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Abstract: In this review, we analyzed existing literature regarding the use of Gonadotropin-releasing
Hormone (GnRH) analogues (agonists, antagonists) as a co-treatment to chemotherapy and radio-
therapy. There is a growing interest in their application as a prophylaxis to gonadotoxicity caused by
chemotherapy and/or radiotherapy due to their ovarian suppressive effects, making them a potential
option to treat infertility caused by such chemotherapy and/or radiotherapy. They could be used in
conjunction with other fertility preservation options to synergistically maximize their effects. GnRH
analogues may be a valuable prophylactic agent against chemotherapeutic infertility by inhibiting
rapid cellular turnover on growing follicles that contain types of cells unintentionally targeted during
anti-cancer treatments. These could create a prepubertal-like effect in adult women, limiting the
gonadotoxicity to the lower levels that young girls have. The use of GnRH agonists was found to be
effective in hematological and breast cancer treatment whereas for ovarian endometrial and cervical
cancers the evidence is still limited. Studies on GnRH antagonists, as well as the combination of
both agonists and antagonists, were limited. GnRH antagonists have a similar protective effect to
that of agonists as they preserve or at least alleviate the follicle degradation during chemo-radiation
treatment. Their use may be preferred in cases where treatment is imminent (as their effects are almost
immediate) and whenever the GnRH agonist-induced flare-up effect may be contra-indicated. The
combination treatment of agonists and antagonists has primarily been studied in animal models so far,
especially rats. Factors that may play a role in determining their efficacy as a chemoprotective agent
that limits gonadal damage, include the type and stage of cancer, the use of alkylating agents, age of
patient and prior ovarian reserve. The data for the use of GnRH antagonist alone or in combination
with GnRH agonist is still very limited. Moreover, studies evaluating the impact of this treatment on
the ovarian reserve as measured by Anti-Müllerian Hormone (AMH) levels are still sparse. Further
studies with strict criteria regarding ovarian reserve and fertility outcomes are needed to confirm or
reject their role as a gonadal protecting agent during chemo-radiation treatments.

Keywords: GnRH analogues; fertility preservation; cancer

1. Introduction

The incidence of cancer in women of a reproductive age remains high. In 2020, breast
cancer became the leading type of cancer worldwide, with 2.3 million new cases and
685,000 deaths [1]. In Australia, the cancer incidence rate for women under 40 was 64.7 per
100,000 in 2017 [2]. In the UK, the mean cancer incidence for women under 40 was 56.9 per
100,000 [3]. The International Agency for the Research of Cancer estimates that globally
in 2020 there were about 1,380,000 new cancer cases in women under 45 with a 52.2 per
100,000 cancer incidence rate [4].
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Depending on age and treatment choices, 15–50% of pre-menopausal women may
be expected to develop premature ovarian failure (POF) [5]. This is true especially when
chemotherapy is administered for breast cancer and Hodgkin’s Lymphoma (HL) [6,7],
though it is also encountered in the treatment of other malignancies such as ovarian and
endometrial cancer [8]. Presently, women hope for fertility later in life, and a significant
proportion of them have not completed their family at the time of diagnosis. Infertility is
an important long-term effect of cancer treatment, especially given the fact that surviving
cancer does not seem to drop the desire for childbearing and may increase value placed on
familial bonds, though anxieties about potential infertility remain [9,10].

Treatment protocols for cancer patients often include chemotherapy and radiation
therapy, both of which are associated with gonadotoxicity, which may result in POF or
infertility. POF is caused by apoptosis of primordial follicles and a subsequent loss of
ovarian reserve [11]. Alkylating agents are the most toxic, though treatment duration and
cumulative dose also plays an important role [7]. Radiotherapy, when targeted to the pelvis,
abdomen, or head (by adversely affecting the hypothalamic-pituitary-adrenal axis [12])
can also be gonadotoxic [13]. Past studies showed that ovarian function was preserved in
over 90% of long-term female survivors who were treated for lymphoma before puberty,
but only in a minority of similarly treated adult patients [14]. The mechanisms behind the
toxicity are multiple, such as direct ovarian toxicity through apoptosis of the oocytes, as
well as oxidative stress and decreased ovarian blood flow [11].

Due to the treatment’s gonadotoxicity, premenopausal patients are advised to seek
fertility preservation, as is the official recommendation of all the cancer such as ASCO [15]
and NCCN [16]. Patients would have a range of choices when it comes to fertility options
once cancer treatment is imminent. Depending on age, treatment choice, and type of cancer,
the patient should be informed of their options by a fertility specialist. They may elect to
cryopreserve oocytes, embryos, cryopreserve ovarian tissue itself, transpose the ovaries,
and use GnRH analogues (agonists and antagonists) [17,18]. These treatments may be used
in combination. This applies especially to the use of GnRH analogues, which may be used
either as part the ovarian stimulation protocols or as a chemoprotective agent for ovarian
function preservation. They could be used alongside other, non-pharmaceutical, fertility
preservation procedures.

The primary issue with most fertility treatments is, however, that they require several
days to be completed. Cryopreservation of oocytes can be used as fertility preservation
method for women after menarche without a partner [15], with embryo cryopreservation
also being a choice for those partnered, or for those wishing to use a sperm bank, and
where legally allowed. For oocyte collection, patients may seek in vitro maturation, an
experimental procedure [19]. It allows for the immediate collection of immature oocytes,
valuable to cancer patients that cannot undergo hormone treatment or delay chemotherapy.

Ovarian tissue cryopreservation after removal by laparoscopic surgery is the only
option for young prepubertal females and patients who cannot undergo ovarian stimula-
tion [20]. An experimental surgical method for fertility preservation is transposition of the
ovaries outside the radiation field. According to reports ovarian function is preserved in
20% to 100% of patients [21], though we still do not have definitive clinical trials on the
efficacy and safety of the procedure.

Presently, GnRH analogues, consisting of agonists and antagonists, are used for
fertility preservation. ESHRE recommends ovarian stimulation in women seeking fertility
preservation for medical reasons the usage of GnRH antagonist protocol and they further
add that there is moderate quality evidence of the necessity of considering a specific
GnRH analogue protocol. They state that GnRH antagonist protocols are preferred, since
they shorten the duration of ovarian stimulation, offer the possibility of triggering final
oocyte maturation with GnRH agonist in the case of high ovarian response, and reduce
the risk of ovarian hyperstimulation syndrome. Data on live births are extremely scarce, in
particular in cancer patients with vitrified oocytes [22]. ASRM recommends that “GnRH
analogues may be used “off label for fertility preservation” [23]. They also state that
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GnRH agonists may be offered to breast cancer patients to reduce the risk of premature
ovarian insufficiency [24] but should not be used in place of other fertility preservation
alternatives [15] and that more studies are required to establish the efficacy of this treatment
and to determine which patients are the best candidates for its use. According to the
National Comprehensive Cancer Network (Guidelines Version 2.2022) GnRH agonists are
not considered a form of fertility preservation [25] (Table 1).

Table 1. International guidelines on GnRH analogues.

Guideline Year of Publication Recommendation Methodology

ASCO [15] 2018

“There is conflicting evidence to recommend
gonadotropin-releasing hormone agonists

(GnRHa) and other means of ovarian suppression
for fertility preservation. The Panel recognizes that
when proven fertility preservation methods such

as oocyte, embryo, or ovarian tissue
cryopreservation are not feasible, and in the setting
of young women with breast cancer, GnRHa may
be offered to patients in the hope of reducing the

likelihood of chemotherapy-induced ovarian
insufficiency. However, GnRHa should not be used
in place of proven fertility preservation methods.”

Systematic review of the literature,
published from January 2013 to

March 2017, was completed using
PubMed and the

Cochrane Library.

ASRM [23] 2019

“GnRH agonists can be offered to women with
breast cancer and potentially other cancers for the
purpose of protection from ovarian insufficiency.
However, GnRH analogues should not replace

oocyte/embryo cryopreservation as the
established modalities for fertility preservation.”

Systematic reviews,
meta-analyses and RCTs between

the years 2006–2018.

ESHRE [22] 2019

“For ovarian stimulation in women seeking
fertility preservation for medical reasons the GnRH

antagonist protocol is probably recommended.
There is moderate quality evidence of the necessity
of considering a specific GnRH analogue protocol.

GnRH antagonist protocols are preferred since
they shorten the duration of ovarian stimulation,

offer the possibility of triggering final oocyte
maturation with GnRH agonist in case of high

ovarian response, and reduce the risk of Ovarian
Hyperstimulation Syndrome (OHSS). Moreover,

especially in cancer patients, who are at higher risk
of thrombosis due to their oncologic status, seem
to be preferred since they enable GnRH agonist
trigger, therefore reducing the risk of OHSS.”

The search was based on a final
list of 18 key questions. Key

words were sorted by importance
and used for searches in

PUBMED/MEDLINE and the
Cochrane library. The search was

performed up to 8 November
2018. Literature searches were

performed as an iterative process.
In a first step, systematic reviews

and meta- analyses
were collected.

As chemotherapy mostly affects tissues with rapid cellular turnover, such as the
growing follicles [26], it is hypothesized that gonadotoxicity is lower in prepubertal girls
than adult women [27]. Recently, evidence shows that GnRH analogues, by inhibiting
the stimulation of gonadotrophins and thus ovarian cellular turnover, could decrease the
chance of cellular destruction during gonadotoxic cancer treatments [28], although other
mechanisms are also at play. Indeed, GnRH analogues have displayed a decrease in the
incidence of POF compared to control and despite a growing interest in them, their long-
term effects remain understudied [29]. The aim of this narrative review is to summarize
and critically appraise the available data on the potential gonadotoxicity-reducing role of
the use of GnRH agonists and antagonists during chemo-radiation therapy for women of
reproductive age.

2. Methodology

The literature search was performed using the databases of Medline and Scopus. We
searched for the phrase “fertility preservation” in combination (using AND as a conjunction)
with: “woman reproductive age” (288 combined results), “Hodgkin’s lymphoma” (52),
“gynecological cancer” (31), “breast cancer” (593), “AMH” (150), “GnRH agonists” (53) and
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“GnRH antagonists” (5). We searched for animal and human studies, up to those published
by October 2021. From the numerous studies found we kept the meta-analyses, RCTs,
prospective studies, retrospective studies, and cohort studies, for an analysis of 37 articles.

