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Introduction: The late effects of cancer treatment have recently gained a

worldwide ubiquitous interest among reproductive endocrinologists, oncolo-

gists, and all health care providers. Despite many publications on this subject,

there are many equivocal issues necessitating summary. The case for and

against using GnRH-agonist for fertility preservation is summarized with the

rationale that preventing ovarian failure may be better than treating it.

Areas covered: We searched Medline in the last 10 years using terms: ‘fertility

preservation’, ‘female chemotherapy’, ‘Gonadotropin-releasing hormone

(GnRH) analogues’, ‘GnRH agonists’ ‘gonadotoxicity’, and ‘cancer treatment’.

We included mainly publications from the past 7 years, but did not exclude

previous, commonly referenced publications. Here, we summarize the various

methods available for fertility preservation and minimizing chemotherapy

induced gonadotoxicity.

Expert opinion: Until now, 20 studies (15 retrospective and 5 randomized

controlled trial) have reported on 2038 patients treated with GnRH-a in

parallel to chemotherapy, showing a significant decrease in premature ovar-

ian failure (POF) rate in survivors versus 8 studies reporting on 509 patients,

with negative results. Patients treated with GnRH-a in parallel to chemother-

apy preserved their cyclic ovarian function in 91% of cases as compared to

41% of controls, with a pregnancy rate of 19 -- 71% in the treated patients.

Furthermore, over 10 recent meta-analyses have concluded that GnRH-a are

beneficial and may decrease the risk of POF in survivors. Because most of

the methods involving ovarian or egg cryopreservation are not yet clinically

established and unequivocally successful, these young patients deserve to be

informed with all the various modalities to minimize gonadal damage and

preserve ovarian function and future fertility. Combining the various modali-

ties for a specific patient may increase the odds of preservation of future

fertility.

Keywords: fertility preservation, gonadotropin-releasing hormone agonist, gonadotoxicity,

premature ovarian failure
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1. Introduction

The increase in cancer incidence in the young age, and the significant increase in the
long-term survival have brought about a ubiquitous interest in the attempts to pre-
serve fertility in young patients exposed to gonadotoxic chemo- and radiotherapy.
Indeed, malignancy is estimated to occur in 1:49 women under the age of 40 in
the US [1-3]. About 790,000 new cases of cancer are yearly diagnosed in women
in the US, in the last few years and almost one in seven diagnosed female patients
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are women in the reproductive age [2]. It has been previously
estimated, that at present, one in every 250 -- 715 people in
the adult population will be a cancer survivor [1,3,4]. Therefore,
the late effects of cancer treatment have recently gained a
worldwide interest not only among reproductive endocrinolo-
gists but also among hematologists, oncologists, gynecologists,
endocrinologists, rheumatologists, family physicians and all
healthcare providers [1,3-10]. It is well established that young
women exposed to gonadotoxic chemotherapy face the risk
of suffering premature ovarian failure (POF) and infertility.
The risk of POF ranges from below 10% to over 95% and
is correlated to age, type of chemotherapy and cumulative
dosage. Among the chemotherapeutic regimens, alkylating
agents are the most gonadotoxic agents. Aggressive condition-
ing chemotherapy, such as used before bone marrow trans-
plantation (BMT), especially when combined with
irradiation, bears a very high risk of POF. Thus, a new spe-
cialization, named ‘oncofertility’ has emerged focusing on
the various aspects of fertility preservation in young women
exposed to gonadotoxic chemotherapy [1]. Such methods for
fertility preservation before chemotherapy include cryopreser-
vation of embryos, oocytes, and ovarian tissue, and ovarian
suppression using long-acting gonadotropin-releasing
hormone (GnRH) agonists from 7 to 14 days before and in
parallel to the gonadotoxic chemotherapy.

2. Methods for fertility preservation

Several options have been put forward for preserving female
fertility: ovarian transposition, cryopreservation of embryos,
unfertilized metaphase-II (M-II) oocytes and ovarian
tissue [1,3-10]. Due to the high priority, the protection against

iatrogenic infertility caused by chemotherapy gained ubiqui-
tous interest in the last decades. The administration of
GnRH-agonistic analogues, in an attempt to decrease the
gonadotoxic effects of chemotherapy by simulating a prepu-
bertal hormonal milieu, attracts growing attendance [1,5-11]. As
such, the number of publications regarding fertility preserva-
tion increased rapidly during the last decade. Unfortunately,
none of the suggested methods is ideal and none guarantees
future fertility in survivors. Established fertility preservation
methods include embryos and/or ova cryopreservation and
ovarian transposition (oophoropexy), offered to patients
before pelvic irradiation [1,3].

