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Summary

Children with Hurler syndrome experience progressive growth failure after hematopoietic cell 

transplantation (HCT). The goal of this study was to review the safety and efficacy of growth 

hormone (GH) in eight children with Hurler syndrome who were treated at our institution with GH 

for short stature or GH deficiency between 2005 and 2008. The age at initiation of treatment with 

GH was 9.6 ± 2.3 years and time since HCT was 7.5 ± 1.5 years. Mean GH dose was 0.32 mg/kg/

week. Baseline growth velocity was 3.5 ± 1.5 cm/yr (−2.6 ± 1.9 SDS) and increased to 5.2 ± 3.0 

cm/yr (−0.1 ± 3.6 SDS) after 1 year of treatment. Of 6 patients with radiographic data there was 1 

progression of scoliosis, 1 progression of kyphosis, and 1 progression of genu valgum. No patient 

discontinued treatment due to progression of skeletal disease. One patient discontinued GH due to 

slipped capital femoral epiphysis (SCFE). Preliminary data suggest that one year GH treatment 

may modestly improve growth velocity in children with Hurler syndrome.
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Introduction

Hurler syndrome, referred to as mucopolysaccharidosis type IH (MPS IH), is an autosomal 

recessive, lysosomal storage disease caused by a deficiency of alpha-L-iduronidase(1). This 
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enzyme deficiency results in an accumulation of the glycosaminoglycans (GAGs) heparan 

and dermatan sulfate throughout the body, impacting multiple organ systems. Short stature 

is a common characteristic of MPS IH and is likely due to a combination of systemic, 

skeletal, and local growth plate abnormalities(2–5). MPS IH is characterized by cognitive 

and gross motor delays, coarse facial features, abnormal spinal curvatures (kyphosis, 

scoliosis), genu valgum, hernias, corneal clouding, enlarged tongue, hepatosplenomegaly 

and recurrent ear and nose infections; diagnosis is typically made before the age of 2 years 

(2, 6, 7).

Currently, most children with MPS IH are treated with hematopoietic cell transplantation 

(HCT)(8–10) and possibly enzyme replacement therapy (ERT) (11–13). The HCT 

conditioning regimens, which may include total body irradiation (TBI) and/or 

chemotherapy, often result in growth suppression, gonadal dysfunction, thyroid dysfunction, 

and epiphyseal growth plate damage, all potential causes of short stature (14–21). In 

addition, HCT conditioning regimens can cause GH deficiency, with the incidence of GH 

deficiency in non-MPS children post-HCT ranging from 11–84% depending on the specific 

preparatory regimen, GH testing method, and age at HCT (14–16, 18, 21, 22).

Although some of the metabolic dysfunction in MPS IH is corrected with HCT, short stature 

remains very common (81% at 8 years of age) and we have shown there is a progressive 

decrease in height SDS over time (3). In addition, the bone abnormalities may worsen over 

time, even after HCT (23–25). With current treatments, patients with MPS IH are expected 

to live into adulthood, and addressing severe short stature and bone abnormalities have 

become important issues for these patients. Although recombinant human GH is clinically 

being used to treat children with MPS IH who have short stature with or without GH 

deficiency, there are currently no reports in the literature of the efficacy or safety of GH in 

this population. Therefore, our objectives were to examine (1) whether GH treatment 

improved growth velocity in 8 children with MPS IH, and (2) the impact of GH on skeletal 

abnormalities in these children.

Methods

Subjects

We present data on 8 patients with MPS IH followed at the University of Minnesota for GH 

treatment of short stature and/or GH deficiency. These eight patients were identified by 

reviewing the medical records of 56 patients with MPS IH who survived at least one year 

after receiving HCT (marrow from an unrelated or related donor, or using an umbilical cord 

blood graft) at the University of Minnesota between September 1983 and April 2005. 

Historical control data was obtained from the remaining 48 children from this cohort of 

patients. Growth velocity was determined by height measurements a minimum of 12 months 

apart.

All patients treated with GH for a minimum of 6 months from this cohort were included. All 

HCT-related data were obtained from the University of Minnesota Pediatric Blood and 

Marrow Transplantation Database. The diagnosis of MPS IH was made on clinical grounds 

and confirmed by absent alpha-L-iduronidase activity. No patients received ERT either 
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before or after HCT. The transplant procedures and retrospective chart review were 

approved by the Institutional Review Board.

