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A B S T R A C T

Survivorship issues are an area of crucial importance to be addressed as early as possible by all health care
providers dealing with cancer patients. In women diagnosed during their reproductive years, the possible oc-
currence of chemotherapy-induced premature ovarian insufficiency (POI) is of particular concern being asso-
ciated with important menopause-related symptoms, psychosocial issues as well as infertility. Temporary
ovarian suppression by administering a gonadotropin-releasing hormone agonist (GnRHa) during chemotherapy
has been studied to reduce the gonadotoxic impact of chemotherapy thus diminishing the chance of developing
POI. Despite more than 30 years of research in both preclinical and clinical settings, the performance of this
strategy has remained highly debated until recently. In particular, the potential mechanisms of action for the
protective effects of GnRHa during chemotherapy are still not clearly identified. Nevertheless, important novel
research efforts in the field have better elucidated the role of this option that is now endorsed for clinical use by
several guidelines.

This manuscript aims at providing an extensive overview of the literature on the use of temporary ovarian
suppression with GnRHa during chemotherapy in cancer patients by addressing its biological rationale, the
available preclinical and clinical evidence as well as the still existing grey zones in this field that future research
efforts should address.

Introduction

As a consequence of the improved survival outcomes, a significant
proportion of cancer survivors face the long-term side-effect of antic-
ancer treatments making survivorship issues an area of crucial im-
portance to be addressed by all health care providers dealing with these
patients. In women diagnosed during their reproductive years, a pos-
sible additional side effect associated with the use of anticancer
therapies is the occurrence of chemotherapy-induced premature
ovarian insufficiency (POI) [1]. Importantly, besides infertility, POI
development has several other negative consequences on the quality of
life and wellbeing of young patients being associated with menopausal
symptoms as well as risk of osteoporosis, cognitive dysfunction and

cardiovascular disease [2]. According to major international guidelines,
POI risk should be discussed as early as possible after diagnosis with all
young patients for then offering the available strategies to reduce the
burden of this side effect to those who are interested [3,4].

Embryo and oocyte cryopreservation are available strategies for
fertility preservation in cancer patients but they cannot prevent the risk
of chemotherapy-induced POI with its associated psychosocial and
menopause-related concerns beyond infertility. Temporary ovarian
suppression obtained by administering a gonadotropin-releasing hor-
mone agonist (GnRHa) during chemotherapy has been studied as a
strategy to reduce the gonadotoxic impact of chemotherapy thus di-
minishing the chance of developing POI. Despite a long debate on this
topic, important novel research efforts in the field have better clarified

https://doi.org/10.1016/j.ctrv.2018.11.006
Received 12 July 2018; Received in revised form 7 November 2018; Accepted 30 November 2018

⁎ Corresponding author at: Institut Jules Bordet and Université Libre de Bruxelles (U.L.B.), Boulevard de Waterloo 121, 1000 Brussels, Belgium.
E-mail address: matteo.lambertini85@gmail.com (M. Lambertini).

1 Co-first authors.

Cancer Treatment Reviews 72 (2019) 65–77

0305-7372/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03057372
https://www.elsevier.com/locate/ctrv
https://doi.org/10.1016/j.ctrv.2018.11.006
https://doi.org/10.1016/j.ctrv.2018.11.006
mailto:matteo.lambertini85@gmail.com
https://doi.org/10.1016/j.ctrv.2018.11.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctrv.2018.11.006&domain=pdf


the role of temporary ovarian suppression with GnRHa during che-
motherapy that is now endorsed for clinical use by several guidelines
[4–6].

This manuscript aims at providing an extensive overview of the
literature on the use of temporary ovarian suppression with GnRHa
during chemotherapy in cancer patients by addressing its biological
rationale, the available preclinical and clinical evidence as well as the
still existing grey zones in this field that future research efforts should
address.

Biological rationale

In human adult ovaries, the large majority of the follicles are
quiescent, at the primordial stage. The activation of these follicles is
precisely controlled to maintain an equilibrium between growing and
quiescent follicles during the reproductive life. After reaching preantral
stage, follicle development is dependent on gonadotropins (follicle-sti-
mulating hormone [FSH] and luteinizing hormone [LH]) that stimulate
the proliferation of granulosa cells, the differentiation of theca cells and
steroidogenesis. The mechanisms of chemotherapy-induced POI involve
all follicular stages and cell types, impairing both ovarian reserve and
hormonal function through direct and indirect damages [7]. Pro-
liferating granulosa cells and also theca cells of growing follicles are
particularly sensitive to chemotherapy such as alkylating or platinum
agents [8,9]. Therefore, pharmacological protection is challenging as it
should reduce gonadotoxicity at various levels.

Up to date, the mechanism of action for the protective gonadal ef-
fect of temporary ovarian suppression with GnRHa during che-
motherapy remains not fully clarified. According to the two main hy-
potheses, this strategy may have both indirect and direct effects on the
ovaries (Fig. 1).

