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Abstract

Objective: There is a scarcity of data from randomised controlled trials on the association 

of growth hormone (GH) with gonadotrophin-releasing hormone agonists in idiopathic 

short stature (ISS), although this off-label use is common. We aimed to test whether 

delaying pubertal progression could increase near-adult height (NAH) in GH-treated 

patients with ISS.

Methods: Patients with ISS at puberty onset were randomised to GH with leuprorelin 

(combination, n = 46) or GH alone (n = 45). NAH standard deviation score (SDS) was 

the primary outcome measure. The French regulatory authority requested premature 

discontinuation of study treatments after approximately 2.4 years; patients from France 

were followed for safety.

Results: Mean (s.d.) baseline height SDS was −2.5 (0.5) in both groups, increasing at 

2 years to −2.3 (0.6) with combination and −1.8 (0.7) with GH alone. NAH SDS was 

−1.8 (0.5) with combination (n = 19) and −1.9 (0.8) with GH alone (n = 16). Treatment-

emergent adverse events and bone fractures occurred more frequently with 

combination than GH alone.

Conclusion: Due to premature discontinuation of treatments, statistical comparison 

of NAH SDS between the two cohorts was not possible. During the first 2–3 years 

of treatment, patients treated with the combination grew more slowly than those 

receiving GH alone. However, mean NAH SDS was similar in the two groups. No new 

GH-related safety concerns were revealed. A potentially deleterious effect of combined 

treatment on bone fracture incidence was identified.

Introduction

Children with height more than 2 standard deviations 
(s.d.) below the mean of a national reference population 
are considered to have idiopathic short stature (ISS) if 

the aetiology cannot be identified and disorders known 
to cause short stature have been excluded (1). Various 
studies have shown that growth hormone (GH) treatment 
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of children with ISS can increase their growth velocity 
and, to a lesser extent, adult height (1, 2, 3, 4, 5, 6). The 
effect on height is variable and depends, among other 
factors, on dose and age at GH initiation (7, 8, 9, 10). GH 
treatment for ISS was approved in the United States in 
2003 and has not been approved in the EU (4).

Children and adolescents with a diagnosis of ISS are 
often referred late, with GH treatment initiated when 
puberty has already started. Gonadotrophin-releasing 
hormone (GnRH) agonists administered alone for 
2–3  years in this patient population delay puberty and 
epiphyseal closure but decrease growth velocity, resulting 
in no or a very limited effect on adult height (11, 12, 13). 
Delaying puberty using GnRH agonists has been suggested 
as a means to enhance GH efficacy, and some studies have 
reported positive effects on growth (14, 15). However, the 
studies have been small and have generally not included 
a relevant control group.

The present study was designed to investigate the 
treatment combination of GH and the GnRH agonist 
leuprorelin compared with GH alone in patients with 
ISS who were at puberty onset. It was hypothesised that 
the addition of leuprorelin for 2–3  years would delay 
progression of puberty and bone maturation, allowing 
prolonged efficacy of GH and increased adult or near-
adult height (NAH). After commencement of the study, 
results communicated from the French cohort of the Santé 
Adulte GH Enfant (SAGhE) study suggested an increased 
risk during adulthood of mortality due to cerebrovascular 
complications and bone tumours among patients treated 
with GH as children for idiopathic isolated GH deficiency, 
ISS or born small for gestational age (16). The French 
Regulatory Agency, AFSSAPS, asked for GH treatment in 
this study to be stopped and, consequently, study drug 
treatments in the present study were terminated early. 
Patients in France continued to be followed for safety 
and evaluation of NAH in an amended protocol, and this 
report presents the available results from the study.

Subjects and methods

Study design and patients

This was a prospective, randomised, open-label, parallel-
arm, comparative study designed to examine the 
safety and efficacy of GH with or without combination 
treatment with leuprorelin in pubertal children with ISS 
(ClinicalTrials.gov: NCT00355030). The study was carried 
out between June 2006 and July 2015 in study centres 
in France and the Netherlands. The study was approved 

by Comité de Protection des Personnes Ile-de-France III 
Hôpital Tarnier-Cochin 89, rue d’Assas, 75006 Paris. The 
study included a treatment period and a subsequent 
post-treatment safety follow-up period after treatment 
discontinuation was requested in 2011 (Supplementary 
Fig. 1, see section on supplementary data given at the end 
of this article).

Patients enrolled were either females aged ≥8  years 
and ≤12  years 3  months, with bone age ≤12.0  years or 
males aged ≥9 years and ≤14 years 3 months, with bone 
age ≤14.0  years. Pubertal status had to be Tanner stage 
B2 or B3 for girls and, for boys, either Tanner stage G2 
or G3, testicular length ≥30 mm and <40 mm or testicular 
volume ≥4 mL and <12 mL. All patients had a diagnosis of 
ISS, defined as height standard deviation score (SDS) ≤−2.5 
based on national references or height SDS ≤−2 and 
predicted adult height SDS ≤−2.5 based on the Bayley–
Pinneau method (17) and confirmed by a centralised 
bone age reading. Patients were excluded if they had 
GH deficiency (defined as peak GH ≤20 IU/L in each of 
two stimulation tests), had insulin-like growth factor 
(IGF)-I SDS >3, were born small for gestational age, had a 
diagnosed chromosomal anomaly, had reached menarche, 
had any significant concomitant disease that was likely to 
interfere with growth or presented with a lumbar spine 
bone mineral density (BMD) <−2 SDS from height- and 
age-adjusted Z-score. Patients who had previously been 
or were currently being treated with any drug that could 
directly influence growth or had a contraindication to 
treatment with either GH or a GnRH agonist were also 
excluded.

The clinical trial protocol was approved by all 
appropriate local ethics review committees, and the 
protocol adhered to the applicable regulatory requirements 
in the participating countries, with appropriate 
institutional review board approvals. For both the original 
study period (treatment period) and the safety follow-up 
period, written informed consent for data collection, 
processing and publication was provided by the patient, 
parents or a legal guardian of each child, in accordance 
with national and local regulations. Both periods of the 
study were performed according to the ethical principles 
of the Declaration of Helsinki.

