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Tremendous advances have beenmadewithin the past 15 years in

the field of fertility preservation.1Although embryo cryopreservation

was an already available standard technique, new ovarian stimulation

techniqueswith aromatase inhibitors2,3to reduce estrogen exposure in

patients with breast cancer and random-start strategies4 to shorten

the delay to chemotherapy have increased the acceptability of this

approach in patients with cancer. Oocyte cryopreservation emerged as

an established technique for single women who did not wish to use

donor sperm, and success rates justified its removal from the exper-

imental category.5 Ovarian cryopreservation has also shown a giant

leap since its first successful use to restore ovarian endocrine function

in 1999,6 as live birth rates have exceeded 30% in those who undergo

ovarian transplantation,7,8 though it is still considered experimental

by the American Society of Reproductive Medicine. Given that the

recent advances in cryopreservation and transplantation techniques7

may improve the longevity of ovarian transplants with cryopreserved

tissue, and given that the number of live births is increasing expo-

nentially, it may not be too long before ovarian cryopreservation is

also added to the list of established fertility preservation procedures.

In the area of medical preservation of ovarian function,

however, we have seemingly continued to spin our wheels without

apparent progress. The initial idea of gonadotropin-releasing hor-

mone analogs (GnRHa) to preserve fertility during cancer treat-

ments came from misinterpreted observations that children are less

likely to develop ovarian failure after chemotherapy. On the basis

of that thought, simulation of a prepubertal hormonal milieu by

pituitary suppression was proposed, to possibly guard the ovary

against chemotherapy agents. This led to a number of retrospective

and inadequately controlled studies, which suggested some benefit

of ovarian suppression in the preservation of menstrual function

during chemotherapy. In fact, recent studies with long-term

follow-up showed that children are also equally vulnerable to

chemotherapy-induced ovarian reserve loss; however, because of

their larger ovarian reserves at the time of chemotherapy, this

vulnerability is not immediately apparent in short-term follow-up. 9

Although a number of randomized controlled studies have

been performed in the past decade, none were blinded or placebo

controlled. To the dismay of many, these studies also gave con-

tradicting results, which divided physicians into camps of those

who believe and do not believe in the benefit of GnRHa in preservation

of fertility. In the article that accompanies this editorial, the study by

Demeestere et al10may get us as close to the biologic truth as possible.

A small, overlooked, yet well-designed study by Waxman

et al 11 was the first randomized study to investigate the benefit of

ovarian suppression in patients of both genders (13 men and

18 women) with lymphoma who received gonadotoxic chemo-

therapy. The study, ahead of its time, used follicle-stimulating

hormone (FSH) and luteinizing hormone (LH) levels and

gonadotropin-releasing hormone (GnRH) stimulation tests to

confirm ovarian suppression. The end point for men was sperm

counts, and the incidence of amenorrhea up to 3 years after che-

motherapy was the end point for women. At the end of the study, all

men were oligospermic, and similar proportions of women expe-

rienced persistent amenorrhea. This study and similar observations

led to the abandonment of GnRHa for fertility preservation in men.

Yet, for women, the argument continues 30 years later. This is,

however, easy to interpret, because a simple semen analysis offers

us the ability to quantify male germ cells (sperm) and left no

room for ambiguity in randomized studies. In contrast, reliance on

highly subjective surrogates in women, such as menstruation, for

estimation of the remaining ovarian reserve and fertility left studies

liable to many confounders.
Gonadotoxic chemotherapy agents cause severe DNA double-

strand breaks and trigger apoptotic cell death in resting primordial

follicle oocytes that make up the ovarian reserve. 12We found some

evidence, however, that oocytes are capable of mounting a DNA

damage response, 13 and this may lead to the survival of some

oocytes, even in the face of genotoxic stress. The varying ability of

human oocytes may explain why chemotherapy does not result in

the death of all follicles in all patients. Primordial follicles do not

contain gonadotropin receptors, 14 and their growth is not affected

by hormonal manipulations. 15 It therefore becomes clear that

GnRHa cannot have any influence on primordial follicle survival

in the face of DNA damaging, non–cell-cycle-dependent chemo-

therapy agents (Fig 1). A recent translational study has already

proven this point. That study showed in ex vivo and in vitro models

of human ovary and granulosa cells that the coadministration

of GnRHa does not confer protection against DNA damage and
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In this issue of The Oncologist, Blumenfeld et al. present
encouraging data on the efficacy of temporary ovarian
suppression with gonadotropin-releasing hormone agonist
(GnRHa) during chemotherapy as a strategy to preserve not
only ovarian function but also fertility in youngpatientswith
different types ofdiseases undergoing cytotoxic therapy [1].
In this retrospective cohort study, the fertility outcomes
(i.e., cyclic ovarian function recovery and pregnancies after
chemotherapy) of 286 patients who received GnRHa during
cytotoxic therapy were compared with those of 188 women
who underwent chemotherapy alone [1]. Among evaluable
patients, more patients in the GnRHa group resumed cyclic
ovarian function after chemotherapy than patients receiv-
ing chemotherapy alone (87% vs 49%; odds ratio [OR]: 6.87;
p5 .0001) [1]. A total of 85patients (69.7%) conceived in the
GnRHa group comparedwith 28 (42.4%) in the control group
(p 5 .0003), resulting in 124 and 40 newborns (p , .01),
respectively [1]. Spontaneous pregnancies occurred in 80
women (65.6%) in the GnRHa group and 25 (37.9%) in the
control group (OR: 3.12; p5 .0004) [1].

Premature ovarian failure (POF) and subsequent infertility
are possible consequences of chemotherapy and are associ-
ated with substantial psychosocial impact in young cancer
patients. In recent years, because of improvement in the
prognosis of cancer survivors, fertility issues have received
increasing attention [2].

As recommended by major international guidelines and
as early as possible, physicians should discuss the potential
negative impact of anticancer treatments on fertility with all
young patients who are at risk of infertility and interested in
having children after cancer and help with informed fertility
preservation decisions [3, 4]. In female cancer patients,
cryopreservation of embryos or oocytes are standard strat-
egies for fertility preservations, whereas other options (e.g.,
ovarian tissue cryopreservation and temporary ovarian sup-
pression with GnRHa during chemotherapy) are considered
experimental techniques [3, 4].

Pharmacological protection of the ovaries with GnRHa
during chemotherapy is an attractive option to preserve
gonadal function and fertility with the advantage of causing
no delay in the initiation of anticancer therapies and thewide
availability of such compounds [5]. Nevertheless, despite
extensive research efforts in this field consisting of several
randomized trials and meta-analyses, there is still active
debate in the literature on the efficacy of this strategy [6]. In
particular, the lack of data on pregnancy rates with the use of
this strategy has been considered an important limitation,
and the American Society of Clinical Oncology (ASCO) and
the European Society for Medical Oncology (ESMO) do not
recommend the use of GnRHa-induced temporary ovarian
suppression during chemotherapy as a reliable strategy to
preserve fertility in young patients undergoing cytotoxic
therapy [3, 4]. However, more than 2 years have passed since
the publication of the ASCO and ESMO clinical practice
guidelines on fertility preservation in cancer patients, and
new data in this field have become available.

