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ABSTRACT

Introduction: Triptorelin is available as 1- and
3-month prolonged-release (PR) formulations;
at the time of the study, only the former was
approved for central precocious puberty (CPP)
in China. This study assessed the efficacy and
safety of the triptorelin 3-month PR formula-
tion in Chinese children with CPP.
Methods: In this 12-month, prospective, open-
label, multicentre, single-arm study
(NCT04736602), Chinese children (mean age

[standard deviation (SD)], 7.6 ± 0.8 years) with
CPP received triptorelin pamoate 15 mg on
day 1 and at months 3, 6 and 9. The primary
endpoint was the proportion with luteinizing
hormone (LH) suppression (stimulated peak
LH B 3 IU/L after gonadotropin-releasing hor-
mone [GnRH] stimulation) at month 3. Sec-
ondary endpoints included changes from
baseline in hormone levels and clinical
parameters, as well as safety assessments.
Results: Overall, 32 children were enrolled,
including three boys. LH suppression to prepu-
bertal levels (B 3 IU/L) after GnRH stimulation
was observed in 100%, 93.5% and 93.5% of
participants at months 3, 6 and 12, respectively.
Basal and peak LH and follicle-stimulating
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hormone levels were substantially suppressed at
months 3, 6 and 12, and most participants
showed sex hormone suppression. At months 6
and 12 respectively 92.9% and 89.3% of girls
had stable breast development, and all boys had
stable genital development. There was a
decrease in mean growth velocity from baseline
(8.96 cm/year) to months 3, 6 and 12 (8.07, 5.24
and 6.94 cm/year, respectively). The mean dif-
ference between bone and chronological age
decreased from baseline (2.85 years) to month
12 (2.39 years). In girls, uterine length was
stable or reduced at month 12; in boys, testic-
ular volume was reduced. Triptorelin was well
tolerated.
Conclusion: The triptorelin 3-month PR for-
mulation demonstrated similar efficacy to that
previously reported in non-Chinese patients
with CPP and had an acceptable safety profile.
This supports triptorelin 3-month PR as a viable
option for Chinese children with CPP.

PLAIN LANGUAGE SUMMARY

Central precocious puberty (CPP) occurs when
the reproductive organs and secondary sexual
characteristics develop too early in children
(before 8 years old in girls or 9 years old in boys).
It can cause significant psychological harm and
may lead to health problems later in life. Trip-
torelin is a type of treatment designed to sup-
press the hormonal activity responsible for CPP
and therefore slow down early pubertal devel-
opment. Triptorelin can be given as an injection
into muscle every month or every 3 months; the
3-monthly formulation is commonly used in
many countries but at the time of this study it
was not licensed for patients with CPP in China.
Our trial assessed the effect of triptorelin treat-
ment every 3 months for 1 year in 32 Chinese
children with CPP. For all patients who had
measurements available, 3-monthly triptorelin
suppressed luteinizing hormone—a key hor-
mone involved in CPP—to below typical pre-
pubertal levels. Other hormones involved in
puberty were also suppressed. Children experi-
enced a slowing down of the development of
secondary sexual characteristics (breasts,

genitals and pubic hair), and stabilization or
reduction in the size of internal sexual organs
(uterine length in girls and testicular volume in
boys). Their height also increased less rapidly
than previously. There were no concerning side
effects of triptorelin treatment, and the safety
profile matched that seen in other countries
where triptorelin is widely used for CPP. Overall,
our study findings suggest that the 3-monthly
triptorelin formulationmay be a good option for
Chinese children with CPP.

Keywords: Central precocious puberty; Chinese
children; Triptorelin

Key Summary Points

Why carry out this study?

Central precocious puberty (CPP) is a
paediatric endocrine disease in which rapid
development of the reproductive organs and
secondary sexual characteristics occurs
before the age of 8 years in girls or 9 years in
boys.

Triptorelin, used in the treatment of CPP, is
available as 1- and 3-month prolonged-
release (PR) formulations, but at the time of
this study only the former was approved for
CPP in China.

This phase 3, 12-month, prospective, open-
label, multicentre, single-arm study assessed
the efficacy and safety of triptorelin pamoate
3-month PR formulation in Chinese
children with CPP.

What was learned from the study?

The triptorelin 3-month PR formulation
suppressed luteinizing hormone to
prepubertal levels (B 3 IU/L) after
gonadotropin-releasing hormone
stimulation in all study participants and had
an acceptable safety profile.

