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No Improvement of Adult Height in Non-growth Hormone
(GH) Deficient Short Children with GH Treatment
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Abstract. It is still in doubt whether the standard-dose growth hormone (GH) used in Japan (0.5 IU/
kg/week, 0.167 mg/kg/week) for growth hormone deficiency is effective for achieving significant adult
height improvement in non-growth hormone deficient (non-GHD) short children. We compared the
growth of GH-treated non-GHD short children with that of untreated short children to examine the
effect of standard-dose GH treatment on non-GHD short children. GH treatment with recombinant
human growth hormone (rhGH) was started before the age of 11 yr in 64 boys and 76 girls with non-
GHD short stature registered at the Foundation for Growth Science who have now reached their adult
height. In 119 untreated boys and 127 untreated girls whose height standard deviation score (SDS)
was below —2 SD at the age of 6 yr, height growth was followed until 17 yr. Height SDS was
significantly lower before GH treatment in the GH-treated group than at the age of 6 yr in the
untreated group, in both sexes. Adult height and adult height SDS were significantly greater in the
untreated group than in the GH-treated group, in both sexes, although the change in height SDS did
not differ significantly. Height SDS was significantly lower before GH treatment in the GH-treated
group than at the age of 6 yr in the untreated group, so 57 boys and 57 girls whose height SDS at the
age of 6 yr in the untreated group closely matched the height SDS before GH treatment in the GH-
treated group were chosen for comparison. Height SDS did not differ significantly between the
GH-treated group before GH treatment and the untreated group at the age of 6 yr, nor were there
differences between these subgroups in adult height, adult height SDS, or height SDS change, in
either sex. The effect of GH treatment is reported to be dose-dependent and doses over 0.23 mg/kg/
week are reported to be necessary to improve adult height in non-GHD short children. Currently, the
GH dose is fixed at 0.175 mg/kg/week in Japan, and we expected to find, and indeed concluded, that
ordinary GH treatment in Japanese, non-GHD short children does not improve adult height.

Key words: non-GHD short children, GH treatment, GH dosage

Received: May 18, 2005

Accepted: July 15, 2005

Correspondence: Dr. Toshiaki Tanaka, Department of Clinical Laboratory Medicine, National Center for Child Health
and Development, 2-10-1, Ohkura, Setagaya-ku, Tokyo 157-8535, Japan

E-mail: tanaka-t@ncch.go.jp

— 467 —



16 Tanaka et al.

introduction

The effectiveness of growth hormone (GH)
treatment on adult height in non-growth hormone
deficient (non-GHD) children is controversial. A
recent double-blind, placebo-controlled study
clearly demonstrated that children with idiopathic
short stature treated with high-dose GH are
significantly taller than placebo-treated short
children when they reach adult height (1). Itis
still unclear whether the standard dose used in
Japan has any significant efficacy on increasing
the adult height of non-GHD short children.

It is known that approximately 60% of non-
GHD short children show a tendency toward
delayed puberty and reach an adult height within
the normal range (> -2 SD) without any
treatment (2). Therefore, the normalization of
adult height following GH treatment does not
prove the efficacy of GH treatment in these
patients, unless we establish this through
comparison of the resulting adult heights with
the adult heights of untreated non-GHD short
children. In Japan, since it is now practically
impossible to study the efficacy of GH treatment
on adult height in non-GHD short children in a
controlled study, we compared data on file at
the Foundation for Growth Science and
epidemiological data in Akita Prefecture (2).

The Foundation for Growth Science was
founded in 1977 and has been monitoring the
use of GH by its registration system, which
includes judgment of eligibility to start and to
continue GH treatment, and a system for
reporting adverse events. The data on the
application sheets were utilized as they are the
largest database of GH treatment in Japan. The
epidemiological data in Akita Prefecture was
collected through the collaborative activity of
pediatric endocrinologists and the local
committee of education.

Vol.15/No.1

Subjects and Methods

The following two groups were compared:

1) GH-treated group: 64 boys and 76 girls
for whom data were on file at the Foundation for
Growth Science and had started growth hormone
(GH) treatment with recombinant growth
hormone (rhGH) at a dose of 0.5 IU (0.167 mg)/
kg/week before the age of 11 yr and thereafter
reached their adult height (as defined below).
They were diagnosed as having non-GHD short
stature because their peak GH values were below
10 ng/ml in two GH provocation tests but over
10 ng/ml in at least one test. Their tallest height
after their height velocity became less than 2
cr/yr was defined as their adult height. The age
at adult height estimation was 16.89 £ 1.01 yr
and 15.34 + 0.93 yr in boys and girls, respectively.

2) Untreated group: 119 boys and 127 girls
whose height SDS was below -2 SD at 6 years of
age were followed until 17 yr old. Height at the
age of 17 yr was defined as adult height in these
patients.

In the second comparison, height SDS at
start of GH treatment in the GH-treated group
and at the age of 6 yr in the untreated group
were matched and 57 boys and 57 girls were
selected from the both groups.

The height standard of the national survey
of 1990 was used for the calculation of height
SDS. Student’s t-test was used for comparisons
of the two groups. The significance level was
set at 0.05.

Resulis

In the GH treated group, the age at the start
of GH was 10.7 £ 0.9 yr and 9.6 + 0.9 yr, and the
duration of GH treatment was 6.2 + 1.0 yr and
5.7+ 1.0 yr for boys and girls, respectively. Table
1 shows the height SDS before GH treatment in
the GH-treated group and the height SDS at the
age of 6 yr in the untreated group, and adult
height and adult height SDS in both sexes, as
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Table 1 Comparison of clinical characteristics between GH-treated and untreated groups of non-GHD
short children

boys girls
GH-treated untreated GH-treated untreated
n 64 119 76 127
height SDS at start of GH or at 6 yr -2.68+0.36% -236+036 -287+0.63% -2.39+0.43
adult height 159.2 + 4.8% 161.1 +£4.3 146.0 + 6.0* 1488 + 4.4
adult height SDS -2.01+086* ~1.66+0.76 -238+120*% -1.83+0.88
change in height SDS 0.67+£0.77 0.71 £ 0.80 0.49 £ 0.85 0.56 + 0.68

*p<0.05 vs untreated.

