
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Madhusmita Misra,
Massachusetts General Hospital and
Harvard Medical School, United States

REVIEWED BY

Roberto Lanes,
Hospital de Clinicas Caracas, Venezuela
Sasha R. Howard,
Queen Mary University of London,
United Kingdom

*CORRESPONDENCE

Aram Yang

aram.yang@samsung.com

SPECIALTY SECTION

This article was submitted to
Pediatric Endocrinology,
a section of the journal
Frontiers in Endocrinology

RECEIVED 31 December 2022
ACCEPTED 03 February 2023

PUBLISHED 17 February 2023

CITATION

Yoo E, Kim S, Jung HL, Shim JY, Shim JW,
Kim DS, Kwak JH, Kim ES and Yang A
(2023) Impact of 6-month triptorelin
formulation on predicted adult height and
basal gonadotropin levels in patients with
central precocious puberty.
Front. Endocrinol. 14:1134977.
doi: 10.3389/fendo.2023.1134977

COPYRIGHT

© 2023 Yoo, Kim, Jung, Shim, Shim, Kim,
Kwak, Kim and Yang. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

TYPE Original Research

PUBLISHED 17 February 2023

DOI 10.3389/fendo.2023.1134977
Impact of 6-month triptorelin
formulation on predicted adult
height and basal gonadotropin
levels in patients with central
precocious puberty

Eunjoo Yoo1, Sinae Kim2, Hye Lim Jung1, Jung Yeon Shim1,
Jae Won Shim1, Deok Soo Kim1, Ji Hee Kwak1, Eun Sil Kim1

and Aram Yang1*

1Department of Pediatrics, Kangbuk Samsung Hospital, School of Medicine, Sungkyunkwan University,
Seoul, Republic of Korea, 2Biostatistics Collaboration Team, Research Core Center, National Cancer
Center, Goyang, Republic of Korea
Background: Triptorelin, a long-acting gonadotropin-releasing hormone (GnRH)

agonist, is available in 1-, 3-, and 6-month formulations to treat central precocious

puberty (CPP). The triptorelin pamoate 22.5-mg 6-month formulation recently

approved for CPP offers greater convenience to children by reducing the injection

frequency. However, worldwide research on using the 6-month formulation to

treat CPP is scarce. This study aimed to determine the impact of the 6-month

formulation on predicted adult height (PAH), changes in gonadotropin levels, and

related variables.

Methods: We included 42 patients (33 girls and nine boys) with idiopathic CPP

treated with a 6-month triptorelin (6-mo TP) formulation for over 12 months.

Auxological parameters, including chronological age, bone age, height (cm and

standard deviation score [SDS]), weight (kg and SDS), target height (TH), and Tanner

stage, were evaluated at baseline, and after 6, 12, and 18 months of treatment.

Hormonal parameters, including serum luteinizing hormone (LH), follicle-

stimulating hormone (FSH), and estradiol for girls or testosterone for boys, were

analyzed concurrently.

Results: Themean age at treatment initiation was 8.6 ± 0.83 (8.3 ± 0.62 for girls, 9.6 ±

0.68 for boys). The peak LH level following intravenous GnRH stimulation at diagnosis

was 15.47 ± 9.94 IU/L. No progression of the modified Tanner stage was observed

during treatment. Compared to baseline, LH, FSH, estradiol, and testosterone were

significantly reduced. In particular, the basal LH levels were well suppressed to less

than l.0 IU/L, and the LH/FSH ratiowas less than 0.66. The bone age/chronological age

ratio remained stable with a decreasing trend (1.15 at the start of treatment, 1.13 at 12

months, 1.11 at 18 months). PAH SDS increased during treatment (0.77 ± 0.79 at
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baseline, 0.87 ± 0.84 at the start of treatment, 1.01 ± 0.93 at six months, and 0.91 ±

0.79 at 12 months). No adverse effects were observed during treatment.

