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ABSTRACT: The only clinically accepted method of fertility preservation in young women facing gonadotoxic chemo- and/or radiotherapy
for malignant or autoimmune diseases is cryopreservation of embryos or unfertilized ova, whereas cryopreservation of ovarian tissue for
future reimplantation, or in vitro maturation of follicles, and the use of gonadotropin-releasing hormone agonists (GnRHa) are still considered
investigational, by several authorities. Whereas previous publications have raised the fear of GnRHa’s possible detrimental effects in patients
with hormone receptor-positive breast cancers, recent randomized controlled trials (RCTs) have shown that it either improves or does not
affect disease-free survival (DFS) in such patients. This review summarizes the pros and cons of GnRHa co-treatment for fertility preservation,
suggesting 5 theoretical mechanisms for GnRHa action: (1) simulating the prepubertal hypogonadotropic milieu, (2) direct effect on GnRH
receptors, (3) decreased ovarian perfusion, (4) upregulation of an ovarian-protecting molecule such as sphingosine-1-phosphate, and (5)
protecting a possible germinative stem cell. We try to explain the reasons for the discrepancy between most publications that support the use
of GnRHa for fertility preservation and the minority of publications that did not support its efficiency.
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The increase in cancer incidence at young ages and the signifi-
cant increase in long-term survival have brought about interest
among reproductive endocrinologists, gynecologists, hematolo-
gists, oncologists, pediatricians, rheumatologists, endocrinolo-
gists, family physicians, general practitioners, and actually all
health care providers in attempts to preserve fertility in young
patients exposed to gonadotoxic chemo- and radiotherapy."
Indeed, the request for fertility preservation has dramatically
increased, currently representing a standard of care for young
patients facing gonadotoxic therapies.!? Challenging the remote
effects of malignancy is a medical priority in oncology, targeted
at preserving survivors’ quality of life, including gonadal function
and fertility. The coined specialty “Oncofertility” and preserva-
tion of fertility have revolutionized reproductive endocrinology
and affected many medical specialties, specifically oncology,
assisted reproduction, and infertility treatment.!-10

Whereas other authors elaborate on the other methods, we
will specifically elaborate on gonadotropin-releasing hormone
agonist (GnRHa) cotreatment for fertility preservation.

Endocrine Suppression Before and Along With
Gonadotoxic Chemotherapy
The rationale for endocrine suppression using

GnRH analogs

The odds of preserving gonadal function following combined-
modality treatment are significantly better for prepubertal girls
than for boys.>'112 The reduced gonadotoxicity in prepubertal
girls is likely due to their higher ovarian reserve, in addition to

the hypogonadotropic prepubertal milieu. Whereas ovarian
function has been preserved in most long-term female survi-
vors treated prepubertally for lymphoma,!? but only in about
half of similarly treated adult reproductive age women,! it is
logical to generate a temporary and reversible prepubertal
milieu in women of reproductive age before and during gon-
adotoxic chemotherapy.** Following this hypothesis, GnRHa
co-treatment has been used by many groups of clinicians to
reduce the gonadotoxic effects of chemotherapy#®13-1> by
simulating a prepubertal hormonal milieu, under the philoso-
phy that preventing premature ovarian failure (POF) in survi-
vors is preferable to treating it, following the dictum: “An ounce
of prevention is worth a pound of cure.”

Past and Present Experience Using GnRH Analogs
for Fertility Preservation

The possibility of administering a noninvasive adjuvant treat-
ment that may reduce the gonadal damage caused by gonado-
toxic chemotherapy is obviously attractive.1#%1315 Although
Glode et al'® suggested, almost 4 decades ago, that GnRHa
appeared to protect male mice from the gonadotoxicity of
cyclophosphamide, GnRHa co-treatment is not effective in
the male,!” as opposed to female.1#%13-1> It has been suggested
that primordial follicles (PMFs), which are metabolically inac-
tive, fare better than active growing follicles and cells that are
part of an active cell cycle.” Girls fare better than boys in their
odds of preserving gonadal function following gonadotoxic
chemotherapy.1*%17 Ovarian function was preserved in over

@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:bzeev@technion.ac.il
mailto:z_blumenfeld@rambam.health.gov.il

Clinical Medicine Insights: Reproductive Health

90% of long-term female survivors who were treated prepuber-
tally for lymphoma, but it was preserved only in a minority of
similarly treated adult patients.!! Numerous preclinical and
clinical studies have attempted to induce a temporary prepu-
bertal milieu in postpubertal females before and during gon-
adotoxic chemotherapy.h*%1315 The only primate study that
assessed ovarian histology before and after GnRHa co-treat-
ment along chemotherapy, which obviously cannot be con-
ducted clinically in humans, has been done more than 3 decades
ago.'® This prospective randomized study demonstrated that
GnRHa might protect the ovary against cyclophosphamide-
induced damage.!® Co-treatment with GnRHa from before
and along cyclophosphamide has significantly decreased the
daily rate of follicular decline, from 0.12% *0.012% to
0.057% * 0.019% (P < 0.05), and the total number of PMFs
lost during the chemotherapeutic insult from 64.6% % 2.8% to
28.9%*+9.1% (P<0.05), compared with cyclophosphamide
without GnRHa co-treatment.!8

In the clinical setting, many groups of clinicians have used
GnRHa co-treatment along with chemotherapy for fertility
preservation and reducing its gonadotoxic effects.l#%13-15
However, a limitation is that not all the studies conducted so
far had pregnancy as the primary outcome.!’

The philosophy of this approach suggests that preventing
POF/Premature Ovarian Insufficiency (POI) in survivors is
more advantageous than treating it, by reimplantation of cryo-
preserved ovarian tissue.b#%13-1519-37 Therefore, this noninva-
sive and inexpensive treatment has gained ubiquitous interest
and popularity.14913-151963 Although 9 studies including 572
patients reported that GnRHa treatment before and along
with chemotherapy did not bring about a significant decrease
in POF rate, over 24 studies (15 retrospective and 9 rand-
omized controlled trial [RCT]) including over 3100 patients
receiving this treatment for breast cancer, hematologic cancers,
or autoimmune diseases necessitating chemotherapy reported a
significant decrease in POF rate in survivors.l:#-%13-15,19-63 The
GnRHa adjuvant co-treated patients resumed regular menses
and normal ovarian function in about 85% to 90% of cases as
compared to 40% to 50% in the chemotherapy only group.*
913-15,19-63 However, return of cyclic ovarian function (COF),
normal gonadotropins, and other sex hormonal levels, such as
anti-Mullerian hormone (AMH), progesterone, and estradiol,
and even antral follicle count (AFC) are only surrogate mark-
ers of fertility preservation. Therefore, it is important to com-
pare the natural pregnancy rate (PR) in survivors in the
GnRHa-treated group versus controls.l+%13-1519-63 Indeed,
natural PR in survivors who were co-treated with GnRHa
adjuvant during gonadotoxic chemotherapy ranged from 23%
to 88%, compared to 11% to 35% (P < 0.05) in control patients
who did not receive this co-treatment.1#-%:13-15,19-63