Table 2 Comparison of clinical characteristics between the GH-treated and untreated groups of non-
GHD short children, when GH-treated short children were matched with untreated short
children whose height SDS at 6 yr of age was similar to the height SDS of GH-treated short
children before treatment

boys girls
GH-treated untreated GH-treated untreated
n 57 57 57 57
height SDS at start of GH or at 6 yr -261+£039 -260+x039 -268+047 -268+049
adult height 1569.8 £ 4.8 161.1 £ 5.1 1474 £+ 5.1 146.8 £+ 4.4
adult height SDS -190+£081 -166+x091 -211%x1.02 -221+0.95
change in height SDS 0.71+0.77 0.94 £ 0.93 0.57+0.85 0.47 + 0.68

well as the change in height SDS in the GH-
treated group between before GH treatment and
after attaining adult height and in the untreated
group between the ages of 6 yr and 17 yr. In
both sexes, the height SDS was significantly
smaller in the GH-treated group before GH
treatment than in the untreated group at the age
of 6 yr, and adult height and adult height SDS
were significantly smaller in the GH-treated group
than in the unfreated group. Change in height
SDS, however, did not differ significantly: gains in
height SDS were observed not only in the GH-
treated group but also in the untreated group.
Because there was a significant difference
between height SDS in the GH-treated group
before GH treatment and height SDS in the
untreated group at the age of 6 yr, 57 boys and
57 girls whose height SDS at the age of 6 yr in

the untreated group closely matched the height
SDS of patients in the GH-treated group before
GH treatment were chosen and compared with
the GH-treated group. Table 2 shows height SDS
in the GH-treated group before GH treatment
and in the untreated group at the age of 6 yr,
adult height, and adult height SDS in both sexes.
The changes in height SDS in the GH-treated
group between before GH treatment and adult
height and in the untreated group between the
ages of 6 yr and 17 yr are also shown. No
significant differences were found in height SDS
between the GH-treated group before GH
treatment and the untreated group at the age of
6 yr, or in adult height or adult height SDS, nor
did the change in height SDS differ significantly
between the GH-treated group and the untreated
group.
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Table 3 Adult height after GH treatement in non-GHD short children in Europe and the United States

dose n Height SDS AH-PAH AH-start

(mg/kg/week) At start  PAH AH Acm  ASDS  (ASDS)
Wit® 0.19 53 (FSS) -2.6 -1.9 0.8
0.2 36 (NFSS) -2.8 -1.3 14
Bernascovi® 0.21 71 -2.8 -1.7 -1.7 0 0 1.1
Leschek® 0.23 22 2.7 2.1 -1.77 0.32 0.93
placebo 11 -2.8 -2.3 -2.34 -0.14 0.42
Hintz® 0.3 57 (m) -2.9 -2.5 -1.7 5 0.8 1.2
23 (O -2.7 -2.6 ‘1.6 59 1 1.1
MaCaughey® 0.33 8 2.5 -1.8 -1.1 3.5 0.7 1.3
Wit 0.24 17 -3.26 -2.5 -1.69 54 1.55
0.24—0.37 16 -3.08 2.6 —-1.48 1.52
0.37 17 -2.88 2.3 -1.12 7.2 1.85

¢ ): Reference No. PAH: Predicted adult height, AH: Adult height, FSS: Familial short stature, NFSS: Non-

familial short stature. m: male, f: female.

Discussion

Table 3 shows data on GH treatment
outcomes in non-GHD short children from six
important studies conducted in Europe and the
United States (1, 3-7), which have used
recombinant hGH. Ewvaluation reveals some
problems with these reports: 1) ages at the start
of treatment and durations of therapy differ; 2)
therapeutic doses differ; and 3) therapeutic
effects cannot be evaluated, since most reports
did not include untreated controls. Many reports,
like the studies cited in Table 3, evaluate the
effect of GH treatment by comparing the
measured outcome with predicted adult height
(PAH) instead of by comparison with controls.
Despite these problems, it is clear that in all the
studies higher doses than the Japanese standard
dose were used and the change in height SDS
from the start of GH treatment to adult height
was greater in these studies than that of this
study. The change in height SDS reported by
the studies varied from 0.8 to 1.85 SD (Table 3).
The studies employing higher doses (6-7) of GH
achieved more improvement.

Leschek et al. (1) conducted a randomized,

double-blind, placebo-controlled trial. Sixty-eight
non-GHD short children received either GH (0.23
mg/kg/week) or placebo. Adult height was finally
evaluated in 22 GH-treated children and 11
placebo-treated children and was significantly
greater in the GH-treated group than in the
placebo-treated group by 0.51 SDS. However
the injection frequency was three times per week
in both groups. When these resuits are compared
with those of Wit et al. (7) who used daily
injections of a similar dose of GH, the effect on
adult height was greater in daily injection.

