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Background: Premature ovarian failure and infertility following chemotherapy are major
concerns for premenopausal women with breast cancer. A potential ovarian function preserva-
tion strategy is administration of gonadotropin-releasing hormone (GnRH) agonists during
adjuvant chemotherapy; however, studies of the clinical efficacy of GnRH agonists to protect
chemotherapy-induced ovarian damage have shown mixed results.

Objective: This meta-analysis study was designed to estimate the efficacy of GnRH agonists
administered concurrently with chemotherapy to prevent chemotherapy-induced ovarian dam-
age in premenopausal women with breast cancer.

Methods: Electronic literature databases (PubMed, EMBASE, MEDLINE, Cochrane Library
databases searching, China National Knowledge Infrastructure, Web of Science, and the
Wanfang Data) were searched for relevant randomized controlled trials (RCTs) published until
September 2015. Only RCTs that examined the effect of GnRH agonists for chemotherapy-
induced ovarian failure in premenopausal women with breast cancer were selected. The rate of
spontaneous resumption of menses and spontaneous pregnancy were collected. All data were
analyzed by RevMan 5.3 (Cochrane Collaboration, Copenhagen, Denmark) and Stata 12.0
(StataCorp, College Station, TX, USA).

Results: Eleven RCTs with a total of 1,062 participants (GnRH agonists administered concur-
rently with chemotherapy, n=541; chemotherapy alone, n=521) were included in the meta-analysis.
A significantly greater number of women treated with GnRH agonist experienced spontaneous
resumption of menses after the adjuvant chemotherapy, yielding a pooled odds ratio of 2.57
(versus chemotherapy alone, 95% confidence interval (CI)=1.65, 4.01; P<<0.0001). A subgroup
analysis showed that addition of GnRH agonists significantly improved the resumption of menses
rate in patients who were hormone-insensitive. However, the two treatment groups experienced
similar spontaneous pregnancy (odds ratio =0.177; 95% CI=0.92, 1.40; P=0.09).

Conclusion: GnRH agonists cotreatment with chemotherapy in premenopausal women with
breast cancer plays a beneficial role in resumption of ovarian function, with a higher rate of
resumption of menses. However, treatment with GnRH agonists does not appear to exhibit its
protective effects in fertility.

Keywords: GnRH agonists, ovarian damage, breast cancer, chemotherapy, meta-analysis

Introduction

Breast cancer is one of the most frequently diagnosed malignancies in women
worldwide, and the probability of developing breast cancer before the age 40 years
is approximately 1 for every 200 women.! In the reproductive-age women with
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malignant disease, breast cancer patient’s accounts for
more than 40%.2 Breast cancer in young women is charac-
terized by generally aggressive disease, including higher
incidence of undifferentiated, hormone-insensitive, and
human epidermal growth factor receptor-2 overexpressing
tumors.’ In addition, it may represent a unique biologic
entity driven by specific oncogenic signaling pathways.*
Adjuvant chemotherapy has significantly improved disease
free and overall survival in young women with breast can-
cer, particularly in those with hormone-insensitive breast
cancer.’ However, a considerable number of these young
patients eventually develop premature ovarian failure (POF)
and delayed attempts at conception. The incidence of POF
depends on the type and intensity of chemotherapy, age at
diagnosis, and use of tamoxifen.®® POF has major conse-
quences, including sexual dysfunction and loss of fertility;
furthermore, it also leads to subjective (hot flashes, sweats,
sleep disturbance, loss of libido) and objective (osteoporo-
sis, cardiovascular incidents, genital atrophy, loss of mental
efficiency, cognitive dysfunction, mood swings, dyspare-
unia, loss of vitality) menopausal symptoms,” which may
be of great concern to younger patients with breast cancer
and have a strong negative impact on the quality of life.

