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Purpose: Long-acting gonadotropin-releasing hormone agonists (GnRHa) are
commonly used to treat central precocious puberty (CPP) in Korea. Although rare,
there have been reports on the characteristic of adverse reactions of GnRHa in CPP
among the Korean population. This study was intended to report on our clinical
experience regarding significant adverse reactions to long-acting GnRHa in CPP
and early onset puberty and to evaluate the prevalence rate of serious side effects.
Methods: This retrospective study included children with CPP and early onset
puberty, who were administered monthly with long-acting GnRHa (leuprolide
acetate, triptorelin acetate) at the outpatient clinic of Department of Pediatrics, at
Inha University Hospital, between January 2011 and December 2013. We analyzed
the clinical characteristics of patients who experienced significant adverse reactions
and evaluated the prevalence rate.

Results: Six serious side effects (0.9%) were observed among total of 621 CPP and
early onset puberty children with GnRHa therapy. The number of sterile abscess
formation was four in three patients (4 events of 621). Anaphylaxis occurred in only
one patient, and unilateral slipped capital femoral epiphysis (SCFE) in another one
patient. Anaphylaxis occurred after the 6th administration of the monthly depot
triptorelin acetate. Unilateral SCFE developed in GnRHa therapy.

Conclusion: Sterile abscess formation occurred in 0.6% of CPP and early onset
puberty patients from the administration of a monthly depot GnRHa therapy.
The occurrences of anaphylaxis and SCFE are extremely rare, but can have serious
implications on patients. Clinicians should be aware of these potential adverse
effects related to GnRHa therapy in CPP.

Keywords: Drug-related side effects and adverse reactions, Central precocious
puberty, Leuprolide, Triptorelin

Introduction

Precocious puberty is defined as the occurrence of sexual maturation before the age of
8 years in girls and 9 years in boys. Central precocious puberty (CPP) is the gonadotropin-
dependent form induced by the premature activation of the hypothalamic-pituitary-gonadal
axis, due to various causes. The global secular decline in age at puberty has been recently
reported with an increase in the number of children with CPP worldwide"”.

Long-acting gonadotropin-releasing hormone agonists (GnRHa) are considered as a
treatment for choice for pediatric CPP. Prolonged administration of GnRHa suppresses the
pituitary-gonadal axis activity with a subsequent decrease of sex hormones. In Korea, monthly
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formulation of GnRHa, such as leuprolide acetate depot and
triptorelin acetate depot, are widely used in children with CPP.
The number of children treated with CPP using these drugs has
gradually increased due to an increase in the number of girls
referred for evaluation of CPP”.

Although local side effects, including pain, flares and
subcutaneous nodules have been known, long-acting formula-
tions of GnRHa are well tolerated in children. However,
sterile abscess formation related to GnRHa can be one of the
most significant adverse drug reactions that greatly affect the
compliance with the treatment. Sterile abscess formation has
been generally reported as 1.5%-3% of all patients with monthly
depot GnRHa therapy"”; however, there have been no reports
of an incidence of sterile abscess in Korea yet, despite there
being a case report in 2 CPP children®. Meanwhile, anaphylaxis
may rarely occur as a systemic side effect related to GnRHa
administration. Recently, there have been reports indicating
that administration of GnRHa may be a risk factor for the
development of slipped capital femoral epiphysis (SCFE)""”".

The purpose of this study was intended to report our clinical
experience with significant adverse reactions to long-acting
GnRHa in CPP at single pediatric tertiary medical center and to
evaluate the prevalence rate of serious side effects.

Materials and methods

This study was conducted to report on those patients who
experienced severe adverse effects among the total CPP and
early onset puberty patients who were administered monthly
long-acting GnRHa (leuprolide acetate, triptorelin acetate)
at the outpatient clinic at Department of Pediatrics, Inha
University Hospital, from January 2011 to December 2013. We
analyzed the clinical characteristics of patients who experienced
significant adverse reactions and evaluated the prevalence rate.

The subjects medical records were reviewed retrospectively.
Information regarding gender, age, height, weight, pubertal stage,
bone age, serum hormone levels including luteinizing hormone
(LH), follicle-stimulating hormone (FSH), and estradiol (E2)
were recorded. In addition, drug type of GnRHa used for
therapy, injection dose and interval, onset of occurrence of
adverse reaction, clinical course of adverse reaction, and past
allergy history were recorded.

