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Long-term outcome of ERT in a patient with MPS type I/Hurler
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Background: Enzyme replacement therapy (ERT) has 
been increasingly used as an interim treatment in severe 
mucopolysaccharidosis type I (MPSI)/Hurler patients 
prior to hematopoietic stem cell transplantation (HSCT). 

Methods: We present the outcome of a patient with 
MPSI/Hurler after 14 months of ERT prior to HSCT.

Results: Urinary glucosaminoglycan excretion 
decreased by 70% after one month of ERT. Liver volume 
decreased by 14% of baseline after 12 months of ERT. 
Pre-existing thoracolumbar kyphosis progressed to 
thoracolumbar dislocation with complete displacement 
of facets after 12 months of ERT. New development of 
mitral valve thickening was found by echocardiography 
and mild hearing loss progressed to severe sensorineural 
hearing loss after 13 months of ERT.

Conclusions: ERT over a period of 14 months did not 
prevent progression of organ manifestations in our patient. 
Patients should be monitored every 6 months for cardiac, 
skeletal and audiological involvement on ERT.

World J Pediatr 2009;5(4):319-321

Key words: Hurler disease; 
                   laronidase; 
                   mucopolysaccharidosis type I

Introduction

Mucopolysaccharidosis type I (MPSI) is an 
autosomal recessively inherited lysosomal 
storage disorder (OMIM: 607014, 607015, 

607016) caused by a defi ciency of alpha-L-iduronidase 
(IDUA) (EC 3.2.1.76). The disorder is characterized 
by a progressive multisystem disease with coarse 
facial features, progressive dysostosis multiplex, joint 
contractures, cardiac valve changes, upper airway 
obstruction, hepatosplenomegaly, corneal clouding 
and various degrees of central nervous system (CNS) 
involvement. The clinical spectrum ranges from 
severe MPSI/Hurler with progressive neuro-cognitive 
deterioration to attenuated forms.[1]

Hematopoietic stem cell transplantation (HSCT) is 
the treatment of choice for patients with severe disease 
prior to CNS involvement.[2] Enzyme replacement therapy 
(ERT) with recombinant human IDUA (Laronidase) has 
been shown to be effective in improvement of upper 
airway obstruction, joint mobility and reduction of 
hepatosplenomegaly.[3] ERT is increasingly used as an 
interim treatment in Hurler patients prior to HSCT.[4] 
We report the outcome of a patient with Hurler after 14 
months of ERT prior to HSCT.

Case report
This 34-month-old boy is the fi rst child of non-
related healthy Mexican parents. Pregnancy, birth 
and early development were unremarkable. At the 
age of 3 months he underwent an elective bilateral 
inguinal hernia repair. At the age of 10 months he was 
noted to have coarse facial features, bilateral corneal 
clouding, hepatomegaly and thoracolumbar kyphosis. 
His liver was 5 cm palpable below the right costal 
margin with no palpable spleen. His developmental 
milestones were age-appropriate. MPSI was diagnosed 
by elevated urinary glucosaminoglycan (GAG) 
excretion and undetectable IDUA activity in white 
blood cells. Mutation analysis of the IDUA gene 
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Table 2. Follow-up of biochemical investigations at diagnosis and after 12-14 months of ERT including IDUA activity, serum α-L-iduronidase 
IgG antibodies, neutralizing antibody and urinary GAGs
Biochemical investigations At diagnosis After 14 months of ERT Reference range
Urinary GAGs (mg GAG/mmol creatinine) 101 31 <25 at the age of 10 months

<22 at the age of 27 months
IDUA enzyme activity nmol/hr/mg protein Undetectable 0.3 4.5-14.1 (mean: 8.4)
Serum α-L-iduronidase IgG antibodies Not performed 6400 Not detectable
Neutralizing antibody Not performed <298 Not detectable

showed homozygosity for a known missense mutation, 
p.P533R (c.1598C>G) which is associated with severe 
phenotype.[5]

At the age of 15 months, ERT with laronidase was 
started (0.58 mg/kg weekly). As social diffi culties and 
rare typing resulted in a protracted time frame prior to 
transplantation, ERT was continued for 14 months, until 
a matched umbilical cord blood stem cell transplant 
found. Shivering, chills, and "fussy behavior" occurred 
at the 3rd, 6th and 43rd weeks of ERT infusion despite 
premedication with diphenhydramine and ibuprofen. 

Clinical and biochemical parameters and their 
changes after the months of ERT are shown in Tables 
1, 2 and in Fig. Urinary GAG excretion decreased 
by 70% after one month of ERT. After 12 months of 
ERT, his liver volume decreased by 14% of baseline. 
Progressive communicating hydrocephalus required a 
right ventricular peritoneal shunt after 3 months of ERT. 
An umbilical hernia occurred after 3 months of ERT 
and was repaired after 6 months of ERT. Pre-existing 
thoracolumbar kyphosis progressed to thoracolumbar 
dislocation with complete displacement of facets and 
translation requiring thoracolumbosacral orthosis after 
12 months of ERT. He developed mild mitral valve 
thickening after 12 months of ERT. Mild hearing loss 
progressed to severe sensorineural hearing loss in the 
mid and high frequency range after 13 months of ERT. 
Developmental assessments revealed age appropriate 
developmental milestones prior to ERT and HSCT.