Randomisation and study treatments

Patients were randomised on a 1:1 basis to treatment with 
GH (Humatrope, Eli Lilly and Company) with or without 
leuprorelin 3-month depot (Enantone, Takeda, Puteaux, 
France). The initial protocol included a GH-untreated 
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control group, but this group was stopped because of 
recruitment and control arm patient retention difficulties 
and eligible patients were re-randomised to either GH 
plus leuprorelin or GH alone. GH was administered daily 
by subcutaneous injection at a dose of 0.05 mg/kg, which 
was planned to be continued until NAH was reached. GH 
dose was decreased by 25% if IGF-I SDS increased to >3.0 
or if IGF-I SDS was >0.5 at the same time as IGF-binding 
protein (IGFBP)-3 SDS was <−0.5. Leuprorelin was given 
by subcutaneous or intramuscular injection at a dose 
of 11.25 mg every 3 months for a planned minimum of 
2 years and a maximum of 3 years or until patients reached 
a chronological age of 13  years for girls or 15  years for 
boys. Duration of leuprorelin treatment was calculated as 
the time from the first injection to 3 months after the last 
injection.

After cessation of study drugs at the request of the 
French regulatory authority, and following a protocol 
amendment, all patients in the study in France were 
offered participation in a follow-up study, without 
study drug treatment, for safety assessments until they 
reached NAH. Patients in the Netherlands were invited 
to join the Genetics and Neuroendocrinology of Short 
Stature International Study (GeNeSIS; ClinicalTrials.gov: 
NCT01088412) for follow-up. The safety follow-up data in 
the present report include only the patients in France, not 
the patients from the Netherlands.

Study evaluations

Baseline data collected included demographics, medical 
history, laboratory values, bone age, gonadotropin levels 
and pubertal status. Other clinical variables measured 
at baseline included height, weight, parental heights 
(for calculation of target height (sex-adjusted average of 
parental heights)) and body composition. Height was 
determined barefoot using a wall-mounted Harpenden 
stadiometer. Bone age was determined from a centralised 
reading of an X-radiograph of the left hand and wrist, 
using Greulich and Pyle standards (18). Predicted adult 
height was calculated using the Bayley–Pinneau method 
on the basis of actual height and bone age (17). Follicle-
stimulating hormone (FSH) and luteinising hormone (LH) 
levels were measured before and after stimulation with 
LH-releasing hormone (LHRH).

It was planned that patients would attend study visits 
at 3 months, 6 months and then every 6 months up to 
5  years. Height, weight and pubertal stage were to be 
documented at each study visit and patients were to be 
followed up until they were considered to have reached 

NAH. Criteria for NAH were bone age ≥15 years for girls 
or ≥17 years for boys, and growth ≤1 cm in the previous 
6 months. NAH SDS was calculated using chronological 
age at the time of the relevant visit.

Safety analysis was based on laboratory assessments, 
including IGF-I, IGFBP-3, fasting blood glucose, insulin, 
glycated haemoglobin (HbA1c), lipids, free thyroxine 
(T4) and thyroid-stimulating hormone (TSH) levels, 
body composition changes, vital signs and reported 
adverse events. Body composition was determined at 
baseline and yearly intervals using dual-energy X-ray 
absorptiometry and included total body and lumbar 
spine bone mineral content (BMC) and BMD, total 
spine bone mineral apparent density (BMAD) (19), total 
body fat mass and lean body mass. For patients treated 
with leuprorelin, if BMD decreased from baseline 
by >5% a second measurement was scheduled for 
6  months later; if the second measurement showed a 
decrease >5%, confirmed by central laboratory reading, 
leuprorelin was discontinued, but the patient could 
continue with GH alone. For additional sensitivity and 
patient safety, leuprorelin treatment was discontinued 
if BMD Z-score decreased to <−2 SDS at any time. 
Blood pressure was evaluated according to reported 
age- and sex-matched reference values (20). Severity 
and relationship of adverse events to study drug 
treatment were determined by the attending physician. 
Adverse events were classified as treatment emergent 
if they first occurred or worsened during study drug 
treatment. Serious adverse events were defined as any 
event that resulted in death, hospitalisation, persistent 
or significant disability or congenital anomaly in the 
offspring of a treated patient, were considered life 
threatening or were significant for other reason in the 
opinion of the investigator. All adverse events were 
categorised according to the Medical Dictionary for 
Regulatory Authorities (MedDRA, version 18.0).

Statistical analyses

The initial primary objective was to compare the NAH 
SDS of patients treated with GH plus leuprorelin with 
that of patients treated with GH alone, in patients with 
ISS. A sample size of 44 patients per treatment group 
was estimated to provide 80% power of detecting a 
statistically significant difference of 0.55 for NAH SDS in 
a two-sided test at a 5% significance level. Because study 
drug treatment was terminated early, the objectives of 
the study could not be met and no formal analyses were 
performed. The main objective for the safety follow-up 
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period was to monitor the short- and long-term safety of 
GH therapy, with or without leuprorelin.

Secondary objectives were to describe the annual 
height velocity and height SDS, gains in these variables 
from baseline to NAH and differences between NAH SDS 
and both target height SDS and baseline predicted height 
SDS in the two treatment groups. Descriptive statistics 
were calculated for observed data relating to auxology 
and safety variables at each study visit, including change 
from baseline at each post-baseline visit. All analyses were 
performed using only data from patients who provided 
measurements at the relevant visit. Descriptive analyses 
were used to assess the clinical progression of puberty and 
changes in body composition and bone from baseline to 
study endpoint in the two treatment groups.

Results

Disposition and study drug exposure

A total of 89 patients were randomised to study 
treatment (Fig. 1), of whom 45 were randomised to GH 
plus leuprorelin and 44 randomised to GH alone; one 
patient randomised to GH alone violated an exclusion 
criterion and did not receive study treatment. The 
88 treated patients (France 77 patients, Netherlands  
11 patients) comprised the population analysed according 
to randomisation group for auxology data. The safety 
population for the treatment period comprised 46 patients 

who received GH plus leuprorelin and 45 who received 
GH alone; this included one patient randomised to GH 
alone but inadvertently also received leuprorelin and 
three patients from a previous control group who received 
GH but were ineligible for analysis of auxology data. 
Following treatment discontinuation, 39 patients signed 
informed consent for safety follow-up. NAH information 
was available for 36 patients overall in the study, with 35 
having evaluable auxology information.

Mean (s.d.) duration of GH treatment for the  
46 patients who received GH plus leuprorelin was  
28.9 (10.9) months (range 1.7–49.2) and for the 45 patients 
who received GH alone was 29.9 (10.7)  months (range 
3.1–51.3). Mean dose of GH at 3 and 12  months were  
46 (8) and 46 (7) µg/kg/day in the GH plus leuprorelin 
group and 48 (4) and 46 (4) µg/kg/day in the GH alone 
group. Mean exposure to leuprorelin in the combination 
group was 20.9 (6.4) months (range 3.0–33.1).

Effects on auxology

For patients who were included in the auxology analysis, 
there were no evident baseline differences between 
the groups in chronological age, bone age or height 
parameters (Table 1).

