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Abstract

Objective: Depot GnRH agonists are commonly used in the treatment of central precocious puberty
(CPP). The triptorelin 11.25mg 3-month depot, currently used in adult indications, had not pre-
viously been evaluated in CPP.

Design: This was a multicenter, open-label, 12 month trial conducted in 64 CPP children (54 girls and
10 boys), treated quarterly.

Methods: Children with a clinical onset of pubertal development before the age of 8 years (girls) or 9
years (boys), pubertal response of LH to GnRH = 7 IU/I, advanced bone age > 1 year, enlarged uterus
(=36mm) and testosterone level =0.5ng/ml (boys), were included. Suppression of gonadotropic
activation, as determined from serum LH, FSH, estradiol or testosterone, and pubertal signs were
assessed at Months 3, 6 and 12.

Results: GnRH-stimulated peak LH =3 1U/I, the main efficacy criterion, was met in 53 out of 62
(85%), 60 out of 62 (97%) and 56 out of 59 (95%) of the children at Months 3, 6 and 12 respectively.
Serum FSH and sex steroids were also significantly reduced, while pubertal development regressed in
most patients. Mean residual triptorelin levels were stable from Month 3 through to Month 12. The
triptorelin 3-month depot was well tolerated. Severe injection pain was experienced in only one
instance. Five girls experienced mild-to-moderate or severe (one girl) withdrawal bleeding.
Conclusions: The triptorelin 3-month depot efficiently suppresses the pituitary—gonadal axis and
pubertal development in children with CPP. This formulation allows a 3-fold reduction, over the
once-a-month depot, in the number of i.m. injections required each year.
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Introduction

The primary aim of the treatment of central precocious
puberty (CPP) is the suppression of gonadotropin
secretion, and thereby of gonadal sex steroid secretion.
This is in order to stop or reverse the development of
secondary sex characteristics, prevent early menarche
and early sexual activity, normalize growth velocity,
reduce epiphyseal maturation and increase adult
height. Hormonal suppression is best achieved by con-
stant exposure to agonistic gonadotropin-releasing hor-
mone (GnRH) analogs, which act via desensitization
and down-regulation of pituitary GnRH receptors and
their downstream pathway (1—4). Adequate hormonal
suppression in children exhibiting CPP is commonly
obtained by once-a-month treatments with depot pre-
parations (5—12). Long-term treatments have been
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shown to reverse or stabilize sexual development and
normalize statural growth without adversely affecting
resumption of puberty upon cessation of treatment
(6,7,13-18).

A new 3-month depot formulation of triptorelin,
administered as quarterly i.m. injections, has been
developed and is currently used in several countries
for the treatment of prostate cancer and endometriosis
(19, 20). The treatment of CPP spreads over several
years, and monthly injections can hinder the accep-
tance of the treatment by young children. A reduction
in the frequency of injections can provide definite
improvements in acceptability and treatment compli-
ance. The aim of the present study was to evaluate
the inhibition of the pituitary gonadal axis in children
with CPP treated with quarterly i.m. injections of the
3-month 11.25 mg depot formulation of triptorelin.
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Patients and methods

Patients

This multicenter European trial (Belgium, France, Italy
and Spain) involved 64 children (54 girls and 10 boys).
The children were included on the basis of the following
inclusion criteria: clinical onset of pubertal develop-
ment (breasts in girls and testicular enlargement in
boys) before the age of 8 years in girls and 9 years in
boys; pubertal response of luteinizing hormone (LH)
to GnRH stimulation (LH peak =71U/I in both sexes
(21)); bone age — chronological age >1 year; and tes-
tosterone levels =0.5ng/ml in boys and uterine length
=36 mm, as assessed by ultrasound, in girls. Children
exhibiting the following criteria were not included: gon-
adotropin-independent gonadal or adrenal sex steroid
secretion; evolutive brain tumor requiring neurosur-
gery or brain irradiation; body weight =125% of the
ideal weight for height; previous treatment with a
GnRH analog, medroxyprogesterone or cyproterone
acetate; and concomitant disease likely to interfere
with the study course.

The study was approved by the Ethics Committee of
Paris-Cochin in France and by the Ethics Committees
of each of the centers in Belgium, Italy and Spain.

Treatment

The triptorelin (p-Trp®-GnRH) 3-month depot formu-
lation consists of biocompatible, biodegradable copoly-
mer (lactide-coglycolide) microparticles containing
11.25mg triptorelin (19) (Ipsen Pharma Biotech,
Paris, France). The formulation was suspended in 2 ml
vehicle just before use and injected i.m. in the external
upper quadrant of the buttock every 3 months
(913 days).