Eighteen meta-analyses of RCTs!3 and 4 recent interna-
tional expert consensus meetings,?$2%54%8 in addition to many
smaller studies, have critically summarized the utility of

GnRHa adjuvant co-treatment along with chemotherapy, con-
cluding that this co-treatment significantly reduces the risk of
POF and increases the PR in survivors.1:#913-1519-63 Three
recent, large prospective RCTs in patients with breast cancer
support the use of GnRHa cotreatment for fertility preserva-
tion.3354 The US, POEMS-SWOG/S0230 study enrolled
only hormone receptors (HR)-negative breast cancer patients,
whereas most patients in the Italian PROMISE-GIM63>°?
study were HR positive. Both RCTs have demonstrated a sta-
tistically significant 70% to 72% reduction in ovarian failure
rate in the GnRHa arms, (odds ratio [OR]: 0.28-0.30;
P<0.001-0.04; OR: 0.30; P = 0.04). Moreover, the PR was
significantly increased by GnRHa (OR: 2.45; P= 0.03).34354
The PROMISE-GIMBS6 study*® performed a long-term assess-
ment of the survivors, with a median follow-up of 7.3years
(range, 6.3-8.2 years).? This follow-up shows a 5-year cumula-
tive COF resumption of 72.6% (95% confidence interval [CI],
65.7%-80.3%) in the GnRHa group compared to 64% (95%
CI, 56.2%-72.8%) among controls (age-adjusted hazard ratio,
1.48 [95% CI, 1.12-1.95]; P=0.006), with no difference in
5-year disease-free survival (DFS).%

In the POEMS-SWOG 50230 study, a National Institutes
of Health (NIH)-sponsored prospective RCT in which 257
premenopausal breast cancer patients received chemotherapy
with or without GnRHa, the GnRHa-treated patients had an
improved COF rate across multiple endpoints and higher fer-
tility (more pregnancies) than the controls.3* Unexpectedly, the
GnRHa co-treatment led to more favorable DFS and overall
survival (OS) rates compared to the chemotherapy alone con-
trols.* Two years after chemotherapy, the POF/POI rate was
22% for the standard chemotherapy arm versus only 8% for the
GnRHa arm (OR=0.30, 95% CI [0.09-0.97]; P<0.04).3*
Successful pregnancy was achieved by 12 of the 18 survivors
who attempted pregnancy in the chemotherapy alone group
compared with 22 of the 25 survivors who successfully con-
ceived in the GnRHa arm (adjusted OR, 2.45; P<0.03).3* In
addition, women in the GnRHa group gave birth to 18 healthy
neonates compared to 12 in the standard chemotherapy
group.3* Moreover, in a surprising and unexpected finding, the
4-year mortality rate in the GnRHa group was significantly
lower than in the chemotherapy without GnRHa group
(P=0.05).3* Most recently, the investigators of the POEMS/
SWOG 50230 study published their final analysis after 5 years
follow-up.®® Two-sided statistical tests detected more patients
in the chemotherapy + GnRHa arm reported at least one
pregnancy vs the chemotherapy alone arm (5-year cumulative
incidence =23.1%, 95% CI=15.3-31.9; and 12.2%, 95%
CI=6.8-19.2, respectively; OR=2.34; 95% CI=1.07-5.11,
P=0.03).This long-term follow-up found continued evidence
that patients randomly assigned to receive goserelin + chemo-
therapy were not only more likely to avoid POF/POI but were
also more likely to become pregnant without adverse effect on
disease-related outcomes.®0
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The third large, prospective, parallel, Anglo Celtic Group
OPTION RCT* examined the effect of GnRHa administra-
tion before and during chemotherapy to 202 stage I-IIIB breast
cancer patients. The primary outcome was amenorrhea between
12 and 24 months after randomization, supported by elevated
follicle-stimulating hormone (FSH).% This RCT has found
that the GnRHa, goserelin, reduced the prevalence of amenor-
rhea between 12 and 24 months to 22% vs 38% in the control
group (P = 0.015) and the prevalence of POI to 18.5% vs 34.8%
in the controls (P= 0.048). Follicle-stimulating hormone con-
centrations were also lower in all women treated with GnRHa at
both 12 and 24 months (P= 0.027, P = 0.001), respectively. The
authors concluded that GnRHa had significantly reduced the
risk of POI in women treated with chemotherapy for early breast
cancer, in women younger than 40years.* Furthermore, this
study has also found significant changes in bone turnover mark-
ers between the GnRHa-treated women and controls, at
36months (P=0.0006).* The authors suggested that GnRHa
addition to chemotherapy may offer sufficient ovarian protection
to negate long-standing altered bone turnover associated with
POI, mainly in patients older than 40.4

Most relevant to this equivocal and highly debatable issue, a
study from a previous opponent group to GnRHa use for fer-
tility preservation®® found that the use of GnRHa during
chemotherapy has significantly increased the probability of
natural conception (OR, 72.87; P=0.001)." Furthermore,
these investigators’” adjusted the analysis to a high degree and
nevertheless . . . found surprisingly strong (OR12) > indirect
evidence supporting the prophylactic use of GnRHa in women
receiving therapy for early unfavorable HL” (HL =Hodgkin
Lymphoma). They?” concluded that the multivariate analysis
revealed that the use of GnRHa during therapy is a “strong,
independent, and highly significant predictor of pregnancies.”

In our own research, we found that GnRHa co-treatment,
along with chemotherapy, could significantly increase natural
conceptions in survivors (P < 0.006), in addition to preserving
COF (OR=6.87) in a large group of young women followed
for more than 2 decades.” Ninety patients (62%) conceived
178 times in the GnRHa group versus only 32 experiencing 56
pregnancies (42%) in the controls (P < 0.003), generating 131
and 42 newborns (P < 0.01), respectively.!” Natural pregnan-
cies occurred in 58% of the survivors in the GnRHa group
versus 38% of the controls (P = 0.009).? These results are in
keeping with the results of the large, recent RCTs and
meta-analyses.13-15,3436,46,60

As the ultimate gold standard of fertility preservation is
pregnancy, it is notable to mention that 3 different studies from
3 continents have shown high PRs after GnRHa co-treatment
versus controls:

e InWong et al’s® UK study, 71% (30 of 42 who attempted
pregnancy) of survivors treated with GnRHa and chem-
otherapy achieved pregnancy, in a nonrandomized study.

e In the POEMS-SWOG RCT in the United States,3*
88% of survivors (22 of 25 who attempted pregnancy)
treated with GnRHa and chemotherapy achieved preg-
nancy, compared with 66.7% (12 of 18 who attempted
pregnancy) in the control group (P = 0.03).

e In our nonrandomized study,!® in Israel, 68.8% of the
survivors (84 of 122 who attempted pregnancy) natu-
rally conceived, compared with 42.4% (28 of 66 who
attempted pregnancy) in the control group (P = 0.006).

