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ABSTRACT

Background. The use of gonadotropin-releasing hormone
analogs (GnRHas) for fertility preservation is notunequivocally
accepted. It is controversial whether GnRHa can increase the
pregnancy rate in survivors.
Patients and Methods. This is a retrospective cohort study.
Every patient referred for fertility preservation was offered
cryopreservation of embryos, ova, and ovarian tissue and
GnRHa.Thepatientswere consecutively included.Theprimary
outcome was spontaneous pregnancies. The secondary out-
come was cyclic ovarian function (COF) versus premature
ovarian failure (POF).Theseoutcomeswereassessed2yearsor
more after chemotherapy.
Results.Wecompared286patientswhoreceivedgonadotropin-
releasing hormone agonist (GnRHa) with chemotherapy with
188 patients who were treated with chemotherapy alone.
Ovarian function could be determined in 217 patients. Overall,
87% (127 of 146) of the patients in the GnRHa group retained

COF and 13% (19 of 146) suffered POF, whereas in the control
group, 49% (35 of 71) experienced COF and 51% (36 of 71)
suffered POF (p5 .0001). The odds ratio (OR) for preserving
COF was 6.87 for the patients who received GnRHa (95%
confidence interval [CI] 3.4–13.4). Overall 60% (112of 188) of
the survivors conceived: 69.3% (84 of 122) of the patients
in the GnRHa group compared with 42.4% (28 of 66) in the
control group (p 5 .006). In the GnRHa group, 123 healthy
newborns were delivered, versus 40 in the controls. Sponta-
neous pregnancies occurred in 65.6% (80 of 122) of the sur-
vivors in theGnRHagroupversus37.9%(25of66) in thecontrol
group (p5 .0004, OR 3.12, 95% CI 1.7–5.8).
Conclusion. Adding GnRHa to chemotherapy significantly
increases the OR for spontaneous conception, in addition to
COF. It is suggested that GnRHa cotreatment should be added
before and during gonadotoxic chemotherapy.TheOncologist
2015;20:1283–1289

Implications for Practice: The use of gonadotropin-releasing hormone analogs (GnRHa) for fertility preservation is not un-
equivocally accepted and is even controversial. This study compared 286 patients who received GnRHa with chemotherapy with
188patientswhowere treatedwith chemotherapy alone.Ovarian function couldbedetermined in 217patients.Theodds ratio for
preserving cyclic ovarian function was 6.87 for the patients who received GnRHa. Furthermore, the total and spontaneous
pregnancy ratewas significantlyhigher for thosewho received theagonist (p5 .006).AddingGnRHa tochemotherapy significantly
increased theodds ratio for spontaneous conception, in addition topreserving regularovarian function. It is suggested thatGnRHa
cotreatment should be administered to young women in conjunction with gonadotoxic chemotherapy.

INTRODUCTION

The increase in cancer incidence at young age and the
significant increase in long-term survival after treatment have
brought about a ubiquitous interest in fertility preservation in
young patients exposed to gonadotoxic chemotherapy,
creating a new specialty in reproductive medicine: oncofer-
tility. Therefore, the late effects of cancer treatment have

recently gained aworldwide interest [1–4], and the protection
against iatrogenic infertility caused by chemotherapy assumes
a high priority. Resumption of menses may not be an accurate
marker of fertility, because infertility and diminished ovarian
reserve are observed in women who resume normal men-
strual cycles after treatment with chemotherapy [1–4]. In
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addition, spontaneous pregnancies can occur in women with
chemotherapy-inducedamenorrheadespitemenopausal levels
ofgonadotropins [1–4].Therefore,cautionshouldbeusedwhen
extrapolating surrogatemarkers, such as resumptionofmenses
and markers of ovarian reserve, to clinical outcomes, such as
fertility [1–4].

