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Objective To compare 1-month and 3-month depot formulations of leuprolide acetate (DL), a gonadotropin-
releasing hormone analog, in the treatment of central precocious puberty (CPP).
Study design Subjects with CPP na€ıve to therapy were randomized to 7.5 mg of 1-month DL, 11.25 mg of 3-
month DL, or 22.5 mg of 3-month DL. Stimulated luteinizing hormone (LH) and follicle-stimulating hormone (FSH)
and estradiol levels, growth velocity, and bone age progression were examined in a 2-year period.
Results Forty-nine female and 5 male subjects with CPP were randomized. Mean stimulated LH and FSH levels
during treatment were higher in the low-dose 11.25-mg 3-month DL group, and more LH levels >4 IU/L were ob-
served, in comparison with the other two dose groups. Mean LH and FSH levels in the 22.5-mg 3-month group
were not different from the monthly DL. No differences in estradiol levels, growth velocity, or bone age progression
were observed in dosing groups.
Conclusions All DL doses resulted in prompt and effective suppression of puberty, but higher LH and FSH levels
were seen with the 11.25-mg 3-month DL dose.Multi-monthly DL is effective in treating CPP, but higher dosingmay
be required in some circumstances. (J Pediatr 2011;159:982-7).

C
entral precocious puberty (CPP) is defined as early activation of the hypothalamic-pituitary-gonadal axis leading to the
development of early sexual maturation in children. Gonadotropin-releasing hormone (GnRH) analogs are the main-
stay of treatment for CPP.1-4 These GnRH agonists act as potent inhibitors of gonadotropin secretion, leading to de-

creased sex steroid production and cessation of pubertal progression.
Depot preparations of leuprolide acetate (DL) are preferred to daily subcutaneous preparations because of improved com-

pliance and efficacy. However, dosing variation exists among pediatric endocrinologists worldwide. In the United States, the
recommended starting dose of monthly DL is 0.3 mg/kg within a 7.5 to 15.0 mg range given intramuscularly (IM) at 4-week
intervals. In contrast, the minimum starting dose in Europe and Asia is consistently lower, because both Japanese and French
investigators have reported successful long-term pubertal suppression in CPP with 3.75 mg every 4 weeks.5,6