McCaughey (5) compared GH effects with
untreated controls, though few in number. At a
dose of 30 TU/m?/week (about 0.33 mg/kg/week),
adult height was 7.5 cm taller on average in GH-
treated children after a mean treatment period
of 6.2 yr than in the unftreated control group.
Hintz et al. (6) estimated the effect of GH
treatment on the adult height of non-GHD short
children at a dose of 0.3 mg/kg/week for 5.5-6.0
yr, the difference between predicted adult height
before treatment and achieved adult height was
9.2 cm greater in boys and 5.7 cm in girls than
the corresponding difference in the untreated
historical controls.
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Wit et al. (7) compared the adult height of
50 GH-treated patients with idiopathic short
stature. Patients were treated with GH at 0.24
mg/kg/week, 0.24 mg/kg/week for the first year
and at 0.37 mg/kg/week thereafter, or 0.37 mg/
kg/week, and their mean height SDS increased
by 1.65, 1.62, and 1.85 SD, respectively. They
concluded that the effect of GH treatment on
adult height was dose-dependent and that
regimens increasing dosage from the second year
were less efficacious.

One study in Japan found that after 4.2 yr
of GH treatment at a dose of 0.5 IU/kg/week
(0.167 mg/kg/week), the average adult height of
9 GH-treated non-GHD short boys, 154.2 cm, was
significantly shorter than the adult height of 18
untreated short boys, 162.0 cm (8). Bone age at
the onset of puberty did not differ significantly
between the groups, but pubertal height gain was
significantly greater in the untreated boys. Yet
the approximately 1-yr bone age difference at
the start of treatment, though it was not
statistically significant, might cause to early
epiphyseal closure and hence lower the adult
height in the GH-treated group rather than GH
treatment itself. Another study by the same
group (Kawai et al. (9)) compared adult height
in 11 GH-treated non-GHD short girls treated at
the same dose, 0.5 IU/kg/week for 4.2 yr on
average, with 11 untreated short girls, and found
no significant difference.

The long-term effect of GH treatment is
usually evaluated in terms of adult height. Since
adult height, however, depends heavily on height
SDS at the start of GH treatment (10), change in
height SDS from the start of GH treatment to
adult height is a more precise evaluation. In our
study, the tallest height after the timing of less
than 2 cm/yr of height velocity was defined as
adult height, and adult height was taller in
untreated short children than in GH-treated non-
GHD short children. But this is because the
pre-treatment height SDS of the GH-treated non-
GHD short children was significantly lower than

GH Treatment in Non-GHD Short Children 19

the baseline height SDS of the untreated short
children. Adjusted for pre-treatment height SDS,
adult height SDS was not significantly different
between the GH-treated patients and the
untreated controls. In no situation did the change
in height SDS in the two groups differ
significantly. It can only be concluded that, in
this study, GH treatment in non-GHD short
children was ineffective in improving adult height.

In GHD, there is a significant positive
correlation between age at onset of puberty and
age at the start of GH treatment (11-13).
Increasing evidence points to an important role
for GH in gonadal function through induction of
local production of IGF-I in the ovary or in the
testis and by increase of gonadotropin-dependent
gonadal functions such as sex steroid production
and ovulation (13-16). These facts demonstrate
that GH accelerates pubertal onset and that the
resulting relatively early pubertal development
adversely effects decompensates the catch-up
growth observed for the first few years following
initiation of GH treatment. The lack of
immprovement in adult height in GH-treated non-
GHD short children is attributable mainly to the -
early induction of puberty by GH treatment and
the relatively poor response to GH in non-GHD
short children, even though GH treatment
improves growth velocity during the first two or
three years (10). It is well known that adult
height shows a strong positive correlation with
height at the onset of puberty in GH-treated short
children (11). Therefore, to achieve normal adult
height in GH-treated short children, height must
be normalized at onset of puberty.

In this study, puberty was not analyzed since
the onset of the puberty is often not correctly
evaluated and in our experience tends to be
judged later than its actual occurrence.
Therefore, the prepubertal height SDS and adult
height SDS were analyzed. The GH dosage used
in Japan now (0.175 mg/kg/week) induces catch-
up growth for only a few years, but in non-GHD
short children it seems insufficient to normalize
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height by the onset of puberty and to increase
height SDS to an extent exceeding natural
Improvement in untreated short children.

Natural improvement of height SDS in short
children has been reported to range between 0.4
and 0.7 SD (1, 2, 17), as it did in our study. To
prove that GH treatment is effective in non-GHD
short children, it is necessary to achieve a gain
in height SDS greater than 1 SD through GH
treatment. Leschek et al. (1) report 0.93 SD
improvement on average by GH at a dose of 0.23
mg/kg/week injected thrice a week, significantly
greater than the natural improvement in placebo-
treated short children (0.42 SD on average).
Other studies employing higher doses reported
greater than 1 SD improvement (6-7).

There may be a small possibility that the
real adult height is different from the adult height
defined in this study. It is possible that both GH
treated and untreated groups will grow after the
adult height of this definition. GH-treated non-
GHD short children will grow after the growth
velocity drops below 2 cr/yr, but such growth is
around 5 mm in our experience. Untreated non-
GHD short children have a tendency of delayed
puberty. Boys with delayed puberty will grow
after 17 yr, but the growth is less than 1 cm with
a few exceptions (18). Therefore, these minimal
differences in adult height do not essentially
change our conclusion.