Furthermore, GnRHa was effective in protecting COF and
decreasing the POF/POI rate, not only in conventional chem-
otherapy, but also in survivors after stem-cell transplantation,
who had received aggressive gonadotoxic conditioning chemo-
therapy.** In the GnRHa group, 38.3% (18/47) of patients
resumed COF, compared with 11.1% (4/36) of patients who
did not receive GnRHa (P = 0.01). Gonadotropin-releasing
hormone agonist had a significant effect on long-term COF in
patients with lymphomas (66.7% [14/21] for GnRHa group vs
18.2% [2/11] for control) (P = 0.01).*3

Four recent international consensus meetings support the
use of GnRHa for fertility preservation: the 2015 St. Gallen
International Expert Consensus panel?® and the National
Comprehensive Cancer Network guidelines (www.ncen.
org).? The St. Gallen international expert consensus®® stated
that GnRHa therapy during chemotherapy “proved effective
to protect against POF and preserve fertility” in young women
with ER-negative breast cancer undergoing chemotherapy.
This consensus states that GnRHa co-treatment also
increased the rate of subsequent successful pregnancies and
did not compromise disease outcomes.?® The second expert
consensus meeting summarized 10 concluding recommenda-
tions.? The recommendations were graded according to the
levels of evidence and grades of recommendation (according
to the European Society of Medical Oncology [ESMO]
Clinical Practice Guidelines for fertility preservation in
patients with cancer).?? The only conclusion (out of 10) that
received the highest grading was that regarding GnRHa.?

This conclusion states,

Ovarian suppression with the use of luteinizing hormone releasing
hormone agonist (LHRHa) during chemotherapy should be
considered a reliable strategy to preserve ovarian function and
fertility, at least in breast cancer patients, given the availability of
new data suggesting both the safety and the efficacy of the

procedure have become available (IA).2°

A third international consensus meeting, the second interna-
tional consensus guidelines for breast cancer in young
women,’* similarly supported the beneficial protective role of
GnRHa in young patients with both HR-positive and
HR-negative breast cancer. The fourth international consen-
sus, the European School of Oncology (ESO)-ESMO 3rd

international consensus guidelines for breast cancer in young
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women (BCY3), also concluded that GnRHa preserves ovar-
ian function and increases PR.58

The conclusions of the 4 international expert meet-
ings?$2%°4%8 are in keeping with most recent summaries and
meta-analyses of RCTs, including the most recent Cochrane
Collaboration analysis update3! confirming that the use of
GnRHa is associated with a reduced risk of POF and signifi-
cantly increased PR.13-1> Therefore, the Italian association of
medical oncology (AIOM) has adopted the routine clinical
utility of temporary ovarian suppression with LHRHa during
chemotherapy as a strategy to preserve ovarian function and
fertility in patients with breast cancer.%3 In addition, GnRHa
can effectively prevent thrombocytopenia-associated menor-
rhagia in the treated patients.1>%13-15

A large meta-analysis®® of 12 RC'Ts including 1231 patients
with breast cancer in 2015 concluded the following:

o The use of GnRHa was associated with a significant
reduced risk of POF/POI (OR=0.36, 95% CI-0.23-
0.57; P<0.001), yet with significant heterogeneity
(P for heterogeneity = 0.026).

e In 8 studies reporting amenorrhea rates 1year after
chemotherapy completion, the addition of GnRHa
reduced the risk of POF/POI (OR=0.55, 95%
CI=0.41-0.73, P < 0.001) without heterogeneity (P for
heterogeneity = 0.936).

e In 5 studies reporting pregnancies, more patients treated
with LHRHa achieved pregnancy (33 vs 19 women;
OR=1.83, 95% CI=1.02-3.28, P=0.041; P for
heterogeneity = 0.629).

e In 3 studies reporting on disease-free survival, no differ-
ence was observed (hazard ratio=1.00, 95% CI=0.49-
2.04, P=0.939; P for heterogeneity = 0.044).

In several countries, like Italy and Israel, the coverage for the
cost of GnRHa is granted to all young patients with breast
cancer who are candidates to chemotherapy and are interested
in fertility preservation.*

Most recently, Lambertini et al,!3 have summarized all the
studies on GnRHa for fertility preservation in an extensive
overview of the literature. In this recent meta-analysis, out of 7
preclinical studies in female mice evaluating temporary ovarian
suppression with GnRHa during chemotherapy, five were in
support and two did not conclude this cotreatment to be effec-
tive.’3 Out of 3 preclinical studies in female primates and
human models evaluating GnRHa effect during chemotherapy,
two were supportive and the third was not.!3 Ten out of 14
randomized trials evaluating temporary ovarian suppression
with GnRHa during chemotherapy in patients with breast
cancer were in support, whereas four did not conclude this
cotreatment to be effective.l® However, another recent meta-
analysis!* and systematic review used individual patient-level
data of the 5 major RCTs, multivariate logistic regression

analysis, and a random effects model for statistical analyses to
evaluate the GnRHa strategy.’* This study provided robust
evidence for both the efficacy and the safety of GnRHa as a
clinical option to reduce POI and improve fertility.162
Interestingly, several of the coauthors in this meta-analysis
have previously authored publications that did not support the
efficacy of GnRHa, including those cited as “negative conclu-
sion” in the recent summary.'® These investigators should be
congratulated for their scientific integrity and courage of
changing and updating their previous opinion.®?

However, whereas most recent RCT of GnRHa cotreat-
ment suggest a beneficial role in reducing POF/PQOl in patients
with breast cancer, a similar conclusion on the benefit of
GnRHa for fertility preservation in patients with hematologic
malignancies has not been unequivocally accepted.!3