Several options have been put forward for preserving
female fertility: ovarian transposition, cryopreservation of
embryos, unfertilized oocytes, and/or ovarian tissue, and ad-
ministration of GnRHa in an attempt to decrease the gonado-
toxic effects of chemotherapy by simulating a prepubertal
hormonal milieu [1–6]. Unfortunately, none of the suggested
methods is ideal, and none guarantees future fertility in
survivors. The in vitro maturation of primordial follicles to
fertilizable metaphase-II oocytes is a future endeavor with
enormous potential, but it requires overcoming many tech-
nological obstacles and is not clinically available yet.We have
recently summarized the case for and against gonadotropin-
releasing hormone agonist (GnRHa) for fertility preservation
[1, 3, 4]. Indeed, GnRHa has been used by many groups of
clinicians for minimizing the gonadotoxic effects of chemo-
therapy, with the rationale and philosophy that preventing
premature ovarian failure (POF) in survivors is preferable to
treating it, following the dictum: “an ounce of prevention is
worth a pound of cure” [1].

To date, 25 studies (15 retrospective and 10 prospective,
randomized controlled trials [RCTs]) have reported on 2,145
patients treated with GnRHa in parallel to chemotherapy,
showing a significant decrease in POF rate in survivors versus
nine studies reporting on 593 patients, not supporting GnRHa
use [1]. However, the American Society of Clinical Oncology
(ASCO), the American Society for Reproductive Medicine
(ASRM), and the European Society for Medical Oncology
(ESMO) concluded that GnRHa is not considered a proven
effectivemethod of fertility preservation [5–7]. Another claim
against GnRHa use for fertility preservation was that de-
creasing the rate of POF and preserving cyclic ovarian function
(COF) is not identical to fertility, and only pregnancy in
survivors can unequivocally settle the debate. Therefore, we
have evaluated the pregnancies in survivors of chemotherapy
with or without GnRHa cotreatment.

PATIENTS AND METHODS

This is a retrospective cohort study. Starting in 1989 [1], female
patients 14–40 years old, who had been referred to our
reproductive endocrinology clinic before chemotherapy were
offered in vitro fertilization (IVF) and cryopreservation of
embryos (and in the last decade also ova), cryopreservation
of ovarian tissue, and a monthly depot injection of 3.75 mg of
GnRHa (D-TRP6-GnRHa; Decapeptyl CR; Ferring, Saint-Prex,

Table 1. The number of patients treated with or without GnRHa for various indications