Methods

The trial duration was 12 months, with four quarterly
injections at Day O, Month 3, Month 6 and Month 9.
The primary endpoint of the trial was the percentage of
children showing a suppressed LH response to GnRH,
defined as an LH peak = 31U/l at Month 3 of the study.
This cutoff was chosen since 95% of prepubertal children
have values below this threshold (21) and Najiba Lahlou
and Jean Claude Carel, unpublished observations). Sec-
ondary endpoints included GnRH-stimulated peak
serum concentrations of LH at Months 6 and 12, peak
serum follicle-stimulating hormone (FSH) concen-
trations, estradiol (girls) and testosterone (boys) concen-
trations, and progression of clinical signs of puberty.
Serum testosterone levels =0.3ng/ml (1 nmol/l) and
estradiol levels =20 pg/ml (74 pmol/l), the upper limit
of normal values in prepubertal children (21), were
defined per protocol as references for adequate sex
steroid hormone suppression. Triptorelin plasma
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concentrations were measured at Day O, Months 3 and
6 before the injection, and at Month 12.

The GnRH tests were performed by i.v. injection of
100 wg/m? GnRH with measurement of LH and FSH
serum concentrations determined at baseline, and 20,
40, 60 and 90min after the injection. FSH and LH
serum concentrations were assessed by fluoroimmu-
noassay (16) with limits of detection of 0.011IU/I for
both parameters. Estradiol and testosterone serum con-
centrations were determined by RIAs with limits of
detection of 2.4pg/ml and 0.02ng/ml respectively
(16). Triptorelin plasma concentrations were measured
by a validated RIA procedure with a limit of detection of
20 pg/ml. Sempé (22) normative data were used for
height. Bone age was determined centrally by the
method of Greulich & Pyle (23).

Statistics

Two populations were considered in the efficacy ana-
lyses: (i) the intent-to-treat (ITT) population, which
included all patients who received at least one dose of
triptorelin 11.25mg, and (ii) the per-protocol popu-
lation, which was a subset of the ITT population. The
per-protocol population included all patients who had
received all four doses of triptorelin 11.25mg and
had no major protocol violation. Reasons for exclusion
from the per-protocol population were: inclusion/exclu-
sion criteria not met (19% of the ITT children); LH peak
not assessable (11%); non-compliance for the date of
GnRH test (39%), and non-compliance for the injection
date (38%). Thus, 26 children (41%) from the ITT
population were excluded from the per-protocol popu-
lation, which therefore comprised 38 children. In
both populations, efficacy analyses at each scheduled
time point took into account only those patients with
available data. Results presented in this paper refer to
the ITT population unless otherwise stated.

Descriptive statistics were used for percentages of
children with suppressed LH response, and suppressed
estradiol and testosterone levels. Hormonal variations
from baseline were analyzed using the non-parametric
Wilcoxon test.

Results

Patient characteristics at baseline (Table 1)

Several violations of the per-protocol inclusion criteria
were noted: seven children (five girls and two boys)
had a bone age(chronological age difference <1; two
girls had uterine length <36 mm; and two boys had
testosterone levels <0.5ng/ml. Nevertheless, all chil-
dren showed clinical signs of precocious puberty and
activation of the gonadotropic axis with stimulated
LH peaks >71U/l (21). Most children (70%) were at
pubertal stage 3, and four girls and two boys were at
pubertal stage 4. One boy was considered to have an
intrasellar pituitary tumor that did not require neuro-
surgery or irradiation treatment.
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Table 1 Initial characteristics of the patients.
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Girls

Boys

Number of patients

Age (years)

Height (SDS)

Growth rate (cm/year)

Weight (kg)

BMI (SDS)

Bone age (years)

Bone age — chronological age (years)
Estradiol (pg/ml)

Testosterone (ng/ml)
GnRH-stimulated LH peak (1U/1)
GnRH-stimulated FSH peak (1U/)

54
8.3+0.9 (4.9; 9.7)

4+12(-1.0;3.8)
10.7=1.1 (7.8; 13.3)
2.4+1.1 (-0.8; 4.5)
20.7+19.8 (3.8; 11.0)

21.6+14.7 (7.6; 86.7)
11.9+4.2 (5.7; 23.6)

