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Protection of ovarian function by GnRH agonists
during chemotherapy: A meta-analysis
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Abstract. This meta-analysis was designed to assess
the overall performance of GnRHa in preserving the
ovarian function in young women undergoing chemo-
therapy. Electronic literature databases including Pubmed,
MEDLINE, Cochrane library, Embase, CNKI and Wanfang
were searched for articles published till November, 2013.
The articles written in both Chinese and English were
considered. Only randomized controlled trials (RCTs) were
selected. Main Outcome Measure was evaluated by assessing
the post-chemotherapy ovarian function. A random-effects
model was used to calculate the risk ratio (RR) and asso-
ciated 95% confidence intervals (95% CI). Out of the eight
RCTs including 621 patients, 321 women were treated with
GnRHa during chemotherapy, 9.66% of whom suffered
premature ovarian failure (POF). On the other hand, 26.67%
of the remaining 300 women suffered POF. More women
treated without GnRHa experienced post-chemotherapy
POF, yielding an RR of 0.45 [chemotherapy plus GnRHa
vs. chemotherapy alone, 95% confidence interval (CI) (0.22,
0.92)]. Based on the available studies, GnRHa plays an
important role in the prevention of post-chemotherapy POF,
but does not exhibit its protective effects in fertility.

Introduction

The survival rates of malignant diseases such as breast
cancer, lymphoma and leukemia, are increasing (1), because
of the improvements in therapeutic techniques. However,
premature ovarian failure (POF) is an established long-term
adverse effect of chemotherapy in young women. The POF
can lead to infertility and amenorrhea and typical climacteric
symptoms such as palpitations, heat intolerance, hot flashes,
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night sweats, irritability, anxiety, depression, sleep distur-
bance, decreased libido, hair coarseness, vaginal dryness,
and fatigue (2), which have a significant impact on the quality
of life of young women.

Younger women of childbearing age are confronted with
the risk of infertility by chemotherapy-induced amenorrhea.
Though a number of options to preserve fertility are available,
such as cryopreservation of oocyte, embryo or ovarian tissue,
ovarian transposition and hormonal protection with GnRH
analogs (3), the latter has an edge over the others since it is less
invasive and more convenient.

Animal studies and phase II clinical research have
suggested that GnRHa can lead to temporary ovarian
suppression to preserve ovarian function (4-6). Recently,
several studies have been conducted on the ovarian func-
tion preservation in young women undergoing gonadotoxic
chemotherapy. But the conclusions drawn from these studies
are not unanimous. There were also some reviews and meta-
analysis on the topic, some of which came up with the results
that GnRHa can benefit the ovarian function following
chemotherapy (7,8), while one of the studies produced the
conclusion that the benefit of using GnRHa for fertility
preservation in young breast cancer patients remains uncer-
tain (9). In the present study, we conducted a meta-analysis
to assess the efficacy of GnRH agonists in protecting the
ovaries against chemotherapy induced damage in premeno-
pausal women with malignant diseases.

Materials and methods

Data sources and searches. The electronic medical literature
databases including Pubmed, MELINE, Cochrane library,
Embase, CNKI and Wanfang, were explored for available
articles on the topic published till November, 2013 using
crosslinking keywords. Articles in Chinese and English were
included. Only randomized controlled trials (RCTs) were
selected. The keywords included fertility, ovarian failure,
ovarian preservation, chemotherapy and GnRHa. Reference
lists were also searched for additional studies. The experi-
mental groups were prescribed GnRHa while undergoing
chemotherapy and the control group underwent chemotherapy
without GnRHa.

Study selection. Two investigators reviewed each study. The
following inclusion criteria were used to select the studies
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for our meta-analysis: i) premenopausal females under the
age of 46 undergoing potentially gonadotoxic chemotherapy;
ii) a control group suffering with similar ailments, who
were undergoing chemotherapy but were not given GnRHa;
iii) a clear definition to evaluate ovarian function, such as
recurrence of menses, level of follicle-stimulating hormone
(FSH). If the study have repeated publications, we took the
one with the most complete data. The following studies were
excluded: i) the studies were not RCTs, such as case-control
design, reviews, letters or case reports; ii) publications in
languages other than Chinese and English; and iii) studies
with a dropout rate of greater than 10%.

Data extraction and quality assessment. The data were
extracted by two reviewers independently, the terms were as
follows: 1) the basic information of author, year of publication,
country of the study, study type; ii) patient population, type
of disease, age; iii) GnRHa dose, timing; iv) chemotherapy
regimens; v) definition of premature ovarian failure; and
vi) duration of follow-up.

