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This study evaluated pubertal development, growth and pituitary—gonadal suppression in 21 patients
with central precocious puberty treated with buserelin intranasally and switched after a mean of 2.1 yr
to depot-triptorelin given im for 1 year. Arrest or regression of puberty was observed in 12 patients
while progression of puberty during therapy was seen in 9 patients (6 on buserelin, 2 on triptorelin and
1 on both therapies). The increment in serum LH and FSH concentrations after sc injection of short-
acting triptorelin was greater on buserelin than on triptorelin therapy, particularly in patients with
evidence of progression of puberty. Height velocity during therapy showed a reduction which
paralleled the decelerating phase of the normal pubertal growth spurt. The rate of bone maturation
during therapy was inversely related to pretreatment bone age. Predicted final height showed marked
individual variations which were inversely related to predicted adult height before therapy. These data
indicate that differences in the nature and route of administration of Gn-RH agonist therapy for
central precocious puberty can be of importance for inhibition of pituitary gonadotropin secretion and
development of secondary sex characteristics. Height velocity and bone maturation are age-related and
the change in predicted adult height depends on pretreatment level. O Buserelin, GnRH agonist,
growth, maturation, precocious puberty, triptorelin
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Central precocious puberty results from premature
reactivation of the hypothalamo-pituitary—gonadal
axis. The treatment of this condition aims to arrest or
cause regression of the development of secondary sex
characteristics and to prevent premature fusion of bone

‘epiphyses resulting in small final height.

" For this purpose, gonadotropin releasing hormone
(Gn-RH) agonist therapy was proposed some 10 years
ago (1, 2). Since then, different schedules have been
used, depending on the nature, dosage and route of
administration of the agonist. Initially, multiple daily
intranasal administration of buserelin or nafarelin was
used (3-9). Single daily sc injections of triptorelin,
buserelin, leuprolide or deslorelin were proposed also
(10-17). More recently, monthly im injections of long-
acting forms of triptorelin or leuprolide have been used
as more reliable preparations (18-23).

In Belgium, therapy was started using intranasal
administration of buserelin. As reported previously,
some patients showed progression of puberty despite a
documented suppression of Gn-RH-induced gonado-
tropin secretion (6). Therefore, it was decided to switch
to depot-triptorelin therapy and to compare, retrospec-

tively, the data obtained during buserelin therapy with
those obtained prospectively during one year of depot-
triptorelin therapy. In addition, the gonadotropin secre-
tory response to the administration of a short-acting
Gn-RH agonist was studied during treatment with
either agonist.

Patients and methods

Central precocious puberty was diagnosed in 21 patients
(16 girls and 5 boys) based on the following criteria:
onset of breast development before 8 years of chrono-
logical age in girls or testicular volume >4 ml (Prader’s
orchidometer) before 9 years in boys, increased rate of
growth and bone maturation, and pubertal pattern of
gonadotropin response to Gn-RH 25 pg/m? iv. The
etiology was idiopathic in 1 boy and 12 girls. In 2 boys
and 1 girl, precocious puberty occurred following
radiotherapy and/or surgical treatment of a brain
tumor. An hamartoma accounted for precocious
puberty in 2 girls. One girl had congenital hydrocepha-
lus and 1 boy congenital toxoplasmosis. In 1 boy, central
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precocious puberty was secondary to peripheral preco-
cious puberty caused by a Leydig cell tumor. One girl
and 1 boy had associated hypopituitarism and they were
on appropriate replacement therapy, including GH.
However, since GH therapy could bias the growth data,
these 2 patients were not included in the auxological part
of the study.

The mean chronological age of the patients at initia-
tion of buserelin therapy was 5.3 years (range 0.7-8.8
years) and mean bone age was 8.4 years (range 1.6-12.9
years). Buserelin was administered intranasally (1.2-2.4
mg/day, divided into 3-4 daily doses) for a mean (SEM)
period of 2.1 (0.3) years (range 0.3-5.3 years). The mean
daily dose of buserelin was 49 (SD 15) ug/kg (range 26—
77 pg/kg). All patients were switched to depot-triptore-
lin therapy at a dose of 3.75 mg im every four weeks and
they were followed for one year. The mean four-week
dose of depot-triptorelin was 0.13 (0.04) mg/kg (range
0.08-0.24 mg/kg). At the time of the switch to triptore-
lin, mean (SEM) chronological age was 7.4 (0.5) years
and mean bone age was 10.9 (0.5) years. Informed
consent was obtained from all families. The study was
approved by the local Ethics Committee.

