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ABSTRACT

Introduction: This phase 3, randomized, open-
label, active-controlled, multicenter study
investigated the efficacy of triptorelin pamoate
prolonged-release (PR) 3-month in Chinese
patients with endometriosis by demonstrating
the noninferiority of the 3-month formulation

to the standard of care, triptorelin acetate PR
1-month.
Methods: The trial was conducted in 24 clinical
centers in China, and included 300 Chinese
women (18–45 years) with endometriosis and
regular menstrual cycles who required treat-
ment with a gonadotropin-releasing hormone
agonist for 6 months. One group of patients
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(n = 150) was treated with triptorelin pamoate
PR 3-month (15 mg per injection, once every
12 weeks), and the other (n = 150) with trip-
torelin acetate PR 1-month (3.75 mg per injec-
tion, once every 4 weeks). The primary outcome
measure was the proportion of patients with
estradiol (E2) concentrations suppressed to cas-
tration levels (B 184 pmol/L, or 50 pg/mL) after
12 weeks of treatment.
Results: Triptorelin pamoate PR 3-month was
noninferior to triptorelin acetate PR 1-month
for the treatment of endometriosis: over 98% of
patients in both groups were chemically cas-
trated at week 12. Both formulations were also
equally efficacious in reducing endometriosis-
associated pelvic pain, and reducing serum
concentrations of E2, luteinizing hormone, and
follicle-stimulating hormone over time. No new
safety concerns were identified.
Conclusion: Triptorelin pamoate PR 3-month is
a valid alternative to triptorelin acetate PR
1-month for the treatment of Chinese women
with endometriosis, with fewer injections and a
potentially lower burden of care.
Trial Registration: NCT03232281.

Keywords: Chinese women; Endometriosis;
Triptorelin pamoate

Key Summary Points

Why carry out this study?

The current standard of care for the
treatment of endometriosis in China is the
triptorelin acetate prolonged-release (PR)
1-month formulation.

The triptorelin pamoate PR 3-month
formulation was designed to deliver
equivalent exposure to the 1-month
formulation but with a reduced frequency
of injections.

This phase 3, randomized, open-label,
active-control, multicenter study
investigated the efficacy of triptorelin
pamoate PR 3-month in Chinese patients
with endometriosis by demonstrating
noninferiority of the 3-month
formulation to triptorelin acetate PR
1-month.

What was learned from the study?

Triptorelin pamoate PR 3-month was
noninferior to triptorelin acetate PR
1-month for the treatment of
endometriosis: over 98% of patients in
both groups were chemically castrated at
week 12.

This study demonstrates that triptorelin
pamoate PR 3-month is a valid alternative
to triptorelin acetate PR 1-month for the
treatment of Chinese women with
endometriosis.

INTRODUCTION

Endometriosis is characterized by the presence
of endometrial tissue fragments outside the
uterine cavity [1]. Clinical manifestations vary
from absence of symptoms to severe symptoms,
consisting mainly of dysmenorrhea, cyclical
abdominal pain, pelvic pain, and dyspareunia
[1]. Worldwide, the prevalence of endometriosis
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in fertile women is approximately 10% [2], and
30–50% of women with endometriosis are
affected by infertility [3]. Endometriosis can
also have an impact on pregnancy outcomes.
Women with endometriosis who conceive nat-
urally are reported to have an increased risk of
preterm delivery and neonatal admission to the
intensive care unit [4]. Evidence also suggests
that endometriosis-related complications can
lead to adverse pregnancy outcomes, including
miscarriage and cesarean delivery [5]. While
medical and surgical treatments for
endometriosis demonstrate benefits in pain
control and improvement in quality of life
(QoL), it is well recognized that endometriosis
impairs QoL in many women, including their
social relationships, daily activity, productivity
at work, and family planning [6]. In a large
proportion of Asian women, endometriosis is
associated with compromised QoL and sub-
stantial associated economic burden [7].

