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Abstract:

Objectives: To compare the response between Chinese children with growth hormone
deficiency (GHD) born either small for gestational age (SGA) or appropriate for gestational age
(AGA)] after 4 weeks of recombinant human growth hormone (r-hGH]) therapy.

Methods: This was a phase IV, open-label, multicenter, interventional study (NCT01187550).
Prepubertal children with GHD received open-label treatment with daily r-hGH (0.033 mg/kg)
for 4 weeks. Serum levels of insulin-like growth factor | (IGF-1) and insulin-like growth factor-
binding protein 3 (IGFBP3), and metabolic markers (including fasting glucose, insulin, total
cholesterol, and homeostasis model assessment of insulin resistance) were assessed at baseline
and after 4 weeks of treatment, and were analyzed according to patient subgroup (SGA or AGA).
Results: A total of 205 children with GHD (mean age 10.4 years; 175 AGA, 30 SGA] were
included in the analysis. Mean baseline serum IGF-I and IGFBP3 standard deviation scores
(SDS] across the whole patient population were lower than the population norms (mean
values: -2.1 SDS for IGF-I and -1.2 SDS for IGFBP3), with no significant differences between
the two patient subgroups. After 4 weeks, IGF-1 and IGFBP3 levels increased by 1.0 SDS

(p <0.001) and 0.34 SDS (p < 0.001), respectively, but no significant differences were found
between the two patient subgroups for growth-related or metabolic markers.

Conclusions: For children with GHD born SGA, IGF-1 and IGFBP3 are short-term biomarkers
of responsiveness to treatment with growth hormone, as for children with GHD born AGA.

Keywords: biomarker response, insulin-like growth factor I, insulin-like growth factor-binding

protein 3, recombinant human growth hormone

Introduction

Newborn infants are classified as small for gesta-
tional age (SGA) if their weight or length is below
—2 standard deviation scores (SDS) for their ges-
tational age and sex [Lee eral. 2003; Saenger
et al. 2007]. In most babies born SGA, normal
height is achieved following a period of catch-up
growth before the age of 2 years [Hokken-Koelega
et al. 1995; Karlberg and Albertsson-Wikland,

1995; Clayton er al. 2007]. However, in 10-15%
of babies born SGA, catch-up growth is absent or
limited, and they remain below -2 SDS for height
throughout childhood, adolescence, and into
adulthood [Leger er al. 1998]. Children who are
born SGA and who do not experience postnatal
catch-up growth before 2 years of age are at sig-
nificantly higher risk of short adult stature than
children who are born appropriate for gestational
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age (AGA) [Albertsson-Wikland and Karlberg,
1994; Hokken-Koelega et al. 1995; Karlberg and
Albertsson-Wikland, 1995; Labarta eral. 2009].
Lam and colleagues reported that 33-35% of
Chinese children born SGA were short at 6-12
months compared with 7-12% born AGA [Lam
et al. 1995]. In a longitudinal study, 13.6% of chil-
dren born SGA had short stature at final height
compared with only 1.8% of those born AGA
[Leger er al. 1998]. The reasons for poor postnatal
growth in a proportion of children born SGA are
poorly understood. Functional defects in the
growth hormone-insulin-like growth factor (GH-
IGF) axis may account for some of the growth
retardation: up to 60% of children with short
stature who were born SGA have GH-secretion
abnormalities and/or reduced levels of IGF-I
[Albertsson-Wikland, 1989; Rochiccioli ez al. 1989;
Stanhope ez al. 1989; deWaal ez al. 1994; Boguszewski
et al. 1995, 1996; VOIkl et al. 2004].

Children with short stature who were born SGA
often have GH levels lower than normal, but do
not meet the standard criteria for growth hor-
mone deficiency (GHD). However, children
born SGA who do not show adequate catch-up
growth may be eligible for treatment with recom-
binant human growth hormone (r-hGH), which
can help achieve rapid catch-up growth and
maintain a normal growth pattern during child-
hood, leading to the ultimate goal of normal
adult height [de Zegher er al. 1996; Ranke and
Lindberg, 1996; de Zegher eral 1997;
Boguszewski er al. 1998; Sas er al. 1999; Saenger
et al. 2007; Labarta et al. 2009; Maiorana and
Cianfarani, 2009; Bannink ez al. 2010; Prasad
et al. 2012].