2.1 Cryopreservation of embryos
In Vitro Fertilization (IVF) and embryo cryopreservation, is a
non-investigational, clinically established method, and among
adult female cancer patients is the most accepted form of fertil-
ity preservation and the most mature technology [1,3-6,8,12].
However, it may necessitate postponing chemotherapy for
10 -- 14 days and is frequently not applicable to the very young
patient without a partner [1,3-6]. In addition, its cost varies
among different countries, being almost free of charge to the
patient in Israel, but quite expensive in several other counties.
No difference was seen between cancer patients and controls
with respect to the total units of used gonadotropin, number
of retrieved ova (12.4 vs 10.9) and number of generated
embryos (6.6 vs 7.1) [12]. Cumulative pregnancy rate per trans-
fer for cancer patients compared to controls was 37 versus 43%
and cumulative live birth rate per transfer was 30 versus 32%
[12]. Cancer patients had a higher likelihood of live birth result-
ing in twins (44 vs 14%; p = 0.035) [12]. In cases where increased
estradiol levels are dangerous, such as in patients with estrogen
receptors (ER)-positive breast cancer, the ovarian stimulation
should include an aromatase inhibitor such as letrozole, to min-
imize the possible detrimental effect of high estrogen levels on
the malignant cells [6,13]. Also, to minimize the risk of ovarian
hyperstimulation syndrome, the advisable controlled ovarian
hyperstimulation protocol is the GnRH-antagonist protocol
using GnRH agonist triggering (such as 0.2 mg Triptorelin)
instead of human chorionic gonadotropin [6,12-16]. Further-
more, to minimize the postponement of chemotherapy start,
the ovarian stimulation with gonadotropins (controlled ovarian
hyperstimulation), may be started on any day of the menstrual
cycle, even in the luteal phase [1,16].

2.2 Cryopreservation of ova
For more than 2 years, cryopreservation of oocytes is no lon-
ger considered experimental [1,3,6,14,15]. The big advantage of
unfertilized ova cryopreservation is the applicability to young
patients without a partner [3,6,14,15]. Also, in countries where
cryopreservation of embryos is not allowed, the vitrification
of ova enables fertility preservation [3,6,14,15]. However,
although cryopreservation of unfertilized ova has gained
recent popularity and increased success, it also does not
guarantee future fertility, and the chances of conception is

Article highlights.

. All the mentioned fertility preservation methods should
be offered to young women before gonadotoxic
chemotherapy. The decision regarding which of the
methods should be used is to be taken by the patient
after consulting the hematologists/oncologist and
reproductive endocrinologist/fertility specialist.

. Ovarian cryopreservation and reimplantation bears the
possible risk of contamination with malignant cells.
Every effort should be accomplished to detect such a
possibility. Such a risk is high in leukemia but exists even
in low risk cases such as lymphoma. Nevertheless,
ovarian cryopreservation should be offered, since in vitro
maturation of primordial follicles may become a reality
in the future.

. Despite the controversy, gonadotropin-releasing
hormone agonists bears a beneficial role and may
decrease the risk of premature ovarian failure (POF) in
most female patients exposed to gonadotoxic
chemotherapy. Prevention of POF is preferable to
treating it, following the dictum “An ounce of
prevention is worth a pound of cure”.

This box summarizes key points contained in the article.
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dependent on the number of retrieved and frozen mature
oocytes [1,3,6,14,15]. The cost also varies from nothing to the
patient in Israel, to similar to the cost of IVF, in other
countries.

2.3 Ovarian transposition (oophoropexy)
Ovarian transposition, oophoropexy can be performed by lap-
arotomy or by laparoscopy [3,15]. Oophoropexy, or transposi-
tion of the ovaries from their pelvic location to the upper
abdominal region is performed in young women with cervical
cancer or lymphoma or in any planned adjuvant radiother-
apy [3,15]. Obviously, it necessitates general anesthesia. The
success rate of oophoropexy is variable, with a very wide
range, between 50 and 90% [3,15]. There are many factors
associated with successful oophoropexy: patient’s age, radia-
tion scatter range, anatomic position of the transpositioned
ovaries, length of the vascular pedicle and the additional use
of adjuvant chemotherapy [15]. One of the main drawbacks
of this method is the possible detrimental effect of the pelvic
irradiation on the uterus; therefore, even if the ovaries regain
their ovulatory function, the damaged endometrium and
uterine vasculature may not enable for conception, therefore,
surrogate uterus may be sometimes needed.

2.4 Ovarian cryopreservation
Ovarian tissue cryopreservation and subsequent transplantation
is still considered experimental [1,3,6,14,15]. Its main advantage is
that it is the only form of fertility preservation applicable to pre-
pubertal girls, before sterilizing chemo- and/or radiotherapy.
Furthermore, in case future endeavor may prove successful
in vitromaturation (IVM) from the stage of primordial follicles,
the present cryopreservation of ovarian tissue may be a success-
ful ‘future investment’. However, although cryopreservation
and later transplantation of ovarian tissue has generated by
now ~ 40 healthy neonates, it is not unequivocally safe and suc-
cessful; the surgical procedure (usually laparoscopic ovarian
biopsy or oophorectomy) under general anesthesia has a small,
but still existent, risk. Moreover, the group, which has pub-
lished the first delivery after thawed ovarian tissue transplanta-
tion, has recently reported significantly low success of IVF in
women with orthotopically grafted ovarian tissue due to a sig-
nificant higher risk of empty follicles (29%), abnormal and
immature oocytes (38%) and a very low rate (24%) of embryo
transfer [17]. Even more alarming, a risk that the ovarian tissue
might harbor malignant cells that could induce disease recur-
rence has been raised. Indeed the same group [18] has shown
that reimplantation of cryopreserved ovarian tissue from leuke-
mia patients may induce disease recurrence, due to ovarian con-
tamination by malignant cells. Similarly, the Copenhagen
group, the most experienced group in ovarian cryopreservation
and transplantation [19], has also detected potentially malignant
cells in the majority of cases of their cryopreserved ovaries from
patients with leukemia, concluding that: “At present, reimplan-
tation of ovarian cortex to leukemia patients cannot be recom-
mended”. Similarly, involvement of the ovary in Ewing