The aim of endometriosis treatment is to
reduce the severity of symptoms and improve
QoL [8, 9]. Two treatment options are currently
recommended: surgery to remove the ectopic
endometrial tissue, and hormonal treatment to
reduce estradiol (E2) levels, resulting in sup-
pression of endometrial tissue growth and
symptom relief [10]. Additional treatment for
pain relief may also be provided. Decisions
about the best therapeutic approach should be
based on the patient’s medical history, disease
stage, symptom severity, and personal choice.
Medical treatment can control symptoms and
stop the development of pathology. However,
medical therapy does not offer a definitive
treatment for symptomatic patients, side effects
can arise from long-term treatment, and there is
a risk of recurrence once treatment is sus-
pended. Surgical treatment can achieve the
complete removal of all lesions through a one-
step surgical procedure, but should only be
proposed when deemed necessary (failed hor-
mone therapy, contraindications to hormone
treatment, severity of symptoms, infertility)
[11, 12].

Gonadotropin-releasing hormone (GnRH)
agonists, such as triptorelin, are the principal
hormonal E2 suppressants used for symp-
tomatic relief of endometriosis [13, 14]. GnRH

controls the synthesis and secretion of
luteinizing hormone (LH) and follicle-stimulat-
ing hormone (FSH) by the pituitary gland
[15, 16], thereby controlling hormonal and
reproductive function of the gonads. GnRH
agonists have proven to be effective and well-
tolerated treatments that temporarily down-
regulate the GnRH receptor, reducing secretion
of LH and FSH, and subsequently E2 [13, 17–19].
The clinical effect in the treatment of
endometriosis is associated with a reduction in
E2 concentrations to postmenopausal levels,
leading to suppression of menses, reduction of
endometriotic deposits, and subsequent
improvement of clinical symptoms [13].

The current standard of care for the treat-
ment of endometriosis in China is the trip-
torelin acetate prolonged-release (PR) 1-month
formulation (3.75 mg) [20]. The triptorelin
pamoate PR 3-month formulation (15 mg) was
designed to deliver equivalent exposure to the
1-month formulation but with a reduced fre-
quency of injections [19]. The 1-month formu-
lation was first marketed in France in 1996 and
has since been approved (for indications in
women and men) in more than 40 countries
[21, 22]. In China, triptorelin pamoate PR
3-month has been approved for locally
advanced or metastatic prostate cancer [23]
since December 2008.

To support the potential use of the 3-month
formulation of triptorelin for the treatment of
Chinese patients with endometriosis, this phase
3 study was conducted. The primary study
objective was to demonstrate noninferiority of
the 3-month formulation compared with the
1-month formulation.

METHODS

Objectives

The primary objective was to assess the efficacy
of triptorelin pamoate PR 3-month in Chinese
women with endometriosis by demonstrating
the noninferiority of this formulation (15 mg)
injected once compared with triptorelin acetate
PR 1-month (3.75 mg) injected three times
consecutively. The primary outcome measure
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was the proportion of patients who were
chemically castrated (defined as E2 concentra-
tions B 184 pmol/L or 50 pg/mL) at week 12.

Efficacy was also assessed using the following
secondary endpoints: percentage of patients
chemically castrated at week 4 and week 8, and
at weeks 4, 8, and 12 using an alternative defi-
nition of chemical castration (E2 B 110 pmol/L
or 30 pg/mL); change from baseline in
endometriosis-associated pelvic pain (by 10 cm
visual analog scale [VAS]) at weeks 4, 8, and 12;
E2, LH, and FSH concentrations at weeks 4, 8,
and 12; and time to menses recovery.

Exploratory endpoints included the per-
centage of patients chemically castrated
according to the abovementioned definitions at
week 24; change from baseline in endometrio-
sis-associated pelvic pain at weeks 16, 20, and
24, and at end of study (EOS); and LH and FSH
concentrations at week 24.

Pharmacokinetic (PK) parameters were also
assessed for the triptorelin pamoate PR 3-month
and triptorelin acetate PR 1-month
formulations.

Study Design

This was a phase 3, randomized, open-label,
parallel group, active-controlled study con-
ducted at 24 centers in China (NCT03232281;
study funded by Ipsen). Patients were random-
ized 1:1 (allocation through an interactive web
response system) to receive a total of two
intramuscular injections with triptorelin
pamoate PR 3-month (15 mg, once every
12 weeks) or a total of six intramuscular injec-
tions with triptorelin acetate PR 1-month
(3.75 mg, once every 4 weeks) (Fig. 1).