3. GnRH Analogues; Agonists and Antagonists
Mechanisms of Action—Physiology

The two types of analogues act through different pathways to produce a similar de-
crease in GnRH secretion. Agonists, such as Buserelin and Triptorelin [30], take advantage
of Gonadotropin-releasing hormone receptor (GnRHR) down-regulation that occurs in
chronic GnRH surges, by increasing GnRH secretion. They exert their effect by competi-
tively binding to GnRHR while having a higher affinity and lower enzymatic degradation
than GnRH. The GnRHR are desensitized to both the exogenous (analogue) and endoge-
nous GnRH, as the receptor is internalized through receptor-mediated endocytosis [30].
This process is known as homologous desensitization, meaning the attenuation is caused by
the agonists on their target receptors. Initially, this creates a flare-up of gonadotrophin pro-
duction until the receptors down-regulate, which in the long-term inhibits gonadotrophin
secretion. GnRH agonistic analogues have two distinct differences from GnRH. In the
GnRH agonistic decapeptides, the glycine in position 6 is substituted for hydrophobic
groups, as this is the primary site of degradation. Many of them also have a deletion of
the glycine in position 10, with an ethyl-amide group substituting the C-terminal [30,31],
making them nonapeptides. This increases their affinity to GnRHR. The combined effects
of a higher affinity and lower degradation make them two hundred times more potent
than endogenous GnRHR [31]. They have a couple of disadvantages; they have a flare-
up effect, are contraindicated in estrogen receptor positive breast cancer, reduce bone
mass in >6-month treatments, and require an administration of minimum one week pre-
chemotherapy [17]. GnRHas are administered every four weeks starting 1 to 2 weeks before
the initial chemotherapy dose and are usually continued until the end of the chemotherapy
regimen. Some protocols, in order to prevent a flare up produced by GnRHa, add an GnRH
antagonist at the initial phase followed by agonist protocol treatment, especially if an early
start of chemotherapy is needed [32].

Antagonists, such as Ganirelix and Cetrorelix [30], bind competitively to GnRHR
preventing pituitary stimulation and the release of gonadotrophins [33]. GnRH antagonists
have a higher number of substitutions than the two found in agonists. They exhibit substitu-
tions in positions 1–3, 6, 8 and 10 [30], remaining decapeptides. Their multiple substitutions
increase their affinity and lower their degradation rate compared to endogenous GnRHR,
without activating the receptors. Their immediate action, while a benefit when time is
limited, also comes with the disadvantage of requiring a constant presence in the blood
stream, making long-term preparations necessary. Another disadvantage is their generally
poor solubility and subsequent high dosing concentrations [30].

For both of the above, results are still inconclusive of the extent that they may aid
fertility when administered before or during chemotherapeutic and/or radiotherapeutic
treatment [34]. It does not seem true that the hormonal changes they create have a direct
protective effect on the ovaries [35] and it rather appears to be primarily through the
suppression of ovarian function.

4. Anti-Müllerian Hormone as an Estimator of Ovarian Reserve

AMH is produced by the primary, secondary, pre-antral and small antral follicles up
to 8 mm in diameter. Larger antral follicles (more than 8 mm) in diameter do not produce
AMH [36]. Thus, it is produced by all pre-antral follicles and early antral follicles, except
for the primordial ones. As such, it is a marker of ovarian reserve and a predictor of
quantitative response to controlled ovarian stimulation.

There are some reasons for using AMH as an ovarian reserve marker: it is not men-
strual cycle dependent, with only small fluctuations occurring throughout it [37]. However,
it may be influenced by the usage of oral contraceptives, which may lower AMH levels [38].
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Limitations to AMH also exist. When it comes to cancer, AMH has only recently begun
to be studied, with most studies focusing on breast cancer. Studies that look specifically at
GnRHa co-treatment and its effect on AMH levels remain limited [39–43]. Pre-treatment
AMH, combined with age, the other fundamental predictor, is instead an important marker
to be evaluated during counselling. The efficacy of every fertility preservation method,
including GnRHa, depends on the woman’s age, ovarian reserve, type and cumulative
dose of the gonadotoxic therapy. Post-treatment AMH has limited utility as a predictor
of menstrual restoration/fertility and currently cannot serve as a predictor of time to
menopause [44].

5. Rationale of Using GnRH Analogues in Fertility Preservation Post Cancer Treatment

The use of GnRH analogues in order to achieve reduction of ovarian toxicity is based on
the observation that chemotherapy mostly affects tissues with rapid cellular turnover, such
as gonadal ones [26]. It also based on the fact that gonadotoxicity is lower in prepubertal
girls than in adult women [14,27]. The latter could be because of their higher ovarian reserve,
in addition to the hypogonadotropic prepubertal milieu. This could be because of a decrease
in the proliferation rate of granulosa cells and a suppression of follicular recruitment, as
GnRHas seem to stimulate the prepubertal hypogonadotropic milieu. Potential mechanisms
for ovarian protection could be: (a) a reduction in ovarian blood flow via a direct effect
on GnRH receptors that causes a decrease in the amount of chemotherapeutics that reach
the ovary [45,46], (b) via a direct effect on ovaries such as up-regulation of intra-ovarian
anti-apoptotic molecules and protection of germ line stem cells [28,47] and (c) indirectly
by having an anti-apoptotic event on surrounding cumulus cells [48], as has been recently
been stipulated.

Based on their mode of action, there are two reasons that we believe GnRH analogues
could be used for fertility preservation. First, because of their fast-acting effects as es-
tablished above. Secondly, because of their mechanism of action, as their suppressive
ovarian effects may protect the oocytes from toxicity, making them beneficial in chemother-
apeutic treatments such as alkylating agents and anthracyclines in adolescent girls and
pre-menopausal women with ages between 15 and 45 [11].

6. GnRH Agonists and Fertility Preservation after Cancer Treatment

Up to date, over 50 publications (14 RCTs, 25 non-RCTs, and 20 meta-analyses) have
reported on over 3100 patients during chemotherapy, receiving concurrently GnRH agonists
for preservation of ovarian function via temporary ovarian suppression. These patients
were treated for breast cancer, hematologic cancers, or autoimmune diseases. The above
studies reported that the GnRHa adjuvant co-treated patients resumed regular menses and
normal ovarian function in about 85% to 90% of cases as compared to the 40% to 50% in
the chemotherapy only group. Furthermore, natural pregnancy rates in survivors who
were co-treated with GnRHa adjuvant during gonadotoxic chemotherapy ranged from
23% to 88%, as compared to the 11% to 35% (p < 0.05) in control patients who were not
co-treated [39,40,49–62]. More specifically, a long-term follow-up analysis (up to 15 years)
of adolescent and young adults with Hodgkin’s lymphoma co-treated with triptorelin
confirmed the gonadoprotective effect of GnRHa [63].

Indeed, 96.9% in the GnRHa group resumed ovulation and regular menses, through-
out a median follow-up of 8 years (range 2–15), compared with 63% in the control group.
Recently, a prospective non-randomized study in adolescent and young women treated
for cancer compared the rate of POF after hematopoietic stem cell transplantation in those
receiving GnRHa with gonadotoxic chemotherapy vs. chemotherapy alone [64]. The
study found that GnRHa co-treatment significantly decreased the POF rate from 33% to
82%. Moreover, a recent single-center retrospective study on postmenarchal adolescent
patients (median age 14, range 11 to 18) treated for acute lymphoblastic leukemia, acute
myeloid leukemia, Hodgkin’s lymphoma, and other cancers showed that co-treatment
with GnRH analogues preserved ovarian function and fertility in adolescents [65]. Other
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large retrospective and prospective studies, as well as case series, also showed a potential
protective effect of GnRHa during chemotherapy in women with hematological malignan-
cies [40,61,63,65–68].

Thus, the German Hodgkin Study Group HD14 trial analysis with 263 patients re-
vealed that prophylactic use of GnRH analogues as a highly significant prognostic factor for
preservation of fertility favoring pregnancies [40] in early Hodgkin’s Lymphoma patients
after chemotherapy treatment. In addition, in another study where fertility status was
assessed among 108 females of reproductive age treated by chemotherapy for newly diag-
nosed Hodgkin’s lymphoma between 2005 and 2010, authors concluded that chemotherapy
with GnRH analogues used in more advanced Hodgkin’s Lymphomas retained ovarian
function significantly better after two years [66].

On the contrary, randomized trials performed in women with hematological malignan-
cies showed no GnRH analogue induced protective effect, nor suggested a partial protective
effect, with only a delaying in the appearance of POF. All these studies had a small sample
size and were not powered to find a possible advantage of GnRH analogues [41,42,68–70].

Thus, a study investigated the impact of leuprolide on ovarian function (Follicle stim-
ulating hormone (FSH) levels) after myeloablative conditioning on 17 women undergoing
hematopoietic cell transplant and concluded that leuprolide may protect ovarian function
after myeloablative conditioning as 3 out of 7 evaluable Leupron recipients had ovarian
failure 703 days post-transplant [68].

In a second study, they evaluated the best method to assess the ovarian reserve by
measuring FSH, Luteinizing hormone (LH), inhibin B, AMH levels and the ultrasound
antral follicular count in 29 women with Hodgkin’s Disease treated with chemotherapy. A
combination of ultrasound antral follicular count and AMH levels were the best predictor
of ovarian reserve. They concluded that GnRH analogue treatment did not have any
protective effect but could delay the development of ovarian failure [41].

Similarly, another study reported the 5-year follow-up results on ovarian reserve,
measured with AMH or FSH levels, of 67 patients with lymphoma randomly assigned to
receive either triptorelin plus norethisterone or norethisterone alone during chemotherapy.
They reported that AMH and FSH levels were similar in both groups while 53% and 43%
achieved pregnancy in the GnRH analogues and control groups (p = 0.467) [70].

A clinical practice guideline by ASCO on ovarian suppression adjuvant endocrine
therapy for women with HR+ breast cancer [71] stated that the addition of ovarian suppres-
sion to standard adjuvant therapy with tamoxifen or with an aromatase inhibitor improved
DFS, disease, and distant recurrence, compared with tamoxifen alone. The panel concluded
that high-risk patients should receive co-treatment with GnRHa to achieve ovarian suppres-
sion, in addition to adjuvant endocrine therapy. Thus, the results of all these publications
implied that GnRHa might either improve or not affect the survival of patients receiving
chemotherapy [28].