Baseline mean (s.d.) height velocity (Fig. 2) was 7.8 (6.9) 
and 7.4 (6.0) cm/year in the GH plus leuprorelin group and 
the GH alone group, respectively, and was 8.1 (2.3) and 
9.7 (2.8) cm/year, respectively, at 6 months. After 2 years, 
mean height velocity was 4.9 (1.3) and 7.8 (3.4) cm/year 

Figure 1
Patient disposition during the study. aOne patient 
randomised to growth hormone (GH) alone also 
received leuprorelin; this patient was evaluated 
in the GH alone group for auxology and in the 
GH plus leuprorelin group for safety. bAn 
additional three patients from a previous control 
group who did not meet entry criteria received 
GH treatment for ethical reasons and hence were 
included for safety analyses only. cStudy 
treatment stopped at request of the French 
Agency for the Safety of Medicines and Health 
Products. dStudy treatment stopped and the 
relevant study discontinuation report forms were 
not completed by the investigator. eIncluded one 
patient from each treatment group who reached 
near-adult height prior to study drug 
termination.

Screened, n=120

Randomised, n=89

Received GH + leuprorelin, n=45a Received GH alone, n=43a,b

Discontinued due to adverse event, n=1 
Reached near-adult height, n=1 
Discontinued for regulatory and other reasons, n=41c

Status unspecified, n=2d

No study drug, n=1

Eligible for safety follow-up (only patients in France), n=77

Discontinued due to adverse event, n=1 
Reached near-adult height, n=1 
Discontinued for regulatory and other reasons, n=35c

Status unspecified, n=6d

Signed informed consent for safety follow-up, n=39 

Reached near-adult height, n=36e

Discontinued due to patient decision, n=2
Lost to follow-up, n=1
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in the two groups, respectively. Mean height velocity SDS 
showed the same trend. Mean height SDS (Fig. 3) increased 
in the GH alone group and was lower in the GH plus 
leuprorelin group for the first 2  years; when leuprorelin 
was stopped, a catch-up of mean height SDS was seen, to a 
level that appeared similar to that of the GH alone group.

Mean (s.d.) bone age delay at baseline was 15.2 
(15.6) months in the GH plus leuprorelin group, increasing 
to 21.4 (14.6) months after 2 years of treatment. In the 
GH alone group, bone age delay was 12.6 (12.3) months at 
baseline and decreased to 10.7 (14.0) months after 2 years 
of treatment.

NAH was available for 19 patients from the GH plus 
leuprorelin group and 16 patients from the GH alone group 
(Table 2). The mean (s.d.) height SDS gain from baseline 
to the time of NAH measurement was 0.6 (0.6) in the 
combination group and 0.6 (0.7) in the GH alone group. 
NAH SDS within the normal range (>−2 to <2) was achieved 
by 12/19 (63%) patients in the GH plus leuprorelin group 
and 11/16 (69%) patients in the GH alone group.

Safety information

No deaths were reported during the study. During the 
treatment phase of the study, serious adverse events 
were reported for 12/46 (26.1%) patients in the GH plus 
leuprorelin group and 7/45 (15.6%) in the GH alone group. 
One serious adverse event was reported by the investigator 
to be related to study drug, which was a transient event of 
migraine in a 12-year-old girl in the GH plus leuprorelin 
group. A 12-year-old girl in the GH plus leuprorelin group 
discontinued GH treatment approximately 7 weeks after 
initiation due to histiocytosis, although leuprorelin was 
continued for an unspecified period. Magnetic resonance 
imaging of the 5th and 6th thoracic vertebrae and biopsy 
confirmed histiocytosis, which was thought to probably 
have been present before study drug administration 
and was considered by the investigator to be unrelated 
to treatment. A 13-year-old boy in the GH alone group 
experienced impaired glucose tolerance after 3  years of 
treatment, which was considered to be treatment related; 
GH was discontinued, and the event was reported to be 
resolved approximately 13.5 months later.

Table 1 Patient demographics and characteristics at baseline for patients randomised to treatment with growth hormone with 

or without combined leuprorelin treatment.

Characteristics GH + leuprorelin (n = 45) GH alone (n = 43)

Chronological age (years) 12.1 (1.4) 12.1 (1.3)
Female 26/45 20/43
Ethnic origin, Caucasian 36/45 40/43
Bone age (years) 10.8 (1.6) 11.0 (1.5)
Bone age delay (months) 15.2 (15.6) 12.6 (12.3)
Body mass index (kg/m2) 16.8 (2.0) 16.3 (1.5)
Height SDS −2.5 (0.5) −2.5 (0.5)
Height velocity (cm/year) 7.8 (6.9) 7.4 (6.0)
Target height SDS −1.1 (0.9) −1.0 (0.8)
Predicted height SDS −2.7 (0.8) −2.6 (0.9)
Target height SDS – predicted height SDS 1.5 (1.0) 1.7 (1.2)
IGF-I (µg/L) 177 (128:246) 164 (129:216)
IGF-I SDS −1.26 (−1.90:−0.44) −1.51 (−2.68:−0.59)
IGF binding protein-3 (mg/L) 3.23 (2.57:3.77) 2.90 (2.36:3.21)
IGF binding protein-3 SDS 0.02 (−0.93:0.51) −0.41 (−1.24:0.09)

Data show mean (s.d.) or number of patients as a proportion of the total with available data, except for IGF concentrations shown as median (25th 
percentile:75th percentile).
GH, growth hormone; IGF, insulin-like growth factor; s.d., standard deviation; SDS, SD score.

Figure 2
Height velocity over time for patients with idiopathic short stature 
treated with growth hormone (GH) with or without leuprorelin. Data 
shown as mean ± standard deviation (s.d.). The mean (s.d.) duration of 
leuprorelin treatment in the combination group was 20.9 (6.4) months.
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During the treatment phase, treatment-emergent 
adverse events were reported for 42/46 (91.5%) patients 
in the GH plus leuprorelin group and 38/45 (84.4%) 
in the GH alone group. The system organ classes with 
treatment-emergent adverse events most frequently 
reported were infections and infestations (combination 
group 33/46 (71.7%) and GH alone group 24/45 
(53.3%)), nervous system disorders (21/46 (45.7%) and 
17/45 (37.8%)) and musculoskeletal and connective 
tissue disorders (19/46 (41.3%) and 14/45 (31.1%)). 
The most frequently reported preferred term events 
were headache (combination group 21/46 (45.7%) 
and GH alone group 16/45 (35.6%)), nasopharyngitis 
(19/46 (41.3%) and 8/45 (17.8%)) and influenza (15/46 
(32.6%) and 9/45 (20.0%)). The treatment-emergent 
events were considered related to study drug for 12/46 
(26.1%) patients in the GH plus leuprorelin group and 
6/45 (13.3%) in the GH alone group. All of the related 
events were considered to be expected based on the 

known safety profile of GH, except for the one case of 
migraine reported as a serious adverse event. Treatment-
emergent scoliosis was reported for four patients in 
the GH plus leuprorelin group and one patient in the 
GH alone group; the events were considered related to 
treatment for two patients in the GH plus leuprorelin 
group.

