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OBJECTIVE: To estimate whether gonadotropin-

releasing hormone (GnRH) analog administration during

chemotherapy can protect against development of ovar-

ian toxicity.

DATA SOURCES: MEDLINE (1966 to present), EMBASE

(1980 to present), Cochrane Central Register of Con-

trolled Trials (CENTRAL), World Health Organization

International Clinical Trials Registry Platform, and Clini-

calTrials.gov were searched through March 2015 using

the phrases: “gonadotropin-releasing hormone,” “che-

motherapy,” and “premature ovarian failure.” Hand-

search on conference abstracts, SCOPUS, and ISI Web

of Science were also searched.

METHODS OF STUDY SELECTION: Published English-

language randomized controlled trials comparing

resumption of ovarian function between GnRH analogs

plus chemotherapy with chemotherapy without GnRH

analogs were included. Studies including women with

pelvic metastases or recent history of receiving chemo-

therapy were excluded. Accordingly, 10 eligible trials (907

women) were analyzed.

TABULATION, INTEGRATION, AND RESULTS: Our pri-

mary outcome was the proportion of women with

resumed ovarian function (defined as resumption of

menstruation, prevention of chemotherapy-induced

ovarian failure, or both) at the longest follow-up after

the end of chemotherapy. Secondary outcomes were

evaluating ovarian reserve parameters and pregnancy.

Risk ratio was used to integrate qualitative results and

mean difference was used for quantitative data.

Gonadotropin-releasing hormone analog cotreatment

did not significantly increase ovarian function resump-

tion (320/468 [68.4%] in GnRH analog arm and 263/439

[59.9%] in the chemotherapy alone arm; risk ratio 1.12,

95% confidence interval [CI] 0.99–1.27). No protective

effect existed after subgroup analyses (type of malig-

nancy [P5.31], age [P5.14], and GnRH analog type

[P5.44]). Gonadotropin-releasing hormone analogs did

not protect any of ovarian reserve parameters, whether

follicle-stimulating hormone (mean difference 22.63,

95% CI 27.33 to 2.07), antral follicle count (mean differ-

ence 1.66, 95% CI 20.69 to 4.01), or anti-Müllerian hor-

mone (mean difference 0.31, 95% CI 20.41 to 1.03).

Spontaneous pregnancy was also comparable (risk ratio

1.63, 95% CI 0.94–2.82).

CONCLUSION: Gonadotropin-releasing hormone ana-

log administration during chemotherapy does not appear

to protect the ovaries from gonadal toxicity. It is not

a reliable method for fertility preservation.

(Obstet Gynecol 2015;126:187–95)

DOI: 10.1097/AOG.0000000000000905

Recent years have witnessed marked improvement
in cytotoxic treatments with a parallel increase in

patient’ survival.1 Ovarian damage, however, has
been a major side effect of cytotoxic treatment.2 The
most important factors affecting the development of
primary ovarian insufficiency are age of the patient,
type of chemotherapy, and use of hormonal therapy,
specifically tamoxifen.2,3 The American Society of
Clinical Oncology in 2006 had emphasized the
importance of integrating a fertility preservation mea-
sure as early as possible during planning for cancer
treatment.4 The use of gonadotropin-releasing hor-
mone (GnRH) analogs for ovarian suppression during
chemotherapy is one of the suggested strategies to
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preserve fertility.5,6 This creates a pseudoprepubertal
state with an overall decrease in ovarian function.7,8 A
decrease in follicle-stimulating hormone (FSH) secre-
tion occurs with the continuous use of analogs with
subsequent prevention of secondary follicular recruit-
ment and stopping the vicious circle of more follicular
development and destruction.9,10 These mechanisms,
however, have never been proven to be functional in
human oocytes and the development from primordial
follicle up to the small preantral follicle is a gonado-
tropin-independent process.11

In fact, the protective effect of GnRH analog
cotreatment during chemotherapy is quite debatable.
Even in presence of meta-analyses suggesting a possi-
ble protective role, there are various limitations that
could have affected the results.5,6,12

Recent years have witnessed a number of well
designed, multicenter, randomized controlled trials
(RCTs). Therefore, the objective of the current system-
atic review and meta-analysis is to appraise the
evidence as to whether coadministering GnRH analogs
during chemotherapy could protect the ovaries from
subsequent development of gonadal toxicity.