Characteristics GnRHa, n (%) No GnRHa, n (%) p value

Patients [total] 286 188 NS

Evaluable patientsa 122 (42) 66 (35.1) .1

Age (mean6 SD) 25.16 5.56 27.96 5.16 NS

Hodgkin lymphoma 59 (48.4) 21 (31.8) .03

ABVD 29 (49.2) 10 (47.6) 1

BEACOPP/escalated BEACOPP 18 (30.5) 9 (42.9) .42

BMT 11 (20.3) 2 (9.5) 0.33

Non-Hodgkin lymphoma 22 (18) 10 (15.2) .68

CHOP/CVAD 16 (72.7) 3 (30) .05

BMT 5 (22.7) 6 (60) .055

Leukemias 18 (14.8) 16 (24.2) .11

Acute promyelocytic leukemia 5 (27.8) 1 (6.3) .18

Acute lymphocytic leukemia 3 (16.7) 1 (6.3) .6

Acute myelocytic leukemia 9 (50) 9 (56.3) .74

Chronic myelocytic leukemia 1 (5.6) 5 (31.3) .08

Other diagnoses 23 (18.9) 19 (28.8) .14

Breast cancer 4 (17.4) 6 (31.6) .47

Aplastic anemia/myelodysplatic disease 2 (8.7) 1 (5.3) 1

Systemic lupus erythematosus 8 (34.8) 2 (10.5) .08

Other autoimmune diseasesb 5 (21.7) 2 (10.5) .43

Sarcoma 1 (4.3) 6 (31.6) —

Ovarian endodermal sinus tumor 1 (4.3) 0 —

Optic neuroma 1 (4.3) 0 —

Other carcinoma 1 (4.3) 2 (10.5) —
aPatients eligible by inclusion criteria for pregnancy evaluation.
bIncluding autoimmune glomerulonephritis, nephrotic syndrome, vasculitis, and systemic sclerosis syndrome.
Abbreviations:—, nodata;ABVD,doxorubicin,bleomycin, vinblastine,anddacarbazine;BEACOPP,bleomycin,etoposide,adriamycin, cyclophosphamide,
vincristine,procarbazine,andprednisone;BMT,bonemarrowtransplantation;CHOP,cyclophosphamide,doxorubicin,vincristine,andprednisone;CVAD,
cyclophosphamide, vincristine, doxorubicin, and dexamethasone; GnRHa, gonadotropin-releasing hormone analog; NS, not significant.
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Switzerland, https://www.ferring.com/en/home) in conjunc-
tion with chemotherapy. The patients were consecutively
included. Until now, we have administered GnRHa before and
during chemotherapy to 286 female patients (treatment
group), whereas 188 did not receive the GnRHa cotreatment
(control group) (Table 1) [1]. There was no significant differ-
ence in age, disease type and stage (diagnoses), cumulative
chemotherapy, or radiationexposurebetween the twogroups
[1, 4, 5, 8].The control group consistedofpatientswhoelected
not to receive the GnRHa cotreatment or were referred after
starting chemotherapy. Every survivor, if more than 2 years
after chemotherapy, was interviewed regarding menstrual
cycles regularity and pregnancies—spontaneous or induced
by treatment, singleton versus multiple, and outcome—
miscarriage or delivery, fetal outcome (sex, weight, Apgar

score, andmode of delivery).The studywas approved by the
institutional ethical committee for human experimentation
of the Rambam Health Care Campus and the Ministry of
Health, and patients signed informed consent.

The GnRHa administration was timed as early as possible,
usually within 7–14 days before starting chemotherapy. In 55
patients, for whom the hematologists or oncologists indicated
urgency to the initiation of chemotherapy, the interval was
shorter (,7 days).

To minimize selection bias, every female patient before
chemotherapy between 14 and 40 years who was referred to
us was included either in the study group, if referred before
chemotherapy and electing to receiveGnRHa, or in the control
group. Every consecutive patient was offered the GnRHa.
Thosewho agreed to receive it were included in the treatment

Figure 1. Flow sheet explaining patient dropout.
Abbreviations: GnRHa, gonadotropin-releasing hormone analog; IUD, intrauterine device.
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group, whereas those who elected not to receive the analog
were included in the control group.The offer was put forward
to every new patient without selection.

The inclusion criteriawere (a)premenopausal, 14–40years
old; (b) first-line therapy; or (c) patients who had not received
any chemotherapy for at least 2 years after completing the first
chemotherapy and GnRHa (to enable a reliable follow-up and
evaluation). Patients who had progressed or relapsed within
2 years were excluded.There were seven patients in the study
group and six in the control group who were not eligible for
inclusion in the evaluation because of progressive disease or
relapse within less than 2 years after completion of the initial
treatment (not significant [NS]) (Fig. 1).

POF was defined as persistent hypergonadotropic amen-
orrhea (follicle-stimulating hormone.40 U/L on at least two
occasions) and low, menopausal, E2 levels, whereas COF was
defined as regular spontaneousmenstrual cycles, normal gonado-
tropins and E2 levels, ovulatory progesterone, visualization of
ovarianfolliclesorcorporalutea,and/orspontaneousconception.
Pregnancy rate was calculated in those survivors who had
apartner,were interested in fertility, andweremore than 2 years
after chemotherapy, by telephone interview for those whowere
not under regular follow-up.

Comparison of both study groups regarding pregnancies
was done using x2 test (Pearson and Fisher’s exact tests).
Evaluation of time to achievement of pregnancy was com-
pared between the two groups using the unpaired t test.
Cumulativepregnancyratewascomparedbetweengroupsusing
the Kaplan-Meier method of estimation for right censored data
distributions. p, .05 was considered statistically significant. All
analyses were carried out using SPSS software (SPSS software,
IBM Corp., Armonk, NY, http://www-01.ibm.com/software/
analytics/spss/) and R software, version 2.12.2 (R Foundation,
Vienna, Austria, http://www.rproject.org).

RESULTS

In the past 25 years, overall, 286 patients had received GnRHa
alongwith chemotherapy and188hadnot (controls) (Table 1).
However, ovarian function could be determined only in 217
patients: 146 in the GnRHa group and 71 in the control group
(Fig. 1).The shortest follow-upwas2years, and the longestwas
25 years. There was no significant difference in the cohort of
follow-upbetweenthetwogroups.Overall, 87%(127of146)of
thepatients in theGnRHagroupexperiencedCOF, and13%(19
of 146) suffered POF, whereas in the control group, 49% (35 of
71) experienced COF, and 51% (36 of 71) suffered POF, p 5
.0001(Table2).Theodds ratio (OR) forpreservingCOFwas6.87
for the patients who received GnRHa in addition to chemo-
therapy (95% confidence interval [CI] 3.4–13.4). None of the
patientswhowerediagnosedwithPOFformorethan24months
resumed COF.