Indirect effect

The protective gonadal effect of GnRHa use during chemotherapy
was first proposed based on the assumption that prepubertal status
might prevent the ovarian damage induced by cytotoxic agents.
Specifically, by suppressing the activity of the hypothalamic-pituitary-
gonadal (HPG) axis, GnRHa can simulate a prepubertal hormonal en-
vironment in which the follicles would be maintained at the quiescent
stage and thus would be less vulnerable to chemotherapy-induced go-
nadotoxicity [10]. However, this theory is widely debated since the
recruitment of primordial follicles is gonadotropin-independent and
occurs irrespectively of FSH levels [11]. In the absence of FSH, follicles
and oocytes can grow up to the early antral stage in mice as FSH is only
required for late follicular development [12]. Therefore, this

experimental evidence did not support the hypothesis that GnRHa act
by maintaining the quiescence of primordial follicles through the in-
hibition of HPG axis. Nevertheless, FSH suppression obtained by ad-
ministering GnRHa might prevent chemotherapy-induced damage on
the early growing follicles by slowing down the proliferation rate of
follicular cells and, therefore, indirectly preventing an accelerated re-
cruitment of the quiescent follicular pool [12]. Specifically, che-
motherapy-induced apoptosis of the granulosa cells surrounding the
oocytes in the growing follicles is associated with a drop in estrogen
secretion [13]. In the absence of GnRHa co-treatment, the decrease in
estrogen levels leads to the increase of FSH secretion trough the re-
moval of the negative feedback on the pituitary gland. The subsequent
increase of FSH levels can then stimulate the proliferation of granulosa
cells in the growing follicles thus further increasing their sensitivity to
chemotherapy. Therefore, GnRHa co-treatment might reduce the da-
mage on growing follicles by maintaining FSH at a low level [13]. Al-
though experimental evidence is still lacking to confirm this hypothesis,
more recent animal studies have shown a protective effect of gonado-
tropins against chemotherapy-induced apoptosis also in quiescent fol-
licles [14].

Besides estrogens, growing follicles secrete also other important
factors including the anti-mullerian hormone (AMH) that can nega-
tively regulate the recruitment of primordial follicles [15]. In humans,
dynamic changes in AMH levels occur during the first 4 weeks of
GnRHa treatment with an initial decrease followed by an increase of
about 30% after 4 weeks; on the contrary, gonadotropin levels decline
of approximately 40–50% after 2 weeks of GnRHa treatment [16]. In
women treated for endometriosis, similar AMH levels maintained
within normal ranges were shown after 4 and 8weeks of GnRHa
treatment suggesting that the regulation of the growing follicles pool
was poorly affected by long-term GnRHa administration [17]. However,
a dramatic reduction in AMH levels is rapidly observed after che-
motherapy due to the damage on growing follicles that leads to the
massive recruitment of primordial follicles into the growing pool (a
phenomenon known as “burnout effect” of chemotherapy [18]).
Therefore, by preventing chemotherapy-induced damage of the early
growing follicles that secrete AMH, GnRHa might reduce the recruit-
ment of primordial follicles thus limiting the burnout effect. However,
this hypothesis has also been challenged by experimental and clinical
observations showing a drop of AMH levels during chemotherapy ir-
respectively of GnRHa administration. Nevertheless, studies in rats
showed that GnRHa treatment was associated with a diminished de-
creased in AMH levels induced by cyclophosphamide, thus supporting a
potential protective effect of GnRHa through the regulation of AMH
levels during chemotherapy [19].

Another potential indirect mechanism for the protective gonadal
effect of this strategy is represented by a decrease in utero-ovarian
perfusion induced by GnRHa treatment with subsequent possible re-
duced exposure of the follicles to the gonadotoxic effect of che-
motherapy [13]. Experiments in rats showed that GnRHa inhibited
estrogen-induced increase of ovarian perfusion and endothelial vessel
area [20]. In humans, some studies reported a significant reduction in
ovarian artery blood flow after short- and long-term administration of
GnRHa [21,22], but others did not confirm these findings [23,24]. Al-
though reducing the exposure to chemotherapy could have a protective
effect on follicular pool, decreasing ovarian perfusion may also have a
detrimental effect on chemotherapy-induced ovarian fibrosis. Notably,
one of the mechanisms responsible for chemotherapy-induced ovarian
injury is represented by blood-vessel damage in the ovaries [25].
GnRHa administration can decrease mRNA expression of the vascular
endothelial growth factor (VEGF) as shown in both in vivo rat experi-
ments [19] and in vitro culture models of human granulosa cells [26].
Therefore, the increased VEGF expression observed in response to
doxorubicin-induced vascular ovarian damage in order to promote
neovascularization can be altered by GnRHa use with potential in-
creased ovarian injury [19]. Nevertheless, the limited available data

Fig. 1. Hypothesized indirect and direct mechanisms of action for the protec-
tive gonadal effect of temporary ovarian suppression with GnRHa during che-
motherapy. Abbreviations: GnRH, gonadotropin-releasing hormone; FSH, fol-
licle-stimulating hormone; GnRHa, gonadotropin-releasing hormone agonist.
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and the small sample size of these studies do not allow drawing defi-
nitive conclusions on this regard.