The methodological quality of each study was assessed
in accordance to the guidelines in the Cochrane reviewers'
handbook (Version 5.1.0) (10). The following trial features were
assessed: 1) random sequence generation; ii) allocation conceal-
ment; iii) blinding of participants and personnel; iv) blinding of
outcome assessment; v) incomplete outcome data; vi) selective
reporting; vii) other sources of bias. The evaluations were
categorized as ‘low risk’, ‘high risk’ or ‘unclear risk’ of bias.
If all the qualities criteria were judged low risk, the trial was
considered to have low risk of bias (score A); if one or more
qualities criteria were judged unclear risk, but no one were
judged high risk, the trial was considered to have moderate
risk of bias (score B); and if one or more qualities criteria were
judged high risk, the trial was considered high risk of bias
(score C). The publication bias was also assessed using funnel
plot.

Statistical methods. In this meta-analysis, the main outcomes
were the post-chemotherapy ovarian function. All analyses
were performed with Review Manager statistical software
(Review Manager 5.1). Dichotomous data were used to
calculate the risk ratio (RR) and 95% confidence interval,
the heterogeneity of the RR were also tested. In the Q test,
it was considered heterogeneous if P<0.1, while in the I?
statistic, 0 to 40% were deemed not important; 30 to 60%
might represent moderate heterogeneity; 50 to 90% might
represent substantial heterogeneity; and 75 to 100% consider-
able heterogeneity (10). A fixed-effect model was used when
there was no heterogeneity, when the heterogeneity present
could not be readily explained; a random-effect model was
used. In this meta-analysis, our results showed P=0.0002,
1’=72% indicating that there was substantial heterogeneity,
so a random-effect model was employed. In the overall
results, P<0.05 signifies that GnRHa has a positive effect in
preserving the ovarian function.

The publication bias was also assessed by funnel plot,
which was plotted by Review Manager 5.1. Using RR as
abscissa and standard error of RR napierian logarithm as
ordinate, bias was considered to be under control if the funnel
plot was symmetrical.
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Figure 1. Results of the electronic database search.

Results

After the databases were thoroughly investigated, 394 articles
were selected, then applying the inclusion and exclusion criteria,
eight RCTs composed of 621 patients were included (Fig. 1)
(11-18). A total of 321 women were treated with GnRHa during
their chemotherapy, while 300 women underwent chemotheray
without GnRHa. The comprehensive characteristics are shown
in Table I. Women in five of the trials had breast cancer, two
had lymphoma and one had ovarian malignancy. The GnRHa
used in the RCTs included triptorelin, goserelin, buserelin and
dipherelin. The standard dose was maintained and most of the
GnRHa were administered by subcutaneous or intramuscular
injection, but in one of the cases, it was given intranasally
(13). In all trials, the first dose was administered at least one
week prior to chemotherapy in order to avoid chemotherapy
during the expected ovarian flare. We found that there were
certain inconsistencies in the ways POF were defined in the
trials; five (11-14,16,17) of them were defined as amenorrhea
only, while two trials had considered its association with the
follicle-stimulating hormone (FSH), estrodiol (E,). The types
of chemotherapy regimen used and the number of cycles were
also taken into account. Two trials (11,18) had a follow-up dura-
tion less than 12 months, others had maintained follow-up for
more than 12 months. All the trials included were evaluated to
have low or moderate risk of bias according to the methodolog-
ical quality assessments in the Cochrane reviewers' handbook
(version 5.1.0) (10).

Eight studies reported POF, we tested the heterogeneity
of the RR [t*=0. 5; ¥*=16.32, df=7 (P=0.02); I’=57%], and
because of the heterogeneity of the RR, a randomized model
was used. The summary RR was 0.45, and the 95% confidence
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Figure 2. The RR for the incidence of women who suffered POF.
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Figure 3. The RR for the incidence of women who recovered menstruation.

interval was (0.22, 0.92), P=0.03 (Fig. 2). This demonstrated
that GnRHa exerted its positive effects in preserving the
ovarian function by preventing POF.

Eight studies reported the rate of menstruation recovery,
the summary RR was 1.25, and the 95% confidence interval
was (0.99, 1.58), P=0.06 (Fig. 3). This result showed GnRHa
can improve the menstruation recovery rate.