Analysis

Pretreatment growth velocity data were determined based on the measurement closest to a 

minimum of 12 months before initiation of GH treatment (range 17–29 months). Subsequent 

growth velocity during treatment was calculated over a minimum of 6 months. Skeletal 

films were reviewed by an orthopedic surgeon (J.D.S.), who determined a significant change 

to be ≥ 5 degrees of change in degree of spinal curvature or genu valgum. Two patients were 

not followed by an orthopedic surgeon at our institution and therefore did not have 

radiographs for review. Increase in growth velocity of ≥ 2 cm/yr was considered significant 

(a standard historically used in studies of response to GH)(26–28). Treatment data beyond 1 

year were available for only 3 patients and thus were insufficient to analyze the 

effectiveness of GH treatment. These data were provided in case descriptions because of 

potential safety concerns with respect to skeletal deformities.

Endocrine evaluation

Endocrine evaluation at baseline and during GH treatment was done by a pediatric 

endocrinologist as previously described (3). Baseline endocrine evaluation was done within 

1 year of starting GH for all patients except patient 6 for whom thyroid function was 

checked 1.4 years after starting GH and was normal. This included pubertal Tanner staging, 

and laboratory evaluation of thyroid function, and insulin-like growth factor-1 (IGF-1) 

levels as previously described (3), and GH stimulation testing with a dual agent protocol of 

arginine and clonidine, as described (29), at the discretion of the treating physician. IGF-1 

SD scores were calculated based on reported references ranges or provided by the 

performing laboratory. Insulin-like growth factor binding protein-3 (IGFBP-3) levels were 

not measured for the majority of patients and thus were not included in the analyses. Height, 

weight, and growth velocity SD scores were calculated using GenenCALC™, version 3.0. A 

GH peak by stimulation testing less than 10 mcg/L was classified as GH deficiency(30).

Results

Response to GH treatment

Characteristics of HCT conditioning regimens, donor type, and post-engraftment enzyme 

activity are provided in Table 1. Age at initiation of GH was 9.6 ± 2.3 years (range 6 to 13.2 

years). Body mass index (BMI) was 20.5 ± 3.4 kg/m2 (range 15.9 to 24.3 kg/m2) at baseline 

and remained in the normal range throughout treatment. Three children were pubertal at the 

time of initiation of GH, and 2 children started puberty during the course of treatment with 

GH. Growth velocities before and after 1 year of treatment with GH are shown in 

comparison to the mean (SD) growth velocity in age-matched children with MPS IH after 

HCT not treated with GH in figure 1.

Baseline growth velocity in GH treated children was 3.5 ± 1.5 cm/yr (−2.6 ± 1.9 SDS; range 

1.2 to 6.1 cm/yr), and increased to 5.2 ± 3.0 cm/yr (−0.1 ± 3.6 SDS; range 1.8 to 9.8 cm/yr) 

after 1 year of treatment. Growth velocity increased by ≥ 2 cm/yr in 4 patients (50%). 
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Baseline height SDS was −3.9 ± 1.6 SDS (range −6.2 to −1.3 SDS). Height SDS remained 

stable after 1 year −3.7 ± 2.0 SDS (range −6.1 to −0.3 SDS). There was a gain in height of 

2.9 to 12.5 cm. IGF-1 SDS also increased from −0.9 ± 2.4 to 2.8 ± 2.4 SDS (n = 6) over 1 

year of treatment. No intracranial hypertension (pseudotumor cerebri) or hyperglycemia was 

reported.

Three patients had documented GH deficiency and would therefore be expected to have a 

better response to treatment with GH. Of the patients with GH deficiency 67% (n=3) 

responded with an increase in growth velocity ≥ 2 cm/yr compared to 50% (n=2) in the GH 

sufficient group. To explore the impact of TBI on growth, we compared children treated 

with GH to historical controls matched for age and TBI status. Weighted mean changes in 

growth velocity for the 4 subgroups of GH treated or untreated controls according to TBI 

status are shown in Figure 2; the means for the control subgroups were weighted to match 

the age distribution in the GH treated subgroups, where a treated child had multiple age-

matched controls. Effects of TBI and GH appear additive. A history of TBI was associated 

with lower mean increases in growth velocity, by about the same amount in both treated and 

untreated children. GH treatment increased growth velocity on average regardless of TBI 

status (Figure 2).