At three-month intervals, height was measured using
a Harpenden stadiometer and pubertal development
was scored according to Tanner (24), using the stages of
genital development in boys and breast development in
girls. An X-ray of the left hand and wrist was obtained at
yearly intervals during burserelin therapy, as well as at
the switch to depot-triptorelin therapy and one year

later. The films were read by two independent pediatric -

radiologists. Because they provided estimates with a
sensitivity of one-tenth of a year, the readings according
to Tanner et al. (25), based on radius, ulna and short
bones, were used to assess changes in bone age during
therapy. The readings according to Greulich & Pyle (26)
were used also since predicted adult height (PAH) was
calculated according to Bayley & Pinneau (27). In 4
patients, pretreatment PAH could not be calculated
since the patients were too young.

In each patient, a gonadotropin stimulation test using
short-acting triptorelin (0.1 mg sc) was performed on
two occasions. The initial test was performed 12 h after
the last administration of buserelin. The second test was
done 28 days after the third depot-triptorelin injection.
Blood was collected before and at 30-min intervals
between 180 and 360 min after triptorelin injection.
Luteinizing hormone (LH) and follicle stimulating
hormone (FSH) secretory responses to triptorelin were
calculated as the difference between pretreatment level
and the highest level observed after injection of the
agonist. LH and FSH were measured in a single
laboratory using a highly sensitive enzyme immunoas-
say. The reagents were supplied by Medgenix Belgium.
The assay was performed in duplicate using 0.05 ml of
serum and a specific immunoradiometric assay of LH
and FSH was run comparatively. The detection limit of
the assay was 0.15 mIU/ml for FSH and 0.10 mIU/ml
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for LH. The within-assay and between-assay coeffi-
cients of variation were 5.3% and 8.3% respectively for
LH and 4.2% and 8.9% respectively, for FSH. The cross
reactivity of the alpha-subunit in the assays was <0.1%.
The data obtained using the enzyme immunoassay
(ELISA) and the immunoradiometric assay (IRMA)
were very close, as shown by the following equations of
linear correlation where x =IRMA data and y=ELISA
data (LH: y=0.99x+0.98, r=0.95; FSH: y=
0.94x +0.78, r=0.95). In boys, serum testosterone con-
centrations were measured using standard radioimmu-
noassays in each center involved in the study. In girls,
serum estradiol levels were measured in each center.
However, the data obtained were excluded from further
analysis because of a major difference in assay sensitivity
among the centers involved in the study.

The data obtained at different times during the study
using buserelin and depot-triptorelin therapy were
compared using the paired Student’s t-test. The correla-
tions were examined by calculation of linear regression
and analysis of variance. Differences were considered to
be significant at a 5% critical level.

Results

Pubertal development and treatment adequacy

As shown in Table 1, arrest or regression of genital
development was observed during therapy with either
agonist in 5 boys. All had plasma testosterone levels in
the normal prepuberal range (<0.05 ng/ml) during
therapy. Among the 16 girls, 9 showed progression of
puberty during therapy since, in 1 girl, puberty pro-
gressed during treatment with either agonist. In these 9
girls, the mean daily dose of the agonist was not different
from that given to the other patients. Although some
patients reported occasional delay in the administration
of buserelin, no failure of compliance could be detected.

Gonadotropin response to triptorelin

Figure 1 shows the maximal increments in LH and FSH
secretion in response to sc administration of short-
acting triptorelin. During buserelin therapy, the mean
responses of LH and FSH to triptorelin were signifi-
cantly greater than during depot-triptorelin treatment
(p<0.05). During buserelin therapy, the response of LH
to triptorelin was greater in patients showing progres-
sion of puberty than in those showing arrest of puberty
(mean 7.4 (SD 3.9) versus 1.8 (0.9) mIU/ml; p <0.001).
To a lesser extent, a similar observation was made for
FSH (p<0.05). During depot-triptorelin therapy, LH
and FSH responses >4 mIU/ml were observed in 2 girls.
One was clinically well suppressed during buserelin
therapy and showed a low LH response at that time.
During depot-triptorelin therapy, her mother noticed
breast budding during the week before each administra-
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Table 1. Effects of two GnRH agonists on Tanner stages of pubertal development in 16 girls and 5 boys with central precocious puberty.

Before GnRH
therapy

At switch from
buserelin to depot-triptorelin

After 1 yr on
depot-triptorelin
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tion of the agonist with subsequent disappearance after
injection. The other patient was not well suppressed
during buserelin treatment and showed a marked LH
response to the initial test. She showed vaginal bleeding
after the third administration of depot-triptorelin. She
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was clinically well ‘suppressed during the subsequent
nine-month period.