Conclusion: The 6-mo TP suppressed the pituitary-gonadal axis stably and

improved the PAH during treatment. Considering its convenience and

effectiveness, a significant shift to long-acting formulations can be expected.
KEYWORDS

central precocious puberty, gonadotrophin-releasing hormone analogue, gonadotropins,

triptorelin pamoate, 6-month formulation
1 Introduction

Central precocious puberty (CPP) is defined as the onset of pubertal

development—breast development before the age of eight in girls, or

testicular development to over 4 mL before the age of nine in boys, due to

premature activation of the hypothalamic-pituitary-gonadal axis (1). It

occurs 5- to 10-fold more frequently in girls than in boys, and is usually

sporadic. The cause is idiopathic in approximately 90% of the girls, while

a structural central nervous system abnormality may occur in 26–75% of

the boys with CPP (2, 3). Early pubertal changes lead to accelerated

growth, bone maturation, and tall stature during childhood, often

resulting in reduced adult height due to premature growth plate fusion

(4). Moreover, the high sex hormone levels in girls with CPP cause early

menarche, which might lead to psychosocial problems (5). However,

when the loss of predicted adult height (PAH) or social problems due to

early sexual development are unlikely to be significant, the need for

treatment should be evaluated through periodic observation every 3–6

months (6–8).

Since the mid-1980s, long-acting gonadotropin-releasing

hormone (GnRH) agonists have been the gold standard treatment

for CPP. GnRH agonists stimulate the pituitary gonadotrophs

continuously, leading to desensitization and decreased release of

luteinizing hormone (LH) and follicle-stimulating hormone (FSH)

(9). Depot or slow-release GnRH agonist formulations have been

developed, significantly prolonging the drug action and improving

patient compliance. The demand for these drugs has been increasing,

especially during the COVID-19 pandemic (10). Triptorelin, one of

these drugs, is available in 1-month (3.75 mg), 3-month (11.25 mg),

or 6-month (22.5 mg) formulations (1, 11, 12).

The prevalence of CPP has been increasing worldwide (13),

particularly in Korea (14, 15). Six-month triptorelin pamoate (6-mo

TP) was approved for CPP treatment in Korea in March 2020.

However, since only a few large hospitals can prescribe it, the

available data about its efficacy and safety are scarce (12, 16).

This study aimed to determine the impact of the 6-mo TP

formulation on the PAH, changes in gonadotropin levels, and

related variables.
edicted adult height; 6-

eight; SDS, standard
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2 Materials and methods

2.1 Study design and patients

The data of all patients diagnosed with CPP based on the

International Classification of Diseases 10th Revision (ICD-10; code

E22.8) between January 2019 and March 2022 at a tertiary university

hospital in Seoul, Republic of Korea, were retrospectively reviewed. Only

those who met all the inclusion criteria were included in this study.

The inclusion criteria were based on a consensus statement (1): (1)

objective breast enlargement before the age of eight in girls or testicular

volume greater than 4 mL before the age of nine in boys; (2) bone age

over a year ahead of the chronological age; (3) pubertal LH response to a

GnRH stimulation test; (4) intramuscularly administrated 6-mo TP 31

mg (22.5mg as triptorelin; Diphereline SR 22.5mg Inj., Ipsen, France) for

at least two doses. Patients treated with the 6-mo TP formulation for less

than a year or who had other organic causes for early pubertal

development (obstetrical problem, brain tumor, congenital adrenal

hyperplasia, hypothyroidism, or a history of cranial irradiation) or

were receiving recombinant growth hormone therapy were excluded.

Girls with ovarian disease diagnosed by transabdominal ultrasonography

and boys diagnosed with organic brain problems by sellar magnetic

resonance imaging were excluded (16).

GnRH stimulation tests were performed at diagnosis by intravenous

(IV) administration of 100 mg fixed-dose Gonadorelin (Relefact; Sanofi-

Aventis, Frankfurt am Main, Germany). Serum LH and FSH levels were

assessed before and 30, 45, 60, and 90 minutes after stimulation using an

immunoradiometric assay (BioSource SA, Nivelles, Belgium). A peak LH

level above 5 mIU/mL was considered diagnostic for CPP (17, 18).

