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 Introduction 

 GnRH analogues have become the treatment of choice 
for central precocious puberty (CCP) at our centre since 
1992. They act via desensitization and downregulation of 
pituitary GnRH receptors, so that gonadotrophin release 
is gradually inhibited after an initial stimulatory agonist 
phase  [1] . In addition to depot GnRH analogues delivered 
as monthly injections, longer-acting preparations with a 
duration of action over 3 months have recently been intro-
duced. While such longer-acting preparations potentially 
provide greater convenience for the child and family, as yet 
there are limited data on their efficacy compared to the 
one-month formulation  [2–6] . Suppression of gonadotro-
phin levels in children with CPP has been found to be com-
parable for the one- and three-month preparations of leu-
prorelin  [2, 3]  and triptorelin  [4]  given for 3–12 months. 
Other investigators have reported the results of longer du-
ration of treatment with goserelin  [5, 6] . In 12 girls with 
CPP/early puberty (EP) treated with the long-acting depot 
goserelin 10.8 mg (Zoladex �  LA (ZLA); AstraZeneca, 
Cheshire, UK) (mean duration of treatment 2.9 years), Pa-
terson et al.  [5]  reported that ZLA was effective in control-
ling CPP when given every 9–12 weeks. In a larger study of 
49 patients (mean duration of treatment 18 months), True-
man et al.  [6]  found that while ZLA induced a significant 
reduction in gonadotrophins at 12 weeks, the suppression 
was waning by 12 weeks in 13% of patients not previously 
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 Abstract 
  Aims:  To compare the efficacy of goserelin 10.8 mg (Zoladex 
LA – ZLA) administered 9–12 weekly with 3.6 mg (Zoladex – 
Z) given monthly in suppressing pubertal development, and 
effect on body mass index (BMI).  Methods:  Children with 
central precocious puberty (CPP) treated with Z (n = 34) or 
ZLA (n = 28) were studied retrospectively. Pubertal scores 
and BMI SDS during 24 months’ treatment were compared. 
 Results:  To attain adequate pubertal suppression, more pa-
tients on ZLA than Z required increase in injection frequency 
(p = 0.02) and this was so for 7/8 patients with a structural 
aetiology for CPP on ZLA and 2/8 on Z. A greater proportion 
of patients on ZLA had BMI  1 +2 SDS before (p = 0.05), and at 
18 and 24 months (p = 0.02 and 0.04). BMI SDS transiently 
increased during the first 6 months on ZLA (p = 0.04).  Con-
clusion:  Both Z and ZLA were effective in suppressing pu-
berty. To achieve adequate suppression, increased injection 
frequency was more likely with ZLA than Z, and particularly 
in patients with structural defects. Children with CPP had an 
elevated BMI at the onset of therapy and ZLA had a transient 
positive influence on BMI.  Copyright © 2007 S. Karger AG, Basel 
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treated and 27% who had previously received short-acting 
GnRH analogues. This highlighted the need to investigate 
further the correlation between gonadotrophin suppres-
sion and clinical evidence of pubertal suppression. 

 Weight gain during GnRH analogue treatment has 
been of particular concern for some patients. A number 
of investigators noted patients were relatively overweight 
at diagnosis and BMI pre-treatment was the best predic-
tor of BMI at the end of treatment  [7–10] . Lazar et al.  [11]  
observed more pronounced weight gain in girls with ear-
ly rapidly progressive puberty during treatment with 4-
weekly GnRH analogue compared to untreated girls. 
However, the excessive weight gain was arrested after 
stopping treatment and by the time final height was 
achieved, body mass index (BMI) was similar in the treat-
ed and untreated groups. 

 In this retrospective observational study, we have 
aimed (1) to compare the efficacy of depot goserelin 10.8 
mg (ZLA) with the shorter-acting goserelin 3.6 mg (Z) in 
suppressing pubertal development and growth accelera-
tion, and (2) to assess the effect of each preparation on 
change in BMI. 