Growth and bone maturation

As shown in Fig. 2, height velocity (HV) showed a
steady decline during treatment with both buserelin and
depot-triptorelin. In most patients, the decline in HV
paralleled the decelerating phase of the normal pubertal
growth spurt. The mean reduction in HV between the
last year of buserelin therapy and the first year on depot-
triptorelin was 2.8 (1.5) cm/year. This reduction is
similar to that seen at the 50th centile of the decelerating
phase of the growth spurt in normal girls (2.2-3.0 cm/
year).

In Fig. 3, the individual values for the change in bone
age (BA) in relation to chronological (CA) (ABA/ACA)
during the last year on buserelin therapy are plotted in
relation to BA attained one year before the switch. Also
the values of ABA/ACA after the switch to depot-
triptorelin are plotted in relation to BA at the switch.
During buserelin therapy, no correlation was observed
whereas during depot-triptorelin therapy, a negative
correlation was found between ABA/ACA and BA (Fig.
3). At a similar BA, lower values of ABA/ACA were
observed during depot-triptorelin than during buserelin
therapy.

Before Gn-RH agonist therapy, the mean (SEM) SDS
of PAH was — 1.2 (0.3) SD. This value was significantly
lower (p<0.05) than the sex-corrected midparental

Fig. 1. Individual values of maximal increment in serum concentra-
tions of LH (left panel) and FSH (right panel) after SC administration
of 0.1 mg triptorelin in 21 patients with central precocious puberty.
The initial test was performed during buserelin therapy, immediately
before switch to depot-triptorelin. The second test was performed
after 3 months of treatment using depot-triptorelin. The lines connect
values obtained at the two tests in each individual patient.
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Fig. 2. In 13 girls central precocious puberty, height velocity is plotted in relation to chronological age during buserelin therapy and,
subsequently, during depot-triptorelin therapy. For comparison purposes, the 50th centile of height velocity for chronological age during the
decelerating phase of the normal pubertal growth spurt is shown in early, average and late maturers (Tanner and Davies, 43).
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Fig. 3. Bone age increment (ABA) per 1 year of chronological age (CA) during buserelin or depot-triptorelin therapy in patients with central
precocious puberty. Data are represented as a function of bone age observed at the beginning of each study year of GnRH agonist therapy.
Triangles denote data obtained in boys and circles in girls.
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Fig. 4. Linear correlation between predicted adult height (PAH) before
GnRH agonist therapy and change in predicted adult height after
GnRH agonist therapy for a mean of 3.1 years in patients with central
precocious puberty. When PAH could not be calculated before
therapy on account of age, the first predicted height calculated during
therapy was used as pretreatment data.

height (+0.1 (0.2) SD). No significant change in mean
PAH was observed during buserelin therapy, one year
before the switch to depot-triptorelin (— 1.0 (0.3) SD) or
at the switch (—1.0 (0.4) SD). Neither was the mean
PAH different after one year of depot-triptorelin ther-
apy (—0.9 (0.4) SD), with important individual varia-
tions. No significant correlation was found between the
change in PAH during therapy and CA or BA at onset of
therapy or pretreatment height SDS for BA. The change
in PAH during Gn-RH agonist therapy was negatively
correlated (r=—0.54; p<0.05) to pretreatment PAH
(Fig. 4).

Discussion

In this study, we have evaluated the effects of two Gn-
RH agonists used sequentially in patients with central
precocious puberty. Due to evidence of incomplete
suppression of pubertal development in a number of
patients after several months of buserelin treatment, it
was decided to switch to depot-triptorelin therapy and
to evaluate the clinical and biochemical changes. Incom-
plete pituitary-gonadal suppression was reported using
intranasal preparations of Gn-RH agonists (5, 6, 9, 28),
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as well as daily sc injections of buserelin or leuprolide
acetate (11, 17, 29, 30). These observations could be
explained by differences in biopotency or plasma con-
centrations of the agonists, and possible failure of
compliance (31, 32). Using depot preparations of differ-
ent Gn-RH agonists, arrest or regression of puberty was
reported uniformly (18-20, 23). In our series of 21
patients, 3 were not adequately suppressed during
depot-triptorelin therapy. This could be related to the
undetectable plasma levels of the agonist reported in
some patients four weeks after administration (33). Such
an observation was also made by Brauner et al. (20) who
proposed administration of depot-triptorelin every 25
days.

