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Abstract

Precocious puberty resulting from hypothalamic-pitiutary-gonadal axis activation is increasing
problem in children and early institution of therapy for the axis suppression allows the patients to
attain target adult heights. The review evaluates and compares the efficacy of the most commonly
used two GnRH analogues: leuprolide and triptorelin; and the recent trends in their dosages.
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Introduction

Precocious puberty (PP) is an increasingly
common problem in children causing significant
psychosocial problems and hence requires timely
diagnosis and intervention. Precocious puberty
results due to the activation of the hypothalamic-
pitiutary-gonadal axis resulting from the
increasing amplitude of gonadotropin- releasing
hormone (GnRH) and luteinizing hormone (LH)
pulses signals for increased gonadal sex steroid
production, causing early onset secondary sexual

characteristics [1].

PP is defined as onset of secondary sexual
characteristics in girls before 8yrs of age and is
mostly thelarche stage Il Tanner. In boys it is
before 9yrs in boys with increase in testicular
volume stage Il [2]. However, it can sometimes
be a case of isolated thelarche or pubarche,
where all the secondary sexual characteristics do
not develop.

Page 121



mailto:dr.aashishsethi@gmail.com
http://iaimjournal.com/

Inderpal Singh Kochar, Smita Ramachandran, Aashish Sethi. Leuprolide Vs triptorelin: The recent trends in GnRH

analogues in precocious puberty. IAIM, 2019; 6(2): 121-131.

We conducted an extensive search of pubmed
using the words precious puberty, GnRH
analogues, leuprolide, triptorelin. The articles
included in the study were:
e Atrticles in English
e Only used in precocious puberty
e Studies with Final height estimation
done
e With only LH suppression done
e Mentioned use of single drug, no
combinations
e Excluded case studies

HPA axis

A varied array of stimuli like photoperiod,
nutrients, stress, infection, metabolic products,
environmental exposures, many hormones are
integrated to the hypothalamus to regulate the
synthesis and secretion of gonadotropin-releasing
hormone (GnRH) [3]. This acts on the GnRh
receptors in the pituitary for the synthesis and
secretion of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) which in turn
act on the gonads to produce gametes, steroids
and peptide proteins [4].

This cascade of hormone production is regulated
by a systematic positive and negative feedback
loop between the pituitary, gonads and
hypothalamus.

The inactivating mutations of two GnRH
regulator  neuropeptides  kisspeptin  and
neurokinin B in the hypothalamus result in
delayed puberty by delayed degradation of the

ligand-receptor complex within the cell
membrane [3].
Other modulators regulating GnRH neuron

activity are neuropeptide Y, products of the pro-
opiomelanocortin protein, gonadotropin-
inhibitory hormone (GnIH) and
neurotransmitters (such as y-amino butyric acid
and glutamate).

these
single

mutations
are KISS1,

The common
neuropeptides

affecting
MKRNS3,

nucleotide polymorphisms of FSHB gene and
LHB gene [5].

GnRH analogues

GnRH is released in a pulsatile manner into the
hypophyseal portal system, which stimulates the
pituitary to release LH, and FSH. These GnRH
pulses occur every 60-120 min and cause a
pulsatile LH surge, which allows the receptor
concentrations to be replenished between pulses
[4, 6].

GnRH analogues disrupt this pulsatility of GnRH
and provide continuous levels that result in
reduced gonadotropin production and reversal of
pubertal changes by downregulating the receptor
concentrations, which desensitizes the pituitary
to continued stimulation.

Hence they are the mainstays of treatment in
CPP. The agonists are derived from native GnRH
by substitution of a D-amino acid for the native
L-amino acid at position 6 in the decapeptide,
this makes them resistant to degradation and
prolongs their half-life [7].

GnRH agonists are best administered
intramuscular or intravenous. The drug if given
subcutaneously needs higher doses and the
smaller blood peaks takes slower to develop and
much longer to wean off. If given orally the drug
get degraded. By the intravenous and
intramuscular  routes 75% are rendered
hypogonadal by 4 weeks and by 8weeks all are
rendered hypogonadal. Other routes are
intranasal and long term implants [8].

Indications in CPP
Therapy with GnRH is indicated in children with
CPP with:

e accelerated bone age

e height advancement

e psychosocial stress
The two most commonly used GnRH analogues
worldwide are leuprolide and triptorelin and
there have been multiple studies evaluating the
efficacies of both the analogues.
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Leuprolide was FDA approved in 1985 for
medical use in the United States. It may be used
for hormone receptive tumors such as prostate

and breast cancer, estrogen dependent conditions

Table - 1: Leuprolide studies.

like

endometriosis
Leuprolide and triptorelin are FDA approved for
treating precocious puberty.

and

uterine

fibroids.

