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ABSTRACT

GH production rates markedly increase during human puberty,
mostly as an amplitude-modulated phenomenon. However, GH-defi-
cient children have been dosed on a standard per kg BW basis similar
to prepubertal children. This randomized study was designed to com-
pare the efficacy and safety of standard recombinant human GH
(rhGH) therapy (group I, 0.3 mg/kg-week) vs. high dose therapy (group
II, 0.7 mg/kg-week) in GH-deficient adolescents previously treated
with rhGH for at least 6 months. Ninety-seven children with docu-
mented evidence of GH deficiency (peak GH in response to stimuli,
<10 ng/mL), with either organic or idiopathic pathology, were re-
cruited. Both groups were matched for sex (group I, 42 males and 7
females; group II, 41 males and 7 females), age [group I, 14.0 = 1.6
(*sD) yr; group 11, 13.7 = 1.6], standardized height (group I, —1.4 =
1.1; group II, —1.2 = 1.1), bone age (group I, 13.1 = 1.3 yr; group II,
13.1 = 1.3) etiology, maximum stimulated GH, previous growth rate,
and midparental target height. All subjects were in puberty (Tanner
stage 2-5) at study entry.

Of the 97 subjects enrolled, 45 were treated for 3 yr or more; 48
completed the study. Of the subjects who discontinued the study, the
most common reason was satisfaction with their height, although
others discontinued for adverse events or personal reasons. The fre-
quency of patients who discontinued was the same in both groups. The
primary efficacy analysis was the difference between dose groups for
near-adult height, defined as the height attained at a bone age of 16
yr or more in males and 14 yr or more in girls; all subjects who

qualified were included in the analysis. This difference was statisti-
cally significant at 4.6 cm by analysis of covariance (ANCOVA; P <
0.001; n = 75). For subjects who received at least 4 yr of rhGH
treatment, the difference between dose groups at that time point was
5.7 cm (by ANCOVA, P = 0.024; n = 20). The mean height SD score
at near-adult height was —0.7 * 0.9 in the standard dose group and
0.0 + 1.2 in the high dose group. At 36 months the cumulative change
in height (centimeters) was 21.5 = 5.3 cm (group I) vs. 25.1 = 4.9
(group II; P < 0.001, by ANCOVA); the change in Bayley-Pinneau
predicted adult height was 4.8 *= 4.2 cm (group I) vs. 8.4 = 5.7 (group
II; P = 0.032). Median plasma IGF-I concentrations at baseline were
427 pg/L (range, 204—-649) in group I and 435 ug/L (range, 104—837)
in group II; at 36 months they were 651 ug/L (range, 139-1079) in
group I vs. 910 pg/L (range, 251-1843) in group II (P = NS). No
difference in change in bone age was detected between groups at any
interval. High dose rhGH was well tolerated, with a similar safety
profile as standard dose treatment and no difference in hemoglobin
A, or glucose concentrations between groups.

In summary, compared to conventional treatment, high dose rhGH
therapy in adolescents 1) increased near-adult height and height sp
scores significantly, 2) did not increase the rate of skeletal matura-
tion, and 3) appears to be well tolerated and safe. In conclusion, high
dose rhGH therapy may have a beneficial effect in adolescent GH-
deficient patients, particularly those who are most growth retarded
at the start of puberty. (J Clin Endocrinol Metab 85: 3653—-3660, 2000)

HERE IS SUBSTANTIAL variation in GH production
rates during the life span in humans. High GH pro-
duction rates are observed in newborns (1), followed by the
classical ultradian rhythms of childhood (2), a marked in-
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crease in production in puberty, with a clear decline in GH
production rates with age (3). Adiposity (4) and gender (5)
also contribute to the variations in GH levels observed within
these age groups.

During human puberty there is an approximate doubling
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of GH production rates (6), with peak production coinciding
with peak height velocity (2). This increase in GH secretory
rates is clearly mediated at least in part through sex steroid
hormones, and in both testosterone-treated and estradiol-
treated prepubertal children there is an augmentation of the
GH production rates, mostly as an amplitude-modulated
phenomenon, relatively independent of changes in pulse
frequency (7-9). Nonaromatizable androgens such as oxan-
drolone (10) and dihydrotestosterone (11) have been shown
to have no impact on GH production, whereas estrogen
receptor blockade with tamoxifen decreases GH production
in pubertal males (12). Taken in aggregate, these and other
data suggest that estrogens are the main feedback regulator
of the increased GH production observed in puberty.