The definitions of terms are as follows. CPP is the onset of
signs of puberty before the age of 8 years in girls and 9 years
in boys, the result of early maturation of the hypothalamic-
pituitary-gonadal axis. Early onset puberty is defined as the
occurrence of sexual maturation after the age of 8 years and
before 9 years in girls, after 9 years and before 10 years in boys.
Sterile abscess is defined as an abscess with contents that are not
caused by pyogenic bacteria. Anaphylaxis is a serious allergic or
hypersensitivity reaction that is rapid in onset and may cause
life- threatening conditions'”. SCFE is the displacement of the
upper femoral epiphysis from the femoral metaphysis'.
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Results

Among the total 621 patients, 469 girls (8.78+0.45 years) were
treated with monthly depot leuprolide acetate, of which, 152 girls
(8.35+0.47 years) were treated with monthly depot triptorelin
acetate. Drug-related serious side effects were observed in
6 events within 5 girls among the total patients (0.9%). In 4
events out of 621 patients, sterile abscess resulted from an
administration of GnRHa, which demonstrated 0.6% prevalence
rate. Anaphylaxis happened in one patient, and unilateral SCFE
in another patient relatively (Table 1).

1. Four events in 3 cases of sterile abscess formation

1) Case 1

This 7.6-year-old girl was an otherwise healthy diagnosed
with CPP following presentation of an 8-month history of breast
development (Tanner stage 3) with growth spurt. Her height was
130.3 cm (50th—75th percentile), and weight was 30 kg (50th—
75th percentile). Her bone age was 10 years by the Greulich
and Pyle method at a chronological age of 7.85 years. GnRH
stimulation test demonstrated a dominant LH response; peak
LH level, 7.5mIU/mL; peak FSH level, 8.2 mIU/mL. Luprolide
acetate depot (Leuplin, Takeda pharmaceuticals Korea, Seoul,
Korea) therapy began with subcutaneously (SC) injection every
4 weeks. After the second injection, she had heat sensation at
the injection site and a mass was formed. Following the seventh
injection, erythematous plaques with sterile abscess (size: 15
mmx20 mm, 5 mmx5 mm) were developed at the injection
site after three weeks. The drug has been switched to triptorelin
acetate depot (Decapeptyl, Ferring pharmaceuticals, Seoul,
Korea) intramuscularly (IM) injection without further problems.

Fig. 1. Leuprolide acetate depot was subcutaneously injected into the upper
arm of a 7.6-year- old girl at four-week interval. A sterile abscess was formed at
the injection site after the 7th injection.
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Fig. 2. Leuprolide acetate depot was subcutaneously injected into the arm of a 9-year-old girl at four-week interval. (A) A sterile abscess
was formed at the injection site after the 5th injection. (B) The treatment was switched to triptorelin depot, which intramuscularly
injected into her buttock, but a sterile abscess and pus formed 3 weeks after the first injection. (C) The lesion on the buttock healed with
scarring 10 weeks later.

The abscess local lesion was healed after spontaneous rupture of
abscess (Fig. 1).

2) Case 2

An 8.9-year-old girl was presented with 10 months of breast
development (Tanner stage 3). Height was 134.3 cm (25th—-50th
percentile) and weight was 29.5 kg (25th—50th percentile), but
an increase in growth velocity over 6 months showed. Random
serum levels of LH, FSH, E2 were 2.4 mIU/mL (normal, <0.3
mlIU/mL), 5.03 mIU/mL (normal, 1.0-4.2 mIU/mL), and
45.18 pg/mL (normal, <10 pg/mL), respectively. Her bone age
was advanced at 10 years. Leuprolide acetate depot (Luphere,
Daewoong pharmaceutical, Seoul, Korea) initiated SC monthly
injection. Following the ninth injection of leuprolide acetate
depot SC, she developed a painful erythematous change at the
injection site, consistent with sterile abscess. The lesion gradually
healed without any scarring. After the therapy was changed to
triptorelin acetate depot (Decapeptyl) IM injection, there has
been no particular local site events.

3) Case 3

An otherwise healthy 9-year-old girl visited the hospital
due to an 8-month history of progressive breast development
(Tanner stage 3) with pubic hair (Tanner stage 2): random LH,
1.8 mIU/mL; FSH, 1.6 mIU/mL; E2, 12.7 pg/mL. Her height
was 140.5 cm (75th—90th percentile), and weight was 41 kg
(90th—-95th percentile). Her bone age was 11 years. Luprolide
acetate depot (Luphere) administered with a diagnosis with early
onset puberty. After the fifth injection, a sterile abscess formation
(size, 20 mmx15 mm) with pus occurred at the injection site.
Recurrent abscess developed and it was frequently drained
from the injection site. Eight weeks later, the wound healed with
little scarring. Thereafter, the treatment of drug was changed to
triptorelin acetate depot (Decapeptyl), which was IM injected in
the buttock. The injection therapy was stopped due to a sterile
abscess with pus (size, 20 mmx15 mm) that occurred again at
the injection site after the first triptorelin acetate depot shot. The
lesion on her buttock healed leaving a residual scarring (size, 10
mmx10 mm) 10 weeks later (Fig. 2). She had clinically pubertal
progression (Breast Tanner stage 4, pubic hair Tanner stage 3)

after sterile abscess formation. Now her bone age is 13 years at a
chronological age of 10.2 years.