Direct effect

The protective effect of temporary ovarian suppression with GnRHa
during chemotherapy may also be exerted directly through the GnRH
receptors (GnRHR) that are present in the ovaries. The presence of
GnRHR in the granulosa cells of ovarian follicles at different stages and
in the interstitial cells has been described in several species including
rodents and humans [27]. Although the direct effect in the ovaries re-
mains poorly understood, GnRHa administration appears to influence
folliculogenesis and apoptosis. Altogether, data from several studies in
rats suggested that GnRH can have an inhibitory action on immature
follicles by decreasing steroidogenesis and GnRHR expression as well as
a stimulatory action on mature follicles by promoting oocyte matura-
tion and follicular rupture [28]. In addition, the presence of GnRHR on
tumor cells derived from the endometrium and the ovaries as well as
the evidence of an anti-tumor effect of GnRH and its analogues suggest
a possible direct anti-apoptotic role [29]. Specifically, GnRHa admin-
istration might directly protect the ovaries from chemotherapy-induced
gonadotoxicity by decreasing apoptotic events and mitochondrial
stress. It has been speculated that GnRHa could upregulate anti-apop-
totic molecules such as sphingosine-1-phosphate (S1P) [30]. S1P is an
inhibitor of the ceramide pathway implicated in chemotherapy-induced
apoptosis in the ovaries; moreover, this molecule is known for its an-
giogenic action and has shown to protect primordial follicles after xe-
notransplantation of human ovarian tissue by improving neoangio-
genesis [31]. Exposure of follicles to S1P prevents cyclophosphamide-
and doxorubicin-induced oocyte death in vivo in different species [32].
In addition, oocytes without expression of sphingomyelinase (required
for ceramide generation) are resistant to doxorubicin-induced apoptosis
in vitro [33]. Nevertheless, despite the intriguing hypothesis, there is no
experimental evidence available yet that GnRHa-induced activation of
GnRHR in the ovaries is associated with an increased expression of S1P
or other anti-apoptotic factors.

Another potential suggested direct mechanism for the gonadal
protection of GnRHa co-treatment is related to the possible effect on
ovarian primordial germ cells. Although the conventional concept of

ovarian reserve argues for a finite and non-renewable pre- or peri-natal
stock of primordial follicles that varies according to species, this
statement has been challenged by reports showing the presence of
primordial germ cells in adult ovaries [34]. It has been speculated that
GnRHa might regulate these germ cells by interacting with crucial
pathways (e.g. the PI3K/Akt/mTOR pathway) implicated in cell
growth/survival and primordial follicle activation after chemotherapy
exposure [35–37]. However, while interaction between pathways in-
volved in follicular activation and GnRHR has been described in various
cell types, none has been biologically proven in the ovaries.

Preclinical evidence

In the 80s–90s, several experiments in rats and monkeys provided
evidence on the efficacy of GnRHa use in protecting the ovaries from
chemotherapy-induced damage [38–42] opening the door to its sub-
sequent clinical development. However, subsequent preclinical experi-
ments reported conflicting results so that after more than 30 years of
research in the field, the mechanism of action of this strategy remains
controversial.

Experimental preclinical data in female mice and rats

Rodents represent the most studied model in reproductive biology.
Several in vivo experimental studies have been conducted in both fe-
male mice (Table 1) [9,19,43–52] and rats (Table 2) [38,39,41,53–62]
treated with chemotherapy.

In mice, the majority of the studies showed a positive effect for
GnRHa treatment in preventing busulfan-, cisplatin-, docetaxel-, and
cyclophosphamide-induced depletion of primordial follicles [44–49,51]
with a study suggesting that the beneficial protective gonadal effect
may depend on the dose of administered chemotherapy [43]. A recent
study in mice showed that co-administration of GnRHa during che-
motherapy improved oocyte quality and early embryo development
after exposure to cyclophosphamide [46]. After ovarian hyperstimula-
tion, both fertilization and cleaved embryo rates were increased in mice
previously treated with GnRHa and cyclophosphamide compared to
those exposed to cyclophosphamide alone [46]. In addition, con-
comitant administration of GnRHa showed not to interfere with the

Table 1
Preclinical studies in female mice evaluating temporary ovarian suppression with GnRHa during chemotherapy.