The study comprised a screening period of
up to 5 weeks, a 24-week treatment period, and
a follow-up period up to week 40 or until the
recovery of menses, whichever occurred first.
The visit and dosing schedules are shown in
Fig. S1. The first dose was given at baseline (day
1), which occurred in the patient’s follicular
phase (first to fifth day of menses). After week
12, add-back treatment (recommended as, but
not limited to, tibolone 2.5 mg once daily) was
administered if required, based on the

investigator’s judgement. After week 24,
patients were followed-up once every 4 weeks
via telephone until menses recovery or week 40,
whichever occurred first. After this time point,
all patients were requested to attend the study
site for an EOS visit.

Sparse PK samples were collected in all
patients; a full PK analysis was performed for 14
patients per group, with additional blood sam-
ples collected at weeks 1, 2, 3, and 32 for anal-
ysis of E2, LH, and FSH (further details on PK
analyses are provided in the Supplementary
Materials).

The study was conducted according to the
Declaration of Helsinki of the World Medical
Association and in compliance with applicable
local regulations. The protocol, amendments,
and informed consent forms were approved by
the independent ethics committee and institu-
tional review boards (details of ethics commit-
tees for each study site are provided in Table S1).
The ethics committee at the leading site was the
Clinical Trial Ethics Committee at Peking
Union Medical College Hospital, Chinese
Academy of Medical Sciences. All patients pro-
vided written informed consent before study
entry.

Patients

Eligible patients included women aged 18–-
45 years with a diagnosis of endometriosis,
confirmed by laparoscopy or laparotomy within
5 years, and a history of regular menstrual
cycles (21–35 days), and who were considered
by the investigator to require treatment with a
GnRH agonist for a period of 6 months. Patients
enrolled in this study were not categorized by
their stage and score of endometriosis or recur-
rence rate of symptoms before starting treat-
ment. Instead, all patients with a diagnosis of
endometriosis were included, with all random-
ized patients having received surgery for
endometriosis prior to study entry, and both
treatment formulations were well balanced with
respect to gynecological history.

Patients were not allowed to enter the study
if they were menopausal, pregnant, or lactating,
or if they had received treatment with a GnRH
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Fig. 1 Patient disposition. AE adverse event, FAS full analysis set, NCA noncompartmental analysis, PK pharmacokinetic,
PP per protocol, PR prolonged-release
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agonist within the previous 6 months, other
hormonal treatment within the previous
3 months, or a traditional Chinese medicine
within the previous month.

Safety

Safety and tolerability were assessed as a sec-
ondary study objective by means of incidence
and severity of adverse events (AEs), laboratory
tests (biochemistry, hematology, and urinaly-
sis), and electrocardiogram findings.

Pharmacokinetics
and Pharmacodynamics

A PK comparison of the two formulations was
also included as a secondary objective. Further
analysis of the PK and pharmacodynamic (PD)
properties of the 3-month formulation was
performed in a subset of patients as an
exploratory objective with E2, LH, and FSH as
PD markers.

Using PK/PD subgroup data, a population PK
model was built and used to derive individual
PK parameters for both formulations for all
patients (further details on the population PK
and PD model analysis are provided in the
Supplementary Materials).

Statistical Analyses

A sample size of 300 (150 patients per group)
was planned to ensure adequate precision and
confidence in outcome estimates, based on
previous study data [19]. Assuming that the
proportion of patients chemically castrated at
week 12 with triptorelin acetate PR 1-month
would be no less than 92%, a sample size of 133
patients per treatment group was estimated to
provide 85% power to demonstrate the nonin-
feriority objective, with participant attrition
estimated as 10%.

Analysis of efficacy objectives was conducted
on the full analysis set (FAS), including all ran-
domized patients receiving at least one treat-
ment dose, and with at least one baseline and
post-baseline primary endpoint assessment. The
primary efficacy analysis was performed on the

per-protocol (PP) set, including all patients in
the FAS with a primary endpoint measurement
at week 12 and without major protocol devia-
tions. Safety endpoints were analyzed on the
safety set, including all patients receiving at
least one treatment dose.