Currently, there are no standard strategies for preventing
chemotherapy-induced POF. Reproductive technology, such
as cryopreservation of embryos or oocytes, has provided
certain fertility preservation methods. However, the cost and
feasibility of these methods are unsuitable for all patients.
Ovarian protection using gonadotropin-releasing hormone
(GnRH) agonist during adjuvant chemotherapy has been
proposed as a potential fertility preservation strategy to
prevent POF after cytotoxic chemotherapy.'® In the 1980s,
the effectiveness of GnRH agonist during chemotherapy
for ovarian function preservation was first demonstrated
in rodents and monkeys.'"!? Later, the efficacy of GnRH
agonist for ovarian function preservation in chemotherapy-
treated patients with early breast cancer has been reported
in many studies. While single-arm and retrospective studies
demonstrated encouraging results,'*'” randomized trial data
have shown mixed results.'®?® Several factors contributing
to the conflicting results include heterogeneity of both study
populations and procedures, treatment regimens, and lack of
a proven mechanism of action for ovarian protection with
GnRH agonist, which make interpretation of results more
challenging.

Based on the previous clinical trials, meta-analyses of the
coadministration of GnRH agonist with adjuvant chemother-
apy for the preservation of ovarian function in premenopausal

women with breast cancer have shown mixed results.
A meta-analysis published in 2013 determined that GnRH
agonists treatment during chemotherapy significantly
benefited spontaneous resumption of menses in premeno-
pausal women.” However, a subsequent meta-analysis
showed that concurrent GnRH agonists with chemotherapy
may not preserve ovarian function in women with breast
cancer.*” Recently, another meta-analysis provided evidence
that the GnRH treatment with chemotherapy did not preserve
both ovarian function and fertility. In this meta-analysis,
however, there was substantial heterogeneity in the types
of disease, including lymphoma, ovarian cancer, and breast
cancer.’ Thus, the strength of association between GnRH-
related preservation of chemotherapy-induced ovarian dam-
age in premenopausal women with breast cancer remains
controversial and unproven.

Taking into consideration the importance of ovarian
function preservation for premenopausal women with breast
cancer, and the controversial data on the true incidence of
amenorrhea induced by contemporary chemotherapy, an
improved understanding of GnRH efficacy is necessary.
Therefore, we conducted a meta-analysis of up-to-date
published clinical data to quantitatively evaluate the efficacy
of GnRH agonists to protect against chemotherapy-induced
ovarian damage in premenopausal women with breast
cancer.

Materials and methods
Search strategy

To identify all the articles that reported the association
of GnRH agonists for ovarian protection during adjuvant
chemotherapy for breast cancer, we searched for published
literature in the electronic databases, including PubMed,
EMBASE, MEDLINE, Cochrane Library databases
searching, China National Knowledge Infrastructure,
Web of Science, and the Wanfang Data using the terms:
“gonadotropin-releasing hormone agonists”, “luteinizing

EEINNT3

hormone (LH)-releasing hormone agonists”, “chemother-

ELINT3

apy
cancer” without any restriction on language or publication

ELINT3

ovarian preservation”, “ovarian failure”, and “breast
year. In addition, by means of online retrieval and litera-
ture review, references obtained using the aforementioned
databases were reviewed again to identify any additional
eligible trials.

Inclusion and exclusion criteria
All the included studies for the meta-analysis had to meet the
following inclusion criteria: 1) the patient group consisted
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of premenopausal women with a pathological diagnosis of
breast cancer and a detailed description of patients’ basic
characteristics; 2) intervention included the GnRH agonists
plus chemotherapy and compared with patients treated with
chemotherapy alone, with no limit to the chemotherapy
scheme and the GnRH agonists treatment; 3) GnRH agonists
interventions were administered concurrently with chemo-
therapy. For trials with more than two treatment arms, each
valid pairwise comparison was considered separately; and
4) the type of study must be a randomized controlled clinical
trial. Trials were excluded from the meta-analysis based on
the following criteria: 1) the studies contained women with
locally advanced or metastatic disease; 2) controlled trials
that were not randomized; or 3) trials presented in abstract
form, with relevant data not being available or no related
outcome measured.

Two investigators (YWS and JY) were independently
involved in citations search and identified trials that met the
inclusion criteria. Inclusion and exclusion decisions were
made by two investigators after evaluating the manuscripts;
if views diverged, the differences were resolved through
consulting with a third investigators (ML).