There are few publications on the response of chil-
dren with GHD born SGA to r-hGH treatment
[Cacciari ez al. 1999; Di Cesare er al. 2005; Ranke
et al. 2011]. Here we report the findings from an
open-label, multicenter, phase IV study in which
patients previously diagnosed with GHD were
treated for 4 weeks with r-hGH. The overall aim of
this study was to compare the short-term response
to treatment with r-hGH in Chinese children with
GHD born AGA or SGA, as measured by changes
in surrogate markers of GH action. Here, we pre-
sent data on changes in serum growth-related bio-
markers and metabolic markers after 4 weeks of
treatment in a population of children with a diag-
nosis of GHD, and compare the response in those
born SGA with those born AGA.

Materials and methods

Study design

This was a phase IV, open-label, multicenter,
interventional study of prepubertal children with
GHD treated with r-hGH (NCT01187550). The
study was conducted at eight centers in China (Ruijin
Hospital [Shanghai], Xinhua Hospital [Shanghai],
Children’s Hospital of Fudan University [Shanghai],
Beijing Children’s Hospital [Beijing], Tongji
Hospital [Wuhan], First Affiliated Hospital
of Sun Yat-sen University [Guangzhou],
Children’s Hospital of Zhejiang University
School of Medicine [Hangzhou], and
Union Hospital [Wuhan]) between May 2007
and April 2009. The study was approved by the
medical ethics committees of the individual
centers and conducted in accordance with
Good Clinical Practice guidelines.

Participants

Eligible patients were prepubertal (Tanner
stage 1), with a documented diagnosis of GHD
(peak GH response of < 10 ug/ml with two stim-
ulation tests without priming with estradiol),
and normal thyroid function (or adequate sub-
stitution therapy for at least 3 months). Patients
who had acquired GHD attributable to central
nervous system tumor, trauma, infection, or
infiltration, or a history of irradiation or cranial
surgery were excluded. Other exclusion criteria
included previous treatment with GH,
GH-releasing hormone, anabolic steroids, or
any treatment affecting growth, or with corti-
costeroids (except topical or inhaled corticos-
teroids for atopic disease), and severe associated
pathology affecting growth such as malnutri-
tion, malabsorption, or bone dysplasia. Written
informed consent was obtained from the par-
ents of the children treated. At enrolment,
demographic data and medical history were
obtained along with physical measurements
(including weight, height, and body mass
index). The total population of patients with
GHD (GHD-all) was divided into two sub-
groups: those who were born SGA (birth weight
and/or length below -2 SDS for their gestational
age; GHD-SGA), and those who were born
AGA (GHD-AGA) (all children who were not
classified as being born SGA) [Qin ez al. 1988;
Li, 2009]. SDS was defined as (actual value -
mean)/standard deviation (SD), where the mean
and SD are from reference standards.
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Study treatment

All patients were treated according to the standard
care and medical practice of the study site. Patients
were screened prior to the start of treatment to
establish GHD and normal thyroid function. From
week 0, patients received open-label treatment
with r-hGH (Saizen®, Merck Serono SA, Geneva,
Switzerland, a branch of Merck Serono S.A.,
Coinsins, Switzerland, an affiliate of Merck
KGaA, Darmstadt, Germany) administered sub-
cutaneously daily at bedtime using an autoinjec-
tor device (one.click®, Merck Serono SA, Geneva,
Switzerland, a branch of Merck Serono S.A.,
Coinsins, Switzerland, an affiliate of Merck KGaA,
Darmstadt, Germany) for 4 weeks, at 0.033 mg/
kg/day (the approved dosage in China for GHD).