S. Study Number | Age Study Bone age | Height Drop Dose Side Mean LH
No. group | duration advanced/ | gain outs effects | Suppression
(mean) mean (mean)

1 Parker et al | 6 3.6- 3months 8.85yrs - :3,75mg/4weeks - 8.3+-3.3ug/L
1989 7.9yrs :6mg/4weeks
(Pennsylvani
a) [9]

2 Clemens, et | 10 1.6-35yrs | > 1.4+-| 3.4cm Nil 3.75mgX28days Nil 2.4+-0.21U/L
al. 1993 0.1yrs
(Arizona) (than CA)

[10]

3 Carel, et al. | 44 8.2+- 6months >2.9+- 16% 11.25mg/3months | Nil 1.3+-0.91U/L
2002 0.7yrs 0.9yrs(tha S/IC (95%)
(France) [11] n CA)

4 Baradu, et al. | 30 <8yrs | 12months | :5.8cm/yr 2 :3,75mg/4weeks Nil 11.73+-
2006 :3.6cm/yr :7.5mg/4weeks 0.991U/L
(California) :5.3cm/yr :11.25mg/3month :1.30+-
[12] s 0.701U/L

:2.13+-
1.411V/

5 Y.C. Tung, et | 11 8+- 4.7+- >14yrs 19+- - 3.75mg X 28days | - 1.3+-
al. 2007 1.5yrs | 1.8yrs 10cm 1.5miu/ml
(Taiwan) [13]

6 Meriq V, et | 14 6.5- 12months | 11.39+- 2.8+- Nil :3.75mg/28days Nil :0.69+-0.12
al. 2009 10.2yr 1.04yrs 1.9cm
(USA) [14] S (mean) :11.25mg/3month :1.24+ 0.2

s
:0.84+-0.08
:22.5mg/3months

7 Neely, et al. | 55 <8yrs | 3.9+-2yrs | >1yr - Nil 7.5-15mg/month Nil 1.98 IU/L
2010 (USA) (than CA)

[15]

8 Fuld, et al. | 54 7.8+- | 24months | 10.3+- 5.3+ Nil :7.5mg/28days Nil :1.56+-0.94
2011 (USA) 1.9yrs 2.4yrs 1.6cm- :11.5mg/3months
[16] :22.5mg/3months :2.52+-1.13

1.63+-0.76

9 Peter lee, et | 39 <10yr | 3.9+ _2yrs | >3yrs 4cm - 3.75mg X 28days | Nil -
al., 2011 S (than CA)

(USA) [17]

10 | Kim Jin, et | 54 <8yrs | 24 weeks | >1.27+- - Nil 3.75mgX28days Urtica | <3IU/L  in
al. 2013 0.7yrs ria, (52/54)
(korea) [18] (than CA) Pain,

swelli
ng

11 | Peter Lee | 65 2- 36months | 11.15yrs 48 11.25/30mg Severa | 2.2mlU/ml
2014 11yrs (mean) X3months 1772
(Chicago)

[19]
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12 | Kendirici, et | 62 <8yrs | 12months | 7.7- - 6 3.75mg X 28days | Nil
al. 2015 11.2yrs
(Ankara) [20] (range)

13 | Borges, et al. | 62 1.3- 1.8= 0.1y | >3yrs(tha | 6.7cm - 3.75mg X 28days | Nil
2015 (Brasil) 8.9yrs | rs n CA)
[21]

Studies using leuprolide are as per Table — 1.
Leuprolide has been used for treatment of PP in
various studies from the age group ranging from
1.3 to 11yrs[19, 21]. It has been used in varying
dosages by pediatric endocrinologist all over the
world; 3.75 mg every 28 days, 6-7 mg/4 weeks,
11.25 mg/3 months, 22.5 mg/3 months.

NICE guidelines recommend to start Triptorelin
initially at a dose of 3.75 mg every 2 weeks for 3
doses, to be administered on days 0, 14, and 28
of treatment, then 3.75mg every 3—4 weeks,
discontinue when bone maturation consistent
with age over 12 years in girls and over 13 years
in boys.

Most of the studies have evaluated the efficacy
of the dose 3.75mg/4weeks for suppressing the
HPA axis [9, 10, 13, 17, 18, 20, 21]. The starting
dose is higher in studies from the US using either
300 meg/kg/day or 7.5 mg minimum and 15 mg
maximum every 28 days, while a starting dose of
leuprolide  acetate  3.75mg  administered
intramuscularly or subcutaneously every 28 days
is widely accepted in Europe and Asia.