The pubertal growth spurt accounts for approximately
17% of adult male height and 12% of adult female height (13);
these differences are largely responsible for differences in the
final height of adult men and women (14). Compared to
normal adolescents, studies in children with GH deficiency
(GHD) have shown that pubertal development may be im-
paired, with abnormalities in both the timing and the dura-
tion of puberty observed (15-19). Even though there is wide
availability in western countries of recombinant human GH
(rhGH), and there have been measurable increases in growth
rate and final height documented in GH-treated GH-defi-
cient children (20), delays in diagnosis are common, with
many children not reaching their full genetic height potential
despite GH treatment (20, 21). Strategies to increase final
height in GH-deficient patients receiving GH therapy have
hence included suppression of the hypothalamic-pituitary-
gonadal axis with GnRH analogs. The latter has been rela-
tively successful in increasing final height or predicted adult
height in some studies, but not others (22-27). The conse-
quences of this approach however, as it pertains to bone
accretion/bone density and the psychological impact of sup-
pressing the timely course of puberty in an already short
child have not been appropriately studied to date.

TABLE 1. Demographic and baseline characteristics
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As physiological data in puberty indicate that GH pro-
duction is much higher during human puberty than at any
other time, and the doses of GH have been traditionally kept
constant on a milligram per kg basis, we designed this study
to determine whether more than doubling the GH dose in
GH-deficient patients in puberty would significantly in-
crease their growth rates without undue advancement of
bone age, thus improving adult height. A multicenter, ran-
domized, two-dose study was performed until near-adult
height was reached.

Subjects and Methods
Study subjects

Twenty centers in the U.S. participated in this multicenter trial. The
study protocol was approved by each local institutional review board.
Ninety-seven subjects (83 males and 14 females) with GHD participated
in this trial after obtaining informed written consent and child’s assent.
GHD was defined as peak GH levels of less than 10 ng/mL before
original GH treatment by two standard stimulation tests. Inclusion cri-
teria demanded that all subjects had been treated with GH for at least
6 months before the studies, and they had to be in puberty, but with
residual height potential. The males were aged 10-18 yr, with testis
volume of 4 mL or more and bone age of 14 yr or greater; the females
were aged 8-16 yr, with Tanner breast stage of 2 or more and bone age
of 12 yr or greater. The T, level had to be within normal limits. ACTH-
and gonadotropin-deficient subjects were excluded from participation
as well as those who had been previously treated with sex steroids, had
a history of malignancy treated within the past year, had undergone
spinal irradiation, or had other causes of growth failure (systemic ill-
nesses, skeletal dysplasias, and chromosomal anomalies, including
Turner’s syndrome). The baseline clinical characteristics of the patients
are summarized in Table 1. There were no significant differences be-
tween the two treatment groups for any of the baseline parameters.

Experimental design

All patients were randomly assigned to continued treatment with GH
(Nutropin, Genentech, Inc., South San Francisco, CA) at either 0.3 mg/
kg-week (standard dose) or 0.7 mg/kg-week (high dose), sc, daily. Sub-
jects were randomized to either the standard dose or the high dose arm
in such a way as to maintain a balance with respect to sex, schedule of

Standard dose
0.3 mg/kg-wk (n = 49)

High dose
0.7 mg/kg-wk (n = 48)

Sex (no.)
Male
Female

Etiology of GHD (no.)
Idiopathic
Organic

Race (no.)
Caucasian
Black
Hispanic
Asian

Age (yr)

Bone age (yr)

Tanner stage

Previous growth rate (cm/yr)

Duration of previous GH treatment (yr)

Height (cm)

Height sD score

Maximum stimulated GH (ug/L)
Bayley-Pinneau predicted adult height sD score
Mid-parental target height SD score

14.0 = 1.6 (10.7-17.1)
13.1 + 1.3 (10.0-15.5)
3.0 = 1.0 (2-5)
8.5 = 1.8 (n = 47) (5.3-12.7)
3.5 + 2.6 (0.5-9.7)
151.9 = 9.3 (134.8-170.7)
-14*+11(-34to1.7)
5.7 + 2.6 (1.2-9.9)
-11+1.1(-3.1t01.0)
—04 *£0.8(n=48)(—2.1to 1.4)