Data extraction and quality assessment
Two authors (YWS and JY) independently extracted the
data from each trial using predefined data extraction sheet to
obtain the following information: 1) baseline demographics:
author, country, and year of publication; 2) study population:
age of patients, sample size, characteristics of breast cancer,
and types of chemotherapy; 3) GnRH agonist and chemo-
therapy intervention: type, schedule of administration, and
duration; 4) outcome measures: resumption of menses and
spontaneous pregnancy at various time intervals after the
completion of chemotherapy; and 5) adverse effects. When
multiple publications of the same trial were identified, only
the latest publication was included. Discrepancies were
resolved by consensus, if necessary, we contacted the cor-
responding author to obtain the data.

The methodological quality of each study was assessed
independently by two researchers (YWS and JY) using the
modified Jadad scale.’? The scale evaluated the study quality
based on the following evaluation criteria: randomization,
blinding, withdrawals, dropouts, inclusion/exclusion criteria,
adverse effects, and statistical analysis (Table 1). The total
score for each study ranged from 0 to 8§ points, and using the
eight items, the trials was divided into two levels. Trials were
considered to be of low quality if they wielded 0-3 points,
and of high quality if they achieved 4-8 points.

Table | The modified Jadad scale

Eight items Answer Score
|. Was the study described as randomized?  Yes +1
No 0
2. Was the method of randomization Yes +1
appropriate? No —
Not described 0
3. Was the study described as blinding?® Yes +1
No 0
4. Was the method of blinding appropriate?  Yes +1
No |
Not described 0
5. Was there a description of withdrawals Yes +1
and dropouts? No 0
6. Was there a clear description of the Yes +1
inclusion/exclusion criteria? No 0
7. Was the method used to assess adverse Yes +1
effects described? No 0
8. Was the method of statistical analysis Yes +1
described? No 0

Note: *Double-blind got | score; single-blind got 0.5 score.

Statistical analysis

Data management and statistical analysis were performed
utilizing RevMan version 5.3 (Cochrane Collaboration,
Copenhagen, Denmark) and the meta-analysis module
included in Stata 12.0 (StataCorp, College Station, TX,
USA). Both Q-test and /? test were used to assess the
statistical heterogeneity of the included studies. An I value
greater than 50% indicated significant heterogeneity across
studies. This research used the analytical statistics of odds
ratio (OR) and 95% confidence interval (CI) to determine
the effect size. The significance of the pooled OR was deter-
mined by the Z-test (P<<0.05 was considered statistically
significant). A random- or fixed-effects model was used to
calculate pooled effect estimates in the presence (P<<0.10) or
absence (P>0.10) of heterogeneity, respectively. To assess
the degree of potential publication bias both graphically and
statistically, funnel plots and Egger’s test were performed.
An asymmetric plot suggested a possible existence of pub-
lication bias and P<<(.05 indicated a statistically significant
publication bias.

Results

Study selection and exclusion

Overall, a total of 721 potentially relevant citations were
identified at the initial search stage, and 174 duplicates
removed by EndNote; 504 studies were excluded by reading
the titles and abstracts. Through detailed literature sorting
and reading, a total of 43 trials were considered for inclusion
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in the meta-analysis by preliminary analysis, but 32 studies
were eliminated from the meta-analysis given that they were
not randomized or presented in abstract form only. Finally,
eleven trials,"® 2% involving 1,062 patients, of which 541 and
521 patients were divided into GnRH agonists with chemo-
therapy and chemotherapy alone, respectively, were included
in the meta-analysis. The flow diagram of the literature
retrieval and selection is shown in Figure 1.

General study characteristics

The general characteristics of the all eligible trials are shown
in Table 2. All of these studies included an assessment of
the randomized addition of GnRH agonists to adjuvant che-
motherapy. No imbalance between treatment arms for any
of baseline factors (age, tumor size, nodal status, estrogen-
receptor status, and progesterone-receptor status) was found.
In these trials, GnRH agonists were administered once every
4 weeks throughout the chemotherapy treatment period,
including goserelin, triptorelin, cetrorelix, or leuprolide.
Among the eleven studies, one of them?!' had more than two
treatment arms, and the relevant groups were combined to
create a single pair-wise comparison.