sarcoma or Hodgkin lymphoma has been recently
reported [20,21]. Most alarming and intriguing, Kyono et al.
[22] have published the potential indications for ovarian
autotransplantation based on the analysis of 5571 autopsy
findings of young females, under the age of 40. They have
found ovarian involvement with metastatic malignant cells in
8 -- 55% of overall autopsies and 4 -- 13% ovarian involvement
in lymphoma, concluding that there is no reliable method to
rule out minimal residual disease in the cryopreserved ovarian
tissue, and the safety of reimplantation cannot be guaran-
teed [22]. The IVM of primordial follicles to fertilizable M-II
oocytes is a future endeavor with enormous potential; however,
many technological obstacles have to be overcome, and thus
this promising technology is not clinically available yet [1,3].
The main advantage of ovarian cryopreservation, despite the
risk of cryopreserving malignant cells, is the ability to preserve
a reservoir of follicles, which will be available when the tech-
nology of IVM from the stage of primordial follicles turns suc-
cessful, hopefully in the not too far future.

3. GnRH analogues

Consequently, GnRHa has been used by many groups of
clinicians for minimizing the gonadotoxic effects of
chemotherapy [1,7-11] by simulating a prepubertal hormonal
milieu, with the rationale and philosophy that preventing
POF in survivors is preferable to treating it, following the
dictum: “an ounce of prevention is worth a pound of cure” [1].

The GnRHa induce an initial release of gonadotropins (the
so-called ‘flare-up effect’) and within several days they desen-
sitize the GnRH receptors on the pituitary gonadotropes, pre-
venting from the endogenous pulsatile GnRH to exert its
physiological action, resulting in a hypogonadotropic, prepu-
bertal milieu [1,7-11]. However, the hypoestrogenic state may
induce menopausal symptoms, such as hot flushes, vaginal
dryness and sleeping disturbance, and most importantly,
osteopenia and osteoporosis whenever it persists for
> 6 months. The menopausal symptoms, associated with
GnRHa cotreatment, are more common in older women
(> 35 years) and infrequent in the younger patients. The sug-
gested possible mechanisms whereby GnRHa may decrease
the gonadotoxic effect of chemotherapy are:

1) Simulation of the prepubertal, hypogonadotropic
milieu

2) Decreasing ovarian perfusion secondary to the low
estrogen levels

3) A possible direct effect on ovarian cells
4) Possible up-regulation of an anti-apoptotic molecule

such as sphingosine-1-phosphate, and
5) Possible protection of the ovarian germinative stem

cell [1,7,8,10].

According to the accepted canonical dogma, the primordial
and primary follicles are gonadotropin independent and lack

Fertility preservation despite chemotherapy
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FSH receptors, therefore, the first of the five suggested mech-
anisms seems unacceptable. However, the more advanced
antral follicles, which unequivocally are gonadotropin respon-
sive and dependent, secrete growth factors, from the trans-
forming growth factors (TGF-b) superfamily, such as
TGF-b itself, bone morphogenic proteins 2,4,5,6,7 and
15 (BMP), growth differentiation factor-9, activin and others,
which, in a paracrine manner cause the primordial and pri-
mary follicles to grow. The gonadotoxic effect of chemother-
apy brings about follicles death, resulting in decreased
estrogen and inhibin levels, causing the FSH concentration
to increase and enter the unidirectional way of apoptosis
(the so-called ‘burn-out theory’) [1,7,8,23,24]. The GnRHa
decrease FSH levels, therefore the effect of further recruitment
of primordial follicles and their burn-out is minimized
[1,7,8,23,24].
To date, over 20 studies (including five prospective ran-

domized controlled trials [RCTs]) have reported on
2038 patients treated with GnRHa in parallel to chemother-
apy, showing a significant decrease in POF rate in
survivors [1,7,8,25-29] versus 8 studies reporting on 509 patients,
with negative results (Tables 1 and 2). Patients treated with
GnRHa in parallel to chemotherapy preserved their cyclic
ovarian function (COF) in 91% of cases as compared to
41% of controls, with a pregnancy rate of 19% in the treated
patients [1,27,28].
Furthermore, 11 recent meta-analyses have concluded that

GnRH-a use may be beneficial and decrease the risk of POF

in survivors [1,25-35]. The first of them [28] found a significant
beneficial role for the agonists on both preservation of ovarian
function and conception: 68% increase in the rate of pre-
served ovarian function (Relative Risk (RR) = 1.68; 95%
CI = 1.34 -- 2.1). Among the GnRHa treated women, 22%
achieved pregnancy compared with 14% without GnRH-a
(RR = 1.65; 95% CI = 1.03 -- 2.6). This meta-analysis con-
cluded that GnRHa cotreatment appears to improve ovarian
function and the ability to achieve pregnancy, and those pre-
menopausal women facing chemotherapy should be coun-
seled about ovarian preservation options, including the use
of GnRHa cotreatment.