During the safety follow-up period, serious adverse 
events were reported for two patients (renal colic and 
appendicitis) who had previously been treated with 
GH plus leuprorelin. Overall, 20 of 39 patients (51.3%) 
reported an adverse event, of which one event of scoliosis 
in a patient previously treated with GH plus leuprorelin 
was considered related to study drug treatment.

At baseline, median IGF-I SDS was −1.26 and −1.51 
in the GH plus leuprorelin and GH alone groups, 
respectively, and median IGFBP-3 SDS was 0.02 and 
−0.41, respectively (Supplementary Table  1). Scatter 
plots of IGF-I SDS vs IGFBP-3 SDS at baseline and after 
2  years of treatment are shown in Fig.  4. For patients 
with NAH values, median IGF-I SDS in the groups 
previously treated with GH plus leuprorelin (n = 5) and 
GH alone (n = 10) was −1.25 and −1.02, respectively, and 
median IGFBP-3 was −0.23 and −0.54, respectively. No 
patients in either treatment group had an IGF-I SDS >2 
and IGFBP-3 SDS <−2 concomitantly at any time during 
the study.

No adverse events of hypertension or other events 
related to elevated blood pressure were reported during 
the treatment phase or the safety follow-up of the study. 
Over the entire study period, elevated systolic and 
diastolic blood pressure were noted for 25 and 16 patients, 
respectively, which was transient in almost all cases and 
with no obvious difference between the treatment groups. 
During safety follow-up, transient elevations in systolic 
blood pressure were noted for eight patients and diastolic 
blood pressure for two patients, with no evident difference 
between treatment groups.

Figure 3
Height standard deviation (s.d.) score (SDS) over time for patients with 
idiopathic short stature treated with growth hormone (GH) with or 
without leuprorelin. Data show mean ± s.d. The mean (s.d.) duration of 
leuprorelin treatment in the combination group was 20.9 (6.4) months.

Table 2 Height information for patients who reached near-adult height.

GH + leuprorelin (n = 19) GH only (n = 16)

Near-adult height SDS −1.8 (0.5) −1.9 (0.8)
Near-adult height SDS gain from baseline 0.6 (0.6) 0.6 (0.7)
Near-adult height – predicted height (cm) 5.0 (7.2)a 6.0 (4.0)
Near-adult height SDS – predicted height SDS 1.1 (1.0)a 1.2 (0.7)
Near-adult height – target height (cm) −3.7 (5.1)b −7.1 (4.5)a

Near-adult height SDS – target height SDS −0.6 (0.9)b −1.2 (0.8)a

Proportion with near-adult height SDS >−2 to <2 12/19 11/16

Data show mean (s.d.) or number of patients as a proportion of the total with available data.
aData missing for one patient; bdata missing for three patients.
GH, growth hormone; SDS, standard deviation score.
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Bone health and body composition

Total spine BMAD mean (s.d.) at baseline was 0.120 (0.023) 
and 0.121 (0.023) g/cm3 in the GH plus leuprorelin and GH 
alone groups, respectively, and after 2 years of treatment 
was 0.126 (0.023) and 0.134 (0.025) g/cm3, respectively. 
Total body BMD Z-score (Fig. 5) at baseline was 0.1 (0.9) 
and 0.2 (0.8), respectively, and after 2 years was −0.3 (1.0) 
and 0.1 (2.1), respectively. In the GH alone group, BMC, 
fat mass and lean body mass increased gradually during 
the 3  years of treatment, while BMD Z-score appeared 
stable during the first 2 years of treatment and increased 
in the third year (Fig.  5). In the GH plus leuprorelin 
group, lesser increases in BMC and lean body mass, with 
a larger increase in fat mass, were observed. In the GH 
plus leuprorelin group, BMD Z-score tended to decrease 
at year  2 and return towards baseline values at year  3. 
Body composition data were available at NAH for eight 
patients previously treated with GH plus leuprorelin and 
12 patients with GH alone, and showed similar levels 
of BMC (2.09 and 1.98 kg, respectively), fat mass (11.0 
and 10.2 kg, respectively) and lean body mass (38.2 and 
37.1 kg, respectively) (Fig. 5).

Figure 4
Scatter plots of insulin-like growth factor (IGF)-I standard deviation score 
(SDS) vs IGF-binding protein (IGFBP)-3 SDS at baseline (open circles) and 
after 24 months (filled circles) in patients with idiopathic short stature 
treated with either growth hormone (GH) plus leuprorelin (A) or GH 
alone (B). Horizontal lines show IGF-I SDS ± 0.5 and vertical lines show 
IGFBP-3 ± 0.5.
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Figure 5
Total body bone mineral density Z-score, bone mineral content, fat mass 
and lean body mass at baseline and during treatment and at near-adult 
height (NAH) with either growth hormone (GH) plus leuprorelin (shaded 
bars) or GH alone (white bars). Data are shown as mean ± standard 
deviation (s.d.). Mean (s.d.) duration of leuprorelin treatment was 20.9 
(6.4) months for the safety population.
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Bone fractures during treatment occurred in seven 
patients in the GH plus leuprorelin group and in three 
patients in the GH alone group. The fractures were 
classified as serious adverse events for four of the patients 
in the combination group, two of whom were the only 
study participants to have BMD Z-scores <−2 SDS (one 
at year  2 with improvement in BMD after stopping 
leuprorelin, one at year  1 with no further information) 
and who were discontinued from leuprorelin treatment. 
No bone fractures were reported during the safety 
follow-up period.

Gonadotropins and pubertal development

Mean (s.d.) LHRH-stimulated FSH concentration decreased 
during leuprorelin treatment from 7.9 (4.3) U/L at baseline 
to 3.1 (3.0) U/L at 2 years of treatment; mean stimulated 
LH concentrations also decreased from 14.6 (8.0) U/L 
at baseline to 4.4 (6.6) U/L at 2  years. After leuprorelin 
was stopped, monitoring of 18 patients in the GH plus 
leuprorelin group at the 30-month visit showed LHRH-
stimulated FSH and LH concentrations were 8.1 (6.1) U/L 
and 14.0 (11.1) U/L, respectively.