In the GnRHa group, 51% (62 of 122) had children before
chemotherapy versus66% (44of 66) in the controls (NS). In the
GnRHa group, 29% claimed, before chemotherapy, they were
not planning pregnancies versus 26% in the controls (NS).

Table 4. Cumulative doses of cyclophosphamide and

procarbazine, the most toxic alkylating agents used to treat

Hodgkin lymphoma

Cumulative alkylating
agents GnRHa No GnRHa p value

Median
cyclophosphamide
(mg/m2)

5,700 4,500 .05

Range,
cyclophosphamide
(mg/m2)

2,500–24,200 3,900–14,300 .05

Median procarbazine
(mg/m2)

4,200 4,200 .05

Range, procarbazine
(mg/m2)

2,800–5,600 4,200 .05

Abbreviation: GnRHa, gonadotropin-releasing hormone analog.

Table 2. Comparison of the pregnancy rate in the overall

cohort of patients treated with or without GnRHa

Characteristics
GnRHa
number

No GnRHa
number

p
value

Evaluable patients 122 66

Total pregnancies 169 49 ,.01

Total live births 124 40 ,.01

Total patients who
conceived, n (%)

85 (69.7%) 28 (42.4%) .0003

Spontaneous pregnancies 161 43 ,.01

Patients who conceived
spontaneously, n (%)

80 (65.6%) 25 (37.9%) .0004

Patients who conceived after
eggs cryopreservation

1 0 —

Patients who conceived after
embryo cryopreservation

1 1 —

Patients who conceived after
egg donation

1 1 —

Patients who conceived from
their own eggs without
cryopreservation, n (%)

83 (68%) 26 (39.4%) .0002

Abbreviations:—, not significant; GnRHa, gonadotropin-releasing
hormone analog.

Table 3. Comparison of the pregnancy rate in the patients

treated with or without GnRHa according to their disease

Disease/treatment
GnRHa
number

No GnRHa
number

p
value

Hodgkin lymphoma (total) 46 15 —

ABVD (6MOPP) 25 6 —

Escalated BEACOPP 15 8 —

Bone marrow
transplantation (HL)

6 1 —

Non-Hodgkin lymphoma 18 6 —

Leukemias 3 0 —

Other diagnoses 16 4 .0023

Bone marrow transplantation
(all diagnoses including HL)

10 4 —

Abbreviations:—, not significant; ABVD, doxorubicin, bleomycin,
vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide,
adriamycin, cyclophosphamide, vincristine, procarbazine, and
prednisone; GnRHa, gonadotropin-releasing hormone analog; HL,
Hodgkin lymphoma;MOPP,mechlorethamine, vincristine,procarbazine,
and prednisone.
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In total, 188 female patients were evaluable, regarding
pregnancy (Fig. 1). Of these, 80 patients were treated for
Hodgkin lymphoma, 32 for non-Hodgkin lymphoma, 34 for
leukemia, and the remaining 42 for other diseases (breast
cancer, sarcoma, autoimmune diseases such as systemic lupus
erythematosus, necessitating gonadotoxic chemotherapy
such as cyclophosphamide pulsatile treatment, and others)
(Table 1). Overall 60% (112 of 188) of all eligible women
conceived (Table 2); 69.7% (85 of 122) of the patients in the
GnRHa group successfully conceived (between 1 and 6 times)
compared with 42.4% (28 of 66) of the patients in the control
group (between 1 and 4 times), p 5 .006 (Table 2). In the
GnRHa group, 124 healthy newborns were delivered versus
40 in the controls (Tables 2, 3).

