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ABSTRACT. Twenty-two hypopituitary boys treated with hu-
man GH were studied longitudinally before and during puberty.
Eight patients entered spontaneous puberty at a mean bone age
of 12.4 & 1.0 (£sD) yr. Height velocity reached a mean peak of
.. 6.8 cm/yr during the second year of spontaneous puberty. In
. these patients, the mean total height gain throughout puberty
was 22.8 + 5.2 cm, and the mean final height was 158.6 + 7.2
cm. Fourteen patients received testosterone enanthate (100 mg/
month, im) starting at a mean bone age of 13.6 = 1.1 yr. Height
velocity was maximal (7.5 cm/yr) during the first year of therapy.
The mean final height was 162.9 5.0 cm, with a mean pubertal
gain of 15.9 + 3.8 cm. Genital development, peak height velocity,
and increase in plasma testosterone levels occurred earlier dur-
ing testosterone therapy than during spontaneous puberty. In
both groups of patients, there was a positive correlation between
the bone age at onset of puberty and the height at onset of
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puberty (r = 0.65). There was also a negative correlation between
bone age and total pubertal height gain (r —0.73). This
reduction in pubertal height increase was less than expected for
bone age at onset of puberty, which can be ‘explained by a
decrease in bone age velocity in relation to bone age at onset of
puberty (r = —0.81). Therefore, advancement in bone age at the
onset of testosterone therapy did not impair final height, whereas
it may increase height at onset of puberty, which is the major
factor in final height.

We conclude that in GH- and gonadotropin-deficient boys 1)
a reduced dosage of testosterone enanthate (25 mg twice a
month, im) should be used to induce pubertal development, and
2) the major criterion to decide when to give testosterone is
height reached at that time regardless of bone age. (J Clin
Endocrinol Metab 63: 376, 1986) : )

OST hypopituitary patients have multiple hor-
mone deficiencies, including GH and gonadotro-
pin deficiencies. In males, treatment with both androgens
and human GH (hGH) is required to induce a pubertal
growth spurt (3-8). Although some patients may reach a
satisfactory final height, the optimal dosage of testoster-
one and the best age to begin androgen therapy are not
known. The available data suggest that during androgen
therapy, the growth spurt might depend on the age at
which treatment was begun (9-14). However, no sys-
tematic study on this issue has been reported. The aim
of this study was to analyze height velocity and final
stature in hypopituitary patients in relation to bone age
at onset of puberty and to evaluate the effects of testos-
terone treatment compared with the course of sponta-
neous puberty in hypopituitary boys.
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Subjects and Methods
Patients

Twenty-two hypopituitary boys were studied longitudinally.
At the time of diagnosis, all had a height velocity below the
third percentile according to Tanner (15). The criteria to di-
agnose GH deficiency and the management of the other pitui-
tary hormone deficiencies were describéd previously (16). The
patients were divided into two groups: boys with spontaneous
puberty (n = 8) and boys with gonadotropin deficiency (n =
14). In the latter group, pubertal development was induced by
giving testosterone enanthate (Testoviron-depot, Schering,
Bloomfield, NJ; 100 mg/month, im). The biological features of
gonadotropin deficiency and the criteria used to start testoster-
one administration also were reported previously (16). Briefly,
the criteria were 1) the absence of any sign of puberty and a
decrease in height velocity (despite hGH treatment) when bone
age was 11.5 yr or greater, 2) a serum LH response to GnRH
(25 pg/m®) that was low for bone age, and 3) request by the
patient.

All patients were treated with hGH (Crescormon, Kabi,
Stockholm, Sweden) throughout the study period. hGH was
given as an evening im injection of 6 IU, three times weekly.
This dosage was not changed during testosterone therapy,
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whereas it was increased up to 8 IU/injection at the time when
signs of spontaneous puberty were observed. The mean chron-
ological age at the beginning of hGH therapy was not signifi-
cantly different between boys with gonadotropin deficiency
[14.3 + 3.6 (£sp) yr] and those who entered spontaneous
puberty (12.7 + 2.8 yr).