Laboratory analyses

Physical examinations and blood sampling for
central laboratory analysis (MDS Pharma Services
[China] Inc., Beijing, China) were performed
before the start and after the end of treatment.

Efficacy analyses

The primary endpoint was the change in serum
IGF-I SDS at 4 weeks. Secondary endpoints
included changes at 4 weeks in insulin-like growth
factor-binding protein 3 (IGFBP3) SDS, levels of
IGF-I, IGFBP3, fasting glucose, and fasting insu-
lin, and in insulin resistance (homeostasis model
assessment of insulin resistance [HOMA-IR] test),
and lipid profiles (total, low-density lipoprotein
and high-density lipoprotein cholesterol, and tri-
glycerides). IGF-I SDS and IGFBP3 SDS scores
were calculated based on (log,, actual value - log,,
mean reference value)/log,, reference SD from
Elmlinger and colleagues [Elmlinger ez al. 2004].

The intent-to-treat (ITT) population (all children
who received at least one dose of study medica-
tion) was used for all efficacy analyses.

Statistical analysis

The study was designed to test the null hypothesis
that the median change from baseline for IGF-I
SDS was the same for children with GHD born
AGA and SGA after 4 weeks of treatment with
r-hGH. Subjects were enrolled in a 3:1 ratio for
AGA:SGA children. A total of 168 evaluable sub-
jects were required to provide an 80% power to
test the hypothesis at the 0.05 two-sided level of
significance for a point difference of 0.9 in the
change in IGF-I SDS after 4 weeks of treatment
between children with GHD born AGA and SGA,

based on a point difference of 2.3 at 28 days after
treatment with an SD of 1.78 [Ranke ez al. 2005].
Height standards were obtained from Chinese
growth reference data [Li, 2009]. Differences
between the baseline characteristics of the GHD-
AGA group and GHD-SGA group were assessed
using the Wilcoxon rank sum test for continuous
variables and Fisher’s exact test for gender. For
each efficacy endpoint, the signed rank sum test
was used to assess whether the within-group
change from baseline was different from zero, and
the Wilcoxon rank sum test was used to assess
whether the between-group difference in change
from baseline was different from zero. A test result
was considered to be significant if p < 0.05.

Results

Patient baseline clinical characteristics

In total, 214 children with GHD were enrolled
into the study. Of these, 205 were included in the
ITT population: 175 children born AGA (129
males [73.7%]; mean [SD] age 10.5 [3.84] years),
and 30 born SGA (24 males [80.0%]; mean [SD]
age 9.4 [4.35] years) (Figure 1). The mean (SD)
peak GH level in response to provocative testing
was 4.4 (3.1) ug/ml, confirming a diagnosis of
GHD. Children were categorized as having severe
GHD (GH peak values < 5 pg/ml; n = 114;
55.6%), or less severe GHD (GH peak values > 5
pg/ml and < 10 pg/ml; 7 = 915 44.4%).

In the GHD-all group, the height SDS, and serum
IGF-I SDS and IGFBP3 SDS values were below
those of the reference population (Table 1). The
mean height SDS was significantly lower in the
GHD-SGA than in the GHD-AGA subgroup at
baseline. There were no significant differences
between the GHD-AGA and GHD-SGA subgroups
for IGF-I SDS and IGFBP3 SDS at baseline.

Changes in serum IGF-1 and IGFBP3 levels

after r-hGH treatment

Individual patient data for IGF-I SDS and
IGFBP3 at baseline and week 4 are shown in
Figure 2(a) and (b), respectively. The median
(interquartile range [IQR]) serum IGF-I SDS in
the GHD-all group at baseline and after 4 weeks
of treatment were —1.27 (-3.5; —0.3) and -0.36
(-1.6; 0.7) SDS, respectively, a median (IQR)
increase of 1.00 (0.4;1.9) SDS (p < 0.001) (Table 2).
Although the median change from baseline in
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Enrolled
(n=214)
Excluded
> AGA/SGA status unknown
(n=1)
AGA 183 |« > 30 SGA
Categorized
(n=213)
ITT population
175 30
Study withdrawals (n=$1 4) [:I (n=209) E:I
e Adverse event (n=2) : ~
e Patient lost to follow-up (n=7) > StUdY withdrawals (n=1)
o e Patient lost to follow-up (n=17)
e Protocol violations (n=1)
e Other (n=4) Com
pleted
(o9 ]| “ocyeg | [22]
Major protocol violation Major protocol violation
(n=3) (n=1)