SOURCES

Our systematic review was conducted using only
RCTs. We conformed methodologic approaches re-
ported in the Cochrane Handbook for Systematic
Reviews13 and the Methodological Expectations of Co-
chrane Intervention Reviews14 and complied the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses15 and Methodological Expectations of
Cochrane Intervention Reviews criteria. Our research
question was “In chemotherapy-treated premenopausal
women, does coadministration of GnRH analogs pre-
serve ovarian function in comparison to no treatment?”

We searched MEDLINE (PubMed), EMBASE
(Ovid), CENTRAL (Cochrane Library—Wiley),
Global Health (Ovid), HealthStar (Ovid), the World
Health Organization International Clinical Trials
Registry Platform, and ClinicalTrials.gov from incep-
tion to March 2015. We also hand-searched relevant
conference proceedings for the preceding 5 years to
identify planned, ongoing, or recently completed but
unpublished trials. In addition, we ran forward
searches in Scopus and Web of Science to identify
missed citations through previous searching techni-
ques. The reference list of narrative and systematic
reviews and included trials were finally hand-
searched for any relevant citations.

Whatever the database, the search syntax
included the following words: “gonadotropin/
gonadotrophin/luteinizing hormone-releasing hormone

analogue,” “gonadotropin/gonadotrophin/luteinizing
hormone-releasing hormone agonist,” “gonadotropin/
gonadotrophin/luteinizing hormone-releasing hormone
antagonist,” “chemotherapy,” “premature ovarian fail-
ure,” “POF,” “primary ovarian insufficiency,” “POI,”
“fertility preservation,” and “fertility reservation.”

The primary outcome was the proportion of
women with resumed ovarian function after the end
of chemotherapy. We conformed to the most fre-
quently used definitions, which were the resumption
of menstruation, the prevention of chemotherapy-
induced primary ovarian insufficiency at the longest
available follow-up period, or both.

Secondary outcomes were measuring biochemi-
cal (FSH and antimüllerian hormone) ultrasono-
graphic (antral follicle count) markers of ovarian
reserve and occurrence of spontaneous pregnancy.

STUDY SELECTION

From a total of 1,300 screened records, 32 articles
were assessed for eligibility and 10 studies were
included (Fig. 1). Our review included RCTs studying
women in their reproductive age receiving different
chemotherapeutic regimens with or without adjuvant
treatment for different types of malignancy. The inclu-
sion criteria were: 1) English-language studies; 2)
RCTs comparing GnRH analogs plus chemotherapy
with chemotherapy alone in terms of resumption of
menstruation, prevention of chemotherapy-induced
primary ovarian insufficiency, or both; and 3) risk
ratio (RR) for resumption of ovarian function could
be computed from the presented results. Studies
including women with pelvic metastases or with
a recent history of receiving chemotherapy were
excluded from the review.

Two authors (E.E. and M.M.) independently
screened titles and abstracts of search results and then
selected full-text articles to determine whether a cita-
tion met the inclusion criteria according to prepre-
pared forms. Discrepancies between the two authors
were resolved through consensus or by discussion
with the other two authors (H.S. and A.A.), as
required.

