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Gonadotropin-releasing hormone agonists for ovarian protection during
breast cancer chemotherapy: a systematic review and meta-analysis
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and Zhen Zhang, M. Med"

Abstract

Importance: The increasing trend of delaying childbirth means that more women are being diagnosed with breast

cancer before having given birth to their desired number of children. Although chemotherapy can significantly improve
the prognosis of this population, it also causes ovarian damage, including premature ovarian insufficiency and infertility.
Gonadotropin-releasing hormone agonists (GnRHa) have shown promising fertility protective activity in premeno-
pausal women, but their clinical usage remains controversial.

Objective: Here, we conducted a meta-analysis to assess the efficacy of GnRHa when administered concurrently with
chemotherapy that included cyclophosphamide in the prevention of chemotherapy-induced ovarian damage in premen-
opausal women.

Evidence Review: An extensive literature search was performed using the PubMed, Embase, and Cochrane data-
bases. Pooled odds ratios (ORs) with 95% confidence intervals (CIs) were determined.

Findings: Eleven randomized controlled trials with a total of 1,219 participants were included in the analyses. A sig-
nificantly higher number of women treated with GnRHa experienced the resumption of ovarian function after chemo-
therapy than those who did not receive this treatment (OR, 3.04; 95% CI, 1.87-4.94; P <0.001). Regarding spontaneous
pregnancy, a statistically significant difference was observed only in hormone receptor-negative participants (OR, 2.06;
95% CI, 1.03-4.11; P = 0.04).

Conclusions and Relevance: When treating premenopausal women with breast cancer, the administration of GnRHa
concurrently with chemotherapy appeared to improve the resumption rate of ovarian function; however, the spontaneous
pregnancy rate only improved in hormone receptor-negative patients. Thus, the use of GnRHa during chemotherapy

may represent a feasible strategy for preserving ovarian function in women with breast cancer.
Key Words: Breast cancer — Chemotherapy — GnRHa — Meta-analysis — Ovarian damage.

reast cancer is a common malignant tumor among
B women worldwide and tends to also affect younger pa-
tients. Approximately 12% of newly diagnosed breast
cancer patients are women of reproductive age.'> Chemotherapy
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is an important treatment that has significantly improved the
prognosis of this population.’ However, younger women who un-
dergo chemotherapy can eventually develop premature ovarian
insufficiency and infertility.* The increasing trend of delaying
childbirth means that more women are now being diagnosed with
breast cancer before they have given birth to their desired number
of children. Thus, it is vital to develop treatment options that can pre-
serve reliable ovarian function and fertility in these young women.

Currently, several strategies, such as ovarian tissue, embryo,
and oocyte preservation techniques, are available for fertility
preservation treatments. However, these procedures are associ-
ated with high costs and delayed treatment.>® In addition, strate-
gies such as embryo preservation would require the use of partner
or anonymous donor sperm. Thus, fertility preservation counsel-
ing for young women with cancer is crucial.” Preclinical data
have confirmed that temporarily suppressing ovarian function
using gonadotropin-releasing hormone agonists (GnRHa) during
chemotherapy can reduce ovarian toxicity.®'° However, based on
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currently available clinical data, the question of whether GnRHa
can improve the resumption rates of menses and pregnancy in
women with breast cancer remains unanswered.

Considering the importance of this topic, and the controversy
regarding currently available data, we conducted a systematic
review and meta-analysis of randomized controlled trials
(RCTs) to better assess the effects of GnRHa on ovarian func-
tion in women with breast cancer.

METHODS

Literature search

We performed an extensive literature search in the PubMed,
Embase, and Cochrane databases. This search was conducted
from inception to January 31, 2022, without any restriction on
language or publication year. The following Medical Subject
Heading terms and/or text words were used for the search: “breast
neoplasm,” “breast cancer,” “breast carcinoma,” “breast tumor,”
“mammary cancer,” “breast malignant tumor,” “gonadotropin-
releasing hormone,” “goserelin,” “triptorelin,” “buserelin,”
“leuprolide,” “luteinizing hormone-releasing hormone,” and
“FSH releasing hormone.” When repeated trials were identified,
the most elaborate and latest articles were included. The proto-
col was registered with PROSPERO (CRD42021272060).