The updated results from the study by Demeestere et al3%>2
have shown no gonadal protection of GnRHa cotreatment in
patients with lymphoma. However, an expert opinion?! claimed
that although providing important insights on long-term out-
comes, several limitations should be considered in the interpre-
tation of these updated results. The Demeestere et al>? study
was underpowered, there was a dropout rate of 50%, and 25%
of the study population were lost to follow-up or their data
were unavailable.’2¢2 The authors did not use a composite end
point but relied only on one FSH measurement with a possible
increased false-positive rate.? Although the original study
design mandated the accrual of 157 patients to ensure a power
of 80% and a type error I probability of 5%, enrollment was
discontinued after the assignment of 129 patients, but only 63
patients were evaluated for POF/PQI, 31 to 32 in each arm, in
15 centers (1-3 patients/arm/center).5? Furthermore, 5 preg-
nancies were reported in patients with protocol defined POF
of “one FSH >40U/L measurement” challenging the accuracy
of POF definition and the resulting conclusions.”? The small
number of the evaluated patients (a error) may explain the
“negative” results after 1year, the pendulum swinging to “posi-
tive” result at 2 years, and again switching back to negative con-
clusion at 5 years.3$5204 At 2 years evaluation, Demeestere
et al* observed a significantly improved ovarian function
resumption on their lymphoma patients: “the number of
patients who totally restored their ovarian function (FSH <10
TU/L) was higher in the GnRHa group (P = 0.049) confirm-
ing results of AMH.” They concluded, at 2years evaluation,
that “Triptorelin . . . has a positive effect on the ovarian reserve
...7%* Moreover, in both treatment arms, patients could receive
other forms of hormonal treatments (norethisterone acetate
and hormonal contraceptives) with potential diminished
observed protective effect of GnRHa.3%52

Nevertheless, although reported as a study not supporting
GnRHa use, the results in terms of both OR for treatment-
related POF and PR observed in this study were claimed to be
consistent with the protective effect of GnRHa administration
seen in the breast cancer trials.384062 It has been suggested that
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Table 1. Possible mechanisms whereby GnRHa may minimize POF.

# MECHANISM SUPPORT/PRO

1 Simulating the

prepubertal chemotherapy than adult women are. Figure 1 suggests a possible
hypogonadotropic pathophysiologic mechanism, similar to the “burn-out” theory.
state

2 Possible direct It has been demonstrated that Buserelin, a GnRHa, may minimize

ovarian effect

3 Hypoestrogenic The decreased utero-ovarian perfusion in the hypoestrogenic milieu
decreased ovarian generated by GnRHa-induced pituitary desensitization may result in
perfusion lower total cumulative exposure of the ovaries to the

chemotherapeutic agents, secondarily resulting in a decreased
gonadotoxic effect.

4 Up-regulation of an Monkeys administered S1P or its analogue by direct intraovarian

ovarian-protecting
molecule such as
sphingosine-1-

Prepubertal girls are more resistant to the gonadotoxic effect of

the gonadotoxic effect of doxorubicin, in vitro, regardless of the
hypogonadotropic milieu. Ovarian GnRH receptors have been
demonstrated in several species, including human.

cannulation for a week before ovarian irradiation resumed menstrual
cycles and maintained the ovarian follicles. Not only ovarian follicles
were preserved but also fertility and spontaneous conception.

LIMITATIONS/CON

The relative resistance of prepubertal
girls may be due to their significantly
larger pool of primordial follicles and
not due to the low gonadotropin level.

It is unknown what is the exact
mechanism whereby GnRH receptors
may minimize gonadotoxicity and
which ovarian cells are responsible for
such a direct effect.

Theoretically, in cases of ovarian
metastases, limited ovarian exposure
to chemotherapy may increase the risk
of persistent ovarian disease. However,
such an effect has not been reported.

There is no proof that GnRHa
up-regulates the intraovarian S1P
concentration.

The hypothesis is a theoretical
speculation, without supporting
evidence.

phosphate

5 Protecting a Menopausal FSH and undetectable AMH were observed in
possible one-third of patients for up to 1 year after chemotherapy + GnRHa.
germinative stem Afterward, FSH decreased to normal and AMH increased in most
cell (GSCs) patients, and over 60% conceived. Possibly, the protected GSCs

started growing and producing inhibin, AMH, and sex hormones
about a year after chemotherapy, decreasing FSH levels.

Abbreviations: AMH, anti-Mullerian hormone; FSH, follicle-stimulating hormone; GnRHa, gonadotropin-releasing hormone agonists; POF, premature

ovarian failure.

Five theoretical mechanisms to explain how the GnRHa may preserve fertility: (1) simulating the prepubertal hypogonadotropic state; (2) direct ovar-
ian effect; (3) hypoestrogenic decreased ovarian perfusion; (4) upregulation of an ovarian-protecting molecule such as sphingosine-1-phosphate;

and (5) protecting a possible germinative stem cell.

the results have not achieved statistical significance due to lack
of power.“062 The expert opinion* claims that patients with
lymphoma are younger and treated with either highly gonado-
toxic regimens (conditioning before bone marrow transplanta-
tion [BMT]) or of low gonadotoxicity (such as Adriamycin.
Bleomycin, Vinblastine, Dacarbazine [ABVD]). On the con-
trary, patients with breast cancer are older and treated with
intermediate gonadotoxic chemotherapy.*’ These differences
may possibly explain the modest but clear benefit of GnRHa
cotreatment evident in women with breast cancer but not
always evident in patients with lymphoma.* Therefore, large,
well-designed RCTs are still needed to unequivocally deter-
mine the protective effect of GnRHa in hematologic and other
malignancies.

Possible mechanisms

Five possible mechanisms have been put forward to explain the
effect of GnRHa in minimizing the gonadotoxic effect of
chemotherapy (Table 1).

Simulating a prepubertal hypogonadotropic milieu. The hypogo-
nadotropic state, induced by GnRHa, simulates the prepubertal
hormonal milieu. The gonadotoxic chemotherapy induces fol-
licular loss resulting in decreased secretion of sex hormones

and inhibins.*? The resultant low systemic concentrations of
steroid sex hormones and inhibin feedback on the pituitary and
hypothalamus to increase gonadotropins secretion, mainly
FSH. The increased FSH concentrations may enhance and
augment the rate of resting preantral follicle recruitment and
maturation and the ability to enter the unidirectional process of
folliculogenesis. Due to the active metabolism of dividing cells
during folliculogenesis, these growing follicles are subjected to
the gonadotoxic effects of chemotherapy, ending in an acceler-
ated rate of follicular demise** (Figure 1). Similarly, Meirow’s
group®>°® coined the “burnout theory” to describe the enhanced
follicular demise due to accelerated folliculogenesis in the
ovary after gonadotoxic chemotherapy. They postulated that
alkylating agents increase phosphorylation of proteins through
the phosphatidylinositol 3-kinase signaling pathway that stim-
ulates accelerated PMF activation of both oocytes and granu-
losa cells, resulting in the “burnout” effect and follicle loss.>%¢
The decreased AMH further enables the enhanced recruit-
ment of the PMFs (Figure 1).