Regarding endometrial cancer, recently there was a small monocentric retrospective
study in patients with early-stage endometrial cancer using a combination of surgery
and GnRH agonist with a 3-month follow-up interval with endometrial sampling by hys-
teroscopy. It was concluded that GnRHas after surgery are an effective fertility-sparing strat-
egy for women with grade 1 endometrial carcinoma and/or endometrial intra-epithelial
neoplasia [72].

The only prospective phase III RCT including postmenarchal adolescent patients
affected by ovarian malignancy demonstrated the gonadoprotective effect of GnRHa even
in the younger population [73]. Six months after chemotherapy, all the patients in the
GnRHa group had normal menstrual bleeding and normal titre of FSH/LH, whereas 33%
in the control group had amenorrhea and POF.

On the other hand, there are in vitro studies that do not support the beneficial effect
of GnRH analogues in fertility preservation post-chemotherapy. An in vitro study, using
(n = 15 age = 14–37) human granulosa cells and ovarian tissue fragments expressing GnRH
receptors, found that GnRH agonists administered with chemotherapy (e.g., cyclophos-
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phamide, paclitaxel, fluorouracil, or a TAC (docetaxel, doxorubicin, cyclophosphamide)
regimen) for 24 h neither activated anti-apoptotic pathways nor prevented follicle loss
or DNA damage caused by the chemotherapeutic agents [43]. In the study, however,
the administration of the GnRH agonists occurred concomitantly with the initiation of
chemotherapy rather than approximately one week earlier (the minimal time required
for ovarian suppression following the flare-up effect). Therefore, there is a chance that
the initiation of chemotherapy concurred with the flare-up period of the GnRH agonist,
potentially neutralizing the protective effect. The authors concluded that GnRH agonist
treatment with chemotherapy does not prevent or ameliorate ovarian damage and follicle
loss in vitro.

As also shown above, there are studies reporting on the effects of GnRH analogues on
AMH levels. One study included 263 women with early-stage HL who all received GnRH
analogues treated either with less gonadotoxic chemotherapeutic agents (Adriamycin,
Bleomycin, Vinblastine, Dacarbazine), also known as the ABVD regimen, or with more
aggressive alkylating agents, such as the BEACOPP regimen (bleomycin, etoposide, adri-
amycin, cyclophosphamide, vincristine, procarbazine, prednisone), found that FSH and
AMH hormonal levels were significantly better in the ABVD plus GnRH analogues arm,
one year post treatment [40]. In another human study, studying 84 patients diagnosed with
Hodgkin’s or non-Hodgkin’s lymphoma who completed the one-year follow-up after being
treated with chemotherapy and GnRH analogues, it was reported that the group receiving
GnRHa co-treatment had a significantly higher proportion of AMH values with >1 ng/mL
compared to the control group (8/16 vs. 2/15; p = 0.023), as well as significantly higher
mean AMH values (1.40 ± 0.35 vs. 0.56 ± 0.15 ng/mL; p = 0.040) [39]. However, the small
sample size of 16 and 15 patients of the GnRH and control groups respectively limits the
significance of this positive result. Another study, however, evaluating patients treated
for Hodgkin’s disease, found no discernible difference between AMH levels of the GnRH
co-treated group and control group [41].

Its findings agree with a study that investigated the use of oral contraceptives and
GnRH agonists as co-treatment during advanced HL chemotherapeutic treatment, where
AMH levels remained practically below detection levels for all patients [42]. An in vitro
study found in the control group without chemotherapy or GnRH analogue, AMH was
indeed correlated with the number of growing follicles. As soon as chemotherapy was
introduced, however, any correlation disappeared [43]. It should be noted that due to the
general toxicity to any growing follicles during early stages after chemotherapy, we would
not expect to see noticeable AMH levels for at least a few months post-treatment (Table 2).

Table 2. Studies on GnRH agonists & fertility preservation post cancer treatment.

Author Study Design Fertility Preservation Discussion

Cuzick et al. [49]

Meta-analysis; 16 RCTs of
11,906 premenopausal women
with early breast cancer. Data

collected from 1987 to 2001.
Published in 2007.

Ovarian suppression achieved
for the majority of a goserelin

study group (70%).

GnRH agonists slightly
decreased the changes of
pre-menopausal women

developing
permanent amenorrhea.

Lambertini et al. [50]
Contains RCT [74]

Meta-analysis; 12 RCTs with a
total of 1231 breast cancer

patients. Data collected from
2008 to 2015. Published

in 2015.

Significant reduction in POF
cases for patients using

GnRHas during
chemotherapy (p < 0.001). A
significant (p = 0.041) higher
percentage of patients taking

GnRH became pregnant
post-treatment as compared to

controls (9.2% vs. 5.5%).

Usage of GnRHas treatment
reduces risk of chemotherapy

induced POF in
young women.
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Table 2. Cont.

Author Study Design Fertility Preservation Discussion

Del Mastro et al. [53]
Contains RCTs [39,42,73]

Meta-analysis; nine studies of
765 pre-menopausal cancer

patients. Data collected from
2007 to 2013. Published

in 2014.

Significant reduction in the
risk of POF in patients taking

GnRHa before and during
chemotherapy (OR = 0.43;

p = 0.0130).

GnRHa ovarian suppression
reduces chemotherapy

induced POF risk in
pre-menopausal patients.

Protective effect similar across
age groups and timing of

POF assessment.

Chen et al. [54]
Contains RCTs [41,55]

Meta-analysis; 12 RCTs of
1369 women ages 12–51.1

years old. Data collected from
1996–2012. Published in 2019.

Menstruation
recovery/maintenance

significantly higher in the
GnRHa-taking group than the
non-taking (74.5%vs. 50.0%)
(p = 0.006) POF significantly

lower in the co-treatment
group than chemotherapy

only (25.3% vs. 10.7%;
p < 0.00001).

GnRH seems effective in
continuation of menstruation,

ovulation and reducing
treatment related POF.

Evidence for protection of
fertility unclear.

Munhoz et al. [56]

Meta-analysis; 7 RCTs with
1047 pre-menopausal patients
with early breast cancer. Data

collected from 2009 to 2015.
Published in 2016.

Higher rate of menses
recovery at 6- and 12-months

post-treatment with GrHa
(p = 0.002, p < 0.001

respectively).

GnRHa co-treatment
associated with increased rate

of regular menses.

Behringer et al. [40]

1579 women patients of
8–60 year of age with HL
stages 1–2B treated with

ABVD. Data collected up to
2011. Published in 2012.

Prophylactic GnRHa usage
highly effective for

preservation of fertility
(OR = 12.87; p = 0.001).

ABVD treatment with GnRHa
treatment seems to
preserve fertility.

Wong et al. [57]

125 pre-menopausal women
with early breast cancer. Data

collected up to 2009.
Published in 2013.

84% of women recovered
normal menstruation. 71% of

women who attempted
pregnancy conceived.

Ovarian toxicity usually seen
with chemotherapy not

observed when co-treated
with GnRHa goserelin.

Recchia et al. [58]

42 pre-menopausal women
with breast cancer and more

than 10 positive auxiliary
nodes. Data collected up to

2015. Published in 2015.

13 women resumed regular
menses, three of which had

four full-term pregnancies in
total, post-chemotherapy.

Moderate toxicity and ovarian
function preserved; improved

expected DFS and OS rates.

Recchia et al. [59]

200 pre-menopausal women
patients with high-risk early
breast cancer. Data collected

up to 2007. Published in 2015.

After median 105-month
follow-up, no woman

<40 years old exhibited POF,
44% of women >40 years old
did. DFS and OS rates 85%

and 91% respectively.

GnRHa co-treatment in
adjuvant chemotherapy
prevented POF and was

linked with improved DFS
and OS rates.

Blumenfeld et al. [60]

95 women undergoing
chemotherapy before stem cell

transplantation. Data
collected up to 2008.
Published in 2012.

GnRHa co-treatment had a
significant effect in increasing
cyclical ovarian function rates
than without (66.7% vs. 18.2%;

p = 0.02) for patients with
lymphomas. No significant

change for leukemia patients
taking GnRHa than without

(10.0% vs. 8.3%; p = 1).

Gonadotoxicity and POF may
be significantly decreased

with GnRHa for lymphoma
patients. Results for leukemia

patients inconclusive.
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Table 2. Cont.

Author Study Design Fertility Preservation Discussion

Blumenfeld et al. [61]

Follow-up on a woman that
delivered two neonates, years
after stem cell transplantation

therapy, which on its own
inevitably leads to POF.

Patient had co-treatment with
GnRHa. Data collected up to

2008. Published in 2010.

Patient spontaneously
delivered 11- and 12-years
post SCT treatment with

chemotherapy with
GnRHa co-treatment.

GnRHa may have minimized
gonadotoxic effect to the point

of maintaining fertility.

Moore et al. [62]

218 pre-menopausal women
with stage I-IIIA estrogen

receptor negative,
progesterone receptor

negative breast cancer. Data
collected up to 2011.
Published in 2019.

Significant increase in
pregnancies post therapy in

patients that received GnRHa
than without (OR = 2.34;

p = 0.03). Disease free survival
and overall survival rates

were not
significantly different.

Patients undergoing GnRHa
more likely to avoid POF and

more likely to conceive.

Blumenfeld et al. [63]

65 women patients receiving
monthly GnRHa injections

during chemotherapy
compared to 46 women

control group who were not.
Data collected up to 2005.

Published in 2008.

96.9% treated with GnRHa
resumed menses versus 63%

in control.

GnRHa co-treatment
significantly reduces ovarian

failure for patients treated
for HL.

Meli et al. [64]

Retrospective observational
study: 36 pre-menopausal

cancer patients
co-administered with GnRHa.
9 of these patients underwent

hematopoietic stem cell
transplantation (HSCT). Data

collected up to 2015.
Published in 2018.

Non-HSCT cases (27) all
maintained normal
ovarian function.

GnRHa co-treatment
prevented POF in nonHSCT
cases; it was not effective at

preserving ovarian function in
the cases with HSCT.

Gini et al. [65]

97 pre-menopausal women
with Hodgkin’s and

non-Hodgkin’s lymphoma
undertaking chemotherapy

with or without GnRHa
co-treatment. Data collected

up to 2012. Published in 2019.