 Methods 

 Patients 
 We carried out a retrospective analysis of 128 patients with 

central precocious puberty (CPP)/early puberty treated with Z or 
ZLA over a 12-year period. CPP was defined as the onset of pu-

bertal signs or symptoms before age 8 years in girls and 9 years in 
boys. Early puberty was defined as the onset of puberty between 
age 8–10 years in girls and 9–11 years in boys. 

 Subjects were included only if they had been treated with Z or 
ZLA for a minimum of 1 year. Those previously treated with an-
other GnRH analogue for more than 3 months or who had a con-
dition known to affect growth (such as leukaemia, congenital ad-
renal hyperplasia, skeletal dysplasia, growth hormone deficiency, 
intrauterine growth retardation, Turner syndrome with sponta-
neous early puberty, moderate or severe cerebral palsy) were ex-
cluded. The majority of patients had neuroimaging to determine 
the aetiology of precocious puberty. 

 Methods 
 The diagnosis of puberty was based on combinations of the 

following criteria: 
 1 A history of pubertal symptoms. 
 2 Signs of pubertal development defined by Tanner standards. 
 3 Increased growth velocity with or without height SDS  1 2. 
 4 Advanced bone age as determined by Greulich and Pyle stan-

dards. 
 5 In females, appearances of uterus and ovaries on pelvic ultra-

sound consistent with pubertal development. 
 6 Pubertal response to a GnRH stimulation test (peak LH  1 5.0 

U/l  [12] )  8  elevated oestradiol/testosterone levels. 
 A clinical score was designed to evaluate the degree of puber-

tal progression at the onset of treatment and 6 monthly thereafter 
( table 1 ). Clinical suppression was considered adequate if the clin-
ical score reduced. It was considered inadequate if the clinical 
score increased or failed to decrease during the first year of ther-
apy when pubertal signs and/or symptoms are expected to regress 
with treatment. Clinical examination for the pubertal progress 
score was undertaken by experienced paediatric endocrinologists 
(DAP, PEC, LP and CMH). 

Clinical features Score

Breast/testicular enlargement 2 for increase in size, 1 for no 
change or decrease in size

Pubic/axillary hair 2 for increase, 1 for no change 
or decrease

Facial hair in males 2

Vaginal bleeding/discharge 2

Linear growth acceleration 1 for increase, 0 for no change 
or decrease

Acne 1

Mood swings (e.g. erratic volatile state of mind
including angry, irritable, overly sensitive and sad) 1

Behavioural changes (e.g. aggressive or rebellious) 0.5

Body odour 0.5

  

  Table 1.  Clinical score to evaluate 
progress of pubertal development 
(maximum score 10) 
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 Auxological Assessment 
 For each subject, height and BMI at the start of GnRH ana-

logue treatment and at 6, 12, 18 and 24 months into treatment 
were expressed as standard deviation scores (SDS) using the 1990 
UK reference data  [13, 14] . Comparison of growth performance 
over 2 years was made on changes in height and BMI SDS over 
each 6-month period and over cumulative periods up to 2 years 
both within and between the Z and ZLA groups. In addition 
growth performance was compared to that expected in normal 
children, who on average would be expected to have no change in 
SDS. Bone age at the start of treatment and annually thereafter 
was expressed as a ratio to chronological age. 

 Treatment and Biochemical Evaluation 
 In addition to oestradiol and testosterone levels, a GnRH 

stimulation test was performed at diagnosis. Blood samples for 
LH and FSH were taken at baseline and at 30 and 60 min after 
an intravenous bolus of GnRH 100  � g. Between 1992 to 1998, 
patients commenced treatment with goserelin 3.6 mg (Z group) 
and thereafter treatment was started with goserelin 10.8 mg 
(ZLA group) by subcutaneous injection. In the latter, oestradiol/
testosterone levels and GnRH test were repeated 8 and 12 weeks 
later  [6] . Treatment frequency was increased if the clinical score 
( table 1 ) failed to decrease, and/or peak LH with the GnRH test 
was  1 2 U/l  [6] . Paediatric endocrine nurses organised treatment 
so that it was least disruptive to families and were responsible 
for administering the treatment. Thus compliance was excel-
lent. 