Temporary ovarian suppression with GnRHa during
chemotherapy has been studied as a strategy to preserve
ovarian function rather than as an option for fertility preser-
vation [7]; however, the recovery of cyclic ovarian function
afterchemotherapydoesnotalways imply fertility restoration.
A growing amount of evidence suggests the possible utility of
this technique topreserve fertility, particularly in patientswith
breast cancer.

In a prospective observational study conducted at
the Royal Marsden Hospital Breast Unit in London (U.K.),
of 125 consecutive breast cancer patients undergoing
concurrent GnRHa and chemotherapy, 104 (84%) recov-
ered menstruation [8]. Among the 57 patients (46%) who
were interested in getting pregnant, 42 (74%) attempted
pregnancy, and 30 of those patients (71% of those who
attempted pregnancy) achieved pregnancy [8]. At the time
of the analysis, a total of 42 pregnancies with 30 healthy
deliveries were described [8].
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The efficacy of GnRH agonists (GnRHa) as a method for protecting fertility has been controversially 
discussed for years. This is clearly demonstrated by the fact that there are now more meta-analyses 
on this subject than individual studies. However, the discussion is often not conducted objectively 
but seems to be shaped by fundamental ideologies, leading to a scientific dispute between GnRHa 
advocates and GnRHa opponents. A new study now adds even more fuel to the fire of the discussion 
because it investigated the long-term protective effect of GnRHa on the ovaries for the first time and 
was not able to demonstrate a long-term effect (1).

Based on this, it is not time for us to evaluate the overall effectiveness of GnRHa, or even allow 
ourselves to be led by ideologies, but to consider the existing studies and their target criteria in an 
objective and differentiated manner. Different criteria were defined in the study which, due to their 
diversity, has the disadvantage that the studies cannot be evaluated in the same way and is certainly 
one of the reasons for the controversial data situation. On the other hand, this has the great advantage 
that due to the different target criteria, different aspects of GnRHa effects have been analyzed, and 
the effectiveness of GnRHa can therefore be assessed from different perspectives.

In the studies, the following criteria were defined to assess the effect of GnRHa:

 1. Short-term risk of premature ovarian insufficiency (POI) rate
 2. Long-term ovarian reserve after chemotherapy
 3. Pregnancy rate after chemotherapy.

Ad 1: most studies addressed the POI rate as the primary endpoint. POI was defined as amenor-
rhea or oligomenorrhea and/or as increased FSH concentrations. A meta-analysis (2) and the very 
recently presented OPTION randomized controlled trial performed in the UK (3) provide strong 
evidence that GnRHa do have a short-term effect (1–2  years after chemotherapy) in reducing 
the risk of developing POI. Lambertini et  al. (2) included 12 RCTs composed of 1,231 breast 
cancer patients in a meta-analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) for POI 
(POI defined by study definition or as amenorrhea 1 year after chemotherapy completion) were 
calculated for each trial. The use of GnRHa was associated with a significantly reduced risk of POI 
(OR 0.36, 95% CI 0.23–0.57), yet with significant heterogeneity. In eight studies, defining POI 
as amenorrhea rates 1 year after chemotherapy completion, the addition of GnRHa reduced the 
risk of POI (OR 0.55, 95% CI 0.41–0.73) with less heterogeneity. A recently published RCT (3) 
confirmed this result. A total of 140 women with breast cancer were randomized to receive either 
GnRHa or no GnRHa. In the GnRHa group, 77.9% of women resumed menstruation, compared 
to only 61.7% in the group without GnRHa (p = 0.015).
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§ What are the evidence regarding the mechanisms of 
ovarian protection of GnRHa?

§ What really showed the clinical trials?
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References Species Analogues Main conclusion
Bokser 1990 Rat Agonist Protect mainly secondary follicles during Cy treatment

Montz 1991 Rat Agonist (vs 
progesterone)

GnRHa as efficient as Prog to maintain fertility but not 
fecondity

Ataya 1995 Monkey Agonist Prevent Cy-induced follicular loss

Meirow, 2004 Mice Antagonist Prevent Cy-induced primordial follicular loss 

Letterie, 2004 Rat Agonist No protection against Cy-induced follicular attrition

Yuce, 2004 Mice Agonist Partial protection from Cy inducing primordial follicular 
loss (Cy dose dependent) 

Danforth, 2005 Mice Agonist/antagonist Agonist prevent Cy-induced primordial follicular loss but 
not antagonist (toxic effect)

Tan, 2010 Mice Agonist Dose-dependent protective effect of GnRHa on ovarian
reserve against Cy

Lemos, 2010 Rat Antagonist No difference in total follicular density between CTL, Cy 
and Cy+Antago groups. Fertility protection

Zhao, 2010 Rat Antagonist Reduce Cy-induced apoptosis

Kishk, 2012 Mice Agonist Dose-dependent protective effect of GnRHa on ovarian
reserve against Cy

Li, 2013 Rat Agonist/antagonist Prevent Cy-induced follicular loss

Parlakgumus, 2015 Rat Agonist No protection against Cy-induced follicular loss

Rossi, 2017 Mice LH/FSH LH and in a lesser extend FSH favored primordial 
follicles survival and DNA repair trough action on 
somatic cells when exposed to cisplatin
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GONADOTOXICITY OF CHEMOTHERAPEUTIC AGENTS
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Infertility- POI
« Menopausal »	Sd

Guzy	and	Demeestere,	2017

2010). An early study reported the incidence of amenorrhea in
women younger than 30 years old treated with doxorubicin was
0%, compared with 33% in women aged 30–39, and 96% for
women aged 40–49 (Hortobagyi et al., 1986).

(4) Vinca alkaloids areaneuploidy inducing, andanimal studies showhigh
levels of aneuploidy in oocytes exposed to vinblastine (Mailhes,
1995). Clinical studies however document no increased risk of
ovarian failure (Meirow, 2000; Lee et al., 2006).

(5) While there are limited data available on the effects of antimetabo-
lites on the ovary, there are some indications that they do not impact
on fertility. The addition ofmethotrexate and 5FU to alkylating agent
regimens was not associated with an increase in amenorrhea post-
treatment (Bines et al., 1996). Methotrexate is commonly used to
treat ectopic pregnancy without any effect on subsequent fertility
(Mol et al., 2008; Oriol et al., 2008).