The second [29] meta-analysis concluded that GnRHa’s are
effective in reducing amenorrhea (RR = 0.26, 95%
CI = 0.14 -- 0.49) and that pregnancy rate was higher in the
GnRHa arm.

The third meta-analysis also concluded that GnRHa
cotreatment during chemotherapy could protect ovarian func-
tion and decrease gonadotoxicity [30]. The more recent, fourth
meta-analysis of RCTs [31] similarly concluded that the inci-
dence of POF and resumption of ovulation, demonstrated
both a statistically significant difference in favor of GnRHa
cotreatment. Most recently, Del Mastro et al. [27] included
nine RCT in the meta-analysis with 225 events of POF occur-
ring in 765 analyzed patients. The pooled odds ratio (OR)
estimate indicated a highly significant reduction in the risk
of POF (OR = 0.43; 95% CI: 0.22 -- 0.84; p = 0.013) in
patients receiving GnRHa, with no evidence of publication

Table 1. Summary of the 20 studies in support and the 8 against GnRH-a use for fertility preservation.

Studies in support of GnRH-a use

for fertility preservation

No. of female

participants in study

Studies not supporting GnRH-a use

for fertility preservation

No. of female

participants in study

Ataya et al. (1995) [36] [RCT, Rhesus] Waxman et al. (1987) [45] [RCT] 17
Blumenfeld et al. (2011) [78] [SLE] 42 Azem et al. (2008) [47] 17
Pereyra-Pacheco et al. (2001) [79] 16 Munster et al. (2012) [47] [RCT] 49
Somers et al. (2005) [80] [SLE] 40 Nitzschke et al. (2010) [48] 20
Recchia et al. (2006) [81] 100 Behringer et al. (2010) [46] [RCT] 19
Del Mastro et al. (2006) [82] 28 Leonard et al. (2010) [51] [RCT] 227
Castelo-Branco et al. (2007) [83] 56 Gerber et al. (2010) [50] [RCT] 60
Giuseppe et al. (2007) [84] 31 Elgindy et al. (2013) [52] [RCT] 100
Blumenfeld et al. (2008) [9] 85
Falorio et al. (2008) [85] 61
Imai et al. (2008) [86] NA
Huser et al. (2008) [87] 117
Urruticoechea et al. (2008) [88] 51
Badawy et al. (2008) [89] [RCT] 78
Sverrisdottir et al. (2009) [40] [RCT] 285
Del Mastro et al. (2011) [25] [RCT] 281
Behringer et al. (2012) [42] [RCT] 331
Wong et al. (2012) [29] 125
Demeestere et al. (2013) [43] [RCT] 84
Moore et al. (2014) [39] [RCT] 227
Total 2038 Total 509

Overall, 2038 women were included in the 20 studies in favor of GnRH-a cotreatment during chemotherapy, versus 509 female participants in the 8 studies

against GnRH-a use to protect ovarian function.

GnRH-a: Gonadotropin-releasing hormone agonists; RCT: Randomized controlled trials; SLE: Systemic lupus erythematosus.
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bias [27]. Subgroups analyses showed that the protective effect
of GnRHa against POF was similar in subgroups of patients
defined by age and timing of POF assessment. They [27] con-
cluded that their pooled analysis of randomized studies
showed that the temporary ovarian suppression induced by
GnRHa significantly reduced the risk of chemotherapy-
induced POF in young cancer patients.

The only prospective randomized study with histological
assessment of the follicles density, which obviously cannot
be conducted in human, has been performed in Rhesus mon-
keys, examining the follicular loss following exposure to an
alkylating agent, cyclophosphamide, alone or in parallel to
GnRH-a cotreatment [36]. During the gonadotoxic exposure,
64.6 ± 2.8% of the total primordial follicles were lost in the
cyclophosphamide group compared to only 28.9 ± 9.1% in
the GnRH-a+ cyclophosphamide group (p < 0.05). The daily
follicular decline was 0.12 ± 0.012% for the cyclophospha-
mide group compared to 0.057 ± 0.019% (p < 0.05) for the
GnRH-a+ cyclophosphamide group [36]. The investigators
concluded that GnRH-a cotreatment can protect the ovary
against cyclophosphamide-induced gonadotoxicity in Rhesus
monkeys [36].

Furthermore, a publication of the American Society of
Clinical Oncology (ASCO) [37], similarly found the rates of
POF to be 0 -- 6% with GnRHa versus 32 -- 47% without it.