Internal validity assessment was done using
Cochrane Collaboration’s Risk of Bias tool.16

Two authors (E.E. and M.M.) independently
extracted relevant data of all included trials using
standardized data extraction form. Extracted data
included characteristics of the enrolled patient pop-
ulation, details of interventions, study outcomes, and
funding sources. Data processing was carried out
using Microsoft Excel 2010 for MS Windows.
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RESULTS

We analyzed data from the included studies using
Review Manager (RevMan 5.2) and Microsoft Excel
2010. A formal meta-analysis was conducted for all
outcomes if data were sufficient. We expressed pooled
dichotomous data as RR with 95% confidence inter-
vals (CIs), whereas pooled continuous effect measures
were expressed as mean difference with 95% CI.
Because of considerable heterogeneity across the
studies, we used the Der Simonian and Laird17

random-effects model for all analyses. We explored
and quantified between-study statistical heterogeneity
using the I2 test. If I2 was less than 25% in any analysis,
calculation of the 95% uncertainty CIs was added.18,19

Subgroup analysis was conducted if significant hetero-
geneity was detected, I2 was greater than 50%, or both
provided availability of enough number of trials.
Accordingly, we performed subgroup analyses on
type of malignancy (breast, lymphoma, and ovarian),
age groups (40 years or younger and older than 40
years), and type of used GnRH analogs (agonist alone
and agonist and antagonist combination).

We assessed publication bias using funnel plot
technique, Begg’s rank test,20 and Egger’s linear

regression test.21 We considered two-sided statistical
testing setting the a error level at 0.05.

We tested the preferential effect of each study on
overall result of our meta-analysis through performing
multiple sensitivity analyses removing one study in
each step.

Eleven studies had been identified.22–32 One of
these studies, the study by Badawy et al,27 was
excluded because of major flaws, whether in study
methods or results, with strong doubts about random-
ized nature of this study. Ten studies were therefore
included in analysis (907 analyzed patients). Charac-
teristics of included studies are in the Appendix, avail-
able online at http://links.lww.com/AOG/A649.

All included trials were published between 1987
and 2015 in peer-reviewed journals; six studies on
breast carcinomas,22,24–26,28,32 three studies on lym-
phomas,23,30,31 and one trial on conservatively treated
primary ovarian carcinoma.29 A wide variety of che-
motherapeutic regimens was included in the review’s
articles, and three trials24,25,28 studied addition of anti-
estrogen tamoxifen as well. Six trials22,23,25,26,28,32 were
multicenter and five22,23,25,26,32 were funded through
industry and governmental grants.
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Fig. 1. Flowchart showing the identification of studies to include in the quantitative synthesis.
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Sample size of included studies ranged from 18 to
281 participants with a median of 72 and interquartile
range of 34–117. The mean age of study participants
ranged from 23 to 44 years (median 35, interquartile
range 27–39). The follow-up period ranged from 6 to
60 months with a median of 24 months and interquar-
tile range of 14–29 months.

All included studies were classified as “probable
risk of bias” as a result of absence of blinding.

At the longest follow-up, women receiving GnRH
analog cotreatment did not achieve a significant
increase in resumption of ovarian function (320/468
[68.4%] in GnRH analog arm and 263/439 [59.9%] in
chemotherapy alone arm; RR 1.12, 95% CI 0.99–
1.27; P5.07) with a significant heterogeneity across
the included studies (I2 63%, P5.004). Four stud-
ies25,29,30,32 showed a significant benefit of using
GnRH analog, whereas the other six did not show
any significant benefit (Fig. 2).

In breast cancer,22,24–26,28,32 resumed ovarian func-
tion was reported in a total of 251 of 386 (65%) in the
GnRH analog arm compared with 207 of 360 (57.5%)
in the chemotherapy alone arm with no significant dif-
ference (P5.25). In lymphoma,23,30,31 RR for preserved
ovarian function also showed no significant difference
(54/67 [80.6%] and 46/64 [71.9%], respectively,
P5.51). Gilani29 was the only study on conservatively
treated ovarian cancer and showed a significant benefit
of using GnRH analogs. The subgroups were not sig-
nificantly different (P5.31) (Table 1).

Four trials included patients 40 years of age or
younger22,24,29,30 and one study24 performed a sub-
group analysis on patients 40 years of age or older.
In women 40 years or age or younger, GnRH analog
cotreatment showed no significant benefit in resuming
ovarian function (87/98 [88.8%] in GnRH analog arm

and 71/95 [74.7%] in chemotherapy alone arm). No
significant benefit was also detected in women 40
years or age or older.24 No significant difference was
found across the subgroups (P5.14) despite moderate
heterogeneity as shown in Table 1 (I2 54%).