(6) There are limited and conflicting data regarding the effects of the
taxane drug family on ovarian failure rates. While many studies
have reported low or no increased risk of amenorrhea (Davis
et al., 2005; Reh et al., 2008; Han et al., 2009; Abusief et al., 2010;
Ganz et al., 2011), other studies have documented gonadal toxicity
with high FSH levels (Anderson et al., 2006), and an increase in the
incidence of amenorrhea (Petrek et al., 2006; Han et al., 2009).

(7) Biological targeted therapies are a relatively new and growing cat-
egory of anti-cancer treatments that derive from living organisms.
These agents are designed to interfere with specific molecules
expressed by tumors (agents such as herceptin or tamoxifen), or
act via the immune system (agents such as rituximab). Because
these agents have only recently entered the arsenal of cancer treat-
ments, there are limited data on their effect on the ovary, but since

they aredesigned to target very specific cells, toxic effects are unlike-
ly. An additional indirect impact of these drugs on patient fertility
relates to the nature of treatment. These drugs are typically given
as adjuvant therapy formany years after the initial cancer treatments,
and new recommendations advocate extending adjuvant treatment
beyond the current 5 years (Higgins et al., 2013). Since they cannot
be taken while pregnant, adjuvant therapies by necessity enforce a
delay on any future attempts to conceive, resulting in an age-related
decline in fertility.

Most commonly, patients are subjected to combinations of these drug
families, and this, combinedwith individual patient variation,makes it dif-
ficult to predict patient risk of ovarian damage in advance. Certain com-
binations of chemotherapy have become standard treatment protocol
for specific cancers, and there are data on ovarian failure rates induced
by the more common regimes (Table I, Meirow et al., 2010). Among
the less ovotoxic are combinations such as ABVD (adriamycin, bleo-
mycin, vincristine and dacarbazine) for lymphoma, which rarely results
in premature ovarian insufficiency (POI) (Bonadonna et al., 2004; De-
canter et al., 2010; Behringer et al., 2013). In contrast, the majority of
lymphoma patients treated with COPP (cyclophosphamide, vincristine,
procarbazine, prednisone) report ovarian failure (Kreuser et al., 1992;
Behringer et al., 2005), as do 72–100% of patients who undergo high-
dose multiple-agent chemotherapy in preparation for bone marrow
transplantation (Chung et al., 2013). And while only 15% of patients re-
ceiving ACT (doxorubicin, cyclophosphamide and taxol) for breast
cancer were amenorrheac .12 months after treatment (Fornier et al.,
2005; Sukumvanich et al., 2010), this can be a misleading end-point
since those who demonstrate menstruation can show a significant

Figure1 The riskof ovarian failure post-chemotherapy is determined largely by the interaction of two factors: the type and amount of drug received, and
theageof thepatient at treatment.Assessmentof individual risk canbemadeusing these factors; however, individual variationmakes it advisable to consider
fertility preservation measures even when treatment may fall into the low to moderate risk category. (Reprinted, with permission, from Meirow et al.,
2010.). *Vertical arrows represent the level of risk, with the greater number of arrows indicating greater risk; the horizontal arrow indicating negligible
or unknown risk. **Dashed arrows represent the reduction in ovarian reserve that occurs following chemotherapy.
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Mechanisms of action of GnRH: Hypothesis
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INVESTIGATION

§ Question 1: Does GnRHa prevent follicular recruitment?

§ Question 2: Does inhibition of FSH indirectly protect the 
follicular pool?

§ Question 3: Does GnRHa prevent follicular damage by 
directly acting on the ovary through GnRHa receptors?

§ Question 4: Does GnRHa act through reduction of 
vascularisation?
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QUESTION 1:
DOES GnRHa PREVENT FOLLICULAR RECRUITMENT?

25/12/17 10

AMH expressed as a percentage of MLP levels in the follicular phase, MLP, and approximately 7 days (GnRHa+7), 14
days (GnRHa+14), and 30 days (GnRHa+30) after administration of the depot GnRHa leuprolide (3.75 mg im), indicated
by the dashed vertical line (n = 33). REF, reference. Data are depicted as medians with 25th to 75th percentile values, and
absolute levels are reported immediately below the graph. *, P < .001 vs MLP level.

Articles from The Journal of Clinical Endocrinology and Metabolism are provided here courtesy of The

Endocrine Society

Administration	of	GnRHa	alone	did	not	reduce	AMH	level	

Healthy	 women	(n=33;	30.3±8.5y)
Su	et	al,	JCEM	2013

Parameters Baseline 4 weeks
after
Zoladex

8 weeks
after
Zoladex

FSH (IU/L) 7.1± 1.8 3.7± 2 3.5± 1.7

LH (IU/L) 4.5± 1.3 0.4± 0.3 0.4± 0.3

AMH (ng/ml) - 4.5± 2.7 3.8± 2.3

Patients	with	stage	II-IV	endometriosis	(n=21;	32±5.8y)	
Modified	from	Mohamed	et	al,	Fertil	Steril	2006

➤Maintain	the	pool	of	growing	follicles	and	follicular	recruitment	process
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GnRHa	Inhibited	 oestrus	cycle	but	not	follicular	 growth

Horicks	et	al,	PlosOne	2015

Inhibition	 of	Ovarian function after GnRH	treatment:	Mice model

contrast, all GnRH agonist-treated mice (either sc or im; 17/17) displayed less than three cycles,
compared with only 58.30% (7/12) in the GnRH antagonist-treated mice (Fig 3A).

We further examined the distribution of follicular stages in the ovary from GnRHa-treated
mice. The follicular distribution was not affected by treatments whatever the dose, injection
site, and type of GnRHa. The percentage of growing follicles ranged from 16.50% to 23.25%
in the treated groups and was not significantly different from the control (20.40% ± 4.16%)
(Fig 3B). Furthermore, KI-67 and TUNEL staining revealed that growing follicles still con-
tained proliferating cells and no difference was observed in the apoptosis pattern (Fig 3C). In
accordance with this observation, serum FSH levels were not reduced in GnRHa-treated mice
(Fig 3D).