This study confirmed the efficacy and safety
profile of triptorelin 3-month PR
formulation in this setting and supports its
use as a viable treatment option in Chinese
children with CPP.
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INTRODUCTION

Central precocious puberty (CPP) is a paediatric
endocrine disease in which rapid development
of the reproductive organs and secondary sexual
characteristics occurs before the age of 8 years in
girls or 9 years in boys, due to early activation of
hypothalamic–pituitary–gonad (HPG) axis
function [1]. Specific genetic alterations, central
nervous system lesions and social stressors are
major drivers of CPP, but a significant number
of patients with CPP have no identified aetiol-
ogy [1]. The prevalence of CPP in China has
been estimated at approximately 5% of a
school-based population [2, 3].

The physical implications of CPP may
include accelerated bone maturation (often
resulting in shorter final height) and health
problems later in life (e.g. an increased risk of
metabolic comorbidities, such as obesity, type 2
diabetes and hypertension) [1]. CPP can also
result in significant negative psychological
effects for both patients and their caregivers
[1, 4]. In a case–control study of 210 children in
China, children with idiopathic CPP demon-
strated lower quality of life and greater family
impact than healthy controls [5].

Gonadotropin-releasing hormone (GnRH)
analogues are widely used in the treatment of
CPP, resulting in downregulation and suppres-
sion of the HPG axis [6]. The most common
treatments for CPP in China are monthly for-
mulations of triptorelin or leuprorelin [7–10].

Triptorelin is a synthetic GnRH analogue
characterized by replacement of the L-glycine in
the sixth position by a D-tryptophan. This
modification increases resistance to enzymatic
degradation and affinity for the pituitary
receptor, thereby prolonging plasma half-life
and increasing potency. In China, triptorelin is
available as 1-month and 3-month prolonged-
release (PR) formulations; however, the latter
was not approved for CPP at the time of this
study (although it had been approved for locally
advanced or metastatic prostate cancer since
2008, and for endometriosis since 2021) [7, 8].

Several studies conducted in other countries
have established the efficacy and safety of the
triptorelin 3-month PR formulation in CPP

[11–14]. In a meta-analysis of trial data from 153
children with CPP who received triptorelin
3-month PR (140 female, 13 male), 87.6% had a
suppressed peak luteinizing hormone (LH)
response to the GnRH test at 3 months, and
92.8% at 6 months [15]. Follicle-stimulating
hormone (FSH) peak, oestradiol and testos-
terone were also suppressed in most patients at
3 months.

However, clinical data were previously lack-
ing for this formulation among patients with
CPP in China. This phase 3 study assessed the
efficacy and safety of the triptorelin 3-month PR
formulation in Chinese children with CPP to
investigate if the treatment effect was the same
or showed a similar trend to that observed in
non-Chinese CPP populations.

METHODS

Study Design

This was a prospective, open-label, multicentre,
single-arm, interventional study evaluating the
efficacy and safety of the triptorelin 3-month PR
formulation in Chinese children with CPP
(NCT04736602). The study was conducted at six
investigational sites in China between March
2021 and September 2022. Patients received
four doses of triptorelin pamoate 15 mg
(Diphereline�, Ipsen; delivering 11.25 mg of
triptorelin to the patient), given on day 1 and
months 3, 6 and 9 of this 12-month study.
Doses were administered by intramuscular
injection in the upper outer quadrant of the
right or left buttock.

The study was conducted in accordance with
the provisions of the Declaration of Helsinki
and Good Clinical Practice of China and in
compliance with local ethics committees and
informed consent regulations. The study pro-
tocol (including amendments) and informed
consent form were reviewed and approved by
an ethics committee prior to commencement of
the study, and during the study where applica-
ble. Written informed consent was obtained
from one or both of each child’s par-
ents/guardians, and signed assent was obtained
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from the child when applicable, prior to study
entry.

Participants

Eligible patients were required to show evidence
of CPP, as listed below:

• Onset of development of secondary sex
characteristics before 8 years of age (girls) or
before 9 years of age (boys), according to the
Tanner method (for girls, Tanner staging C 2
for breast development, enlarged uterine
length, and several follicles with diame-
ter[4 mm in the ovary on pelvic type B
ultrasound; for boys, testicular vol-
ume C 4 mL on testicular type B
ultrasound).

• A pubertal response of LH to the GnRH
stimulation test (stimulated peak LH C 5 IU/
L).

• A difference between bone age and chrono-
logical age of greater than 1 year.