Five of the studies reported pregnancy, the summary RR
was 0.93, and the 95% confidence interval was (0.33, 2.61),
P=0.90 (Fig. 4). The pregnancy rate showed no significant
difference between the GnRHa group and the chemotherapy
alone group.

Four studies involved patients younger than 40 years, the
summary RR was 0.26, and the 95% confidence interval was
(0.07,0.96), P=0.04 (Fig. 5).

Publication bias was assessed by the use of a funnel plot,
the plot was basically symmetrical and the distribution of most
of the points was in an inverted funnel manner.

Discussion

The mechanism of action by which GnRHa preserves ovarian
function is not clear, but may include: i) the interruption of FSH
secretion and inhibition of follicles from entering the growing
stage; ii) reduction of ovarian perfusion; iii) protection of
ovarian germline stem cells directly; and iv) upregulation of
phingosine-I-phosphate (19).

Based on the meta-analysis we conducted, there was
evidence that GnRHa could preserve the ovarian function
following chemotherapy in young pre-menpausal women. POF
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Figure 4. The RR for the incidence of women who were pregnant.
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Figure 5. The RR for the incidence of women who suffered POF aged younger than 40 years.

has been referred to as a form of hypogonadism that manifests
as premature menopause or development of amenorrhea due
to cessation of ovarian function, only two trials considered
the level of the FSH, E,. However, POF is rather an ovarian
insufficiency than ovarian failure since the women with POF
have been reported to conceive despite limited ovarian func-
tion. Ravdin et al showed that young breast cancer patients
retain their ovarian function following chemotherapy despite
the absence of menstruation (21). However, infertility typi-
cally proceeds to menopause by within ten years (25). Thus
we consider that the former definition has certain limitation
since amenorrhea is not the best standard for determination
of fertility. The diagnosis is based on detection of elevated
FSH that is approaching menopausal level (usually above
40 TU/1) at least two measurements conducted a few weeks
apart (20). Apart from FSH, other hormonal indicators such
as anti-mullerian hormone (AMH), estradiol (E,), inhibin-A
and B have also been implicated with the accurate determi-
nation of ovarian functions. Anderson et al came up with an
effective method for determining the residual ovarian func-
tion after chemotherapy which involved the measurement of
AMH along with ultrasound-guided antral follicle count (22).

Among the trials in our analysis, four (11,14,16,18) were
conducted on patients younger than 40 years. Because of the
limited data, we could not estimate the precise function of
GnRHa in this patient group. This leads to a bias in our anal-
ysis since ovarian function has a natural tendency to decline
along with age. Also there is a possibility of data contami-
nation due to the involvement of the environmental factors.
The data analyzed have a wide geographical variation thus
we can not exclude the possibility of a varied susceptibility
of women towards POF due to the environment they were
exposed to.

Tamoxifen is a known independent risk factor which can
affect menstrual cycles. One study (23) showed that the rate of
amenorrhea in patients treated with goserelin alone was 64%
compared to 93% in patients treated with goserelin combined
with tamoxifen. However, of the five trials including patients
with breast cancer, there was a lack of control for confounding
effects of tamoxifen.

Only three of the trials were followed up for more than
2 years. For those women who recovered menstruation, there
is an additional long-term risk of POF (24). The long-term
POF reports do not exist; and one-year follow-up can not
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evaluate the ability of fertility well. Thus, long-term follow-up
is needed.

The first injection of the GnRHa was generally one or two
weeks before chemotherapy, only two trials (16,17) proved
ovarian suppression before chemotherapy. Ovarian suppres-
sion was not confirmed on chemotherapy administration and
ovaries could be in ‘flare-up’ interval. In this condition, the
GnRHa might not perform well.

Some heterogeneity existed in the trials we analyzed,
which presumably creates a potential bias on the results we
obtained. For instance the heterogeneity in the chemotherapy
regimen could affect our results. Similarly the variation in
the length of follow-up duration also has certain impact in
determining the actual results. On the contrary, one of the
strength of our study was the inclusion of bilingual literatures
in English and Chinese. The study criteria were determined
carefully and the methodological quality of each trial
included in this analysis was assessed following the standard
protocol in the Cochrane reviewers' handbook.

In this meta-analysis, we have deduced the beneficial role
of GnRHa in preserving the ovarian function of the young
women undergoing chemotherapy, but the ability to preserve
fertility was not proved. However, more well-designed trials
with appropriate age limitation (<40 years old) and a more
sensitive marker of ovarian reserve are needed before it is
established as a standard therapy.
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