Inclusion and exclusion criteria

Only those RCTs that compared the effects of GnRHa during
chemotherapy that included cyclophosphamide (GnRHa group)
with chemotherapy including cyclophosphamide alone (control
group) were considered eligible. Eligible RCTs had to fulfill the

Key Points

o Question: Can gonadotropin-releasing hormone agonists
(GnRHa) protect ovarian function during chemotherapy?

e Objective: To assess the effect of GnRHa on ovarian
function in women with breast cancer via a systematic re-
view and meta-analysis of randomized controlled trials.

e Findings: Administration of GnRHa concurrent with
chemotherapy treatment of breast cancer in premeno-
pausal women improved the rate of resumption of ovarian
function. However, the rate of spontaneous pregnancy
was only improved in hormone receptor-negative women.

e Meaning: Administering GnRHa during chemother-
apy might be a feasible strategy to preserve ovarian
function in women with breast cancer.

following inclusion criteria: (1) contained at least two treatment
groups (GnRHa plus chemotherapy and chemotherapy alone),
(2) participants were adult (18 years and older) breast cancer pa-
tients, (3) GnRHa was administered concurrently with chemother-
apy, and (4) cyclophosphamide was included in both the experimen-
tal and control groups. The exclusion criteria were as follows: (1)
studies with incomplete or missing information, (2) reviews and
case reports, (3) metastatic breast cancer, and (4) inflammatory
breast cancer.

Two authors performed the literature searches independently
and identified eligible studies based on the aforementioned
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FIG. 1. Flow chart of the literature search.
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TABLE 1. Characteristics of eligible studies considered in this meta-analysis

