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Abstract

Objectives—To determine time to menarche in girls and testicular volume increase in boys after
removal of a histrelin implant, which causes profound hypothalamic-pituitary-gonadal axis
suppression.

Study design—Medical records of patients treated with a histrelin implant were reviewed.
Seventy-one patients (56 girls) treated with the histrelin implant were identified, of these patients,
37 explanted girls (68% naive) and 6 explanted boys (83% naive) were included in the analysis.
Time to menarche after explantation in girls and time to testicular volume increase after
explantation in boys were determined. Additional variables investigated included indication for
and duration of treatment, history of menarche (girls), previous therapy, and age at beginning and
end of histrelin treatment.

Results—Of the girls, 30 were treated for central precocious puberty (CPP), 26 had menarche at
an average of 12.75 months after explantation. Of the 30, 7 were treated for other indications, of
whom 6 had reached menarche. In girls with CPP, older age at explantation correlated with sooner
menarche (P =.04). All boys achieved spontaneous testicular enlargement within 1 year of
explantation.

Conclusions—This study documented resumption of puberty after histrelin explantation in
treatment naive and non-naive boys and girls with and without CPP. Menarche in girls with CPP
occurs within a similar timeframe to that observed after other treatment approaches.

Central precocious puberty (CPP) is defined as activation of the hypothalamic-pituitary-
gonadal (HPG) axis before age 8 in girls or age 9 in boys, resulting in early secondary
sexual development.1~3 Gonadotropin-releasing hormone agonists (GnRHas) are the
standard of care for treating CPP.1 Although several formulations and routes of
administration exist, the most widely used GnRHa in the US has been intramuscular depot
leuprolide injections. Since 2007, a subcutaneous implant containing the potent GnRHa
histrelin has been a popular alternative for the treatment of CPP.# Made of a microporous
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hydrogel, the implant is surgically inserted just under the skin in the upper arm and
continuously releases histrelin for at least 1 year.® Studies in children with CPP have
demonstrated complete HPG axis and sex steroid suppression as well as improvements in
predicted adult height.4® In fact, stimulated luteinizing hormone (LH) levels are even lower
in patients treated with the histrelin implant compared with those treated with depot
leuprolide injections.*” Whether this will result in a delay in resumption of puberty after
removal of the implant is unknown. Thus far, only limited information regarding HPG axis
activation after treatment with the histrelin implant in girls with CPP is available. Thus, the
primary aim of this study was to investigate resumption of puberty as manifested by
menarche in girls and testicular volume increase in boys after histrelin explantation in a
diverse group of patients with and without CPP. In addition, we sought to evaluate whether
individual patient characteristics correlated with this timing.

After institutional review board approval, medical records of children followed in the
pediatric endocrine clinic at Riley Hospital for Children who were treated with a histrelin
implant were identified. Eligible patients were those in whom histrelin explantation and
discontinuation of GnRHa therapy had occurred at least 1 month before the start of data
collection. Primary outcome variables extracted from the medical records included the
interval between explantation and menarche in girls and the interval between histrelin
explantation and documentation of an increase in testicular volume in boys. A nurse placed
phone calls to parents of girls who were postexplantation but premenarchal at the time of
their last clinic visit, querying whether menarche had been achieved and, if so, in what
month and year. Additional variables extracted from the medical records consisted of the
indication for GnRHa treatment, the age at start of therapy, the total duration of GnRHa
therapy, the number of implants used, history of GnRHa therapy before histrelin implant,
history of menarche before therapy (girls), and age at final explantation. Criteria for GnRHa
therapy in patients with CPP were based on a pubertal peak stimulated or random
ultrasensitive LH level along with an advanced bone age and breast Tanner stage =11 before
age 8 in girls or testicular volume =4 cm? before age 9 in boys.

Statistical Analyses

Results

To determine the average time to menarche, the mean and 95% Cls were calculated for both
the premenarchal and menarchal groups. The effects of continuous patient variables on the
time to menarche were analyzed using linear regression analysis, and goodness of fit was
reported as r2 with a corresponding P value. The effects of categorical patient variables on
the time to menarche were analyzed using unpaired 2-tailed Student t-tests, and P values
were reported along with group mean and SE values. A P value of < .05 was considered
significant.