The above findings and considerations
demonstrate that the effect of GH treatment is
dose-dependent and suggest that doses over 0.23
mg/kg/week are necessary to achieve meaningful
improvements in adult height in non-GHD short
children. We conclude that GH treatment in non-
GHD short children in Japan does not improve
the adult height of treated children because the
GH dose currently being administered, 0.175 mg/
kg/week, is insufficient.
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ABSTRACT ~

Objective: Patients with growth hormone deficiency ~ X-ray absorptiometry (DXA), was evaluated at a

(GHD), both Japanese and Caucasian, have an ceniral laboratory for trunk fat, total body fat and

abnormal body composition with pronounced lean body mass. Serum lipid levels were also

abdominal obesity. This study aimed to evaluate determined centrally.

changes in frunk fat with GH treatment. Resulfts: At baseline, 26 (42.6%) patients had a
Design: Double-blind, placebo-controlled study.  body mass index (BMI) = 25 kg/m?, the threshold
Patients and measurements: Sixty-one for obesity-related complications for Japanese

Japanese adult GH deficient patients (mean age subjects. Median trunk fat mass (FM) was = 9.0 kg
37 years) were randomised to either GH, titrated for each treatment and gender group, higher

to 0.012mg/kg/day, (n = 30) or placebo (7= 31) than the cut-off for increased age-adjusted risk
for 24 weeks. Body composition, by dual-energy for cardiovascular complications reported in the
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normal Japanese population. After 24 weeks of

GH treatment, the change in percentage trunk

FM was ~3.4 + 0.6%, versus 0.4 = 0.6% with
placebo (p < 0.001). Change in total body FM

was —2.8 = 0.5% with GH and 0.0 = 0.5% with
placebo, indicating that the decrease in trunk fat
was more pronounced than for total body fat. Total
and low density lipoprotein (LDL)-cholesterol were
both significantly (p < 0.001) decreased compared

Introduction

One of the most prominent features of the adult growth
hormone deficiency (GHD) syndrome is the abnormal
body composition with increased body fast mass (FM)
and decreased lean body mass (LBM)'’. Specifically,
the increase in FM in these subjects is characterised
by pronounced abdominal obesity®, 2 well known risk
factor for the development of metabolic abnormalities
leading to cardiovascular complications™. In fact,
epidemiological studies in Caucasian subjects have
shown that the risk of cardio- and cerebrovascular
morbidity and mortality in adult hypopituitary
patients with GHD is increased compared to the
normal population®®. The increased vascular risk,
with high prevalence of angina pectoris, myocardial
infarction, hypertension and hyperlipidaemia, has been
confirmed in adult Japanese GH deficient subjects by
epidemiological surveys and cohort studies®"'.

There is, therefore, evidence demonstrating that,
in spite of differences in racial intrinsic factors and in
nutritional habits, Japanese adult GH deficient subjects
carry the same causes and risks for cardiovascular
complications as Caucasian patients. GH replacement
in adult patients with GHD decreases overall fat mass
and improves lipid status, and in Caucasian patients,
studies suggested that the FM reduction involves
predominantly abdominal fat, thus acting on one of the
primary causes of increased risk®. Studies in the normal
Japanese population have examined the relationship of
direct measurements of body fat distribution to cardio-
vascular complications and provided age-adjusted
cut-off values for dual-energy X-ray absorptiometry
(DXA) trunk FM for increased cardiovascular risk'.
Based on this background, we designed a study to assess
upper body obesity by DXA measurement of truncal
fat in adult GH deficient patients and to examine the
hypothesis that GH replacement has a significant effect
on this measure.

Patients and methods

This was a 24-week, randomised, placebo-controlled,
double-blind study performed in 20 Japanese study

1974 GH effects on trunk fat

with placebo. One patient discontinued due to
a subdural haematoma and one had GH dose
reduced due to hyperglycaemia.

Conclusions: Japanese patients with GHD
have abnormal ceniral fat accumulation, which is
reduced by GH freatment over 24 weeks. This may
reduce cardiovascular risk but the GH dose should
be individualised to maintain IGF-1 in the normal
range.

centres. All patients gave informed consent and the
study was performed with appropriate ethical approval
and according to the Declaration of Helsinki. Japanese
patients aged 20-64 years, with organic or idiopathic,
isolated or multiple, childhood onset (CO) as well as
adult onset (AO) GHD were recruited. AO patients
were defined as having onset of GHD at 18 years or
above and CO patients as having had onset before
18 years of age. For diagnosis of GHD, the criteria set
in the GRS guidelines were used”; patients had to have
a serum GH peak < 3.0ug/L in the insulin tolerance
test (ITT) or, in the presence of a contraindication to
the ITT, in an arginine or glucagon test. For patients
with isolated GHD confirmation was required by a
peak GH value < 3.01g/L in an additional test to the
ITT, either arginine or glucagon test. Replacement
therapy for other missing hormones had to be stable
and adequate during the 3 months prior to entering the
study and throughout the study. Malignancy, diabetes,
severe organ dysfunction, severe hypertension and
pharmacologic treatment with glucocorticoids were
major exclusion criteria.

A total of 61 patients, 32 with CO and 29 with AO
GHD were enrolled and randomly assigned to treat-
ment with either recombinant human GH (Nutropin
AQ, Genentech Inc., San Francisco, USA) or placebo,
with stratification by gender and onset. GH was
started at a dose of 0.003 mg/kg/day for the first
4 weeks, then increased to 0.006 mg/kg/day until
Week 12 and thereafter given at the final dose
of 0.012mg/kg/day until the end of the study at
24 weeks; maximum total daily dose had to not exceed
1.0mg/day. In the event of side effects that were
thought to be GH-related at the final dose of
0.012mg/kg/day, a 50% dose reduction was permitted
at the physician’s discretion.

At the baseline, 12- and 24-week visits, LBM, total
FM and trunk FM were measured by DXA. All DXA
measurements performed in each investigative centre
were evaluated centrally; a hard copy of the DXA
scan data was sent to the DXA Central Evaluation
Committee which was responsible for the analysis
of the individual patient scans in a blinded manner.
Serum IGF-I concentrations, as well as triglycerides
and total, high density lipoprotein (HDL-) and
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LDL-cholesterol levels, were measured centrally
(Hachioji Laboratories, SRL Inc., Japan). Standard
deviation (SD) scores were calculated from serum
IGF-1 concentrations by comparison to age- and
gender-matched subjects'.