Authors Type of gonadotoxic treatment Main results Overall results

Yuce et al., 2004 Cyclophosphamide * Small protection of primordial follicles Protection (only against high dose of
cyclophosphamide)

Danforth et al., 2005; Kishk et al., 2013;
Hasky et al., 2015; Kanter et al., 2016

Cyclophosphamide * Dose-dependant protection of the ovarian reserve
* Slight protection of growing follicles
* Preservation of AMH levels
* Preservation of fertilization rate, early embryo
development and improvement of oocyte quality

Protection

Tan et al., 2010 Busulfan * Protection of primordial and primary follicles Protection
Lin et al., 2012; Zhang et al., 2013 Cisplatin * Protection of quiescent and growing follicles

* Preservation of AMH levels
* No difference in proliferation and apoptosis in the
ovaries

Protection

Detti et al., 2014; Horicks et al., 2015;
Horicks et al., 2018

Cyclophosphamide * No protection of quiescent and growing follicles
* No protection of FSH and AMH levels
* FSH deficiency does not protect ovarian reserve
* In vitro exposure to GnRHa does not preserve
follicular survival
* No difference in proliferation and apoptosis in the
ovaries

No protection

Hasky et al., 2015 Doxorubicin * Compromise vascular recovery
* No preservation of AMH levels

No protection

Park et al., 2017 Docetaxel * Protection of total follicles
* Preservation of proliferation within follicles
* Decrease of double-strand DNA breaks

Protection

Abbreviations: AMH, anti-Mullerian hormone; FSH, follicle-stimulating hormone; GnRHa, gonadotropin-releasing hormone agonist.
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efficacy of chemotherapy; specifically, mice grafted with human
ovarian cancer cells and treated with cisplatin alone or in combination
with a GnRHa displayed a similar reduction in cancer mass [48].
However, other studies did not confirm these findings showing lack of
protective effect for GnRHa against the gonadal damage induced by
cyclophosphamide [9,50,52] or doxorubicin [19]. One of the most re-
cent studies has shown that the absence of FSH did not prevent cyclo-
phosphamide-induced ovarian damage in a FSH-deficient mouse model
suggesting that the inhibition of gonadotropin secretion may not be the
explanation for the ovarian protection of GnRHa treatment [52].

In rats, the first studies demonstrated no acute toxicity of cyclo-
phosphamide on primordial follicles but rather a depletion of growing
follicles; in this scenario, co-administration of GnRHa showed to pre-
serve small follicles suggesting an inhibitory effect on the mitotic ac-
tivity of granulosa cells and, as a consequence, an indirect reduction of
quiescent follicle recruitment [38,39,41]. A protective effect in pre-
serving the pool of primordial and preantral follicles was also observed
after exposure to cisplatin [58] or 5-fluorouracil [61]. In addition,
higher AMH levels were also observed in rats exposed to GnRHa and 5-
fluorouracil as compared to those treated with 5-fluorouracil alone
[61]. To enhance the protective effect of GnRHa treatment, a con-
comitant administration of GnRH antagonist was also proposed to avoid
the initial flare-up effect of GnRHa during treatment with cisplatin
[59]. The protective potential of GnRHa use on fertility has also been
investigated; chemotherapy disrupted estrous cycles and reduced

fertility and litter size but these effects were prevented by pretreatment
with GnRHa [53,54] or by a combination of GnRHa and GnRH an-
tagonist [59]. However, these results were not confirmed by others
studies [55,57]. On the other hand, one study has even suggested an
increased follicular depletion after a transitory protective effect of
GnRHa in rats exposed to cyclophosphamide with also no fertility im-
provement [56].

Experimental preclinical data in female primates and human models

More limited experimental preclinical data are available in female
primates and human models (Table 3) [42,63,64].

In rhesus monkeys, the concurrent use of GnRHa and cyclopho-
sphamide showed to significantly reduce chemotherapy-induced loss of
primordial follicles from 65% to 29% [42]. In human granulosa cells
exposed in vitro to GnRHa prior to doxorubicin, estradiol levels after
FSH stimulation were preserved as compared to those exposed to che-
motherapy alone [63]. However, more recently, no direct protective
effect of GnRHa use was observed in human cortical fragments and
granulosa cell lines exposed in vitro to different gonadotoxic treatments
[64]. In this study, chemotherapy caused follicular depletion, impaired
hormonal levels, upregulated apoptotic factors and decreased vascular
density of human ovarian tissue; however, none of these parameters
was improved by concurrent GnRHa administration [64].

Table 2
Preclinical studies in female rats evaluating temporary ovarian suppression with GnRHa during chemotherapy.

Authors Type of gonadotoxic treatment Main results Overall results

Ataya et al., 1985; Ataya et al., 1988; Bokser et al., 1990; Ataya
et al., 1993; Knudtson et al., 2017

Cyclophosphamide * Protection of quiescent and growing
follicles
* Preservation of LH and E2 levels
* Preservation of pregnancy, implantation
and live birth rates

Protection

Montz et al., 1991 Cyclophosphamide * Improvement of fertility only with agonist
twice a day

Partial protection

Letterie et al., 2004; Li et al., 2015; Parlakgumus et al., 2015 Cyclophosphamide * No protection of ovarian reserve and
growing follicles
* No preservation of fertility
* Increase in liver, pulmonary and splenic
hemorrhage
* No preservation of AMH levels

No protection

Matsuo et al., 2007; Li et al., 2013 Cisplatin * Protection of ovarian reserve
* Preservation of cyclicity

Protection

Ozcelik et al., 2010 Paclitaxel and/or cisplatin * Protection of ovarian reserve (paclitaxel)
* No protection of ovarian reserve
(cisplatin)

Protection only against
paclitaxel

Wang et al., 2014 5-fluorouracil * Protection of ovarian reserve
* Preservation of AMH and FSH levels
* Decrease of apoptotic factors

Protection

Abbreviations: LH, luteinizing hormone; E2, estradiol; AMH, anti-Mullerian hormone; FSH, follicle-stimulating hormone.