At the start of treatment, the majority of patients 
in both treatment groups were at pubertal stage G2 for 
boys (27/42 (64%) overall) or B2 for girls (30/46 (65%) 
overall; Supplementary Table 2). Pubertal stage remained 
at G1/G2 or B1/B2 for the majority of patients through 
the 2 years of GH plus leuprorelin treatment (boys 9/15 
(60%), girls 18/21 (86%)). When leuprorelin was stopped, 
progression of pubertal stage continued and, at 3 years, 
the majority of patients were at G4 or B3/B4. In the GH 
alone group, pubertal stage progressed and the majority of 
patients were at stage G4 or B4 at 3 years.

Discussion

This study was designed to evaluate the benefits and 
risks of GH combined with a GnRH agonist (leuprorelin) 
compared with GH alone in patients with ISS who were 
initiating treatment at the start of puberty. The hypothesis 
was that slowing pubertal progression would increase the 
duration of the growth spurt and allow GH to continue 
acting for a longer period, ultimately providing an 
increased adult height. Following the French regulatory 
authority request to stop GH treatment in this study, both 
study drugs were discontinued for all patients. As a result, 
the primary endpoint could not be evaluated, limiting 
any conclusions. Nevertheless, patients received a mean 

of 21  months of leuprorelin and 29  months of GH, 
compared with the planned exposure of 24–36 months of 
leuprorelin and prolonged GH treatment until attainment 
of NAH. Patients in France were invited to participate 
in a long-term safety follow-up, and patients in the 
Netherlands were encouraged to participate in the GeNeSIS 
observational programme. The results from the patients 
in France who entered the safety follow-up presented no 
new safety concerns regarding GH administration, but 
potential safety concerns with the combination therapy 
were identified. The limited auxology results indicated 
that, during leuprorelin treatment, the GH-induced gain 
in height was reduced, but the height gain increased after 
leuprorelin was stopped. Thus, the overall height gains 
after GH treatment were similar for patients treated with or 
without leuprorelin, and the height SDS gains for patients 
who reached NAH during the study were comparable. 
These results raise questions concerning the efficacy and 
safety of combined GH and GnRH agonist treatment.

As expected, leuprorelin decreased FSH and LH release, 
producing a delay in progression of puberty, consistent 
with the known effects of GnRH agonists (21, 22). The 
effects on gonadotrophins and puberty were reversible 
when leuprorelin was stopped, and growth of the patients 
re-accelerated. A similar decrease in height SDS gain is 
observed when GnRH agonists alone are used during 
puberty (23), and our results confirm the role of sex 
steroids in statural growth at puberty, a role that cannot be 
replaced by GH treatment. After cessation of GnRH agonist 
treatment, growth resumed. For patients who achieved NAH 
during the study, the height SDS was comparable between 
treatment groups, with similar proportions of patients in 
each group achieving NAH SDS within the normal range. 
Thus, in the conditions used in our study, where the study 
protocol was not fulfilled because of premature cessation 
of treatment, no firm conclusion can be drawn. However, 
there seemed to be no additional increase in NAH with the 
combination, compared with GH alone. Similarly, when 
GnRH agonists have been used outside precocious puberty, 
with or without concomitant GH, growth increase has 
been shown very inconsistently (11, 24, 25, 26, 27).

One important finding of our study was the reduced 
mean total body BMC increase in the GH plus leuprorelin 
group after 2 years of treatment. This was consistent with 
reported reductions in bone accretion with GnRH agonists 
(12, 27, 28). Similarly, during GH plus leuprorelin treatment, 
fat mass appeared to increase more, whereas lean body 
mass appeared to increase less than with GH alone. This 
was consistent with a study that showed that GH treatment 
of adolescents with ISS was associated with decreased fat 
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mass and increased lean body mass (29). Another study 
showed that combined GnRH agonist plus GH treatment 
increased fat mass gain and decreased lean body mass gain 
vs GH alone in short children born small for gestational age 
(30). Therefore, our results are consistent with published 
studies and suggest that the expected effects of leuprorelin 
on body composition are not counterbalanced by GH when 
combined treatment is administered for a limited time and 
GH not pursued until adult height.

The adverse events reported in the study were consistent 
with the safety profile of GH in patients with ISS, and IGF-I 
was not increased excessively (1, 3, 8, 31, 32). Because 
GnRH agonist therapy is associated with decreased BMD, 
concerns have been raised concerning potential fractures 
due to the reduced bone accretion (12). Indeed, in our study, 
bone fractures occurred more frequently in the combined 
GH plus leuprorelin group than the GH alone group, and 
the fractures were associated with an abnormally low BMD 
in two cases. Concerns raised by results from the SAGhE 
study led investigators to closely monitor blood pressure, 
but there were no reports of hypertension or other events 
related to elevated blood pressure.

Our study has several limitations that need to be 
highlighted. First, as discussed, the premature interruption 
of treatments at the request of French authorities prevented 
evaluation of the effects of treatments as planned in the 
protocol. Nevertheless, the exposure to treatments was 
around 30 months for GH and 21 months for leuprorelin. 
However, both GH and leuprorelin were stopped together, 
whereas the protocol stated that for the leuprorelin plus 
GH group leuprorelin treatment should stop first and GH 
treatment continue for a further 1–2  years, resulting in 
the combination arm receiving a suboptimal treatment 
regimen. Second, we could only follow 36 patients to NAH, 
compared with the 88 patients randomised (41%) and 77 
patients (47%) eligible for long-term follow-up in France 
and reported here. However, the two groups followed 
to NAH were well balanced in terms of characteristics. 
Lastly, although the initial protocol included an untreated 
control group, the study did not evaluate the effect of GH 
vs no treatment in patients with ISS as the control group 
was discontinued due to recruitment and control arm 
patient retention difficulties.

Conclusion

Premature discontinuation of both study treatments upon 
request from the French regulatory authority meant that 
formal comparison of the effects of combination treatment 

vs GH alone in children with ISS was not possible. 
However, in these young patients with ISS treated near the 
onset of puberty, short-term GH-induced height SDS gain 
seemed to be reduced by the addition of leuprorelin to 
the treatment regimen, although some catch-up growth 
was observed after cessation of leuprorelin. Looking at the 
longer-term effects of combination therapy on NAH, no 
difference was observed in terms of growth gains from 
the addition of leuprorelin to GH therapy. The safety 
follow-up after discontinuation of GH revealed no new 
safety concerns relating to GH treatment. A potentially 
deleterious effect of combination treatment on bone 
fracture incidence was identified.

Supplementary data
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-18-0137.

Declaration of interest
I B, L B, H P and M R are employees of Eli Lilly and Co. J-C C, M T and E P 
have received honoraria from Eli Lilly and Co. for advisory board meetings 
at early stages of the project. A P has nothing to declare.

Funding
Eli Lilly and Company.