In addition, included patients were required
to be aged less than 9 years (girls) or less than
10 years (boys) on initiation of triptorelin
treatment, and to weigh at least 20 kg. Girls
who had already achieved menophania/
menarche were also required to have a negative
pregnancy test prior to the start of study
treatment.

Key exclusion criteria included: gonado-
tropin-independent (peripheral) precocious
puberty (extrapituitary secretion of gonado-
tropins or gonadotropin-independent gonadal
or adrenal sex steroid secretion); non-progress-
ing isolated premature thelarche; presence of an
unstable intracranial tumour or an intracranial
tumour requiring neurosurgery or cerebral irra-
diation (although patients with hamartomas
not requiring surgery were eligible); any other
condition or chronic illness or treatment pos-
sibly interfering with growth or other study
endpoints (e.g. chronic steroid use except topi-
cal steroids, renal failure, diabetes, moderate-to-
severe scoliosis); or prior or current therapy
with a GnRH analogue, medroxyprogesterone
acetate, growth hormone or insulin-like growth
factor 1.

Procedures and Assessments

The main study consisted of; a screening visit
(up to 4 weeks prior to treatment initiation); a
day 1 visit for drug administration; a month 3
visit for efficacy and safety assessments and a
further cycle of drug administration; and a
month 6 visit (end of study/early withdrawal)
for efficacy and safety assessments. Extension of
the study provided the possibility for patients to
continue with treatment (per investigator deci-
sion) for an additional 6 months—with drug
administration at the month 6 and month 9
visits, and an ‘end of extension phase’ visit at
month 12. Efficacy and safety assessments were
made at each of these additional visits. The
extension phase was optional. Each patient was
therefore treated with the study drug for up to
12 months.

The primary efficacy analysis was the pro-
portion of children with LH suppression,
defined as stimulated peak LH of 3 IU/L or lower
after GnRH stimulation at month 3. The GnRH
stimulation test was performed using an intra-
venous injection of gonadorelin to stimulate
gonadotrophin release; blood samples were
collected prior to and 30, 60 and 90 min after
the gonadorelin injection for central assessment
of serum LH levels.

Secondary efficacy endpoints are listed in
Table 1. Safety assessments included any treat-
ment-emergent adverse events (TEAEs) occur-
ring throughout the study, changes in
laboratory parameters and measurements from
physical examination/vital signs. All adverse
events (AEs) were recorded and graded accord-
ing to the National Cancer Institute Common
Terminology Criteria for Adverse Events
Version 5.0.

As an exploratory pharmacokinetic (PK)
endpoint, plasma triptorelin concentrations
were assessed at day 1 (4 h post-injection to
correlate with expected peak concentration of
triptorelin [16]), month 3 and month 6, using a
validated, specific and sensitive liquid chro-
matography–tandem mass spectrometry
method. Sparse sampling was used to minimize
invasive blood sampling in the children.
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Statistics

Although no formal statistical testing was per-
formed, the following assumptions were made
on the basis of a previous global pivotal study
[13] for determining the required sample size:
the expected outcome for the proportion of
children with a suppressed LH response to the
GnRH stimulation test (stimulated peak
LH B 3 IU/L) at month 3 was 90%; the null
proportion was 70%; an exact binomial test of a
proportion with a one-sided nominal signifi-
cance level of 0.05 and power of 85%; and an
expected common dropout rate of 10%. Under

these assumptions, enrolment of approximately
32 patients (28 with an additional 10% drop-
outs) was planned, including 3 boys.

The analysis sets used included:

• Intention-to-treat (ITT) population: All
patients who received at least one dose of
study medication.

• Modified ITT (mITT) population: All treated
patients with at least one baseline and
month 3 post-baseline assessment of the
primary efficacy endpoint.

• Per protocol (PP) set: All patients in the mITT
set, excluding those with major protocol
deviations that could potentially affect the
primary efficacy endpoint.

• Safety population: All patients who received
at least one dose of study medication and
had at least one post-baseline safety
assessment.

• PK set: All patients who received at least one
dose of study medication and had at least
one valid and quantifiable concentration
during the study.

For the primary efficacy analysis, the two-
sided 90% confidence interval (CI) was com-
puted by SAS� (SAS Institute Inc., Cary, NC)
using exact binomial distributions on the mITT
population. Two-sided 90% CIs were also con-
structed for all secondary endpoints expressed
as proportions. Where relevant, efficacy end-
points were also analysed in the PP set.