When puberty occurred during the first year of hGH therapy,
the data were not included in the study to exclude possible
catch-up of height velocity due to hGH itself (7, 12, 17-20).
Treatment with hGH was stopped when height velocity de-
clined to less than 2 cm for the previous 6 months. Patients
with incomplete spontaneous puberty were excluded from this
study. . ‘

Informed consent was obtained from all patients and from
their parents. This investigation was completed - before
Creutzfeldt-Jacob disease was reported to occur in some pa-
tients previously treated with hGH (21). Since that time, the
use of extractive pituitary GH has been stopped in Belgium.

Methods

All patients were followed regularly in the pediatric depart-
ments of the different Belgian university hospitals, according
to a single well defined protocol. Every 3 months, height was
measured using the Harpenden stadiometer. Genital and pubic
hair development were estimated according to the five stages
of Tanner (22). Testicular volume was measured using the
orchidometer of Prader (23). Plasma testosterone and dehydro-
epiandrosterone sulfate concentrations were measured by spe-
cific RIAs. During testosterone therapy, blood samples were
obtained about 2 weeks after the last injection. Adrenarche was
considered to be absent when plasma levels of dehydroepian-

drosterone sulfate were below 200 ng/ml in patients whose bone

age was greater than 11 yr (16). The onset of spontaneous
puberty was defined as the time of the last examination before
a testicular volume above 3 ml was found. In gonadotropin-
deficient patients, the time of onset of puberty was considered
to be the first day of testosterone administration.

Bone age was measured once a year before puberty and twice
a year during puberty by a single examiner according to the
TW, method of Tanner et al. (24), rating 90 bones of the hand
and wrist. Height age and height gain expected for bone age
were calculated with reference to the 50th percentile of height
according to the method of Tanner and Whitehouse (25). Ages
were expressed in years and decimal fractions thereof. The sex-
corrected midparental height, also called target height, was
calculated according to the procedure of Tanner et al. (26). In
male patients, target height is obtained by adding 6.5 cm to the
arithmetic mean of the parent’s height.

Statistical analysis

The significance of differences between the two groups of
patients were calculated using Student’s ¢ test. When correla-
tions were studied, their significance was determined from the
variance, and the regression lines were compared (27). Differ-
ences were considered to significant at P < 0.05.

Results
Clinical features of the two groups of patients

Table 1 shows the clinical data on the patients with
spontaneous and testosterone-induced puberty. All were
assumed to have idiopathic hypopituitarism. Among the
8 patients with spontaneous puberty, 4 had associated
TSH deficiency. All 14 patients with gonadotropin defi-
ciency had TSH deficiency, 8 of them had ACTH defi-
ciency, and 9 no adrenarche. The mean sex-corrected
midparental height (or target height) was not signifi-
cantly different in the 2 groups of patients. The mean
chronological age, bone age, height age, and height were
significantly higher in those patients in whom testoster-
one had to be given than in those entering spontaneous
puberty.. '

Pubertal score, height velocity, and bone maturation before
and during puberty

As shown in Fig. 1, spontaneous and testosterone-
induced puberty resulted in similar changes. The final
stages of genital score and pubic hair score were reached
by an increasing number of patients, height velocity and
bone maturation accelerated, and plasma .testosterone
levels increased. However, some differences were found
between the two groups of patients. After 1 yr of pubertal
development, the genital score was stage 4 or 5in 47%

TaBLE 1. Relevant clinical data on 22 hypopituitary boys at the time
of spontaneous or induced puberty

Spontaneous Testosterone-
puberty induced puberty
Total no. of patients 8 14
Pituitary deficiencies 5
GH 8/8 14/14
TSH 4/8 14/14
FSH-LH 0/8 14/14°
ACTH ' 0/8 8/14
Absence of adrenarche 0/8 9/14
Mean sex-corrected mid- 169.2 £ 4.0 170.8 £ 7.5°
parental (target) ht
(cm)
Age (yr) at onset® of pu-
berty
Chronological age 15.0+ 1.2 185 + 1.7°
Bone age 12.4 £ 1.0 136 = 1.1¢
Ht age 101+ 1.3 12.1 *+ 1.0°
Ht (cm) at onset® of pu- 135.8+ 5.6 146.7 + 6.2°
berty

Values are the mean +'sD.

s p = NS vs. spontaneous puberty.

b Onset of puberty for boys with spontaneous puberty was the last 3
month visit before testicular volume greater than 3 ml was found; for .
boys with induced puberty onset was considered to occur at the start
of testosterone enanthate treatment (100 mg/month, im).