42 41
7 7
47 45
2 3
45 45
2 0
2 3
0 0

Mean =+ sD (range)
13.7 = 1.6 (10.6-16.3)
13.1 = 1.3 (n = 47) (9.6-15.2)
2.9 * 0.8 (2-5)
8.5+ 2.2(n =47) (4.0-15.0)
4.1 = 2.9(0.6-10.8)
151.7 + 9.4 (131.2-168.2)
—-1.2 +1.1(-4.5t01.3)
5.3 = 2.7(1.1-9.8)
—0.9 £1.2(n =47)(-3.2to02.5)
—03+0.7(n=46)(—-14t01.1)
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previous GH therapy (three times weekly or daily), bone age, chrono-
logical age, pubertal status (Tanner stage), previous 1-yr growth rate,
height standardized by age and sex, and study center. Patients were seen
as out-patients at 3-month intervals for up to 63 months, and physical
exam and blood and urine tests were performed. Bone ages were de-
termined every 6 months for the duration of the study.

Treatment with GH was discontinued at near-adult height, defined
as a bone age of 16 yr or more for males and 14 yr or more for females
and a growth rate less than 2 cm/yr for 1 yr. Adult height was defined
as epiphyseal closure on hand-wrist bone age x-ray and no change (<1
cm) in height for 12 months. Dual emission x-ray absorptiometry
(DEXA) scans (whole body and antero-posterior spine) for assessment
of bone mineral density (BMD) were taken at or within 1 month of
treatment discontinuation using either Hologic, Inc., 1000, 2000, or 4000
instruments (Hologic, Inc., Waltham, MA) or Lunar Corp. equipment
(Lunar Corp., Madison, WI).

Sex steroid replacement therapy was allowed during the study in only
four subjects; this was an institutional review board-approved amend-
ment of the study. As the patients were in puberty at study entry, these
subjects were considered to have developed hypogonadism and arrested
puberty.

Assays and x-rays

Blood was withdrawn for measurement of complete blood count,
chemistry panel, and T, and urinalysis was performed every 3 months
for the first 36 months of the trial and yearly subsequently for the next
3 yr in those subjects still enrolled at that time. A 2-h glucose tolerance
test was performed at baseline, 3 months, 12 months, and yearly there-
after for up to 72 months for the measurement of glucose, insulin, C
peptide, and hemoglobin A, . (HbA ) levels. All of these assays were run
by standard automated analyzers at SmithKline Beecham (Dublin, CA).
Serum testosterone concentrations (males) and estradiol concentrations
(females) were measured every 6 months during the study by immu-
noassays at SmithKline Beecham. Plasma insulin-like growth factor I
(IGF-I) concentrations and GH antibody titers were measured at
3-month intervals for the first 24 months and then at 6-month intervals
for up to 72 months. IGF-I was assayed at Genentech, Inc., after acid-
ethanol extraction as previously described (28). GH antibodies were
measured by RIA at Genentech, Inc. Bone age determinations of the left
hand and wrist were performed by Fels Institute (Yellow Springs, OH);
the readers were blinded to the treatment arm. Predicted adult heights
were estimated based on the Bayley-Pinneau table (29). DEXA scans
were performed locally at each site and were read at a central location
by Hologic, Inc.

Statistical analysis

Fisher’s exact test for proportions, the two-sample t test for between-
group comparisons, and the paired t test for within-group changes were
used for assessments of safety and efficacy. The significance level for all
comparisons was 0.05; no adjustments were made for multiple testing.
Log values were used when necessary because of skewed data.

The target primary measure of efficacy was adult height, however,
there were a limited number of subjects who had reached adult height.
Therefore, near-adult height was used as the primary efficacy variable.
If bone age was missing at the last measured height, it was extrapolated
from the previous bone age using the change in chronological age; this
extrapolation was not used in any other analysis. The standard and high
dose groups were compared for near-adult height using analysis of
covariance (ANCOVA) with the protocol-defined covariates of sex, pre-
vious growth rate, schedule for previous GH therapy, baseline height,
chronological age, bone age, and pubertal status (Tanner stage). An
intent to treat analysis, including all enrolled subjects, was performed
to support the primary analysis. In this analysis, the last measured
height, obtained during treatment or at a posttreatment visit, was used
for all subjects, including those in whom near-adult height was not
achieved. BMD assessment was performed at study discontinuation
only. To correct the spine BMD provided by DEXA for bone size, the
bone mineral apparent density (BMAD) was calculated for the lumbar
spine using the following equation: spine BMAD = bone mineral content
(BMC) + area®/2. Total body bone mineral content (BMC) was partially
corrected for body size, calculated as BMC + height (30, 31). Because of
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the limited amount of data collected, the analysis of these data is
descriptive.