 Assays 
 Serum FSH and LH were measured by DELFIA fluoroimmu-

noassays (Wallac Oy, Turku, Finland). The intra- and interassay 
coefficients of variation were 2.2 and 3.5%for LH, and 2.3 and 
1.9% for FSH, respectively. The minimal detectable concentration 
(MDC) was 0.2 IU/l for both LH and FSH. Serum oestradiol con-
centrations were determined by DELFIA fluoroimmunoassays 
(Wallac Oy, Turku, Finland) and testosterone by Architect che-

miluminescent assay (Abbott Laboratories, Berkshire, UK). As-
say performance is such that accurate extrapolation below the 
MDC can be made but for clinical use a conservative MDC is re-
ported. Thus, for statistical analysis, levels below the MDC for 
gonadotrophins, oestradiol and testosterone were assigned 0.1 
IU/l, 40 pmol/l and 0.4 nmol/l, respectively. 

 Statistical Analysis 
 Growth performance was compared within the groups by 

ANOVA, and across the groups by t tests. Gonadotrophin values 
were not normally distributed and non parametric tests (Mann-
Whitney and Wilcoxon signed-rank) were used to examine group 
differences. The  �  2  test was used for differences in frequencies in 
group data. Relationships between variables were assessed with 
Spearman’s rank correlation. 

 Results 

 Clinical Characteristics 
 The study included 58 patients with CPP and 4 with 

early puberty ( table 2 ). 16 subjects had defined organic 
CNS pathology ( table 2 ). Their height and BMI SDS pre-
treatment was not significantly different from the other 
patients in the Z and ZLA groups. At the start of treat-
ment, the Z and ZLA groups were comparable for age 
(median 7.2 vs. 7.5 years) and bone age/calendar age (me-
dian 1.2 vs. 1.2). Three boys and 2 girls in the ZLA group 
and 4 girls in the Z group had learning difficulties/devel-
opmental delay. 

  Table 2.  Clinical characteristics of the subjects treated with Zoladex and Zoladex LA 

Zoladex Zoladex LA

males (n = 1) females (n = 33) males (n = 5) females (n = 23)

Patients by diagnosis, n (%)
Idiopathic 22/33 (68%) 1/5 (20%) 17/23 (74%)
Syndromic* 4/33 (12%) 2/5 (40%) 0
Structural brain pathology 1 7/33 (20%) 2/5 (40%) 6/23 (23%)

Structural brain pathology hypothalamic
hamartoma (1)

hypothalamic hamarto-
ma (1), pineal cyst (2), 
hydrocephalus (3), sub-
dural haemorrhage (1)

suprasellar astrocyto-
ma (1), focal abnor-
mality in left hemi-
sphere (1)

hypothalamic hamartoma 
(2), suprasellar astrocytoma 
(1), neurofibromatosis and 
brainstem glioma (1), left 
porencephalic cyst (1), hy-
drocephalus (1)

* Presence or suspicion of a syndrome and/or non-specific brain injury.
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 Baseline Data 
 Auxology 
 At the start of treatment mean height SDS was in-

creased but comparable in both groups, indicating that 
the children had experienced a period of accelerated 
growth associated with their CPP (mean +1.5 SDS, range 
1.0–2.0 for Z and +1.8 SDS, range 1.2–2.4 for ZLA; p = 
0.4). Similarly, mean BMI SDS was increased at the onset 
of treatment in both groups (mean +1.3 SDS, range 0.9–
1.6 for Z and mean +1.6 SDS, range 1.2–2.0 for ZLA; p = 
0.1). 

 GnRH Stimulation Tests 
 At diagnosis, there was no significant difference in the 

number of cases with an LH dominant pattern in the Z and 
ZLA groups (45 vs. 32%; p = 0.4). However, peak LH was 
significantly higher in the Z group (median 12.9, range 
2.0–40.0 vs. ZLA: median 4.3, range 0.7–69.9 IU/l; p = 
0.002). 24 patients (7 in Z and 17 in ZLA group) had peak 
LH levels  ! 5.0 IU/l at diagnosis. The clinical features in all 

24 patients supported the diagnosis of central precocious 
puberty (median clinical score 6.5 for Z and 6 for ZLA, 
range 3–9.5); treatment was commenced on this basis. 