The Institutional Review Board of the Kangbuk Samsung Hospital

approved this study (IRB number KBSMC 2022-12-050) and waived

the requirement for informed consent owing to the retrospective

design of the study. Besides, the patients’ information was

anonymized and de-identified before analysis.
2.2 Assessments

The primary outcome measure was basal LH suppression to

prepubertal level. Secondary outcome measures were suppression of sex

hormones, slowing the progression in the development of secondary sexual

characteristics and bone maturation and increasing PAH (19).
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Blood samples for random serum LH, FSH, and estradiol for girls

or testosterone for boys were collected pre-injection every six months

during treatment to assess gonadotropin suppression. LH and FSH

levels without stimulation at diagnosis and each visit were referred to

as basal LH and FSH. Effective LH suppression to prepubertal levels

was defined as basal LH <1 mIU/mL (17, 20–22). Prepubertal basal

FSH was defined as <2.5 mIU/mL (23), and basal LH/FSH ratio as

<0.66 (24, 25). The lower limits of LH and FSH detection were 0.2

mIU/mL and 0.7 mIU/mL, respectively. Estradiol and testosterone

reference values vary with the assessment method and assay used (1,

3, 5). Based on the laboratory cutoff values used in this study, estradiol

above 12.3 pg/mL and testosterone above 0.481 ng/mL were

considered pubertal levels (26).

At the time of CPP diagnosis, and every six months from 6-mo TP

administration, the patients visited the outpatient clinic to measure

height and weight, and the body mass index (BMI) was calculated.

Standard deviation scores (SDS) of height, weight, and BMI were

calculated according to the 2017 Korean National Growth Charts for

children and adolescents (27). Bone age was measured by an

experienced pediatric endocrinologist and radiologist using left

wrist radiographs and following the Greulich-Pyle Method (28).

The bone age/chronological age ratio was used as an index of bone

age advancement (3). Sexual development was assessed using Tanner

staging at each outpatient visit. Testicular volume was measured by an

experienced pediatric endocrinologist using an orchidometer. Breast

examination was performed through breast inspection and palpation

according to the modified Tanner method (3). Midparenal height was

set as the patient’s target height (TH) and calculated as follows:

(father’s height + mother’s height)/2 ± 6.5 cm (–6.5 cm for girls and

+6.5 cm for boys) (29). PAH was calculated using the Bayley-Pinneau

average age method (30). Adverse events were monitored during the

treatment period (31).
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2.3 Statistical analysis

Data were analyzed using IBM SPSS Statistics, Version 24.0 (IBM

Corp., Armonk, NY, USA). Averages over time of hormonal

parameters, bone age/chronological age ratio, and PAH SDS were

compared by a linear mixed model, and an overall p-value < 0.05

compared at the time of diagnosis was considered statistically

significant. Post-hoc analysis and Bonferroni corrected p values

were used to compare parameters between time points and

at diagnosis.
3 Results

3.1 Patient characteristics

This study included 42 patients (33 females and nine males)

with idiopathic CPP. The clinical, demographic, and laboratory

baseline characteristics of the patients are shown in Table 1. The age

at GnRH agonist treatment initiation was 8.33 ± 0.62 for girls and

9.65 ± 0.68 for boys. The starting dose was administrated as a 1- or

3-month depot TP and changed to 6-mo TP at a mean age of 8.80 ±

0.70 for girls and 9.88 ± 0.63 for boys. Changes in the formulation

were made to reduce the frequency of pain resulting from the

injection, increase convenience, and improve compliance. The 6-

mo formulation change occurred at an average of 4 months after

treatment initiation after three injections of the 1-month dosage

form or one injection of the 3-month dosage form. The 6-mo TP

was prescribed and administered four times in 16 patients, three

times in 14, and twice in 12, with an average of 3.10 ± 0.80 times.

The peak LH level following IV GnRH stimulation was 15.47 ± 9.94

IU/L at diagnosis of CPP.
TABLE 1 Clinical, demographic, and laboratory characteristics of the patients at baseline.