2. One case of anaphylaxis

1) Case 4

An 8.4-year-old girl was presented with breast development
(Tanner stages 2, 3) and pubic hair (Tanner stage 2) over the
preceding 10 months. She had neither a specific medical history
nor history of allergic disorder. Her height was 135.7 cm (90th—
95th percentile), and weight was 31.4 kg (70th—-90th percentile).
Her bone age was 10 years. GnRH stimulation testing showed
the diagnosis of early puberty with LH peaking at 32.6 mIU/
mL and FSH peaking at 28.5 mIU/mL. She was treated with
triptorelin acetate depot (Decapeptyl) SC injected at four-week
intervals. Immediately after the sixth injection, she developed
dizziness, headache, whole body redness, and chest tightness.
Subsequently, she lost consciousness. Blood pressure (BP) could
not be measured at that time. All of the above symptoms were
relieved within several minutes without any particular treatment.
Her BP measured after the recovery was 99/56 mmHg which
was a low-normal level (systolic, 25th—-50th percentile; diastolic,
25th—50th percentile). Her ordinary BP was 110/60 mmHg
(systolic, 50th—75th percentile; diastolic, 75th-90th percentile).
Anaphylaxis was considered to have occurred, and the drug
therapy was changed into a monthly SC injection of leuprolide
acetate depot (Leuplin). She maintained this monthly leuprolide
therapy without further systemic adverse reactions.

3. One case of unilateral SCFE

1) Case 5

A 9-year-old girl visited the hospital due to a 6-month history
of progressive breast development (Tanner stage 3). She had no
specific medical history. Her height was 140 cm (75th-90th
percentile), weight was 38 kg (75th-90th percentile), and body
mass index z-score was 85th percentile. Her bone age was 11.5
years compared with chronological age of 9 years. Random
serum levels of LH, FSH, and E2 were 0.82 mIU/mL, 1.12
mlU/mL, and 12.5 pg/mL, relatively. Leuprolide acetate depot
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(Luphere) was initiated at 3.75 mg SC every four weeks, which
was switched after the fifth injection to 3.75 mg IM triptorelin
acetate depot (Decapeptyl), every 4 weeks, due to painful erythe-
matous change at the injection site. Following the sixth injection
of triptorelin acetate depot, she experienced worsening limping
and hip pain of the right side for 2 weeks. She was diagnosed
with unilateral SCFE and immediately underwent in situ pinning
surgery. The diagnosis and surgery for SCFE was performed at
another hospital. The GnRHa therapy was discontinued.

Discussion

Neely et al.” published about a sterile abscess occurring
after the use of GnRHa in pediatric patients with CPP for the
first time in 1992. Thereafter, several cases of sterile abscess
formations after GnRHa depot formulations have been reported
in western countries™"”. In Korea, Kim and Shin® reported two
cases who have formed sterile abscesses during CPP treatment.

In this study, sterile abscesses formations occurred in 0.6% of
CPP and early onset puberty patients with GnRHa therapy. Out
of a total of 469 patients with leuprolide acetate depot, three
events (0.6%), while in one event (0.6%) out of a total of 152
patients with triptorelin acetate depot. In the first and second
cases, sterile abscess formation occurred under leuprolide
acetate therapy, and abscess did not occur after being changed
into triptorelin acetate. In case 3, sterile abscesses not only
occurred following leuprolide acetate depot therapy, but also
developed even after a switch to another GnRHa, triptorelin
acetate depot.

The postulated cause for these reactions is likely to be
antibody formation against the biodegradable polymers,
which deliver GnRHa drug in a long-acting manner"'*'?. It
also thought to be an adverse reaction to the GnRHa peptide
itself"*". Particularly, leuprolide injection has much higher rates
of reaction than other GnRHa. Otherwise, it has been speculated
that drug injection into the more immunologically active and
less vascular subdermis can induce the abscess reaction. The
fact that our third case had sterile abscesses formation following
treatment with 2 different long-acting GnRHa suggests that the
cause may be the same type of biodegradable polymers (lactic
acid glycolic acid copolymer) in the depots.

While sterile abscesses are rare, such reaction can induce
great anxiety to patients and families. These reactions may often
persist for several months and can leave significant scarring such
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as our third case. These formations can also cause the failure of
GnRHa therapy. Also, these effects may determine treatment
interruption. Clinicians should be aware of the chance of
adverse reactions following the treatment of GnRHa depot.

There are several reports of anaphylaxis to GnRHa in Western
countries. Grant and Levinson'” published the case of an
anaphylaxis to leuprolide acetate depot injection in a 66-year-
old patient with prostate cancer. Luchinger et al."” report a
case of a proven allergy to leuprolide acetate depot. There has
been no report regarding anaphylaxis to GnRHa treatment in
CPP yet in Korea. Among the database of International Drug
Monitoring of the World Health Organization (WHO), reports
of GnRHa and adverse effects on the immune system in 97
countries from 1988 to 2010 were shown in Table 2'*.