RESULTS

Patient Characteristics

Forty-two patients were screened, of whom 10
were not suitable for enrolment (did not meet
the entry criteria, n = 5; withdrawn by par-
ent/guardian, n = 5) (Fig. 1). Thus, 32 patients
were enrolled (Table 2). Twenty-nine patients
(90.6%) were female and three (9.4%) were
male, and the mean age was 7.6 ± 0.8 years.
Mean baseline GnRH-stimulated peak values for
LH and FSH were 24.66 ± 17.85 IU/L and
12.82 ± 4.59 IU/L, respectively.

Thirty-one patients completed the month 3
visit, and 30 and 29 patients completed the

Table 1 Secondary efficacy endpoints

Change from baseline in basal serum LH and FSH

levels at months 3, 6, 9 and 12

Proportion of children with LH suppression

(stimulated peak LH B 3 IU/L after GnRH

stimulation) at months 6 and 12

Change from baseline in peak LH and FSH levels after

the GnRH stimulation test at months 3, 6 and 12

Changes from baseline in sex steroid levels and the

proportion of children with prepubertal levels

(oestradiol B 20 pg/mL in girls and testosterone

B 0.3 ng/mL in boys) at months 3, 6, 9 and 12

Change from baseline and the proportion with

stabilized pubertal stage at months 6 and 12, assessed

using the Tanner method (breast stage in girls, genital

stage in boys and pubic hair stage in both sexes)

Change from baseline in auxological parameters

(including height, growth velocity, weight and body

mass index) at months 3, 6, 9 and 12

Change from baseline in bone age, and the difference

between bone and chronological age, at months 6 and

12

Change from baseline in uterine length (girls) or

testicular volume (boys) at months 6 and 12

FSH follicle-stimulating hormone, GnRH gonadotropin-
releasing hormone, LH luteinizing hormone
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month 6 visit and the end of study month 12
visit, respectively. Three patients (all female)
discontinued the study as a result of withdrawal
by their parent/guardian. All 32 enrolled
patients were included in the ITT and safety
populations. The patient who did not complete
the month 3 visit was excluded from the mITT
population because of not having a primary
efficacy endpoint assessment, and hence there
were 31 patients in the mITT dataset. This child
was also excluded from the PP population,
along with one other who had a major protocol
deviation (only one follicle[ 4 mm, contrary to
the inclusion criteria); hence, there were 30
patients in the PP dataset.

Hormonal Suppression

In the analysis of the primary endpoint, all 31
patients in the mITT population (100%; 90% CI
90.8–100.0) had LH suppression to prepubertal
levels (B 3 IU/L) after GnRH stimulation at
month 3 (Fig. 2). At months 6 and 12, 29
patients (93.5%; 90% CI 81.1–98.8) had LH
suppression to prepubertal levels after GnRH

stimulation; hormonal suppression data were
missing for the remaining three of the 32
enrolled patients, due to study withdrawal by
their parent/guardian.

In both female and male participants, basal
LH and FSH levels were substantially suppressed
at month 3 and at all subsequent visits up to 12
months of treatment with triptorelin 3-month
PR (mITT population; Fig. 3a, b). Mean basal LH
decreased from 1.09 ± 1.65 IU/L at baseline to
0.40 ± 0.24 IU/L at month 3, 0.39 ± 0.31 IU/L
at month 6 and 0.22 ± 0.20 IU/L at month 12.
Similarly, mean basal FSH fell from 3.38 ± 1.92
IU/L at baseline to 1.02 ± 0.50, 1.24 ± 0.56 and
1.55 ± 0.90 IU/L at months 3, 6 and 12,
respectively.

Mean peak LH levels fell from 24.09 ± 17.85
IU/L at baseline to 1.00 ± 0.49 IU/L at month 3,
1.02 ± 0.63 IU/L at month 6 and 0.90 ± 0.63
IU/L at month 12 (Fig. 3c). In addition, mean
peak FSH levels decreased from 12.68 ± 4.59
IU/L at baseline to 1.40 ± 0.72, 1.68 ± 0.74 and
2.33 ± 1.34 IU/L at months 3, 6 and 12,
respectively (Fig. 3d).

With regard to sex hormones, at month 3, all
31 patients (100%) showed suppression to

Fig. 1 Patient disposition
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within the prepubertal range (oestra-
diol B 20 pg/mL in girls or testos-
terone B 0.3 ng/mL in boys) (Fig. 3e, f). At
months 6 and 12, sex hormone suppression was
evident in 30 patients (96.8%; 90% CI
85.6–99.8) and 29 patients (93.5%; 90% CI
81.1–98.8), respectively.