Orthopedic Complications of MPS 1H

Radiographic data on scoliosis were available in 5 patients: 1 patient had progression of 

scoliosis and 4 remained stable. In regards to kyphosis, data were available on 3 patients: 1 

patient had progression of kyphosis immediately adjacent to previous fusion of the thoracic 

spine from T1-T8, 1 improved, and the other one remained stable. Genu valgum data were 

available on 3 patients: genu valgum in 1 patient worsened in both legs, 1 patient had 

improvement in the left genu valgum and the right was stable, and the third patient had no 

significant change (Table 2). One patient discontinued GH due to slipped capital femoral 

epiphysis (SCFE), which is not a typical skeletal manifestation of Hurler syndrome. No 

patients discontinued GH due to worsening scoliosis, kyphosis, or genu valgum.

Patient specific data

All patients had normal alpha-L-iduronidase levels (>60%) throughout GH treatment, except 

patient 7 whose alpha-L-iduronidase level ranged from 30– 50% during treatment with GH. 

Treatment with GH was not discontinued, and thyroid function and puberty were normal, 

unless specified below:

Patient 1 had bilateral carpal tunnel release, bilateral epiphyseal stapling, bilateral 

femoral and iliac osteotomies before GH was started. GH was stopped due to financial 

limitations.

Patient 2 had a history of bilateral epiphyseal stapling, hip osteotomies, and innominate 

osteotomies. During GH therapy he had posterior C1-C2 spinal fusion for instability 

with a history of C1-C2 stenosis present since before initiation of GH. He has continued 

on GH for 2.8 years (Fig. 1). At last evaluation, growth velocity had increased from 1.8 

cm/yr (−4.8 SDS) to 4.5 cm/yr (−0.9 SDS), and height increased from 100 cm (−6.1 

SDS) to 105 cm (−5.7 SDS) over 1.1 years.
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Patient 3 had a history of multiple orthopedic surgeries: bilateral carpal tunnel and 

trigger release, bilateral proximal tibial epiphyseal stapling, bilateral varus femoral 

osteotomy, removal of left knee staples, spinal fusion of T9-L3, and removal of bilateral 

hip and knee hardware, all before initiation of GH therapy. She was diagnosed with 

precocious puberty at age 8 years 7 months, based on parental report of pubertal signs a 

few months before the age of 8 years, and started on Lupron therapy and GH for the 

treatment of short stature. She has continued on GH for 2.4 years (Fig. 1). At last 

evaluation, growth velocity and height SDS had remained stable at 3.0 cm/yr (−3.8 

SDS) and −2.8 SDS respectively.

Patient 4 had no prior orthopedic surgeries. After 1 year 6 months of treatment, GH was 

discontinued as a precaution due to her sister’s development of slipped capital femoral 

epiphysis (SCFE) while on GH treatment.

Patient 5 had a history of anteroposterior spinal fusion of T10-L2 before initiation of 

GH treatment.

Patient 6 underwent posterior spinal fusion at 5 years of age, and then elective bilateral 

proximal and distal tibial hemi-epiphysiodesis, for bilateral genu valgum and hip 

dysplasia, 1 year 10 months after GH treatment initiation. He has continued on GH for 

3.0 years (Fig. 1). At last evaluation, growth velocity had decreased from 5.4 cm/yr (0.2 

SDS) to 4.3 cm/yr (−2.6 SDS), and height SDS remained stable: −5.9 SDS to −5.7 SDS.

Patient 7 had bilateral epiphyseal stapling, bilateral carpal tunnel and trigger finger 

release, bilateral varus osteotomy, and spinal fusion from T11 to L3 before GH 

treatment.

Patient 8 discontinued GH treatment due to slipped capital femoral epiphysis (SCFE) 

which occurred 6 months after bilateral distal femoral hemiepiphysiodesis and bilateral 

femoral implant removal. She had a history of bilateral carpal tunnel release, posterior 

spinal fusion of T7-L3, anterior spinal fusion, bilateral varus osteotomies, right 

proximal medial tibial epiphyseal stapling, and removal of knee staples prior to GH 

therapy. She was pubertal at the time of initiation of GH treatment, however had 

developed gonadal failure. Estrogen therapy was not started until after GH had been 

discontinued.