Two studies by Fuld and Merigcompared the
efficacy of three different dosing schedules using
3.75mg/28days,7.5mg/28days,
11.25mg/3months, 22.5mg/3months in PP [16,
14].

Suppression of stimulated LH is considered the
single best short-term measure of treatment
adequacy and the study by Fuld found no
differences in LH suppression between the 7.5-
mg 1-month and 22.5-mg 3-month doses and
11.25-mg 3-month dose results in marginally
inferior LH and FSH suppression compared with
monthly leuprolide [16]. However, they reasoned
that lesser degree of LH suppression associated
with the 11.25-mg 3-month dose was not

clinically meaningful. They did not find any
differences in E2 level, growth velocity, bone
age advancement, or change in the predicted
adult height in either year of treatment. Their
study proposed two approaches:

a) beginning all subjects on 22.5-mg 3-month
DL, which more closely approximates the total
dose delivered by monthly therapy, or

b) starting on the 11.25-mg dose, which is
sufficient in most cases, then increasing the dose
if there is persistent hormonal or clinical criteria
requirement.

In the study by Meriq, et al.; LH was suppressed
to less than 2 IU/I in all patients on 22.5 mg by 3
months, in all patients on 7.5 mg monthly by 9
months and in all patients on 11.25 mg by 12
months. They demonstrated suppression of
luteinizing hormone occurs sooner in the 3-
month 22.5 mg leuprolide acetate dose compared
to the 3-month 11.25 mg [14].

Similar results were seen in the study by Baruda
in which stimulated LH and FSH levels were
significantly higher during therapy with both the
3.75 mg and 11.25 mg-3 month depot leuprolide
doses when compared with 7.5 mg monthly, and
values with 11.25 mg were relatively higher than
3.75mg [13]. However these differences were not
accompanied by detectable changes in sex
steroid concentrations in any of the groups.

All the other studies showed adequate LH
suppression with 3.75mg/ 28 days dose. Only in
a study by Brito et al adequate suppression was
not achieved by 3.75mg and had hence had to be
increased to 7.5 mg [22].

Study by Carel, et al. with 11.25 mg leuprorelin
3-month depot efficiently inhibited the pituitary
gonadal axis in 95% of children they studied
with CPP during a 6-montbh trial, but a short-term
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evaluation was a drawback of this study.

It was noted in the studies that maximum
pubertal suppression evidenced by the LH levels
were achieved only by the third month of starting
leuprolide mostly by 3.75 mg every 28 days [11,
20].

Leuprolide has proven to be a relatively well-
tolerated drug in the patients of precocious
puberty. The most common side effects noted
were local site pain, rhinorrhea, headache, cough,
arthralgia, pyrexia, nasal congestion, gastero
intestinal symptoms [18, 19]. In Peter Lee’s
study side effects were observed more in the
study group receiving 11.25 mg as compared to
3.75mg and 30 mg [18]. The incidence of
injection site pain was 29.4% (10 of 34) in the
11.25-mg dose group and 23.7% (9 of 38) in the
30-mg dose group and very few in the 3.75 mg

group.

Ji Woo Lee reported some few rare side effects
with leuprolide: anaphylaxis, sterile abscess at
injection site and unilateral slipped capital
femoral epiphysis, there were however extremely
rare reported only in one patient each in a study
group of over 654 [23].

Triptorelin

Triptorelin studies are as per Table — 2.
Triptorelin has been widely used for precocious
puberty at the dose of 3.75mg intramuscularly
every four to suppress the secretion of sex
hormones and has shown adequate suppression
of both basal and stimulated LH values [27, 28,
29, 32, 34, 35, 37].

Liang et al studied the efficacy of 3.75mg given
subcutaneously every 6weeks. They rationalized
that even though the intramuscular route results
in a higher plasma Triptorelin concentrations,
subcutaneous injection maintains a sustained
drug level after administration [31]. All their
patients achieves prepubertal LH values after 6-
8weeks of initiating treatment and hence reported
comparable effects with IM regimen at 4-week
intervals. There were some reported side effects

associated with the hypoestrogenism induced by
it, such as headache, sweating, and depression
and also prolonged duration of menstruation
recovery implying longer ovarian suppression.
Hence the need for longer interval of the
injection.

However all the patients taking subcutaneous
injections developed a nodule about 1 cm in
diameter at the injection site, which disappeared
after 6-12 weeks. Liang, et al. implied that they
could overcome this side effect by increasing the
interval of giving the injection.

Several studies have efficacy of the 3-month
triptorelin 11.25 mg formulation in children with
CPP [26, 32, 33, 35]. These studies revealed that
that 87.6% had suppressed LH response to the
GnRH test (<3 IU/L), 3 months after initiating
treatment and 92.8% of children had after 6
months. The proportion of boys and girls with
LH suppression at 3 months was similar. The
most frequent adverse effects noted were
headache, rhinitis, and abdominal pain.