PP population
16 || T e |28 ]

Figure 1. Patient flow diagram.
*0Of these 14 study withdrawals, 8 did not receive at least one dose of recombinant human growth hormone;

$bronchitis and headache.
AGA, appropriate for gestational age; ITT, intent-to-treat; PP, per protocol; SGA: small for gestational age.

Table 1. Clinical characteristics of children at birth and before treatment.
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Figure 2. Growth-related biomarkers in children with growth hormone deficiency born appropriate for
gestational age and small for gestational age at baseline and after 4 weeks of treatment with recombinant
human growth hormone: (a) insulin-like growth factor | standard deviation score; (b) insulin-like growth factor-

binding protein 3 standard deviation score.

Individual patient values for growth-related biomarkers are shown for each patient subgroup/time point.
Median values are indicated by the line within each dataset.
IGF-I, insulin-like growth factor I; IGFBPS3, insulin-like growth factor-binding protein 3; SDS, standard deviation score.

IGF-I SDS in the GHD-AGA subgroup was
numerically greater than in the GHD-SGA sub-
group, the difference between the subgroups did
not reach significance (Table 2).

The median (IQR) serum IGFBP3 SDS values
in the GHD-all group at baseline and 4 weeks
were —0.23 (-2.2; 0.5) and —0.06 (-0.9; 0.7) SDS,
respectively, with a median (IQR) increase of 0.34
(0.0;1.3) SDS (p < 0.001) (Table 2). Although the
change in the GHD-AGA subgroup was numeri-
cally less than that of the GHD-SGA subgroup,
the difference between the subgroups did not
reach significance (Table 2).

Changes in fasting glucose, fasting insulin, and
insulin resistance after r-hGH treatment

Fasting glucose, insulin levels, and insulin resistance
(HOMA-IR test) all increased after 4 weeks of GH

treatment in the GHD-all group (p < 0.001) (Table 2).
The magnitudes of the median changes in these
parameters were significantly different from zero in
the GHD-AGA subgroup (all p < 0.001), but not
for the GHD-SGA subgroup. The changes in these
parameters were not significantly different between
the GHD-AGA and GHD-SGA subgroups.

Changes in lipid profile after r-hGH treatment

In the GHD-all group, fasting total cholesterol
levels decreased from baseline to week 4 (Table 2).
Changes in total cholesterol levels were signifi-
cantly different from zero in the GHD-all group
and the GHD-AGA subgroup (p < 0.001), but
were not significantly different from zero for the
GHD-SGA subgroup. The between-subgroup
(GHD-AGA wversus GHD-SGA) difference in
change in total cholesterol from baseline was not
significantly different from zero.

http://tae.sagepub.com

45



Therapeutic Advances in Endocrinology and Metabolism 4 (2)

Table 2. Comparative changes in serum growth-related biomarkers and metabolic markers after 4 weeks of treatment with
recombinant human growth hormone within* and between** patient groups.

The median level of triglycerides in the GHD-all
group and GHD-AGA subgroup significantly
increased from baseline to week 4 (p < 0.001), but
not in the GHD-SGA subgroup. The between-
subgroup (GHD-AGA versus GHD-SGA) dif-
ference in change in triglycerides from baseline
between the GHD-AGA subgroup and the
GHD-SGA subgroup was not significantly dif-
ferent from zero.