< P < 0.001 vs. spontaneous puberty.

4 p < 0.05 vs. spontaneous puberty.
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FIG. 1. Mean (+sD) genital score, pubic hair development (stages 4
and 5 according to Tanner), height velocity, bone maturation, and
plasmatestosterone levels in relation to time before and during spon-
taneous or testosterone-induced puberty in hypopituitary boys. The
dashed line indicates that during induced puberty, mean plasma testos-
terone levels were similar during the 3 yr of therapy.

of the patients treated with testosterone but in none of
the patients who had spontaneous puberty. In all patients
receiving testosterone, peak height velocity occurred dur-
ing the first year of therapy (mean, 7.5 cm/yr). Sponta-
neous puberty resulted in a similar peak height velocity
(mean, 6.8 cm/yr), although it occurred during the second
year. Mean total height gain was 22.8 * 5.2 (+SD) cm
during spontaneous puberty and 15.9 + 3.8 cm during
testosterone-induced puberty. The variations in bone
maturation closely paralleled those in height velocity.
During testosterone administration, the mean plasma
testosterone level achieved (2.5 ng/ml) was significantly
higher (P < 0.05) than that during the first year of
spontaneous puberty (1.3 ng/ml) and lower (P < 0.01)
than that during the third year of spontaneous puberty

(5.4 ng/ml). The mean total duration of pubertal growth

was 2.7 = 0.6 (£SD) yr during testosterone treatment and
‘4.2 + 0.8 yr during spontaneous puberty.
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Role of bone age at onset of puberty

After spontaneous puberty, the mean final height was
158.6 £ 7.2 (£SD) c¢m, whereas it was 162.9 + 5.0 cm in
patients treated with testosterone. Among the 8 patients
who entered puberty spontaneously, only 2 had a final
stature above the third percentile of height. In contrast,
9 of 14 boys with gonadotropin deficiency had a final
height above the third percentile.

In patients of both groups, final height was not sig-
nificantly related to bone age at onset of puberty (Fig.
2). Height at onset of puberty was a direct function (r =
0.65) of bone age at onset of puberty, whereas total
pubertal height gain decreased significantly (r = —0.73)
in relation to bone age at onset of puberty. The correla-
tions were not significantly different between patients
with spontaneous puberty and those treated with testos-
terone. The velocity of bone maturation during puberty
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Fic. 2. Relationships between bone age at onset of puberty in hypo-
_pituitary boys and final height, height at onset of puberty, total pubertal
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was calculated from the total increment in bone age
during that period. In patients of both groups, a highly
significant negative linear correlation (r = —0.81) was
found between velocity of bone maturation and bone age
at onset of puberty (Fig. 2).

In Fig. 3 are illustrated the linear correlations between
growth parameters and bone age at onset of testosterone
therapy in gonadotropin deficient patients. These data
are compared with the 50th centile of height for bone
age in normal boys. According to the normal growth
pattern, the progression of bone age results in an increase
in height equivalent to the decrease in subsequent height
gain so that a definite final height is reached. In hypo-
pituitary boys, an increase in bone age at onset of testos-
terone treatment between 11 and 15 yr results in a mean
increase in height at that time (+15.3 cm) greater than
the mean reduction in subsequent height gain (—8.9 cm).
Therefore, as shown in Fig. 3, final height in testoster-
one-treated patients is slightly increased in relation to
bone age (+6.5 cm). This difference may be explained by
the low velocity of bone maturation during puberty in
hypopituitary patients (Fig. 2).

Factors important for final height

As shown in the upper panel of Fig. 4, final height was
a direct function of sex-corrected midparental height,
also called target height (r = 0.57). Therefore, final height
was analyzed as a percentage of target height to exclude
the possible influence of individual genetic factors in the
correlations studied. Final height was found to be posi-
tively related to height at onset of puberty (r = 0.66). In
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170_cm
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contrast, final height was not significantly related to -
height at onset of hGH therapy, duration of hGH ther-
apy, or total pubertal height gain (Fig. 4).