Table 3
Preclinical studies in female primates and human models evaluating GnRHa effect during chemotherapy.

Authors Model Type of gonadotoxic treatment Main results Overall results

Ataya et al., 1995 In vivo study in rhesus monkeys Cyclophosphamide * Protection of ovarian reserve
* Preservation of FSH, E2 and P levels
* Interruption of cyclicity

Protection

Imai et al., 2007 In vitro study on human granulosa cells Doxorubicin * Direct preservation of E2 levels after FSH
stimulation

Protection

Bildik et al., 2015 In vitro study on human granulosa cells and ovarian
tissue fragments

Cyclophosphamide
Paclitaxel
5-fluorouracil
TAC regimen

* No protection of ovarian reserve
* No preservation of AMH, E2 and P levels
* No upregulation of anti-apoptotic genes
* No preservation of the vascular density

No protection

Abbreviations: FSH, follicle-stimulating hormone; E2, estradiol; P, progesterone; AMH, anti-Mullerian hormone; GnRHa, gonadotropin-releasing hormone agonist;
TAC, docetaxel, doxorubicin, cyclophosphamide.
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Critical appraisal of the available preclinical evidence

Taken together, most of the available preclinical evidence supports
the ovarian protective effect of administering GnRHa concurrently with
different chemotherapy agents. However, due to differences in terms of
experimental models, type and dose of chemotherapy used as well as
way and duration of GnRHa administration, significant discrepancies
have been observed between the various studies.

Mice and rats have been the most used models, with a greater
predominance of the former in more recent studies and of the latter in
the early experiments. Rodents, mainly mice and in a lesser extent rats,
have proved to be valuable models for research in the reproductive field
with the main advantages of a large amount of available material, the
ease of breeding, and the possibility of genetic manipulation to study
the role of specific genes. Although both are rodents, differences be-
tween these two species and compared to the humans exist [65] and
may explain some discrepant results. Rodents are polyovulatory species
with a shorter estrous cycle and folliculogenesis as well as with less
fibrous and dense ovaries as compared to humans. These characteristics
might impact the experimental findings due to differences in follicular
regionalization, in the relative timing of exposure in comparison to the
duration of folliculogenesis and in the penetration of the drugs when
using in vitro models.

Few experimental studies have documented the inhibitory effect of
GnRHa administration on the HPG axis. While gonadotropin suppres-
sion is well documented in humans during GnRHa treatment [66], data
in rodents are sparse. Some authors did not observe any change in FSH
and estradiol levels when these animals were treated with GnRHa
[9,41,58], while others showed a decrease in pituitary GnRHR and
estradiol levels [67]. A recent study showed a decrease of FSHb and
LHb mRNA expression in the pituitary of mice treated with GnRHa but
the impact on circulating hormone levels and on follicular growth was
not reported [19]. The presence of antral follicles was previously de-
scribed in animal models during GnRHa treatment [9,60,68] suggesting
that HPG axis is not completely inhibited.

Parameters used to evaluate chemotherapy-induced ovarian da-
mage in humans are not only menstrual cycle recovery and FSH but also
AMH levels. AMH reflects the number of ovarian growing follicles and
is a reliable indicator of ovarian reserve as it is stable during the ovarian
cycle. In experimental animal studies, AMH level is rarely measured
and ovarian reserve is evaluated based on follicular count at only one
specific time-point. Moreover, only a few experimental animal studies
have reported on the long-term effects of GnRHa co-treatment. Hasky
and colleagues studied the gonadoprotective effects of GnRHa against
doxorubicin- and cyclophosphamide-induced damage in prepubertal
mice [19]. Long-term monitoring of AMH levels suggested ovarian re-
serve depletion through both direct insult and accelerated follicular
activation. When mice were pre-treated with GnRHa, AMH level was
maintained in the long run (up to 9months of follow-up), but this
protective effect was not observed in mice exposed to doxorubicin [19].
These interesting results may also suggest potential differences in the
protective effect of GnRHa according to the type of chemotherapy
agents. Depending on the mechanisms of follicular depletion involved,
these findings further highlight the challenge of using accurate ovarian
markers according to species and experimental design.