Seventy-one patients (56 girls, 15 boys) treated with a histrelin implant were identified. Of
these, 46 (40 girls, 6 boys) had undergone explantation. Of the girls, 2 were lost to follow-up
and 1 resumed leuprolide injections, and thus 37 were included in the analysis. Of these, 30

J Pediatr. Author manuscript; available in PMC 2014 July 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fisher et al.

Page 3

(81%) were treated for CPP, 26 (87%) of whom had reached menarche, whereas 7 (19%)
were treated for other indications, 6 (86%) of whom had achieved this milestone. Of the 6
boys, 1 was lost to follow-up, and of the 5 included in the final analysis, 3 (60%) were
treated for CPP and 2 (40%) for other indications (Figure 1).

Time to Menarche in Girls with and without CPP

Of the 30 girls treated for CPP, 18 (60%) were naive to GnRHa treatment at the time of
initial histrelin implantation. Of the 26 who have reached menarche, the month and year
were known for 24. These girls reached menarche on average 12.75 (95% CI 9.6-15.9)
months after histrelin explantation (range 2—-36 months). Menarche occurred at an average
age of 12.94 (95% CI 10.5-15.3) years, which is nearly identical to that seen in the general
population. In the 4 girls treated for CPP who have yet to achieve menarche, the average
interval since explantation is 24.75 (95% CI 8.0-41.5) months, and these patients have an
average age of 12.36 (95% CI 11.8-12.9) years. The clinical characteristics of girls treated
for CPP are summarized in the Table (available at www.jpeds.com), and menarchal status is
shown in Figure 2 (available at www.jpeds.com).

Indications for GnRHa treatment in the 7 girls without CPP included a poor prognosis for
adult height in patients with normally timed puberty and idiopathic short stature (n = 2),
growth hormone deficiency (n = 4), and profound hypothyroidism (n = 1). All of these girls
were naive to GnRHa treatment and 6 had achieved menarche on average 23.83 (95% CI
15.4-32.3) months since explantation at an average age of 16.71 (95% CI 15.2-18.2) years.

Time to Testicular Volume Increase in Boys

Of the 5 boys, 4 (80%) were naive to GnRHa therapy. All demonstrated a spontaneous
increase in testicular volume within 1 year after histrelin explantation. The 3 boys treated for
idiopathic CPP showed the most significant increases in testicular volume, reaching nearly
adult size within 1 year after removal of the histrelin implant. Of the boys treated for other
indications, 1 had growth hormone deficiency and the other had familial male precocious
puberty with secondary CPP. All boys who were GnRHa naive experienced a decrease in
testicular volume during treatment with the histrelin implant (Figure 3).

Influence of Patient Characteristics on Timing of Menarche in Girls with CPP

There was no significant correlation between age at initiation of GnRHa therapy (depot
leuprolide or histrelin) and time to menarche after histrelin explantation (P = .76; Figure 4,
A). However, a negative trend was noted between total duration of GnRHa therapy and time
to menarche (P = .08; Figure 4, B). Age at histrelin explantation was inversely correlated
with time to menarche (P = .04; Figure 4, C). Additional analyses revealed no effect of the
number of histrelin implants used or if implants were left in place for 1 vs 2 years (data not
shown). There was no correlation between prior treatment status (naive vs non-naive) or
menarchal history and time to menarche (Figure 4, D and E).
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Discussion

The histrelin implant for treatment of CPP has been steadily increasing in popularity.
Because it obviates monthly intramuscular injections, it is preferred by children and their
parents.*® However, important questions remain regarding its use, not the least of which
pertains to reproductive function after discontinuation. Until now, minimal information on
this issue has been available.

Many studies have investigated the follow-up of girls with CPP treated with injectable depot
GnRHa preparations. Depot leuprolide has been the most commonly used GnRHa in the US,
and one study found the time to menarche to be 18 + 6 months after ending therapy at an
average age of 12.9 + 0.9 years of age.? Studies evaluating other depot GnRHa preparations
have found remarkably consistent results.1:2-10 The average time to menarche after the
histrelin implant in the girls in our study is similar to what has been observed after depot
GnRHa formulations, although perhaps with greater individual variability. As 4 of our girls
have not yet reached this milestone, the average interval since explantation will only
increase. Although much less data regarding HPG-axis activation in boys with CPP after
receiving depot GnRHa are available, pubertal LH and testosterone concentrations have
been documented at <1 year after discontinuation of therapy.1112 Thus, the finding of
testicular enlargement at the first follow-up visit in all of the boys in our study is consistent
with these results. Only 1 other study evaluating time to menarche after histrelin
explantation has been reported.13 In 11 girls with CPP, all except 2 of whom had been
previously treated with depot injections, menarche occurred at an average of 9.3 months
after histrelin explantation. Although our study involved more patients, the majority of
whom were naive to previous GnRHa treatment, our results are likely more generalizable to
the typical clinical setting. Novel aspects of our study include information about pubertal
resumption after use of the histrelin implant in boys as well as in children treated for
indications other than CPP, neither of which have previously been reported. Although
efficacy remains unproven, GnRHa have been prescribed with the hope of increasing
ultimate stature in children without CPP and a variety of conditions in which a poor
prognosis for adult height is present.14-16

