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CON: GnRH-a should not
be used for fertility
preservation in women
receiving chemotherapy

Con 1: Marie-Madeleine
Dolmans, M.D., Ph.D.

Chemotherapy-induced ovarian damage:
apoptosis and/or in vitro activation?

The term “ovarian reserve” is typically used to refer to the pop-
ulation of primordial follicles (PMFs) (1). This population is very
sensitive to cytotoxic drugs, especially alkylating agents (cyclo-
phosphamide, busulfan, ifosfamide). Among them, cyclophos-
phamide (CPA) is the alkylating agent that causes the most
damage to oocytes and granulosa cells (2). Alkylating-like plat-
inum complexes (such as cisplatin, anthracyclanes [including
doxorubicin]) should also be considered as ovo-toxic drugs.

PRO: GnRH-a should be
used for fertility
preservation in women
receiving chemotherapy

Pro 1: Zeev Blumenfeld,
M.D.

The End of Controversy

More than 50 publications (14 randomized controlled tri-
als [RCTs], 25 non-RCTs, and 20 meta-analyses) and five
recent international expert consensus meetings reported
more than 3,100 GnRH-a cotreated patients, demon-
strating a significant decrease in the premature ovarian
insufficiency (POI) rate in survivors of malignant/autoim-
mune diseases (44-80). Long-term analysis (>5—7 years),
in the two main RCTs, validated the evidence that GnRH-
a cotreatment significantly decreased POI and
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CON: GnRH-a should not be used for fertility
preservation in women receiving
chemotherapy (continued)

Alkylating agents and platinum complexes work simi-
larly, creating DNA cross-links in replicating cells, which
finally cause DNA breaks and ultimately trigger apoptosis.
Granulosa cells of growing follicles are highly sensitive to
toxic drugs, resulting in their apoptosis, as a major mecha-
nism of many chemotherapy agents. The loss of larger
growing follicles is responsible for the significant decrease
in antimillerian hormone (AMH) levels during chemo-
therapy. AMH produced by growing follicles is thought to
have an important inhibitory effect on the rate of PMF activa-
tion (3). Inhibitory interactions between neighboring PMFs
slowing down the rate of activation were also proposed (4).
Gaytan et al. (5) suggested that loss of some PMFs would
reduce the inhibitory influence on other PMFs within the
cluster.

Chemotherapy drugs can also damage the ovary by
inducing PMF activation, leading to the “burn-out” of the
PMEF (6, 7). Roness et al. (6) suggested that there is an AMH
level drop within 12 hours of CPA treatment, then subse-
quently an increase to twice baseline. This increase is main-
tained for 14 days post-CPA treatment and it was proposed
that this AMH increase was due to an increase of growing fol-
licles due to overactivation of quiescent PMFs (6, 7).

The biochemical pathways that regulate the activation of
PMF include growth factors acting through various pathways,
such as the PI3K/PTEN/AKT pathway and the Hippo pathway
(8-11).

These same pathways are also involved in the process of
follicle activation observed early after transplantation of
ovarian tissue (the post transplantation “burn-out” effect)
(11) and are responsible for the loss of PMFs (12).

According to Spears et al., the AKT pathway (acting via
FOXO03a) is modulated by both chemotherapy drugs and pro-
tectants (14). However, a very recent work reported by Luan
et al. (15) contrasts with the Roness et al. (6) and Kalich-
Philosoph et al. (7) reports. Indeed, Luan et al. (15) showed
that the numbers of Ki67 positive cells were comparable in
PBS and CPA injected 8-week-old mice implying that CPA
does not activate PMFs into the growing pool of follicles.
They demonstrate in an experimental model that CPA induces
the loss of primordial oocytes through apoptosis, leading to
oocyte death and depletion of the ovarian reserve and that in-
hibitors of apoptotic pathway components protect follicles
from CPA-induced damage (15). We should bear in mind
that chemotherapy drugs can also damage the ovarian stroma
and vasculature (16, 17), negatively impacting the ovarian
reserve as well as the normal follicle development.

In conclusion, for growing follicles, there is large evi-
dence linking CPA exposure to growing follicle and granulosa
cells apoptosis. Concerning the PMF, its pool is clearly nega-
tively affected by CPA exposure; however, from the last
studies in human ovaries it is not always clear whether the
loss of PMF is due to apoptosis (direct damage) and/or is a
result of indirect loss due to accelerated activation (14).

PRO: GnRH-a should be used for fertility
preservation in women receiving
chemotherapy (continued)

increased the pregnancy rate (PR), with comparable sur-
vival (39-42, 81, 82).

Even investigators who previously were opposed to
GnRH-a cotreatment have more recently changed their con-
clusions toward support; they should be applauded for their
scientific integrity in changing their former conclusions
(36-38, 44, 83). Indeed, a previous opponent group (36)
subsequently reported that its use in Hodgkin lymphoma
has increased the PR (83), concluding that GnRH-a cotreat-
ment is a “strong, independent, and highly significant predic-
tor of pregnancies” (83).