Results

Of the 97 subjects enrolled, 48 fully completed the study,
and 49 subjects discontinued the study before completion.
Six subjects discontinued because of adverse events (see be-
low). Twenty-nine subjects, 12 in the standard dose group
and 17 in the high dose group, requested early removal from
the study for different reasons, including 1 subject in the
standard dose group and 2 in the high dose group who were
tired of taking injections and 5 subjects in the standard dose
group and 6 in the high dose group who had personal,
behavioral, or unknown reasons for stopping. The majority
of subjects, 6 in the standard dose group and 9 in the high
dose group, were satisfied with the height they had attained;
the others were discontinued for noncompliance or protocol
violations.

Near-adult height

Seventy-five subjects met the criterion for attaining near-
adult height; of these, 41 required bone age to be extrapolated
to the date of their last measured height to meet the criterion.
Forty-two of the subjects who met the criteria for attaining
near-adult height were in the standard dose and 33 were in
the high dose group.

The standard and high dose groups were compared using
ANCOVA using the covariates listed above. The use of sex
steroid replacement therapy was a protocol-specified covari-
ate; however, only four subjects received sex steroid therapy
during the study, an inadequate number for use as a covari-
ate. Based on ANCOVA, subjects in the high dose group were
significantly taller at near-adult height than subjects in the
standard dose group by an average of 4.6 cm (n = 75; P <
0.001; 95% confidence interval, 2.6—-6.5 cm). The significant
covariates were sex, baseline height, and bone age. The
mean * sD age at near-adult height was 17.2 = 1.3 yr (range,
14.1-19.4 yr), with a mean bone age of 16.9 = 0.9 yr (range,
14.2-18.2 yr). The mean duration of therapy was 3.0 = 1.0 yr
(range, 1.3-5.4 yr). There were no between-dose group dif-
ferences at near-adult height in age, bone age, or duration of
GH therapy. For subjects with near-adult height, the height
sD score at last measured height was —0.7 £ 0.9 in the
standard dose group and 0.0 * 1.2 in the high dose group
(P = 0.002). The change in height sp score was 0.6 = 0.8 and
1.1 = 1.0, respectively (P = 0.012).

Last measured height (intent to treat analysis)

In the intent to treat analysis, the last measured height was
used for all subjects regardless of whether near-adult height
was achieved. Using ANCOVA, subjects in the high dose
group were taller at last measured height than those in the
standard dose group by an average of 2.8 cm (n = 97; P =
0.036; 95% confidence interval, 0.2-5.3 cm). The significant
covariates were sex, baseline height, age, and bone age. The
mean * spD age at last measured height was 17.0 £ 1.5 yr
(range, 11.9-19.4 yr), with a mean bone age of 16.4 = 1.3 yr
(range, 12.3-18.2 yr). The mean duration of therapy was 2.7 =
1.2 yr (range, 0-5.4 yr). There were no between-dose group
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differences in age or bone age at last measured height or
duration of GH therapy.

Change in height by duration of treatment

An additional analysis was performed for change in height
by duration of treatment (by ANCOVA, using sex and base-
line bone age as covariates). Subjects in the high dose group
were taller than those in the standard dose group after 1 yr
of therapy by an average of 1.6 cm (n = 90; P < 0.001). This
difference increased with each subsequent year of treatment;
after 2 yr the increase in stature was 2.4 cm (n = 72; P = 0.002);
after 3 yr, it was 4.3 cm (n = 45; P < 0.001); and after 4 yr of
therapy, subjects in the high dose group were taller than
those in the standard dose group by an average of 5.7 cm (n =
20; P = 0.024).