The most convincing prospective RCT which has started in
2003 and ended in 2008 [38], is a multi-centre, open-label,
randomized, Phase III trial of 281 breast cancer patients,
median age 39, treated with chemotherapy alone or
chemotherapy + GnRHa. One year after chemotherapy, POF
was observed in 32.3% in the chemotherapy alone arm versus
13.5% in the chemotherapy + GnRHa arm (p = 0.0002),
with a 19% absolute reduction (95% CI = 8 -- 29). Cyclic men-
strual activity and premenopausal estradiol levels were observed
in 58% in the chemotherapy alone arm versus 77% in the
chemotherapy + GnRHa arm (p = 0.006) [38]. Logistic regres-
sion analysis showed that GnRHa was independently associated
with a higher probability of COF preservation (p = 0.001) [38].
Most recently, in this year, 2014, ASCO annual meeting,
Dr. Halle Moore presented the results of an NIH-sponsored

prospective RCT trial, POEMS-SWOG S0230 study, whereby
257 premenopausal breast cancer patients received chemother-
apy with or without GnRHa [39]. Two years after chemother-
apy, only 8% of the GnRHa arm experienced POF versus
22% of control. In the GnRHa group, 21% conceived and
15% delivered, versus only 11 and 7%, respectively, in the con-
trols. In an unexpected finding, the 4-year mortality rate in the
GnRHa group was significantly lower [39].

At the moment, there are six prospective, peer-reviewed
studies [38-43], in addition to 15 non-RCT, and over
10 meta-analyses supporting the use of GnRHa cotreat-
ment [1]. However, not all the RCT are unequivocally
convincing. For example, the study of Badawy et al. [41] has
been criticized due to an amenorrhea rate that was twice as
high in the control group (no agonist) than has been reported
in other studies with more gonadotoxic drugs. Furthermore,
all patients in this study showed evidence of being in the luteal
phase at the time of randomization, which is improbable if the
patients were randomly selected. Another serious problem of
most meta-analyses is that there is unification of studies
with no unique standardization. The studies differ from
each other in the intensity and gonadotoxicity of the used che-
motherapeutic regimen, patients’ age, type of malignancy,
type, dose and length of GnRHa cotreatment, definition of
POF (amenorrhea, high gonadotropins or both), time of eval-
uation after chemotherapy, length of follow-up, measuring
AMH levels and antral follicle counts or not, and mostly no
pregnancy assessment. Therefore, it is difficult to draw
unequivocal conclusions based on meta-analyses of different
studies. For instance, Demeestere et al. [43], who initially did
not find a difference in POF rate after 1 year, have presented
an abstract at the IIIrd World Congress of the International
Society for Fertility Preservation in Valencia, November
2013, whereby at 2 years follow-up of the patients included
in their previous publication [43]: “…the number of patients
who totally restored their ovarian function was significantly
higher in the GnRHa group (p = 0.049) confirming results
of AMH”. This supports our published explanation that short
follow-up may be responsible for the discrepancy between
studies and lead to incorrect conclusions [1,44].

Table 2. Summary of RCTs in support or against GnRH-a use for fertility preservation.

RCT in support of GnRH-a use for

fertility preservation

No. of female

participants in study

RCT not supporting GnRH-a use for

fertility preservation

No. of female

participants in study

Badawy et al. (2008) 78 Waxman et al. (1987) [45] 17
Sverrisdottir et al. (2009) [40] 285 Munster et al. (2012) [47] 49
Del Mastro et al. (2011) [25] 281 Behringer et al. (2010) [46] 19
Behringer et al. (2012) [42] 331 Leonard et al. (2010) [51] 227
Demeestere et al. (2013) [43] 84 Gerber et al. (2010) [50] 60
Moore et al. (2014) [39] 257 Elgindy et al. (2013) [52] 100
Total 1316 Total 472

Overall, 1316 female participants were included in the 6 RCT’s in favor of GnRH-a cotreatment during chemotherapy, versus 472 female participants in the

5 studies not in favor of GnRH-a use to protect ovarian function.

GnRH-a: Gonadotropin-releasing hormone agonists; RCT: Randomized controlled trials.
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However, there are also eight studies claiming that GnRH-
a is not helpful for the preservation of ovarian function [45-52].
Waxman et al. [45], in 1987, have found that 4/8 patients in
the GnRH-a group suffered POF (50%) versus 6/9 patients
in the control group (66.7%). A major drawback of this study
is that it was underpowered. Moreover, the authors wrote by
themselves [45] that the incomplete pituitary ovarian suppres-
sion in the treated females may be responsible for their
observed results.
In another study [50], not completed as scheduled, 88 and