The full PK profile analysis set included
patients in the full PK/PD subgroup receiving at
least one treatment dose, with no major proto-
col deviations, and with sufficient PK concen-
tration measurements to estimate the main PK
parameters: maximum concentration over a
dosing interval (Cmax), time to Cmax (tmax), and
area under the curve over a dosing interval
(AUCtau), when applicable. The sparse PK sam-
pling analysis set included all patients receiving
at least one treatment dose, with no major
protocol deviations and with at least one valid
plasma concentration. The PD analysis set
included all patients in the full PK/PD subgroup
with sufficient PD measurements. The PK/PD
relationship set included all patients receiving
at least one treatment dose, with at least one
valid plasma triptorelin concentration and at
least one PD measurement.

The null hypothesis for the primary efficacy
analysis was that triptorelin pamoate PR
3-month would be noninferior to triptorelin
acetate PR 1-month when the prespecified
noninferiority margin was -10%. The differ-
ence between groups in percentage of patients
chemically castrated at week 12 and its two-
sided 95% confidence interval (CI) were calcu-
lated using the Miettinen–Nurminen method,
stratified by endometriotic surgical history and
severity of endometriosis-associated pelvic pain
at baseline with sample-size weighting. If the
lower limit of the 95% CI was above -10%,
triptorelin pamoate PR 3-month noninferiority
to triptorelin acetate PR 1-month was con-
firmed. A sensitivity analysis was performed on
the same analyses adding treatment center in
the above Miettinen–Nurminen method. Sup-
ported analyses were performed using the
Miettinen–Nurminen method without stratifi-
cation factors.

Changes in endometriosis-associated pelvic
pain and serum E2, LH, and FSH concentrations
were presented using summary statistics; 95%
CIs for the difference in mean values and

4668 Adv Ther (2022) 39:4663–4677



change from baseline were calculated using a
linear model for repeated measurements,
adjusting for treatment group and its interac-
tion, with visit and randomization as stratifica-
tion factors. Median time to menses recovery,
25th and 75th quartile times, and 95% CIs were
estimated using the Kaplan–Meier method.

Patient demographics and baseline charac-
teristics, and safety endpoints were analyzed
using descriptive statistics.

Statistical evaluations were performed using
Statistical Analysis System (SAS)� software (ver-
sion 9.4). The noncompartmental analysis was
performed using SAS software on the PK data
collected for the PK/PD subgroup to assess the
individual PK parameters for both formulations.
Modeling was performed on PK data from all
patients using the nonlinear mixed effects
model (further details of PK analyses are pro-
vided in the Supplementary Materials).

RESULTS

Patients

Between July 28, 2017, and November 16, 2019,
300 patients from 24 centers in China were
randomly allocated to receive triptorelin
pamoate PR 3-month or triptorelin acetate PR
1-month (n = 150 per group). Patient disposi-
tion and the number of patients in each analysis
set are reported in Fig. 1. The mean (standard
deviation) age of patients was 32.5 (6.1) years.
Most patients had endometriosis confirmed by
laparoscopy (n = 254, 84.7%), with a mean
(range) time since diagnosis of 5.87 (0.1–113.4)
months. All patients received endometriosis
surgery prior to study entry (Table S2). The
distribution of significant medical and surgical
history across treatment groups is shown in
Table S3.

Add-back treatment, which was permitted
after the primary endpoint evaluation at week
12, was required by 50 patients (16.7%; 18
patients [12.0%] in the triptorelin pamoate PR
3-month group and 32 patients [21.3%] in the
triptorelin acetate PR 1-month group). The
most common add-back treatment was tibolone
(12 patients [8.0%] versus 24 patients [16.0%],

respectively), mainly for hot flashes or reversal
of menopausal symptoms, followed by estradiol
valerate (four patients [2.7%] versus seven
patients [4.7%], respectively). In the triptorelin
pamoate PR 3-month group, 143 patients
(96.0%) received the scheduled two injections
of 2 mL, with a mean total volume administered
until week 24 of 3.90 mL (range 1.8–4.4 mL). In
the triptorelin acetate PR 1-month group, 144
patients (96%) received the scheduled six
injections, corresponding to a mean actual total
volume until week 24 of 11.99 mL (range
2.0–13.6 mL).