Morgan et al®® summarized the mechanisms of gonado-
toxicity induced by chemotherapy, concluding that POF
results from the loss of PMFs not only through a direct effect
but also due to an increased rate of folliculogenesis to replace
the damaged developing follicles. Gonadotoxicity not only
directly damages oocytes but also indirectly causes damage to
somatic granulosa cells. The rate at which PMFs leave the
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Figure 1. A suggested pathophysiologic mechanism whereby
gonadotoxic chemotherapy may destroy the growing follicles, decrease
estrogen, AMH, and inhibin levels, and increase FSH concentration,
which may augment the recruitment of primordial and primary follicles
entering the differentiation process and be further subjected to the
detrimental effect of chemotherapy, leading to POF. The suggested
rescuing effect of GnRHa is through prevention of high gonadotropins
levels. AMH indicates anti-Mullerian hormone; FSH, follicle-stimulating
hormone; GnRHa, gonadotropin-releasing hormone agonists; POF,
premature ovarian failure.

non-active resting pool is influenced by the presence or
absence of the more advanced gonadotropin-dependent
growing follicles.®® Thus, the administration of GnRHa may
interrupt this destructive vicious cycle by causing desensiti-
zation of GnRH receptors in the pituitary, preventing the
increase in FSH concentration despite low estrogen and
inhibin concentrations (Figure 1).4-%,65:66

Others®” have suggested a possible detrimental effect of
high gonadotropin concentrations on the resting PMF pool.
Transgenic mice for B-LH, with high levels of LH, have at
birth a similar number of follicles as wild-type controls.®’
However, after several weeks of exposure to increased LH con-
centrations, they suffer a significant premature loss of their pri-
mordial and primary follicle pool, in keeping with the suggested
pathophysiologic “vicious cycle”#92024 (Figure 1).

Although the resting follicular pool of primordial and pri-
mary follicles is believed to be gonadotropin independent, sev-
eral investigations have suggested that these follicles may
express messenger RNA (mRNA) for FSH and LH recep-
tors.®07> These findings support the concept that even imma-
ture follicles such as the primordial and primary follicles may
be gonadotropin dependent.8-7276

More recently, Patel et al”* have reported that FSH can mod-
ulate ovarian germinative stem cells (OGSCs) such as pluripo-
tent, very small embryonic-like stem cells (VSELSs) and their
“progenitors,” located in adult mammalian ovarian surface epi-

thelium (OSE). Four isoforms of FSH receptors (FSHR) have

been reported, but only FSH-R,; and FSH-R; isoforms have
biological activity.”? These investigators examined the effect of
FSH on FSH-R, and FSH-R; isoforms and stem cell-specific
markers for VSELSs (such as Oct-4A and Sox-2) and OGSCs
(Oct-4) in ovine ovaries.”! They found an increase in FSH-R,
mRNA transcripts, but no increase in FSH-R, after FSH incu-
bation.”? FSH-R, is a 75-kDa protein, a member of the GPR
superfamily of receptors, expressed on granulosa cells of grow-
ing follicles, and its activation by ligand stimulation leads to
steroidogenesis via cAMP signal transduction.”?3 FSH-R;, a
39-kDa protein expressed by OSE and granulosa cells, is a
growth factor receptor and promotes DNA synthesis leading to
proliferation via a MAPK pathway, specifically the extracellu-
lar-regulated kinase (ERK).”>7* FSH-R, and FSH-R; tran-
scripts differ from each other in exons 9 to 11. Whereas FSH-R,
possesses exons 9 and 10 but lacks exon 11, FSH-R; lacks exons
9 and 10 but has exon 11.77-7 If indeed FSH-R; (lacking exon
10) is the key actor to mediate FSH action on ovarian stem cells
resulting in neo-oogenesis during postnatal life, one could easily
explain why the extensive studies undertaken to search for
mutations in exon 10 of the FSH receptor have failed to yield
any results and concluded that PFs lack FSH receptors.”0-73,76
Therefore, studies that failed to detect these receptors on PFs
used rtPCR primers selected from exon 10 of the FSH-R,
receptor, whereas the study that did find active FSH receptors
on ovarian germinative cells demonstrated that FSH-R; lacks
exon 10 on PFs and germinative stem cells (GSCs).70-7476 It
was concluded that FSH modulates ovarian stem cells via FSH-
R; to undergo self-renewal, clonal expansion, and differentia-
tion into follicles and oocytes.”?

For those who remain unconvinced and persistently hold the
view that PMFs are gonadotropin independent, an alternative
explanation may be put forward.* The PMF and primary fol-
licles are dependent on many growth factors (GFs) such as bone
morphogenic proteins (BMP)-4, -7, and -9, activins, and oth-
ers.” These GFs and possibly others that are secreted by the
more advanced and gonadotropin-dependent follicles may
induce the exit of PMFs from the dormant inactive pool.”? FSH
stimulates the secretion of these GFs by the more advanced
ovarian follicles.” The GnRHa co-treatment, after the initial
flare-up effect, decreases FSH through pituitary desensitization,
preventing the secretion of GFs by the more advanced FSH-
dependent follicles, and secondarily preserves more PMFs in the
uncommitted, “dormant” stage, minimizing their ultimate
destruction by alkylating agents.*%70 Thus, although the exit of
PMFs from the dormant state and the early stages of folliculo-
genesis may be gonadotropin independent, FSH may affect the
rate of preantral follicle growth.””> Therefore, the belief that
primordial and primary follicles are completely gonadotropin
independent may need updating and reevaluation.’

A possible direct effect on GnRH receptors. Human gonads also
contain GnRH receptors, similar to the ovaries of rodents,
although at lower concentration.®’47>77-79 Activation of the
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GnRH receptor by its ligand may decrease apoptosis.”” Imai
et al®0 demonstrated that GnRHa may decrease the in vitro
gonadotoxic effect of doxorubicin, regardless of the hypogo-
nadotropic milieu. These investigators have shown a direct in

vitro protective effect from chemotherapy-induced GC dam-
age by GnRHa.®

Decreased utero-ovarian perfusion. One of the biologic effects
of estrogens is to increase utero-ovarian perfusion.®? Another
suggested possible explanation for the beneficial effect of
GnRHa co-treatment in reducing the chemotherapy-associ-
ated gonadotoxicity is the decreased utero-ovarian perfusion
resulting from the hypoestrogenic milieu generated by pitu-
itary—gonadal desensitization.?$182 High estrogen levels
increased ovarian perfusion in a rat model of ovarian stimula-
tion, and administration of GnRHa significantly inhibited this
effect in a dose-dependent manner.8! The decreased utero-
ovarian perfusion in the hypoestrogenic milieu generated by
GnRHa-induced pituitary desensitization may result in lower
total cumulative exposure of the ovaries to the chemotherapeu-
tic agents, secondarily resulting in a decreased gonadotoxic
effect. Such a possibility inevitably raises the question whether
this decreased exposure of the internal genital organs may not
increase the risk of metastases to the internal genitalia in
patients treated with GnRHa in addition to chemotherapy.
Until now, the OS and DFS of GnRHa co-treated women did
not differ from controls?13-15,19-32,34-36,40-42 3d in one RCT, the