Multi-monthly formulations of DL, commonly used in adults to treat prostate cancer and endometriosis,7,8 have come into
wider use for treatment of CPP to decrease the burden of injections and clinic visits. However, few comparison studies are avail-
able investigating the efficacy of monthly and various multi-monthly DL preparations, potentiating the risk of either inade-
quate suppression or overexposure in these children. Carel et al9 reported good pubertal suppression with 3-month 11.25
mg of DL in a large population, but the gonadotropin and estradiol (E2) assays used were relatively insensitive. Badaru
et al10 investigated the efficacy of lower dose 1-month 3.75-mg and 3-month 11.25-mg DL compared with higher dose
1-month 7.5-mg DL in a sequential dose comparison. They found that stimulated luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels were slightly but significantly higher with both of the lower-dose regimens, but no differ-
ences were seen in sex steroid suppression or other clinical measures. A recent small study of 1-month and 3-month DL doses
reported adequate and comparable hormonal suppression for 1 year.11 In this study, we report the results of a larger random-
ized dose comparison trial of 2-year duration with 1-month and 3-month DL preparations.
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Methods
Beginning in 2005, all patients in the Pediatric Endocrine Clinic at Lucile Packard Children’s Hospital at Stanford who were
commencing GnRH analog therapy for CPP were invited to participate in the study. CPP in girls was defined clinically as onset
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of breast development before 8.0 years of age. CPP in boys
was defined as Tanner 2 genital stage and testicular volume
>4 cc before 9.0 years of age. Minimal laboratory inclusion
criterion was a random LH level >0.3 IU/L12,13 or aqueous
leuprolide-stimulated LH level >5 IU/L14-16 performed with
immunochemiluminometric assay (see below). Some puber-
tal patients exceeding the age criterion began GnRH analog
therapy for augmentation of growth and were included in
the study. Written informed consent was obtained from the
parents of all participants before enrollment, and a written
assent was obtained from children >7 years old. The protocol
and consents were approved by the Stanford University Ad-
ministrative Panel on Human Subjects in Medical Research.
Protocol
Participants were initially randomized to either monthly de-
pot leuprolide acetate (Lupron Depot-Ped, Abbott, Abbott
Park, Illinois) 7.5 mg IM every 4 weeks or the depot leupro-
lide acetate (Lupron Depot) 11.25-mg 3-month preparation
IM every 12 weeks. Early in the study, a third arm using the
22.5-mg 3-month DL preparation was added to the random-
ization scheme (Figure 1; available at www.jpeds.com). At
the 48-week visit, subjects on the 7.5-mg 1-month dose
were converted to the 11.25-mg 3-month dose. In the final
year of enrollment, randomization to the 7.5-mg 1-month
DL arm was terminated, and all new subjects were
randomized to the 11.25-mg 3-month dose or 22.5-mg 3-
month dose. Patients with stimulated LH >6 IU/L at two
separate visits or evidence of injection reaction were
discontinued. Subjects with stimulated LH levels higher
than the conventional cutoff threshold of 4 U/L but <6 IU/
L continued in study.
Evaluation and Laboratory Testing
History and physical examination, including pubertal stage
and 3 height measures, were obtained every 12 weeks for 96
weeks. Bone age radiographs were performed at baseline,
48 weeks, and 96 weeks and interpreted by the radiology di-
vision of the Packard Hospital at Stanford according to the
standards of Greulich and Pyle, and predicted adult height
(PAH) was calculated with the Bayley-Pinneau tables.17 A ve-
nous blood sample was drawn 40 minutes after DL injec-
tion18,19 or an aqueous leuprolide injection14-16 at
alternating visits, with stimulation tests obtained after the
therapeutic DL injection at weeks 0, 24, 48, 72, and 96, and
after aqueous leuprolide acetate (Sandoz, Princeton, New
Jersey) at weeks 12, 36, 60, and 84. Basal hormone samples
were not obtained. LH and FSH assays were performed
with immunochemiluminometric assay at Esoterix (Calaba-
sas Hills, California), with thresholds of sensitivity of 0.02
IU/L.13 E2 assay was performed initially with radioimmuno-
assay (Esoterix), with a lower threshold of detection of 5 pg/
mL. In the first year of the study, Esoterix introduced liquid
chromatography/tandem mass spectrometry (LC-MS/MS),
with a lower level of sensitivity of 1 pg/ml. Only LC-MS/
MS E2 data were included in data analysis.
Statistics
Differences in dose groups in LH, FSH, and E2 levels, growth
velocity, weight change, bone age advancement, and PAH
were evaluated with t test. Correlations among LH, FSH,
and E2 levels and between those measures and weight or
weight-adjusted dose (mg/kg/month) were performed with
regression analysis. Subjects with physical evidence of injec-
tion reaction (n = 2) were discontinued from the study and
excluded from calculations. Patients with potential growth
anomalies, such as recently treated profound hypothyroid-
ism or Russell-Silver syndrome, were excluded from growth
and bone age analysis. Boys were included for evaluation of
LH and adverse events, but were excluded from calculations
of FSH, growth rate, and bone age advancement.
Results

Characteristics of the 54 enrolled subjects are shown in
Table I. Mean age at the start of DL therapy for all subjects
was 8.1 � 1.9 years, including 4 patients with diagnoses
other than precocious puberty, who were older on average.
Most subjects in all groups had a diagnosis of idiopathic
CPP. There were no significant differences in starting age,
height, weight, and bone age when comparing the 3 dose
groups. The initial mean stimulated LH and E2 levels also
did not differ in dose groups. However, the mean
stimulated FSH level was lower in the 22.5-mg 3-month
group when compared with the 7.5-mg 1-month and
11.25-mg 3-month dose groups.
Gonadotropin and Sex Steroid Suppression
Mean stimulated levels of LH, FSH, and E2 decreased signif-
icantly in all dose groups between baseline and all subsequent
treatment visits. All levels were obtained 40minutes after leu-
prolide injection, alternating by visit between stimulation
with free leuprolide in the DL injection itself versus a separate
aqueous leuprolide stimulation test before the DL injection.
No differences were observed in the mean LH, FSH, and E2
levels obtained with the respective methods.
LH levels were higher in the 11.25-mg 3-month dose group