Resumption of regular menses
associated with the usage of

GnRHas (p = 0.034).

GnRHas may have a
protective effect against

gonadotoxicity in
chemotherapy for Hodgkin’s

and
non-Hodgkin’s lymphoma.

Huser et al. [66]

108 pre-menopausal patients
treated for HL, all co-treated
with GnRHas. Data collected
up to 2010. Published in 2015.

Two years post-treatment
90.7% of patients retained

ovarian function and 21.3%
achieved clinical pregnancy.

Higher ovarian function
retainment associated with

GnRHa co-treatment.

Blumenfeld et al. [67]

Retrospective cohort study:
comparison of 261 patients

with GnRHa co-treatment vs.
188 patients who were treated

with chemotherapy alone.
Data collected up to 2015.

Published in 2015.

Significant higher clinical
ovarian function rates in

co-treatment patients than
without (87% vs. 49%

OR = 6.8; p = 0.0001). Higher
chance of spontaneous

pregnancies compared to
control group

(65.6% vs. 37.97: .0004).

GnRHa co-treatment
significantly increases COF.
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Table 2. Cont.

Author Study Design Fertility Preservation Discussion

Phelan et al. [68]

19 women observed, 9 of
which underwent
hematopoietic cell

transplantation (HCT)
co-treated with GnRHa, the

others without. Data collected
up to 2014. Published in 2016.

57% of the co-treated group
experienced POF, a much

lower rate than the historic
average of 90%.

GnRHa leuprolide appears to
preserve ovarian function in

HCT patients.

Waxman et al. [69]

17 women were split in a
control and study group given

GnRH prior to and during
chemotherapy. Data collected
up to 1987. Published in 1987.

50% of the study group
became amenorrhoeic (4/8),
vs. 66% in the control group

control (6/9).

GnRHa buserelin was not
significantly effective at

preserving fertility.

Demeestere et al. [70]

129 lymphoma patients
randomly assigned to receive
GnRHa co-treatment or not.

Data collected up to 2010.
Published in 2016.

In a five-year follow-up,
co-administration with

GnRHa did not seem to be
correlated with reduced POF

risk. Pregnancy rates were
similar in the two groups (53%
rate in GnRHa, 43% in control;

p = 0.467).

GnRHa co-treatment was not
found to be an effective

fertility preservation tool in
young patients

with lymphoma.

Tock et al. [72]

Retrospective review:
18 pre-menopausal women
with grade 1 endometrial
carcinoma (G1EC) and/or
endometrial intraepithelial

neoplasia (EIN), all of which
received GnRHa combined
endometrial resection and

laparoscopy. Data collected up
to 2016. Published in 2018.

12 patients conserved their
uterus, eight patients became
pregnant with 14 pregnancies

among those who tried to
become pregnant.

GnRHa is an effective fertility
preserving option compared
to other treatments for G1EC

and EIN.

Bildik et al. [43]

15 ovarian cortical pieces,
mitotic non-luteinized and

non-mitotic luteinized
granulosa cells expressing

GnRH receptor were treated
with chemotherapeutic agents,
with or without GnRHa. Data

collected up to 2015.
Published in 2015.

GnRHa samples compared to
control raized intracellular

cAMP levels but did not
activate any anti-apoptotic
pathways nor prevented

follicle loss.

GnRHa co-treatment does not
prevent or alleviate ovarian

damage and follicle loss
in vitro.

7. GnRH Antagonists and Fertility Preservation Post Cancer Treatment

There are limited data regarding the effectiveness of GnRH antagonists for fertility
preservation in gynecological cancer. Most are small animal studies and there is a general
lack of human data.

An animal study assessed whether a GnRH antagonist ((GnRHant); in this study
cetrorelix) was able to protect ovaries from chemotherapy damage in 42 female Wistar rats.
The rats were divided into four groups: group I (n = 9) received placebo; group II (n = 12)
received placebo+cyclophosphamide (CPA); group III (n = 12) received GnRHant+CPA;
and group IV (n = 9) received GnRHant+placebo. The estrous cycle was studied using
smears, pregnancies were documented, the number of live pups measured, and the ovarian
cross-sectional area was measured, together with follicle count. The ovarian cross-sectional
area was not different between groups, neither was the number of individual follicle types.
However, rats on GnRH antagonists and placebo (Group IV) had a higher total number
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of ovarian follicles than those in the control group. Researchers conclude that the use of a
GnRH antagonist before CPA chemotherapy provided fertility protection [75] (Table 3).

Table 3. GnRH antagonists only & fertility preservation during cancer treatment.

Author Study Design Results Discussion

Lemos et al. [75]

42 female Wistar rats treated
in four different groups:

placebo or cyclophosphamide,
GnRHa antagonist or placebo.

Data collected up to 2010.
Published in 2010.

Rats in the group that
received GnRHant treatment
had a higher number of total

follicles than the control group
(p < 0.05).

GnRHant treatment before
chemotherapy resulted in
some fertility protection

in rats.

8. Combination of GnRH Agonists and Antagonists and Fertility Preservation Post
Cancer Treatment

To date it is already known that both GnRH agonists and antagonists have disad-
vantages that limit their use; GnRHas causes a flare-up effect during the first week after
administration and no long-acting GnRHant agent is available. GnRHas combined with
GnRHants may prevent the flare-up effect of GnRHa and rapidly inhibit the female gonadal
axis. A small number of experimental animal studies with small sample sizes have reported
controversial conclusions.

In a study involving 30 female Sprague Dawley rats of adolescent age, rats were
randomized into five treatment groups (n = 6/group): (1) placebo, (2) cyclophosphamide
(CPA) alone, (3) GnRH antagonist followed by GnRH agonist with placebo, (4) GnRH
antagonist followed by GnRH agonist with CPA, and (5) GnRH agonist with CPA. The
main outcome measure was live birth rate (LBR), and secondary measures included rat
weight, ovarian volume, and follicles. Group 2 had decreased LBR. Group 4 and 5 had
LBR similar to placebo. Ovarian volume did not vary between the groups. The CPA-alone
group had fewer antral follicles compared to the control. The study demonstrated that the
combination of GnRH antagonist and GnRH agonist and GnRH agonist alone preserved
fertility in female adolescent rats following gonadotoxic chemotherapy treatment [76].

In another controlled animal study, researchers investigated the advantages of combi-
nation treatment with GnRHas and GnRHants in rats aged 12 weeks. The combination of a
GnRH agonist with an antagonist completely prevented the flare-up effect and protected
primordial ovarian follicles in the rats’ ovary from cisplatin-induced gonadotoxicity [77].

Furthermore, in a control experimental animal study, the aim was to assess the ovarian
reserve with AMH and perform histology analysis after exposure to cisplatin with a GnRHa
or GnRHant. Twenty-four Wistar albino rats were randomly divided into three groups. In
group 1, rats received a single dose of 50 mg/m2 cisplatin with 1 mg/kg triptorelin. In
group 2, rats received a single dose of 50 mg/m2 cisplatin with 1 mg/kg cetrorelix. In the
control group (group 3), rats received 50 mg/m2 cisplatin. AMH levels and histology were
used to assess ovarian reserve. Primary follicle counts were higher in group 2 whereas
secondary follicle counts were higher in group 1. Both groups 1 and 2 had higher numbers
of tertiary follicles and AMH levels than the control group [78] (Table 4).
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Table 4. Combination of GnRH agonists and antagonists and fertility preservation post cancer treatment.

Author Study Design Results Discussion

Knudtson et al. [76]

30 female rats in groups of six
each with either placebo,

cyclophosphamide, GnRHa +
GnRHant + placebo, GnRHa +

GnRHant +
cyclophosphamide or GnRHa

+ cyclophosphamide. Data
collected up to 2016.
Published in 2017.

The combined approach +
cyclophosphamide vs. GnRHa
+ cyclophosphamide did not

have any significant
differences on average birth

rates (12.8 ± 2.7 vs.
12.3 ± 1.6).

The addition of a GnRHant to
a GnRHa did not seem to

provide a greater
protective effect.

Li et al. [77]

72 Rats aged 12 weeks
received chemotherapy either

with GnRHa, GnRHant, or
combination. Data collected

up to 2013. Published in 2013.

Long-term combination
provided the largest
percentage of normal

menstrual cyclicity return vs.
antagonist alone or agonist
alone (66.7%, 33.3%, 25.0%

respectively).

Combination treatment
prevented flare-up effect.

Tas et al. [78]

24 Winstar albino rats divided
into three groups, receiving
chemotherapy either with

GnRHa (group 1), GnRHant
(group 2), or without (group
3). Data collected up to 2019.

Published in 2019.

Total follicle count was higher
in group 1 and 2 than control
(14.32 ± 5.96 vs. 12.48 ± 4.12

vs. 10.63 ± 6.80).

GnRHa and GnRHant
displayed protective effects

against cisplatin
gonadotoxicity in rats.

9. Discussion

In this review, we explored the available data on the use of GnRH analogues as a
co-treatment with chemotherapy in order to reduce gonadotoxicity in premenopausal
patients with cancer. It has been hypothesized that ovarian suppression may have some
gonadoprotective effects during gonadotoxic therapy. A potential mechanism for ovarian
protection could be a reduction in ovarian blood flow that causes a decrease in the amount
of chemotherapeutics that reach the ovary. Indeed uterine blood flow has been shown
to be reduced after administration of GnRH analogues, although other studies did not
detect difference [79]. Another two potential mechanisms are a decreased rate for granulosa
cell proliferation and a suppression of follicular recruitment. These last two are based
on the observation that chemotherapy mostly affects tissues with rapid cellular turnover,
like gonads [26], and thus the gonadotoxicity is lower in prepubertal girls than adult
women [27]. An alternative explanation is because of their higher ovarian reserve in
addition to the hypogonadotropic prepubertal milieu. Thus, GnRH agonists seem to
stimulate the prepubertal hypogonadotropic milieu, to have direct effect on GnRH receptors,
to decrease ovarian perfusion [47], and act directly on ovaries through up-regulation of
intra-ovarian anti-apoptotic molecules and protection of germ line stem cells [28,47].