One of the benefits of starting GnRH therapy is
to allow the child to achieve the target height.
Several factors have been attributed to affect the
end results like [28]:
o carly age at treatment
e greater difference between BA and CA
at the initiation of treatment
e greater decline in this difference during
the course of treatment
e longer duration of treatment and lower
bone age at the end of treatment

The study by Bajpai, et al. stated that girls less
than 6yrs and with lower bone advancements
achieved better final heights than the older girls
[28].

In a study by Arrigo the best statural outcome
were observed in the patients who stopped
treatment at a bone age ranging from 12.0 to 12.5
years, in comparison to girls who stopped with
more advanced bone age [26].
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Table - 2: Triptorelin Studies.

S. | Study Nu Study Age Bone age | Height gain | Drop | Dose Side Mean LH
no mbe | duratio | group | (mean)/ (mean) outs effects suppressi
rs n advanced on
1 Swaenepoel, et al. | 35 5yrs 0.75- 8.8+-6.6yrs | 5.5+-1.8cm/yr | - 60ug/kg - -
1991 (Paris) [24] 8.5 yrs 28days
2 Hummelink, et al. | 40 3yrs 9.5+-2yrs >2cm than | - 75ug/kgl/dw | - -
1991 predicted ht eeks
(multicentric) [25]
3 | Arrigo, etal. 1999 | 71 3.9+-19 | 2.6- 9.8+-1.4yrs | 2.5-6cm- - 60wkg - -
(ltaly) [26] yrs 9.2 yrs every
28days
4 Cassio, et al. 1999 | 46 25 7.5- 10.2yrs :5.4cmlyr 2 3.75mg/28d | - -
(ltaly) [27] months | 8.5yrs :6.9cm/yr ays
no
treatment
5 Bajpai, et al. 2002 | 35 2.7- 8.9-10.7yrs | 8.7+-1.6cm 3.75mg/28d | Nil -
(India) [28] 7.3 yrs ays
6 Carel, et al. 2004 | 58 2yrs 6.5+ | 10.1+- Scm/yr - 3.75mg/28d | - -
(France) [29] 1.5yrs | 1.5yrs ays
(<20kg
1.87mg)
7 Martinez-Aguayo, | 20 24 7.5 +/- 11.25mg/3m
et al. 2005 [30] months | 0.2 onths
years
8 Liang, et al. 2006 | 46 12 2-yrs 6-11.5yrs :4+-0.6cm - :3.75mg/SC/ | :1cm ;0.2mlIu/
(China) [31] months 6weeks papule ml
:3.2+-1.2cm :3.75mg/IM/ | at
4weeks site(all)
:skelalgi | :0.2mIU/
a(few) ml
9 Carel, et al. 2006 | 64 12mont | 8.3+- 10.7+- 6.2+- Nil 11.25mg/3m | Headach | <3IU/L
(French) [32] hs 0.9yrs | 1.1yrs 1.7cm/year onths e, (95%) at
rhinitis, 12months
Gl
discomf
ort
10 | Chiocca, et al. | 17 12 7.9+ | 9.8+-1.2yrs | 6.4+-1.2cm Nil 11.25mg/90 | Headach | <3I1U/L
2012 (Italy) [33] months | 0.9 yrs days e (22%)
Flushes
(1%)
11 | Strich, et al. 2013 | 32 4yrs 4.6- >6months - Nil 3.75mg/28d | Nil 2.7+
(Israel) [34] 11.6 than CA ays 1.91U/L
yrs (30/32)
12 | Bertelloni, et al. | 25 3.1+0.9 | 7.9+- 10.4+_0.9yr | 2.8+-5.6cm 3.75mg/28d | Nil -
2015 (ltaly) [35] yrs 0.9yrs | s ays
2.4+-4.1cm
11.25mg/90
days
13 | Klein, et al. 2015 | 45 48 2-9 140.32mont | 6.8cm/year Nil 22.5mg/6mo | 75% <4.21U/L
(USA weeks yrs hs nths nasopha | 93%  at
multicentric) [36] ryngeal, | 6months
headach
e, URI,
cough
14 | Zung, et al. 2015 | 17 22 20.5+- - - 3.75mg/28d 0.59+0.33
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(Israel) [37] months 9.3months ays IU/L
15 | Glab, et al. 2016 | 40 33 £ |>6.0%|956+214 PAH >in less 3.75mg/28d
(Poland) [38] 2.3 1.9 Tyrs ays
years
16 | Faienza, et al. | 94 3.4+-0.6 | 7+-0.6 | 10.1+- 8.1+-1.5yrs 3.75mg/28d
2017 (ltaly) [39] yrs yrs 1.6yrs ays
Other studies have defined the most appropriate and moderate increase in total body fat

time for stopping treatment at a bone age of 11.5
years [40]. They also reported improved height in
children when GnRH analogue treatment was
started before 6yrs of age.