Similar levels of hormonal suppression were
reported in the PP population (data not shown).

Clinical Efficacy

Pubertal stage was assessed during the study
relative to baseline (mITT population; Table 3).
At month 6, 92.9% (26/28) of female patients
had a stable breast development stage (for one
female, breast stage increased from Tanner
puberty stage 2 [T2] at baseline to Tanner pub-
erty stage 4 [T4] at month 6, but her pubic hair
development stage was stable; a second female
withdrew from the study), and all three male
patients had a stable genital development stage;

Table 2 Baseline characteristics

Female (N = 29) Male (N = 3) Overall (N = 32a)

Age, years 7.4 ± 0.7 9.0 ± 0.0 7.6 ± 0.8

Height, cm 132.80 ± 6.23 142.23 ± 10.81 133.68 ± 7.10

Weight, kg 29.74 ± 4.61 36.67 ± 5.86 30.39 ± 5.06

BMI, kg/m2 16.81 ± 1.88 18.03 ± 0.26 16.93 ± 1.82

Growth velocity, cm/year 8.82 ± 2.23 10.32 ± 1.43 8.96 ± 2.20

Bone age minus chronological age, years 2.79 ± 0.76 3.10 ± 0.85 2.82 ± 0.76

Uterine length, cm 3.19 ± 0.62 – –

Left testicular volume,b mL – 6.96 ± 1.21 –

Right testicular volume, mL – 10.22 ± 5.37 –

Breast (female) / genital (male) development stage, n (%)

I 0 0 0

II 13 (44.8) 1 (33.3) 14 (43.8)

III 14 (48.3) 2 (66.7) 16 (50.0)

IV 2 (6.9) 0 2 (6.3)

V 0 0 0

GnRH-stimulated LH peak, IU/L 23.59 ± 18.11 34.98 ± 12.96 24.66 ± 17.85

GnRH-stimulated FSH peak, IU/L 13.00 ± 4.59 11.11 ± 5.08 12.82 ± 4.59

Oestradiol, pg/mL 25.66 ± 15.48 – –

Testosterone, ng/mL – 1.49 ± 1.17 –

All data are mean ± standard deviation unless otherwise stated
BMI body mass index, FSH follicle-stimulating hormone, GnRH gonadotropin-releasing hormone, LH luteinizing hor-
mone, mITT modified intention to treat
a32 patients were enrolled; however, one patient was excluded from the mITT population because of not having a primary
efficacy endpoint assessment
bn = 2 (data missing for one patient)
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96.4% (27/28) of girls and all boys had a
stable pubic hair development stage. At month
12, 89.3% (25/28) of female patients still had
stable breast development and 82.1% (23/28)
had stable pubic hair development, and all boys
still had stable genital and pubic hair develop-
ment. Breast and pubic hair development stage
data were missing for one female patient at
month 6 and two female patients at month 12.

Changes from baseline in auxological
parameters are provided in Table 3. There were
mean increases in height (2.24, 3.55 and
6.54 cm), weight (1.28, 2.53 and 4.82 kg) and
body mass index (BMI) (0.14, 0.47 and 0.90 kg/
m2) at months 3, 6 and 12, respectively. The
overall mean (SD) BMI observed at baseline
(16.96 [1.84] kg/m2) and months 3, 6 and 12
(17.10 [2.14], 17.51 [2.05] and 17.90 [2.38] kg/
m2, respectively) were within the normal range
for Chinese children [17]. Mean growth velocity
was reduced by - 0.90, - 3.77 and - 2.05 cm/
year at months 3, 6 and 12. The overall mean
(SD) growth velocity values observed at baseline
and months 3, 6 and 12 were all within the
normal range for Chinese children [18] (8.96
[2.24], 8.07 [2.19], 5.24 [2.51], 6.94 [2.82] cm/

year, respectively) and therefore final adult
height would not be expected to be impacted.

Bone age increased somewhat from baseline
to months 6 and 12 (mean change 0.23 years
and 0.59 years, respectively). However, the
mean difference between bone and chronolog-
ical age decreased from 2.82 years at baseline to
2.41 years at month 6 and 2.39 years at month
12.

In girls, uterine length was stable or reduced
from baseline to months 6 and 12 (mean
change - 0.40 cm and - 0.38 cm, respec-
tively). Similarly, in boys, testicular volume was
reduced on both the left (mean change
- 2.40 mL and - 2.88 mL) and right sides
(mean change - 4.73 mL and - 6.80 mL).