Most studies (mentioned in Sections 7–9 and Tables 2–4) support the findings that
GnRH agonist co-treatment protects from gonadotoxicity and preserves fertility in
chemotherapy-treated pre-menopausal women with breast cancer and hematological ma-
lignancy. Specifically, most studies supporting GnRH agonists as a co-treatment in the cases
of premenopausal cancer chemotherapy for fertility preservation, refer to breast cancer or
to hematological malignancy. There are no large studies available regarding the possible
fertility preservation effect of GnRH agonist co-treatment in the cases of premenopausal
women treated with chemotherapy due to ovarian, endometrial, or cervical cancer, and
thus we have inconclusive data. An explanation to the above could be that most of these
patients present at a later age and have completed their family. In addition, for young
women with cervical cancer the most accepted method for fertility preservation is fertility
preserving surgery (i.e., radical trachelectomy), in highly selected cases with transposition
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of the ovary. Gonadotoxic chemotherapy is rarely used for endometrial cancer. For ovarian
cancer, fertility-sparing surgery has been applied in a very selected group of patients with
Stage IA disease grade 1 that did not require chemotherapy. Existing guidelines (Table 1)
state that GnRH agonists can be offered to women with breast cancer and potentially other
cancers for the purpose of protection from ovarian insufficiency. They do not refer to the use
of GnRH analogues for fertility preservation in women with hematological malignancies
post-chemotherapy. Furthermore, they state that GnRH analogues should not replace
oocyte/embryo cryopreservation as the established modalities for fertility preservation.

Regarding the use of GnRH antagonists, as a co-treatment with chemotherapy in
gynecological cancer and hematological malignancies, data are not conclusive as there
are only a few, limited, animal data. Our perspective on the above is that although there
are possible mechanisms explaining the potential effects, there are some points that we
further need to consider when examining possible benefits. Any potential beneficial effects
of GnRH analogues as a co-treatment in fertility preservation could depend on the type
and maybe the stage of cancer treated and possibly the type of alkylating agents used. The
latter is based on the observation of the significant differences seen in fertility preservation
of breast and hematological cancer compared to other gynecological breast cancers. In
addition to that. age and/or ovarian reserve could be an important factor as females in
pre-pubertal stage seem to be more protected. Furthermore, as the needed power to detect
differences between the study results requires hundreds of patients in order to be able to
come to safe conclusions, we need data from several large human studies. Lastly, studies
need to be homogeneous regarding the fertility preservation criteria they use as outcomes.
Researchers might need to clarify the criteria they use to study the effectiveness of GnRH
analogue co-treatment in fertility preservation treatments for premenopausal patients with
gynecological cancers. For example, not all studies consider ovarian reserve as a criterion
of fertility preservation assessment and use instead pregnancy rates, live birth rates, and
look at long-term fertility.

Basic future research could focus on investigating the differential effects of GnRH
analogue co-treatment on the physiology of different ovarian cell populations. In particular,
the potential antiapoptotic effect of GnRHas on the several types of follicular cells as well
as in the mesenchymal stroma cells should be further investigated. Whereas GnRHRs
have been identified in several cell lines in the ovary [80] their absence from pre-antral
follicles per se [48] creates several questions as to the protective effect of GNRH analogues.
Furthermore, the impact of decreased ovarian perfusion and thus decreased delivery of the
cytotoxic agents to the ovary as protective mechanism should also be evaluated. Clinical
research could focus on the effects of GnRHa co-treatment with chemotherapy: first by
evaluating surrogate markers of ovarian reserve such as AMH before during and after
gonadotoxic therapy, secondly by evaluating other markers of ovarian reserve that could
be more accurate, and thirdly by presenting the actual impact of their use in women that
attempt pregnancy after treatment.

Limited and conflicting results were found for AMH levels as a fertility preservation
indicator after treatment with GnRH analogues. Apart from one study [39], others did
not discern any impact on the use of GnRH analogues in AMH levels [40–43]. Invariably,
AMH levels seem to fall to almost zero during chemotherapy regardless of treatment and
the post-chemotherapy levels in the ASTRRA trial (82 participants) seem to be an accurate
predictor (86.7%) of the recovery of ovarian function during resumption of menstruation in
breast cancer patients [79]. Nonetheless for post-chemotherapy recovery of AMH levels,
available data are inconclusive. A recent small study (50 patients) in premenopausal
patients (<40 years old) with early breast cancer who received chemotherapy and co-
treatment with GnRHa triptorelin reported that AMH decreased to nearly undetectable
levels after chemotherapy and recovered after 12 months. It did not, however, exceed one
tenth of the pre-treatment levels although 48% of patients recovered above a threshold of
0.2 ng/ml compared to those who did not have co-treatment [81].
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In conclusion, studies so far support the use of GnRH agonists as a co-treatment in
order to provide gonadal protection and subsequently fertility preservation in women with
breast cancer and hematological malignancy in general. There is a paucity of data regarding
other types of gynecological cancer. Nevertheless, data extrapolated from studies involving
young patients with breast cancer supports a potential beneficial effect of the use of GnRH
analogues during chemotherapy with no adverse oncological impact [40,82,83]. On the
contrary, there are studies to support a small beneficial effect on survival and decrease-free
interval with the co-administration of GnRH analogues during gonadotoxic therapy. Large
human studies need to take into consideration age, stage, type, and treatment of cancer
used, as well as fertility preservation assessment criteria. It seems that we might have to
individualize GnRH co-treatments in patients treated for gynecological cancer. Indeed,
as mentioned in the previous sections, numerous randomized trials, systematic reviews,
and meta-analyses have shown a correlation of GnRH analogue use before and during
chemotherapy with lower rates of premature ovarian insufficiency [74,83]. According to
clinical practice guidelines, in most cases GnRH analogues do not protect ovaries from
radiotherapy-induced gonadotoxicity and so they are not suggested for female patients
scheduled to receive pelvic, abdominal, or total body irradiation [15,74,84].

Author Contributions: Conceptualization, N.F.V. and I.L.; methodology, G.V.; software, K.V.; vali-
dation, N.F.V. and I.L.; formal analysis, K.V.; investigation, G.V. and K.V.; data curation, G.V. and
K.V.; writing—original draft preparation, G.V. and K.V.; writing—review and editing, G.V., K.V.
and E.C.; supervision, N.F.V. and I.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Australian Institute of Health and Welfare. Cancer Data in Australia; Australian Institute of Health and Welfare: Sydney, NSW,

Australia, 2021.
3. Cancer Research UK. All Cancers (C00-C97 Excl. C44), Average Number of New Cases per Year and Age-Specific Incidence.

2018. Available online: https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/age (accessed on
30 October 2021).

4. Global Cancer Observatory. Estimated Number of New Cases in 2020, All Cancers, Females, Ages 0–44; International Agency for
Research on Cancer: Lyon, France, 2020.

5. Soliman, H.; Agresta, S.V. Current issues in adolescent and young adult cancer survivorship. Cancer Control. J. Moffitt Cancer Cent.
2008, 15, 55–62. [CrossRef]

6. Meissner, J.; Tichy, D.; Katzke, V.; Kühn, T.; Dietrich, S.; Schmitt, T.; Ziepert, M.; Kuhnt, E.; Rixecker, T.; Zorn, M.; et al. Long-term
ovarian function in women treated with CHOP or CHOP plus etoposide for aggressive lymphoma. Ann. Oncol. 2015, 26,
1771–1776. [CrossRef]

7. Blumenfeld, Z. Chemotherapy and fertility. Best Pract. Res. Clin. Obstet. Gynaecol. 2012, 26, 379–390. [CrossRef]
8. Taylan, E.; Oktay, K. Fertility preservation in gynecologic cancers. Gynecol. Oncol. 2019, 155, 522–529. [CrossRef]
9. Waimey, K.E.; Smith, B.M.; Confino, R.; Jeruss, J.S.; Pavone, M.E. Understanding Fertility in Young Female Cancer Patients. J.

Womens Health (Larchmt) 2015, 24, 812–818. [CrossRef]
10. Schover, L.R.; Rybicki, B.A.; Martin, K.A.; Bringelsen, K.A. Having children after cancer. A pilot survey of survivors’ attitudes

and experiences. Cancer 1999, 86, 697–709. [CrossRef]
11. Ben-Aharon, I.; Shalgi, R. What lies behind chemotherapy-induced ovarian toxicity? Reproduction 2012, 144, 153–163. [CrossRef]
12. Bath, L.E.; Anderson, R.A.; Critchley, H.O.; Kelnar, C.J.; Wallace, W.H. Hypothalamic-pituitary-ovarian dysfunction after

prepubertal chemotherapy and cranial irradiation for acute leukaemia. Hum. Reprod. 2001, 16, 1838–1844. [CrossRef]
13. Karavani, G.; Rottenstreich, A.; Schachter-Safrai, N.; Cohen, A.; Weintraub, M.; Imbar, T.; Revel, A. Chemotherapy-based

gonadotoxicity risk evaluation as a predictor of reproductive outcomes in post-pubertal patients following ovarian tissue
cryopreservation. BMC Women’s Health 2021, 21, 201. [CrossRef]

http://doi.org/10.3322/caac.21660
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/age
http://doi.org/10.1177/107327480801500107
http://doi.org/10.1093/annonc/mdv227
http://doi.org/10.1016/j.bpobgyn.2011.11.008
http://doi.org/10.1016/j.ygyno.2019.09.012
http://doi.org/10.1089/jwh.2015.5194
http://doi.org/10.1002/(SICI)1097-0142(19990815)86:4&lt;697::AID-CNCR20&gt;3.0.CO;2-J
http://doi.org/10.1530/REP-12-0121
http://doi.org/10.1093/humrep/16.9.1838
http://doi.org/10.1186/s12905-021-01343-z


Int. J. Mol. Sci. 2022, 23, 2287 15 of 18

14. Ortin, T.T.; Shostak, C.A.; Donaldson, S.S. Gonadal status and reproductive function following treatment for Hodgkin’s disease in
childhood: The Stanford experience. Int. J. Radiat. Oncol. Biol. Phys. 1990, 19, 873–880. [CrossRef]

15. Oktay, K.; Harvey, B.E.; Partridge, A.H.; Quinn, G.P.; Reinecke, J.; Taylor, H.S.; Wallace, W.H.; Wang, E.T.; Loren, A.W. Fertility
Preservation in Patients with Cancer: ASCO Clinical Practice Guideline Update. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2018,
36, 1994–2001. [CrossRef] [PubMed]

16. National Comprehensive Cancer Network. NCCN Guidelines for Patients®Invasive Breast Cancer; NCCN Foundation: Plymouth,
PA, USA, 2020.