10
10.2+0.9 (8.7; 11.6)
1.7+1.7 (- 1.5; 3.8)
8.9+1.4 (7.6; 11.5)
38.3+5.8 (30.0; 47.0)
0.9+1.3 (-0.7; 3.8)
12.0+1.1 (9.8; 13.0)
1.9+1.3 (-0.7; 4.0)

3.0+2.0 (0.2; 6.6)
17.3+4.6 (8.7; 26.0)
5.6+3.9 (2.0; 15.1)

Pubertal stage, n (%)

Uterine length (cm)
Mean testicular volume (ml)

B2: 11 (20%)
B3: 39 (72%)
B4: 4 (7%)

G2: 1 (10%)
G3: 7 (70%,)
G4: 2 (20%)

43.6+6.5 (33.0; 68.0) —

— 13.0+6.7 (6.0; 28.8)

Results are given as mean * s.D. (range).
B: breast development stage; G: genitial development stage.

Gonadotropin suppression (Table 2)

At Month 3, 45 of the 52 girls and eight of the ten boys
with available data, i.e. 85% of the children, had sup-
pressed LH peaks (=3 1U/I). LH peaks in the nine chil-
dren not responsive to treatment at Month 3 were 3.9,
4.1,4.3,12, 13,17, 19, 20 and 39 IU/L. Of these nine
children, eight out of nine and six out of seven achieved
adequate LH suppression at Month 6 and 12 respect-
ively (two of these children were lost to follow-up at
Month 12). In the per-protocol population, all of 33 girls
(100%) and four out of five boys (80%), i.e. 97% of the
per-protocol children achieved adequate LH suppression.

At Month 6, 60 out of 62 (97%) of the children
achieved adequate LH suppression. One girl with an LH
peak of 6.31U/1 had a suppressed LH response at
Month 3 (2.210/1) and at Month 12 (2.4 10/1). This girl
had experienced an injection problem that may explain
the lack of response. The other unresponsive child, a

Table 2 GnRH-stimulated concentrations of LH and FSH.

LH

LH peak =31U/I

n/N (%) Peak (IU/)  FSH peak (1U/1)

ITT population (n= 64)

Baseline 0/64 (0) 21.0+13.7 10.9+4.7

Month 3 53/62 (85) 3.1£6.3%** 2.6£3.4%*x

Month 6 60/62 (97) 1.320.9%** 1.721.1%

Month 12 56/59 (95) 1.7+2.9%+ 2.01. 7%
Per-protocol population (n = 38)

Baseline 0/38 (0) 21.3+14.5 10.7+£4.7

Month 3 37/38 (97) 1.2£0.7%* 1.4+0.8***

Month 6 37/38 (97) 1.220.7** 1,721 1%

Month 12 37/38 (97) 1.7+3.2% 2.241.90+

Results are given as mean + s.D.
** P<0.001 with respect to baseline.

boy with an LH peak of 3.6 1U/I (close to threshold level
for response), was found to be below the suppressed
level at Month 12. At Month 12, only three boys were
non-responders. Thus, 95% of the ITT children had a
suppressed LH response. In the per-protocol population,
the response rate observed at Month 3 remained
unchanged, at 97% at Months 6 and 12.

Highly significant decreases in mean LH and FSH
peaks were observed at Month 3 and were sustained
through Month 12. Similar results were observed in
boys and girls.

Suppression of gonadal steroids (Table 3)

Estradiol levels were decreased to prepubertal levels
(=20pg/ml) in 96% of girls at Month 3 (there were
two higher values of 22 and 28 pg/ml), in 98% at
Month 6 (one higher value of 47 pg/ml) and 100% at
Month 12. Interestingly, these three girls with high
estradiol values had corresponding LH peaks of 12.2,
38.7 and 6.310/1 respectively. Consistent with the
results for the percentage of responders, the mean
estradiol plasma concentrations were significantly
decreased at all time points (P < 0.001). As would be
expected, 63% of the girls had estradiol levels below
the defined threshold for suppression at baseline, due
to the pulsatile ovarian secretion. In the per-protocol
population, all girls (100%) exhibited prepubertal estra-
diol levels at all post-baseline time points.
Testosterone levels were decreased to prepubertal
levels in 70% of the boys at Month 3 (with the remaining
three boys having values of 0.35, 0.4 and 3.5 ng/ml),
and at Month 6 (with the remaining three boys having
values of 0.4, 0.5 and 1.2ng/ml), and in 50% at
Month 12 (with the remaining five boys having values
of 0.35, 0.4, 0.55, 0.6 and 3.1 ng/ml respectively).
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Table 3 Suppression of estradiol (girls) and testosterone (boys).