Safety

In the safety population, 27 patients (84.4%)
reported a total of 90 TEAEs (Table 4). The most
common TEAEs were upper respiratory tract
infection (31.3%), abnormal weight gain
(21.9%), bronchitis (9.4%), overweight (9.4%),
vitamin D deficiency (9.4%), cough (9.4%) and
rhinorrhoea (9.4%). Of the 90 TEAEs, 18 in 10

Fig. 2 Proportion of patients with LH suppression (peak
LH B 3 IU/L). Modified intention-to-treat population.
At months 6 and 12, data were missing for two female

patients who discontinued the study due to withdrawal by
their parent/guardian. LH luteinizing hormone
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patients (31.3%) were considered to be drug-
related, most commonly abnormal weight gain
(n = 3; 9.4%). One patient (3.1%) experienced a
grade C 3 TEAE (dermatitis allergic; not related
to the study treatment), and two participants
(6.3%) had serious AEs (both pneumonia; not
related to the study treatment). No TEAEs led to
treatment discontinuation, and there were no
deaths.

Laboratory parameters and vital signs
remained stable throughout the study com-
pared with baseline, and no potentially clini-
cally significant abnormalities occurred. There
were no abnormal physical examination
findings.

Injections were well tolerated, and no local
tolerability reactions were reported.

PK Analysis

At baseline (pre-dose), 31 of the 32 included
patients had triptorelin plasma concentrations
below the limit of quantification; 4 h post-
injection, mean concentrations rose to
47.6 ± 23.9 ng/mL. At months 3 (pre-dose) and
6, the mean plasma concentrations of triptore-
lin were 70.4 ± 54.4 pg/mL and 66.1 ± 56.9 pg/
mL, respectively.

Fig. 3 Hormonal suppression at months 3–12. Modified
intention-to-treat population. All data are mean (standard
deviation). Horizontal dotted lines represent the lower
limit of quantification for each assay (testosterone,

0.12 ng/mL; oestradiol, 17.94 pg/mL). BLQ below the
limit of quantification, FSH follicle-stimulating hormone,
LH luteinizing hormone
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Table 3 Change from baseline in clinical parameters

Female (N = 28) Male (N = 3) Overall (N = 31)

Pubertal stage, n (%)

Stable breast development stage

Month 6 26 (92.9) – –

Month 12 25 (89.3) – –

Stable genital development stage

Month 6 – 3 (100) –

Month 12 – 3 (100) –

Stable pubic hair development stage

Month 6 27 (96.4) 3 (100) 30 (96.8)

Month 12 23 (82.1) 3 (100) 26 (83.9)

Auxological parameters

Mean (SD) weight, kg

Baseline 29.66 (4.67) 36.67 (5.85) 30.34 (5.14)

Month 3 30.96 (5.28) 37.83 (6.37) 31.63 (5.67)

Month 6 32.32 (5.13) 40.30 (6.51) 33.12 (5.69)

Month 9 33.11 (5.29) 40.80 (7.70) 33.88 (5.89)

Month 12 34.55 (5.82) 43.00 (7.09) 35.43 (6.38)

Mean (SD) GV, cm/year

Baseline 8.82 (2.28) 10.32 (1.43) 8.96 (2.24)

Month 3 8.13 (2.25) 7.54 (1.63) 8.07 (2.19)

Month 6 5.11 (2.39) 6.39 (3.82) 5.24 (2.51)

Month 9 4.09 (2.36) 5.16 (1.02) 4.20 (2.28)

Month 12 7.01 (2.97) 6.32 (0.79) 6.94 (2.82)

Mean (SD) BMI, kg/m2

Baseline 16.84 (1.91) 18.03 (0.26) 16.96 (1.84)

Month 3 17.00 (2.23) 18.06 (0.67) 17.10 (2.14)

Month 6 17.36 (2.10) 18.83 (0.54) 17.51 (2.05)

Month 9 17.50 (2.16) 18.70 (1.12) 17.62 (2.10)

Month 12 17.74 (2.46) 19.30 (0.59) 17.90 (2.38)

Bone age

Mean (SD), years

Baseline 10.21 (0.74) 12.42 (0.52) 10.43 (0.98)

Month 6 10.48 (0.67) 12.50 (0.43) 10.68 (0.89)

Month 12 10.84 (0.78) 12.83 (0.52) 11.04 (0.96)