17. von Wolff, M.; Montag, M.; Dittrich, R.; Denschlag, D.; Nawroth, F.; Lawrenz, B. Fertility preservation in women–a practical guide
to preservation techniques and therapeutic strategies in breast cancer, Hodgkin’s lymphoma and borderline ovarian tumours by
the fertility preservation network FertiPROTEKT. Arch. Gynecol. Obstet. 2011, 284, 427–435. [CrossRef] [PubMed]

18. Findeklee, S.; Radosa, J.C.; Takacs, Z.; Hamza, A.; Sima, R.; Solomayer, E.; Sklavounos, P. Fertility preservation in female cancer
patients: Current knowledge and future perspectives. Minerva Ginecol. 2019, 71, 298–305. [CrossRef] [PubMed]

19. De Vos, M.; Grynberg, M.; Ho, T.M.; Yuan, Y.; Albertini, D.F.; Gilchrist, R.B. Perspectives on the development and future of oocyte
IVM in clinical practice. J. Assist. Reprod. Genet. 2021, 38, 1265–1280. [CrossRef] [PubMed]

20. Amorim, C.A.; Leonel, E.C.R.; Afifi, Y.; Coomarasamy, A.; Fishel, S. Cryostorage and retransplantation of ovarian tissue as an
infertility treatment. Best Pract. Res. Clin. Endocrinol. Metab. 2019, 33, 89–102. [CrossRef]

21. Hoekman, E.J.; Broeders, E.; Louwe, L.A.; Nout, R.A.; Jansen, F.W.; de Kroon, C.D. Ovarian function after ovarian transposition
and additional pelvic radiotherapy: A systematic review. Eur. J. Surg. Oncol. J. Eur. Soc. Surg. Oncol. Br. Assoc. Surg. Oncol. 2019,
45, 1328–1340. [CrossRef]

22. European Society of Human Reproduction and Embryology. Ovarian Stimulation for Fertility Preservation. ESHRE Ovarian
Simulation for IVF/ICSI. Section 10. 2019. Available online: https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Ovarian-
Stimulation-in-IVF-ICSI (accessed on 30 October 2021).

23. Practice Committee of the American Society for Reproductive Medicine. Fertility preservation in patients undergoing gonadotoxic
therapy or gonadectomy: A committee opinion. Fertil. Steril. 2019, 112, 1022–1033. [CrossRef]

24. Lambertini, M.; Moore, H.C.F.; Leonard, R.C.F.; Loibl, S.; Munster, P.; Bruzzone, M.; Boni, L.; Unger, J.M.; Anderson, R.A.;
Mehta, K.; et al. Gonadotropin-Releasing Hormone Agonists during Chemotherapy for Preservation of Ovarian Function and
Fertility in Premenopausal Patients with Early Breast Cancer: A Systematic Review and Meta-Analysis of Individual Patient–Level
Data. J. Clin. Oncol. 2018, 36, 1981–1990. [CrossRef]

25. Adolescent and Young Adult (AYA) Oncology. NCCN (Guidelines Version 2.2022). Available online: https://www.nccn.org/
professionals/physician_gls/pdf/aya.pdf (accessed on 30 October 2021).

26. Rivkees, S.A.; Crawford, J.D. The relationship of gonadal activity and chemotherapy-induced gonadal damage. JAMA 1988, 259,
2123–2125. [CrossRef]

27. Fidler, M.M.; Reulen, R.C.; Winter, D.L.; Kelly, J.; Jenkinson, H.C.; Skinner, R.; Frobisher, C.; Hawkins, M.M. Long term cause
specific mortality among 34 489 five year survivors of childhood cancer in Great Britain: Population based cohort study. BMJ
(Clin. Res. Ed.) 2016, 354, i4351. [CrossRef] [PubMed]

28. Blumenfeld, Z. Fertility Preservation Using GnRH Agonists: Rationale, Possible Mechanisms, and Explanation of Controversy.
Clin. Med. Insights Reprod Health 2019, 13, 1179558119870163. [CrossRef] [PubMed]

29. Von Wolff, M.; Stute, P. Judging the Fertility Protective Effect of GnRH Agonists in Chemotherapy-It Is a Matter of Perspective.
Front. Endocrinol. 2017, 8, 69. [CrossRef]

30. Ortmann, O.; Weiss, J.M.; Diedrich, K. Gonadotrophin-releasing hormone (GnRH) and GnRH agonists: Mechanisms of action.
Reprod. BioMedicine Online 2002, 5, 1–7. [CrossRef]

31. Fraser, H.M. GnRH analogues for contraception. Br. Med. Bull. 1993, 49, 62–72. [CrossRef]
32. Garrido-Oyarzún, M.F.; Castelo-Branco, C. Controversies over the use of GnRH agonists for reduction of chemotherapy-induced

gonadotoxicity. Climacteric J. Int. Menopause Soc. 2016, 19, 522–525. [CrossRef] [PubMed]
33. Tarlatzis, B.C.; Kolibianakis, E.M. GnRH agonists vs. antagonists. Best Pract. Res. Clin. Obstet. Gynaecol. 2007, 21, 57–65. [CrossRef]

[PubMed]
34. Zhong, Y.; Lin, Y.; Cheng, X.; Huang, X.; Zhou, Y.; Mao, F.; Wang, Y.; Guan, J.; Shen, S.; Xu, Y.; et al. GnRHa for Ovarian Protection

and the Association between AMH and Ovarian Function during Adjuvant Chemotherapy for Breast Cancer. J Cancer 2019, 10,
4278–4285. [CrossRef]

35. Falcone, T.; Moore, H.C.F. GnRH agonist for gonadal protection during chemotherapy. Hum. Reprod. 2015, 30, 2711–2712.
[CrossRef]

36. Broer, S.L.; Broekmans, F.J.; Laven, J.S.; Fauser, B.C. Anti-Müllerian hormone: Ovarian reserve testing and its potential clinical
implications. Hum. Reprod. 2014, 20, 688–701. [CrossRef]

37. Iwase, A.; Nakamura, T.; Osuka, S.; Takikawa, S.; Goto, M.; Kikkawa, F. Anti-Müllerian hormone as a marker of ovarian reserve:
What have we learned, and what should we know? Reprod. Med. Biol. 2015, 15, 127–136. [CrossRef]

38. Hariton, E.; Shirazi, T.N.; Douglas, N.C.; Hershlag, A.; Briggs, S.F. Anti-Mullerian hormone levels among contraceptive users:
Evidence from a cross-sectional cohort of 27,125 individuals. Am. J. Obstet. Gynecol. 2021, 225, 515.e1–515.e10. [CrossRef]
[PubMed]

http://doi.org/10.1016/0360-3016(90)90007-7
http://doi.org/10.1200/JCO.2018.78.1914
http://www.ncbi.nlm.nih.gov/pubmed/29620997
http://doi.org/10.1007/s00404-011-1874-1
http://www.ncbi.nlm.nih.gov/pubmed/21431846
http://doi.org/10.23736/S0026-4784.19.04387-9
http://www.ncbi.nlm.nih.gov/pubmed/30993959
http://doi.org/10.1007/s10815-021-02263-5
http://www.ncbi.nlm.nih.gov/pubmed/34218388
http://doi.org/10.1016/j.beem.2018.09.002
http://doi.org/10.1016/j.ejso.2019.02.017
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Ovarian-Stimulation-in-IVF-ICSI
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Ovarian-Stimulation-in-IVF-ICSI
http://doi.org/10.1016/j.fertnstert.2019.09.013
http://doi.org/10.1200/JCO.2018.78.0858
https://www.nccn.org/professionals/physician_gls/pdf/aya.pdf
https://www.nccn.org/professionals/physician_gls/pdf/aya.pdf
http://doi.org/10.1001/jama.1988.03720140043031
http://doi.org/10.1136/bmj.i4351
http://www.ncbi.nlm.nih.gov/pubmed/27586237
http://doi.org/10.1177/1179558119870163
http://www.ncbi.nlm.nih.gov/pubmed/31488958
http://doi.org/10.3389/fendo.2017.00069
http://doi.org/10.1016/S1472-6483(11)60210-1
http://doi.org/10.1093/oxfordjournals.bmb.a072606
http://doi.org/10.1080/13697137.2016.1225713
http://www.ncbi.nlm.nih.gov/pubmed/27644002
http://doi.org/10.1016/j.bpobgyn.2006.08.002
http://www.ncbi.nlm.nih.gov/pubmed/17049460
http://doi.org/10.7150/jca.31859
http://doi.org/10.1093/humrep/dev258
http://doi.org/10.1093/humupd/dmu020
http://doi.org/10.1007/s12522-015-0227-3
http://doi.org/10.1016/j.ajog.2021.06.052
http://www.ncbi.nlm.nih.gov/pubmed/34126087


Int. J. Mol. Sci. 2022, 23, 2287 16 of 18

39. Demeestere, I.; Brice, P.; Peccatori, F.A.; Kentos, A.; Gaillard, I.; Zachee, P.; Casasnovas, R.-O.; Van Den Neste, E.; Dechene, J.;
Maertelaer, V.; et al. Gonadotropin-releasing hormone agonist for the prevention of chemotherapy-induced ovarian failure in
patients with lymphoma: 1-year follow-up of a prospective randomized trial. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2013, 31,
903–909. [CrossRef] [PubMed]

40. Behringer, K.; Thielen, I.; Mueller, H.; Goergen, H.; Eibl, A.D.; Rosenbrock, J.; Halbsguth, T.; Eichenauer, D.A.; Fuchs, M.;
Reiners, K.S.; et al. Fertility and gonadal function in female survivors after treatment of early unfavorable Hodgkin lymphoma
(HL) within the German Hodgkin Study Group HD14 trial. Ann. Oncol. 2012, 7, 1818–1825. [CrossRef] [PubMed]

41. Giuseppe, L.; Attilio, G.; Edoardo, D.N.; Loredana, G.; Cristina, L.; Vincenzo, L. Ovarian function after cancer treatment in young
women affected by Hodgkin disease (HD). Hematology 2007, 12, 141–147. [CrossRef]