 Evaluation on Treatment 
 Auxology 
 Treatment with both Z and ZLA was associated with 

a decrease in height SDS over the 2 years but was only 
significant in the Z group (p = 0.001) ( table 3 ). Compared 
to children with a normal growth rate, the decrease in 
height SDS in the Z group was significant at 1.5 and 2 
years (p = 0.03 and 0.003, respectively), and the decrease 
in height SDS for the ZLA group was significant at 2 years 
(p = 0.03). The median ratio of bone age to chronological 
age (BA/CA) was 1.2 in both groups at the start of treat-
ment, but in neither group did this ratio advance further 
during treatment. 

 BMI SDS during treatment did not differ significantly 
between the Z and ZLA groups or between the diagnostic 
subgroups. Neither the patients with hypothalamic ham-

  Table 3.  Incremental change in height SDS during treatment and cumulative effect on height suppression by 
length of time on treatment with Zoladex and Zoladex LA 

Time on treatment Mean incremental change in
height SDS (n)

Length of time on 
treatment, months

Mean cumulative change in
height SDS (n)

Zoladex Zoladex LA Zoladex Zoladex LA

0–6 months 0.03 (34) –0.05 (27) 0–6 0.03 (34) –0.05 (27)
6–12 months –0.07 (34) –0.02 (27) 0–12 –0.04 (34) –0.06 (28)

12–18 months –0.12 (28) –0.05 (23) 0–18 –0.18 (28) –0.14 (23)
18–24 months –0.14 (20) –0.09 (14) 0–24 –0.35 (20)* –0.33 (14)

* p = 0.001 within group.

  

  Table 4.  Incremental change in BMI SDS during treatment and cumulative effect on change in BMI by length 
of time on treatment with Zoladex and Zoladex LA 

Time on treatment Mean incremental change in 
BMS SDS (n)

Length of time on 
treatment, months

Mean cumulative change in 
BMS SDS (n)

Zoladex Zoladex LA Zoladex Zoladex LA

0–6 months 0.02 (34) 0.19 (27)* 0–6 0.02 (34) 0.19 (27)
6–12 months 0.08 (34) 0.01 (27) 0–12 0.09 (34) 0.20 (28)

12–18 months 0 (27) –0.03 (23) 0–18 0.08 (27) 0.16 (23)
18–24 months 0.10 (19) –0.01 (14) 0–24 0.19 (19) 0.04 (14)

* p = 0.04 within group.
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artomas (2 in the Z group and 2 in the ZLA group) nor 
those with other structural CNS abnormalities had high-
er BMI SDS at baseline or during treatment compared to 
other patients. Although it did not change significantly 
over the 2 years in either group, BMI SDS increased dur-
ing the first 6 months on treatment in the ZLA group
(p = 0.04) ( table 4 ). A greater proportion of patients in the 
ZLA group compared to Z group had BMI  1 +2 SDS be-
fore treatment (43 vs. 20%, p = 0.05), and at 18 and 24 
months on treatment (48 vs. 18%, p = 0.02 and 50 vs. 16%, 
p = 0.04, respectively). Pre-treatment BMI SDS but not 
bone age or clinical score correlated significantly with 
BMI SDS at 24 months on treatment (Z r = 0.70, r 2  = 46%; 
ZLA r = 0.77, r 2  = 60%; p = 0.001). 

 The trends in changes in height and BMI SDS were 
similar when those individuals who completed 24 months 
follow up were considered on their own (Z n = 20 and 
ZLA n = 14). 