Variable Total (n = 42) Girls (n = 33) Boys (n = 9)

Age at diagnosis (years) 8.61 ± 0.83 8.33 ± 0.62 9.65 ± 0.68

Age at start of 6-month formulation (years) 9.02 ± 0.81 8.80 ± 0.70 9.88 ± 0.63

BA at diagnosis (years) 9.54 ± 1.11 9.27 ± 11.19 10.54 ± 14.05

BA/CA ratio at diagnosis 1.11 ± 0.09 1.11 ± 0.1 1.09 ± 0.08

Weight (kg) 32.41 ± 8.48 29.12 ± 4.04 44.47 ± 9.75

Height (cm) 135.36 ± 7.12 132.73 ± 4.74 145 ± 6.09

BMI (kg/m2) 17.45 ± 2.89 16.48 ± 1.54 21.03 ± 3.86

Weight (SDS) 0.47 ± 1.18 0.29 ± 0.85 1.13 ± 1.89

Height (SDS) 0.80 ± 0.90 0.66 ± 0.85 1.31 ± 0.96

BMI (SDS) 0.54 ± 1.02 0.28 ± 0.69 1.47 ± 1.46

TH (cm) 164.74 ± 6.11 162.21 ± 3.57 174 ± 4.19

TH (SDS) 0.24 ± 0.7 0.28 ± 0.69 0.11 ± 0.74

Tanner stage † 2.26 ± 0.59 2.27 ± 0.52 2.22 ± 0.83

Peak LH at diagnosis (mIU/L) 15.47 ± 9.94 14.15 ± 9.43 20.30 ± 10.84
frontiersin
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3.2 Changes in the hormonal parameters

The basal LH level at diagnosis, 0.72 ± 0.86 mIU/mL, declined to

0.58 ± 0.69 mIU/mL by the time of formulation change. Its levels 6,

12, and 18 months after the formulation change were 0.43 ± 0.16,

0.43 ± 0.16, and 0.46 ± 0.12 mIU/mL, respectively. Basal LH level at

follow-ups were lower than that at the time of diagnosis. However,

this difference was not significant (overall p =0.109)

The basal FSH level at the start of the 6-mo TP treatment was 2.52 ±

1.76 mIU/mL, and it was 2.06 ± 3.58, 1.74 ± 1.00, and 2. 15 ± 0.82 mIU/

mL 6, 12, and 18 months later (overall p = 0.049). The LH/FSH ratio

remained well below 0.4 throughout treatment without any significant

change (overall p = 0.098). The sex hormones significantly decreased in

both girls and boys (Figures 1A, B). In girls, estradiol decreased

significantly from the level at the formulation change time (7.35 ± 8.28

pg/mL) to 4.00 ± 0.00, 4.48 ± 2.38, and 4.00 ± 0.00 pg/mL 6, 12, and 18

months later (overall p = 0.006). In boys, the testosterone level was 0.83 ±

1.05 ng/mL at CPP diagnosis, 0.57 ± 0.85 ng/mL at formulation change,

and 0.06 ± 0.03 ng/mL six months later (overall p = 0.04).
3.3 Changes in the clinical parameters

During the treatment period, Tanner pubertal staging of our

subjects remained similar to their stage at diagnosis. The mean

Tanner stage before treatment was 2.26 ± 0.59 (2.27 ± 0.52 for girls,

2.22 ± 0.83 for boys). The baseline breast development before
Frontiers in Endocrinology 04
treatment was at Tanner stage 2 in 75.8% of the patients, stage 3 in

21.2%, and stage 4 in 3.00%. The breast or pubic hair Tanner stage did

not change during treatment in any of the girls, and no vaginal

bleeding was observed. In boys, the average testicular volume was well

maintained below 4 cc through treatment.

The bone age/chronological age ratio was 1.11 ± 0.09 at diagnosis

and 1.15 ± 0.09 at the start of the 6-mo TP treatment. During the 18-

month 6-mo TP treatment, the bone age/chronological age ratio

decreased to 1.11 ± 0.08 (overall p = 0.007; Figure 2).