Other studies have suggested that patients with
lower LH levels had greater predicted adult
height. Reasoning that greater oestradiol
suppression is theoretically better, resulting in
slow bone maturation, less pubertal progression
and greater increases in final height [14].

While some studies have stated that use of GhRH
analogues have no positive impact on the final
height achieved. Cassi, et al. stated LHRH
analogue have no apparent effect on final height
in subjects with onset of puberty between 7.5 and
8.5 years [27]. A Spanish study also reiterated
the fact that GnRH analogues do not improve the
height of the subjects when used in precocious
puberty [41].

However the numbers of studies not showing are
far fewer than the ones benefitting from all over
the globe, and hence it can be safely said that
treatment with GnRH analogues do improve the
final height in precocious puberty.

Some studies have evaluated the changes in
weight and body composition that accompany
suppression of the pituitary-gonadal axis by
administration of GnRH agonists and have
reported both positive and negative impact on
weight gain when on therapy. Palmert, et al. used
BMI, triceps fold thickness, body fat percentage
using DXA analysis and correlated an increase
weight gain in children treated with GnRHa,
however 50% of the their study population was
overweight prior to starting therapy [42].

A Turkish study showed a slight increase in BMI

percentage. It was interesting to find an
exaggerated elevation in trunk fat mass and
insulin resistance. None of the children were
overweight prior to therapy in this study [43].

However few studies have contradicted this data
that the study population was not properly
matched [44, 45]. Wolter’s study attempted to
distinguish ~ between  normal-weight  and
overweight children and a control group of
overweight children without GnRHa treatment
and found no side effect of weight gain in
overweight children treated with GnRHa.

A study by Robert Lanes in 2004 compared the
efficacy of triptorelin and leuprolide in early
puberty on the impact on final height [46]. They
reported better LH suppression and more skeletal
maturation delay in children treated with
triptorelin, which translated to increased adult
height in that group. This was attributed to the
better gonadotropin suppression by triptorelin.
This is the only study that compared the two
drugs in a study to the best of our knowledge.

Conclusion

Our review found out that leuprolide 3.75 mg
every 28 days and 22.5 mg every 3months had
similar efficacy and fewer side effects compared
to 11.25 mg every 3 months. However, both
leuprolide and triptorelin were equally effective
in suppressing puberty at 3.75 mg every 28 days,
but the local side effects reported like site pain,
redness and sterile abscess, were relatively more
with leuprolide. Literature also reports sleep
disturbances, mood swings and memory loss
with  leuprolide. The most commonly
encountered side effect with triptorelin was
weight gain in comparison to leuprolide. It has
been observed that the timing of initiation of
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treatment early age at treatment, greater
difference between BA and CA at the initiation
of treatment, greater decline in this difference
during the course of treatment result in better
outcomes.

While the main focus for initiation of treatment
has been to achieve final target height in almost
all the studies, it also equally important to take
into account the emotional and social
implications of early onset puberty on the child
and the parents. Hence this should also be
strongly considered and evaluated while deciding
to initiate treatment.

After a thorough review of all the data we
gathered we recommend that both leuprolide and
triptorelin are at par for treatment of early
puberty, either one can be used based on the
ethnicity or country specific sensibilities,
keeping in mind the common side effects
reported and prescribing the agonist accordingly.
However it is the timely diagnosis and treatment
that is mandatory in such cases.

References
1. Nebesio TD, Eugster EA. Current
concepts in normal and abnormal

puberty. Curr Probl Pediatr Adolesc
Health Care, 2007; 37(2): 50-72.

2. Bajpai A, Menon PS. Precocious
puberty. In:  Pediatric  Endocrine
Disorders. 2" edition, Chennai: Orient
Longman; 2007, p. 217-41.

3. Millar RP, Newton CL. Current and
future applications of GnRH, kisspeptin
and neurokinin B analogues. Nat. Rev.
Endocrinol., 2013; 9: 451-466.

4. Fink G. in The Physiology of
Reproduction, eds. Knobil E. & Neill J.,
Raven Press, New York, 1988, p. 1349-
1377.

5. Abreu AP, Dauber A, Macedo DB, Noel
SD, Brito VN, Gill JC, et al. Central
precocious puberty caused by mutations
in the imprinted gene MKRN3. N Engl J
Med., 2013; 368(26): 2467-75.