90% of the patients resumed menses regardless of whether
they received or not GnRH-a in addition to chemotherapy.
For such a low rate of gonadotoxicity, the overall combined
number of 49 patients in both arms lacks the power to detect
any effect of the GnRH-a. Thus, when the gonadotoxicity of
the chemotherapeutic protocol is either very low, such as in
this study [50], or another [47] using ABVD with a very low
toxicity, or when it is very high, such as the escalated BEA-
COPP (bleomycin, etoposide, adriamycin, cyclophospha-
mide, vincristine, procarbazine and prednisone) protocol in
Behringer et al. study [46], the needed power to detect a differ-
ence is hundreds of patients, much > 17 -- 60 patients used in
these studies [45-52].
In the study of Leonard et al. [51] 227 patients were random-

ized to receive chemotherapy + GnRHa or chemotherapy
alone. Preliminary results did not show difference in ovarian
protection between the two arms. A possible explanation to
the different and contradictory reported results may be the dif-
ferent timing of ovarian function assessment in the various
studies. Since resumption of ovarian function may occur as
late as 12 months or more, after ending chemotherapy, an
early assessment of the outcome at 6 months, as in the studies
of Gerber et al. [50], and Leonard et al. [51], may underestimate
the true effect of GnRH-a treatment [1]. Indeed, in Gerber et al.
[50] study, the number of patients resuming cyclic menstrua-
tion at 2 years after chemotherapy was significantly higher
than those with ‘two menses at 6 months’ as chosen by these
authors to define resuming ovarian function. Furthermore,
the gonadotropin levels of the patients in the control group
were significantly higher, (‘p = 0.015’), in the menopausal
level, as compared to the patients receiving Goserelin in paral-
lel to chemotherapy [50], casting a serious discrepancy between
the conclusion and the results of this study.
Most relevant to this equivocal and highly debatable issue,

a publication [42] from one of the previous opponents to
GnRH-a use for fertility preservation, has found that the use
of GnRH-a during chemotherapy has also significantly
increased the probability to become pregnant (OR = 12.87;
p = 0.001). Furthermore, these investigators [42], have
adjusted the analysis to a high degree and nevertheless “…
found surprisingly strong (OR > 12) indirect evidence sup-
porting the prophylactic use of GnRHa in women receiving
therapy for early unfavorable HL”. They [42] have, therefore,
concluded, “…the multivariate analysis in the present study
reveals that the use of GnRH analogues during therapy is a

strong, independent, and a highly significant predictor of
pregnancies”. Thus, it seems that the use of GnRH-a cotreat-
ment may preserve not only ovarian function but also fertility.

4. Risks and benefits of the different fertility
preservation methods

4.1 Cryopreservation of embryos
Benefits: Non-investigational, clinically established method
[1,3-6,8,12]. Risks: It may necessitate postponing chemotherapy
for 10 -- 14 days and thus may lead to loss of precious time
in the early treatment of cancer.

4.2 Cryopreservation of ova
Benefits: Enables the availability of unfertilized ova to young
patients without a partner. Risks: No future fertility
is guaranteed.

4.3 Ovarian transposition (oophoropexy)
Benefits: Ovaries do not undergo any ex vivo manipulations
and thus eliminate the associated possible damages to the tis-
sue. Risks: Pelvic radiation may damage uterus so that even
after successful ovarian transposition with intact ovarian
function and ovulation, no conception will be possible.

4.4 Ovarian cryopreservation
Benefits: The only form of fertility preservation applicable to
prepubertal girls, before sterilizing chemo- and/or radiother-
apy. Risks: Ovarian tissue might harbor malignant cells and
therefore reintroduce the cancer.

4.5 GnRH-a co-treatment
Benefits: Non-invasive, easy available method for fertility
preservation. Risks: Not clinically established form of
fertility preservation.

5. Chemotherapeutic agents

Cytotoxic chemotherapy may variably affect ovarian function
depending on type of chemotherapy, patient’s age and ovarian
reserve at diagnosis [53]. For instance, the combination of
cyclophosphamide, doxorubicin (adriamycin) and fluoroura-
cil (CAF), may be deleterious to the ovarian function in a
40 years or older patient, causing POF in over 80% of these
patients, but the risk of POF of the same combination in a
30 -- 39 years old patient will be much lower, and in a patient
younger than 30 the POF risk would be below 20% [53].

The most toxic chemotherapeutic agents are: Cyclophos-
phamide, Ifosfamide, Chlorambucil, Melphalan, busulfan,
Nitrogen mustard, Procarbazine, thiotepa and combinations
of these drugs [53].

The chemotherapeutic agents with intermediate toxicity
are: Cisplatin, Carboplatin, Adriamycin and Taxanes [53].
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The chemotherapeutic agents with low toxicity are: Bleo-
mycin, Dactinomycin, Vincristine, Vinblastine, Methotrex-
ate, Mercaptopurine and 5-Fluorouracil [53].

It is beyond the scope of this manuscript to exhaustively
review the gonadotoxic effect of each chemotherapeutic agent
band combination. Moreover, this subject has been recently
addressed [53].

Therefore, a 40-year-old patient, before treatment such as
CAF or radiotherapy which may cause POF in over 80% of
cases may need all the available methods for fertility preserva-
tion (IVF and cryopreservation of embryos/oocytes and
ovarian tissue). Similarly, a patient before the very toxic com-
bination of busulfan-cyclophosphamide (Bu-Cy), or condi-
tioning before BMT will need all the modalities for fertility
preservation she can get. On the other hand, a young patient
before the ABVD combination, which is significantly less
gonadotoxic, may decide to use only IVF and GnRHa [1,7-11].