BMI, kg/m? Mean age, y No. participants
Study Year  Country GnRHa Control  GnRHa Control HR GnRHa Follow-up, mo GnRHa Control
Sverrisdottir et al'! 2009  Sweden NA NA 45 46 HR+/HR~ Goserelin 36 22 20
Badawy et al' 2009  Egypt NA NA 30 292  HR+/HR- Goserelin 8 39 39
Gerber et al'? 2011 Germany  NA NA 35 385 HR- Goserelin 24 30 30
Elgindy et al'* (A) 2013 Egypt 249+34 249+30 333 323 HR- Triptorelin 18 25 25
Elgindy et al'* (B) 2013 Egypt 249+42 249+34 33 32.8 HR- Triptorelin 18 25 25
Song et al'’ 2013 China NA NA 403 42.1 HR+/HR— Leuprorelin 12 89 94
Moore et al'® 2015 us NA NA 37.6 387 HR- Goserelin 48 66 69
Karimi-Zarchi etal'’ 2014 Tran NA NA 37 38 HR- Triptorelin 6 21 21
Munster et al'® 2012 us NA NA 39 38 HR+/HR— Triptorelin 18 26 21
Leonard et al'’ 2017 UK NA NA 379 388 HR+HR- Goserelin 24 95 107
Zong et al* 2021 China  22.7+£3.0 227+33 40.6 40.2  HR+/HR- Goserelin/leuprorelin 49 165 165
BMI, body mass index; GnRHa, gonadotropin-releasing hormone agonists; HR, hormone receptor; NA, not available.
criteria. Cases of disagreement were resolved through discus-
sion and consensus. When this was unsuccessful, a final deci-
sion was adjudicated by a third investigator. :@
3
Data extraction 2
. . . . c —
The following information was extracted independently from _ g B
each trial by two different authors: (1) study information, includ- 8 -E 2
ing the first author's name and year of publication; (2) partici- s 2 -% .
pant data, including country, body mass index, mean age, hor- 5 8 T 2 é
. . . . (0] e
mone receptor status, and sample size; and (3) trial design, in- 2 2 € 2 s @
cluding GnRHa intervention and the duration of follow-up. T 8 5 é £ =
o [} a = o
200 a & £
Risk of bias assessment o 3 '(% & s €
. . .. . . — 1] ©
We assessed the risk of bias for the eligible studies in accor- é) 5 £ 8 3 &
dance with the guidelines in the Cochrane Reviewers' Hand- 8 % g g £ §
. . . . ‘O [e]
book. We evaluated selection bias, performance bias, detection § g £ § £ '*(:;
bias, attrition bias, reporting bias, and other biases, with the risk T 8 g § g X
. . . . . = = 7]
of bias being stratified into three levels: high, low, and unclear. e § S S ® o 8
E £ 2 2 5 2 =B
@ = i e o il
Publication bias e 8 2 28 g ¢ ¢
We evaluated publication bias using funnel plots that were € <« @ @ £ o O
created using Egger test gnd Begg test in .St.ata version 15.1 soft- A. Sverrisdottir etal. | @ | @ (@ |2 | @ | @ | 2
ware (Stata, College Station, TX). In addition, we performed a ¢
test to determine the significance of the intercept, in which a P Ahmed Badawy etal. | 2 | @ @ |2 (@ |2 |2
value of <0.05 was deemed to be statistically significant.
Y Sig Bernd Gerber et al. . . . ? ’ . ‘
Statistical analyses
We conducted our meta-analysis using Review Manager (ver- Eman A. Elgindy etal.(a) | @ | @ | @ |2 | @ | @ | 2
sion 5.3.5; Cochrane C(.)llaboranon,.Oxf(:)rd, United Klpgdom). Eman A. Elgindy et al.(B) . . . 2 . . 2
We used pooled odds ratios (ORs) with 95% confidence intervals
(CIs) to calculate dichotomous variables. In addition, a x*-based O Guiping Songetal. |2 |2 @ |2 | ® | @ | 2
statistic test was performed to assess between-study heterogeneity.
When the P value was <0.10 in the O test, the random-effect model Halle C. F. Moore et al. | @ | @ ‘ 00 e
was performed. For all other cases, a fixed-effect model was ap-
P . ’ P M. Karimi-Zarchietal. | 2 |2 |@ |2 |2 |@| 2
plied. We used classic forest plots to present the meta-analysis
results, with statistical significance set at P < 0.05. We used sen- Pamela N. Munsteretal. | @ | @ | @ |2 | @ | @ | 2
sitivity analyses to estimate the influence of individual studies
on the overall effect. R.C.F.Leonardetal. [ @ | @ | @ |2 (@ | @ |2
RESULTS xiangyun Zong etal. | @) | @ | @ | @ | @ | @ | @

Search results
Based on the predefined search strategy, a total of 3,774 re-
cords were identified for evaluation. By checking the titles,

FIG. 2. Quality assessment for the risk of bias for the included RCTs. RCT,
randomized controlled trial.
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FIG. 3. Graphs of risk of bias for the included RCTs. RCT, randomized controlled trial.

abstracts, and full-texts of these records, on the basis of the inclu-
sion and exclusion criteria listed previously, 10 records and
1,219 participants were identified as being eligible for meta-
analysis. One of these 10 records involved more than two ther-
apy regimen groups; only data regarding eligible groups were
extracted, and they were considered as separate trials. Another
record was divided randomly into two groups (early chemother-
apy and delayed chemotherapy); the said record was treated as
two trials in the final calculation. The reference flow is illus-
trated in Fig. 1, and the characteristics of the 11 trials included
in this review are summarized in Table 1.

In total, the final selected studies featured a total of 1,219 par-
ticipants, of whom 603 were in the GnRHa group and 616 were
in the control group. Five studies only included participants who
were hormone receptor-negative (estrogen and progesterone re-
ceptor <1%, as analyzed by immunohistochemistry); the other
six studies did not consider hormone receptor status. Of the 11
studies included, only 6 reported pregnancy data.

Quality assessment
We assessed the risk of bias for the 11 included studies using
the Cochrane Risk of Bias Tool. As shown in Fig. 2, all studies

randomly allocated participants to their treatment arms, but three stud-
ies did not specify their exact randomization methods. None of the 11
studies specified that all trial personnel and participants were blinded
throughout each study's course. Only four studies provided regis-
tration information. Taken together, these characteristics suggest
that there was a moderate risk of study design bias (Fig. 3).