Mean PAH SDS for the entire cohort was 0.77 ± 0.79 at diagnosis,

0.87 ± 0.84 before the 6-mo TP treatment initiation, and 1.01 ± 0.93 six

months later. Mean PAH SDS remained above the initial SDS values

throughout the treatment period (overall p = 0.038; Figure 3A). In girls,

the mean PAH SDS was 0.61 ± 0.68 at diagnosis, 0.70 ± 0.76 at the

formulation change, and 0.89 ± 0.93 six months later. Their PAH values

at 6, 12, and 18 months of treatment with 6-mo TP were all higher than

at diagnosis (overall p = 0.004; Figure 3B). In boys, although non-

significant probably owing to the small sample number, the mean PAH

SDS values after 6, 12, and 18 months of treatment with 6-mo TP were

numerically higher than at the time of diagnosis (1.49 ± 0.81, 1.42 ±

0.86, and 1.34 ± 0.00, respectively; overall p = 0.387; Figure 3C).
3.4 Adverse events

Temporary induration and pain at the injection site were

noted during the treatment period, but no long-lasting local
BA

FIGURE 1

Changes in the mean sex hormone levels during treatment. (A) Estradiol (pg/mL; overall P =0.006). (B) Testosterone (ng/mL; overall p = 0.040)
FIGURE 2

Changes in the mean bone age/chronological age (BA/CA) ratio during treatment. The overall significance was p = 0.007.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1134977
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yoo et al. 10.3389/fendo.2023.1134977
complications occurred. Other complications, such as headache, rash,

gastrointestinal symptoms, and menopausal symptoms, did not occur

in any of the patients during the study period.
4 Discussion

This study analyzed the treatment effects of a 6-mo TP (22.5 mg

triptorelin) formulation in children with CPP in various aspects,

focusing on changes in hormones, bone age, and PAH. The 6-mo TP

formulation recently approved for CPP offers greater convenience to

children than other formulations, by reducing the injection frequency;

however, related research is very limited (12). The 1-month dose

presentation is still the most used, and usage of the 3-month dosage

form is increasing (32–34); however, there is a lack of clinical

experience worldwide regarding the use of the 6-month formulation

(35). It has not yet been universalized, and doubts about its efficacy

and safety persist among guardians and pediatric endocrinologists (1,

35). Therefore, the 6-mo TP formulation was not used from treatment

initiation in any of the cases in this study. The change to 6-mo TP was

mainly made in patients previously treated with the 1-month or 3-

month formulation. The shift to the 6-month dosage form in this

study was made at an average of four months from starting the GnRH

agonist treatment.

To our knowledge, this was the second study, following the study

by Klein et al. (35) from 2016, to investigate the efficacy and safety of 6-

mo TP in children with CPP. Unlike this previous study (35), ours was

a long-term study (>18 months), and PAH changes during treatment

were analyzed. The previous study also used a simple leuprolide

stimulation test with a single 30-min post-stimulation LH sample,
Frontiers in Endocrinology 05
which has been supported in several studies (36, 37). In contrast, we

used the 90-min multi-sample gonadorelin stimulation test

recommended as the reference standard test for CPP in other studies

(38, 39). Of course, a global consensus on GnRH stimulation test and

cutoff level for the diagnosis of CPP has not yet been established.

The primary outcome measure, the basal LH has been shown

by many to be suitable for monitoring the effects of GnRH

agonist treatment, and basal LH <0.6 IU/L was suggested as a cutoff

for adequate suppression in CPP (22, 40). Throughout treatment,

the basal LH level was well suppressed to below this cutoff value,

suggesting that gonadotropic axis suppression was effectively

achieved (Figure 4A) (20–22, 41), the basal FSH level was

maintained at a prepubertal level (<2.5 IU/L; Figure 4B) (23), and

the LH/FSH ratio was maintained below the 0.66 cutoff for

nonprogressive precocious puberty (Figure 4C) (24, 25, 42).

Changes in serum estradiol in girls and testosterone in boys from

baseline to our study’s end were consistent with gonadal suppression

to prepubertal levels. The sex hormones cutoff values to differentiate

prepubertal from pubertal state vary among laboratories. This study

considered estradiol above 12.3 pg/mL and testosterone above 0.481

ng/mL as pubertal levels based on laboratory cutoffs and previous

findings (5, 23). The baseline estradiol level at diagnosis might be at

the prepubertal level in 40% of girls with CPP, as seen in our study.