At the age of 30 months (after 14 months of 
ERT), our patient received unrelated donor umbilical 

ERT: enzyme replacement therapy; GAGs: glucosaminoglycans; IDUA: alpha-L-iduronidase.

cord stem cell transplantation. He showed a full 
donor chimerism (97%), normal IDUA activity and 
normalization of urinary GAG excretion 3 months post-
transplantation (Fig.). ERT was discontinued 3 months 
after HSCT. 

Discussion
We had the opportunity to study the effects of ERT 
in a severely affected MPSI patient in the early stage 
of the disease for 14 months prior to HSCT. We 
observed progression of pre-existing disease related 
complications and development of new clinical 
manifestations between the age of 15 months and 29 

Table 1. Follow-up of organ manifestations at diagnosis and after 12 to 14 months of ERT
Organ systems Baseline investigations at diagnosis Investigations after months of ERT (months of ERT)
Central nervous system Communicating hydrocephalus Progressive communicating hydrocephalus, VP shunt (3 months)
Developmental assessment Age appropriate by BSIDS Age appropriate by VABS (11 months)
Skeletal Thoracolumbar kyphosis Cobb angle of 30 degrees Thoracolumbar kyphosis Cobb angle of 35 degrees (12 months)
Cardiac Normal ECHO Mild mitral valve thickening in ECHO (12 months)
Visceral Liver volume 1.4 times increased in MRI

Spleen volume 2.9 times increased in MRI
Liver volume 1.2 times increased (12 months) in MRI
Spleen volume 3.1 times increased (12 months) in MRI

Audiology Mild hearing loss by AS, IT & AR Severe sensorineural hearing loss by BA (13 months)
ERT: enzyme replacement therapy; VP: ventricular peritoneal; BSIDS: Bailey scale of infant development score; VABS: Vineland Adaptive 
Behavior Scales; ECHO: echocardiography; MRI: magnetic resonance imaging; AS: auditory stimuli; IT: immittance test; AR: acoustic refl exes; 
BA: behavioral audiometry. 

Fig. Follow-up of urinary GAGs at diagnosis, upon ERT and following 
HSCT. GAGs: glycosaminoglycans; ERT: enzyme replacement therapy; 
HSCT: hematopoietic stem cell transplantation.
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months. Our patient developed mitral valve deposits, 
umbilical hernia, and sensorineural hearing loss and had 
deterioration of preexisting thoracolumbar kyphosis, 
and communicating hydrocephalus.

Long-term follow up of patients on ERT showed a 
deterioration of aortic and/or mitral valve function in 4 
out of 5 patients with MPSI/Hurler-Scheie and MPSI/
Scheie phenotypes.[6] Monitoring of cardiac function in 
3 patients who received ERT with advanced stages of 
MPSI/Hurler also revealed progression of preexisting 
cardiac valvular involvement.[7-9] Our patient is the fi rst 
to demonstrate de novo development of cardiac GAG 
deposits while receiving ERT. 

One MPSI/Hurler patient has been reported with 
non-progressive sensorineural hearing loss, and in 
another patient conductive hearing loss had improved 
after 3 years of ERT.[8] The deterioration of preexisting 
sensorineural hearing loss in our patient suggests 
that ERT might not be effective in preventing this 
manifestation in patients with MPSI/Hurler.

Skeletal manifestations were not included as 
primary outcome parameters in the ERT phase 3 
studies; however, in the subsequent open label trial 
progressive vertebral wedging accompanied by extreme 
kyphosis and lateral subluxation of the femoral heads 
was observed in 1 out of 5 MPSI/Hurler-Scheie patients 
after 6 years of ERT.[6] In 2 reported patients with 
MPSI/Hurler, ERT was started at the age of 5 years and 
failed to prevent the development of spinal cervical 
cord compression.[8,9] These fi ndings together with the 
fi ndings in our patient indicate that skeletal disease is 
poorly responsive to ERT, particularly when signifi cant 
disease is present at commencement of treatment. 

The clinical studies of ERT effectiveness have 
been performed in patients with attenuated disease. 
The currently recommended ERT dose might not be 
suffi cient to reduce tissue GAG accumulation and thus 
prevent progression of the disease in severely affected 
patients. Serum α-L-iduronidase IgG antibodies were 
detected between 6 to 26 weeks of infusions in up 
to 90% of patients on ERT. Although patients seem 
to develop immune tolerance after 6 to 12 months 
of ERT with decreasing antibody titers, the presence 
of antibodies could affect tissue distribution and 
thus effective function of substituted enzyme.[10] The 
deterioration of disease seen in our patient may be 
related to either insuffi cient dosing of ERT in the face 
of severe disease or ineffectiveness of ERT related to 
immune response.

In summary, ERT over a period of 14 months did 
not prevent disease progression in this young MPSI/
Hurler patient. HSCT should be the fi rst choice of 
treatment in MPSI/Hurler patients with a suitable donor 
and should be performed as early as possible. Patients 
should be monitored every 3 to 6 months for cardiac, 

skeletal and audiological involvement in the fi rst 3 to 
12 months of ERT. 
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