The direct action of GnRHa in the ovaries through GnRHR has been
poorly investigated using in vitro follicle models and these experiments
were inconclusive [52,64]. Although GnRHRs were identified in
growing follicles but not in primordial follicles, they were also observed
in perinatal ovaries [52] and ovarian epithelium [69] supporting the
hypothesis of a potential direct protective effect of GnRHa adminis-
tration during chemotherapy. However, the role of these ovarian re-
ceptors as well as the pathways involved after their activation remain
unclear. In granulosa cells, despite the presence of similar GnRHRs as in
the pituitary gland, their intracellular signaling pathway appears to be

different [70]. In addition, the structural differences in GnRHRs be-
tween human and rodents may also explain the difference in their level
of expression. The presence of an extra lysine at position 191 in human
GnRHRs appears to be responsible for a lower expression of the receptor
as well as for a faster internalization [71]. In the human ovary, GnRHRs
are localized in granulosa cells from the antral stage and in the corpus
luteum [72] but expression in rats is broader and has been found in all
follicular types except in the primordial follicles [28]. In regard to the
activated pathway, stimulation of mouse granulosa cells with GnRHa
did not induce a detectable rise in cAMP levels [52,73]. However, a
recent study in humans reported increased intracellular cAMP levels in
cortical pieces and in granulosa cell lines following GnRHa stimulation
[64] thus suggesting again potential different actions of the GnRH/
GnRHR system in rodents and humans. Therefore, the role and the
signaling pathway of GnRHRs in the ovaries need to be further in-
vestigated in both animals and human models.

Clinical evidence

In premenopausal women, several clinical research efforts have
been conducted in this setting, not only in cancer patients but also in
women receiving chemotherapy for autoimmune diseases. For pre-
menopausal cancer patients, the majority of the studies have been
conducted in young women with breast cancer but important evidence
exists also for those with hematological malignancies; conversely,
limited data are available for cancer patients diagnosed with other solid
tumors.

Randomized trials

Breast cancer
A total of 14 different randomized trials have been conducted to

investigate the clinical efficacy of temporary ovarian suppression with
GnRHa during chemotherapy as a strategy to preserve ovarian function
and potential fertility in premenopausal breast cancer patients (Table 4)
[74–89].

In the majority of the trials, chemotherapy-induced POI was defined
based only on menstrual function after treatment with few studies that
used a composite endpoint (i.e. amenorrhea and post-menopausal
hormonal levels) for its definition. The timing of POI evaluation ranged
from 6months up to more than 5 years after the end of chemotherapy.
The majority of the trials had a small sample size with less than 100
randomized patients. Median age of the included patients was close to
40 years in the majority of the trials. Anthracyline- and cyclopho-
sphamide-based chemotherapy was the most commonly used regimen.
The administered GnRHa was goserelin in 8 trials, triptorelin in 5 and
leuprolide acetate in one.

Globally, all but 4 trials showed that temporary ovarian suppression
with GnRHa during chemotherapy was effective in reducing the risk of
chemotherapy-induced POI. Nevertheless, limited evidence exists on
the fertility preservation potential of this strategy. Notably, post-treat-
ment pregnancies was a pre-planned secondary endpoint in only one
study, the POEMS/SWOG S0230 trial [86,87]. Moreover, it should be
highlighted that the majority of the studies included a limited number
of patients and reported results of their primary endpoint (i.e. che-
motherapy-induced POI) after a short follow-up so that the fertility
preservation potential of this strategy could not be assessed.

In the past, two major safety concerns were raised for administering
GnRHa during chemotherapy in breast cancer patients with estrogen
receptor-positive disease: a potential antagonism with concurrent use of
systemic cytotoxic therapy and endocrine agents as well as the possible
detrimental prognostic effect of preventing chemotherapy-induced POI
development [90]. These are also the reasons for allowing the inclusion
of only patients with estrogen receptor-negative breast cancer in some
of the randomized trials. The TEXT and SOFT trials have recently
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dispelled these concerns showing no difference in the survival outcomes
of premenopausal women with estrogen receptor-positive breast cancer
who received GnRHa concurrently or sequentially to chemotherapy
[91]. Similarly, no survival difference was observed in the two trials
that assessed these endpoints in estrogen receptor-positive breast
cancer patients treated with chemotherapy alone or with concurrent
GnRHa [80,89]. Nevertheless, the majority of the patients included in
these analyses were also treated with GnRHa as part of adjuvant en-
docrine therapy in the case of ovarian function resumption after che-
motherapy [80,89]. Therefore, subsequent ovarian function suppres-
sion as part of adjuvant endocrine therapy should be considered for
patients with estrogen receptor-positive breast cancer who received
temporary ovarian suppression with GnRHa during chemotherapy.

Notably, so far, there is the lack of data on the efficacy of using
temporary ovarian suppression with GnRHa during chemotherapy in
breast cancer patients with hereditary cancer syndromes such as those
carrying deleterious germline BRCA mutations [92,93]. Some evidence
suggests that baseline ovarian reserve of BRCA-mutated breast cancer
patients can be partly reduced with subsequent potential higher risk of
chemotherapy-induced POI [94]. The protective gonadal effect of
temporary ovarian suppression with GnRHa during chemotherapy in
BRCA-mutated patients or women with other hereditary cancer syn-
dromes should be investigated in the coming future within the currently
available randomized trials.