Safety was assessed by the recording of treatment-
emergent adverse events, laboratory test values and
blood pressure. Laboratory determinations were
performed centrally and included measurements of
liver and kidney function, thyroid hormones and
glycosylated haemoglobin (HbA, )concentrations.

All results were analysed on the full dataset in an
intent-to-treat basis. Change in the percentage trunk
fat for GH-treatment versus placebo was the primary
efficacy measure of the study. The baseline to 12-week
and baseline to 24-week differences in actual and
percentage changes in body composition between GH-
and placebo-treated patients were compared by analysis
of variance (ANOVA) after adjustment for gender and
onset. Group comparisons were made using Fisher’s
exact test, chi-square test and Mann—Whitney test as
appropriate. Significance levels were set at a two-sided
level of 5%.

Results

The baseline demographic, anthropometric and
diagnostic criteria of the patients by assigned treatment
group are presented in Table 1. The patients were well
randomised and no significant differences were seen
in baseline presentation between GH and placebo-
treated patients. Mean age of GH-treated and placebo-
treated patients were 40 = 14 years and 35 = 11 years
(p = 0.155), respectively. More than two thirds of
the patients had an organic cause of hypopituitarism
and GHD, and all except one placebo-treated patient
had multiple pituitary deficiencies. Peak GH values in
the stimulation tests, as well as baseline IGF-I status
demonstrated severe GHD for all patients. In total for
the two treatment groups, 42.6% of the patients had a
BMI > 25.0 kg/m’.

Baseline DXA body composition values are
presented in Table 2 for male and female subjects by
treatment group. The median trunk fat mass values in
males were 9.4kg in the GH-treated and 9.0kg in the
placebo group and in females were 9.1kg in the GH-
treated group and 11.6kg in the placebo group.

Table 1. Baseline characteristics of Japanese GH deficient patients, by assigned treatment group

GH (n = 30) Placebo (n = 31) p-value
Age (years), mean = SD 40+ 14 3511 0.155
Onset, n (%) 1.000
childhood, n (%) 16 (53.3%) 16 (51.6%)
adult, n (%) 14 (46.7%) 15 (48.4%)
Male/female, n/n 15/15 17/14 0.800
Aetiology of GH deficiency 0.749
idiopathic, n (%) 5(16.7%) 7 (22.6%)
organic, n (%) 25 (83.3%) 24 (77.4%)
Duration of GHD (years), mean + SD 158 +9.1 13.5+8.2 0.413
Height (cm), mean = SD 159.7 £ 8.3 159.2+74 0.634
BMI (kg/m?), mean = SD 248 +3.2 242142 0.609
2 25.0kg/m?, n (%) 14 (46.7) 12 (38.7) 0.445
< 25.0kg/m?, n (%) 16 (53.3) 19 (61.3). 0.585
Peak GH (pg/L), mean = SD 0.25+£0.56 0.17 £0.27 0.171

Table 2. Body composition measurements, from dual-energy X-ray absorptiometry, at baseline, by gender and assigned

treatment (mean = SD [median])

Males Females
GH Placebo GH Placebo
Fat mass (kg) 176 £5.1 (19.4) 17.8 + 5.8 (18.9) 20.4 = 5.4 (18.6) 22.1 £ 8.0 (20.7)
Fat mass (%) 27.1£5.6 (27.1) 32.0+8.8 (30.4) 39.5 + 6.3 (38.8) 386+ 7.3 (41.2)
Trunk fat mass (kg) 9.6+3.109.4) 8.8+3.3 (9.0) 10.0+2.8(9.1) 11.3+£3.9(11.6)

Trunk fat mass (%) 27.7 £5.9 (28.0)
Lean body mass (kg) 449+74 (4.2)
Lean body mass (%) 70.0 = 5.6 (70.3)

30.3 = 9.4 (27.8)
36.6+ 10.1 (3.3)
65.2 8.7 (67.1)

37.5+7.5 (37.8)
29.7 5.8 (3.1)
57.8 6.1 (58.1)

37.9 + 7.8 (40.6)
32,0+ 5.1 (3.0)
58.7 + 6.9 (56.4)

© 2008 LIBRAPHARM LTD ~ Curr Med Res Opin 2008; 22(10)

— 476 —

GH effects on trunk fat  Chihara ef al.

1975



There were three GH-treated and four placebo-treated
patients who did not complete the 24-week study; the
reason for discontinuation was an adverse event for one
placebo patient and withdrawal of patient consent for
the remainder. With GH treatment, serum IGF-I Jevels
increased significantly in the GH-treated group (Table 3)
overall, as well as for both CO and AO patients. Values
at Week 12 were not as high as at Week 24, reflecting
the stepwise increase in dosage. Overall, AO patients had
higher mean IGF-I concentrations and SD scores than CO
patients at baseline as well as under GH replacement. At
the 24-week endpoint, AO patients had a mean SD score
of 2.74 £ 1.84 and CO a mean SD score of -0.07 + 1.60.

The primary efficacy measure was the change in
percentage of fat mass in the trunk with GH treatment
versus placebo. Mean changes from baseline to Week
12 and to the endpoint at Week 24 are presented in

Table 4, together with the changes from baseline for
total body FM and LBM. At Week 24, GH-treated
patients had lost 3.4 = 0.6% of trunk fat and the
placebo-treated group had gained 0.4 + 0.6%; the
difference, 3.8 + 0.8%, was statistically significant
{(p <0.001). Over the same time period, GH-treated
patients lost 2.8 % 0.5% of total FM compared with no
change (0.0 + 0.5%) in the placebo group (p < 0.001),
which indicated that the trunk fat reduction was more
pronounced that the overall body fat reduction. The
ratio of % trunk FM/% total FM decreased from base-
line to Week 24 by -1.2 £ 0.5 (p = 0.023 for within-
group change) in the GH-treated patients.