Primary Efficacy Endpoint

Most patients in both study groups ([98%)
were chemically castrated (E2 concentra-
tions B 184 pmol/L or 50 pg/mL) at week 12,
with a similar proportion in each group and a
rate difference (triptorelin pamoate PR 3-month
minus triptorelin acetate PR 1-month) of -0.7%
(95% CI -4.41, 2.58) (Table 1). Findings were
consistent with those observed for the FAS, as
well as with findings from the sensitivity and
supportive analyses.

Secondary and Exploratory Efficacy
Endpoints

Based on the two definitions of chemical cas-
tration, the vast majority ([ 95%) of patients in
both groups were chemically castrated at weeks
4, 8, 12, and 24 (FAS; Table 1).

Both triptorelin formulations were associ-
ated with a decrease from baseline in
endometriosis-associated pelvic pain (by 10 cm
VAS) at weeks 4, 8, and 12. The decrease was
maintained up to weeks 16, 20, and 24 (FAS;
Fig. 2). Absolute values were similar between
the two treatment groups, with a rate difference
(95% CI) of -0.1% (-4.0%, 3.9%), -0.8%
(-4.4%, 2.9%), and 0.2% (-3.2%, 3.7%) at
weeks 4, 8, and 12 respectively.

Evaluation of E2 concentrations indicated a
marked decrease from baseline with both for-
mulations. The decreased levels were main-
tained up to week 8 and week 12 (FAS; Table 2;
Fig. S2b). Mean LH concentrations remained
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suppressed from baseline during the 12-week
treatment period for both groups (Table S4;
Fig. S2c). For FSH concentrations, a decrease
from baseline by week 4 was also observed with
both formulations, followed by a gradual but
continual increase at week 8 and week 12 in
both groups relative to week 4 (Table S4;

Fig. S2d). For all the endpoints described above,
findings were consistent when analyzed using
the PP set (assessed at weeks 4–12).

For time to recovery of menses, most
patients in both groups recovered menses after
the last treatment dose (78.9% in the triptorelin
pamoate PR 3-month group and 91.3% in the

Table 1 Proportion of patients chemically castrated at weeks 4, 8, 12, and 24

Triptorelin pamoate
PR 3-month

Triptorelin acetate
PR 1-month

Rate difference
(95% CI)

E2 B 184 pmol/L or 50 pg/mL, PP set (primary analysis)

Week 12 Patients, n (%) 140 (98.6) 145 (99.3) -0.7 (-4.41, 2.58)

95% asymptotic CI, % 96.65, 100.00 97.98, 100.00

E2 B 184 pmol/L or 50 pg/mL, FAS (secondary and exploratory analyses)

Week 4 Patients, n (%) 144 (98.0) 149 (99.3) -1.3 (-5.26, 1.93)

95% asymptotic CI, % 95.67, 100.00 98.03, 100.00

Week 8 Patients, n (%) 143 (97.3) 150 (100.0) -2.7 (-6.80, -0.16)

95% asymptotic CI, % 94.65, 99.91 100.00, 100.00

Week 12 Patients, n (%) 143 (97.3) 149 (99.3) -2.0 (-6.21, 1.29)

95% asymptotic CI, % 94.65, 99.91 98.03, 100.00

Week 24a Patients, n (%) 147 (100.0) 147 (98.0) 2.0 (-0.58, 5.74)

95% asymptotic CI, % 100.00, 100.00 95.76, 100.00

E2 B 110 pmol/L or 30 pg/mL, FAS (secondary and exploratory analyses)

Week 4 Patients, n (%) 144 (98.0) 149 (99.3) -1.3 (-5.26, 1.93)

95% asymptotic CI, % 95.67, 100.00 98.03, 100.00

Week 8 Patients, n (%) 140 (95.2) 149 (99.3) -4.1 (-8.93, -0.52)

95% asymptotic CI, % 91.80, 98.68 98.03, 100.0

Week 12 Patients, n (%) 141 (95.9) 148 (98.7) -2.7 (-7.44, 1.17)

95% asymptotic CI, % 92.72, 99.12 96.83, 100.0

Week 24a Patients, n (%) 143 (97.3) 144 (96.0)