6. GnRHa controversy

The ASCO and the American Society for Reproductive
Medicine concluded that there are not definitive data proving
that GnRHa preserves fertility [54,55]; therefore, GnRHa is not
considered an unequivocally proven effective method of fertil-
ity preservation [54,55]. Nevertheless, good evidence based
medicine is based on high-quality RCTs or metaanalyses [56].
Although no randomized trials assessed the role of cryopreser-
vation strategies for fertility preservation, many investigators
refer to cryopreservation of ovarian tissue as an established
method of fertility preservation [57,58]. The quality of evidence
for recommending such strategies may be considered low,
according to Fleisher et al. [56], because it is based on non-
randomized, case-control or observational studies. On the
contrary, the role of GnRH-a therapy in preserving ovarian
function has been assessed both in randomized trials and in
nonrandomized, case-control studies [1,7-11,38-43,59-62].

An argument against GnRH-a use, as put forward by
Nitzschke et al. [48], claims that: “A clinical example for why
gonadal suppression may not protect ovaries is the fact that
prepubertal children receiving high-dose chemotherapy given
before hematopoietic stem cell transplantation still suffer
from ovarian failure”. Rem�erand et al. [63], have described
four spontaneous pregnancies and successful deliveries in a
patient after prepubertal high-dose Bu-Cy conditioning and
BMT, demonstrating that successful pregnancies are possible
in patients undergoing prepubertal BMT. Similarly, the
only published case of repeated spontaneous pregnancies
and two successful deliveries after repeated autologous BMT’s
and GnRH-a treatment has been recently described, in a post-
pubertal lymphoma patient, suggesting that the prepubertal
milieu induced by the GnRH-a cotreatment might have
contributed to the preserved fertility despite repeated
BMT [11]. After this publication [11], the reported patient
has experienced a third successful delivery after spontaneous
conception. Only 0.6% of patients conceive after one

autologous or allogeneic BMT, according to an extensive sur-
vey, involving 37,362 female patients [64]. Thus, the estimated
odds for pregnancy after two BMT’s are negligible (theoreti-
cally: 0.006 � 0.006 = 0.000036) [11]. Similarly, in another
study [65] on 619 patients, only 3% conceived after one
BMT. Thus, theoretically, according to their findings,
the estimated odds for conceiving after two SCTs are
0.03 � 0.03 = 0.0009, about 1/1000 [65]. The administration
of GnRH-a before and in parallel to the gonadotoxic condi-
tioning chemotherapy simulated the prepubertal hormonal
milieu and might have minimized the gonadotoxic effect
and augmented the odds of ovulations, conceptions and
deliveries [11].

Another argument, brought against GnRH-a use, is that
8% of prepubertal children exposed to gonadotoxic chemo-
therapy may suffer POF by age 40 and therefore the rationale
for creating a prepubertal milieu is illogical. Indeed, three
publications [66-68] have found that survivors of childhood
cancer have an 8% risk of suffering POF before the age of
40, compared with < 1% in the general population. This is
in keeping with the published results whereby women of
reproductive age receiving GnRHa in addition to chemother-
apy suffer POF in about 7 -- 13% of cases (simulating prepu-
bertal exposure), whereas those treated without the agonist
have a 30 -- 60% risk of POF [1]. It strongly supports the ratio-
nale of ovarian suppression for generating a temporary pre-
pubertal milieu.

In response to another raised theoretical concern whereby
the agonist may reduce the efficiency of chemotherapy, one
can bring forward the meta-analysis published in the Lancet
[69], based on 11,906 young breast cancer patients randomized
in 16 trials, which concluded that the addition of GnRH-a to
tamoxifen, chemotherapy, or both, reduced recurrence by
12.7% (p < 0.02) and death after recurrence by 15%
(p < 0.03). This contradicts the raised hypothetical specula-
tion. Furthermore, the publications by the groups of
Del-Mastro and Recchia, as well as the recent POEMS-
SWOG S0230 RCT demonstrate improved 5 and 10 years
survival rates with GnRHa compared with the studies without
the agonist [25-27,38,39,70]. Over 300 patients have been treated
in our medical center with GnRH-a in parallel to chemother-
apy for different indications and the survival rate was not
lower than the survival of those who did not receive the
agonist [1,7-11].