Spontaneous pregnancies occurred in 65.6% (80 of 122) of
the survivors in the GnRHa group, and 67.8% (83 of 122) con-
ceived from their own oocytes after chemotherapy exposure
versus 37.9% (25 of 66) of the survivors in the control group
who conceived spontaneously and 39.4% (26 of 66) of women
conceived from their own oocytes after exposure to chemo-
therapy (p5 .0004). The OR for spontaneously conceiving was
3.12 for the patients who received GnRHa in addition to
chemotherapy versus those who received chemotherapy
without the GnRHa (95% CI 1.7–5.8). In the GnRHa group, 19
patients (16%) spontaneously conceived despite receiving
chemotherapy after age 30, with the oldest being 38 years old
at chemotherapy, whereas in the control group only 5 patients
(7%) were older than 30 at chemotherapy. In the GnRHa group,
11 patients spontaneously conceived after the age of 35 versus
5 in the control group. In the GnRHa group, the longest time
of spontaneous conception after chemotherapy was 18 years
versus 14 years in the controls. In the GnRHa group, the oldest
patient who spontaneously conceived was aged 42 years
(versus aged 37 years in the control group). The comparison of
subgroups lacked the statistical power to evaluate significant
differences because of small numbers. (Table 3). There was no
difference in the cumulative alkylating agents between the
groups (Table 4), as we have also previously published [9].

DISCUSSION

To ourbest knowledge, this is the largest studyonpregnancy rate
(fertility) in survivors treated with or without GnRHa.The OR for
preserving COFwas 6.87 for the patients who received GnRHa in
addition to chemotherapy (95% CI 3.4–13.4) and 3.12 (95% CI
1.7–5.8) (p , .001) for spontaneously conceiving versus those
who were treated with chemotherapy without the GnRHa.
Although, 25 studies (over 10 prospective RCTs) have shown
a significant decrease in POF rate in survivors of chemotherapy
and GnRHa, and there are nine publications not supporting
GnRHa use [1].The ASCO [5], the ASRM [6], and the ESMO [7] do
not support GnRHa as a provenmethod for fertility preservation
and consider it experimental. Oneof themain arguments against
considering the GnRHa cotreatment as an established method
for fertility preservation is that preserving COF and regular
menses in survivors is only a surrogate marker not equivalent to
fertility, that is, pregnancies [10]. The main weakness of studies
evaluating the role ofGnRHa inpreservingovarian function is the
lack of data concerning the long-term maintenance of ovarian
function and preservation of fertility [1, 11].

Therefore, we have evaluated the pregnancy rate in a
large group of patients treated with or without GnRHa, in
conjunction with gonadotoxic chemotherapy, for the last
25 years. Our data demonstrate a significant advantage for the
survivors who received the GnRHa both in keeping COF and in
their ability to conceive spontaneously.

Relevant to this highly debatable issue, Behringer et al. [12]
also found that the use of GnRHa during chemotherapy has
significantly increased the probability to become pregnant
(OR5 12.87; p5 .001). Similarly, DelMastro et al. [11] and the
authors of several other recent meta-analyses of RCTs [1]
concluded that the significant reduction (p5 .013) in POF rate,
associated with GnRHa, provides convincing evidence in sup-
port of the efficacy of this preventive strategy. In addition, the
Cochranedatabase [13]supports theuseofGnRHacotreatment
for fertility preservation. Most recently, Moore et al. [14]
published the results ofanNIH-sponsoredprospectiveRCT trial,
in which 257 premenopausal breast cancer patients received
chemotherapywith orwithout GnRHa [14].The GnRHa-treated
patients had better-preserved ovarian function across multiple
endpoints and improved fertility (more successful pregnancies)
than the controls [14], in keeping with our findings. Unex-
pectedly, the combination led to more favorable disease-free
survival (DFS) and overall survival (OS) rates [14]. At 2 years,
the POF rate was 22% for the standard chemotherapy arm
comparedwith 8% for theGnRHaarm (OR50.30, 95%CI [0.09,
0.97];p5 .04) [14]. Successful pregnancywasachievedby12of
18 women who attempted pregnancy and who were treated
with chemotherapy alone compared with 22 of 25 successful
pregnancies in the GnRHa arm (adjusted OR 2.45; p5 .03). In
addition, women in the GnRHa group gave birth to 18 babies
versus 12 in the standard chemotherapy group. Secondary
ovarian outcomes also favored the GnRHa group, as well as
better DFS and OS. The rate of DFS in the standard chemo-
therapy arm was 78% compared with 89% in the GnRHa arm
(hazard ratio [HR] 0.49 adjusted for age, regimen, and stage,
95%CI [0.24, 0.97]; p5 .04). In addition, the 4-year OS ratewas
82% in the standard chemotherapy arm compared with 92% in
the GnRHa arm (HR 0.43 adjusted for age, regimen, and stage,
95% CI [0.18, 1.0]; p5 .05).