10.

11.

12.

13.

14.

Seeburg P. H., Mason A. J., Stewart T.
A., Nikolics K. The mammalian GnRH
gene and its pivotal role in reproduction.
Recent Prog. Horm. Res., 1987; 43: 69—
98.

Magon N. Gonadotropin releasing
hormone agonists: Expanding vistas.
Indian J Endocrinol Metab., 2011 Oct-
Dec; 15(4): 261-267.

Hornstein MD, Surrey ES, Weisberg
GW, Casino LA. Leuprolide acetate
depot and hormonal add-back in
endometriosis: A 12-month  study.
Lupron Add-Back Study Group. Obstet
Gynecol., 1998; 91: 16-24.

Parker, Katrina L, Lee PA. Depot
leuprolide acetate for treatment of
precocious puberty. Journal of Clinical
Endocrinology and Metabolism, 1989;
69(3): 689-91.

Clemens, Kappy. Long-term
effectiveness of depot gonadotropin-
releasing hormone analogue in the
treatment of children with central
precocious puberty. Am J Dis Child.,
1993 Jun; 147(6): 653-7.

Carel JC, Lahlou N, Jaramillo O,
Vincent M, Teinturier C, Colle M, Lucas
C, et al. Treatment of Central Precocious
Puberty by Subcutaneous Injections of
Leuprorelin 3-Month Depot (11.25 mg).
The Journal of Clinical Endocrinology &
Metabolism, 2002; 87(9): 4111-4116.
Baradu A, Wilson D, Bachrach L,
Gandrud L, et al. Sequential
Comparisons of One-Month and Three-
Month Depot Leuprolide Regimens in
Central Precocious Puberty. The Journal
of Clinical Endocrinology &
Metabolism, 2006; 91(5): 1862-1867.
Tung YC, Lee JS, Tsai WY, Hsiao PH.
The Effects of Gonadotropin Releasing
Hormone Analogue Therapy on Girls
with Gonadotropin-dependent
Precocious Puberty. J Formos Med
Association, 2007; 106(10): 826-31.
Merig V, Lammoglia JJ, Unanue N,
Villaro C, Hernandex MI, Avila A, et al.

Page 128



Inderpal Singh Kochar, Smita Ramachandran, Aashish Sethi. Leuprolide Vs triptorelin: The recent trends in GnRH

analogues in precocious puberty. IAIM, 2019; 6(2): 121-131.

15.

16.

17.

18.

19.

20.

21.

Comparison of three doses of leuprolide
acetate in the treatment of central
precocious puberty: preliminary results.
Clinical Endocrinology, 2009; 71: 686—
690.

Neely EK, Lee PA, Bloch CA, Larsen L,
Yang D, Goldberg CM, et al. Leuprolide
Acetate 1-Month Depot for Central
Precocious Puberty: Hormonal
Suppression and Recovery. Int J Pediatr
Endocrinol., 2010; 2010: 398639.

Fuld K, Chi C, Neely K. A Randomized
Trial of 1- and 3-Month Depot
Leuprolide Doses in the Treatment of
Central Precocious Puberty. J Pediatr.,
2011; 159: 982-7.

Lee PA, Neely EK, Fuqua J, Yang D,
Larsen L, et al. Efficacy of Leuprolide
Acetate 1-Month Depot for Central
Precocious Puberty (CPP): Growth
Outcomes During a  Prospective,
Longitudinal Study. International Journal
of Pediatric Endocrinology, 2011, 2011:
7.

Kim YJ, Lee HS, Lee YJ, Lim JS, Kim
SY, Jin DY, et al. Multicenter clinical
trial of leuprolide acetate depot (Luphere
depot 3.75 mg) for efficacy and safety in
girls with central precocious puberty.
Ann Pediatr Endocrinol Metab., 2013
Dec; 18(4): 173-178.

Peter A. Lee, Karen Klein, Nelly
Mauras, Tali Lev-Vaisler, Peter Bacher.
36-Month Treatment Experience of Two
Doses of Leuprolide Acetate 3-Month
Depot for Children With Central
Precocious Puberty. The Journal of
Clinical Endocrinology & Metabolism,
2014; 99(9): 3153-3159.

Kendirici H, Agladioglu SY, Bas
VN, Onder A, Cetinkaya S, Aycanet Z.
Evaluating the Efficacy of Treatment
with a GnRH Analogue in Patients with
Central Precocious Puberty. Int J
Endocrinol., 2015; 2015: 247386.

Borges MF, Franciscon PM, Cambraia
TC, Oliveira, Ferreira BP, Resende
EAM, et al. Evaluation of central

22.