when compared with the 7.5-mg 1-month dose group at all
visits in the first year, as shown in Figure 2. Mean
stimulated LH concentrations in the first year were 1.56 �
0.94 IU/L, 2.52 � 1.13 IU/L (P < .001 versus both other
groups), and 1.63 � 0.76 IU/L in the 7.5-mg 1-month,
11.25-mg 3-month, and 22.5-mg 3-month groups,
respectively. No differences between the 22.5-mg 3-month
and 7.5-mg 1-month dose groups were observed. The
incidence of subjects with stimulated LH levels >4 IU/L
during the first year of therapy was higher in the 11.25-mg
3-month group (7/21 subjects, of which 4/7 had elevated
LH level at more than one visit) compared with the 7.5-mg
1-month group (1/18 subjects) or the 22.5-mg 3-month
group (1/13 subjects). LH levels >4 IU/L were less common
in the second year overall, occurring only in 3 subjects in
the 11.25-mg 3-month group, two of whom had been
983
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Table I. Subject characteristics at baseline (�SD)

7.5-mg 1-month 11.25-mg 3-month 22.5-mg 3-month

Subjects
Total 54 19 21 14
Male* 2 1 2

Mean age, years 8.3 � 2.2 8.1 � 1.4 7.8 � 2.2
Mean bone age, years 10.3 � 2.4 10.0 � 1.9 10.1 � 2.3
Mean height, cm 134.0 � 13.7 131.6 � 8.8 134.9 � 6.0
Mean weight, kg 37.3 � 12.3 30.0 � 5.3 35.3 � 7.2
Mean dose for weight, mg/kg/month 0.239 � 0.100 0.129 � 0.025 0.214 � 0.045
Diagnosis
Idiopathic CPP 15 17 9
Central nervous system tumor 2 0 2
Other† 2 4 3

Mean stimulated LH level, IU/L 21.8 � 21.9 22.9 � 20.1 16.9 � 12.7
Mean stimulated FSH level, IU/L 12.6 � 5.6 13.9 � 7.4 8.1 � 4.4z

Mean E2 level, pg/mL 21 � 16 16 � 11 24 � 32

*Male subjects are excluded in summary statistics except for LH.
†Includes seizure disorders, congenital infection, meningitis, holoprosencephaly, and primary hypothyroidism.
zP < .01 comparing mean FSH 22.5 mg with 7.5 mg and 11.25 mg.
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converted frommonthly DL (one described below), and in all
3 cases limited to a single visit. Mean LH level in the 11.25-mg
3-month group decreased from year 1 to year 2 (P = .03), but
remained higher than mean LH level in the 22.5-mg 3-month
group in year two (2.11 � 1.03 versus 1.63 � 0.91 IU/L,
P = .03).

Three subjects exhibited LH levels >6 IU/L during therapy,
one from each dose group. A 2-year-old girl with hypotha-
lamic hamartoma in the 22.5-mg 3-month group demon-
strated persistent LH level elevation at 7 to 8 IU/L through
the 36-week visit and was changed to the histrelin implant
with improved suppression. A 6-year-old boy with hamar-
toma had a transient LH level rise on switching in year 2
from monthly to 11.25-mg 3-month dose, but his LH level
was suppressed at the next visit. A girl receiving monthly
DL showed a progressively rising LH level to 12 IU/L at the
Figure 2. Concentrations of leuprolide-stimulated serum LH
(mean � SD) at 12-week visits in the 3 DL dose groups.
Change in shading after week 48 in the 7.5-mg 1-month group
indicates the switch to 11.25-mg 3-month dosing in year 2.
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24-week visit with increasing signs of injection reaction
that resolved after conversion to daily leuprolide. Addition-
ally, a sterile abscess developed in a boy receiving the 22.5-
mg 3-month dose after the second injection, necessitating
surgical debridement and discontinuation of therapy, but
he did not have documented LH failure. In total, 3 subjects
required alternate therapies, none from the 11.25-mg
3-month group.
Mean FSH values trended higher in the 11.25-mg 3-month