Growth rate

The mean prestudy growth rate was 8.5 cm/yr in both
groups for subjects completing month 12 of the study. The
mean month 0-12 growth rate was 9.8 cm/yr in the high dose
group (n = 44) compared with 8.2 cm/yr in the standard dose
group (n = 43; P = 0.001 between groups). Improved mean
growth rates were sustained in the high dose group relative
to the standard dose group in subjects completing months
12-24 of the study, although this difference did not attain
statistical significance (n = 69; P = 0.063). The difference
between treatment groups in growth rate was more pro-
nounced at months 24-36, reaching statistical significance
despite the reduced number of subjects (n = 41; difference,
1.7 em/yr; P = 0.038). Data for subjects completing 3 yr of
treatment (n = 41) are shown in Fig. 1.

Standardized height

The mean height sp score was more than 1 sp below the
mean in both treatment groups at baseline. The mean change
in height sp score was significantly greater in the high dose
group for months 0-12 (0.6 = 0.3 vs. 0.4 * 0.4; n = 45 in each
group; P = 0.024 between groups). The difference between
groups for the mean change from baseline increased with
continued therapy. As Fig. 2 illustrates, for subjects com-
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Fia. 1. Mean (*sD) growth rates (centimeters per yr) in pubertal
GHD subjects treated for 36 months with standard doses of GH (0.3
mg/kg-week) or high doses (0.7 mg/kg-week).
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Fic. 2. Mean (*sD) height sp score (SDS) in pubertal GHD patients
treated with standard vs. high dose GH.
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Fic. 3. Change in the predicted adult height by Bayley-Pinneau com-
pared to baseline in GHD patients in puberty treated with two dif-
ferent doses. The solid line represents linear regression for subjects
treated with 0.7 mg/kg-wk; the dashed line represents linear regres-
sion for subjects treated with 0.3 mg/kg-wk. The dotted horizontal line
at 0 indicates no change from baseline and is provided as a visual
reference.

pleting 3 yr of treatment, the mean change from baseline was
1.4 = 0.8 in the high dose group (n = 22) compared with 0.9 *
0.7 in the standard dose group (n = 22; P = 0.023 between

groups).

Predicted adult height (PAH)

The Bayley-Pinneau (B-P) PAH is based on height and
bone age measurements and is increasingly accurate as adult
height is reached. The standardized B-P PAH was similar in
the two treatment groups at baseline, at approximately 1 sp
below the mean. After 3 yr, standardized B-P PAH improved
by 1.3 sD, or 8.4 cm, in the high dose group (n = 20) compared
with 0.8 sp, or 4.8 cm, in the standard dose group (n = 20;
P < 0.032 between groups). The change from baseline to last
PAH (or last measured height) increased over time at a
greater rate in the high dose group, as shown in Fig. 3.

Weight and BMI

In the standard dose group (n = 22), body weight was
41.5 = 9.2 kg at baseline and 61.9 * 10.3 at 36 months,
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whereas in the high dose group (n = 22) itwas41.0 = 8.4 and
67.2 + 15.0 at baseline and 36 months, respectively (by AN-
COVA with covariate change in height, P = 0.21). Body mass
index did not change significantly in either group (standard
dose, 19.3 = 3.6 kg/m2 at baseline vs. 22.0 = 3.6 at 36 months;
high dose, 18.7 = 2.3 vs. 22.3 * 3.2 at baseline and 36 months,
respectively).

Bone age and Tanner pubertal stage

The change in bone age during each year of therapy is a
measure of the rate of skeletal maturation and is related to
the tempo of pubertal progression. As shown in Fig. 4, the
cumulative change in bone age was not statistically signifi-
cantly different between the two treatment groups at 1, 2, or
3 yr, with a mean rate of advancement of approximately 1
yr/yr of treatment in both groups. Similarly, the rate of
advancement in puberty, as assessed by Tanner pubertal
stage for genitalia (males) or breasts (females), was similar in
the two dose groups (data not shown).

IGF-I concentrations

Plasma IGF-I concentrations increased to a greater extent
in the high dose group than in the standard dose group.
Median values rose from 508 to 681 pg/L in the high dose
group at month 12 compared with a change from 427 to 589
png/L in the standard dose group and from 435 to 910 ug/L
in the high dose group at month 36 compared with a change
from 427 to 651 ug/L in the standard dose group. However,
the differences between groups for the change from baseline,
using log values or standardized scores, were not statistically
significant at 1, 2, or 3 yr. Table 2 shows the median data in
those subjects who had results available for 36 months. Mean
IGF-I sp scores were within the high normal range in both
groups during the study (see Fig. 5).