In parallel with the changes in the DXA FM measures,
a significant increase in DXA LBM for GH versus placebo
was observed. The net increase in LBM after 24 weeks of
GH treatment was 1.17 = 0.28kg (Table 4).

Table 3. IGF-I concentrations and SD scores after 12 and 24 weeks of GH or placebo treatment in Japanese CO and AO
GHD patients (mean + SD [median])

Childhood onset Adult onset
GH (n=16) Placebo (n=15) GH (n=13) Placebo (n = 15)

IGF-, pg/L.

baseline 58 + 41 (43) 63 = 27 (59) 82 + 42 (77) 71 +36 (71)

Week 12 156 + 86 (140) 69 = 32 (65) 255 + 137 (250) 71 +35 (71)

Week 24 194 + 101 (205) 63 + 29 (57) 337 = 152 (320) 74 + 38 (82)
IGF-I SD score

baseline ~2.71 £ 1.19 (-2.83) ~2.75 + 0.85 (-2.68) _1.18 £ 1.05 (-1.32) ~1.62 = 0.83 (-1.40)

Week 12 -0.70 + 1.64 (-0.74) ~2.63 + 0.96 (~2.56) 1.67 + 1.89 (1.96) _1.62 £ 0.87 (-1.33)

Week 24 ~0.07 £ 1.60 (0.00) ~2.76 + 0.92 (~2.64) 2.74 + 1.84 (2.47) ~1.52 £ 0.90 (-1.50)

Table 4. Change from baseline in body composition measured by DXA after 12 and 24 weeks of GH or placebo treatment
of adult Japanese GHD patients

GH Placebo p-value*

Total fat mass (kg)

Week 12 -0.72 £ 0.19 -0.21 £0.19 0.069

Week 24 ~-1.64 +3.20 0.18 £ 0.31 < 0.001
Total fat mass (%)

Week 12 -1.3+0.3 -04+03 0.032

Week 24 -2.8+0.5 0.0+05 < 0.001
Trunk fat mass (kg)

Week 12 -0.46 £ 0.13 -0.16 £ 0.12 0.112

Week 24 -1.05+0.19 0.12+0.19 < 0.001
Trunk fat mass (%)

Week 12 -1.6£04 -03+04 0.009

Week 24 -3.4+06 04+0.6 <0.001
Lean body mass (kg)

Week 12 0.78 £0.21 0.36 = 0.20 0.155

Week 24 1.17 £0.28 0.37 £0.27 0.046
Lean body mass (%)

Week 12 1.3+0.3 04+03 0.033

Week 24 2.8=x05 -0.0+0.5 < 0.001

*p-value for between group difference in change from baseline, by ANOVA adjusted for gender and GHD onset

1976  GH effects on trunk fat
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Baseline values for serum total cholesterol and LDL-
cholesterol concentrations were comparable in GH and
placebo patients (Table 5). Serum total cholesterol was
significantly (p < 0.001) decreased, from 217 + 36 mg/
dL to 192 + 35mg/dL, in the GH-treated patients and
remained virtually unchanged in the placebo group.
The between-group difference for the change from
baseline to Week 24 was highly significant (p < 0.001).
The same pattern of change was also seen for LDL-
cholesterol values. There were no significant within-
group changes or between-group differences for HDL-
cholesterol (data not shown).

Treatment emergent adverse events were reported by
28 of 30 patients (93.3%) in the GH group and 27 of 31
subjects (87.1%) in the placebo group. There were no
significant differences between the two groups in the
incidence of adverse events or the incidence of events
considered to have a possible causal relationship to the
investigational product. In the GH group all adverse
events were mild or moderate, and none was severe.
Discontinuation due to adverse events was necessary in
only one patient who developed a subdural haematoma
during placebo treatment. One patient had increased
HbA _ level with hyperglycaemia that required a GH
dose decrease, and one patient experienced a decrease
in the T, level requiring an increase in the dose of
thyroid hormone.

Discussion

The main purpose of the present study was to assess
the short term effect of GH replacement on obesity
status in a cohort of adult GHD Japanese patients
using a double-blind, placebo-controlled design. In the
Japanese population, obesity-associated risk increases
at lower levels of BMI, waist or waist/hip ratio than
in Caucasians. Obesity-related complications, such as
hyperglycaemia, hyperlipidaemia and hypertension,
significantly increase in the Japanese population at
values higher than 25kg/m* for BMI"'®. Using this

threshold, it has recently been reported that up to 30%
of adult GHD patients were obese'’. In the present
study, an even higher proportion of patients (46.7%
males and 38.7% females) had a BMI higher than
25kg/m*. Thus, overall obesity is, as in Caucasians,
a presenting symptom of adult GHD in Japanese
subjects.

In population studies, variables indicating fat
distribution, such as waist or waist/hip ratio, are used
as predictive factors for cardiovascular risk'®. These
measures, however, are less suitable when precise
measurement is required to quantify treatment effects
in smaller cohorts and, for this reason, direct quantif-
ication of regional fat mass is preferable. Bengtsson
et al’ used CT scanning and showed decreases in
abdominal fat accumulation with GH treatment in
Caucasian adult GHD patients. We have used DXA
trunk fat mass to assess upper body obesity, because
this measure has been validated as a good surrogate
of abdominal fat mass in healthy Japanese subjects®.
In addition, cut-off points for trunk fat have been
developed for cardiovascular risk in the Japanese
population; a cut-off of 7.8kg trunk fat for males
and 8.9kg for females was reported to increase the
age-adjusted risk for cardiovascular complications in
Japanese subjects'’. Median values for trunk fat in the
present study indicated that more than 50% of the
patients had abnormal upper body fat accumulation
and resulting increased cardiovascular risk. Therefore,
our data confirm and extend previous descriptions of
body composition abnormalities in Japanese patients
with the adult GHD syndrome.