GnRHa failed to protect the ovary against Cy-induced follicular depletion
Three mice per group were treated with GnRH agonist or antagonist (500μg/kg/day) and Cy
(200mg/kg). The number of follicles, the apoptosis, and proliferation in the ovaries, as well as
the oestrus cycle were assessed. As expected, we observed a significant depletion of total folli-
cles of 56.24% ± 1.81% after Cy administration (Table 2). Concomitant treatment with GnRHa
did not prevent reduction of the ovarian reserve (Fig 4). A decrease in the proportion of resting

Fig 3. Inhibitory effect of GnRHa on follicular development. (a) The oestrus stages were determined by evaluating the vaginal cytology (pro-oestrus (P),
oestrus (E), metoestrus (M) and dioestrus (D). The oestrus cycle is partially blocked according to the type of GnRHa, irrespective to the dose. Here oestrus
cycle during treatment with antagonist 20μg/kg, agonist 2μg/kg and agonist im 4mg/kg are represented (b) The growing follicles ratio was evaluated by
counting follicles in every fifth section of each whole serial sectioned ovary from different experimental conditions (2, 20, 200 or 500 μg/kg/day or im agonist
injection of 4mg/kg). Results are expressed as mean ± SD. (c) Representative immunohistological sections showing growing follicles (stained with KI-67)
without apoptosis staining in granulosa cells (TUNEL) after 15 days of GnRHa treatment. Scale bar = 100 μm. (d) Serum FSH levels (ng/ml) according to the
doses and injection site of GnRHa. Each symbol represents one animal.

doi:10.1371/journal.pone.0137164.g003

GNRH Analogues and Cyclophosphamide in Mice Ovary

PLOS ONE | DOI:10.1371/journal.pone.0137164 September 1, 2015 7 / 13

Follicular	growth	after	2	weeks	of	GnRha	treatment: FSH	levels	after	 2	weeks	of	GnRHa	treatment:

Follicular depletion after treatment with cyclophosphamide
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follicles in favour of the growing pool was observed after chemotherapy, and this was not
altered by treatment with GnRHa (Table 2). TUNEL and KI-67 staining did not reveal any dif-
ferences between the treatments (data not shown).

Discussion
In order to elucidate the controversial question of ovarian protection by GnRHa during che-
motherapy and validate the model, the physiological effect of GnRH analogues at different dos-
ages was assessed to evaluate their ability to inhibit the hypothalamic–pituitary–ovarian axis in
this commonly used animal species.

Here we showed a toxic effect of Cy on both the resting and growing follicular population in
mice at different times, irrespective to the administration of GnRH analogue. In accordance
with previous work [34], 200mg/kg of Cy destroyed around 50% of the ovarian follicle pool,
without affecting fertility. At the dose of 500mg/kg, Cy dramatically affected the ovarian reserve,
the fertility and health of the mice, increasing the mortality rate. This dose has been previously

Table 2. Total follicular depletion, and proportion of resting and growing follicles population per ovary according to the treatment in mice.

Treatment N Total follicular loss (%) Distribution of follicles

Number of resting follicles (%) Number of growing follicles (%)

Control 3 – 426.0±135.0 (81.05) 94.7±5.1 (18.95)

Cy 3 58,26* 133.7±41.1 (60.83) 83.7±20.6 (39.17)

Ago 3 – 500.7±142.6 (83.50) 99.3±34.3 (16.50)

Ago + Cy 3 54,78* 173.7±48.0 (63.64) 97.7±20.4 (36.36)

Ant 3 – 435.7±104.2 (83.30) 84.0±13.0 (16.70)

Ant + Cy 4 55,68* 139.0±23.43 (60.28) 91.3±12.9 (39.72)

Cy single ip injection of 200 mg/kg; GnRH agonist (Ago) daily subcutaneous (sc) injection of 500 μg/kg; GnRH antagonist (Ant) daily sc injection of
500 μg/kg. Results are expressed as mean ± SD. N = number of ovaries analysed.
*p < 0.05 compared with controls.

doi:10.1371/journal.pone.0137164.t002

Fig 4. Evaluation of the protective effect of GnRHa on Cy-induced follicular depletion. The follicular
population was evaluated by counting all follicles in every fifth section of whole serial sectioned ovaries of
mice injected daily with 500μg/kg of GnRH agonist or antagonist subcutaneously for 21 days and treated with
200mg/kg of Cy on day 15. The different conditions are control, Cy alone (Cy), GnRH agonist alone (Ago), or
with Cy (Ago + Cy) and GnRH antagonist alone, (Ant) or with Cy (Ant + Cy). Results are expressed as
mean ± SD, *p < 0.05 compared with controls. Statistical difference was observed between Cy-treated
groups and control but not with GnRHa treatments.

doi:10.1371/journal.pone.0137164.g004

GNRH Analogues and Cyclophosphamide in Mice Ovary

PLOS ONE | DOI:10.1371/journal.pone.0137164 September 1, 2015 8 / 13

Horicks	et	al,	PlosOne	2015

➤Proportion	of	growing	follicles	increases	during	chemotherapy	whatever
the	mice	 recieved	GnRha	or	not	
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mouse (baseline and months 1–9). At the day of sacrifice, blood samples
were drawn via the inferior vena-cava. Sera were then separated by centrifu-
gation (4000g, 10 min, 48C)and frozen at2208Cuntil quantificationwith the
AMH Gen II ELISA assay according to the manufacturer instructions
(Beckman Coulter, Chaska, MN, USA). Calibrators for a standard-curve as
well as low and high controls were included in duplicate wells to each Elisa

plate. Inter-assay variation was 4.3% (n ¼ 10) and intra-assay variation was
3.8% (n ¼ 80).

Statistical analysis
The SPSS 21.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical
analysis.DatanormalitywasassessedusingKolmogorov–Smirnov tests. In all

Figure 2 Long-term changes in serum anti-Mullerian hormone (AMH) level after Doxorubicin (Dxr) and Cyclophosphamide (Cyc) administration and
the effect of GnRH agonist (GnRH-a) pretreatment. Monthly follow-up of serumAMH level. (A) Level of AMH in serum of mice treated with Dxr and Cyc
either with or without GnRH-a compared with the level in serum of saline-treated control mice (dashed line), 1 month (A′) and 9 months (A′ ′) post-
treatment. The upper and lower limits of the boxes indicate the 75th and 25th percentiles, respectively; whereas the lines within the boxes indicate the
median. The upper and lower horizontal bars denote the 90th and 10th percentiles, respectively. a,bP, 0.05; aGnRH-a (+) versus GnRH-a (2); bDxr
or Cyc versus saline. (B) Level of AMH in serum of mice treated with either Dxr (B′) or Cyc (B′ ′) (continuous lines) compared with the level in serum
of saline-treated control mice (dashed line). (C) Level of AMH in serum of mice treated with either Dxr (C′) or Cyc (C′ ′) (continuous lines) compared
with the level in serum of their matching GnRH-a pre-treated mice (dashed line). AMH is presented as percent of the baseline value of each mouse.
Data is mean+ SEM (n ¼ 11 for each group; a,bP, 0.05); aGnRH-a (+) versus GnRH-a (2); bDxr or Cyc versus saline.
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USA)or saline, givenevery12 h for 5 consecutivedays. Theywere treated for
3 additional days to cause sustaineddesensitization during chemotherapeutic
treatment (Days 1–8, Fig. 1A). LA dosage was calculated using a conversion
equation; Mouse Equivalent Dose ¼ Rat Dose × Rat Km/Mouse Km (Rat
Km ¼ 6,Mouse Km ¼ 3) ( Gad, 2006) based on previous studies conducted
in rats (Parborell et al., 2002, 2008). Mice were randomly allocated into six
experimental groups (Fig. 1B). On the fifth day they were injected intraper-
itoneally (i.p.) with Doxorubicine (Dxr; Teva, Petach-Tikvah, Israel;
7.5 mg/kg), Cyclophosphamide (Cyc; Baxter oncology, Halle, Germany;
75 mg/kg) or saline. Standard dosages of Cyc and Dxr were chosen based
on former publications showing ovarian damage (Meirow et al., 1999;
Ben-Aharon et al., 2010a). Mice were sacrificed 24 h (n ¼ 36), 1 week
(n ¼ 40), 1 month (n ¼ 36) or 9months (n ¼ 66) after chemotherapy treat-
ment and their ovaries were excised (Fig. 1A). Pituitary glands of saline or
LA-treatedmice (groups 3,6) were excised after 5 consecutive days of treat-
ment (Day 6).