42. Behringer, K.; Wildt, L.; Mueller, H.; Mattle, V.; Ganitis, P.; van den Hoonaard, B.; Ott, H.W.; Hofer, S.; Pluetschow, A.;
Diehl, V.; et al. No protection of the ovarian follicle pool with the use of GnRH-analogues or oral contraceptives in young women
treated with escalated BEACOPP for advanced-stage Hodgkin lymphoma. Final results of a phase II trial from the German
Hodgkin Study Group. Ann. Oncol. 2010, 21, 2052–2060. [CrossRef]

43. Bildik, G.; Akin, N.; Senbabaoglu, F.; Sahin, G.N.; Karahuseyinoglu, S.; Ince, U.; Taskiran, C.; Selek, U.; Yakin, K.; Guzel, Y.; et al.
GnRH agonist leuprolide acetate does not confer any protection against ovarian damage induced by chemotherapy and radiation
in vitro. Hum. Reprod. 2015, 30, 2912–2925. [CrossRef]

44. Anderson, R.A.; Su, H.I. The Clinical Value and Interpretation of Anti-Müllerian Hormone in Women with Cancer. Front.
Endocrinol. 2020, 11, 574263. [CrossRef]

45. Reinsch, R.C.; Murphy, A.A.; Morales, A.J.; Yen, S.S. The effects of RU 486 and leuprolide acetate on uterine artery blood flow in
the fibroid uterus: A prospective, randomized study. Am. J. Obstet. Gynecol. 1994, 170, 1623–1627. [CrossRef]

46. Kitajima, Y.; Endo, T.; Nagasawa, K.; Manase, K.; Honnma, H.; Baba, T.; Hayashi, T.; Chiba, H.; Sawada, N.; Saito, T. Hyperstimu-
lation and a gonadotropin-releasing hormone agonist modulate ovarian vascular permeability by altering expression of the tight
junction protein claudin-5. Endocrinology 2006, 147, 694–699. [CrossRef]

47. Desaulniers, A.T.; Cederberg, R.A.; Lents, C.A.; White, B.R. Expression and Role of Gonadotropin-Releasing Hormone 2 and Its
Receptor in Mammals. Front. Endocrinol. 2017, 8, 269. [CrossRef] [PubMed]

48. Scaruffi, P.; Stigliani, S.; Cardinali, B.; Massarotti, C.; Lambertini, M.; Sozzi, F.; Dellepiane, C.; Merlo, D.F.; Anserini, P.; Mastro, L.D.
Gonadotropin Releasing Hormone Agonists Have an Anti-apoptotic Effect on Cumulus Cells. Int. J. Mol. Sci. 2019, 20, 6045.
[CrossRef] [PubMed]

49. Cuzick, J.; Ambroisine, L.; Davidson, N.; Jakesz, R.; Kaufmann, M.; Regan, M.; Sainsbury, R. Use of luteinising-hormone-
releasing hormone agonists as adjuvant treatment in premenopausal patients with hormone-receptor-positive breast cancer: A
meta-analysis of individual patient data from randomised adjuvant trials. Lancet 2007, 369, 1711–1723. [CrossRef] [PubMed]

50. Lambertini, M.; Ceppi, M.; Poggio, F.; Peccatori, F.A.; Azim, H.A., Jr.; Ugolini, D.; Pronzato, P.; Loibl, S.; Moore, H.C.;
Partridge, A.H.; et al. Ovarian suppression using luteinizing hormone-releasing hormone agonists during chemotherapy to
preserve ovarian function and fertility of breast cancer patients: A meta-analysis of randomized studies. Ann. Oncol. 2015, 26,
2408–2419. [CrossRef] [PubMed]

51. Coates, A.S.; Winer, E.P.; Goldhirsch, A.; Gelber, R.D.; Gnant, M.; Piccart-Gebhart, M.; Thürlimann, B.; Senn, H.J. Tailoring
therapies—Improving the management of early breast cancer: St Gallen International Expert Consensus on the Primary Therapy
of Early Breast Cancer 2015. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2015, 26, 1533–1546. [CrossRef]

52. Lambertini, M.; Del Mastro, L.; Pescio, M.C.; Andersen, C.Y.; Azim, H.A.; Peccatori, F.A.; Costa, M.; Revelli, A.; Salvagno, F.;
Gennari, A.; et al. Cancer and fertility preservation: International recommendations from an expert meeting. BMC Med. 2016,
14, 1. [CrossRef]

53. Del Mastro, L.; Ceppi, M.; Poggio, F.; Bighin, C.; Peccatori, F.; Demeestere, I.; Levaggi, A.; Giraudi, S.; Lambertini, M.;
D’Alonzo, A.; et al. Gonadotropin-releasing hormone analogues for the prevention of chemotherapy-induced premature ovarian
failure in cancer women: Systematic review and meta-analysis of randomized trials. Cancer Treat. Rev. 2014, 40, 675–683.
[CrossRef]

54. Chen, H.; Xiao, L.; Li, J.; Cui, L.; Huang, W. Adjuvant gonadotropin-releasing hormone analogues for the prevention of
chemotherapy-induced premature ovarian failure in premenopausal women. Cochrane Database Syst. Rev. 2019, 3. [CrossRef]

55. Lambertini, M.; Boni, L.; Michelotti, A.; Gamucci, T.; Scotto, T.; Gori, S.; Giordano, M.; Garrone, O.; Levaggi, A.; Poggio, F.; et al.
Ovarian Suppression with Triptorelin during Adjuvant Breast Cancer Chemotherapy and Long-term Ovarian Function, Pregnan-
cies, and Disease-Free Survival: A Randomized Clinical Trial. JAMA 2015, 314, 2632–2640. [CrossRef]

56. Munhoz, R.R.; Pereira, A.A.; Sasse, A.D.; Hoff, P.M.; Traina, T.A.; Hudis, C.A.; Marques, R.J. Gonadotropin-Releasing Hormone
Agonists for Ovarian Function Preservation in Premenopausal Women Undergoing Chemotherapy for Early-Stage Breast Cancer:
A Systematic Review and Meta-analysis. JAMA Oncol. 2016, 2, 65–73. [CrossRef]

57. Wong, M.; O’Neill, S.; Walsh, G.; Smith, I.E. Goserelin with chemotherapy to preserve ovarian function in pre-menopausal women
with early breast cancer: Menstruation and pregnancy outcomes. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2013, 24, 133–138.
[CrossRef]

58. Recchia, F.; Candeloro, G.; Rosselli, M.; Bratta, M.; Pasta, V.; Orazi, V.; Fumagalli, L.A.; Rea, S. Adjuvant Ovarian Suppression,
High-dose Chemotherapy and Immu.unotherapy for Premenopausal Patients with High-risk Breast Cancer. Anticancer. Res. 2015,
35, 6847–6853. [PubMed]

http://doi.org/10.1200/JCO.2012.42.8185
http://www.ncbi.nlm.nih.gov/pubmed/23129737
http://doi.org/10.1093/annonc/mdr575
http://www.ncbi.nlm.nih.gov/pubmed/22228451
http://doi.org/10.1080/10245330600954072
http://doi.org/10.1093/annonc/mdq066
http://doi.org/10.1093/humrep/dev257
http://doi.org/10.3389/fendo.2020.574263
http://doi.org/10.1016/S0002-9378(12)91826-8
http://doi.org/10.1210/en.2005-0700
http://doi.org/10.3389/fendo.2017.00269
http://www.ncbi.nlm.nih.gov/pubmed/29312140
http://doi.org/10.3390/ijms20236045
http://www.ncbi.nlm.nih.gov/pubmed/31801245
http://doi.org/10.1016/S0140-6736(07)60778-8
http://www.ncbi.nlm.nih.gov/pubmed/17512856
http://doi.org/10.1093/annonc/mdv374
http://www.ncbi.nlm.nih.gov/pubmed/26347105
http://doi.org/10.1093/annonc/mdv221
http://doi.org/10.1186/s12916-015-0545-7
http://doi.org/10.1016/j.ctrv.2013.12.001
http://doi.org/10.1002/14651858.CD008018.pub2
http://doi.org/10.1001/jama.2015.17291
http://doi.org/10.1001/jamaoncol.2015.3251
http://doi.org/10.1093/annonc/mds250
http://www.ncbi.nlm.nih.gov/pubmed/26637906


Int. J. Mol. Sci. 2022, 23, 2287 17 of 18

59. Recchia, F.; Necozione, S.; Bratta, M.; Rosselli, M.; Guerriero, G.; Rea, S. LH-RH analogues in the treatment of young women with
early breast cancer: Long-term follow-up of a phase II study. Int. J. Oncol. 2015, 46, 1354–1360. [CrossRef]

60. Blumenfeld, Z.; Patel, B.; Leiba, R.; Zuckerman, T. Gonadotropin-releasing hormone agonist may minimize premature ovarian
failure in young women undergoing autologous stem cell transplantation. Fertil. Steril. 2012, 98, 1266–1270.e1261. [CrossRef]
[PubMed]

61. Blumenfeld, Z.; Zuckerman, T. Repeated spontaneous pregnancies and successful deliveries after repeated autologous stem cell
transplantation and GnRH-agonist treatment. Oncologist 2010, 15, 59–60. [CrossRef] [PubMed]

62. Moore, H.C.F.; Unger, J.M.; Phillips, K.A.; Boyle, F.; Hitre, E.; Moseley, A.; Porter, D.J.; Francis, P.A.; Goldstein, L.J.;
Gomez, H.L.; et al. Final Analysis of the Prevention of Early Menopause Study (POEMS)/SWOG Intergroup S0230. J. Natl Cancer
Inst. 2019, 111, 210–213. [CrossRef]

63. Blumenfeld, Z.; Avivi, I.; Eckman, A.; Epelbaum, R.; Rowe, J.M.; Dann, E.J. Gonadotropin-releasing hormone agonist decreases
chemotherapy-induced gonadotoxicity and premature ovarian failure in young female patients with Hodgkin lymphoma. Fertil.
Steril. 2008, 89, 166–173. [CrossRef]

64. Meli, M.; Caruso-Nicoletti, M.; La Spina, M.; Nigro, L.L.; Samperi, P.; D’Amico, S.; Bellia, F.; Miraglia, V.; Licciardello, M.;
Cannata, E.; et al. Triptorelin for Fertility Preservation in Adolescents Treated with Chemotherapy for Cancer. J. Pediatric
Hematol./Oncol. 2018, 40, 269–276. [CrossRef]