However, a significant decrease in basal estradiol during treatment

indicates satisfactory hormonal control (1, 3, 43). Estradiol decreased

from 7.35 pg/mL when we started using the 6-month formulation to

an average of 4 pg/mL during the 18 months of treatment, well below

the prepubertal level (Figure 1A). CPP can probably be ruled out if the

baseline testosterone in boys is at the prepubertal level (26). The mean

basal testosterone in our study exceeded the pubertal level but
B CA

FIGURE 3

Changes in the mean PAH SDS during treatment. (A) The entire cohort. (B) Girls. (C) Boys. Predicted adult height, PAH; standard deviation score, SDS; TP,
triptorelin pamoate
B CA

FIGURE 4

Changes in the mean basal gonadotropin levels during treatment. (A) Basal luteinizing hormone (LH; mIU/mL; overall p = 0.109). (B) Basal follicle-
stimulating hormone (FSH; mIU/mL; overall p = 0.049). (C) Basal LH/FSH ratio (overall p = 0.098)
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decreased significantly to prepubertal levels after the 6-mo TP was

administered, and remained so for over a year (Figure 1B).

Secondary outcome measures were suppression of sex

hormones, slowing the progression in the development of

secondary characteristics and bone age maturation and increasing

PAH. Clinical inhibition of sexual development during treatment

was evaluated by periodic assessment of the Tanner stage.

Suppression of bone age progression was determined based on a

significant decrease in the bone age/chronological age ratio (3),

which was maintained in this study at an average of 1.1 throughout

treatment, similar to the pretreatment level. Furthermore, the bone

age/chronological age ratio decreased significantly from 1.15 ± 0.09

at the 6-mo TP treatment initiation to 1.11 ± 0.07 18 months later,

implying a gap between bone age and chronological age had been

decreased due to suppression of bone age during treatment.

Another important end‐point considered was the PAH (44),

calculated based on the height and bone age measured every six

months after diagnosis. PAH and PAH SDS analysis indicated that

PAH SDS increased along the treatment course. This was particularly

noticeable in girls. This finding suggested that the final adult height

will benefit from suppressing premature growth plate fusion by the 6-

mo TP treatment.

A limitation of this study was that it was not a large-scale, long-

term randomized comparative trial. The 6-mo TP was considered for

patients meeting the inclusion criteria who were not short,

overweight, or obese. Among these, the change to 6-mo TP was

considered when patients had difficulties visiting the hospital because

of the COVID-19 pandemic, resided in provincial regions or overseas,

had severe injection phobia, or had an allergy to the 1- or 3-month

injection form that required taking antihistamines. However, most of

these were excluded from the study because they received 6-mo TP

only once. Some could not afford the 6-month formulation because of

their private medical insurance issue. Therefore, the number of

patients fulfilling the inclusion criteria was limited. Future

randomized comparative studies will need to overcome these

limitations and compare treatment progress with the 1- or 3-month

formulation to that of using the 6-month formulation starting at

diagnosis. It is also worth noting that our patients’ PAH was rather

high. All of our patients met the national reimbursement criteria for

CPP treatment and had PAH less than TH at diagnosis. However,

there is a possibility that there may have been cases in which the

decision to start treatment should have been made with more follow-

up. In addition, since the Bayley–Pinneau method for measuring

PAH was developed in 1952 for Western children, there are parts that

do not fit realistically, and adult height may have been

overestimated (45).

Despite these limitations, this study analyzed various aspects of

the long-term results of 6-mo TP administration in patients with

CPP, including clinical, hormonal, and PAH changes. In addition, the

study consistency was high because the same specialist performed its

uniform treatment and examination at a single institution. Many

follow-up studies are expected based on the positive effects of the 6-

mo TP injection seen in this study. It is also expected that the CPP

treatment paradigm will shift to the long-acting formulation.
Frontiers in Endocrinology 06
5 Conclusion

This study confirmed the hypothalamic-pituitary-gonadal axis

inhibitory effect of 6-mo TP. Furthermore, we confirmed that sexual

development did not advance, bone age progression slowed, and the

PAH SDS increased during treatment. This study provides extensive

and practical information for pediatric endocrinologists by sharing

our long-term clinical experience with 6-mo TP, which has not yet

been widely studied.
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