Significant changes in body composition occurred
with GH replacement, versus placebo, and these
changes were in line with other published studies in
both Caucasians and Japanese'*'’**%. Specifically, the
magnitude of the changes at 6 months for LBM and
total FM were comparable with those seen in recent
studies in Japanese patients, which also used DXA
and a similar GH dose regimen but with different GH
preparations'’”. On average in the present study, total

Table 5. Serum total and LDL-cholesterol concentrations at baseline and after 24 weeks of GH or placebo treatment
in Japanese GHD patients

Placebo p-value
Total cholesterol (mg/dL)
baseline (mean + SD) 217 £ 36 222 £ 47
24-weeks (mean = SD) 192 + 35 (196) 224 + 47
change (mean + SE) -26+5 1+£5 < 0.001
LDL-cholesterol (mg/dL)
baseline {mean + SD) 126 + 31 134 + 42
24-weeks (mean + SD) 108 + 31 139 £42
change (mean + SE) -18+4 5+4 <0.001

Normal ranges: total cholesterol 150-219 mg/dL; LDL-cholesterol 70-139 mg/dL
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FM at Week 24 had decreased by 1.64kg, and trunk
fat by 1.05kg. Since the total FM change included the
trunk fat change, it follows that almost 65% of total fat
loss took place in the truncal region and, in fact, the
change in the ratio of % fat in the trunk/% fat in the
body was statistically significant. Thus, a 6 month GH
treatment had a statistically and clinically significant
effect on body fat distribution in Japanese adult GHD
subjects. Baseline total cholesterol and LDL cholesterol
concentrations, as well as the magnitude of their change
under GH, were comparable with other results and
confirm the short-term lipid-lowering effect of GH in
Japanese adult GHD patients'.

With the fixed dosage regimen used in the study,
mean [GF-I levels were normalised for most patients.
Baseline as well as GH-stimulated levels were higher
in AO compared with CO patients, consistent with
results in Caucasians but also in Japanese'®**?. In
addition, the median IGF-I SD score at 24 weeks in
GH-treated AO patients indicated that a proportion of
these patients had an IGF-I level exceeding the upper
normal range. However, higher than normal IGF-I
levels have previously been reported in studies with
fixed dose regimens and, while this cannot be avoided
in the context of a double-blind, placebo-controlled
trial, an individualised dose regimen as recommended
by the GRS guidelines” would avoid excessive IGF-I
stimulation.

At the time of study, GH replacement in adult GH
deficient patients was not an approved indication
in Japan. There were 20 study centres involved in
recruiting the 61 patients enrolled in the study, which
may be a limitation; however, all of the investigators
involved in this careful study were highly experienced
in the treatment of hypopituitarism. The investigators
provided replacement therapies for other missing
pituitary hormones, which had to be stable and
adequate for at least 3 months before enrolment.
While GH is believed to affect the risk of cardiovascular
disease directly, it is recognised that this will also
be affected by the other elements of the hypo-
pituitarism. GH replacement for adult GH deficient
patients has been an approved indication in other
countries for some years and the GH doses in the
present study were based on previously published
results in Caucasian patients. These doses may be
higher than optimal but in order to maintain the blind
they could not be individualised according to IGF-I and
had to be fixed doses.

The safety profile in the present 6-month study
does not differ from that reported in other studies
with similar design, GH dosage and duration, either
in Caucasians or in Japanese. In spite of the chosen
dosing algorithm, by which GH dose was progressively

1978 GH effects on frunk fat

increased, reporting rate of adverse events was high
(93.3% in the GH-treated and 87.1% in the placebo-
treated patients). However, reported adverse events
did not disclose any uncommon pattern and the safety
profile did not differ from that reported in other
similar studies, either in Caucasians or in Japanese.
Thus, we assume that the high reporting rate primarily
reflected the careful attitude of investigators previously
inexperienced with adult GH replacement because this
was not an approved indication in Japan at the time of
the study.

Conclusion

This study confirms and extends previous studies on
the short-term effects of GH replacement in adult
Japanese GHD patients. Although overall less obese
than Caucasians, Japanese patients with the adult
GHD syndrome have abnormal central fat accumula-
tion, which is highly responsive to GH replacement.
Follow-up studies will be required to confirm this
beneficial effect over the longer term and to show if, as
postulated, it will translate into a clinically measurable
reduction in cardiovascular risk.
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Growth Hormone (GH) Effects on Central Fat Accumulation in
Adult Japanese GH Deficient Patients: 6-month Fixed-dose
Effects Persist during Second 6-month Individualized-dose
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Abstract. Both Japanese and Caucasian adults with GH deficiency (GHD) have pronounced abdominal obesity, which is
associated with increased risk of cardiovascular complications. We investigated the effects of GH treatment in 27 adult
Japanese GHD patients, 15 with adult onset (AO) and 12 with childhood onset (CO) GHD. Patients initially received GH
titrated to 0.012 mg/kg/day for 24 weeks in a double-blind design and the dose was then individualized for each patient
according to IGF-I for a further 24 weeks. Dual-energy x-ray absorptiometry (DXA) data were evaluated for percentages
of trunk fat, total body fat and lean body mass. Serum IGF-I and lipid concentrations were determined at a central
laboratory. There were 25 patients who completed 48 weeks of treatment, with 7, 6 and 12 patients then receiving GH at
0.003, 0.006 and 0.012 mg/kg/day, respectively. With the reductions in dose when individualized between weeks 24
and 48, mean serum IGF-I level was reduced and excessively high values, observed in AO patients on the fixed GH dose,
were no longer seen. The decrease from baseline in trunk fat was similar at week 24 (=3.8 + 3.3%, p<0.001) and week 48
(-3.1£3.7%, p<0.001), and the difference between changes was not significant. Total cholesterol was decreased from
baseline by 24 + 28 mg/dl (p<0.001) at week 24 and —17 £ 28 mg/dl (p = 0.007) at week 48. Two patients had elevated
HbAlc levels: one continued GH treatment after a dose reduction and the other discontinued due to persistent impaired
glucose tolerance. Therefore, excessively high IGF-I levels can be avoided by individualized dosing during long-term GH
treatment. Individualized dosing maintains the decrease in abdominal fat in adult Japanese GHD patients and should

reduce the cardiovascular risk.