95% asymptotic CI, % 94.65, 99.91 92.86, 99.14 1.3 (-3.30, 6.12)

95% asymptotic CI is calculated from binomial distribution
Rate difference and 95% CI were calculated using the Miettinen–Nurminen method
The number of patients in the PP (primary analysis) and FAS (secondary and exploratory analyses) populations was 142 and
147 for the triptorelin pamoate PR 3-month group and 146 and 150 for the triptorelin acetate PR 1-month group,
respectively
CI confidence interval, E2 estradiol, FAS full analysis set, PP per protocol, PR prolonged-release
aWeek 24 is an exploratory endpoint
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triptorelin acetate PR 1-month group). In the
FAS, the median [95% CI] time to menses
recovery was longer for patients receiving trip-
torelin pamoate PR 3-month (179 [172, 182]
days) than for patients receiving triptorelin
acetate PR 1-month (85 [82, 87] days) (FAS;
Fig. S3). Findings were consistent when ana-
lyzed using the PP set.

Safety

Most patients experienced at least one treat-
ment-emergent adverse event (TEAE) during the
study (143 patients [96.0%] in the triptorelin
pamoate PR 3-month group and 146 patients
[97.3%] in the triptorelin acetate PR 1-month
group). The majority of symptoms were mild to
moderate in intensity (safety set; Table 2). Hot
flashes were the most common TEAE, followed
by vaginal hemorrhage, upper respiratory tract
infection, nasopharyngitis, and night sweats
(TEAEs reported in C 5% of patients in either

treatment group are reported in Table S5). In
both groups, the most common treatment-re-
lated TEAE was hot flashes (86 patients [57.7%]
in the triptorelin pamoate PR 3-month group
and 89 patients [59.3%] in the triptorelin acet-
ate PR 1-month group). Five patients reported
severe TEAEs, which included abdominal pain
(one patient receiving triptorelin acetate PR
1-month) and hypersensitivity, nasopharyngi-
tis, upper respiratory tract infection, and hot
flashes (each reported in one patient receiving
triptorelin pamoate PR 3-month).

Three patients experienced at least one seri-
ous adverse event (SAE), including abdominal
pain (one patient receiving triptorelin acetate
PR 1-month), arrhythmia and sinus bradycardia
(one patient receiving triptorelin pamoate PR
3-month), and acute pyelonephritis and sepsis
(one patient receiving triptorelin pamoate PR
3-month).

TEAEs resulted in treatment withdrawal in
two patients: one patient receiving triptorelin

Fig. 2 Change from baseline (in mm) in endometriosis-
associated pelvic pain assessed by 10 cm VAS (FAS). LS
means and CIs from a linear model for repeated
measurements adjusting for treatment group and its
interaction with visit, and randomized strata and its
interaction with treatment group. Baseline was defined as

the last available assessment prior to the first dose of IMP.
Table indicates the number of patients included in the
linear model. CI confidence interval, FAS full analysis set,
IMP investigational medicinal product, LS least-squares,
PR prolonged-release, VAS visual analog scale
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pamoate PR 3-month withdrew owing to
alopecia, and one patient receiving triptorelin
acetate PR 1-month withdrew owing to
arthralgia. No deaths were reported during the
study.

There were no major differences observed
between the two formulations that were
deemed clinically important for the clinical
laboratory tests. No patients met the potentially
clinically significant abnormality (PCSA) crite-
ria at any visit for hematology parameters.
PCSAs of high triglycerides and high cholesterol
were reported as biochemical abnormalities at
each assessed time point. The number of

patients with abnormalities at baseline and
post-baseline was numerically higher in the
triptorelin acetate PR 1-month group than the
triptorelin pamoate PR 3-month group; how-
ever, there were no substantial differences
between treatment groups.