Rat in vitro model
Rats were sacrificed, their ovaries excised and primary granulosa cells (PGC)
isolated for either in vitro culture or immunofluorescence (IF).

Isolation of rat PGC
PGCswere isolated according toOrly et al. (1980) with somemodifications.
Ovaries of 21–23 days old immature rats were excised and transferred to
Petri dishes containing serum-free Dulbecco’s Modified Eagle’s Medium
((DMEM)/F-12 (HAM) 1:1; Biological Industries, Beit-Ha’emek, Israel).
The ovaries were then incubated in sucrose medium (2.5 ml DMEM/F12,
2.5 ml sucrose 1 M and 0.5 ml EGTA 0.1 M, pH ¼ 7) for 45 min, followed
by another 45 min incubation in serum-free DMEM/F12 containing 0.1%
(v/v) indomethacin (10 mMdissolved in 100% ethanol; Sigma) to a final con-
centrationof 10 nM. Follicleswere thenpuncturedwith a 21Gneedle and the
PGCs were gently squeezed out of the follicles into the culturemedium. The
PGCs were centrifuged (150g for five minutes) and the pellets were pooled
and re-suspended in serum-free DMEM/F12 containing 10 nM indometh-
acin. Cells were then seeded according to Litichever et al. (2009) either in
1% (v/v) serum-coated 6-well plates (Nunc, Denmark), at an equivalent of
1.5 ovaries/well and cultured in a humidified incubator at 378C and 5%
CO2 in air; or on glass coverslips (Marienfeld GmbH, Germany; for IF)
within 24-well plates (Thermo Scientific, Denmark), at an equivalent of
one ovary/3 wells. Each of both experiments was repeated three times.

Figure 1 Graphic illustration of the mouse experimental schedule: (A) eight weeks old imprinting control region (ICR) mice were pre-treated with s.c.,
injectionsof salineorGnRHagonist (GnRH-a) (Leuprolide acetate; LA; 0.35 mg/mouse), twicedaily (at 12 h intervals) for 5 consecutivedaysbefore achiev-
ing gonadotrophin down-regulation (confirmed by pituitary levels of LHb and FSHbmRNA), and for 3 additional days for sustained desensitization during
chemotherapy treatment. On Day 5, mice were injected i.p., with saline, Doxorubicine (Dxr; 7.5 mg/kg) or Cyclophosphamide (Cyc; 75 mg/kg). Mice
were sacrificed24 h, 1week, 1monthor 9months after chemotherapy treatment. Blood samples for serumanti-Mullerian hormone (AMH)were collected
on Day 0, on amonthly basis after chemotherapy treatment and at autopsy (o-represents blood sampling). (B) Mice were randomly divided into six treat-
ment groups. (C) Pituitary desensitization prior to chemotherapy treatment (Day 5) was confirmed inmice injected twice daily for 5 consecutive days with
either saline orGnRH-a (LA). Graphof real-timePCRexhibits diminishedmRNA levels of FSHb and LHb subunits. The upper and lower limits of the boxes
indicate the75th and25thpercentiles, respectively;whereas the lineswithin theboxes indicate themedian. Theupper and lower horizontal bars denote the
90th and 10th percentiles, respectively (n ¼ 3–4 for each group; aP ¼ 0.002 for LHb, aP, 0.001 for FSHb); aGnRH-a (+) versus GnRH-a (2).
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QUESTION 2:
DOES INHIBITION OF FSH INDIRECTLY PROTECT THE OVARIAN POOL?

§ Maintain low FSH levels during chemotherapy

§ Reduce secretion of growing factors by FSH-dependent large follicles

§ Reduce the growth of secondary follicles more sensitive to chemotherapy. 

14
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FSH deficient mice model
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Horicks,	et	al	 submitted

Control FSH-/-FSH-/- Control

FSH-/-Control

formed on dissected tissues from 6-week-old mice (Figure
1A). The expected size (402 bp) of the PCR product was
first confirmed in the pituitary, the main target organ of
GnRH, in which GnRHR is expressed in high amounts
(28–30). In addition to the pituitary, the ovary, testis,
uterus, andheart also showedGnRHRmRNAexpression.

GnRHR expression was further
evaluated within the somatic and
germ cells of the ovary. Cumulus
cells, granulosa cells, and oocytes all
showed GnRHR expression (Figure
1B). The specificity of the RT-PCR
products was confirmed by sequenc-
ing (Supplemental Figure 1, pub-
lished on The Endocrine Society’s
Journals Online web site at
http://endo.endojournals.org).

Quantitative RT-PCR was then
used to compare the level of GnRHR
mRNA, normalized to actin, in the
tissues that express GnRHR (Figure
2). As expected, the pituitary had the
highest GnRHR expression, which
was nearly 10-fold greater than the
next highly expressed tissue, the
ovary, and nearly 100-fold greater
than the other tested tissues. The
ovary showed the second highest
level of GnRHR expression, which
was nearly 10-fold higher than that
of the uterus, testis, heart, or kidney.

Immunohistochemistry
Three commercially available antibodies against Gn-

RHR were tested using both pituitary and ovarian tissues.
Cytoplasmic and membranous GnRHR immunoreactiv-
ity was detected in the cumulus and granulosa cells as well
as the oocytes (Figure 3).