Discussion

To our knowledge, this is the first paper to report the impact of treatment of short stature 

with GH in children with MPS IH. Our data suggest that children with MPS IH after HCT 

may respond to a short-term treatment with GH. While some children experienced limited 

progression of abnormal spinal curvatures or genu valgum, a causal relationship to GH 

treatment is difficult to determine due to the unknown natural progression of skeletal 

deformities in MPS IH over time.

A clinically appropriate assessment of a “response to treatment” is difficult in children with 

MPS IH where (1) baseline growth velocity is often very low and thus a smaller increase in 

growth velocity may be more significant than for other patient populations without MPS IH, 
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(2) skeletal abnormalities make accurate height measurements difficult, and (3) the natural 

progression of growth and skeletal disease is currently not entirely defined. If a response to 

treatment with GH is defined as ≥ 2 cm/yr (a standard historically used in studies of 

response to GH), then 50% of the patients responded after 1 year of treatment. This 

improvement in height velocity resulted in an increase in height SDS of ≥ 0.25 SDS (31) in 

50% of patients after 1 year of treatment. It is important to note, however, that children with 

MPS IH after HCT without treatment with GH experience progressive decrease in height 

SDS over time (3). Thus, no significant decrease in height SDS may actually be consistent 

with an improvement in growth compared to what would have been expected for these 

children.

A potential adverse side effect of treatment with GH is worsening of the orthopedic 

complications characteristic of MPS IH. Genu valgum, scoliosis, and kyphosis are very 

common in children with MPS IH even after HCT. In our reference cohort (3), 60% of the 

children had a history of orthopedic surgery: 54% had genu valgum surgery, 33% had spinal 

surgery. In the group treated with GH, 75% had a history of genu valgum surgery and 88% a 

history of spinal surgery. Although it is generally thought that any growth has the potential 

to worsen scoliosis, there is no clear conclusion in the literature regarding the impact of GH 

treatment on the prevalence or progression of scoliosis or kyphosis. While some researchers 

have found a higher than expected percentage and rate of curve progression (32), others 

have observed little to no progression attributable to GH therapy (33–35). Populations with 

an increased baseline prevalence of scoliosis, similar to MPS IH, include children with 

Turner syndrome, or Prader-Willi syndrome. Both of these populations have been studied 

for the impact of GH on scoliosis. Bolar et al found that in girls with Turner syndrome 

treated with GH, 44% had progression of scoliosis, and 69% were considered non-serious 

progression (36). Nagai et al. monitored scoliosis in 20 GH-treated patients with Prader-

Willi syndrome and observed progression in six, fluctuation in one, improvement in three, 

and no change in ten. There was no significant difference between the incidence of scoliosis 

in GH-treated and untreated groups (37). In our study, we observed progression of scoliosis 

in one patient, progression of kyphosis in one patient (which did not occur until year 2 of 

treatment), and improvement of kyphosis in one. In 3 patients with lower extremity 

radiographs, we observed progression of genu valgum in one patient (which did not result in 

discontinuation of treatment), and improvement (secondary to stapling) in one patient. 

Finally, although sub-normal alpha-L-iduronidase levels post transplant have been 

associated with an increased risk of carpal tunnel syndrome, (25), another commonly 

observed orthopedic problem in this population, the one patient with low enzyme activity in 

our study did not develop an orthopedic complication while on GH.

Previous studies have provided data indicating a higher incidence of SCFE in patients 

receiving GH therapy (34, 36, 38–40). Risk factors for the development of SCFE include 

obesity, prior radiation therapy, GH deficiency and growth during puberty (38–42). Blethen 

and Rundle, analyzing data from the National Cooperative Growth Study (NCGS), found 

that children who developed SCFE were more likely to have grown more slowly during the 

first year of treatment with GH compared to those who did not develop SCFE (39). Of the 

eight children in our study, one developed SCFE (patient 8), leading to termination of GH 
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therapy. Her BMI was normal for age and gender (22.1 kg/m2, +1.1 SD). However she had 

multiple risk factors for the development of SCFE: she was the oldest patient at initiation of 

GH therapy, the furthest progressed in pubertal development, she demonstrated a decrease in 

growth velocity following initiation of GH treatment, and had received TBI prior to HCT. 