Author contribution statement
M R, J-C C, MT and I B conceived and designed the study. J-C C, M T, E P, 
L B, H P and A P performed the clinical measurements or contributed to 
data analysis. All authors contributed to the writing of the manuscript and 
agree with the final manuscript and conclusions.

Acknowledgements
PHOENIX was funded and sponsored by Eli Lilly and Company. The authors 
thank all of the investigators who participated in the study and all of the 
patients and their families. Central reading of bone age was carried out by 
Catherine Adamsbaum (CHU Bicêtre, France). Medical writing assistance 
was provided by Dr Peter Bates (Cambridge Medical Writing Services, 
UK) and editorial review by Caroline Spencer (Rx Communications, UK), 
funded by Eli Lilly and Company. Thanks also to Dr Simona Ispas-Jouron, 
Dr Maya Vincent, Helene Sapin, Brunhilda Xhelo and Olivier Michaud, 
Eli Lilly and Company, for assistance in conduct and analysis of the study. 
The study investigators in the Phoenix Study Group were: Dr Elisabeth 
Baechler Sadoul, Hôpitaux pédiatriques de Nice, CHU-Lenval, 57 Avenue 
de la Californie, 06200 Nice, France; Dr Gilbert Simonin, Dr Paola Adiceam 
and Dr Hélène Bellon, Hôpital de la Timone – Enfants, Service de Pédiatrie 
Multidisciplinaire, 264 rue Saint Pierre, 13385 Marseille, France; Dr Marc 
Petrus, CH de Bigorre, Boulevard de Lattre de Tassigny, 65013 Tarbes, 
France; Prof. Maïthé Tauber, Prof. Jean P Salles, Dr Béatrice Jouret, Dr 
Audrey Cartault, Dr Gwenaëlle Diene, Dr Catherine Pienkowski, Dr Isabelle 
Oliver and Dr Pierre Moulin, Hôpital des Enfants, 330 Avenue de Grande 
Bretagne, 31059 Toulouse, France; Prof. Marc Nicolino, Dr Pascale Berlier, 
Dr Claire Lise Gay, Dr Michel David (deceased), Dr Patricia Bretonnes and Dr 
Frédérique Tixier, Hôpital Femme Mère Enfant, Service d’Endocrinologie, 
59 Bld Pinel, 69500 Bron, France; Dr Odile Richard and Dr Raynaud-Ravni, 

This work is licensed under a Creative Commons 
Attribution 4.0 International License.https://doi.org/10.1530/EC-18-0137

http://www.endocrineconnections.org ©2018 The authors
Published by Bioscientifica Ltd

https://doi.org/10.1530/EC-18-0137
https://doi.org/10.1530/EC-18-0137
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-18-0137


I Benabbad et al. GH plus leuprorelin in children 
with ISS

7177:5

CHU de Saint Etienne Hôpital Nord, Service de Pédiatrie, Avenue Albert 
Raimond, 42055 Saint Etienne, France; Dr Anne-Marie Bertrand, Dr Brigitte 
Mignot and Dr Muriel Francois, CHRU de Besançon – Hôpital Jean Minjoz, 
Médecine Pédiatrique, 3 Boulevard Alexandre Fleming, 25030 Besançon, 
France; Dr Pascal Barat and Dr Olivier Puel, Hôpital des Enfants – Groupe 
Hospitalier Pellegrin, Place Amélie Raba Léon, 33076 Bordeaux, France; Dr 
Sylvie Nivot-Adamiak and Dr Marc De Kerdenet, CHU de Rennes – Hôpital 
Sud, 16 Boulevard de Bulgarie, 35056 Rennes, France; Dr Hélène Bony-
Trifunovic and Prof. Benard Boudaillez, CHU – Hôpital Nord, 1 Place Victor 
Pauchet, 80054 Amiens, France; Dr Bernard Le Luyer, Centre Hospitalier du 
Havre, Hôpital Flaubert, Service de Pédiatrie, 55 Bis Rue Gustave Flaubert, 
76600 Le Havre, France; Dr Claudine Lecointre, CHU Charles Nicolle, Service 
de Pédiatrie du Pr Mallet, 1 Rue de Germont, 76031 Rouen, France; Dr 
Muriel Houang, Dr Sylvie Rossignol and Dr Laurence Berard, Hôpital 
d’Enfants Armand Trousseau, Service d’Endocrinologie du Pr Lebouc, 26 
Avenue du Dr Arnold Netter, 75571 Paris, France; Dr Anne Paulsen, Prof. 
Juliane Leger, Prof. Jean-Claude Carel (National Study Coordinator) and 
Dr Florentia Kaguelidou, Hôpital Robert Debré, 48 Boulevard Sérurier, 
75019 Paris, France; Dr Pierre-François Souchon, Hôpital d’Enfants – CHU 
de Reims, 47 Rue Cognacq-Jay, 51092 Reims, France; Prof. Michel Polak 
and Dr Isabelle Flechtner, Hôpital Necker – Enfants Malades, 149 Rue de 
Sèvres, 75015 Paris, France; Dr Monique Jesuran, 9 Allée Forain François 
Verdier, 31000 Toulouse, France; Dr Jacques Weill, Dr Chantal Stuckens 
and Dr Maryse Cartigny, CH Jeanne de Flandre, Service d’Endocrinologie 
Pédiatrique, Avenue Eugène Avinée, 59000 Lille, France; Prof. Bertrand 
Chevallier, Hôpital Ambroise Paré, Service de Pédiatrie, 9 Avenue Charles 
De Gaulle, 92100 Boulogne Billancourt, France; Dr Sylvie Soskin, Hôpital 
de Hautepierre – Service Pédiatrie 1, 1 Avenue Molière, 67200 Strasbourg, 
France.