Effect of GnRHa on the cAMP Pathway
GnRHR is a GPCR (31, 32). In pituitary cells, binding

of GnRH to GnRHR leads to the activation of the adenyl
cyclase pathway and the subsequent elevation of intracel-
lular cAMP (33–35). We therefore tested whether GnRH
stimulation leads to an increase in cAMP levels in ovarian
granulosa cells. cAMP was assessed using a luciferase re-
porter plasmid that responds to cAMP, and luciferase bio-
luminescence was measured. We first tested the cAMP
response in the control mouse pituitary cell line !T3–1
(Figure 4A). Forskolin, which causes a nonreceptor-me-
diated cAMP increase, was used as a positive control. As
expected, forskolin resulted in the highest cAMP increase
compared with unstimulated cells. Stimulation with Gn-
RHa (at all concentrations) also resulted in an increase in
cAMP response in !T3–1 cells, nearly 5-fold greater than
in unstimulated cells. In contrast, as expected, FSH treat-
ment did not elicit a cAMP response in !T3–1 cells.

cAMP response to GnRHa was similarly tested in pri-

HT SI MS SP KI LU PI BR CE ST UT CO TE OV NC BL LI 

Gnrhr 

Actin 

OV OO GC CC NC 

Gnrhr 

Actin 

* * ***
A

B

Figure 1. GnRHR expression in the pituitary and extrapituitary tissues. A, GnRHR expression in
the pituitary and selected extrapituitary tissues. Top panel, GnRHR expression was tested by RT-
PCR using primers F1–R1 in exons 2 and 3 (see Materials and Methods). Bottom panel, Control
RT-PCR for "-actin. The tissues labeled with an asterisk indicate presence of GnRHR expression.
BL, bladder; BR, brain; CO, colon; CE, cerebellum; HT, heart; KI, kidney; LI, liver; LU, lung; MS,
muscle; NC, negative control; OV, ovary; PI, pituitary; SI, small intestine; SP, spleen; TE, testis; UT,
uterus. B, GnRHR mRNA expression within the mouse ovary. Primers used were 2.3F-2.3R in
exons 2 and 3 (see Materials and Methods). The top band is the specific band, and the lower
band (labeled with a bold arrow) is a nonspecific band also seen in the negative control. CC,
cumulus cells; GC, granulosa cells; NC, negative control; OO, oocyte; OV, ovary.

Figure 2. Quantitative RT-PCR expression of GnRHR in pituitary and
extrapituitary tissues. Primers used were GnRHR 2.3F-2.3R in exons 2
and 3 (see Materials and Methods). Expression levels were normalized
to "-actin. The experiment was performed in triplicate. Highest
expression was seen in pituitary, which is the main target organ for
GnRHR. The ovary had a 10-fold higher expression when compared
with the other extrapituitary tissues.

doi: 10.1210/en.2013-1341 endo.endojournals.org 3881

QUESTION 3:
DOES GnRHa PREVENT FOLLICULAR DAMAGE BY DIRECTLY ACTING ON 

THE OVARY THROUGH GnRHa RECEPTORS?

1616

Role of	GnRHR in	the	ovaries?

• Expressed mainly in	antral follicles and	CL→

Luteinization and	apoptosis

• Protection	from chemotherapy-induced

granulosa	cells damage	 in	vitro	

plates (20). Indeed, the two antibodies were used to dem-
onstrate unique immunolocalization patterns in the rhesus
monkey hypothalamus (20) and human placenta and de-
cidua (21). Thus, the coexpression of the two hormones in the
human ovary is not likely to be explained by any antibody
cross-reactivity.

Subcellular localization of the GnRH system in ovarian
cell lines

The presence of the GnRH/GnRHR system at the tran-
scription level in OSE and granulosa cells has been estab-
lished previously (4–6, 27). Here, we evaluated the subcel-
lular localization of the GnRH-I, GnRH-II, and GnRHR
proteins in immortalized OSE and granulosa cells using im-
munofluorescence staining. Immortalized OSE (IOSE-80)
cells and immortalized granulosa luteal cells (SVOG-4M)
were labeled with anti-GnRH-I, GnRH-II, or anti-GnRHR
primary antibodies and FITC- or Texas Red-conjugated sec-
ondary antibody, respectively. DNA of the cells was coun-

terstained with Hoechst 33342 DNA dye (blue). As shown in
Fig. 5, GnRH-I and GnRH-II staining was found predomi-
nantly in the nuclear compartment in SOVG-4M cells, and in
both nuclear and cytoplasmic compartments in the IOSE-80
cells. GnRHR was mainly perinuclear in SVOG-4M cells and
IOSE-80 cells.

Expression of the GnRH system in primary and
immortalized ovarian cell lines

To compare the expression levels of GnRH-I, GnRH-II, and
GnRHR among primary or immortalized ovarian cells and
TE671 cells that have been demonstrated to express both
forms of GnRHs and GnRHR (24), quantitative real-time
RT-PCR was performed. We found that GnRH-I, GnRH-II,
and GnRHR mRNA levels were present in all the ovarian
cells examined, albeit at lower levels compared with those
observed in TE671 (Fig. 6). Primary hGLC and OSE cells
expressed similar levels of GnRH-I and GnRH-II mRNA.
GnRHR levels are comparable in all lines except TE671 and

FIG. 2. Immunohistochemical staining for GnRHR in human ovaries. A, Primodial or primary follicles; B, secondary or preantral follicle; C and
D, multilayered early antral follicles; E and G, preovulatory follicles; H, OSE; I, epithelial inclusion cyst; J, K, and L, corpus luteum; M, corpus
albican. F, Section immunostained using antibody reabsorbed with GnRHR blocking peptide was used as a negative control. Panel L is a close
up of K. GC, Granulosa cells; TI, theca interna; TE, theca externa. Arrowheads in L show theca luteal cells.

Choi et al. • GnRH System in Human Ovary Development J Clin Endocrinol Metab, November 2006, 91(11):4562–4570 4565

GnRHR	mRNA	expression	in	mouse	ovaries	

GnRHR	expression	in	human	ovaries	

Choi	et	al,	2006

Torrealday	et	al,	2013
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Signaling pathways ?

25/12/17
17

Bildik	 et	al,	2015

cAMP	level	inmouse	GCs	after	GnRHa	exposure

cAMP	levels	in	human	ovarian	tissue	after	GnRHa	exposure

ERK	1/2 MAPK	 p38

Gene	transcription

GnRH

GnRH

Extra-pituite	tissue:

• lower affinity of	the	ligand	

• Selective signaling cascade

Direct effect of GnRHa on the ovary: Culture Model

25/12/17 18

PND3 PND14

Quiescent	follicles Growing	follicles
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DIRECT EFFECT ON HUMAN OVARIAN TISSUE

25/12/17 19Bildik	et	al,	2015

Question 4:
Does GnRHa act through reduction of vascularisation?

§ Change in utero-ovarian flow principally results of the hypo-oestrogenism 
caused by GnRHa

§ Direct effect on the ovary by decreasing VEGF secretion

20
Dada	et	 al,	2001;	Kitajima	et	al,	2006;	Hasky	et	al,	2015;	Meirow	et	al.2006

signs of fibrosis in the cortical stroma and changes in the capil-
laries (Marcello et al., 1990).