Similarly, Lambertini et al. [15] presented updated results
from the PROMISE-GIM6 study after 7.3 years of follow-up.
PROMISE-GIM6 was a multicenter, open-label trial of 281 pre-
menopausal women with early-stage breast cancer who were
candidates for neoadjuvant or adjuvant chemotherapy. Eighty
percent of subjects had hormone receptor-positive disease.
Patients were randomly assigned to chemotherapy alone
(n5 133) or chemotherapy with GnRHa (n5 148). The 1-year
results showed a highly significant 72% reduction in the risk of
treatment-related early menopause in women receiving ad-
juvant GnRHa versus chemotherapy alone [15]. In the updated
analysis, women in the PROMISE-GIM6 study were more than
twice as likely to become pregnant over 7 years when treated
with the adjuvant GnRHa compared with chemotherapy alone
(HR52.56) [15].Theauthorsconcludedthatthesimilardisease-
free survival in both groups confirmed the safety of the GnRHa
cotreatment in both hormone receptor-positive and hormone-
negativebreast cancerpatients [15].Thus, two recentRCTshave
found significantly higher partial response (PR) in the GnRHa
versus controls, with either better survival in hormone receptor
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negative breast cancer patients [14] or similar survival in
hormone receptor positive women [15].

When the gonadotoxicity of the chemotherapeutic
protocols is either very low, such as when using ABVD
(doxorubicin, bleomycin, vinblastine, and dacarbazine) pro-
tocol for Hodgkin disease, or very high (. 90%), such as in the
use of escalated BEACOPP (bleomycin, etoposide, adriamy-
cin, cyclophosphamide, vincristine, procarbazine, and pred-
nisone) protocol for advanced Hodgkin disease, the needed
power to detect a difference between the GnRHa arm and
control arm requires hundreds of patients; therefore, studies of
17–60 patients that did not find an advantage of the GnRHa
cotreatment were not powered to find a possible advantage
[1, 5–7, 10]. Another methodological error, possibly leading
to inaccurate conclusions in this equivocal issue, is premature
evaluation of ovarian function [1, 5–7, 10, 11, 16]. Indeed,
Demeestereetal. [16],whoinitiallydidnotfindadifference inPOF
rate after 1 year, have presented the 2-year follow-up of their
patients [16] claiming that “the number of patients who totally
restored their ovarian function was significantly higher in the
GnRHa group (p 5 .049) confirming results of [anti-Müllerian
hormone (AMH)]” [16]. This supports the possibility that short
follow-upmayberesponsibleforthediscrepancybetweenstudies
and lead to incorrect conclusions [1].

Although our results suggest the GnRHa significantly
increases the PR in survivors, it has to be taken with caution,
because our study was not a RCT. Although there were no
significant differences in the age and chemotherapy protocols
between the compared groups, a possible bias caused by the
patients’ decision whether to receive GnRHa cotreatment or
not cannot be excluded. Our results and conclusions are in
keeping with those of the recent prospective RCTs of Moore
et al. [14], and Lambertini et al. [15].

Although no randomized trials assessed the role of ovarian
tissue cryopreservation, many investigators refer to it as an
established method of fertility preservation. The quality of
evidence for recommending such strategies may be consid-
ered low, according toFleisheret al. [17], because it is basedon
nonrandomized, case-control, orobservational studies.On the
contrary, the role of GnRHa therapy in preserving ovarian
function has been assessed both in randomized trials and in
nonrandomized, case-control studies [1, 3, 5, 8, 9, 11–15].

An argument against GnRHa use [18] claims that pre-
pubertal children, whose hypogonadotropic milieu is simu-
lated by the GnRHa, receiving high-dose chemotherapy given
before hematopoietic stem cell transplantation still suffer
from ovarian failure. Remérand et al. [19] have described four
spontaneouspregnancies and successful deliveries in apatient
after prepubertal high-dose busulfan and cyclophosphamide
conditioning and bone marrow transplantation (BMT), dem-
onstrating that successful pregnancies may occur in patients
undergoing prepubertal BMT. Similarly, the only published
case of repeated spontaneous pregnancies and two successful
deliveries after repeated autologous BMTs and GnRHa treat-
ment has been described in a postpubertal lymphomapatient,
suggesting that the prepubertal milieu induced by the GnRHa
cotreatment might have contributed to the preserved fertility
despite repeatedBMT[20].Only0.6%–3%ofpatients conceive
after one BMT [21, 22]. Thus, the pregnancy odds after two
BMTs are negligible (approximately 0.36%) [21].