dose group at all visits in the first year compared with the
other two groups (Figure 3). Mean FSH concentrations in
the first year were 3.14 � 2.05 IU/L, 3.72 � 1.93 IU/L, and
2.82 � 1.27 IU/L in the 7.5-mg 1-month, 11.25-mg 3-
month, and 22.5-mg 3-month groups, respectively. Mean
FSH level in the lower dose 3-month group was
significantly higher compared with the 22.5-mg 3-month
group (P = .004). No differences in FSH levels were
observed between the monthly and 22.5-mg 3-month
groups. FSH levels during therapy correlated weakly with
LH levels (r = 0.268, P < .001).
In the second year, the 7.5-mg 1-month group was con-

verted to 11.25-mg 3-month dosing. Subsequent to this tran-
sition, an unexpected and significant rise in mean FSH levels
was observed in this group during year 2 compared with year
1 and in comparison with the 22.5-mg 3-month group. Mean
FSH level rose from 3.1� 1.8 IU/L at the 48-week visit to 5.4
� 1.5 IU/L at the 60-week visit (P < .001), the first visit after
switching to the 11.25-mg 3-month injection. LH levels did
not rise significantly after the transition from monthly DL
to 11.25-mg 3-month.
Mean E2 levels were not different in dose groups (Figure 4;

available at www.jpeds.com). Mean E2 levels throughout
both years of study in all 3 groups were in the range of 1.2
to 2.4 pg/mL. Thirty-eight percent of levels were less than
the detection limit of 1 pg/mL, and 97% were <5 pg/mL.
The highest individual E2 level observed during the study
was 10 pg/mL. None of the E2 levels >5 pg/mL was
associated with LH >2.5 IU/L. E2 concentrations during
Fuld, Chi, and Neely
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Figure 3. Concentrations of leuprolide-stimulated serum
FSH (mean � SD) at 12-week visits in the 3 DL dose groups.
Change in shading after week 48 in the 7.5-mg 1-month group
indicates the switch to 11.25-mg 3-month dosing in year 2.
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treatment did not correlate with stimulated LH
concentrations (r = 0.064), but E2 did correlate weakly
with FSH (r = 0.165, P = .008).

Of the 5 boys treated in the study, none had idiopathic
CPP (3 central nervous system tumors, 2 structural anoma-
lies). Mean age at baseline was 9.1 � 2.4 years. The mean
baseline LH level of 18.3 IU/L was not different from that
of female subjects, and suppression to an overall mean LH
level of 2.1� 0.7 IU/L during the first year of therapy regard-
less of treatment group was also comparable. The baseline
mean testosterone level of 118 ng/dL decreased to a first-
year treatment mean of 7 ng/dL, with only one boy ranging
greater than the 10 ng/dL pubertal threshold at two visits,
to 19 and 20 ng/dL, respectively.

Change in Height, Weight, Bone Age, and Predicted
Adult Height
Height velocity was similar in all groups and consistent with
regression to a normal prepubertal rate during treatment
(Table II). There was an insignificant trend toward
a decreasing height velocity in all groups in the second year
of treatment. Growth velocity in the boys was similar to
that in the girls (5.4 cm/year first year). Bone age
advancement was not significantly different in the dose
groups at any visit (Table II), and likewise, the change in
PAH did not differ in groups. Mean PAH in the 11.25- and
Table II. Change in height, bone age, and weight in girls in y

Height velocity (cm)

Year 1 Year 2 Y

7.5-mg 1-month* 6.1 � 1.7 5.3 � 1.6 1.3
11.25-mg 3-month 6.0 � 1.6 5.1 � 1.9 1.0
22.5-mg 3-month 5.4 � 1.8 4.7 � 0.8 1.3

*Converted to 11.25-mg 3-month in year 2.