Estradiol® Testosterone®
= 20 pg/ml = 0.3ng/l

pg/l n/N (%) ng/l n/N (%)

ITT population (N = 54) ITT population
(N=10)

Baseline  20.7+19.8 34/54 (63) 3.0+£2.0 1/10 (10)
Month 3 7.0+4.7++  50/52 (96) 0.5+1.1*  7/10 (70)
Month 6 6.7+5.9+  51/52 (98) 0.3+0.3**  7/10 (70)
Month 12 6.5+1.9*+  50/50 (100) 0.6=0.9**  5/10 (50)
Per-protocol population Pre-protocol population
(N=33) (N=15)
Baseline  17.1+13.4 23/33 (70) 3.3+2.0* 0/5 (0)
Month 3 5.7+1.4++  33/33 (100) 0.2+0.1* 4/5 (80)
Month 6 6.1£1.5%+  33/33 (100) 0.4*=0.5 3/5 (60)
Month 12 6.5+1.9++  33/33(100) 0.8%+1.3 3/5 (60)

Estradiol and testosterone concentrations are given as mean=+s.D.
To convert to SI, multiply by 3.672, 3.46°.
*P=0.06; **P = 0.002; ***P < 0.001 vs baseline.

As was seen in the girls with the high estradiol levels,
boys with elevated testosterone levels generally had
clearly elevated LH peak responses at the assessment
time points. This was particularly the case when the tes-
tosterone level exceeded 0.5 ng/ml, the cutoff generally
used to define suppression in adults. Mean testosterone
levels were significantly decreased at all post-baseline
time points (P = 0.002).

Triptorelin levels

Mean residual plasma concentrations of triptorelin, 3
months after each injection, are shown in Fig. 1.
Three children had clearly detectable triptorelin
plasma concentrations at baseline (363, 387 and
73 pg/ml respectively), suggesting that sampling had
been performed after the first injection. Mean
triptorelin residual plasma concentrations ranged
from 53*34pg/ml (Month 3) to 81*=82pg/ml
(Month 6). Several children had undetected triptorelin
levels at certain time points: at Month 3, triptorelin
was not detected in eight children, of whom six had
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Figure 1 Triptorelin plasma levels. *Three children had detectable

values at baseline, suggesting that sampling had been performed
after the injection; means=s.p.
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inadequate LH responses; at Month 6, undetectable
levels were found in two children, of whom one had
an inadequate LH response; and at Month 12,
undetectable levels were found in six children, of
whom two had inadequate LH responses.

Clinical efficacy

Assessments at Month 12 showed that breast develop-
ment was stable in 16 out of 51 girls (31%) and regressed
in 35 out of 51 (69%), while mean uterine length
decreased from 43.6x6.5mm at inclusion to
38.6*+ 7.0 mm. Genital development was stable in three
out of ten (30%) of the boys and regressed in seven out
of ten (70%). Overall, growth velocity decreased from
the baseline 9.0=2.3 to 6.2*1.7 cm/year, and the
bone age — chronological age difference was unchanged.
Body mass index (BMI) slightly increased from 1.3+t1.2
SDS units at baseline to 1.5*=1.3 SDS units after 12
months of treatment.

Tolerance

The general tolerance to the triptorelin treatment was
good. Headache, the most frequent adverse event, was
reported in 9 out of 54 girls (17%) and four out of
ten boys (40%). Headaches were generally mild or mod-
erate, with only one child reporting severe headache.
Mild-to-moderate rhinitis (13% of the children),
abdominal pain (9%), gastroenteritis (5%) and rash
(5%) were also reported.

Local pain at the injection site was reported in two
children. It was mild at all injections in one child and
severe only at the Month 3 injection in the other
child. Other transient mild-to-moderate local reactions
were observed in four children (8%). Five girls experi-
enced withdrawal bleeding, four after the Day O injec-
tion and one after the Month 3 injection. Withdrawal
bleeding episodes were mild or moderate, except in
one girl who experienced three episodes after the Day
0 injection, and for whom the second episode was
severe and lasted 7 days. None of these events resulted
in early withdrawal from the study.