Elgindy22 was the only trial that used an antago-
nist and agonist combination; all other studies used an
agonist only. The analog did not protect the gonads,
irrespective of the type used (P5.44).

Sensitivity analysis showed marginal, nonsignifi-
cant fluctuations when one study was excluded at
a time, except on removing Gerber et al26 (Table 2).
I2 value, however, was 49%.

Furthermore, we assessed probability of publica-
tion bias first by observing evident overlap of CIs of
the included trials, visual inspection of spread of
studies in a funnel plot (Fig. 3), and finally using
Begg’s rank correlation tau (t 0.087, P5.77) and Eg-
ger’s regression (intercept 0.397, 95% CI 20.930 to
1.706; P5.50) tests. No significant publication bias
was detected.

Postchemotherapy FSH level was reported in
three studies22,23,30 with a mean difference of 22.63
milliinternational units per milliliter that was nonsig-
nificant (Table 3).

Posttreatment antimüllerian hormone was also
reported in three studies22,23,30 with a mean difference
of 0.31 ng/mL and a statistically nonsignificant P value
(Table 3).

Only two studies,22,30 compared antral follicle
count between the treatment groups with a reported
mean difference of 1.66, which was statistically non-
significant as in Table 3.

Pregnancy was reported in eight studies.22–26,30–32

Thirty of 427 got pregnant in the GnRH analog arm
compared with 20 of 412 in the chemotherapy alone

Fig. 2. Overall resumption of ovarian function at longest follow-up. GnRH, gonadotropin-releasing hormone; M-H, Mantel-
Haenszel test; CI, confidence interval.
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arm with no significant difference (RR 1.63, 95% CI
0.94–2.82) (Table 3).

DISCUSSION

Our meta-analysis showed that GnRH analogs during
chemotherapy do not significantly increase resumption of
ovarian function after the end of chemotherapy (RR 1.12,
95% CI 0.99–1.27). There is also no convincing evidence
that the analog offers protection of ovarian reserve.

Significant heterogeneity existed across included
studies; therefore, multiple subgroup analyses were
done to explore possible causes. Noneffectiveness of
analog coadministration persisted irrespective of age,
type of malignancy, or type of analogs. Rates of
resumed ovarian function were quite variable among
included trials. Even in breast cancer, variations ranged
from 8% up to 97%.26,28 However, rates were between

78% and 97% in studies not using tamoxifen,22,24,26,32

which signifies its effect on reported variations.
Evaluating ovarian reserve is important in deter-

mining gonadal dysfunction extent33 Ovarian reserve
is commonly evaluated quantitatively using early fol-
licular FSH, antral follicle count, and antimüllerian
hormone34–36 and qualitatively by occurrence of preg-
nancy.34–36 All studied parameters were comparable
and an analog cotreatment did not protect ovarian
reserve. However, different antimüllerian hormone
assays were used in included studies,22,23,30 making
interpretation of combined results difficult. Antral fol-
licle count was measured in the early follicular
phase22,30; however, only one of the two studies spec-
ified exact criteria for its determination.

Definition of resumed ovarian function and
period of follow-up have been variable. In the current

Table 1. Subgroup Analyses for Resumption of Ovarian Function

Subgroup Studies
No. of

Participants
GnRH

+Chemotherapy
Chemotherapy

Alone RR (95% CI) I2 (%) P

Type of malignancy
Breast cancer 6 746 386 360 1.09 (0.94–1.25) 68 .25
Lymphoma 3 131 67 64 1.17 (0.73–1.87) 67 .51
Primary ovarian

cancer
1 30 15 15 1.48 (1.02–2.13) NE .04

Women’s age (y)
40 or younger 4 193 98 95 1.22 (0.96–1.55) 62 .11
40 or older 1 15 8 7 0.89 (0.63–1.25) NE .50

GnRH analog type
GnRH agonist

only
10 857 443 414 1.13 (0.99–1.29) 64 .07

GnRH antagonist
and agonist

1 50 25 25 1.00 (0.76–1.32) NE 1.00

GnRH, gonadotropin-releasing hormone; RR, risk ratio; CI, confidence interval; NE, not estimable.