The frequency of IGF-I concentrations above the normal
range during therapy was also compared between dose
groups. Eight subjects, 1 in the standard dose group and 7 in
the high dose group, had IGF-I levels above the normal range

5 -
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Fia. 4. Cumulative change in bone age compared to baseline in the
same subjects treated with two doses of GH for up to 36 months. The
number of subjects per time point is indicated.
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at baseline. In addition, all 8 of these subjects had at least 1
high value during therapy. Excluding these subjects, 19 of 48
subjects (40%) in the standard dose group and 23 of 40 sub-
jects (58%) in the high dose group had 1 or more elevated
IGF-1levels during therapy after normal baseline values (P =
0.133 between groups). At any given point in time, approx-
imately 28% of the patients in the high dose group and
approximately 9% in the standard dose group had high IGF-I
concentrations.

Secondary efficacy measure: BMD (Table 3)

Thirty-four subjects dropped out of the study before the
protocol amendment allowing for BMD measures to be ob-
tained at discontinuation, and 63 discontinued after that
date. Of these 63 subjects, 31 had BMD DEXA scans. The
groups did not differ in mean total body or spine BMD
(grams per cm?), nor did they differ when the comparison
was made based on z-scores (for age and sex). There was also
no difference between groups for spine BMAD or total body
corrected BMC. None of the measures of BMD showed a
relationship to treatment duration or the subject’s age. How-
ever, the average z-scores for the standard and high dose
groups for total body (—0.9 and —0.8, respectively) and spine
(=1.0 and —0.2) were lower than those in the general
population.

Aduverse events

Overall, adverse events were reported in approximately
equal percentages of subjects in the two treatment groups.
There were no statistically significant differences in adverse
events between treatment groups. Ten serious adverse
events were reported during the study: four in the standard
dose group and six in the high dose group (one subject in the
high dose group reported two events). Of the serious adverse
events, most were considered unrelated to GH therapy. One
case of worsening scoliosis, which required surgery, was
reported in each of the dose groups. These events were con-
sidered related to the rapid growth induced by GH and to the
subject’s underlying condition. One case of hip pain in
the high dose group was considered to possibly be related
to the study drug. Six subjects discontinued the study be-
cause of adverse events: two subjects in the standard dose
group because of scoliosis and thigh pain, respectively, and
four subjects in the high dose group because of broadening
of the nasal bridge, large shoe size, ankle swelling, and right
hip pain. Cases of hyperglycemia, peripheral edema, and
myalgia were only reported for subjects in the standard dose
group. Two cases of mild hypoglycemia were reported in the
high dose group. No cases of leukemia, slipped capital fem-
oral epiphysis, or intracranial hypertension were reported
during the study.

Other laboratories

Laboratory studies generally showed no significant dif-
ferences between groups. These assessments included fre-
quent oral glucose tolerance tests and HbA, . measurements.
No statistically significant differences were noted between
the two dose groups in glucose, insulin, and C peptide vari-
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TABLE 2. Median (range) plasma IGF-I concentrations (ug/L)
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Baseline 12 months

24 months 36 months Change 0-36 months

0.3 mg/kg'w (n = 13)
0.7 mg/kg'w (n = 18)

427 (204-649)
435 (104-837)

559 (248-851)
671 (361-1046)

651 (121-949)
711 (421-1285)

651 (139-1079)
910 (251-1843)

208 (—228 to 598)
360 (—277 to 1604)

Normal concentrations in 12-16 yr: males, 202-957; females: 261-1096.

* @ rhGH 0.7 mg/kgewk
A rthGH0.3 mg!hg-wk n=19
3 -
n=42 -
=45 K n=32 n=23

IGF-1 SDS

1 T T

T
12 18 24 30 36
Study Month

Fia. 5. IGF-I sD score (calculated for age- and sex-specific values) in
the two groups of GH-deficient patients treated with two doses of GH.

ables, except for a greater increase in fasting insulin (P =
0.011) and C peptide (P = 0.019) in the high dose vs. standard
dose group at 24 months. Median fasting and postprandial
insulin and C peptide levels increased in both dose groups
at various time points. Mean fasting and postprandial glu-
cose levels were stable throughout the study, although spo-
radic high individual values were observed. Mean HbA,,
increased slightly within each dose group at 12 and 24 mo,
returning to baseline values by 36 mo (Table 4).