Lymphoma and other malignancies
More limited evidence exists on the role of temporary ovarian

suppression with GnRHa during chemotherapy as a strategy to preserve
ovarian function and potential fertility in women with tumors other
than breast cancer (Table 5) [95–100]. The majority of the data are
available for lymphoma patients with only one trial conducted in
women with ovarian cancer.

A total of 4 different randomized trials were conducted in young
women with hematological malignancies [95–99]. In 3 of these trials,
only premenopausal women with Hodgkin lymphoma were included;
conversely, in the study by Demeestere and colleagues [98,99], both
patients with Hodgkin and non-Hodgkin lymphoma were randomized.
Chemotherapy-induced POI was defined based on menstrual function
after treatment in two trials and on post-menopausal hormonal levels in
the other two studies (i.e. none of them used a composite endpoint with
amenorrhea and post-menopausal hormonal levels). Similarly to the
breast cancer trials, the timing of POI evaluation was highly variable,
ranging from 6months up to more than 5 years after the end of che-
motherapy. All the trials included a small number of patients exceeding
30 participants only in the study by Demeestere and colleagues [98,99].
Median age at study entry was approximately 25 years. Patients re-
ceived regimens with different gonadotoxicity, from low (e.g. ABVD:
doxorubicin, bleomycin, vinblastine and dacarbazine) to high (e.g.
conditioning regimens for hematopoietic stem cell transplantation) risk
regimens. The administered GnRHa was triptorelin in 2 trials, goserelin
and buserelin in the others.

None of these trials reported a protective effect for temporary
ovarian suppression with GnRHa during chemotherapy with limited
data on post-treatment pregnancies [99].

In premenopausal women with other solid tumors, only one small
randomized trial investigated the clinical efficacy of temporary ovarian
suppression with GnRHa during chemotherapy in patients with ovarian
cancer [100]. A total of 30 patients with different histology of ovarian
tumors and a median age of 21–22 years were randomized to receive
chemotherapy with or without the GnRHa triptorelin. Both cyclopho-
sphamide- and platinum-based chemotherapy regimens were allowed.
Six months after chemotherapy, all the patients in the GnRHa arm had
normal menstrual bleeding, while 33% of women treated with che-
motherapy only had permanent treatment-induced POI. No data on
post-treatment pregnancies were reported. Ta
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Meta-analyses of randomized trials

Several meta-analyses have been conducted to summarize the re-
sults from the available randomized trials performed to investigate the
clinical efficacy of temporary ovarian suppression with GnRHa during
chemotherapy in premenopausal cancer patients (Table 6) [101–120].
The oldest meta-analyses included also prospective non-randomized
studies, some were restricted to a single tumor type (i.e. breast cancer
only or hematological malignancies only) while others included the
results from all the randomized trials irrespectively of patient popula-
tion.

Globally, all but two meta-analyses showed a protective effect of
this strategy in reducing the risk of chemotherapy-induced POI in
premenopausal cancer patients. The benefit was larger and clearer in
the meta-analyses including only the trials conducted in breast cancer
patients but was also observed in those that allowed the inclusion of the
studies performed in women with hematological malignancies and
ovarian cancer.

In terms of fertility preservation potential, the protective effect of
GnRHa use during chemotherapy was not observed in the oldest meta-
analyses; on the contrary, the most recent meta-analyses including a
larger number of randomized trials and the largest studies showed also
a significantly higher pregnancy rate for premenopausal women treated
with GnRHa during chemotherapy.

Critical appraisal of the available clinical evidence

More than 30 years of active clinical research efforts have been
performed to elucidate the role of administering GnRHa during che-
motherapy to preserve ovarian function and potential fertility in pre-
menopausal patients undergoing cytotoxic therapy.

When considering the efficacy of this strategy in reducing the risk of
chemotherapy-induced POI, two important considerations should be
made.