65. Gini, G.; Annibali, O.; Lupasco, D.; Bocci, C.; Tomarchio, V.; Sampaolo, M.; Trappolini, S.; Tafuri, M.A.; Cacciagiù, S.;
Ciccarone, M.; et al. Gonadal Function Recovery and Fertility in Women Treated with Chemo- and/or Radiotherapy for Hodgkin’s
and Non-Hodgkin Lymphoma. Chemotherapy 2019, 64, 36–41. [CrossRef]

66. Huser, M.; Smardova, L.; Janku, P.; Crha, I.; Zakova, J.; Stourac, P.; Jarkovsky, J.; Mayer, J.; Ventruba, P. Fertility status of Hodgkin
lymphoma patients treated with chemotherapy and adjuvant gonadotropin-releasing hormone analogues. J. Assist. Reprod. Genet.
2015, 32, 1187–1193. [CrossRef]

67. Blumenfeld, Z.; Zur, H.; Dann, E.J. Gonadotropin-Releasing Hormone Agonist Cotreatment during Chemotherapy May Increase
Pregnancy Rate in Survivors. Oncologist 2015, 20, 1283–1289. [CrossRef] [PubMed]

68. Phelan, R.; Mann, E.; Napurski, C.; DeFor, T.E.; Petryk, A.; Miller, W.P.; Wagner, J.E.; Verneris, M.R.; Smith, A.R. Ovarian function
after hematopoietic cell transplantation: A descriptive study following the use of GnRH agonists for myeloablative conditioning
and observation only for reduced-intensity conditioning. Bone Marrow Transplant. 2016, 51, 1369–1375. [CrossRef]

69. Waxman, J.H.; Ahmed, R.; Smith, D.; Wrigley, P.F.; Gregory, W.; Shalet, S.; Crowther, D.; Rees, L.H.; Besser, G.M.; Malpas, J.S.; et al.
Failure to preserve fertility in patients with Hodgkin’s disease. Cancer Chemother. Pharmacol. 1987, 19, 159–162. [CrossRef]
[PubMed]

70. Demeestere, I.; Brice, P.; Peccatori, F.A.; Kentos, A.; Dupuis, J.; Zachee, P.; Casasnovas, O.; Van Den Neste, E.; Dechene, J.;
De Maertelaer, V.; et al. No Evidence for the Benefit of Gonadotropin-Releasing Hormone Agonist in Preserving Ovarian Function
and Fertility in Lymphoma Survivors Treated with Chemotherapy: Final Long-Term Report of a Prospective Randomized Trial. J.
Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2016, 34, 2568–2574. [CrossRef]

71. Burstein, H.J.; Lacchetti, C.; Anderson, H.; Buchholz, T.A.; Davidson, N.E.; Gelmon, K.E.; Giordano, S.H.; Hudis, C.A.; Solky, A.J.;
Stearns, V.; et al. Adjuvant Endocrine Therapy for Women with Hormone Receptor-Positive Breast Cancer: American Society of
Clinical Oncology Clinical Practice Guideline Update on Ovarian Suppression. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2016, 34,
1689–1701. [CrossRef] [PubMed]

72. Tock, S.; Jadoul, P.; Squifflet, J.-L.; Marbaix, E.; Baurain, J.-F.; Luyckx, M. Fertility Sparing Treatment in Patients with Early Stage
Endometrial Cancer, Using a Combination of Surgery and GnRH Agonist: A Monocentric Retrospective Study and Review of the
Literature. Front. Med. 2018, 5, 240. [CrossRef] [PubMed]

73. Gilani, M.M.; Hasanzadeh, M.; Ghaemmaghami, F.; Ramazanzadeh, F. Ovarian preservation with gonadotropin-releasing
hormone analog during chemotherapy. Asia-Pac. J. Clin. Oncol. 2007, 3, 79–83. [CrossRef]

74. Del Mastro, L.; Boni, L.; Michelotti, A.; Gamucci, T.; Olmeo, N.; Gori, S.; Giordano, M.; Garrone, O.; Pronzato, P.; Bighin, C.; et al.
Effect of the Gonadotropin-Releasing Hormone Analogue Triptorelin on the Occurrence of Chemotherapy-Induced Early
Menopause in Premenopausal Women with Breast Cancer: A Randomized Trial. JAMA 2011, 306, 269–276. [CrossRef] [PubMed]

75. Lemos, C.N.C.D.; Reis, F.M.; Pena, G.N.; Silveira, L.C.; Camargos, A.F. Assessment of fertility protection and ovarian reserve with
GnRH antagonist in rats undergoing chemotherapy with cyclophosphamide. Reprod. Biol. Endocrinol. 2010, 8, 51. [CrossRef]

76. Knudtson, J.F.; Tellez Santos, M.; Failor, C.M.; Binkley, P.A.; Venesky, J.P.; Tekmal, R.R.; Robinson, R.D.; Schenken, R.S. A
Combination of a GnRH Antagonist and Agonist for Fertility Preservation in an Adolescent Female Murine Model. Reprod. Sci.
2017, 24, 1280–1283. [CrossRef]

77. Li, X.; Kang, X.; Deng, Q.; Cai, J.; Wang, Z. Combination of a GnRH agonist with an antagonist prevents flare-up effects and
protects primordial ovarian follicles in the rat ovary from cisplatin-induced toxicity: A controlled experimental animal study.
Reprod. Biol. Endocrinol. 2013, 11, 16. [CrossRef] [PubMed]

78. Tas, M.; Oner, G.; Ulug, P.; Yavuz, A.; Ozcelik, B. Evaluation of protective effects of GnRH agonist or antagonist on ovarian
reserve with anti-Müllerian hormone and histological analysis in a rat model using cisplatin. Arch. Med. Sci 2019. [CrossRef]

79. Ng, E.H.; Tang, O.S.; Chan, C.C.W.; Ho, P.C. Ovarian stromal blood flow in the prediction of ovarian response during in vitro
fertilization treatment. Hum. Reprod. 2005, 20, 3147–3151. [CrossRef] [PubMed]

http://doi.org/10.3892/ijo.2014.2811
http://doi.org/10.1016/j.fertnstert.2012.07.1144
http://www.ncbi.nlm.nih.gov/pubmed/22935556
http://doi.org/10.1634/theoncologist.2009-0269
http://www.ncbi.nlm.nih.gov/pubmed/20067948
http://doi.org/10.1093/jnci/djy185
http://doi.org/10.1016/j.fertnstert.2007.02.010
http://doi.org/10.1097/MPH.0000000000001144
http://doi.org/10.1159/000499535
http://doi.org/10.1007/s10815-015-0452-z
http://doi.org/10.1634/theoncologist.2015-0223
http://www.ncbi.nlm.nih.gov/pubmed/26463871
http://doi.org/10.1038/bmt.2016.150
http://doi.org/10.1007/BF00254570
http://www.ncbi.nlm.nih.gov/pubmed/3105906
http://doi.org/10.1200/JCO.2015.65.8864
http://doi.org/10.1200/JCO.2015.65.9573
http://www.ncbi.nlm.nih.gov/pubmed/26884586
http://doi.org/10.3389/fmed.2018.00240
http://www.ncbi.nlm.nih.gov/pubmed/30211167
http://doi.org/10.1111/j.1743-7563.2007.00089.x
http://doi.org/10.1001/jama.2011.991
http://www.ncbi.nlm.nih.gov/pubmed/21771987
http://doi.org/10.1186/1477-7827-8-51
http://doi.org/10.1177/1933719116682876
http://doi.org/10.1186/1477-7827-11-16
http://www.ncbi.nlm.nih.gov/pubmed/23452939
http://doi.org/10.5114/aoms.2019.87540
http://doi.org/10.1093/humrep/dei166
http://www.ncbi.nlm.nih.gov/pubmed/15979987


Int. J. Mol. Sci. 2022, 23, 2287 18 of 18

80. Metallinou, C.; Asimakopoulos, B.; Schröer, A.; Nikolettos, N. Gonadotropin-Releasing Hormone in the Ovary. Reprod. Sci. 2007,
14, 737–749. [CrossRef] [PubMed]

81. Torrisi, R.; Basilico, V.; Giordano, L.; Caruso, M.; Musolino, A.; Monari, M.N.; Carnaghi, C.; Santoro, A. Is Anti-Müllerian
Hormone a Marker of Ovarian Reserve in Young Breast Cancer Patients Receiving a GnRH Analog during Chemotherapy? Breast
Care 2021, 17, 10–15. [CrossRef]

82. Huerta-Reyes, M.; Maya-Núñez, G.; Pérez-Solis, M.A.; López-Muñoz, E.; Guillén, N.; Olivo-Marin, J.-C.; Aguilar-Rojas, A.
Treatment of Breast Cancer with Gonadotropin-Releasing Hormone Analogs. Front. Oncol. 2019, 9, 943. [CrossRef]

83. Ataya, K.; Rao, L.; Lawrence, E.; Kimmel, R. Luteinizing hormone-releasing hormone agonist inhibits cyclophosphamide-induced
ovarian follicular depletion in rhesus monkeys. Biol. Reprod. 1995, 52, 365–372. [PubMed]

84. Dolmans, M.M.; Lambertini, M.; Macklon, K.T.; Almeida Santos, T.; Ruiz-Casado, A.; Borini, A.; Bordes, V.; Frith, L.; Van Moer, E.;
Germeyer, A. European Recommendations for female Fertility preservation (EU-REFER): A joint collaboration between oncologists
and fertility specialists. Crit. Rev. Oncol./Hematol. 2019, 138, 233–240. [CrossRef]

http://doi.org/10.1177/1933719107310707
http://www.ncbi.nlm.nih.gov/pubmed/18089592
http://doi.org/10.1159/000514445
http://doi.org/10.3389/fonc.2019.00943
http://www.ncbi.nlm.nih.gov/pubmed/7711205
http://doi.org/10.1016/j.critrevonc.2019.03.010

	Introduction 
	Methodology 
	GnRH Analogues; Agonists and Antagonists 
	Anti-Müllerian Hormone as an Estimator of Ovarian Reserve 
	Rationale of Using GnRH Analogues in Fertility Preservation Post Cancer Treatment 
	GnRH Agonists and Fertility Preservation after Cancer Treatment 
	GnRH Antagonists and Fertility Preservation Post Cancer Treatment 
	Combination of GnRH Agonists and Antagonists and Fertility Preservation Post Cancer Treatment 
	Discussion 
	References