Adv Ther (2023) 40:4574–4588 4583



DISCUSSION

This prospective, single-arm phase 3 study
evaluated the efficacy and safety of the trip-
torelin 3-month PR formulation in paediatric
patients with CPP in China to identify if the
outcomes were similar to those observed in
non-Chinese patients with CPP [11–14]. LH
suppression to prepubertal levels (B 3 IU/L)
after GnRH stimulation was observed in all
patients (apart from those with missing data) at
months 3, 6 and 12, confirming treatment effi-
cacy. The safety profile was acceptable and
matched that observed previously in patients
with CPP [11, 13]. There were no treatment-
related grade C 3 or serious TEAEs, no TEAEs
leading to treatment or study discontinuation
and no deaths. These findings confirmed the
efficacy and safety profile of triptorelin 3-month
PR formulation in this setting and support its
use as a monotherapy treatment option in
Chinese children.

The efficacy results were observed to be well
aligned with those from previous studies
[11–15]. As expected, and in line with previous
studies solely assessing the 3-month sustained-
release triptorelin [11–13], treatment with the
triptorelin 3-month PR formulation in the cur-
rent study was observed to efficiently suppress
the pituitary–gonadal axis and pubertal devel-
opment in children with CPP.

A retrospective study involving 106 Korean
girls with CPP compared the efficacy of a trip-
torelin 11.25 mg 3-month depot with that of a
3.75 mg 1-month depot in suppressing pubertal
development for the treatment of CPP [14]. The
efficacy of the long-acting triptorelin 3-month
formulation was comparable with the 1-month
depot regarding hormonal suppression. At 6
months, 90.0% and 98.2% of the girls treated
with the 3-month and 1-month depots exhib-
ited suppressed levels of LH to the triptorelin
injection (serum LH\ 2.5 IU/L), respectively. In
addition, after 12 months of treatment, LH

Table 3 continued

Female (N = 28) Male (N = 3) Overall (N = 31)

Gonadal development

Mean (SD) uterine length, cm

Baseline 3.17 (0.62) – –

Month 6 2.78 (0.67) – –

Month 12 2.78 (0.80) – –

Mean (SD) left testicular volume, mL

Baseline – 6.96 (1.21) –

Month 6 – 4.56 (0.51) –

Month 12 – 4.93 (NA) –

Mean (SD) right testicular volume, mL

Baseline – 10.22 (5.37) –

Month 6 – 5.49 (1.35) –

Month 12 – 4.84 (0.37) –

Modified intention-to-treat population
BMI body mass index, GV growth velocity, NA not available, SD standard deviation
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suppression was observed in 93.5% and 100% of
the girls treated with the 3-month and 1-month
depots, respectively. Findings from the current
study were in line with results for both treat-
ment formulations in the population of Korean
girls. The current results were also similar to
those from previous studies performed in lar-
gely Caucasian populations; in a meta-analysis
of earlier trials, the proportion of patients with a
suppressed peak LH response after GnRH stim-
ulation was 87.6% at 3 months and 92.8% at 6
months [15]—compared with 100% and 93.5%
in the current study. Thus, it appears that there
are no substantial differences in outcomes
between Caucasian and Asian patients.

In addition to hormonal suppression, the
present study demonstrated effects on several
clinical measures, including stabilization of
pubertal stage, deceleration of gonadal devel-
opment and a reduction in the difference
between bone and chronological age. These
effects may have important psychological ben-
efits to patients given the stress that can be
associated with significant early alterations in
physical appearance [4]. Findings observed for
reductions in serum FSH and sex steroids and
slowing of pubertal development were compa-
rable with previous studies [11, 12, 14]. At
baseline, 28/31 (90.3%) patients had a mean
difference between bone and chronological age

Table 4 Adverse events

Female (N = 29) Male (N = 3) Overall (N = 32)

Any AE 27 (93.1) 2 (66.7) 29 (90.6)

TEAEs 25 (86.2) 2 (66.7) 27 (84.4)

Drug-related TEAEs 10 (34.5) 0 10 (31.3)

Grade C 3 TEAEs 1 (3.4) 0 1 (3.1)

TEAEs leading to treatment discontinuation 0 0 0

Serious AEs 2 (6.9) 0 2 (6.3)

Deaths 0 0 0

Drug-related TEAEs

Abnormal weight gain 3 (10.3) 0 3 (9.4)

Obesity 2 (6.9) 0 2 (6.3)

URTI 2 (6.9) 0 2 (6.3)

Gastroenteritis 1 (3.4) 0 1 (3.1)