GnRHa and resumption of ovarian function

Across all 11 studies, 818 of the 1,219 participants (67.1%)
resumed ovarian function; this included 474 of 603 participants
(78.6%) in the GnRHa group and 344 of 616 participants
(55.8%) in the control group. As shown in Fig. 4, a significant
statistical difference was observed between these two groups
(OR, 3.04; 95% CI, 1.87-4.94; P < 0.001). Because the studies
had high heterogeneity (I = 60%, P = 0.006), the random-effects
model was used for evaluation.

Regarding hormone receptor-negative studies, 260 of 337
participants (77.2%) resumed menstruation; this involved 142
of 167 participants (85.0%) in the GnRHa group and 118 of
170 participants (69.4%) in the control group. As shown in
Fig. 5, a significant statistical difference was observed between
these groups (OR, 2.51; 95% CI, 1.07-5.89; P = 0.03).

GnRHa Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% ClI
A. Sverrisdottir et al. 8 22 2 20 5.6% 5.14[0.94, 28.14] ]
Ahmed Badawy et al. 35 39 13 39  8.3% 17.50 [5.11, 59.88] -
Bernd Gerber et al. 21 30 17 30 9.6% 1.78[0.62, 5.17] | —
Eman A. Elgindy et al.(A) 21 25 20 25 6.9% 1.31[0.31, 5.60] -1
Eman A. Elgindy et al.(B) 20 25 20 25 7.3% 1.00 [0.25, 4.00] - 1
Guiping Song et al. 53 89 39 94 14.1% 2.08 [1.15, 3.74] s
Halle C. F. Moore et al. 61 66 54 69  9.5% 3.39[1.16, 9.94] -
M. Karimi-Zarchi et al. 19 21 7 21 5.5% 19.00 [3.41, 105.73] —_—
Pamela N. Munster et al. 23 26 19 21 4.8% 0.81[0.12, 5.34] - 1
R. C. F. Leonard et al. 74 95 66 107 13.8% 2.19[1.18, 4.08] ==
Xiangyun Zong et al. 139 165 87 165 14.8% 4.79 [2.85, 8.05] -
Total (95% CI) 603 616 100.0% 3.04 [1.87, 4.94] <>
Total events 474 344
Heterogeneity: Tau? = 0.35; Chi? = 24.88, df = 10 (P = 0.006); I2 = 60% o = of . : 1'0 ] 00’

Test for overall effect: Z =4.50 (P < 0.00001)

Favors [Control] Favors [GnRHa]

FIG. 4. Forest plot of the rate of resumed ovarian function with GnRHa plus chemotherapy versus chemotherapy alone. GnRHa, gonadotropin-releasing

hormone agonist.
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GnRHa Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% ClI
Bernd Gerber et al. 21 30 17 30 24.0% 1.78[0.62, 5.17] i D=
Eman A. Elgindy et al.(A) 21 25 20 25 18.2% 1.31[0.31, 5.60] - |
Eman A. Elgindy et al.(B) 20 25 20 25 19.0% 1.00 [0.25, 4.00] .
Halle C. F. Moore et al. 61 66 54 69 23.8% 3.39[1.16, 9.94] —
M. Karimi-Zarchi et al. 19 21 7 21 15.0% 19.00 [3.41, 105.73] L
Total (95% ClI) 167 170 100.0% 2.51[1.07, 5.89] e
Total events 142 118 ) ) ) )
it 2 - . 12 = - - ]2 = 0, r T T 1
Heterogeneity: Tau? = 0.49; Chi? = 8.53, df =4 (P = 0.07); I? = 53% 0.01 01 1 10 100

Test for overall effect: Z=2.12 (P = 0.03)

Favors [Control] Favors [GnRHa]

FIG.5. Forest plot of the rate of resumed ovarian function with GnRHa plus chemotherapy versus chemotherapy alone in hormone receptor-negative patients.