Although three cases of eosinophilia in the high dose
group were reported as adverse events, the mean counts did
not change significantly in either dose group. The incidence
of and titers to anti-GH antibodies were greatest at baseline
and declined similarly in both dose groups during the study.
All antibody binding capacity measurements were below 2
mg/L. There were no statistically significant differences be-
tween dose groups in mean change from baseline in testos-
terone or estrogen levels. Mean cholesterol levels decreased
in both groups.

Discussion

The results of this study show a significant increase in
growth and near-adult height in GHD adolescent youngsters
treated with GH in high doses for at least 3 yr compared to
the effects of conventional doses. Near-adult height data
showed anetincrease of 4.6 cm of height gain in the high dose
group over the standard dose group. In subjects treated for
4 yr, the net gain was 5.7 cm (P = 0.024; n = 20), suggesting

that the potential net gain in height increases with years of
treatment. Mean height sp score at near-adult height was
—0.7 = 0.9 in the standard dose group [as in previous studies
(20)] and 0.0 = 1.2 in the high dose group.

An interesting and important finding of these studies is the
normal pace of bone maturation, with bone ages advancing
approximately 1 yr/chronological yr in both the standard
and high dose groups. This was also accompanied by com-
parable pubertal development in both groups as observed on
physical exam. Taken in aggregate, these data indicate that
GH therapy, even in high doses, does not abnormally ad-
vance skeletal maturation or affect the tempo of puberty in
GHD children.

This conclusion contrasts with that reported by Stanhope
etal. (32,33), who studied 52 children with idiopathic isolated
GHD treated with GH before puberty; once children reached
puberty they were randomized to either GH at a standard
dose of 15 IU/m*wk (~0.2 mg/kg-wk) or a high dose of 30
IU/m*wk (~0.4 mg/kgwk). Four-year results showed no
statistically significance difference in growth rates between
the two groups, but there appeared to be an acceleration of
pubertal maturation in boys on the higher dose regimen. As
in our study, no difference was observed in the rate of bone
age maturation. Even though we did not observe any dele-
terious effect of GH on the tempo of puberty, it is possible
that the higher doses used in the present experimental par-
adigm (0.7 mg/kg-week) vs. the high dose reported in the
Stanhope study (0.4 mg/kg-week) may explain the better
outcome in terms of near-final height and growth perfor-
mance reported here.

During no other time in postnatal development are there
higher IGF-I concentrations than those observed during pu-
berty, with the upper end of normal range in 12- to 16-yr-old
males close to 1000 ng/mL in most assays. However, one
concern with the use of increased GH doses is the potential
effect of increasing plasma IGF-I concentrations to supra-
physiological concentrations (34-36). In the present studies
there was substantial variation in plasma IGF-I concentra-
tions in both groups, with the change in concentration from
baseline ranging from —228 to 598 ug/L (median, 208) in the
standard dose group vs. —277 to 1604 (median, 360) in the
high dose group and no statistical difference between the
groups. IGF-I levels above the normal range were observed
in seven of the eight subjects in the high dose group at
baseline. Even though the difference between groups was not
statistically significant during treatment, the observation of
overall higher levels in the high dose group requires careful
follow-up of IGF-I concentrations in patients in whom these
dose regimens are considered. Even though not customarily
used by many in pediatric endocrine practice, the routine
measurement of plasma IGF-I concentration during treat-
ment with GH should help identify supraphysiological re-
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TABLE 3. Changes in total body and lumbar bone mineral density (BMD) and BMD Z score by DEXA

Whole body 0.3 mg/kg-d 0.7 mg/kg-d
BMD (gm/cm?) 1.054 = 0.182 1.061 = 0.113
(0.668-1.340) n = 10 (0.888-1.204) n = 10
BMD Z score —-0.92 = 1.92 —-0.83 = 1.20
(—=4.99 to 2.11) n = 10 (—2.66 to 0.66) n = 10
Corrected®* BMC (gm/cm) 11.66 = 4.18 13.23 = 291

(4.36-18.39) n = 12

(9.00-16.62) n = 9

Lumbar
BMD (gm/cm?) 1.027 = 0.178 1.150 + 0.235
(0.708-1.385) n = 15 (0.840-1.529) n = 14
BMD Z score —0.97 = 1.02 -0.21 = 1.69
(—2.56 to 0.58) n = 10 (—2.28 to 2.76) n = 11
Corrected” BMC (gm/cm) 0.136 = 0.024 0.136 = 0.025

(0.100-0.184) n = 12

(0.104-0.181) n = 12

¢ Corrected BMC = BMC (gm)/height (cm).