Gingivitis 1 (3.4) 0 1 (3.1)

Tonsillitis 1 (3.4) 0 1 (3.1)

Impaired fasting glucose 1 (3.4) 0 1 (3.1)

Overweight 1 (3.4) 0 1 (3.1)

Vaginal haemorrhage 1 (3.4) 0 1 (3.1)

Nasal obstruction 1 (3.4) 0 1 (3.1)

Rhinorrhoea 1 (3.4) 0 1 (3.1)

Safety population. All data are n (%). AEs were classified according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE)
AE adverse event, TEAE treatment-emergent adverse event, URTI upper respiratory tract infection
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of at least 2 years and 18/31 (58.1%) patients
exhibited breast/genital development stages III
and IV. The presence of these two clinical fea-
tures may indicate that the children with CPP
included in the study had a relatively severe
phenotype with rapid development of the
reproductive organs and secondary sexual
characteristics. The confirmed treatment effi-
cacy of triptorelin 3-month PR formulation in
the patients included in this study supports the
use of this formulation in paediatric patients
with CPP in China.

At month 12, although 82.1% of participants
had stable pubic hair development, three girls
did have an increase in pubic hair development
stage from T1 to T2. This progression in pubic
hair during therapy is not surprising because
the appearance of pubic hair results from a rise
in adrenal androgen concentrations [19], which
are not under the control of LH and FSH. Sim-
ilarly, breast development was stable in 89.3%
of female patients, but one 8-year-old girl
experienced a breast stage increase from T2 to
T4, despite achieving hormonal suppression, a
decrease in the difference between bone and
chronological age and a reduction in uterine
length. The reason for this increase in breast
development stage is unclear but may be due to
a relatively rapid increase in weight, with an
observed change in weight of 3, 6.5, 8.5 and
11 kg at months 3, 6, 9 and 12, respectively. Of
note, Tanner staging can be affected by excess
fat, because this can be difficult to distinguish
from true glandular breast tissue. The higher
incidence of obesity associated with CPP does
not usually appear to be related to GnRH ago-
nist administration [20, 21], implying that
other factors specific to this individual likely
influenced her change in weight.

In general, the safety profile of the triptorelin
3-month PR formulation was similar to that
observed in previous studies in patients with
CPP. In the two European studies, the most
frequent AEs reported were headache, rhinitis,
abdominal pain, gastroenteritis, rash, hot flush,
vomiting and injection site pain. In the current
study, respiratory tract infections were most
common, with two participants reported to
have pneumonia as a serious AE; however, these
were both considered unrelated to the study

treatment. Other common TEAEs in the current
study were abnormal weight gain, bronchitis,
overweight, vitamin D deficiency, cough and
rhinorrhoea. There were two treatment-related
TEAEs that occurred in the current study that
were not reported in the previous European
studies, including upper respiratory tract infec-
tion (n = 2) and impaired fasting glucose
(n = 1). However, these were all mild (grade 1–2)
and overall no TEAEs led to treatment discon-
tinuation, and there were no deaths.

PK analysis confirmed plasma concentra-
tions after 4 h were similar to maximum plasma
concentrations reported in a previous study for
triptorelin pamoate 3-month PR [22]. Quantifi-
cation of triptorelin plasma concentrations
revealed that levels remained detectable at
months 3 and 6 and were similar to those
observed in the pivotal European study which
assessed the used of the triptorelin 3-month
depot in children with CPP [11].

Strengths of this phase 3 study include the
prospective, multicentre design and the inclu-
sion of a substantial number of Chinese chil-
dren, including boys. Limitations include the
open-label and single-arm study design. How-
ever, this was similar to previous studies,
thereby facilitating comparison between the
current trial and findings from previously pub-
lished work [11–14]. The open-label design
would not be expected to significantly bias
overall study outcomes given that most end-
points were based on objective measures (e.g.
hormone levels).

In China, the most commonly used treat-
ments for CPP are based on monthly adminis-
tration [7]. Although the present study made no
direct comparison with such formulations, it
supported the efficacy and safety of triptorelin
3-month PR. Less frequent dosing has the
potential to improve overall convenience and
reduce the burden of treatment on patients and
carers—whichmay be particularly relevant given
that several years of treatment are often required.

CONCLUSIONS

This study confirms the treatment efficacy and
safety profile of triptorelin 3-month PR
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formulation in paediatric patients with CPP in
China and identified no substantial differences
in outcomes to those reported in non-Chinese
patients with CPP.
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