Assessment of the methodological quality

of the included trials

The validity of the eleven studies were evaluated using
the modified Jadad scale that we previously described. By
evaluating every study, the mean modified Jadad scale score
was 5.6 with a standard deviation of 0.4. The modified Jadad
scale scores of included studies are shown in Table 3.

Resumption of menses rate

All the eleven randomized controlled trials evaluated the
resumption of menses in relation to GnRH agonist treatment
during the longest follow-up. The resumption of menses rate
in the GnRH agonist plus chemotherapy arm ranged from
19.6% to 100% and the rate in the chemotherapy alone arm
ranged from 11.6% to 96.5% at 624 months after treatment.
The heterogeneity test indicated that the heterogeneity among
the eleven trials was moderate (1’=43%, P=0.06). Based on
heterogeneous across the studies, we used the DerSimonian
and Laird* random-effects model for analyses. The meta-
analysis showed that the pooled OR was 2.57 (95% CI=1.65,
4.01; P<<0.0001) and statistical significance was identified
in terms of GnRH agonist plus chemotherapy relative to

721 records identified through PubMed, EMBASE, MEDLINE,
Cochrane Library databases searching, China National
Knowledge Infrastructure, Web of Science, and the Wanfang

database searching

A 4

[ 547 records screened ]

v
i

174 duplicates removed ]

it

A 4

504 articles excluded due
to irrelevancy

L

[ 43 full-text articles assessed for eligibility ]

32 excluded after full assessments (not
meeting inclusion criteria, non-RCTs or

[

A4

same study from the different follow-up
time, presented in abstract form only)

|

[ Eleven studies included for this meta-analysisj

Figure | Flow diagram of the details of the study selection.
Abbreviation: RCTs, randomized controlled trials.
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Table 3 Modified Jadad scale scores of the included studies

Included study Item |2 Item 2° Item 32

Item 4°

Item 72 Item 82 Total

Badawy et al® |
Del Mastro et al® |
Elgindy et al® |
Gerber et al*® |
Jiang et al'® |
Li et al"” |
Moore et al* |
Munster et al? |

|

|

|

Song et al”’

O O 0O 0o oo o — o —
O O O 0O o oo — o o

Sun et al®

— 00 — — 00 0 — — —

o
o

Sverrisdottir et al?'

o — 0O — o0 O — o — o
v oy L1 oy LT LT OV NN OO

o
(%]

Notes: Item |: Was the study described as randomized? Item 2: Was the method of randomization appropriate? Item 3: Was the study described as blinding? Item 4: Was
the method of blinding appropriate? Item 5: Was there a description of withdrawals and dropouts? Item 6é: Was there a clear description of the inclusion/exclusion criteria?
Item 7: Was the method used to assess adverse effects described? Item 8: Was the method of statistical analysis described? * “1” (“yes”) and “0” (“no”); ® “I” (“yes”) and

“0” (“not described”).

chemotherapy alone (Figure 2). In general, GnRH agonist
administered concurrently with chemotherapy for young
women with breast cancer may increase the resumption of
menses rate.

Spontaneous pregnancy rate

A total of four trials,?+2628

regarding the spontaneous preg-
nancy rate in relation to GnRH agonist treatment during the
longest follow-up, were incorporated into this meta-analysis.
The heterogeneity test indicated that a fixed-effect model
could be selected (’=3%, P=0.38). The pooled results
showed that the rates of spontaneous pregnancy were not
significantly different between the GnRH agonist-treated
patients and the patients treated with chemotherapy alone

(OR=0.177; 95% CI=0.92, 1.40; P=0.09) (Figure 3).

Incidence of adverse effects
Three trials?*?>2 reported adverse events experienced
by patients in the two treatment groups. Considering the

Study or subgroup Chemotherapy + GnRH Chemotherapy alone Weight

Odds ratio

existence of clinical heterogeneity, we used the random-
effect model method. Compared with chemotherapy alone,
the addition of GnRH agonists significantly increased the
hot flushes rate (OR=1.92, 95% CI=1.26, 2.93; P=0.002).
However, the pooled OR for mood modification, vaginal dry-
ness was 1.23 (95% CI=0.71, 2.13) and 1.46 (95% CI=0.69,
3.10), respectively; the difference between the two treatment
groups was not statistically significant (P=0.45 and 0.32,
respectively) (Figure 4).