 Clinical Suppression 
 In the Z and ZLA groups, the clinical score at the start 

of treatment was comparable, remained suppressed from 
6 to 24 months on treatment ( fig. 1 ) and the proportion 
of patients with adequate suppression did not differ (88 
vs. 81% at 12 months, p = 0.7; 83 vs. 58% at 24 months,
p = 0.2). However, to attain adequate clinical and/or bio-
chemical suppression a greater proportion of patients in 
the ZLA than Z group required an increase in injection 
frequency: 20/28 (71%) on ZLA received treatment at 6- 
to 10-weekly intervals while 15/34 (44%) on Z had 3-
weekly injections, p = 0.02). In the Z group, an increase 
in injection frequency was necessary in the 1st year for 13 
and in the 2nd year for 2 patients (1.2 and 1.6 years after 
starting treatment). Of these, only one patient had vagi-
nal bleeding in the 1st year of treatment. In the ZLA 
group, an increase in injection frequency was necessary 
in the 1st year for 19 and in the 2nd year for one patient 
(1.5 years after starting treatment). Of these 20, the fre-
quency of injections was 10-weekly in 7, 8-weekly in 8 and 
6-weekly in 5 patients. None of these patients menstru-
ated while being treated. The 5 patients in the ZLA group 
requiring 6-weekly injections did not differ from the oth-
ers in aetiology (3 idiopathic and 2 structural abnormal-
ities), age (median 5.9 vs. 6.1 years) or clinical score (me-
dian 6 vs. 6). Although not statistically significant, they 
had relatively higher baseline BMI SDS (mean 1.9 vs. 1.5, 
p = 0.3) and height SDS (mean 2.4 vs. 1.3, p = 0.2). Delta 
peak LH/FSH ratio at 12 weeks and the delta clinical 
score in the first 6 months of treatment in the ZLA group 
did not correlate significantly (r = 0.04). 

 In the subgroups that did or did not have an increase 
in injection frequency in each treatment group, there 
were no significant differences in clinical scores or age at 
the start of treatment. Seven of the 8 patients with a struc-
tural aetiology for CPP in the ZLA group required an in-
crease in injection frequency compared to 2/8 (25%) in 
the Z group but no such differences were observed in the 
other diagnostic subgroups. Although numbers were 
small, there were no clear differences in structural de-
fects, LH dominance and problems with control in boys 
compared to girls in the two treatment groups. 

 Discussion 

 We evaluated the efficacy of GnRH analogue treat-
ment over a 12-year period. This coincided with the obe-
sity trend in the UK and a change in treatment from Z to 
ZLA. Thus, patients seen in the latter half of this period 
and treated with ZLA were relatively heavier and a great-
er proportion had BMI  1 +2 SDS compared to patients 
treated in the earlier years and with Z. The ZLA patients 
were also noted to have lower peak LH levels at diagnosis 
than the Z group. This may be related to a negative effect 
of BMI on LH response as well as a negative effect of ex-
cess leptin on the central reproductive system of obese 
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  Fig. 1.  Clinical scores for Zoladex (white boxes) and Zoladex LA 
(grey boxes) groups over 24 months on treatment. Box and whis-
ker plots represent median, interquartile range and range. 
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girls as alluded to by Bouvattier et al.  [15] . The wide range 
of peak LH levels in the ZLA group suggests that children 
with a greater range of pubertal activation presented dur-
ing the ZLA era. However, the proportion of children 
with LH dominance did not differ in the two periods (45 
vs. 32%). 

 Both goserelin preparations were effective in control-
ling pubertal growth acceleration but height suppression 
seemed more pronounced in the Z group. This difference 
in efficacy was significant when compared within the 
groups and to a normal population but not when com-
pared against each other. The effect on linear growth sup-
pression as time progressed appeared cumulative. There-
fore, the longer the duration of treatment with the GnRH 
analogue, the more pronounced was the effect on height 
suppression. This corresponded with further advance in 
bone age being arrested and is in keeping with the obser-
vations of Weise et al.  [16] . Explanations proposed for the 
growth suppression during GnRH analogue treatment 
include reduced GH secretion  [17]  and premature growth 
plate senescence  [16] . Weise et al.  [16]  found height veloc-
ity during treatment correlated inversely with bone age. 
Using the latter as a surrogate marker of growth plate se-
nescence, they suggested that impaired growth during 
treatment, akin to catch-down growth, is partly due to 
premature growth plate senescence induced by previous 
oestrogen exposure. 

 Children with CPP tend to have a high incidence of 
obesity but this does not appear to be related to GnRH 
analogue administration in the long term  [7–11, 18–20] . 
This is not surprising considering the recognised asso-
ciation between obesity and earlier onset of puberty 
 [21] . 