References
 1 Cohen P, Rogol AD, Deal CL, Saenger P, Reiter EO, Ross JL, 

Chernausek SD, Savage MO, Wit JM & 2007 ISS Consensus Workshop 
participants. Consensus statement on the diagnosis and treatment 
of children with idiopathic short stature: a summary of the Growth 
Hormone Research Society, the Lawson Wilkins Pediatric Endocrine 
Society, and the European Society for Paediatric Endocrinology 
Workshop. Journal of Clinical Endocrinology and Metabolism 2008 93 
4210–4217. (https://doi.org/10.1210/jc.2008-0509)

 2 Deodati A, Peschiaroli E & Cianfarani S. Review of growth hormone 
randomized controlled trials in children with idiopathic short 
stature. Hormone Research in Paediatrics 2011 76 40–42. (https://doi.
org/10.1159/000330157)

 3 Bryant J, Baxter L, Cave CB & Milne R. Recombinant growth 
hormone for idiopathic short stature in children and adolescents. 
Cochrane Database of Systematic Reviews 2007 3 CD004440. (https://
doi.org/10.1002/14651858.CD004440.pub2)

 4 Deodati A & Cianfarani S. Impact of growth hormone therapy on 
adult height of children with idiopathic short stature: systematic 
review. BMJ 2011 342 c7157. (https://doi.org/10.1136/bmj.c7157)

 5 Ross JL, Lee PA, Gut R & Germak J. Attaining genetic height 
potential: analysis of height outcomes from the ANSWER Program in 
children treated with growth hormone over 5 years. Growth Hormone 
and IGF Research 2015 25 286–293. (https://doi.org/10.1016/j.
ghir.2015.08.006)

 6 Sotos JF & Tokar NJ. Growth hormone significantly increases the 
adult height of children with idiopathic short stature: comparison of 
subgroups and benefit. International Journal of Pediatric Endocrinology 
2014 2014 15. (https://doi.org/10.1186/1687-9856-2014-15)

 7 Wit JM, Rekers-Mombarg LT, Cutler GB, Crowe B, Beck TJ, Roberts K, 
Gill A, Chaussain JL, Frisch H, Yturriaga R, et al. Growth hormone 
(GH) treatment to final height in children with idiopathic short 
stature: evidence for a dose effect. Journal of Pediatrics 2005 146 
45–53. (https://doi.org/10.1016/j.jpeds.2004.08.055)

 8 Counts DR, Silverman LA, Rajicic N, Geffner ME, Newfield RS, 
Thornton P, Carakushansky M, Escobar O, Rapaport R, Levitsky L, 
et al. A 4-year, open-label, multicenter, randomized trial of 
Genotropin® growth hormone in patients with idiopathic short 
stature: analysis of 4-year data comparing efficacy, efficiency, and 
safety between an individualized, target-driven regimen and standard 
dosing. Hormone Research in Paediatrics 2015 84 79–87. (https://doi.
org/10.1159/000381642)

 9 Ranke MB, Lindberg A, Price DA, Darendeliler F, Albertsson-
Wikland K, Wilton P, Reiter EO & KIGS International Board. Age 
at growth hormone therapy start and first-year responsiveness to 
growth hormone are major determinants of height outcome in 
idiopathic short stature. Hormone Research 2007 68 53–62. (https://
doi.org/10.1159/000098707)

 10 Crowe BJ, Rekers-Mombarg LT, Robling K, Wolka AM, Cutler GB 
Jr, Wit JM & European Idiopathic Short Stature Group. Effect of 
growth hormone dose on bone maturation and puberty in children 
with idiopathic short stature. Journal of Clinical Endocrinology and 
Metabolism 2006 91 169–175. (https://doi.org/10.1210/jc.2005-0891)

 11 Carel JC. Can we increase adolescent growth? European Journal 
of Endocrinology 2004 151 U101–U108. (https://doi.org/10.1530/
eje.0.151U101)

 12 Yanovski JA, Rose SR, Municchi G, Pescovitz OH, Hill SC, Cassorla FG 
& Cutler GB Jr. Treatment with a luteinizing hormone-releasing 
hormone agonist in adolescents with short stature. New England 
Journal of Medicine 2003 348 908–917. (https://doi.org/10.1056/
NEJMoa013555)

 13 Dunkel L. Treatment of idiopathic short stature: effects of 
gonadotropin-releasing hormone analogs, aromatase inhibitors and 
anabolic steroids. Hormone Research in Paediatrics 2011 76 27–29. 
(https://doi.org/10.1159/000330150)

 14 Reiter EO. A brief review of the addition of gonadotropin-releasing 
hormone agonists (GnRH-Ag) to growth hormone (GH) treatment 
of children with idiopathic growth hormone deficiency: previously 
published studies from America. Molecular and Cellular Endocrinology 
2006 254–255 221–225. (https://doi.org/10.1016/j.mce.2006.04.024)

 15 van Gool SA, Kamp GA, Visser-van Balen H, Mul D, Waelkens JJ, 
Jansen M, Verhoeven-Wind L, Delemarre-van de Waal HA, de 
Muinck Keizer-Schrama SM, Leusink G, et al. Final height outcome 
after three years of growth hormone and gonadotropin-releasing 
hormone agonist treatment in short adolescents with relatively early 
puberty. Journal of Clinical Endocrinology and Metabolism 2007 92 
1402–1408. (https://doi.org/10.1210/jc.2006-2272)

 16 Carel JC, Ecosse E, Landier F, Meguellati-Hakkas D, Kaguelidou F, 
Rey G & Coste J. Long-term mortality after recombinant growth 
hormone treatment for isolated growth hormone deficiency or 
childhood short stature: preliminary report of the French SAGhE 
study. Journal of Clinical Endocrinology and Metabolism 2012 97 
416–425. (https://doi.org/10.1210/jc.2011-1995)

 17 Bayley N & Pinneau SR. Tables for predicting adult height from 
skeletal age: revised for use with the Greulich-Pyle hand standards. 
Journal of Pediatrics 1952 40 423–441. (https://doi.org/10.1016/
S0022-3476(52)80205-7)

 18 Greulich WW & Pyle SI. Radiographic Atlas of Skeletal Development of 
the Hand and Wrist, 2nd ed. Stanford, CA, USA: Stanford University 
Press, 1959.

 19 Carter DR, Bouxsein ML & Marcus R. New approaches for 
interpreting projected bone densitometry data. Journal of Bone 
and Mineral Research 1992 7 137–145. (https://doi.org/10.1002/
jbmr.5650070204)

 20 National High Blood Pressure Education Program Working Group on 
High Blood Pressure in Children and Adolescents. The fourth report 
on the diagnosis, evaluation, and treatment of high blood pressure 
in children and adolescents. Pediatrics 2004 114 555–576.