GnRHa, gonadotropin-releasing hormone agonist.

GnRHa Control
Study or Subgroup Events Total Events Total Weight
Bernd Gerber et al. 1 30 1 30 5.0%
Eman A. Elgindy et al.(A) 1 25 0 25 24%
Eman A. Elgindy et al.(B) 1 25 1 25 5.0%
Halle C. F. Moore et al. 22 105 12 113 47.2%
Pamela N. Munster et al. 0 26 2 21 14.0%
R. C. F. Leonard et al. 9 106 6 121 26.5%
Total (95% CI) 317 335 100.0%

Total events 34 22
Heterogeneity: Chi? = 3.29, df = 5 (P = 0.65); I? = 0%
Test for overall effect: Z=1.92 (P = 0.06)

Odds Ratio Odds Ratio
M-H, Fixed, 95% Cl M-H., Fixed, 95% CI

1.00 [0.06, 16.76]
3.12[0.12, 80.39]
1.00 [0.06, 16.93]

2.23[1.04, 4.77] —

0.15[0.01, 3.24] * o

1.78[0.61, 5.17] I

1.72 [0.99, 2.99] @

0.01 0.1 1 10 100

Favors [Control] Favors [GnRHa]

FIG. 6. Forest plot of the rate of spontaneous pregnancy achieved with GnRHa plus chemotherapy versus chemotherapy alone. GnRHa, gonadotropin-

releasing hormone agonist.

GnRHa and pregnancies

Six studies reported pregnancy data (Fig. 6). Overall, 56 of
the 652 participants (9.4%) reported in these studies became
pregnant naturally, of whom 34 of 317 (10.7%) were in the
GnRHa group and 22 of 335 (6.6%) were in the control group
(OR, 1.72; 95% CI, 0.99-2.99; P = 0.06; I* = 0%, P = 0.65).

Within the hormone receptor-negative participants, 39 of
378 (10.3%) became pregnant naturally, of whom 25 of 185
(13.5%) were in the GnRHa group and 14 of 193 (7.3%) were in
the control group. As shown in Fig. 7, a significant statistical differ-
ence was observed (OR, 2.06; 95% CI, 1.03-4.11; P=0.04; P = 0%,
P =0.89).

Sensitivity analysis

We conducted a sensitivity analysis by excluding each study
one at a time; the results showed the stability of pooled OR es-
timates (Fig. 8).

Publication bias
As shown in Fig. 9, we did not detect any publication bias in
the funnel plot (Egger test, P = 0.815; Begg test, P = 0.815).

DISCUSSION
To assess the effects of GnRHa on ovarian function and fertil-
ity preservation for premenopausal women with breast cancer

GnRHa Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Bernd Gerber et al. 130 1 30 84%  1.00[0.06, 16.76]
Eman A. Elgindy et al.(A) 1 25 0 25 4.1%  3.12[0.12, 80.39)]
Eman A. Elgindy et al.(B) 1 25 1 25 83% 1.00[0.06, 16.93]
Halle C. F. Moore et al. 22 105 12 113 792%  2.23[1.04,4.77] ——
Total (95% Cl) 185 193 100.0%  2.06 [1.03, 4.11] >
Total events 25 14
Heterogeneity: Chiz = 0.61, df = 3 (P = 0.89); I = 0% '0.0 ] of ] 1 1’0 ] 00’

Test for overall effect: Z = 2.06 (P = 0.04)

Favors [Control] Favors [GnRHa]

FIG. 7. Forest plot of the rate of spontaneous pregnancy achieved with GnRHa plus chemotherapy versus chemotherapy alone in hormone receptor-negative

patients. GnRHa, gonadotropin-releasing hormone agonist.
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FIG. 8. Forest plot for the sensitivity analysis.