Subgroup analyses of resumed menses

rate

Although no significant heterogeneity was found among
included studies, we still conducted subgroup analysis based
on our clinical practice. Accordingly, subgroup analyses
were performed after stratifications of the data by hormone
receptor status (use of tamoxifen or not) and age (<35
or >35 years). In the tamoxifen (—) group, the addition of
GnRH agonists significantly increased the resumed menses

Odds ratio

Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI
Badawy et al?? 35 39 13 39 8.6% 17.50 (5.11, 59.88)
Del Mastro et al?® 88 139 60 121 19.2% 1.75(1.07, 2.88) ——
Elgindy et al® 41 50 40 50 11.1%  1.14 (0.42, 3.10) —_—
Gerber et al? 28 28 28 29 1.8% 3.00(0.12, 76.79)
Jiang et al®® 9 10 6 11 3.1% 7.50 (0.69, 81.25)
Lietal® 23 31 15 32 10.3%  3.26 (1.13,9.43) —_—
Moore et al** 61 66 54 69 10.2%  3.39(1.16,9.94) —_—
Munster et al?® 23 26 19 21 4.5% 0.81(0.12, 5.34) ——
Song et al*’ 53 89 39 94 17.5%  2.08 (1.15,3.74) —
Sun et al® 10 12 6 12 4.5% 5.00 (0.75, 33.21) —
Sverrisdottir et al*' 10 51 5 43 9.3% 1.85(0.58, 5.92) S B
Total (95% Cl) 541 521 100%  2.57 (1.65, 4.01) g
Total events 381 285
) ! ' ,
t

Heterogeneity: 72=0.21; y?=17.51, df=10 (P=0.06); 1>=43%
Test for overall effect: Z=4.16 (P<0.0001)

+
10

Favors

(chemotherapy + GnRH)

+
0.1

Favors

(chemotherapy alone)

t
0.005 200

Figure 2 Forest plot of the rate of resumed menses for GnRH agonists plus chemotherapy versus chemotherapy alone in a random-effect model.
Abbreviations: Cl, confidence interval; GnRH, gonadotropin-releasing hormone; M-H, Mantel-Haenszel.
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Study or subgroup Chemotherapy + GnRH Chemotherapy alone Weight Odds r;

atio Odds ratio

Events Total Events Total M-H, fixed, 95% Cl M-H, fixed, 95% CI
Del Mastro et al?® 3 139 1 121 7.6% 2.65(0.27, 25.79)
Gerber et al?® 1 28 1 29 6.8% 1.04 (0.06, 17.43)
Moore et al?* 22 105 12 113 66.0% 2.23(1.04,4.77) ——
Munster et al? 0 26 2 21 19.5% 0.15(0.01, 3.24) «
Total (95% Cl) 298 284 100% 1.77 (0.92, 3.40) i
Total events 26 16
Heterogeneity: ¥2=3.10, df=3 (P=0.38); I>=3% ' t t !
Test for overall effect: Z=1.72 (P=0.09) 0.01 0.1 1 10 100
Favors Favors

Figure 3 Forest plot of the rate of spontaneous pregnancy for GnRH agonists plus ch

Abbreviations: Cl, confidence interval; GnRH, gonadotropin-releasing hormone; M-|

rate (OR=2.83, 95% CI=1.68, 4.74; P<<0.0001). Neverthe-
less, the rate of resumption of menses was not significantly
different between the GnRH agonist-treated patients and the
patients treated with chemotherapy alone in the tamoxifen (+)
group (OR=1.52, 95% CI=1.91, 2.54; P=0.11). Additionally,
when stratified by age, the rate of spontaneous menstruation
in women who were >35 years was statistically greater when
GnRH agonist was used (OR=7.35; 95% CI=1.92, 28.16;
P=0.004). In terms of young women with breast cancer
aged <35 years, the rate of resumed menses was not statisti-
cally different between the two treatment groups (OR=3.38;
95% CI1=0.32, 35.98; P=0.31) (Figure 5).