DFS was even significantly better.3*

Sphingosine-1-phosphate. It has been speculated that sphingo-
sine-1-phosphate (S1P) and its agonistic analogs such as
FTY720 may possibly affect chemotherapy-induced oocyte
apoptosis.”$3-8 The S1P molecule has ubiquitous and different
activities and is a pleiotropic lipid mediator involved in cell via-
bility and cancer progression in addition to cell growth, survival,
invasion, inflammation, angiogenesis and vascular maturation,
allergy, and asthma.®%” The balance between sphingosine
kinases that synthesize the molecule and S1P lyases and phos-
phatases which degrade it determines its intracellular levels.®® It
has been speculated that GnRHa may possibly upregulate ovar-
ian S1P and, thus, reduce follicular loss.” In mice, disruption of
the Bax gene, Bcl-2, or targeted expression of the Bax antagonist
to the female mouse germ line can prevent the gonadotoxic
effect of doxorubicin and protect oocytes from destruction in
vivo®>! or in vitro.88 Oocytes that are deficient of acid sphin-
gomyelinase, which degrades S1P and generates ceramide,®? are
resistant to the apoptosis induced in vitro by doxorubicin.®
Administration of S1P into the murine periovarian bursa pre-
vented irradiation-induced ovarian follicle demise.838%%3 More
recently, Zelinsky et al®* demonstrated that female macaque
monkeys administered S1P or FTY720 by direct intraovarian
cannulation for a week before ovarian irradiation resumed men-
strual cycles and maintained the ovarian follicles.”* F'TY720 was
more potent than S1P in its fertility preservation effect.** Even
more convincing, not only ovarian follicles were preserved but
also fertility and spontaneous conceptions.”* Offspring con-
ceived and delivered by the radio-protected females developed
normally and showed no evidence of genomic instability.”* Adult

human ovarian cortical slices pre-treated with S1P before being
xenografted into nude mice lost significantly fewer PMFs than
controls.** Furthermore, S1P protected the female germ line
from radiation without a discernible propagation of genomic
damage.” Obviously, such a long-term ovarian cannulation for
S1P administration along the whole chemo- or radiotherapy
period is not practical in human patients. Future endeavors
should challenge the methodology of gonadal administration of
S1P without systemic absorption, to reduce follicular loss with-
out jeopardizing the ability of chemo- and radiotherapy to effi-
ciently destroy malignant cells. Nevertheless, it is tempting to
speculate that the GnRHa adjuvant co-treatment’s beneficial
effect may possibly be associated with an intraovarian increase in
S1P or similar anti-apoptotic molecule(s).” This speculation of
GnRHa possibly upregulating the intraovarian S1P effect is
hypothetical and awaits validation.

Protection of GSCs. Fifteen years ago, Johnson et al®>% chal-
lenged the concept of a terminal follicular pool in mammals,
suggesting that rodent ovaries may possess mitotically active
germ cells that continuously replicate themselves. They®%
concluded that these GSCs might rejuvenate the ovarian PMF
pool. Their publications revolutionized the doctrine of repro-
ductive medicine, whereby mammalian females are born with a
fixed, determined, and non-increasing reserve of follicles and
lose the capacity for germ-cell renewal during fetal life.”>%7
The idea that mammalian oogenesis does not occur after birth
was established and upheld for more than half a century. This
revolutionary concept ignited an ongoing debate about whether
the ovaries of adult mammals can generate follicles de novo or
not.*”101 The ongoing controversy is about the existence of
GSCs and whether there is postnatal mitosis in mammal
female germ cells, and generation of ovarian follicles, de novo,
or not. More recent studies suggest that oocyte-producing
GSCs may indeed exist and can be isolated from ovaries of
adult rodents and even humans.”1% Following publication of
this revolutionary work, we may theoretically hypothesize that
the GnRHa may possibly protect the undifferentiated GSCs,
which ultimately generate de novo PMFE.% Indeed, we have
measured high menopausal FSH levels and undetectable
AMH levels in about one-third of our patients who were
treated with GnRHa before and along with chemotherapy for
up to lyear after chemotherapy.’*? Surprisingly and unex-
pectedly, about a year after the chemotherapeutic ovarian
insult, FSH concentrations decreased to normal levels and
AMH increased in 90% of these patients, and more than 60%
of those who were interested conceived naturally.1419-24 We
hypothesized that most, if not all, growing follicles were
destroyed by the gonadotoxic chemotherapy and the GSCs,
preceding the PMFs, were protected by the GnRHa.1:4919-24
Since folliculogenesis, from the stage of GSC to mature Graat-
ian follicle may last somewhere between 6 and 12 months,101 it
is conceivable why it took almost a year to rejuvenate the ova-
ries. The protected GSC started folliculogenesis, maturation,
and secretion of AMH, inhibin, and estrogens; and the latter
two fed back to decrease FSH levels to normal.®® This hypoth-
esis also needs further investigation to validate if this effect can

be attributed to GnRHa.
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GnRHa: Pros and Cons

Up to date, over 50 publications (14 RCTs, 25 non-RCTs, and
20 meta-analyses) have reported on over 3100 patients treated
with GnRHa in parallel to chemotherapy.l4-9,19-24,19-44,102-109
Most, but not all, have demonstrated a significant decrease in
the POF/POI rate in survivors of malignant diseases, or for
autoimmune diseases such as lupus erythematosus nephritis
who received cyclophosphamide pulses.!3-1>110-113 However,
there are also over 10 publications not supporting GnRHa as
an effective modality of fertility preservation.*48-33114120 Qver
the past 3 decades, the pendulum had swung from positive to
negative conclusions and positive again regarding the efficiency
of GnRHa in reducing gonadotoxicity and preserving fertil-
ity.!3 One may carefully suggest that in the last few years, the
pendulum is now swinging back toward a positive conclusion,
possibly advocating the end of the debate, as recently suggested
by a few editorials and international expert consensus commit-
tees, concluding that GnRHa adjuvant co-treatment may
indeed preserve ovarian function and fertility without adverse
effect on DFS.13-15,28,29,54,58,121-124 Tndeed, several investigators
who have previously authored papers claiming that GnRHa
was not effective, changed their conclusion, later authoring

publications which concluded this cotreatment is beneficial
and minimizes POI.141537,46,53,61,125