Vascular complications associated with antineoplastic agents
have been reported and the recognized mechanisms for such tox-
icity include drug-induced endovascular damage (Tilly, 2004).
As this study on human ovaries indicates, chemotherapy
causes injury to ovarian blood vessels. As blood supply to the
ovary is an end artery system (Reeves, 1971; Clement, 1997),
narrowing and obstruction of blood vessels will result in shut
down of blood supply to certain areas of the ovarian cortex,
thus resulting in focal fibrosis and ‘neovascularization’. The
stockpile of primordial follicles that represent ovarian reserve
is assembled in a vessel-poor zone in the cortex as was shown
in bovine ovaries (Herrmann and Spanel- Borowski, 1998) and
in human ovaries (Motta et al., 2002).

It is possible that injury and obstruction of blood vessels as
presented in this study will cause local ischaemia, destroy seg-
mental regions of normal ovarian cortex with loss of primordial
follicles. The result as observed in ovaries exposed to che-
motherapy is a number of triangular fibrotic areas lacking of
primordial follicles that replaced the normal ovarian cortex.
This proposed potential mechanism of ovarian damage can sig-
nificantly diminish ovarian reserve. When patients are steri-
lized with high doses of chemotherapy, the entire cortex is
injured, ovarian atrophy with a total loss of primordial follicles
is demonstrated and eventually ovarian failure is the result. An
alternative explanation to the link between blood vessels and
follicles is that chemotherapy first cause damage to follicles.
Due to localized disappearance of follicles, blood vessels are
less attracted to that zone and the result is focal fibrosis.
Indeed, previous study has demonstrated the presence of
blood vessels near primordial follicles and the correlation
with follicle growth (Suzuki et al., 1998).

Chemotherapeutic agents are capable (by different modes of
action) of interruption of the normal somatic and germ cellular
cycle. Although our knowledge of the mechanisms involved in
the destructive effects of chemotherapy on the ovaries is partial

and insufficient, a few studies have examined the effects of
chemotherapy on primordial follicles. Mice ovaries exposed
to chemotherapeutic agents showed apoptosis in primordial
follicles and the first steps observed were apoptosis in pregra-
nulosa cells (Perez et al., 1997; Morita et al., 2000). Human
cortical ovarian slices examined following exposure to cispla-
tin in vitro showed histological changes and apoptosis in preg-
ranulosa cells and destruction of primordial follicles (Meirow,
2000). These studies show the direct effects of cytotoxic agents
on primordial follicles. However, other patterns may also
reduce ovarian follicle pool. The results of this study suggest
that chemotherapy affects the entire organ, the ovary, and not
only at the direct level of the follicles.
If the mechanism of follicle destruction was only at the level

of the follicle, the distribution of lost follicles was homogenous

Figure 7. Ovary of a young 31 years old patient that was sterilized
post-chemotherapy administration. The ovary is atrophic and primor-
dial follicles are not present.

Figure 8. Two illustrations presenting primordial follicles destruction
in the human ovary following exposure to chemotherapy. The illus-
tration shows distribution of primordial follicles in the cortex of the
ovary and ‘end artery’ blood vessels supplying different areas of the
cortex. (A) Hypothesis that explains our histology findings as pre-
sented in this study. Injury to ‘end artery’ blood vessel causes loca-
lized area of cortical fibrosis and focal loss of primordial follicles
(black disks). (B) Follicles injured and loss through direct apoptotic
effect of chemotherapy. We hypothesize that this pathway causes rela-
tively homogenous spreading of follicle loss throughout the ovarian
cortex (see text).

Damage to human ovary post chemotherapy

1631

Downloaded from https://academic.oup.com/humrep/article-abstract/22/6/1626/607944
by guest
on 14 November 2017

↑VEGF

Numerous clinical and pre-clinical studies have documented that Cyc
exerted extensive loss of PMF (Warne et al., 1973; Koyama et al., 1977;
Desmeules and Devine, 2006). Among the mechanisms of Cyc-induced
ovarian toxicity are apoptosis of PMF (Marcello et al., 1990), indirect PMF
loss due to damaged ovarian stroma (Meirow et al., 2007) and acceler-
ated PMF recruitment (Letterie, 2004; Kalich-Philosoph et al., 2013);
all resulting in depletion of ovarian reserve. Our study is unique in its
long-term follow-up with serial monitoring of ovarian response to Cyc
administration.Wedemonstrated thatCyc shifted the balancemaintain-
ingPMFdormancy towardaccelerated recruitment, thuspossibly deplet-
ing the ovarian reserve (Fig. 6C′). The pattern of Cyc-induced ovarian
toxicity is comprised of two phases: the early phase, manifested as an
acute ovarian injury 24 h post-treatment, followed by a delayed insult,
reflected by a decline in serum AMH level starting 4 months post-

treatment, when the ovarian reserve crossed the limit of compensation
due to accelerated follicular recruitment. Co-administration of GnRH-a
preserved AMH levels 1 week following Cyc administration, possibly re-
storing the inhibition of PMF recruitment and preventing the accelerated
depletion of the ovarian reserve (Fig. 6C′′). Our results imply that VEGF
does not play a key role in mediating Cyc-induced ovarian toxicity.

There is a paucity of data regarding the effect of GnRH analogues on
AMH cellular level; most of the studies were performed in vivo and
hence an indirect pituitary-gonadotrophin effect cannot be excluded
(Thomas et al., 2007; Jayaprakasan et al., 2008; Lee et al., 2008, 2010).
Nevertheless, in vitro studies were performed on luteinized human GC
collected during in vitro fertilization (IVF), representing a specific popula-
tion of hormone-treated ovulated GC that differ from the AMH-
secreting GC from early follicles (Winkler et al., 2010; Dong et al.,

Figure 5 GnRH agonist (GnRH-a) decreases the level of ovarian vascular endothelial growth factor (VEGF) mRNA and interferes with Doxorubicin
(Dxr)-induced vascular recovery. (A) Graphic representation of quantitative PCR (qPCR) VEGF analyses; calibrated with Hypoxanthine Phosphoribosyl-
transferase (HPRT1). mRNAwas extracted from excised ovaries of mice 24 h (A′) or 1 week (A′ ′) post saline/Dxr/Cyclophosphamide (Cyc) injection.
The upper and lower limits of the boxes indicate the 75th and 25th percentiles, respectively; whereas the lines within the boxes indicate the median. The
upper and lower horizontal bars denote the 90th and 10th percentiles, respectively. (n ¼ 3–5 for each group; a,a

′ ,bP, 0.05); aGnRH-a (+) versusGnRH-a
(2); a

′
all GnRH-a (+) versus all GnRH-a (2), regardless of chemotherapeutic treatment; bDxr or Cyc versus saline. (B) Representative images of ovaries

excised after 5 days of consecutive injections of saline (top) or GnRH-a (LA; bottom). Ovaries were fixed, processed for histology, sectioned and labeled
with anti-CD34 antibody (red) and Hoechst (blue) as a nuclear marker.White arrows indicate highly vascular corpora lutea. Scale bar-250 mm. (C) Rep-
resentativehistological imagesof ovaries excised1month after an i.p. injectionof saline (top)orDxr (bottom), fixedand stainedwithHematoxylin andEosin
(H&E). Black scale bar-500 mm, white scale bar-200 mm. Labeled sections were visualized and photographed by a Leica Laser confocal microscope.
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WHY?