Key words: Adult GH deficiency, Trunk fat, GH treatment, Abdominal obesity, Japan
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ABNORMAL body composition with increased body
fat mass (FM) and decreased lean body mass (LBM) is
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one of the characteristic features of the adult GH defi-
ciency (GHD) syndrome [1, 2]. The increase in fat
mass in these patients is particularly in the abdominal
area [3]. Epidemiological studies have shown that this
abdominal obesity is a risk factor for development of
metabolic abnormalities leading to cardiovascular com-
plications [4, 5]. In studies in Japanese adult patients
with GHD it has been shown that there is an increased
risk of cardio- and cerebro-vascular morbidity and

— 481 —



854 CHIHARA et al.

mortality compared to the normal population [6-8],
similar to that previously shown in Caucasian patients
[5,9-11].

GH replacement decreases overall fat mass and im-
proves lipid status in adult GHD patients, and in Cau-
casian patients it has been shown that the fat reduction
involves predominantly abdominal fat, thus acting on a
primary cause of increased cardiovascularrisk [3]. Ina
previous double-blind, placebo-controlled trial [12] we
have shown that short-term GH replacement signifi-
cantly reduces trunk (i.e. abdominal) FM as well as the
ratio of trunk FM/total FM in adult GHD patients. Ina
study by Ito et al. [13], these measures have been
shown to be better predictors of cardiovascular risk in
the Japanese population than overall obesity measures
such as body mass index (BMI) and total body FM. In
the present study, we report the long-term effects of
GH replacement on these measures and show that the
beneficial effects on central obesity persist over time
and with GH dose adjustment.

Patients and Methods

In this study, 27 Japanese adult GHD patients were
treated with GH (Nutropin AQ®, Genentech Inc., San
Francisco, USA) for a total 0of 48 weeks. During the first
24 weeks, patients participated in the GH-treated arm
of a randomized, parallel-group, placebo-controlled,
double-blind phase [12]; the GH-treated group then en-
tered a 24-week open phase. Twenty Japanese clinical
centers participated in the study; all patients gave in-
formed consent and the study was performed with ap-
propriate ethical approval according to the Declaration
of Helsinki.

All patients had multiple pituitary hormone deficiency
with GHD. Baseline demographic characteristics have
been presented previously; there were no significant
differences between treatment groups at baseline [12].
Mean age was 39 + 14 years, the male/female ratio was
15/12, and 15 patients had childhood onset (CO) while
12 had adult onset (AO) GHD. The primary cause of
hypopituitarism was tumor for 66.7% of the patients;
the remaining patients were either idiopathic (18.5%)
or had other causes of hypopituitarism (14.8%). GH
treatment was started at a dose of 0.003 mg/kg/day for
the first 4 weeks and then increased to 0.006 mg/kg/
day until week 12; thereafter GH was given at a dose of
0.012 mg/kg/day until the end of the 24-week placebo-

controlled phase. At the end of the double-blind phase,
the dose was reduced again to 0.003 mg/kg/day and
increases were then performed between weeks 28-48,
adjusting the dose for each patient according to their
IGF-I levels. This dose adjustment, tailored to the fea-
tures of individual patients, was based on the GRS
Consensus Guidelines [14] where the serum IGF-I level
was kept between —2 standard deviations (SD) and +2
SD (normal range of IGF-I level by gender and age).

At the baseline, and the 12, 24, 36 and 48 week vis-
its, LBM, total FM and trunk FM were measured by
dual-energy X-ray absorptiometry (DXA). All DXA
measurements performed in each investigative center
were evaluated centrally; a hard copy of the DXA scan
data was submitted to the DXA Central Evaluation
Committee, and this Committee was responsible for
the analysis of each individual patients’ scans in a
blinded manner. Serum IGF-I concentrations, as well
as triglyceride and total, HDL- and LDL-cholesterol
levels, were measured centrally (Hachioji Laboratories,
SRL Inc., Japan).

Safety was assessed by recording of treatment-
emergent adverse events, laboratory test values and
blood pressure. Laboratory determinations were per-
formed centrally and included measurements of liver
and kidney function, thyroid hormones and glycosy-
lated haemoglobin (HbA1c) concentrations.

Standard deviation (SD) scores were calculated from
serum IGF-I concentrations by comparison to age- and
gender-matched subjects [15]. Changes from baseline
and differences between time points were analyzed
from Student t-tests. All results were analysed on the
full dataset on an intent-to-treat basis and assessed at a
2-sided significant level of 5%.

Results

Fixed vs. individualized GH dose regimen and IGF-1
patterns

The patients were on a fixed GH dose regimen dur-
ing the first 24 weeks, with a final dose of 0.012 mg/
kg/day; this dose was then adjusted to maintain a nor-
mal IGF-I level from the beginning of the open-label
phase. Asaresult, at the end of the 48-week study peri-
od only 12 patients (48.0%) were still on the full dose
of 0.012 mg/kg/day. For the remaining patients, 6
(23.0%) had moved to 0.006 mg/kg/day and 7 (28.0%)
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