A Randomized Trial of 1- and 3-Month Depot Leuprolide Doses i
22.5-mg 3-month dose groups at baseline were 158.0 and
158.2 cm, respectively, and at 2 years, they were 160.8 and
158.1 cm, respectively. Mean weight gains in 2 years were
9.0 � 3.8 kg, 7.8 � 2.9 kg, and 13 � 6.0 kg in the 7.5-mg
1-month, 11.25-mg 3-month, and 22.5-mg 3-month
groups, respectively. Weight gain in the higher dose 3-
month group (which trended heavier at baseline) was
significantly greater compared with the lower dose 3-
month group, but not compared with the 1-month group.
Effect of Weight on Treatment Outcome
Weight correlated positively with LH and FSH levels, but not
E2 levels, with linear regression (LH r = 0.229, P = .003; FSH r
= 0.219, P = .005; n = 162) for aggregate first-year treatment
visits but not at any single visit. For further analysis, DL doses
were adjusted for weight and duration by dividing the total
dose by weight and by a factor of 3 for the 3-month prepara-
tions. The initial mean adjusted doses (mg/kg/month) for
each study group are shown in Table I, with the average
monthly dose delivered in the 11.25-mg 3-month group
roughly half that seen in the other two groups, as expected.
Linear regression of adjusted dose versus LH, FSH, or E2
for aggregate first-year visits revealed a significant inverse
relationship between dose and LH (r = 0.275, P < .001) or
FSH (r = 0.367, P < .001) (Figure 5; available at www.jpeds.
com), but not E2. Correlation of dose with LH was
significant at the 36- and 48-week visits and with FSH at the
24-, 36-, and 48-week visits. Adjusted dose did not correlate
with LH within the dose groups themselves and specifically
did not predict the occurrence of LH >4 IU/L within the
11.25-mg 3-month group. The initial dose in subjects
receiving 11.25-mg 3-month DL with subsequent first year
failure (LH >4, 0.138 � 0.032 mg/kg/m; range, 0.108-0.194;
n = 7) was not different from non-failures (0.124 � 0.019;
range, 0.91-0.158; n = 12). There were significant
correlations between weight or adjusted dose and FSH
within all 3 dose groups, with higher weight and lower dose
associated with higher FSH levels.

Discussion

GnRH analogs are standard for treatment of CPP, and their
efficacy and safety are well established.1-4 We demonstrate
in a direct randomized trial that 3-month DL has similar ef-
ficacy and safety compared with the monthly form. With ei-
ther of the 3-month DL preparations, stimulated LH and
serum E2 concentrations declined approximately 10-fold
ears 1 and 2 by dosing group

D Bone age (years) D Weight (kg)

ear 1 Year 2 Year 1 Year 2

� 0.9 0.9 � 0.8 5.4 � 3.7 4.1 � 3.0
� 1.1 0.3 � 0.9 5.1 � 2.6 3.1 � 0.9
� 1.1 0.9 � 0.5 7.6 � 2.2 6.5 � 2.6

n the Treatment of Central Precocious Puberty 985
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from baseline to the first follow-up visit and were sustained in
that range for 2 years. Bone age advancement and growth ve-
locity were comparably suppressed for 2 years by the monthly
and multi-monthly preparations.

Suppression of stimulated LH is generally considered the
single best short-term measure of treatment adequacy. We
confirmed that aqueous leuprolide and depot leuprolide
LH stimulation tests deliver interchangeable results; aqueous
leuprolide stimulation is therefore unnecessary during rou-
tine DL therapy. We found no differences in LH suppression
between the 7.5-mg 1-month and 22.5-mg 3-month doses.
Because of the obvious convenience of multi-monthly dos-
ing, this argues for routine clinical use of multi-monthly
rather than monthly DL, although the latter remains the
only US Food and Drug Administration-approved DL prep-
aration for CPP at this time. However, we tested a fixed 7.5-
mg monthly dose rather than weight-based dosing, and all 3
of our study groups received lower average DL doses than
recommended by the manufacturer for monthly use in the
United States. It remains a theoretic possibility that maximal
monthly dosing might deliver LH suppression and clinical
outcomes superior to multi-monthly dosing, with its inher-
ently lower total dose delivered.