Publication bias

To assess the publication bias of the literature, funnel plot and
Egger’s test were performed. The shape of the funnel plots
seemed visually symmetrical, suggesting that there were no

(chemotherapy alone) (chemotherapy + GnRH)

emotherapy versus chemotherapy alone in a fixed-effect model.
H, Mantel-Haenszel.

significant publication bias, which was further confirmed by
Egger’s test (+=1.06, P=0.316) (Figure 6).

Discussion

The fundamental reason for treatment with GnRH agonists for
ovarian protection was based on an occasional observation that
prepubescent children had different rates of infertility after
treatment with chemotherapy, where the prepubescent state
seemed to confer some preservation to female gonads, but
not male.* Therefore, induction during the prepubescent state
with GnRH agonists may mitigate chemotherapy-induced
ovarian damage. The mechanism of action for ovarian protec-
tion with GnRH agonists has not been elucidated completely,
though various hypotheses have been proposed. It had some
possible mechanism: 1) GnRH agonists-induced hypoestro-
genic state decreases ovarian perfusion; 2) GnRH agonists-
induced hypogonadotropic milieu decreases the number

Study or subgroup Chemotherapy + GnRH Chemotherapy alone Weight Odds ratio Odds ratio
M-H, random, M-H, random,
Events Total Events Total 95% CI 95% Cl

Hot flushes

Del Mastro et al?® 30 147 20 127 44.4%  1.37 (0.74, 2.56) ——

Gerber et al*® 16 30 10 30 16.1%  2.29(0.80, 6.50) -

Moore et al** 33 103 17 11 39.5% 2.61(1.34,5.05) —a—

Subtotal (95% Cl) 280 268 100%  1.92(1.26, 2.93) -

Total events 79 47

Heterogeneity: 72=0.00; y?=2.04, df=2 (P=0.36); I*=2%

Test for overall effect: Z=3.03 (P=0.002)

Mood modification

Del Mastro et al?® 16 147 15 127 53.5%  0.91(0.43, 1.93) —q—

Gerber et al? 2 30 2 30 7.3% 1.00 (0.13, 7.60)

Moore et al** 15 103 9 111 39.2% 1.93(0.81,4.63) 4;—

Subtotal (95% CI) 280 268 100%  1.23 (0.71, 2.13)

Total events 33 26

Heterogeneity: 72=0.00; y?=1.68, df=2 (P=0.43); 1*=0%

Test for overall effect: Z=0.75 (P=0.45)

Vaginal dryness

Del Mastro et al?® 14 147 12 127 47.7%  1.01(0.45,2.27) —’—

Gerber et al® 6 30 1 30 10.6%  7.25(0.82, 64.46)

Moore et al?* 12 103 9 11 41.7% 1.49(0.60, 3.71) —‘:

Subtotal (95% Cl) 280 268 100%  1.46 (0.69, 3.10)

Total events 32 22

Heterogeneity: 72=0.14; y?=2.85, df=2 (P=0.24); 1>=30%

Test for overall effect: Z=1.00 (P=0.32)

Test for subgroup differences: y?=1.64, df=2 (P=0.44); 1*=0% 0.01 0.1 1 10 100

Favors Favors
(chemotherapy + GnRH) (chemotherapy alone)

Figure 4 Forest plot of the incidence of adverse effects for GnRH agonists plus chemotherapy versus chemotherapy alone in a random-effect model.
Abbreviations: Cl, confidence interval; GnRH, gonadotropin-releasing hormone; M-H, Mantel-Haenszel.
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Study or subgroup