7. Expert opinion -- suggested policy and
management

Embryos and M-II eggs cryopreservation is widely available
with a highly successful track record [71]. Conservative gyneco-
logic surgery is a standard consideration for patients with
stage I ovarian cancer who desire future fertility [71]. Ovarian
tissue cryopreservation as well as ovarian suppression with
GnRHa during chemotherapy are still considered experimen-
tal, although recent data suggest safety and efficacy for the use
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of GnRHa in women receiving neo-adjuvant chemotherapy
for breast cancer [1,39,71]. Level I evidence is based on prospec-
tive RCT. Notwithstanding all the above, two studies pub-
lished in the New England Journal of Medicine [72,73]

reported that good observational studies give results similar
to those of RCTs. There are many unknown and equivocal
matters in this important issue of fertility preservation [1].
Therefore, the data appear to suggest that clinical medicine
is still far from having a ubiquitous solution for all these
young survivors. None of the suggested avenues for fertility
preservation guarantees unequivocal success in future fertility
preservation. Even IVF and cryopreservation of a few embryos
or unfertilized ova cannot guarantee future pregnancy. There-
fore, several modalities should be combined and considered.
Maximizing patients’ odds for future fertility will necessitate
the combination of ovarian cryopreservation, GnRHa admin-
istration, and follicular aspiration and all these modalities
should be offered to all such patients. Furthermore, GnRH-
a can effectively prevent the thrombocytopenia-associated
menorrhagia in these patients [1,74].
The main limitations of most studies examining the effi-

ciency of GnRHa for fertility preservation are: different and
heterogeneous target population, variability in the selection
of patients enrolled in the studies, different patients’ age at
chemotherapy exposure, great variations in chemotherapy
protocols and combinations, different duration of follow-up
and differences in the end points assessing efficiency of treat-
ment. Only few studies address pregnancy rate which is the
ultimate outcome of fertility preservation, obviously due to
a long follow up needed for this parameter to be evaluable
in the treated patients, many of them being young
and unmarried.
It has been also demonstrated that GnRH-a cotreatment is

beneficial not only against regular chemotherapy but also for
lymphoma patients undergoing stem cell transplanta-
tion [11,59]. More recently, Wong et al. [29] in the largest series
of premenopausal breast cancer patients treated with a
GnRHa during chemotherapy reported their outcomes
regarding both pregnancy rate and preservation of ovarian
function. They [29] have found a high pregnancy rate (71%
of the patients who attempted pregnancy achieved it) which
further supports the role of GnRH-a cotreatment in preserv-
ing ovarian function during gonadotoxic chemotherapy. Fur-
thermore, in this recent study [29], more than two thirds of the
patients were ER positive, suggesting the safety of GnRH-a
cotreatment for both ER+ and ER- patients.
For a 40-year-old patient, before aggressive gonadotoxic

treatment such as CAF, or BMT conditioning, or abdominal
radiotherapy, or total body irradiation (TBI), which may cause
POF in over 80 -- 90% of cases, we may need to offer all the
available methods for fertility preservation (IVF and cryopres-
ervation of embryos/oocytes and ovarian tissue). Similarly a
patient before the very toxic combination of Bu-Cy, or condi-
tioning before BMT will need all the modalities for fertility
preservation she can get. On the other hand, a young patient

before the ABVD combination, which is significantly less
gonadotoxic, may decide to use only IVF and GnRHa [1,7-11].

Last but not least, it may appear ethically incorrect to
deprive patients from all the information regarding possible
fertility preservation. Because most of the methods involving
ovarian or egg cryopreservation are not yet clinically estab-
lished and 100% successful, these young patients deserve to
be informed about all the various modalities to minimize
gonadal damage and preserve ovarian function and future
fertility [1,7-11]. It is recommended that GnRH-a cotreatment
is offered in addition and not instead of IVF and cryopreser-
vation of embrya, ova, and ovarian tissue, for fertility preser-
vation. Furthermore, combining the various modalities for a
specific patient may increase the odds of preservation of future
fertility. There is no contraindication to ovarian biopsy for
cryopreservation combined with GnRHa administration and
follicular aspiration, as recently published [75]. In cases where
the chemotherapy has caused POF, as is frequently the case
in TBI and BMT, the patient has cryopreserved ova, embryos,
or primordial follicles to fall back upon. However, in cases
where conventional chemotherapy regimens such as those
commonly used for young lymphoma patients are applied,
GnRHa cotreatment may preserve ovarian function and pre-
vent POF without necessitating the use of cryopreserved
ova, embryos or ovarian tissue.

The main risk of ovarian autotransplantation is the possible
reintroduction of malignant cells. This risk is considered high
for patients with leukemia, neuroblastoma, and Burkitt lym-
phoma [1,76]. Although it is not impossible, it is not common
for other malignancies. Before every ovarian tissue autotrans-
plantation, every effort should be done to discover malignant
cells or markers of malignancy in the thawed tissue. Neverthe-
less, we suggest offering all the patients, the three avenues for
fertility preservation: cryopreservation of embryos, ova, ovar-
ian tissue and GnRHa [1], even in high-risk patients as leuke-
mia [1,76]. The rationale leading to this policy is in the hope
that in a few years, the in-vitro maturation technology of pri-
mordial follicles to mature Graafian follicles containing M-II
fertilizable oocyte may become possible [1,3], bypassing the
ovarian auto-reimplantation need, in those patients who
turn prematurely menopausal. Although this technology is
not available yet for human, the previous success in rodents,
and the three-dimensional ovarian pieces and follicle culture
in alginate gel, or similar technology, may possibly become
real in several years [77]. Therefore, all the available possibili-
ties should be offered to these young patients.
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