According to the guidelines for anaphylaxis published in
2006, anaphylaxis can be diagnosed if there are two or more
symptoms, such as involvements of the skin-mucosal tissue,
respiratory compromise, reduced BP or associated symptom,
and persistent gastrointestinal symptoms after exposure to
any allergen'”. In this case of 4, two more symptoms occur-
red immediately after the sixth triptorelin acetate depot
injection and fortunately reactions were relieved without any
particular treatment. Although the occurrences of anaphylactic
reactions to GnRHa are incidental and very rare, it can have
serious implication in patients. Hence, managements against
anaphylactic shocks should be recognized.

SCFE is an early adolescent hip disorder; the femoral head is
separated from the femoral metaphysis. This disorder mainly
occurs in those aged 10-15 years more frequently in males and
its incidence rate is assumed to be one out of 10,000 persons'”*”
Approximately 78% of cases of this disorder occur in puberty,
likely because this disease is associated with hormonal changes
and growth spurts™. Although the causes of SCFE have not yet
been clearly established, hormonal disorders such as growth
hormone (GH) deficiency, hypothyroidism, rapid bone growth,
obesity,and GH treatment are known to be associated with this
disorder™.

There have been a few published reports regarding SCFE
occurrence on or after cessation of GnRHa treatment” .
GnRHa therapy may be implicated in reduced sex hormone
exposure during the critical period of bone development,
thereby contributing to the occurrence of SCFE. Otherwise,
CPP itself can be a risk factor aftecting SCFE because it causes
rapid bone growth.

Table 1. Characteristics of patients with central precocious puberty and early onset puberty showing serious adverse drug reactions

PatientNo.  Age (yr) Bone age (yr) Sex  Adversedrugreaction  GnRHadepot Interval (wk) Onsetof event  Allergic history

1 7.6 10.0 F Sterile abscess Leuprolide 4 7th Injection None

2 89 10.0 F Sterile abscess Leuprolide 4 9th Injection None

3 9.0 11.0 F Sterile abscess (1st) Leuprolide 4 5th Injection None
Sterile abscess (2nd) Triptorelin 4 1st Injection

84 10.0 F Anaphylaxis Triptorelin 4 6th Injection None

5 9.0 1.5 F SCFE Leuprolide 4 5th Injection None
Triptorelin 4 6th Injection

GnRHa, gonadotropin-releasing hormone agonist; SCFE, slipped capital femoral epiphysis.
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Table 2. Reports of luteinizing hormone releasing hormone
analogs and “immune systems disorders” 1988-2010 of World
Health Organization (97 countries)'®

Drug Reaction No. of reports

Leuprolide Anaphylactic shock” 7
Anaphylactic reaction” 4
Anaphylactoid reaction” 23
Serum sickness” 6
Multiple allergies 1
Hypersensitivity” 66
Allergy to metals

Triptorelin Anaphylactic shock”

Anaphylactic reaction”

Anaphylactoid reaction”

Hypersensitivity” 5
Definitions conform the Netherlands Pharmacovigilance Center
Lareb.
“Hypersensitivity reaction with clinical signs in 2 or more organ
systems with low blood pressure. “Hypersensitivity reaction
with clinical signs in 2 or more organ system without low
blood pressure. “Nonallergic anaphylactic shock or reaction.
Serum sickness is a reaction similar to an allergy. Specifically, it
is an immune system reaction to certain medications, injected
proteins or antiserum. e)Symptoms being an expression of
hypersensitivity.

— N W —

Our fifth case was not obese and had no other hormonal
disorder except early onset puberty. Most children with SCFE
in other studies were different from ours in that GnRHa therapy
was involved for a longer time because of earlier onset age of
CPP. In case5, SCFE seems to occur coincidentally following
GnRHa therapy. However, GnRHa treatment for CPP may
be considered as a risk factor affecting the development of
SCEFE. Further studies seem to be necessary on the relationship
between the occurrence of SCFE and GnRHa therapy.

In conclusion, in this study; sterile abscess formation occurred
in 0.6% of CPP and early onset puberty patients with monthly
depot GnRHa therapy. We also experienced the rare occurrence
of one case of anaphylaxis, and another case of SCFE following
GnRHa treatment in CPP and early onset puberty. GnRHa have
been widely used globally and their drug safety has been well
established. However, as the number of patients with GnRHa
therapy is on the rise, potential adverse drug reactions can be
increasing in number. Clinicians should be well acquainted with
the potential adverse effects related to GnRHa therapy in CPP.
Further studies are necessary to identify the mechanisms of
development of potential adverse drug reactions.
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