction of thickness of the mucosa.
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Fig. 5.Net proportion of subjects (%)with positive or negative changes in the three domains ofMPSHAQ (a)Mobility, b) Self care, and c) Care giver assistance) at last evaluation compared
to baseline in 17 MPS II patients treated with idursulfase. Blue bars represent cognitively impaired subjects (10 MPS II patients from group A); and red bars represent cognitively normal
subjects (5 MPS II patients from group B).
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In this study, 4 of the 5 patients who performed respiratory function
studies did show severe obstructive dysventilatory syndrome which
was not cured by ERT; in 2 of them (no. 1 and no. 7) MDCT showed tra-
cheal deformities.
Fig. 4. Other results of ERT in 17 MPS II patients. 4a: Left ventricular mass index (LVMI) (mg
changes frombaseline of last joint range ofmotion (JROM) evaluation: onlymild improvements
(p = 0.04). 4c: number and type of surgeries in 17 MPS II Hunter patients before and during E
ERT had a significant positive impact on absolute forced vital capac-
ity in 94 attenuated Hunter patients who had been treated for 3 years
[18]. An improvement of percent predicted forced vital capacity has
also been shown in other 10 attenuated adult patients [7]. These effects
/m2) at baseline and last evaluation (LE): significant decrease (p = 0.04). 4b shows the
not reaching significancewere obtained for all the examined joints except for right shoulder
RT.



Table 2
Orthopedic/X-ray features and brain and spine MRI abnormalities of 17 MPS II patients
after treatment with idursulfase for 5–9 years. CSF = cerebrospinal fluid and PVSs =
peri-vascular spaces.

Patients
(n = 17)

Phenotype
A (n = 12) %

Phenotype
B (n = 5) %

Total
%

Orthopedic/X-ray features
Dens dysplasia 13 91.7 40 76.5
Platyspondilia 13 66.7 100 76.5
Intervertebral disc abnormalities 9 41.7 80 52.9
Kyphosis 11 58.3 80 64.7
Scoliosis 11 58.3 80 64.7
Lordosis 1 – 20 5.9
Carpal tunnel syndrome 10 50 80 58.8
Hip dysplasia 10 58.3 60 58.8
Genu valgum 8 33.3 80 47.1
Foot abnormalities 9 50 60 52.9

MRI features
Enlargement of Virchow-Robin PVSs 12 83.3 40 70.6
Subarachnoid CSF space enlargement
and 3rd ventricle enlargement

10 75 20 58.8

White matter signal abnormalities 9 58.3 40 52.9
Periodontoid tissue thickening 6 41.7 20 35.3
Pituitary sella abnormalities 6 41.7 20 35.3
Enlarged cisterna magna 3 25 0 17.6
Craniosynostosis 2 16.7 0 11.8
Spinal stenosis 2 8.3 20 11.8
Hyperostosis 2 16.7 0 11.8
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are more easily attributed to improved musculo-skeletal and cardio-
vascular functions [28] or to the decreased redundancy of soft tissues
in the upper airways, rather than to the improvement of the laryn-
geal—tracheal deformities and skeletal abnormalities contributing
to restrictive lung disease, which do not improve on ERT [29,30].
This may be the reason why our patients did not improve on ERT.
However it is reasonable to expect that ERT might have a preventa-
tive role for tracheal deformities only when started precociously
[31,32].

5.4. Heart

Progressive cardiac abnormalities are a common finding in MPS II
like in other MPS types [33]. Only few reports with a limited number
of patients are available on the cardiac evolution of MPS II patients on
ERT [7,34]. In our patients, ERT appeared to be effective on heart hyper-
trophy with significant reduction of LVM. Systolic ventricular function
also improved in 2 patients and did not worsen in most of the others
who had normal EF at baseline. These heart data are quite new for
MPS II and strongly suggest that ERT is effective in improving heart
function in MPS II similarly to what has been observed in MPS I [35].

5.5. JROM, 6MWT and QoL

Passive JROMs improved in many joints but a mild statistical signif-
icance was obtained only for the right shoulder. Curiously an increased
shoulders' improvement in comparison to the other joints was also re-
ported in the study by Muenzer et al. [18]. In our patients the increase
of ROM for the shoulders was 15–30° but 10 or 5° were obtained for
many joints. A clear improvement of the 6MWT was also seen in 4 out
of the 5 cognitively normal patients. Taken collectively, these are impor-
tant results that contributed to reduce disability in cognitively normal
patients; it allowed easier accomplishment of living activities such as
walking, combing, brushing teeth, dressing, and using cutlery. This
was also confirmed by the improved results of the QoL questionnaire
in those 5 patients who were free of cognitive involvement. On the
contrary, although JROMs also improved in the 12 MPS IIA patients,
they could not benefit from that because most of daily functions were
hampered by their severe neuropsychological decline.
5.6. Neurological assessment

As expected, the neuropsychological evolution and onset of epilepsy
were independent from ERT in our cohort. The lack of efficacy of ERT in
the CNS is the main limitation for choosing this treatment in patients
with the severe form of MPS II. For these cases, the recent report by
Escolar et al. [36] on HSCT efficacy in early treated severe Hunter
patients encourages hope for the future.