Chemotherapy + GnRH Chemotherapy alone Weight Odds ratio

Odds ratio

Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Tamoxifen (-)
Del Mastro et al?® 8 22 2 20 74%  5.14 (0.94, 28.14)
Elgindy et al® 28 28 28 29 2.7%  3.00(0.12, 76.79)
Gerber et al® 27 29 16 22 6.9% 5.06(0.91, 28.15) 1
Li etal® 41 50 40 50 39.8% 1.14(0.42, 3.10) —_—
Moore et al** 61 66 54 69 22.1% 3.39(1.16, 9.94) —_—
Sverrisdottir et al?! 23 31 15 32 21.1% 3.26(1.13,9.43) e
Subtotal (95% CI) 226 222 100% 2.70 (1.61, 4.54) e fin-
Total events 188 155
Heterogeneity: y?=4.22, df=5 (P=0.52); I*=0%
Test for overall effect: Z=3.74 (P=0.0002)
Tamoxifen (+)
Del Mastro et al?® 61 117 44 109 90.8% 1.61(0.95, 2.73) —
Sverrisdottir et al?' 2 29 2 20 9.2%  0.67 (0.09, 5.17)
Subtotal (95% CI) 146 129 100% 1.52(0.91, 2.54) ~a-
Total events 63 46
Heterogeneity: y?=0.67, df=1 (P=0.41); I*=0%
Test for overall effect: Z=1.62 (P=0.11)
<35 years
Li etal® 13 13 12 13 53.2% 3.24(0.12,87.13) L]
Sun et al® 6 6 5 6 46.8% 3.55(0.12, 105.82) - >
Subtotal (95% CI) 19 19 100%  3.38 (0.32, 35.98) e —
Total events 19 17
Heterogeneity: ¥?=0.00, df=1 (P=0.97); I*=0%
Test for overall effect: Z=1.01 (P=0.31)
>35 years
Li etal® 10 18 3 19 79.6% 6.67 (1.42, 31.23) ——
Sun et al® 4 6 1 6 20.4% 10.00 (0.65, 154.40) +
Subtotal (95% CI) 24 25 100% 7.35(1.92, 28.16) e —
Total events 14 4
Heterogeneity: ¥?=0.06, df=1 (P=0.80); I*=0%
Test for overall effect: Z=2.91 (P=0.004)
Test for subgroup differences: y?=5.82, df=3 (P=0.12); I>=48.4% 0.01 0.1 1 10 100
Favors Favors

(chemotherapy alone)

(chemotherapy + GnRH)

Figure 5 Subgroup analyses of resumed menses rate.

Abbreviations: Cl, confidence interval; GnRH, gonadotropin-releasing hormone; M-H, Mantel-Haenszel.

of primordial follicles entering the differentiation stage; 3)
decreased ovarian cell apoptosis, through either activation
of the GnRH receptors or upregulation of intragonadal anti-
apoptotic molecules; and 4) GnRH agonist may have certain

protective effect on ovarian germline stem cells.** Since the

Funnel plot with pseudo 95% confidence limits
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Slope 1.001919  0.3638798 2.75 0.022 0.1787661 1.825073
Bias 1.145761 1.079332 1.06 0.316 —1.295857 3.58738

Figure 6 Funnel plot and Egger’s test of effect sizes for publication bias.
Abbreviations: Cl, confidence interval; OR, odds ratio; SE, standard error; Std_eff,
standard effect; Coef, coefficient.

early 1980s, there were some studies on the effectiveness of
GnRH agonist in the preservation of chemotherapy-induced
ovarian damage. However, not all studies had the same results;
possible reasons include heterogeneity of the studied popu-
lations and procedures, different follow-up periods, various
definitions of POF, type, and intensity of chemotherapy.

To the best of our knowledge, this is the first meta-
analysis of up-to-date published clinical data to separately
analyze the rate of resumption of menses with GnRH agonists
administration during the course of chemotherapy among
women with breast cancer in hormone receptor status and
age (categorized as use of tamoxifen or not and <35 years
or >35 years, respectively). In the general premenopausal
women with breast cancer, regardless of their hormone
receptor status, the results of this meta-analysis show that
GnRH agonists during chemotherapy significantly increases
the resumption of menses rate after the end of chemotherapy.
However, subgroup analyses found that the advantage of
GnRH agonists for ovarian protection was obvious in the
either tamoxifen (—) or >35 years group, but not obvious
in the tamoxifen (+) or <35 years group. Consequently, our
results should be more relevant to clinical practice as they
reflect the resumed menses rate among appropriate patients
rather than in the general population.
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It is well known that the menstruation alone may not be
an accurate marker to reflect ovarian function,* and other
hormone markers such as follicle-stimulating hormone, anti-
Mullerian hormone, luteinizing hormone, E,, and inhibin-A
and B have been implicated with the preferred determination
of ovarian functions. Monitoring the role of these hormone
indicators will help in detecting chemotherapy-induced
ovarian damage prior to the absence of menstruation.
Measurement of anti-Mullerian hormone along with
ultrasound-guided antral follicle counting has been suggested
as an effective means for determining the residual ovarian
function after adjuvant chemotherapy for breast cancer.*
Unfortunately, owing to the insufficiency of data, we were not
able to carry out an analysis of the hormone markers to more
accurately evaluate ovarian reserve in the pooled patients
from the trials in this meta-analysis. Thus, the finding of this
meta-analysis must be interpreted carefully.