Possible Explanations for the Diverse Results of
GnRHa Co-Treatment

The published dispute and controversy between the supporters of
GnRHa co-treatment to preserve fertility and its opponents has
occasionally been volatile.23117-120,126 Eloindy et al**** concluded
that ovarian suppression by GnRHa did not significantly increase
COF versus controls (P=0.07). However, their meta-analysis has
been criticized for assigning low and inappropriate weight to 2
recent large RCTs3% and excluding RCTs in support of GnRHa,
with a possible bias and consequent underestimation of the ben-
eficial effect of the GnRHa adjuvant co-treatment.1?%128 As pre-
viously mentioned, Demeestere et al®®°? did not initially find a
difference in the POF rate after 1year between the GnRHa and
control arms. However, subsequently presented 2 years of follow-
up of the same patients in their previous publication® at the third
World Congress of the International Society for Fertility
Preservation in Valencia, Spain in November 2013. They declared
that “... the number of patients who totally restored their ovarian
function was significantly higher in the GnRHa group (P=0.049),
confirming results of significantly higher AMH” levels in the
GnRHa arm (1.4ng/mL) versus the control arm; AMH=0.5ng/
mL; P=0.04.% Indeed, a short follow-up period may be respon-
sible for the discrepancy between these 2 studies leading to pre-
mature conclusions.3%4 More recently, the same group has
published a follow-up of patients treated with GnRHa + nore-
thisterone + chemotherapy vs norethisterone + chemotherapy,
concluding there was no difference between the groups.”?
However, the authors themselves®?> mention their study limita-
tions: “dropout rate of 50%, and 25% loss of follow-up or data

unavailability.” Although the original study “mandated the accrual
of 157 patients to ensure a power of 80% and a type I error prob-
ability of 5%, enrollment was discontinued after the assignment
of 129 patients, . . . but only 63 patients were evaluated for POE”
31 to 32 in each arm in the 15 participating centers (1-3 patients/
arm/center). Furthermore, 5 pregnancies occurred in patients
with protocol-defined POF of “one FSH>40U/L measure-
ment,” challenging the accuracy of the POF definition and the
reliability of the resulting conclusions. The accepted definition of
POF necessitates at least 2 FSH measurements in the menopau-
sal range, 1 month apart between assessments. The occurrence of
5 spontaneous pregnancies in the so-called “POF patients,” com-
bined with the small number of patients, significantly higher
AMH in the GnRHa group, and the opposing conclusions at 1,
2, and 5years of follow-up suggests that the conclusions of this
study may not be robust.38°2064123,124

Several other studies were also underpowered or prema-
turely ended, before reaching the power-calculated number of
patients necessary to detect a significant difference between
the 2 arms.'® Similarly, Munster et al’s >3 study aimed at
including 124 patients with a planned 5-year follow-up was
“stopped for futility after 49 patients were enrolled,” and only
47 were evaluable—obviously not enough to draw solid con-
clusions.»® For protocols in which 88% to 90% of patients
resume regular menstruation within 2years after chemother-
apy, such as in the ABVD or AC (adriamycin, cyclophospha-
mide) chemotherapy combinations, for HL and breast cancer
in young patients, respectively, there is apparently little need
for any intervention toward preservation of ovarian func-
tion.1%123124 For such low gonadotoxic protocols, the number
of patients needed to enroll in each arm for detecting signifi-
cant differences is hundreds of patients, much higher than 21
to 26 in each arm, vs the planned power calculation required
inclusion of 124 patients.”3 Only in protocols resulting in a
POF/POI risk higher than 30% could GnRHa co-treatment
have a significant effect on fertility preservation, as suggested
by Del Mastro et al and others.27-30,3,36,46,47,78,127-129

Possible causes for the different and contradictory reported
results may be the different ages, different timing of ovarian
function assessment, different chemotherapeutic protocols,
and differences in genetic and environmental constitution
(variable gonadotoxicity). One has to take into consideration
that resumption of ovarian function may occur as late as
24 months after concluding chemotherapy; therefore, an early
assessment of the outcome at 6 months, as in the ZORO
study*® or in Munster et al’s>> study, may underestimate the
true effect of GnRHa treatment.!23-125 Indeed, in the ZORO
study,*® the number of patients resuming cyclic menstruation
at 2years after chemotherapy was significantly higher than
those with “two menses at 6 months,” as chosen to define
resuming ovarian function.

Another problem with the ZORO study*® is that contradic-
tory to the authors conclusion of “no difference” between the
study (GnRHa) and control arms, the gonadotropin levels in
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the control group were significantly higher (P=0.015), in the
menopausal range, compared with the GnRHa arm, suggesting
a beneficial effect of GnRHa on the ovarian reserve. This dif-
terence was persistently detected at 6, 12, 18, and 24 months
after concluding chemotherapy.*

Another possible diverting parameter is the upper age of
inclusion. Whereas most studies included patients younger than
40, Munster et al3 included patients up to 45 years of age. The
ovarian reserve after age 40 is so low that the efficiency of fertil-
ity preservation is minimal or negligible, and many hundreds of
patients may be needed to detect a significant difference.l»’

Studies where chemotherapeutic protocol has either very
low?83115 or very high gonadotoxicity, such as the escalated
BEACOPP (bleomycin, etoposide, adriamycin, cyclophospha-
mide, vincristine, procarbazine, prednisone) protocol'® are
problematic. The power needed to detect a difference in such
studies is hundreds of patients, many more than the 17 to 60
patients included in most studies concluding that GnRHa has
no protective effect.#8°3,61,115

Good evidence-based medicine requires RCTs and/or
meta-analyses.’® Although no randomized trials assessed the
role of ovarian or oocyte cryopreservation strategies for fertility
preservation, many investigators, but not recent ASCO recom-
mendations, '3 refer to cryopreservation of ovarian tissue as an
established method of fertility preservation. More recently, an
argument was raised!1%120131 whereby none of the studies
tavoring GnRHa effect for fertility preservation was blinded or
placebo controlled; therefore, they are unacceptable. On the
other hand, these authors!!%120131 claim that the successful
reports on ovarian cryopreservation should lead to accepting
this method as an unequivocally established method for fertil-
ity preservation. However, none of the reports on cryopreserva-
tion of embryos, ova, or ovarian tissue were “blinded or placebo
controlled” nor RCT. Why apply a double standard when judg-
ing and comparing different methods for fertility preserva-
tion?'?* The quality of evidence for recommending a strategy
of only cryopreservation may be considered low, according to
Fleisher et al,130 because it is based on non-randomized, case-
control, or observational studies. On the contrary, the role of
GnRHa therapy in preserving ovarian function has been
assessed both in RCTs and in non-randomized, case-control
studies, meta-analyses, and 4 recent international experts’ com-
mittees’ conclusions.1,9:13-15,22-32,121-124