 21 Kendirci HN, Ağladıoğlu SY, Baş VN, Önder A, Çetinkaya S & 
Aycan Z. Evaluating the efficacy of treatment with a GnRH 

This work is licensed under a Creative Commons 
Attribution 4.0 International License.https://doi.org/10.1530/EC-18-0137

http://www.endocrineconnections.org ©2018 The authors
Published by Bioscientifica Ltd

https://doi.org/10.1210/jc.2008-0509
https://doi.org/10.1159/000330157
https://doi.org/10.1159/000330157
https://doi.org/10.1002/14651858.CD004440.pub2
https://doi.org/10.1002/14651858.CD004440.pub2
https://doi.org/10.1136/bmj.c7157
https://doi.org/10.1016/j.ghir.2015.08.006
https://doi.org/10.1016/j.ghir.2015.08.006
https://doi.org/10.1186/1687-9856-2014-15
https://doi.org/10.1016/j.jpeds.2004.08.055
https://doi.org/10.1159/000381642
https://doi.org/10.1159/000381642
https://doi.org/10.1159/000098707
https://doi.org/10.1159/000098707
https://doi.org/10.1210/jc.2005-0891
https://doi.org/10.1530/eje.0.151U101
https://doi.org/10.1530/eje.0.151U101
https://doi.org/10.1056/NEJMoa013555
https://doi.org/10.1056/NEJMoa013555
https://doi.org/10.1159/000330150
https://doi.org/10.1016/j.mce.2006.04.024
https://doi.org/10.1210/jc.2006-2272
https://doi.org/10.1210/jc.2011-1995
https://doi.org/10.1016/S0022-3476(52)80205-7
https://doi.org/10.1016/S0022-3476(52)80205-7
https://doi.org/10.1002/jbmr.5650070204
https://doi.org/10.1002/jbmr.5650070204
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-18-0137


I Benabbad et al. GH plus leuprorelin in children 
with ISS

7187:5

analogue in patients with central precocious puberty. International 
Journal of Endocrinology 2015 2015 247386. (https://doi.
org/10.1155/2015/247386)

 22 Guaraldi F, Beccuti G, Gori D & Ghizzoni L. Management of 
endocrine disease: long-term outcomes of the treatment of central 
precocious puberty. European Journal of Endocrinology 2016 174 
R79–R87. (https://doi.org/10.1530/EJE-15-0590)

 23 Bouvattier C, Coste J, Rodrigue D, Teinturier C, Carel JC, 
Chaussain JL & Bougnères PF. Lack of effect of GnRH agonists on 
final height in girls with advanced puberty: a randomized long-term 
pilot study. Journal of Clinical Endocrinology and Metabolism 1999 84 
3575–3578. (https://doi.org/10.1210/jcem.84.10.6032)

 24 Colmenares A, González L, Gunczler P & Lanes R. Is the growth 
outcome of children with idiopathic short stature and isolated 
growth hormone deficiency following treatment with growth 
hormone and a luteinizing hormone-releasing hormone agonist 
superior to that obtained by GH alone? Journal of Pediatric 
Endocrinology and Metabolism 2012 25 651–657. (https://doi.
org/10.1515/jpem-2012-0182)

 25 Carel JC. Management of short stature with GnRH agonist and 
co-treatment with growth hormone: a controversial issue. Molecular 
and Cellular Endocrinology 2006 254–255 226–233. (https://doi.
org/10.1016/j.mce.2006.04.034)

 26 Lee PA. Use of GnRH agonists in GH-deficient patients: arguments 
for and against. The case for GnRH agonists in GH-deficient patients. 
Pediatric Endocrinology Reviews 2008 5 744–749.

 27 van der Steen M, Lem AJ, van der Kaay DC & Hokken-Koelega AC. 
Puberty and pubertal growth in GH-treated SGA children: effects of 
2 years of GnRHa versus no GnRHa. Journal of Clinical Endocrinology 

and Metabolism 2016 101 2005–2012. (https://doi.org/10.1210/
jc.2016-1317)

 28 Pasquino AM, Pucarelli I, Accardo F, Demiraj V, Segni M & 
Di Nardo R. Long-term observation of 87 girls with idiopathic 
central precocious puberty treated with gonadotropin-releasing 
hormone analogs: impact on adult height, body mass index, bone 
mineral content, and reproductive function. Journal of Clinical 
Endocrinology and Metabolism 2008 93 190–195. (https://doi.
org/10.1210/jc.2007-1216)

 29 Hannon TS, Danadian K, Suprasongsin C & Arslanian SA. Growth 
hormone treatment in adolescent males with idiopathic short 
stature: changes in body composition, protein, fat, and glucose 
metabolism. Journal of Clinical Endocrinology and Metabolism 2007 92 
3033–3039. (https://doi.org/10.1210/jc.2007-0308)

 30 van der Steen M, Lem AJ, van der Kaay DC, Bakker-van Waarde WM, 
van der Hulst FJ, Neijens FS, Noordam C, Odink RJ, Oostdijk W, 
Schroor EJ, et al. Metabolic health in short children born small for 
gestational age treated with growth hormone and gonadotropin-
releasing hormone analog: results of a randomized, dose-response 
trial. Journal of Clinical Endocrinology and Metabolism 2015 100 
3725–3734. (https://doi.org/10.1210/jc.2015-2619)

 31 Quigley CA, Gill AM, Crowe BJ, Robling K, Chipman JJ, Rose SR, 
Ross JL, Cassorla FG, Wolka AM, Wit JM, et al. Safety of growth 
hormone treatment in pediatric patients with idiopathic short 
stature. Journal of Clinical Endocrinology and Metabolism 2005 90 
5188–5196. (https://doi.org/10.1210/jc.2004-2543)

 32 Allen DB. Safety of growth hormone treatment of children with 
idiopathic short stature: the US experience. Hormone Research in 
Paediatrics 2011 76 45–47. (https://doi.org/10.1159/000330159)

Received in final form 11 April 2018
Accepted 18 April 2018
Accepted Preprint published online 18 April 2018

This work is licensed under a Creative Commons 
Attribution 4.0 International License.https://doi.org/10.1530/EC-18-0137

http://www.endocrineconnections.org ©2018 The authors
Published by Bioscientifica Ltd

https://doi.org/10.1155/2015/247386
https://doi.org/10.1155/2015/247386
https://doi.org/10.1530/EJE-15-0590
https://doi.org/10.1210/jcem.84.10.6032
https://doi.org/10.1515/jpem-2012-0182
https://doi.org/10.1515/jpem-2012-0182
https://doi.org/10.1016/j.mce.2006.04.034
https://doi.org/10.1016/j.mce.2006.04.034
https://doi.org/10.1210/jc.2016-1317
https://doi.org/10.1210/jc.2016-1317
https://doi.org/10.1210/jc.2007-1216
https://doi.org/10.1210/jc.2007-1216
https://doi.org/10.1210/jc.2007-0308
https://doi.org/10.1210/jc.2015-2619
https://doi.org/10.1210/jc.2004-2543
https://doi.org/10.1159/000330159
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1530/EC-18-0137

	Abstract
	Introduction
	Subjects and methods
	Study design and patients
	Randomisation and study treatments
	Study evaluations
	Statistical analyses

	Results
	Disposition and study drug exposure
	Effects on auxology
	Safety information
	Bone health and body composition
	Gonadotropins and pubertal development

	Discussion
	Conclusion
	Supplementary data
	Declaration of interest
	Funding
	Author contribution statement
	Acknowledgements
	References