Infertility is another potential long-term toxicity of adjuvant
chemotherapy that is experienced by some reproductive-age
women. As a result, occurrence of pregnancy was also used to
evaluate the residual ovarian function.’”*® In the current meta-
analysis, four randomized controlled trials** 2% evaluated the
spontaneous pregnancy rate after chemotherapy. The pooled
results revealed that no statistically significant increase in
spontaneous pregnancies was found for GnRH agonist treat-
ment. However, the follow-up duration of included studies
was too short to really evaluate the influence on pregnancy
rate. To further investigate this problem, more high-quality
homogeneous prospective randomized controlled clinical
studies with large sample size and long duration follow-up
are required in the future.

The potential side effects of the GnRH agonists is a major
concern in both young patients and treating physicians, even
though the GnRH agonist treatment has a certain protective
effect of preserving ovarian function in premenopausal
women treated with chemotherapy. GnRH agonists suppres-
sion of the reproductive axis results in typical menopausal
symptoms, including hot flushes, headaches, mood changes,
sweating, and dry skin; additionally, it also decreased bone
density and possible predisposition to osteoporosis or bone
fracture. However, the current meta-analysis indicates that
there were no statistically significant differences on mood
modification and vaginal dryness between the two treatment
groups. It is noteworthy that the incidence of hot flushes
were significantly increased in the GnRH agonists-treated
patients.

Compared with the previous meta-analyses,”=! to a
large degree, the current meta-analysis further strengthened
the statistical power of the pooled results. First, all the

included studies were confined to randomized controlled
clinical studies with a mean score of 5.6. Moreover, this
meta-analysis substantially enlarged the number of included
studies and added subgroup analysis on hormone receptor
status and age. Furthermore, we performed a pooled analysis
on spontaneous pregnancy and adverse effects rate, so as
to provide a more reliable estimation of the efficacy and
safety of GnRH agonists for prevention of chemotherapy-
induced ovarian damage in premenopausal women with
breast cancer. Although only relatively high-quality ran-
domized controlled clinical studies were included in the
meta-analysis, several potential limitations still need to be
elucidated. First, although no language restrictions were
applied to our search strategy, trials in languages other than
English and Chinese were not included, which might have
overlooked some relevant clinical data published in other
languages. Second, there was moderate heterogeneity among
all included studies. The lack of uniform chemotherapy
regimens, follow-up duration, use of tamoxifen, and age may
be the source of heterogeneity. Third, the number of patients
in the subgroup analysis according to age was inadequate,
thus we may not have had enough statistical power to provide
an accurate evaluation. Fourth, the outcome measurements
were single as all included trials only adopted resumed
menses and spontaneous pregnancy as clinical indicators to
monitor the ovarian function. It would be best to assess more
comprehensively by the determination of hormone markers
and ovarian ultrasonography. Finally, the limited length of
follow-up in the included studies restricted our evaluating
power to determine the long-term effect of GnRH agonists
for prevention of ovarian damage.

Conclusion

Based on the results of the present meta-analysis, GnRH
agonists administered concurrently with chemotherapy
in premenopausal women with breast cancer provides a
potential benefit for ovarian function resumption, with
higher resumed menses rates. The patients with hormone-
insensitive breast cancer might benefit from the addition of
GnRH agonists for prevention of chemotherapy-induced
menopause. However, the benefit of GnRH agonists for
fertility preservation after chemotherapy was not proved.
Additional well-designed trials with larger and more diverse
populations and more sensitive marker of ovarian reserve
are highly needed to confirm the protective effects of GnRH
agonists for chemotherapy-induced ovarian damage.
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