Table 2. Sequential Sensitivity Analyses for Resumption of Ovarian Function

Excluded Studies

GnRH+Chemotherapy Chemotherapy Alone

RR (95% CI) P I2 (%)

Resumed
Ovarian
Function Total

Resumed
Ovarian
Function Total

Waxman et al, 198731 255 394 203 360 1.13 (0.99–1.29) .07 67
Gilani et al, 200729 244 387 199 355 1.1 (0.97–1.24) .16 62
Giuseppe et al, 200730 245 388 201 355 1.09 (0.97–1.22) .15 56
Sverrisdottir et al, 200928 249 336 204 313 1.11 (0.98–1.26) .09 64
Del Mastro et al, 201125 171 254 149 237 1.09 (0.97–1.23) .17 55
Gerber et al, 201126 231 372 180 340 1.15 (1.01–1.31) .03* 49
Demeestere et al, 201223 223 357 177 331 1.15 (1.00–1.33) .06 67
Munster et al, 201224 236 376 190 349 1.15 (1.00–1.32) .05 65
Elgindy et al, 201322 218 352 169 320 1.15 (0.99–1.33) .14 68
Moore et al, 201532 259 402 209 370 1.12 (0.96–1.30) .14 66

GnRH, gonadotropin-releasing hormone; RR, risk ratio; CI, confidence interval.
* Statistically significant.
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meta-analysis, five trials considered resumption of
cycle as an indicator of resumed ovarian func-
tion,22,24,28,30,31 whereas one study26 counted on the
presence of two consecutive menstrual periods within
21–35 days. Three studies counted on resumed cycles
in addition to absent postmenopausal levels of
FSH.25,29,32 Demeestere et al23 only counted on absent
postmenopausal levels of FSH. Follow-up periods
ranged between 6 months up to 5 years. The World
Health Organization defines menopause as no men-
struation for at least 12 months. There are 12-month
or greater follow-up in all included trials, except one
study in which women were followed for 6 months.29

Sensitivity analysis, however, did not reveal signifi-
cant fluctuations on excluding this study.

There is no consensus on the rationale behind using
an analog for gonadal protection. Earlier studies sug-
gested preserved ovarian function on prepubertal che-
motherapy.7,8 A series of studies emerging from the U.S.
Childhood Cancer Survivor Study reported contradic-
tory results.37–39 In a study of 5,149 participants, there
was emphasis on declining fertility of young survivors.39

Furthermore, human gonads contain GnRH re-
ceptors. One study reported decreased apoptosis on
agonist exposure,40 whereas other studies reported
contradictory results.41,42 Similarly, debate exists
whether antagonists protect or suppress the ova-
ries.43,44 In the current meta-analysis, one study used
an antagonist in addition to an agonist with no signif-
icant effect.22

Indeed, the value of an analog for gonadal pro-
tection is quite controversial. Both randomized22–32 and
nonrandomized45–52 studies failed to report consistent
results. One RCT planned to enroll 124 patients was
stopped for futility after enrolling 49 participants
only.24 Interim analysis showed comparable cycle
resumption between analog and control groups.

Even for published meta-analyses, there are
major inconsistencies and limitations that contradict
extraction of reliable evidence. Three meta-analyses,
including nonrandomized and randomized trials,
reported a beneficial effect for analog addition.6,53,54

In two of these meta-analyses, separate analysis of
randomized studies failed to prove protective effects
of an analog.6,53

Bedaiwy et al5 reported a potential benefit of ago-
nist cotreatment but with major limitations for this
met-analysis. First, it included 6 months follow-up of
the ZOladex Rescue of Ovarian function (ZORO)
trial.26 Currently, inclusion of follow-up data at 24
months in the ZORO trial is available with no differ-
ence in cycle resumption between agonist and control.
Second, one of the largest included studies27 had sig-
nificant methodologic flaws, such as:

1. Inconsistencies in hormonal levels existed before
and after the end of chemotherapy. Oktay and
Sönmezer, in a letter to the editor (Oktay K,
Sonmezer M. Questioning GnRH analogs for
gonadal protection in cancer patients [letter]. Fer-
til Steril 2009;92:e32), emphasize the presence of
elevated basal E2 and progesterone levels, which
suggest that all patients were in the luteal phase.