§ What are the evidence regarding the mechanisms of 
ovarian protection of GnRHa?

§ What really showed the clinical trials?

Ovarian protection in lymphoma patients

25/12/17 22

Mean age (y)
Study          Control

N
Study        Control

FU
Study Control

Outcomes and results

Waxman, 1987 28,5 25,9 8 10 2,3y 2y No effect

Guisepe,2007 24,3 24,3 15 14 2,4y 5,9y Protection (Menstruation)?
No effect on ov. reserve

Behringer , 2010
(BEACOPP)

25,9 25,2 10 9 (OC) ≥1 ≥1 No effect
Amenorrhea 
Control 3/9
Treated 1/10 (1 unknown)
Similar hormonal profile 

Demeestere, 2012
Demeestere, 2016

25,6 27,2 45
32

39
35
(prog)

1
5

1
5

No effect
POF rate 20% vs 19%
AMH values in favor of GnRha after 
1y (n=31) but not after 5y

Prospective	Randomized	Controlled	Trials
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POF TRIAL: RESULTS

25/12/17 23

Demeestere	et	al,	 JCO,	2016

Ovarian protection in Breast cancer patients

25/12/17 24

1.Del	Mastro	L	et	al,	 JAMA	2011.
2 Lambertini	M	et	al,	 JAMA	 2015.

3Moore	HCF	et	al,	N	Engl	 J	Med	2015
4 Leonard	et	al,	2017

PROMISE-GIM6 study1 POEMS-S0230 study 3 OPTION Study 4

Median age, years 39
(18-45y)

37.7
(18-49 y)

38.8 vs 37.9
(26 to 51y)

No. patients
(ER pos/ER neg)

281
(226/51)

218
(0/218)

227
(95/126)

Primary end-point no resumption of menses
at 1y

Amenorrhea 6m and post-
menopausal FSH levels (?) 

at 2y

Amenorrhea at 1-2 y

No. Patients
eligible

269 135 202

Ovarian dysfunction
(CT + LHRHa vs CT 

alone)

8.9 vs 25.9%
OR = 0.28, P < .001

5-year cumulative incidence 
estimate of menstrual resumption 
was 72.6% in the LHRHa group 
and 64.0% in the control; age-
adjusted HR, 1.48; P = .006. 2

8% vs 22%
stratified OR = 0.30, P = .04

22.1% vs 38.1%
Amenorrhea

18.5% vs 34.8%
POI (FSH>25IU/L)

Pregnancies
(CT + LHRHa vs CT 

alone)

8 vs 3
age-adjusted HR = 2.40, P = .20 

22 vs 12
adjusted OR = 2.45, P = .03
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NO EFFECT ON THE OVARIAN RESERVE

25
fertility preservation methods are relevant to patients
younger than 40 years, and ovarian reserve after this
age is so low that the efficiency of fertility preservation
is questionable.16 The reported incidence of amenor-
rhea varies widely, from 21% to 71% in women youn-
ger than 40 receiving chemotherapy.17 This might
reflect the differing patient populations, chemother-

apy regimens, or length of the follow-up period in
the respective trials. The World Health Organization
defines menopause as no menstrual periods for 12
months.18 We used the last chemotherapy cycle
as the start of the 12-month period and found amen-
orrhea ranging from 16% to 20% in the various
groups. Fornier et al19 also reported that the rate of
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Fig. 2. Laboratory values and antral follicle count before start of chemotherapy (baseline) and at 6, 12, and 18 months after
end of chemotherapy for early chemotherapy group with gonadotropin-releasing hormone (GnRH) antagonist and agonist
cotreatment (I) and early chemotherapy group without GnRH analogues cotreatment (C). The line within the box is the
median. Bottom and top of the box represent the 25th and 75th percentiles. The whiskers represent the lowest and highest
datum within interquartile range of 1.5 of the lower and upper quartiles. A. Follicle-stimulating hormone. B. Luteinizing
hormone. C. Estradiol. D. Antral follicle count. E. Antimüllerian hormone.
Elgindy. Ovarian Protection in Chemotherapy Recipients. Obstet Gynecol 2013.
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RCT	breast	cancer	patients	(18-40y)

  

 

 

Figure 2. Hormonal evaluation.   Blue, Control group; red, Goserelin group, data are shown as mean± sem. 
Note that AMH is shown on a log10 scale to allow the very low concentrations during and post chemotherapy 
to be more clearly shown. EoT: end of chemotherapy treatment. * P = 0.027, P = 0.001 vs control group at 
12 and 24 months respectively. Sample size for Control group 59-107 for FSH, LH, E2 and 37-56 for AMH; 

for Goserelin group, 63-96 and 36-53 respectively.  
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OPTION	trial:	
Reduction	>95%	in	both	groups	at	2y

Leonard	et	al,	2017

No	effect	on	menstrual	resumption	and	AMH	levels

CONCLUSION

26

• No	evidence	 for	the	mechanism	of	action	of	GnRHa	to	prevent	follicular	depletion

• No	evidence	 for	a	protective	effect	of	GnRHa	in	young	lymphoma	patients.

• GnRHa	analogues	might	be	efficient	and	safe	to	improve	ovarian	function	and	fertility	after	
chemotherapy	in	breast	cancer	patients	but	there	is	no	evidence	of	a	long-term	benefit	on	
the	ovarian	 reserve

• Recent	guidelines	 support	GnRHa	as	a	strategy	to	potentially	preserve	fertility	
in	breast	cancer	patients	but	It	should	not	replace	gametes	storage.
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• GnRHa	analogues	might	be	efficient	and	safe	to	improve	ovarian	function	and	fertility	after	
chemotherapy	in	breast	cancer	patients	but	there	is	no	evidence	of	a	long-term	benefit	on	
the	ovarian	 reserve

• Recent	guidelines	 support	GnRHa	as	a	strategy	to	potentially	preserve	fertility	
in	breast	cancer	patients	but	It	should	not	replace	gametes	storage.

Belgian compromise?

HYPOTHESIS
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Favourable	hormone	environment	after	chemo	to	restore	menstrual	cycle	more	 rapidly

« Window	of	opportunity »	to	get	pregnant	within	1-3	years	after	treatment
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