First, while consistent data proved the efficacy of this strategy in
breast cancer patients, negative results were obtained in the trials
conducted in women with hematological malignancies. There are both
methodological and clinical potential explanations for this discrepancy.
From a methodological perspective, only 4 small trials including 154
women were conducted in lymphoma patients. Therefore, lack of power
is a major concern in this setting. Conversely, 14 breast cancer trials
including 1647 patients are now available, with 4 studies that rando-
mized more than 200 women. From a clinical perspective, important
differences between premenopausal patients with breast cancer and
those with lymphoma should be highlighted. Patients with hematolo-
gical malignancies are characterized by a young age at diagnosis (ap-
proximately 25 years) and are treated with chemotherapy regimens
having a low or high gonadotoxicity [1]. As these younger patients
generally have robust ovarian reserve, acute POI is usually observed
after high-risk treatment while ovarian function recovery occurs in
most after low- or intermediate-risk treatments irrespectively of GnRHa
administration. In this population, if present, the protective effect of
GnRHa might be only visible after long-term follow-up (i.e. age at
menopause) and its benefit in terms of fertility preservation would be
limited. Conversely, premenopausal breast cancer patients are usually
older at diagnosis (approximately 40 years) and receive chemotherapy
regimens characterized by an intermediate risk of gonadotoxicity
[121]. In this scenario, the clear although modest benefit of using
temporary ovarian suppression with GnRHa during chemotherapy in
reducing the risk of chemotherapy-induced POI becomes evident. No-
tably, in this setting, the benefit of administering GnRHa during che-
motherapy has been observed irrespectively of the type of che-
motherapy regimen used (i.e. including or not cyclophosphamide and/
or an anthracycline) [120]. A final important clinical difference is

represented by the potential negative effect of the disease itself on
patients’ reproductive potential; in fact, while it has been shown that
lymphoma patients may have a diminished ovarian reserve even before
starting anticancer therapies [122,123], this has not been described so
far in breast cancer patients.

Second, no uniform and standard definition of chemotherapy-in-
duced POI exists to date. This is reflected by the use of various defini-
tions (that included amenorrhea in almost all cases) and timepoints of
its evaluation in the different trials. However, amenorrhea is not an
optimal surrogate marker for defining the gonadotoxicity of anticancer
treatments [124,125]; the use of this endpoint is of particular concern
when tamoxifen is given as adjuvant endocrine therapy considering the
perturbation of menstrual function induced by the use of this treatment
[126,127]. In the absence of a clear-cut definition, experts recommend
to empirically define chemotherapy-induced POI with a composite de-
finition of amenorrhea for ≥2 years and post-menopausal hormonal
profile [6,128]. Only a minority of the trials reported an evaluation of
menstrual function at long-term and no studies assessed the final age at
menopause for the randomized patients including those who did not
develop immediate chemotherapy-induced POI. In the few trials that
evaluated AMH [77,82,88,96–99], no difference in post-treatment AMH
values was observed between patients who received GnRHa during
chemotherapy and those who were treated with systemic cytotoxic
therapy alone. Nevertheless, in all these trials, AMH could be assessed
only in a small proportion of the randomized patients limiting the in-
terpretation of these results.

When considering the efficacy of temporary ovarian suppression
with GnRHa during chemotherapy as a strategy for fertility preserva-
tion, available data are more limited. However, notably, the trials were
not designed nor powered to assess differences in post-treatment
pregnancies, pregnancy desire was not a criteria for study inclusion and
most of the trials reported results at a short follow-up time without the
possibility of assessing this important outcome. Although the numbers
remain low, all the most recent meta-analyses reported a significantly
higher number of post-treatment pregnancies in breast cancer patients
who received GnRHa during chemotherapy as compared to those
treated with systemic cytotoxic therapy alone [114,115,117,118,120],
with no benefit in lymphoma patients [118].

Conclusions and future perspectives

After more than 30 years of research in the field, recently updated
guidelines recommend the use of temporary ovarian suppression with
GnRHa during chemotherapy in premenopausal breast cancer patients
through systemic cytotoxic therapy [4–6]. The best candidates for this
strategy are women aiming to reduce the risk of developing che-
motherapy-induced POI irrespectively of their pregnancy desire. For
women interested in fertility preservation, temporary ovarian sup-
pression with GnRHa during chemotherapy should be proposed after
embryo and oocyte cryopreservation as well as in patients that for
different reasons have no access to fertility units. As per study design in
the majority of the trials, when temporary ovarian suppression with
GnRHa during chemotherapy is offered, GnRHa should be started pre-
ferably at least one week before the initiation of systemic cytotoxic
therapy and prolonged until after the administration of the last che-
motherapy cycle.

Limited and controversial data are available to counsel pre-
menopausal women with tumors other than breast cancer about the
protective role of this strategy. However, although extrapolation from
the breast cancer trials cannot be made, it can be considered reasonable
to discuss temporary ovarian suppression with GnRHa during che-
motherapy as an option to reduce POI risk with all premenopausal
women who are candidates to chemotherapy considering its safety
profile (including the reversibility of the induced side effects) as well as
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its other potential medical benefits (such as the reduction of vaginal
bleeding with prevention of menometrorrhagia and the contraceptive
effect).

The need for a new clinical trial with proper design and sample size
has been suggested [4], but such a study would be unethical taking into
account the available evidence. Nevertheless, further research efforts
are warranted to collect long-term follow-up data from the already
available randomized trials that could provide more solid clinical evi-
dence on this topic. In addition, considering that the potential me-
chanisms of action for the protective effects of GnRHa during che-
motherapy are still not clearly identified, well-designed and adequately
conducted in vitro and in vivo experiments including in species other
than rodents should be further encouraged in the coming years.
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