TABLE 4. Carbohydrate metabolism

Mean * sp
Baseline Month 12 Month 24 Month 36
HDbA,. (% total hemoglobin)
0.3 mg/kg'wk (n = 39)* 52+ 04 54 +04
(n = 18)° 53*+04 54*04 54+04 5.1*0.6
0.7 mg/kg-wk (n = 42)* 5.1+0.4 53 *+0.4
(n = 18)° 5.1*+0.5 5.4+ 0.5 53 *0.4 5.1*0.6
Fasting glucose (mmol/L)
0.3 mg/kg-wk (n = 43)* 49+ 04 5.0 = 0.6
(n = 21)° 5.0 = 0.3 5.0 = 0.5 5.1+0.3 5.2 +0.4
0.7 mg/kg-wk (n = 44)* 48 +0.5 5.0 = 0.6
(n = 21)° 49 +0.5 49+04 5.3 *+0.9 48 +0.8
Postprandial glucose (mmol/L)
0.3 mg/kg'wk (n = 42)* 6.1 +1.6 6.0 +1.3
(n = 17)° 54+1.0 5.7+ 1.0 5.5+ 1.3 54=*+1.2
0.7 mg/kg-wk (n = 40)* 5.7+0.8 57+15
(n = 18)° 6.0 = 0.9 6.2*+14 6.0+ 1.1 5.8+ 1.8
Median (range)
Fasting insulin (pmol/L)
0.3 mg/kg-wk (n = 43)* 66 (24-186) 90 (24-666)
(n = 21)° 72 (24-186) 90 (24-666) 72 (24-210) 120 (20-192)
0.7 mg/kg-wk (n = 42)* 66 (30—240) 96 (18-384)
(n = 18)° 72 (30-120) 96 (4-162) 102 (42-240) 90 (30-348)

Postprandial insulin (pmol/L)

0.3 mg/kg-wk (n = 44)* 240 (48-846) 270 (78-948)

(n =21 234 (72—474) 264 (78-930) 252 (60-690) 318 (66-942)
0.7 mg/kg-wk (n = 41)* 204 (54-1104) 330 (18-1194)
(n =177 204 (54-780) 366 (84-1194) 366 (120-1032) 216 (30-1320)

“ Data for subjects completing 12 months of treatment.
® Data for subjects completing 36 months of treatment.

To convert glucose to mg/dL, multiply *18, insulin to uU/mL divide by 6.

sponses to GH, allowing for the GH dose to be adjusted more
appropriately for each individual patient.

The effect of high dose vs. standard dose GH on total body
and spine BMD was also assessed in patients at the end of
therapy (n = 31). There was no difference in total body BMD
or bone mineral content (corrected for height) or spine BMD,
BMD z-score, or BMAD (corrected for bone size) between the
two groups. However, the average z-scores for total body
and spine BMD were lower than those of age- and sex-
matched controls, congruent with the previous finding that
young patients with GHD are at risk for reduced bone mass
(37, 38).

The incidence of various adverse events was approxi-
mately equal in the two dose groups, with no significantly

greater frequency of adverse effects clearly associated with
the increased GH dose. Laboratory studies generally showed
no significant differences between groups, and measurable
titers to anti-GH antibodies were greatest at baseline and
declined similarly in both dose groups during the study.
There was no evidence of worse carbohydrate tolerance in
the high dose group. Of the serious adverse events, most
were considered unrelated to GH therapy. One case of wors-
ening scoliosis, which required surgery, was reported in each
of the dose groups.

In summary, a mean of 3 yr of high dose GH therapy to
GHD adolescent children was associated with a statistically
significant increase in near-adult height of 4.6 cm over that
in children treated with standard doses of GH; in those
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treated for 4 yr, the increase was 5.7 cm. This was not asso-
ciated with an undue advancement of skeletal maturation,
alteration of the tempo of puberty, or greater frequency of
adverse events. We conclude that high dose GH therapy,
administered during a finite window of time, may be ben-
eficial and safe in increasing the final adult height of young-
sters with GHD who are in the midst of puberty. This may
be particularly useful in those most growth retarded at the
start of puberty. This strategy warrants careful monitoring of
IGF-I concentrations and continued surveillance for adverse
events.
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