undergoing chemotherapy including cyclophosphamide, we
conducted a systematic review and meta-analysis of GnRHa
cotreatment during chemotherapy; there was no evidence of pub-
lication bias regarding the outcomes. Our meta-analysis revealed
that the inclusion of GnRHa significantly increased the overall
rate of menstrual recovery, but it only improved the spontaneous
pregnancy rate in hormone receptor-negative participants.
Chemotherapy drugs, especially highly toxic drugs such as
cyclophosphamide, have profound and lasting effects on go-
nadal function.?! Animal experiments have shown that GnRHa
can minimize chemotherapy-associated gonad toxicity, but its
specific mechanism has not yet been elucidated completely.®
There are several possible mechanisms for the effect of GnRHa

on chemotherapy-associated gonad toxicity: (1) the interruption
of follicle-stimulating hormone secretion, (2) the activation of
GnRH receptors, (3) a decrease in utero-ovarian perfusion, (4)
the upregulation of sphingosine-1-phosphate, and (5) the protec-
tion of undifferentiated germ-line stem cells.*?

Several clinical studies in related fields have reported findings
that support the beneficial effect of GnRHa,'l!15-17:19:23-27
Likewise, the current meta-analysis revealed that women with
breast cancer who underwent chemotherapy containing cyclo-
phosphamide would benefit from the addition of GnRHa. A sig-
nificant increase in the resumption of ovarian function (22.8%)
was observed accompanying the use of GnRHa-containing che-
motherapy (OR, 3.04; 95% CI, 1.87-4.94; P < 0.001). However,

Begg's funnel plot with pseudo 95% confidence limits
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FIG. 9. Funnel plots for publication bias.
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two other similar studies reported findings inconsistent with our
results.?®2° Specifically, these studies found that administering
GnRHa concurrently with chemotherapy had no effect on the re-
sumption of menses. The reason for this discrepancy may be be-
cause, compared with previous studies, our meta-analysis cov-
ered more participants (n = 1,219). Moreover, all 11 of the trials
that we included contained cyclophosphamide, which is highly
toxic. We thus implemented stricter inclusion criteria and used a
larger sample size, so our results might be more reliable.

Infertility is another potential complication of chemotherapy,
even if menses resume. It may be a major concern for some pre-
menopausal women. Regarding the pregnancy rate, although we
found that hormone receptor-negative patients benefited from
the inclusion of GnRHa (OR, 2.06; 95% CI, 1.03-4.11;
P = 0.04), there was no statistically significant increase in the
overall pregnancy rate in the current meta-analysis. This differ-
ence may arise from the fact that patients who are hormone
receptor-positive need to postpone pregnancy while undergoing
endocrine therapy. However, it was not possible to determine
how many of the participants had attempted natural pregnancy,
and the follow-up time was short. Thus, we could not fully eval-
uate the influence of GnRHa on fertility. GnRHa should not be
used as an alternative to fertility preservation treatments.

Our meta-analysis has some important limitations that should be
considered when interpreting the results. First, 10 of the 11 trials in-
cluded in our meta-analysis were open label. Second, owing to the
limited follow-up time of these RCTs, we were unable to determine
the long-term impacts of GnRHa on the recovery of menses and fer-
tility. Third, menses are not a reliable measure for ovarian function
and fertility; hormonal changes during and after the course of treat-
ment are also important markers. Fourth, implementing the strict
inclusion and exclusion criteria detailed previously meant that we
only retrieved a small number of studies. Finally, we did not con-
duct an individual data meta-analysis. Hence, future research
should pay more attention to the design of RCTs, such as the adop-
tion of strict blinding and allocation concealment, the performance
of sufficient follow-up, and the introduction of other markers of
ovarian reserve such as follicle stimulating hormone, luteinizing
hormone, estradiol hormone, and anti-Miillerian hormone levels.

CONCLUSIONS

Our results showed that, when treating breast cancer in premen-
opausal women, the administration of GnRHa concurrently with
chemotherapy improved the rate of menstrual recovery. However,
GnRHa appeared to improve the spontaneous pregnancy rate only
for hormone receptor-negative patients. Thus, the use of GnRHa
may represent a feasible strategy for reducing the adverse impact
on ovarian function of cyclophosphamide chemotherapy in women
with breast cancer. However, additional high-quality RCTs are
needed to support any definitive recommendations for the rou-
tine use of GnRHa in clinical practice.
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