23.

24.

25.

26.

217.

28.

precocious puberty treatment with GnRH
analogue at the Triangulo Mineiro
Federal University (UFTM). Arch.
Endocrinol. Metab., 2015; 59(6): 515-22.
Brito V. N., Latronico A. C., Arnhold I.
J. P., Mendonc¢a B. B. Update on the
etiology, diagnosis and therapeutic
management of sexual precocity.
Arquivos Brasileiros de Endocrinologia
e Metabologia., 2008; 52(1): 18-31.

Lee J. W, Kim H. J., Choe Y. M., Kang
H. S., Kim S. K., Jun Y. H., Lee J. E.
Significant adverse reactions to long-
acting gonadotropin-releasing hormone
agonists for the treatment of central
precocious puberty and early onset
puberty. Annals of Pediatric
Endocrinology & Metabolism, 2014,
19(3): 135-140.

Swaenepoel C, Chaussain JL, Roger M.
Long term results of long acting
leutinizing hormone realseaing agonist in
central precocious puberty. Horm Res.,
1991; 36: 126-130.

Hummelink R, Oostdjik W, Odink RJH,
Drop SLS, Sippell WG. Growth, Bone
Maturation and Height Prediction after
Three Years of Therapy with the Slow
Release GnRH-Agonist  Decapeptyl-
Depot in  Children with Central
Precocious Puberty. Horm.metab.Res.,
1992; 24: 122-126.

Arrigo T, Cisternino M, Galluzi F,
Bertelloni S, Pasquino AM, Antoniazzi
F, et al. Analysis of the factors affecting
auxological response to GnRH agonist
treatment and final height outcome in
girls with idiopathic central precocious
puberty. European Journal of
Endocrinology, 1999; 141: 140-144.
Cassio A, Cacciari E, Balsamo A, Bal M,
Tassinari D. Randomised trial of LHRH
analogue treatment on final height in
girls with onset of puberty aged 7.5-8.5
years. Arch Dis Child, 1999; 81: 329—
332.

Bajpai A, Sharma J, Kabra M, Gupta
AK, Menon PS. long acting GnRh

Page 129



Inderpal Singh Kochar, Smita Ramachandran, Aashish Sethi. Leuprolide Vs triptorelin: The recent trends in GnRH

analogues in precocious puberty. IAIM, 2019; 6(2): 121-131.

29.

30.

31.

32.

33.

34.

35.

36.

analogue tritorelin therapy in isosexual
central precocious puberty. Indian
Pediatrics, 2002; 633: 639.

Carel JC, Chaussin JL. Gonadotropin
Releasing Hormone Agonist Treatment
for Central Precocious Puberty. Horm
Res., 1999; 51(suppl 3): 64-69.
Martinez-Aguayo A, Hernandez MI,
Beas F, Iniguez G, Avila A, Sovino H,
Bravo E, Cas- sorla F. Treatment of
central  precocious  puberty  with
triptorelin 11.25 mg depot formulation. J
Pediatr Endocrinol Metab., 2006; 19:
963-970.

Liang Yan, Hong Z, Ling H, Xiappong

L. Efficacy of Subcutaneous
Administration of Gonadotropin-
releasing  Hormone  Agonist  on

Idiopathic Central Precocious Puberty.
Journal of Huazhong University of
Science and Technology, 2006; 26(5):
558-561.

Carel JC, Blumberg J, Seymour C,
Adams- baum C, Lahlou N. Triptorelin
3-month CPP Study Group: Three-month
sustained-release ftriptorelin (11.25 mg)
in the treatment of central precocious
puberty. Eur J Endocrinol., 2006; 154:
119-124.

Chiocca E, Dati E, Baroncelli G, Cassio
A, Wasniewska M, Galluzzi F, Einaudi
S, Cappa M, Russo G, Bertelloni S.
Central precocious puberty: treatment
with triptorelin 11.25 mg. Scientific
World Journal, 2012; 2012: 583751.
Strich D, Kvatinsky N, Hirsch HJ, Gillos
D. Triptorelin depot stimulation test for
central precocious puberty. J Pediatr
Endocr Met., 2013; 26(7-8): 631-634
Bertelloni S, Massart F, Einaudi S,
Washiewska M, Miccoli M, Baroncelli
GIl. Central Precocious Puberty: Adult
Height in Girls Treated with Quarterly or
Monthly Gonadotropin-Releasing
Hormone Analog Triptorelin. Horm Res
Paediatr., 2015; 84: 396-400.

Klein K, Yang J, Aisenberg J, Wright N,
Kaplowitz P, Lahlou N, Linares J,

37.

38.

39.

40.

41.