Discussion

In this study, we evaluated in a large sample of patients,
screened using a uniform and centralized procedure,
the safety and efficacy of the 3-month 11.25mg
depot formulation of triptorelin in children with CPP.
The results from this 1 year trial demonstrate that
the triptorelin 3-month sustained-release formulation,
at a dose of 11.25mg/3 months, was effective in
suppressing gonadotropin and gonadal steroid secretion
in most children with CPP. Pharmacodynamic effects
were similar to those previously reported with the
monthly formulation of the same drug (7).
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One strength of this study was to evaluate a large
sample of patients including ten boys for 1 year,
using a centralized protocol and hormonal measure-
ments, allowing the most thorough assessment to
date of 3-month depot GnRH agonists in children.
Although our study did not directly compare the results
of 1-month and 3-month depot forms of triptorelin, this
has been done in other settings. A study in patients
with endometriosis (19) and one in patients with pros-
tate cancer (20) have documented the pharmacody-
namic equivalence of the 1-month and 3-month
formulations over a 3 month treatment period, and
the persistence of triptorelin plasma levels over at
least 90 days after injection of the 3-month formu-
lation. Mean triptorelin plasma concentrations of 40-
60 pg/ml were observed at 90 days in both studies.
Similar plasma levels were observed in the present
study, although the average weight of the children
was 33 kg, roughly half the weight of the treated
adults, suggesting the need for a higher dose:weight
ratio in children. Residual triptorelin levels were
undetectable in 16 out of 177 measurements, correlat-
ing with non-suppressed LH peaks in 9 out of 16
instances. Thus, the pharmacodynamic activity of the
3-month formulation generally covered the expected
90 day period, even if residual plasma levels of triptor-
elin were sometimes not detected 3 months after the
injection.

The LH peak threshold of 71U/] used in this study to
define CPP was higher than that used as a reference
(510/1) in most other clinical trials (16). Therefore,
children in the present trial were selected on the
basis of rather stringent criteria for CPP, likely to corre-
spond to pubertal stage 3 (21). Three of the children
defined as non-responders at Month 3 with LH peaks
of 3.9, 4.1 and 4.31U/l, nevertheless showed some
degree of LH suppression with respect to baseline.
This also holds true for the two non-responders at
Month 6, and for one of the three non-responders at
Month 12, who had an LH peak of 3.6IU/l. Thus,
the responder rates observed from Month 3 to Month
12, and the highly significant decreases in mean
peak gonadotropins and in mean gonadal hormone
levels, reflect an efficient suppression of the pituitary
gonadal axis with this 3-month 11.25mg triptorelin
depot formulation. These hormonal results obtained
with quarterly injections are similar to those observed
with the triptorelin slow-release 3.5mg formulation
administered every 28 days (5, 12, 24, 25). It is inter-
esting to note that at 3 months, eight of the non-
responders in the ITT group had protocol violations
resulting in either delayed injection resulting in
increased inter-injection interval or incomplete injec-
tions resulting in decreased drug delivery. This finding
emphasizes the need for (i) careful monitoring of the
injection and injection schedule of this as well
as other depot GnRH agonist preparation, and (ii) care-
ful clinical and hormonal monitoring of depot GnRH
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agonist-treated children. When results are not satisfac-
tory, our data would suggest that strict compliance to
treatment schedule and drug delivery will result in effi-
cacy in 97% of cases. If this is not the case, our data do
not permit recommendations to be made regarding the
best option (i.e. increase the dose, reduce the inter-
injection interval or change to a 1-month depot form).

Subcutaneous intolerance to depot GnRH agonists
has been reported and is mostly due to reaction to
the lactide-coglycolide polymer (9, 11, 16, 26, 27). In
the present study, mild-to-moderate local reactions at
the injection site were reported in 8% of the children,
and injection pain in only 3%. None of these cases
resulted in withdrawal from the study, although such
a situation may well occur with repeated injections,
highlighting the advantage of a quarterly treatment
over a monthly treatment. Since lactide-coglycolide
polymers are constituents of both the 3mg and
11.25mg preparation of triptorelin, it should result in
similar safety profiles. However, it will be particularly
important to monitor the long-term safety of this new
preparation when approval for use in children CPP is
obtained.

Conclusions

The results of the present study demonstrate that the 3-
month 11.25mg triptorelin depot formulation effi-
ciently suppresses the pituitary—gonadal axis and the
progression of CPP in children. They also confirm the
need for precise monitoring of gonadotropin secretion
in children treated with GnRH agonists. These results
confirm the efficacy, tolerability and acceptability of
the 3-month formulations of GnRH agonists in
children (16).
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