 During treatment, a transient increase in BMI was 
seen in the ZLA group but there was no change in mean 
BMI by 2 years on treatment. Hence, any weight gain as-
sociated with the longer-acting GnRH analogue is tem-
porary and should not be a reason for avoiding it. This is 
further supported by observations of shorter treatment 
periods being associated with greater BMI  [10]  and lower 
BMI after stopping treatment than at the start or during 
treatment  [9–11, 18–20] . Feuillan et al.  [8]  found obesity, 
at initial presentation, during treatment and subsequent-
ly, was more frequent in children with hypothalamic 
hamartomas than those with idiopathic CPP. In our 
study, there were only 4 patients with hypothalamic ham-
artomas and they were not more obese compared to oth-
er patients. Although it is arguable whether BMI truly 
represents adiposity in children with precocious puberty 
at different ages and stages of maturation  [22] , our obser-

vations are consistent with longitudinal changes in body 
composition assessed by DEXA in children with preco-
cious puberty  [20, 23] . Together these studies found per-
cent fat was increased at baseline, increased initially dur-
ing GnRH analogue treatment, but decreased and nor-
malised within 1 year of stopping treatment  [20, 23] . 

 While the proportion of patients with adequate clini-
cal suppression was similar in both treatment groups, 
this was at the expense of more frequent injections in the 
ZLA group. With triptorelin 11.25 mg 3-month depot, 
Carel et al.  [4]  found GnRH-stimulated peak LH was sup-
pressed ( ̂  3 IU/l) in 85% of the children at 3 months, 97% 
at 6 months and 95% at 12 months of treatment, and pu-
bertal development regressed in most patients. In chil-
dren given different doses of leuprolide sequentially (7.5 
mg every 4 weeks for a minimum of 24 weeks, 3.75 mg 
every 4 weeks for 12 weeks and 11.25 mg with assessment 
after 3 months), Badaru et al.  [2]  noted higher LH and 
FSH levels with both 3.75 mg and 11.25 mg at 3 months 
compared with 7.5 mg. These investigators did not de-
scribe the effect of treatment on pubertal development. 
We observed adequate biochemical suppression at 12 
weeks in 95% of children treated with ZLA but this did 
not correlate with the change in clinical scores or the 
change in peak LH/FSH ratio. Although useful as a diag-
nostic tool, the GnRH stimulation test was not helpful in 
monitoring pubertal suppression. Serial LHRH monitor-
ing also has important resource implications as well as 
requiring venepuncture, time off school, and time off 
work, for the child and parent, respectively, and should 
not therefore be performed routinely. Brito et al.  [24]  
found peak LH levels 2 h after depot leuprolide to be more 
reliable and convenient than the GnRH test for monitor-
ing treatment but similar evaluations of LH levels after 
goserelin administration have not been undertaken. 
Thus, the decision to increase the dose of GnRH analogue 
as suggested by Badaru et al.  [2]  or frequency of injections 
should be made on symptomatology and clinical evi-
dence of progression of puberty.  

 We tried to identify a group of patients in whom the 
efficacy of GnRH analogue waned towards the end of 
the treatment cycle and thus necessitated an increase in 
injection frequency. A younger age group, higher clini-
cal scores and higher LH/FSH did not influence the ef-
ficacy of GnRH analogue treatment. However, preco-
cious puberty associated with a structural defect was 
more likely to respond to Z treatment without the need 
for an increase in injection frequency in contrast to ZLA 
when 7/8 children required an increase in injection fre-
quency. 
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 In conclusion, we have shown that both the short- (Z) 
and long-acting (ZLA) depot goserelin are effective in 
suppressing the progression of pubertal signs and symp-
toms. Children with CPP had an elevated BMI for chron-
ological age at the onset of therapy and there is a positive 
but transient influence on BMI during treatment with 
ZLA. Z seems to be more effective in suppressing growth 

acceleration. To achieve adequate pubertal suppression 
more children on ZLA required an increase in injection 
frequency than those on Z. This was most notable for pa-
tients with structural defects. Nevertheless, in general 
our preference is to initiate treatment with ZLA as the 
overall number of injections is fewer than would be re-
quired for Z. 
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