Pharmacokinetic and Pharmacodynamic
Analyses

The final PK data set comprised 299 patients, of
whom 149 received triptorelin pamoate PR
3-month and 150 received triptorelin acetate PR

Table 2 Summary of treatment-emergent adverse events (safety set)

Triptorelin pamoate PR
3-month (n = 149)

Triptorelin acetate PR
1-month (n = 150)

Overall safety
population (N = 299)

Patients, n (%) [E]

Any TEAEs 143 (96.0) [696] 146 (97.3) [708] 289 (96.7) [1404]

Maximum intensity for any
TEAEs

Severe 4 (2.7) [4] 1 (0.7) [2] 5 (1.7) [6]

Moderate 26 (17.4) [52] 35 (23.3) [73] 61 (20.4) [125]

Mild 113 (75.8) [640] 110 (73.3) [633] 223 (74.6) [1273]

Serious TEAEs 2 (1.3) [4] 1 (0.7) [1] 3 (1.0) [5]

Treatment-related TEAEs 124 (83.2) [397] 135 (90.0) [388] 259 (86.6) [785]

Treatment-related serious

TEAEs

0 1 (0.7) [1] 1 (0.3) [1]

TEAEs leading to withdrawal 1 (0.7) [1] 1 (0.7) [1] 2 (0.7) [2]

TEAEs leading to treatment

interruption

0 0 0

Serious TEAEs leading to

treatment withdrawal

0 0 0

Serious TEAEs leading to

treatment interruption

0 0 0

TEAEs leading to death 0 0 0

[E] number of events, MedDRA Medical Dictionary for Regulatory Activities, PR prolonged-release, TEAE treatment-
emergent adverse event
Note: if a patient experienced more than one event in a category, the patient was counted only once in that category.
MedDRA version 22.1
A list of TEAEs reported in 5% or more of patients in either treatment arm is reported in Table S5
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1-month. The population PK model was used to
estimate individual PK parameters for all treated
patients (Fig. S2, Table S6 and Table S7). The
absolute bioavailability for triptorelin was esti-
mated to be 0.439 for the 3-month formulation
and 0.334 for the 1-month formulation. None
of the tested covariates (age, body mass index,
body surface area, body weight, or lean body
weight) were found to statistically influence
absorption PK parameters of either formulation.
No significant drug accumulation was observed
after repeat administration of either
formulation.

In exploratory graphical analyses, no clini-
cally relevant differences were observed
between the triptorelin acetate PR 1-month and
triptorelin pamoate PR 3-month data in terms
of PD endpoints. The profiles of E2, LH, and FSH
biomarkers over time were similar between for-
mulations (Fig. S2). Additional exploratory PK/
PD analyses with E2 were attempted; however,
because most E2 values were below the limit of
quantification (LOQ), no quantitative relation-
ship between triptorelin plasma concentrations
and castration could be confidently established.

The effect of triptorelin was reversible, since
E2, LH, and FSH concentrations all returned to
baseline levels over a period of several weeks
following the end of the 24-week treatment
period for both formulations. Further details on
PK and PD findings are provided in the Sup-
plementary Materials.

DISCUSSION

Main Findings

Triptorelin acetate PR 1-month is the current
standard of care for patients with endometriosis
in China [20], but the results of this study
showed that triptorelin pamoate PR 3-month is
a valid treatment alternative for Chinese
patients with endometriosis. Noninferiority of
triptorelin pamoate PR 3-month to triptorelin
acetate PR 1-month was demonstrated based on
the proportion of patients chemically castrated
after 12 weeks of treatment. Consistent with the
primary analysis, noninferiority of the 3-month
formulation was also demonstrated at

additional time points and when a more strin-
gent definition of chemical castration was used.

Both formulations were associated with
similar reductions in endometriosis-associated
pelvic pain up to week 12, which were main-
tained up to the end of the treatment period
(week 24). There was a marked decrease in E2,
LH, and FSH serum concentrations from base-
line in both treatment groups, with decreases
maintained from week 4 until week 12. The
effect of triptorelin pamoate PR 3-month was
reversible, with E2, LH, and FSH gradually
returning to baseline levels after the end of the
treatment period; most patients recovered
menses after the last treatment dose.

Safety findings were in line with the known
safety profile of triptorelin in this indication
[13] and no new safety signals were identified in
this population of Chinese women with either
formulation. The proportion of patients expe-
riencing at least one treatment-related TEAE
was similar between treatment groups, and
most TEAEs were not serious and were mild or
moderate in intensity.