While some authors suggested a possible role of the
dose of Gn-RH agonist on the growth rate and progres-
sion of puberty (34), others found only dose-related
differences in suppression of gonadotropin secretion
without any effect on growth and puberty (35). In this
study, no significant correlation was found between the
dosage of Gn-RH agonist and the effects on the
development of secondary sex characteristics. Of par-
ticular interest is the fact that, in this study, all the boys
treated for central precocious puberty were well sup-
pressed during buserelin therapy whereas almost half of
the girls treated under similar conditions were not well
suppressed. This finding could be related to a sex
difference in activity of the central “gonadostat” which
seems to switch more easily to a pubertal pattern of
function in girls than in boys. Indeed, the incidence of
central precocious puberty is higher in girls than in boys,
in contrast to delayed puberty. According to such a
concept, inhibitory factors such as Gn-RH agonists
could be less effective on the central mechanism of
puberty in girls than in boys. In our small series of 7 girls
not well suppressed during buserelin therapy, preco-
cious puberty was found to be idiopathic in 4 and
organic in 3, suggesting that the etiology was unlikely to
play a major role in the clinical response to therapy.

How to assess the degree of pituitary—gonadal sup-
pression during Gn-RH agonist therapy is still an
unsolved issue. We found previously that the gonado-
tropin response to a standard Gn-RH test was of little
value since patients treated with buserelin uniformly
showed an abolished response to Gn-RH, including
those with evidence of progression of puberty (6). This is
consistent with the recent report of Cook et al. (34). In
children with precocious puberty incompletely sup-
pressed by Gn-RH agonist therapy, these authors found
that the response of LH to the Gn-RH test was inhibited
whereas overnight LH secretion was not. Since the
response of the gonadotropins to the Gn-RH test
appeared not to be useful, different authors attempted to
study gonadotropin secretion in response to a Gn-RH
agonist. In patients with endometriosis or central preco-
cious puberty, the response of the gonadotropins to
acute administration of a Gn-RH agonist was shown to
be related to the dose of the agonist administered
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chronically (35, 36). In this study, we showed that the
response of LH and FSH to acute administration of the
agonist triptorelin was related to the degree of clinical
suppression of pubertal development by the Gn-RH
agonist therapy. In agreement with Pescovitz et al. (35),
the LH response to the Gn-RH agonist is found to be
more discriminant than the FSH response in evaluating
the degree of pituitary suppression by treatment with a
Gn-RH agonist.

The effects of Gn-RH agonist therapy on growth and
bone maturation are confused with the important
changes in the rate of growth and bone maturation
during normal puberty. In patients with precocious
puberty, a mean delay of three years has been observed
between the onset of puberty reported by the parents
and initiation of Gn-RH agonist therapy (37). Consider-
ing such a long delay, particularly in girls who exhibit

their growth spurt early during puberty, it is likely that

most patients with precocious puberty have reached the
decelerating phase of the spurt when Gn-RH agonist
therapy is initiated. At that time, despite the increase in
plasma levels of sex steroids, the growth rate decreases
in normal adolescents and the rate of bone maturation
decreases also (38). In GH-treated patients, we have
shown that the rate of bone maturation decreased with
age during puberty (39). Therefore, the reduction in
height velocity and rate of bone maturation during Gn-
RH agonist therapy for precocious puberty can involve
a physiological process independent of the treatment
and the interpretation of the effects of treatment is
difficult. Moreover, comparison between growth effects
of buserelin and depot-triptorelin is not possible from
our study since there was a one-year difference between
the data obtained using the two agonists. In recent
reports comparing the effects of buserelin and depot-
triptorelin in different patients studied under similar age
conditions, some authors concluded that PAH was not
different (30). Others found that final height shows a 9-
cm difference (40). It is possible that the intranasal (40)
or sc (32) route of buserelin administration accounts for
these different effects. Nevertheless, such a discrepancy
further emphasizes the difficulty in comparing the
growth effects of the two agonists.

In contrast with the majority of earlier reports (review
in 41), we did not find any significant increase in mean
PAH during Gn-RH agonist therapy. This can be
explained partly by the individual differences in PAH at
the initiation of treatment since only those patients with
a very short PAH before therapy appeared to increase
their adult height prognosis during therapy. This is in
agreement with our previous observation after one year
of buserelin treatment (5). Equivocal effects on PAH
were also reported by others (42). In addition, using
daily deslorelin or monthly depot-triptorelin injections,
PAH has been shown to decrease between the end of
therapy and a second evaluation, two to three years later
(37, 41, 42). Therefore, studies on the final height data
are warranted before any conclusion can be drawn on
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the effects of Gn-RH agonist therapy on ultimate
stature. In addition, evaluation of the beneficial effects
of such treatment should also consider other issues such
as psychological aspects and quality of life for the
patients with precocious puberty.
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