Finally, SCFE occurred only 6 months following bilateral femoral orthopedic surgeries 

which may also have contributed to this adverse event.

Single dose, versus fractionated, TBI has been associated with an attenuated response to GH 

(22, 43) possibly due to local damage at the growth plate. Six of eight patients in our study 

received TBI with their conditioning regimens (5 received single dose TBI), which may 

have resulted in some local growth plate resistance to GH. By comparing our group to age 

and TBI matched untreated controls, we found a trend towards improved growth in children 

treated with GH whether or not they had received TBI. However those with no history of 

TBI treated with GH had the largest increase in mean growth velocity.

Continued deposition of GAG may exacerbate local resistance to GH as well. It has been 

reported that the skeletal abnormalities characteristic of MPS IH persist and may even 

worsen in time after HCT (23–25), suggesting insufficient penetrance of alpha-L-

iduronidase enzyme into the boney architecture and a continued accumulation of GAG at the 

growth plates after HCT. This may have contributed to the fact that the one patient in this 

study with low alpha-L-iduronidase levels did not respond to treatment with GH. If there is 

indeed local growth plate resistance to GH, then higher doses of GH may be necessary to 

achieve a significant growth response in children with MPS IH after HCT. This may be 

limited however, by the significant elevations in IGF-1 levels we found in our patients 

treated with GH, although no accompanying IGFBP-3 levels were measured.

The limitations of this study are the retrospective nature and small sample size due to the 

rarity of this disease. The small sample size makes statistical analysis of differences between 

groups meaningless. A larger sample size could help predict who may benefit from 

treatment and who may not. In addition, the multiple factors that may impact growth 

velocity, e.g. pubertal stage, orthopedic abnormalities, TBI, and age, make it difficult to 

make definitive conclusions in such a small sample. While puberty may have contributed to 

an increase in growth velocity, the increase in IGF-1 SDS values, which are adjusted for 

age, would argue in favor of a GH effect. Finally, the HCT preparative regimens have 

changed since the patients in this study received their transplants. Most institutions including 

our own, are using chemotherapy based regimens such as targeted busulfan and 

cyclophosphamide, and are not using TBI prior to transplantation. This may ultimately 

affect the risk of GH deficiency, and could perhaps alter the response to therapy as discussed 

above.

Conclusions

Our observations suggest a potential, albeit modest, increase in growth velocity in children 

with MPS IH after 1 year of treatment with GH. Children without a history of TBI may 

respond better to treatment with GH than those who have been treated with TBI. We 

conclude that orthopedic co-morbidities need to be followed closely by orthopedic 

physicians who are familiar with MPS diseases, but do not necessarily exclude patients from 

Polgreen et al. Page 7

Bone Marrow Transplant. Author manuscript; available in PMC 2011 April 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



receiving a trial of GH. Finally, due to the occurrence of SCFE in one patient, it would be 

prudent to avoid GH treatment during and within a year after orthopedic procedures 

involving the femur.

More data are needed on the long-term height and safety outcomes of treatment with GH in 

this population, and in particular on the impact of GH treatment on the characteristic skeletal 

abnormalities and orthopedic outcomes. Since progression of skeletal deformities may 

contribute to reduction in height, other measurements of spinal and longitudinal bone growth 

will need to be applied in future studies to assess response to GH.
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Figure 1. Growth velocity before and after 1 year of treatment with GH for 8 children with MPS 
IH
Each child is represented by a pair of connected points: the left point is growth velocity 

before treatment with GH and the right point is growth velocity one year later. The size of 

the point is proportional to the dose of GH (ranging from 0.26 to 0.45 mg/kg/wk). The 8 

children are shown within their age group (6–7 years, 8–9 years, 10 years and older) against 

reference levels for growth velocity mean (white horizontal lines) and 2 standard deviations 

(gray rectangles) calculated from 48 children with MPS IH after HCT not treated with GH.
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Figure 2. Effects of growth hormone and TBI on change (Δ) in growth velocity over 1 year
GH treated group is matched by age and TBI status with historic, non-GH treated, controls.
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