Discussion

Our data provide the following original information
concerning pubertal growth and final height in hypopi-
tuitary boys. 1) Monthly administration of 100 mg long-
acting testosterone induced earlier acceleration in genital
development and height velocity than did normal pu-
berty. 2) Final height was not significantly related to
bone age at onset of puberty, since an advanced bone age
correlated with both an increase in height at onset of
puberty and a decrease in the magnitude of the pubertal
growth spurt. 3) An advanced bone age at onset of
puberty resulted in a velocity of bone maturation slower
than expected and subsequent height gain greater than
expected. 4) Final height did not depend on pubertal
growth, but it was related to height at onset of puberty.
To facilitate the discussion, data from the literature are
summarized in Table 2.

Role of androgens in growth and pubertal development

In hypopituitary boys with associated GH and gonad-
otropin deficiencies, peak height velocity could not be
elicited by administration of testosterone alone (3, 4). In
contrast, the combined administration of hGH and an-
drogens induces satisfactory sexual development (except

"testicular enlargment) and acceleration in height velocity

without disproportionate increase in bone maturation (1,
2, 5, 6, 8). A still debated question is the dosage of °
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FI1G. 4. Final height in GH-deficient boys is shown (upper panel) in
relation to sex-corrected midparental height, also called target height.
Final height as a percentage of target height is plotted against height
at onset of puberty, height at onset of GH therapy, total pubertal height
gain, and duration of GH therapy.

testosterone. Monthly injections of 250 mg long-acting
testosterone or more resulted in a precocious acceleration
in height velocity (8, 5, 6). More recently, most research-
ers (Table 2) used an initial testosterone dosage of 100
mg/month (7, 8, 19, 28), which was increased to 250 mg/
month after 3-12 months (7, 11, 19, 28). From our data,
using 100 mg/month, it would appear that such a low
dosage was too high during the first year of therapy, as
suggested by the early increase in plasma testosterone
levels and the early occurrence of genital development
and peak height velocity. Therefore, we suggest dosages
of 50 and' 100 mg/month for the first and second. years
of therapy, respectively. In addition, a recent study on
testosterone dynamics (29) indicated that the monthly
dosage should be given in divided doses every 2 weeks.
During spontaneous puberty in hypopituitary boys, the
mean peak height velocity varied between 6.8 and 8.1
. cm/yr (5, 8, 9, 28), in agreement with the present find-
ings. In our study, the mean total height gains throughout
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spontaneous and induced puberty were 22.8 and 15.9 cm,
respectively. These gains are somewhat higher than the
mean height gains reported by Burns et al. (28), 17.0 and
10.4 cm, respectively, but lower than the mean height
gain of 27 cm in normal adolescents (10).

Importance of hGH dosage for growth at puberty

Several researchers emphasized the relationship be-
tween hGH dosage and growth response, particularly
during the first year of hGH treatment (7, 12, 20, 30, 31).
The relation is exponential; a 2-fold increase in hGH
dosage results in a 1.2- to 1.4-fold increase in height
velocity (30, 31). In the literature (Table 2), the mean
hGH dosages varied between 12 and 24 IU/week during
spontaneous puberty (5, 8, 9, 13, 28) and between 12 and
20 IU/week during testosterone therapy (5-9, 11, 19, 28).
However, these different dosages did not influence the
peak height velocity. In a preliminary study (8), using 12
IU hGH/week, we found a peak height velocity very
similar to that in the present study where doses of 24
IU/week during spontaneous puberty and 18 IU/week
during testosterone therapy were used. Together with
data obtained by others, our results suggest that hGH
dosage should not be increased at the time of puberty.

Bone age in relation to pubertal growth and final height

The importance of the technique used to estimate bone

‘age should be emphasized. In the literature (Table 2),

most researchers used the method of Tanner et al. TW,
(24) because of its great accuracy. Since the occurrence
of normal puberty is more closely linked to bone age
than to chronological age, evaluation of bone age is
critical for deciding when to give androgen therapy. In
accordance with several researchers (5, 8, 13, 19, 28), we
found that spontaneous puberty occurred at a mean bone
age of about 12.5 yr, whereas testosterone therapy began
at a mean bone age of about 13.5 yr. However, in both
groups of patients, the differences in bone age at onset
of puberty did not significantly affect final height. This
confirms the findings of Burns et al. (28) in hypopituitary