In evaluating the effects of individual patient characteristics on the time to menarche in girls
with CPP, only age at explantation was found to be significantly correlated. We found an
inverse relationship between age and time to menarche after explantation. This makes sense
intuitively, as girls who are older at the time of explantation are closer to the natural age of
menarche and therefore more likely to achieve this sooner. None of the other analyzed
variables were correlated. These findings are in contrast to several previous studies in which
girls who had achieved menarche before GnRHa treatment and those who had been treated
for a longer duration reached menarche sooner than other girls after discontinuing GnRHa
therapy.11:17:18 This may be due to differences between the histrelin implant and depot
GnRHa preparations or to individual patient variables. Alternatively, the lack of effect of
prior menarche may be due to the small number of postmenarchal girls in our sample. The
finding that prior GnRHa use had no influence on time to menarche after explantation may
arise from the fact that the total length of treatment was not standardized in this analysis.
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Limitations of our study include that it is primarily retrospective and involved a
heterogeneous group of patients in whom criteria for treatment varied. Additionally, time to
menarche in girls was based on parent report. However, as menarche is a highly anticipated
and memorable milestone in girls treated with GnRHa, this information is likely reliable.
Because boys were only examined at 6-12 months after explantation, the precise time at
which pubertal progression ensued is unknown. Regardless, the fact that several already
demonstrated adult testicular volumes at the first follow-up visit implies that it was likely
quite soon after the histrelin implant was removed. Last, the inclusion of the patient with
familial male precocious puberty is problematic. Nonetheless, given the dearth of
information about boys, this child’s clinical trajectory after treatment with the histrelin
implant is still valuable. Our findings should be considered preliminary pending further
investigation, particularly in boys.
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Glossary
CPP Central precocious puberty
GnRHa Gonadotropin-releasing hormone agonist
HPG Hypothalamic-pituitary-gonadal
LH Luteinizing hormone
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A 56 girls who received B 15 boys who received
histrelin implants ’
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by nurse call
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leuprolide follow uj
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Figure 1.
Flowchart of A, girls and B, boys treated with histrelin implant.
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Menarchal ta n=24 _| [13.55941y5r:53]

e BN

30 40
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Figure 2.
Time from histrelin explantation to menarche is indicated in the top bar and time since

explantation for pre-menarchal girls in the bottom bar. Mean and 95% Cls are shown for age
in years for the 24 girls who have reached menarche and in the 4 who are still premenarchal.
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ICPP
ICPP
ICPP
GHD

FMPP, CPP
*not naive to
GnRHa at implant

Testicular volumes and indications for treatment are illustrated for each of the boys in the

study. GHD, growth hormone deficiency; ICPP, idiopathic CPP.
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The effect of individual variables on the timing to menarche in girls with CPP is illustrated

as follows: A, age at GnRHa start, B, duration of GnRHa therapy, C, age at histrelin
explantation, D, history of prior menarche, and E, depot GnRHa use before histrelin

implant.
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Table
Clinical characteristics of girls with CPP (N = 30)

Characteristics Mean + SD
Age at histrelin implant (yr) 8.74 +1.37
Age at treatment start (yr) 8.1+1.06
Prior GnRHa use, n (%) 12 (40%)
Duration of histrelin therapy (yr) 241+1.07
Duration of GnRHa therapy (yr) 2.89+1.29
Age at histrelin explantation (yr) 11.15+0.97
History of menarche, n (%) 7 (23%)
No. of girls treated with 1, 2, 3, and 5 implants for total treatment duration, n 19,5,5,1
No. who have reached menarche, n (%) 26 (87%)
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