42,

Lundstrom E, Purcea D, Cassorla F.
Efficacy and safety of triptorelin 6-
month formulation in patients with
central precocious puberty. J Pediatr
Endocrinol Metab., 2016; 29(11): 1241-
1248.

Zung A, Burundukov E, Ulman M,
Glaser T, Zadik Z. Monitoring
gonadotropin-releasing hormone
analogue (GnRHa) treatment in girls
with central precocious puberty: a
comparison of four methods. J Pediatr
Endocr Met., 2015; 28(7-8): 885-93.
Glab E, Wikiera B, Bieniasz J, Barg E.
The Influence of GhRH Analog Therapy
on Growth in Central Precocious
Puberty. Adv Clin Exp Med., 2016;
25(1): 27-32.

Faienza MF, Brunetti G, Acquafredda A,
Delvecchio M, Lonero A, Gaeta A,
Suavo Bulzis P, et al. Metabolic
Outcomes, Bone Health, and Risk of
Polycystic Ovary Syndrome in Girls with
Idiopathic Central Precocious Puberty
Treated with Gonadotropin-Releasing
Hormone  Analogues. Horm  Res
Paediatr., 2017; 87: 162—169.

Ohyama K, Tanaka T, Tachibana K,
Niimi H, Fujieda K. Timing for
discontinuation of treatment with a long-
acting gonadotropin- releasing hormone
analog in girls with central precocious
puberty. TAP-144SR CPP Study Group.
Endocrinological Journal, 1998; 45:; 351
— 356.

Llop-Vifiolas D, Vizmanos-Lamotte B,
Aresté-Piztzalis A, Fernandez-Ballart J,
Marti-Henneberg C. Treatment with
LHRH analogues in girls with
precocious puberty does not improve
final  height.  Longitudinal  study
compared with a control group. Med
Clin (Barc)., 2001 Jun 30; 117(4): 124-8.
Palmert MR, Mansfield MJ, Crowley
WEF, Crigler JF, Crawford JD, Boepple
PA. Is Obesity an Outcome of
Gonadotropin-Releasing Hormone
Agonist Administration? Analysis of

Page 130


https://www.ncbi.nlm.nih.gov/pubmed/?term=Massart%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26528763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Einaudi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26528763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wasniewska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26528763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miccoli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26528763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baroncelli%20GI%5BAuthor%5D&cauthor=true&cauthor_uid=26528763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baroncelli%20GI%5BAuthor%5D&cauthor=true&cauthor_uid=26528763
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klein%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aisenberg%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaplowitz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lahlou%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linares%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lundstr%C3%B6m%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Purcea%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cassorla%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26887034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zung%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25781535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burundukov%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25781535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ulman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25781535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glaser%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25781535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zadik%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25781535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faienza%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunetti%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Acquafredda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delvecchio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lonero%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaeta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suavo%20Bulzis%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28391271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Llop-Vi%C3%B1olas%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11472683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vizmanos-Lamotte%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11472683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arest%C3%A9-Piztzalis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11472683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez-Ballart%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11472683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%AD-Henneberg%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11472683

Inderpal Singh Kochar, Smita Ramachandran, Aashish Sethi. Leuprolide Vs triptorelin: The recent trends in GnRH

analogues in precocious puberty. IAIM, 2019; 6(2): 121-131.

43.

44,

Growth and Body Composition in 110
Patients with  Central  Precocious
Puberty. The Journal of Clinical
Endocrinology & Metabolism, 1999;
84(12): 4480-8.

Tascilar ME, Bilir P, Akinci A, Kose K,
Akora D, Inceoglu D, et al. The effect of
gonadotropin-releasing hormone analog
treatment (leuprolide) on body fat
distribution  in  idiopathic  central
precocious puberty. The Turkish Journal
of Pediatrics, 2011; 53: 27-33.

Arani KS, Heidari F. Gonadotropin-
Releasing Hormone Agonist Therapy
and Obesity in Girls. Int J Endocrinol
Metab., 2015 Jul; 13(3): €23085.

45,

46.

Wolters B, Lass N, Reinehr T. Treatment
with Gonadotropin-Releasing Hormone
Analogues: Different Impact on Body
Weight in  Normal-Weight  and
Overweight  Children. Horm  Res
Paediatr., 2012; 78: 304-311.

Roberto Lanes, Arlette Soros, Salomon
Jakubowicz. Accelerated Versus Slowly
Progressive Forms of Puberty in Girls
with Precocious and Early Puberty.
Gonadotropin Suppressive Effect and
Final Height Obtained with Two
Different Analogs. Journal of Pediatric
Endocrinology & Metabolism, 2004; 17:
759-766.

Page 131