* boys. It appears that advancement in bone age at onset

of puberty is associated with increased height at onset of
puberty, but it reduces pubertal growth. However, when
bone age at onset of puberty increased from 11 to 15 yr,
the subsequent pubertal height gain was reduced much
less than expected for bone age. Thus, advancement in
bone age at onset of puberty is favorable to final height
rather than prejudicial, as could be expected according
to normal growth standards. Variations in velocity of
bone maturation might account for those differences.
Very little has been published on the velocity of bone
age during puberty in hypopituitary patients. Milner and
associates (17) found that bone maturation increased
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TABLE 2. Puberty in hypopituitary boys: summary of data from the literature

Long-acting

testosterone Bone age .
. No (;f dosage (mg/ hGH at onset C{?g?:: Lorlgslz?l Pﬁak Total ht gain Chronological Méan findl ht
Ref. no. and authors . month) dosage of ' after onset of age at onset (8D of 50th
patients i of puberty  velocity . I
fier (IU/week) pu(bi;ty ) (cm/yr) puberty (cm) of hGH (yr)  percehtile)
Initial 03-1yr ¥
Spontaneous puberty
13) Tanner et al., 19 20 12.0° 15.0
1975 )
5) Tanner et al., 6 20 8,1
1976 '
9) Pertzelan et al., 7 12-18 7.7
1979
8) Ernould et al., 4 12 11.4° 14.1 6.1
1980 .
28) Burns et al., 11 15-20 12.8° 15.9 78 17.0 113 -2.3
1981
Present study 8 24 12.4° 15.0 6.8 22.8 12.7 -25
Testosterone-induced
puberty
5) Tanner et al,, 2 250 250 20 13.3° 7.6
1976
6) Aynsley-Green 12 151 19.5 12.3° 17.8 8.0
et al., 1976
9) Pertzelan et al., 12 50-75 12-18 6.5
1979 :
8) Ernould et al., 5 100 100 12 14.3° 19.0 7.2
1980 ’
28) Burns et al., 6 100 250 15-20 13.8° 20.4 74 10.4 14.9 -15
1981 . ) ;
11) Lenko et al., 10 - 50 150-250 12 7.6 14.9 =2.0
1982 : :
19) Joss et al., 1983 10 100 250 15-18 ~14.0¢ 18.5 6.3 12.2 -2.2
Present study 14 100 100 18 13.6° 18.6 7.5 15.9 14.3 -1.8

s Standardized for 1.5 m* body surface area.
b According to Greulich and Pylé (32).
¢ According to Tanner et al. (24).

about 1 yr for every 1 yr of chronological age regardless
of bone age reached. However, these patients were not
studied in relation to their pubertal development. During
testosterone therapy in boys with craniopharyngioma,
Burns et al. (10) reported a mean increase in bone age of
3.1 yr during a mean period of 2.4 yr. We found, however,
that the progression of bone age was related to bone age
reached at onset of puberty, In fact, when puberty began
at an early bone age, bone age velocity was faster than
expected. In contrast, bone age velocity was slower than
expected when puberty started at a late bone age. In the
former situation, the pubertal growth spurt can be some-
what impaired, whereas in the latter condition, it is
greater than expected for bone age at onset of puberty.
In simmary, we conclude that in GH-deficient boys,
the final height attained increases in relation to height
at onset of puberty regardless of bone age at the time of
puberty. Although administration of testosterone at an
advanced bone age results in a slight reduction in puber-
tal height gain, there is also a marked decrease in bone

_age velocity, such that the final heiglit is improved rather
than impajred. Accordirig to these observations, wé rec-
ommend the following inanagement of GH--and gonad-
otropin-deficient boys. 1) Begin testosterone therapy
when thé optimal prepubertal height is reached regard-
less of bone age. In small boys whose increase in height
velocity during GH is sustained, ‘testosterone therapy
can be delayed beyond a bone age of 14 yr if psychologi-
cally acceptable. Such a delay will not markedly impair
pubertal growth and may improve height at .onset of
puberty and, thus, final height. 2) A reduced dosage of
testosterone enanthate, such as 25 mg every.2 weeks
during the first year and 50 mg every 2 weeks 'duri.ng‘thé
second year, should be used to induce pubertal develop-
ment. :
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