For the first time, we report detailed PK and
PD analyses of triptorelin acetate PR 1-month
and triptorelin pamoate PR 3-month in Chinese
women. For both formulations, maximum
plasma concentrations were reached within a
few hours of administration, followed by a
decline to a pseudo-plateau; residual plasma
levels were similar between formulations and
remained detectable for the duration of the
expected exposure (84 days for triptorelin
pamoate PR 3-month and 28 days for triptorelin
acetate PR 1-month). Median maximum plasma
concentrations were reached at 4 h and 2 h with
the respective formulations. There was no drug
accumulation after repeat administration of
either formulation. Overall, our PD analyses
demonstrated pharmaco-equivalence between
the two formulations in Chinese women with
endometriosis. We had also hoped to measure
the quantitative relationship between triptore-
lin plasma concentrations and E2 castration
levels; however, given the efficiency of the
response to triptorelin, E2 levels were below the
LOQ for the majority of samples, preventing
this analysis.
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Strengths and Limitations

The strengths of this study include its multi-
center, randomized, and prospective design, the
large sample size, and the inclusion of parallel
treatment arms and of a rich PK sample subset.
The open-label design is a limitation, but was
selected to avoid patient exposure to unneces-
sary injections resulting from the different
administration frequencies of the treatments.
Because the primary efficacy endpoint was
based on an objective laboratory measure, it was
considered that any bias was sufficiently mini-
mized to support an open-label design.

Interpretation

Both formulations of triptorelin had a beneficial
treatment effect, demonstrated by the propor-
tion of patients chemically castrated after
treatment and reduction in endometriosis-as-
sociated pelvic pain, which was similar between
groups and consistent with numerous previous
studies of triptorelin in the management of
endometriosis [13, 24–26]. In addition, the
present findings are consistent with a previous
phase 2, prospective, randomized, open-label
study comparing the 3-month formulation and
1-month formulation of triptorelin in 146
European women with endometriosis [19]. The
two formulations were equivalent in terms of
PD effects and the proportion of patients
chemically castrated 84 days after treatment
initiation (97% and 94%, respectively, based on
E2 concentrations B 50 pg/mL). The duration
of chemical castration was significantly longer
with the 3-month formulation. Improvements
in clinical symptoms were also equivalent for
the two formulations (based on dysmenorrhea,
pelvic pain, pelvic tenderness, dyspareunia, and
induration). There was no difference in the
incidence of AEs between patients receiving the
3-month and 1-month formulations (69% ver-
sus 74%, respectively), and six out of 146
patients (4.1%) experienced SAEs (four patients
receiving the 3-month formulation and two
receiving the 1-month formulation) [19]. In the
present study, a higher proportion of patients
with AEs was reported; the incidence of SAEs

was, however, substantially lower (three out of
299 patients). Consistent with previous studies,
the most common AEs in patients treated with
triptorelin were hot flashes and night sweats
[14, 27]. The safety profiles of triptorelin
pamoate PR 3-month and triptorelin acetate PR
1-month were also consistent with previous
studies of triptorelin acetate PR 1-month, which
reported that the formulation was generally
well tolerated and did not result in serious AEs
[24, 26].

Triptorelin pamoate PR 3-month is not cur-
rently licensed for use in patients with
endometriosis in China. The findings of this
study, however, confirm that the formulation is
noninferior to the current standard of care,
triptorelin acetate PR 1-month, in a Chinese
patient population. Furthermore, the 3-month
dosing schedule offers a more convenient
treatment regimen, involving fewer injections,
without loss of efficacy. Not only do fewer clinic
visits offer the potential to reduce the disease
burden associated with endometriosis for
patients, the lower number of injections
required with the PR 3-month formulation is
expected to offer additional economic benefits.
In the future, evaluation of quality of life and
assessment of fertility by Anti-Müllerian Hor-
mone levels and/or pregnancy rates in women
undergoing the two different cycles of therapy
would certainly be of interest.

CONCLUSIONS

In conclusion, these data indicate that trip-
torelin pamoate PR 3-month represents a valid
treatment option for Chinese women with
endometriosis, demonstrating noninferiority to
the current standard of care, triptorelin acetate
PR 1-month, and an efficacy and safety profile
that is consistent with data reported in patients
from other geographical regions.
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