Discussion

This study provides an insight into the changes
observed in serum markers after short-term treat-
ment with r-hGH in Chinese children with GHD
categorized as AGA or SGA on the basis of their
birth weight or length relative to gestational age.
We found that in the study population with GHD
(GHD-all), and also the subgroup of patients with
GHD who were born AGA, significant changes
from baseline were observed for all growth-related
biomarkers and metabolic markers studied after
4 weeks of r-hGH therapy. In those children born
SGA, r-hGH therapy significantly increased
serum levels of growth-related biomarkers (IGF-I
and IGFBP3), but not metabolic markers.
However, there were no significant differential

effects between the GHD-SGA and GHD-AGA
subgroups for any marker. An increase in IGF-I
and IGFBP3 after short-term GH treatment in
children with GHD is well established; our data
confirm that these are markers of sensitivity to
GH treatment in children with GHD who were
born SGA, as well as those born AGA.

As there is an increased prevalence of metabolic
disorders in later life among subjects who were
born SGA, monitoring of glucose homeostasis is
recommended in children born SGA who are
treated with r-hGH [Chatelain eral. 2007].
Although alterations in insulin sensitivity have
been observed after long-term GH therapy in short
children born SGA, no adverse effects on glucose
levels are thought to occur [Sas, 2001; Hokken-
Koelega er al. 2004; Cutfield er al. 2006; Chatelain
et al. 2007]. In our study, insulin resistance was not
significantly changed from baseline in children
born SGA, or after 4 weeks of r-hGH treatment in
those born SGA relative to those born AGA, sug-
gesting that short-term GH therapy did not lead to
changes in glucose metabolism.

The majority of children born SGA who have
persistent short stature do not meet the criteria
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for GHD, and there are few publications on the
response to r-hGH treatment in children born
SGA who also have GHD. In a retrospective study
of 108 Italian children, birth weight was reported
to influence final height in children receiving GH
therapy for GHD [Cacciari et al. 1999]. However,
in a smaller study of 35 children, no difference in
adult height was reported between AGA and SGA
groups after treatment with GH, although the
median GH dosage was higher, and treatment
was for longer in the SGA group [Di Cesare et al.
2005]. In common with our study, a recent retro-
spective study of short Italian children with GHD
born SGA or AGA reported no significant differ-
ence between these subgroups in IGF-I and
growth responses after 1 year of r-hGH therapy;
in this study, all children had a low birth weight
[Ranke ez al. 2011].

Our study population provides a rare opportu-
nity to study a population of short children born
SGA with an established diagnosis of GHD and,
to our knowledge, is the first study to compare
the response to 4 weeks of r-hGH treatment in
children with GHD born SGA or AGA.
Furthermore, this is the largest cohort study to
date to evaluate changes in serum biomarkers
after short-term r-hGH treatment in Chinese
children with GHD, and the largest study to date
to compare children with GHD born SGA and
AGA. In addition, the fact that the same dose of
r-hGH was used in the AGA and SGA popula-
tions meant that any differences in sensitivity to
treatment could be explored.

However, the conclusions that can be drawn from
the data presented here are limited. Several fac-
tors may have contributed to the observation that
there were no differences between the two sub-
groups in response to treatment in terms of
changes in serum markers. The number of
patients in the GHD-SGA was lower than planned
due to recruitment challenges, and a high level of
variability was seen between individuals in both
subgroups. In addition, to permit comparisons,
the same dose of r-hGH was used in the SGA and
AGA subgroups; thus, the dose used in the SGA
subgroup was suboptimal. Furthermore, this was
a short-term study; longer follow-up to obtain rel-
evant longitudinal data for biomarkers, metabolic
markers, and growth would be of interest. We also
acknowledge that the reference ranges used to
calculate SDS values for IGF-I and IGFBP3 were
based on a European, not Chinese, population
[Elmlinger ez al. 2004].

In summary, serum IGF-I and IGFBP3 levels
increased after 4 weeks of GH therapy in children
with GHD born SGA or AGA. This confirms the
role of these markers of responsiveness to treat-
ment with r-hGH in this patient population and
supports monitoring serum IGF levels as a practi-
cal means of managing r-hGH therapy, even in
patients less sensitive to treatment, such as those
born SGA.
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