We confirmed that the 11.25-mg 3-month dose results in
marginally inferior LH and FSH suppression compared
with monthly DL. Additionally, FSH levels in particular
rose in subjects who were switched from monthly DL to
the lower dose 3-month DL in the second year. LH and
FSH levels in the 22.5-mg 3-month group were consistently
more suppressed compared with those in the 11.25-mg 3-
month group, although our study was insufficiently powered
to confirm the difference at each study visit. These results are
generally consistent with our earlier sequential dose compar-
ison study,10 the Mericq pilot study,11 and the multicenter
short-term trial of 11.25-mg and 30-mg doses reported in ab-
stract form.20 The earlier large study of 11.25-mg 3-month by
Carel et al9 showed adequate biochemical and clinical out-
comes, but did not use a monthly dose for comparison. Of
clinical interest, our study was of longer duration than the
other studies cited. As a result, we were able to observe that
LH levels declined in the second year of 11.25-mg 3-month
DL, and fewer LH levels >4 were evident.

We are unable to predict which patients might have higher
stimulated LH levels on the 11.25-mg 3-month dose. Because
we used fixed DL doses in all groups, weight is a reasonable
candidate for association with LH or FSH suppression during
therapy. DL dose in mg/kg/month was inversely correlated
with LH and FSH levels during therapy in all groups com-
bined, which restates the finding that mean LH and FSH
are higher in the lower dose 3-month group. However, we
could not find a relationship between weight and LH level
within the 11.25-mg 3-month dose group itself. For un-
known reasons, one-third of this group exhibited a LH level
>4 IU/L at some point during therapy. Patients in our study
with stimulated LH level of 4 to 6 IU/L were allowed to con-
tinue in the study, and almost all had a decline in LH with
time. Anecdotally, pediatric endocrinologists have been
986
concerned that boys and the youngest girls, particularly those
with hypothalamic hamartomas, might be more likely to ex-
hibit higher LH levels during therapy. In our small sample of
boys, we found that stimulated LH during treatment was
comparable with levels observed in girls. In our study only
two of 54 children had a persistent elevation in LH level >6
IU/L, one associated with reaction to the standard monthly
injection and the other a young girl with a hamartoma. It
may be advisable to use the histrelin implant20 in young pa-
tients with hamartomas.
What remains in question is whether the lesser degree of

LH suppression associated with the 11.25-mg 3-month
dose, transient or not, is clinically meaningful. Despite con-
ventional wisdom, stimulated LH may not be the best mea-
sure of quiescence of the hypothalamic-pituitary-gonadal
axis in the ranges achieved during therapy. We found that
E2 correlated slightly better with stimulated FSH than with
stimulated LH. In contrast to the LH differences detected,
we found no group differences in E2 level, growth velocity,
bone age advancement, or change in PAH in either year of
treatment. None of the dose comparison studies to date
have uncovered any differences in DL doses other than stim-
ulated LH and FSH. A caveat is that pre-pubertal E2 levels are
presumably not being measured with complete accuracy de-
spite the use of ultrasensitive assays like LC-MS/MS.
The two CPP treatment options currently approved in the

United States are monthly DL and the annual histrelin im-
plant. Results of this study comparing monthly DL with
multi-monthly alternatives suggest that continued use of
the less convenient monthly dosing is not justified. Although
a slight elevation in mean LH is observed with the lower 3-
month DL dose, true treatment failures are nomore common
with either of the multi-monthly DL doses compared with
the monthly. For routine clinical dosing of the multi-
monthly DL, two acceptable approaches present themselves:
beginning all subjects on 22.5-mg 3-month DL, which more
closely approximates the total dose delivered by monthly
therapy, or starting on the 11.25-mg dose, which is sufficient
in most cases, then increasing the dose in the event that per-
sistent hormonal or clinical criteria warrant. n
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Figure 1. Study design showing the 3 dose groups in the
2-year study. Arrow and change in shading pattern depict
the switch from 7.5-mg 1-month DL to 11.25-mg 3-month DL
at 48 weeks.

Figure 4. Concentrations of serum E2 (mean � SD) at 12-
week visits in the 3 DL dose groups. Change in shading after
week 48 in the 7.5-mg 1-month group indicates the switch to
11.25-mg 3-month dosing in year 2. The dotted line desig-
nates the level of assay detection.

Figure 5. Upper panel, Correlation of stimulated LH and
Lower panel, FSH with weight-adjusted depot leuprolide
dose in mg/kg/month (3-month doses divided by 3) for
treatment visits in female subjects during the first year
(excluding treatment withdrawals).
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