Standard error(log[relative risk])
0.0

0.2

0.4

0.6

0.8

1.0
Relative risk

0.2 0.5 1.0 2.0 5.0

Fig. 3. Publication bias of the resumption of ovarian
function at the longest follow-up.

Elgindy. GnRH Analog Coadministration During Chemotherapy.
Obstet Gynecol 2015.

Table 3. Comparison Between Gonadotropin-Releasing Hormone Plus Chemotherapy Compared With
Chemotherapy Alone Regarding Secondary Outcomes

Outcome
Effect Measure

(95% CI) P I2 [% (95% CI)]

Serum FSH 22.63 (27.33 to 2.07)* .27 0.0 (0–28)
Serum antimüllerian hormone 0.31 (20.41 to 1.03)* .40 96
Antral follicle count 1.66 (20.69 to 4.01)* .17 79
Spontaneous pregnancy 1.63 (0.94–2.82)† .08 0.0 (0–33)

CI, confidence interval; FSH, follicle-stimulating hormone.
* Mean difference.
† Risk ratio.
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This is not probable if patients were properly
randomly selected (Oktay et al. Fertil Steril).

2. The study27 did not mention using tamoxifen for
estrogen receptor–positive tumors in study arms.

3. The longest follow-up period was 8 months.
4. Although this study included young women

younger than 40 years, there was markedly low
resumption of menstruation in control (33.3%)
compared with agonist users (89.6%). This is
mostly attributed to previously stated methodo-
logic flaws.
Balkenende et al55 performed a new meta-analysis,

which included studies in Bedaiwy’s meta-analysis
excluding the controversial study27 and including the
completed ZORO trial results.26 There was no benefit
of agonist cotreatment.55 In our meta-analysis, we
excluded this controversial study in addition to includ-
ing the completed ZORO trial as well as including
a number of recently completed RCTs22–25,32 so as to
reach reliable evidence. According to our results,
a RCT including at least 819 participants in each arm
is needed to proof a beneficial effect of GnRH analogs
in preventing ovarian toxicity.

Limitations also exist in other meta-analyses.
Wang et al56 included two Chinese-language studies
in their meta-analysis without clear explanation how
they got an accurate English translation to critically
appraise the studies. A recent meta-analysis reported
a beneficial effect of analog coadministration.57 The
aforementioned controversial study was included27

and investigators reported doing sensitivity analysis
with satisfactory stability. However, there was signifi-
cant heterogeneity (I2 55.8%; P5.01) and excluding
this study made a marked decrease in heterogeneity
extent (I2 25.7%; P5.2). Excluding any of remaining
studies did not change heterogeneity significantly
(I2.50%, P,.05). This underscores the bias of includ-
ing this study and enforces our rationale in its exclu-
sion. Preliminary data of 87 women younger than 40
years in the Ovarian Protection Trial In Oestrogen
Negative trial were presented at the 46th annual meet-
ing of the American Society of Clinical Oncology.58

Amenorrhea was comparable between agonist
(34.7%) and control (15.7) arms. There is rising evi-
dence against the protective effect of analog
cotreatment.

The American Society of Clinical Oncology does
not recommend analog coadministration as a standard
method for fertility preservation; still its use causes
menstrual suppression and protection from thrombo-
cytopenia. Therefore, it can be beneficial, but not for
fertility-sparing. Depending on this approach for
fertility preservation raises ethical issues.

Although our review included only the highest
quality RCTs, variation in defining gonadal toxicity
and nonuniform follow-up periods are obvious
limitations.
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