Another argument raised by the opponents to GnRHa use
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.”
Remérand et al'3? described 4 spontaneous pregnancies and
successful deliveries in a patient after prepubertal high-dose
busulphan and cyclophosphamide (Bu-Cy, the most toxic gon-
adotoxic chemotherapy combination) conditioning and BMT.
Similarly, repeated spontaneous pregnancies and 2 successful
deliveries after 2 autologous BMTs, 10 years apart,and GnRHa

co-treatment has been described in a postpubertal lymphoma
patient, suggesting that the prepubertal milieu induced by the
GnRHa co-treatment might have contributed to the preserved
fertility despite repeated BMTs.# After this publication,* the
reported patient experienced a fifth natural conception and a
third successful delivery. According to an extensive European
survey of stem cell transplantation (SCT) involving 37,362
temale patients in the European group for blood and marrow
transplantation, only 0.6% of patients conceived after one
autologous or allogeneic BMT.133 Thus, the calculated odds for
pregnancy after 2 BMTs are negligible (theoretically: 0.006 X
0.006=0.000036).194 Others3* have found a 3% PR after
BMT. Thus, theoretically, according to the latter, the estimated
odds for conceiving after 2 SC'Ts are 0.03 X 0.03, ~1/1000.134
The GnRHa adjuvant co-treatment along the gonadotoxic
conditioning chemotherapy simulated the prepubertal hormo-
nal milieu and might have reduced the gonadotoxic effect, ena-
bling ovulation, 5 spontaneous conceptions, and 3 successtul
deliveries of healthy children.**

Another argument brought up by opponents of GnRHa use
is that since 8% of prepubertal children exposed to gonadotoxic
chemotherapy may suffer POF/POI by age 40, there is no logic
for creating a prepubertal milieu in young women in parallel to
chemotherapy.118140 Several studies in the last decade!3¢-1%
found that survivors of childhood cancer have about 8% risk of
suffering POF/POI before age 40. This hazard risk is in keep-
ing with the published results whereby women of reproductive
age treated with adjuvant GnRHa along chemotherapy experi-
enced POF in the range of 8% to 13% (simulating prepubertal
exposure), whereas control survivors who received chemother-
apy without the agonist had a 30% to 60% risk of POF.1?
It may not contradict the rationale of GnRHa administration;
on the contrary, it supports simulating a prepubertal mil
ieu. 14944132 Patients resuming menses after chemotherapy
may indeed experience early menopause.'3? However, there are
no published data on whether those who received the GnRHa
adjuvant along chemotherapy would also suffer early or prema-
ture menopause. It has not been robustly established whether
these survivors resume menses for a limited period and then
suffer menopause, or if this resumption of menses is long-
standing.’? In our experience of over 25 years with almost 300
patients who received the GnRHa adjuvant with chemother-
apy for different indications, those who resumed COF contin-
ued experiencing it for at least 5 to 15years before entering
menopause.*>1% Whereas natural pregnancies in the control
survivors occurred in patients younger than 30 at the time of
chemotherapy, in the GnRHa group several patients were 30 to
38years old at treatment, and one spontaneously conceived at
41years of age (8years after chemotherapy plus GnRHa), and
a few patients conceived and delivered 4 to 6 times.#*19

Another raised theoretical concern speculates that the ago-
nist may reduce the efficiency of chemotherapy. However, a
meta-analysis published in 7he Lancet,”® based on 11,906
young breast cancer patients randomized in 16 trials, concluded
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that the addition of GnRHa to tamoxifen reduced recurrence
by 12.7% (P<0.02), and death after recurrence by 15%
(P<0.03), contradicting the raised hypothetical speculation.
Furthermore, the publications of Moore et al,** and those by
Recchia et al's** and Del-Mastro’s groups!®2°26-30 demon-
strate similar or improved 5-year survival rates with GnRHa
compared to survival without the agonist in both ER+ and
ER- patients. The survival rate of almost 300 patients treated
in our medical center with GnRHa/chemotherapy for different
indications was similar to the survival of those who did not
receive the agonist.14-9

Similarly, the International Breast Cancer Study Group,
SOFT study' concluded that for women who were at suffi-
cient risk for recurrence to warrant adjuvant chemotherapy
and who remained premenopausal, the addition of ovarian
suppression such as GnRHa improved disease outcomes.
More recently, ASCO published a clinical practice guideline
update on ovarian suppression adjuvant endocrine therapy for
women with HR+ breast cancer.1#! It stated that the addition
of ovarian suppression to standard adjuvant therapy with
tamoxifen or with an aromatase inhibitor improved DFS and
improved freedom from breast cancer and distant recurrence,
compared with tamoxifen alone, among the subset of patients
who were at sufficient risk for recurrence.!*! The panel recom-
mended that high-risk patients receive ovarian suppression
with GnRHa, in addition to adjuvant endocrine therapy.!#!
The results of all these publications imply that GnRHa might
either improve or not affect the survival of patients receiving
chemotherapy,13-1528,2934

Ethical Issues: Combination of Methods
Many unknown and equivocal matters remain to be addressed in
fertility preservation. Therefore, the data appear to suggest that
clinical medicine is still far from having a ubiquitous solution for
all survivors interested in fertility and raising children. None of
the suggested methods for fertility preservation guarantees une-
quivocal success in achieving pregnancy and delivering healthy
infants. Therefore, several modalities need to be offered and
practiced for maximizing patients’ odds for future fertility.
ASCO has updated the practice guideline for fertility preserva-
tion, recommending that health care providers discuss with
patients and consider a// fertility preservation options, including
GnRHa cotreatment, as early as possible before beginning gon-
adotoxic therapy, to allow for the widest array of options.!3
Whereas not all methods are 100% successful, young
patients deserve to be informed of all the possible options to
reduce gonadotoxicity and preserve ovarian function.’5-19-32
In our opinion, GnRHa co-treatment should be offered in
addition to IVF and cryopreservation of embryos, ova, and
ovarian tissue for fertility preservation. There is no contraindi-
cation to ovarian biopsy for cryopreservation combined with
GnRHa adjuvant co-treatment and follicular aspiration, as
done in the FertiPROTEKT consortium.!3142 In cases where

chemotherapy has induced POF/PQ], as is frequently the case
after total body irradiation and BMT, the patient has cryopre-
served ova, embryos, or PMFs to fall back upon. However, in
conventional chemotherapy regimens such as those commonly
practiced for young breast cancer and lymphoma patients,
GnRHa co-treatment may preserve ovarian function and pre-
vent POF without necessitating the use of cryopreserved ova,
embryos, or ovarian tissue.>~%13-15,28,29,34

Conclusions

In our opinion, all young women (even patients with high-risk
leukemia) facing gonadotoxic chemotherapy should be offered
the 3 avenues for fertility preservation: cryopreservation of
embryos, ova, and ovarian tissue, along with GnRHa. The
rationale leading to this policy is the hope that in a few years,
the “artificial ovary”-IVM technology of PMFs to mature
Graafian follicles containing M-II fertilizable oocytes may
become clinically possible, bypassing the ovarian autotrans-
plantation need in those patients who become prematurely
menopausal. Although this technology is not yet available in
humans, the previous success in rodents and the 3D follicle
culture in alginate gel may hopefully become feasible in the
next several years. Therefore, we should offer and discuss with
these young patients, and their parents, in the case of children,
all the possibilities to preserve fertility.
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