5.7. Orthopedic, radiological and neuroradiological findings

Orthopedic, radiological and neuroradiological findings showed an
apparent progression of the disease, despite ERT, with a significant bur-
den of residual illness. This has already been reported in ERT treated
MPS II patients [18] and in otherMPS subjects [37]. However, increasing
number of reports describe an improved orthopedic evolution in youn-
ger siblings ofMPS affected coupleswhen the second brother/sister was
treated very early with ERT [38–40] in a pseudo-pre-symptomatic
condition. These observations strongly support the opinion that very
early diagnosis is needed for thoseMPS patients whomight have access
to ERT.

5.8. Surgery

Besides the inevitable progression of cognitive dysfunction in
patients with the severe form, the burden of illness in MPS II patients
is still very elevated, if one considers all different kinds of surgeries
these patients undergo in their life as reported for our patients and for
the other patients in the literature [41]. Although it is well known, it
must be reminded that in these patients surgery is associated with
increased anesthesiological risks; for this reason it is suggested that
any surgery should be performed by a well-trained anesthesiologists
and surgeons teamwho knowhow to use specific intubation/extubation
techniques suitably recommended for patients with MPS [41].

In summary, as pointed out by Glamuzina et al. [42], parameters
used to assess ERT efficacy in clinical trials may not be used in all pa-
tients due to their utmost young age or mental delay. We acknowledge
that the limitations of the study are mainly represented by lack of
control patients and by the unfeasibility to test those patients who
were severely retarded. Nevertheless we were able to demonstrate a
positive impact of ERT on urinary GAGs, organomegaly, hearing, heart
function, and JROM. An evidence of improvement of 6MWT and QoL
was clear only in cognitively adequate patients.

Two issues in this paper merit to be more extensively commented:
the first one concerns findings of very significant residual skeletal dis-
ease in all patients despite ERT. It is widely recognized that bone disease
starts very early in the life of MPS patients and that a regression with
ERT of established orthopedic signs is not expected. Conversely, a com-
plete normalization of all bone tissue parameters has recently been
demonstrated in MPS I mice after neonatal bone marrow transplanta-
tion [43]. An improvement in MPS II patients' skeletal outcome could
probably be obtainedwith a very early, possibly pre-symptomatic treat-
ment which might become available only with diagnosis through neo-
natal screening. The second issue is the fact that the QoL of those
patients with the most common neuronopathic form of MPS II is not
substantially improved by ERTwhile cognitive skillfulness progressively
gets worse. This might bring about all the questions and doubts related
to the administration of ERT in neuronopathic MPS II patients, despite
the lack of efficacy on CNS, that have been extensively discussed in a re-
cent paper [44]. The authors concluded that the right to initiate ERT
must be given to all newly diagnosed patients. They usually gain clinical
advantages from ERT consisting mainly in diminished macroglossia,
organomegaly and hospital admission for respiratory infections. The
same paper suggests that the decision to continue or stop ERT when
the disease becomes more advanced has to be taken in agreement
with parents and by weighing pros and cons for each single case. In
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fact, the lack of efficacy of ERT on CNS is an important limitation
carrying doubts about the real usefulness of ERT in MPS patients with
CNS involvement. It is thus correct to expect that some of these patients
will stop ERT at a certain time of their life when the positive effect is no
more evident. This is not in contrast with the introduction of the neona-
tal screening forMPS II. Neonatal screeningwould allow treatment of all
MPS II patients who will benefit of pre-symptomatic ERT and will have
less somatic consequences. Later on, should ERT advantages be nomore
evident in those patients with CNS involvement, treatment could possi-
bly be stopped in agreement with the parents and on an individual
basis. Should treatments crossing the blood–brain barrier (intrathecal
ERT, hematopoietic stem cell transplantation) be available in the future,
there is a possibility that not all the patients addressed to CNS treat-
ments will be precociously identified. Some will be recognized through
molecular analysis, others fromearly neurological signs, but it is reason-
able to foresee that a percentage of patientswill not be early allocated to
cognitively competent or not competent groups. Further studies are
needed to identify specific biochemical markers in order to early
differentiate the two groups.
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