Another argument against GnRHa use is that 8% of
prepubertal children exposed to gonadotoxic chemotherapy
may suffer POF by age 40 years. Indeed, three recent
publications [23–25] have found that survivors of childhood
cancer have an 8% risk of suffering POF before the age of
40 years, comparedwith,1% in the general population.This
is in keeping with the published results [1, 4, 8, 9, 11] in-
dicating that women of reproductive age receiving GnRHa
in addition to chemotherapy suffer POF in approximately
8%–13%ofcases (simulatingprepubertal exposure),whereas
those treatedwithout theagonist have30%–60%risk forPOF.
Because our study was not a RCT, we looked at the number
of patients, in both arms, who had previous children and
claimed they were not planning additional pregnancies, as a
possibledivertingbias.Wedidnot finda significantdifference
between the two groups for this parameter; therefore, it is
not likely that a difference in interest in future fertility had
biased our results. Furthermore, our results are in keeping
with the recent publication of the RCT multicenter South
West Oncology Group study (SWOG, S0230) [14]. This recent
publication reassures regarding the raised hypothetical
interference of GnRHa with the efficiency of chemotherapy
and possible survival in hormone receptor-negative patients
[14]. The recent PROMISE study demonstrated similar
survival in hormone receptor-positive breast cancer patients
[15]. Thus, we may carefully suggest that the GnRHa cotreat-
ment does not decrease survival and may possibly even
increase it [14, 15].

Furthermore, GnRHa can effectively prevent the thrombo-
cytopenia-associated menorrhagia in these treated patients
[1]. Recently, it has also been shown that the GnRHa cotreat-
ment is beneficial not only against regular chemotherapy
but also for lymphoma patients undergoing stem cell trans-
plantation [8].

Wong et al. [26], in the largest series of cancer patients
treated with a GnRHa, reported a high pregnancy rate (71%)
which is in keeping with our results. Furthermore, this [26] and
other recent studies [14, 15, 27] suggest the safety of GnRHa
cotreatment.

The recently published 14th St. Gallen International Breast
Cancer Conference and expert consensus on the primary
therapyofearly breast cancer [28] support theuse ofGnRHa in
breast cancer patients with hormone receptor-negative
disease. This consensus stated that GnRHa therapy during
chemotherapy proved effective to protect against POF and
preserve fertility in young women with estrogen receptor-
negative breast cancer undergoing chemotherapy [28]. This
consensus states that the GnRHa cotreatment also increased
the rate of subsequent successful pregnancies and did not
compromise disease outcomes [28].

There are many unknown and equivocal matters re-
garding the important issue of fertility preservation, such
as efficiency and safety of autotransplantation of cryo-
preserved ovarian tissue [1], efficiency of GnRHa, safety
of ovarian stimulation with gonadotropins in breast
cancer, and many others. None of the suggested avenues
for fertility preservation guarantees unequivocal success
in future fertility preservation. Even IVF and cryopreserva-
tion of a few embryos or ova cannot guarantee future
pregnancy [1].

©AlphaMed Press 2015
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CONCLUSION
The addition of GnRHa to gonadotoxic chemotherapy may
significantly increase pregnancy and COF in survivors. It
is therefore recommended that GnRHa cotreatment be
offered for fertility preservation, in addition to other
methods. There is no contraindication to ovarian biopsy
for cryopreservation combined with GnRHa administration
and follicular aspiration. In cases in which conventional
chemotherapy regimens such as those commonly used for
young lymphoma patients are applied, GnRHa cotreatment
may preserve ovarian function and prevent POF without

necessitating the use of cryopreserved ova, embryos, or
ovarian tissue.
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EDITOR’S NOTE: See the related commentary, “Temporary Ovarian Suppression With Gonadotropin-Releasing Hormone
Agonist During Chemotherapy for Fertility Preservation: Toward the End of the Debate?”on page 1233 of this issue.
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