Although menstrual cycles, gonadotropins, sex hor-
mones, and even antral follicle count (AFC) and AMH are sur-
rogate markers, the gold standard of fertility preservation is
PR. Three studies from three continents have shown high
PR in survivors, after GnRH-a cotreatment: in Wong et al.’s
UK study (84), the PR in survivors was 71%; in the POEMS-
SWOG RCT in the United States (42), 88% conceived, versus
66.7% in controls (P=.03); and in Israel (55), 58% spontane-
ously conceived versus 35% in controls (P=.006).

Moreover, GnRH-a was also effective in stem cell trans-
plantation (SCT) patients treated with aggressive chemo-
therapy (85, 86) In the SCT+ GnRH-a—treated patients for
hematologic malignancies (lymphomas and leukemias),
38.3% (18 of 47) of the survivors resumed cyclic ovarian func-
tion (COF), vs. only 11.1% (4/36) for those who did not receive
GnRH-a (85).

One of these patients (SCT+ GnRH-a) spontaneously
conceived four times and delivered three healthy neonates
despite two (repeated) SCTs and aggressive conditioning chemo-
therapy in parallel with monthly GnRH-a cotreatment (86).

Five international consensus meetings (87-91), and the
Cochrane update (67), support the use of GnRH-a. The only
conclusion (out of 10) (www.nccn.org) receiving the highest
grading, 1A, was that regarding GnRH-a (88). The Italian As-
sociation of Medical Oncology (AIOM) has adopted the
routine clinical use of GnRH-a during chemotherapy (91). In
addition, GnRH-a can effectively prevent chemotherapy-
associated menometrorrhagia (45-49). In Italy and Israel,
the GnRH-a is subsidized to all young patients facing gonado-
toxic chemotherapy.

The disagreement between the supporters of GnRH-a co-
treatment and opponents has turned occasionally inflamed
(44, 45, 92-97) A raised argument claimed that none of the
“GnRH-a PRO” studies were blinded or placebo controlled,
and therefore were unacceptable (93). On the other hand,
these authors (93) asserted that ovarian cryopreservation
should be unequivocally established. How many of the
ovarian tissue cryopreservation studies were “blinded or
placebo controlled” or RCTs? Why apply a double standard?
(44, 45, 92, 93)

Demeestere et al. (98) did not find a difference in the POF
rate between the GnRH-a and control groups after 1 year, but
at the 2-year follow-up (31), the “...restored ovarian function
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Con 2: Hugh S. Taylor,
M.D.

Fertility and Sterility®

PRO: GnRH-a should be used for fertility
preservation in women receiving
chemotherapy (continued)

was significantly higher in the GnRH-a group (P=.049), con-
firming results of significantly higher AMH” (1.4 vs. 0.5 ng/
mL, P=.04) (62). A later follow-up concluded no difference
vs. “controls.” However, the authors mentioned limitations: a
“dropout rate of 50%, and 25% loss of follow-up or data un-
availability” (63). Although the original power analysis
“mandated the accrual of 157 patients... only 63 were evalu-
ated.” Furthermore, five pregnancies occurred in patients with
protocol-defined POF of “one FSH >40 U/L,” challenging the
accuracy of the authors’ POF definition. The five spontaneous
pregnancies in the “POF patients,” small numbers, significantly
higher AMH in the GnRH-a group, opposing conclusions at 1-,
2-, and 5-year follow-up, and use of norethisterone/hormonal
contraceptives make the conclusions equivocal (31, 98, 99).

Possible causes for contradictory reports are different ages,
different timing of ovarian function assessment, and variable
gonadotoxicity protocols. Resumption of ovarian function
may occur as late as 2 years after chemotherapy; therefore,
early assessment at 6 months may underestimate the GnRH-a
effect (45-49). Indeed, in one study (38), the number of
patients resuming cyclic menstruation at 2 years was
significantly higher than those with “two menses at 6 months.”

Lymphoma patients are younger, treated with either
highly gonadotoxic regimens (conditioning before bone
marrow transplantation) or of low gonadotoxicity (Adria-
mycin, Bleomycin, Vinblastine, Dacarbazine), whereas breast
cancer patients are older and treated with intermediate gona-
dotoxic chemotherapy, possibly explaining the difference
(44-46). Including patients up to 45 years of age (45, 46)
may also be a diverting parameter, because of the low
ovarian reserve after age 40 years.

GnRH-a has been recently integrated in national and in-
ternational guidelines as a strategy for ovarian function pres-
ervation during chemotherapy (24, 99). The updated
American Society of Clinical Oncology recommendations
state that GnRH-a may be offered to patients for reducing
chemotherapy-induced POI in addition to cryopreservation
(24). Although none of the fertility preservation methods
guarantee unequivocal success in achieving future preg-
nancy, GnRH-a cotreatment should be offered in addition to
cryopreservation of embryos, ova, and ovarian tissue (44-46).

Pro 2: Matteo Lambertini,
M.D., Ph.D.
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CON: GnRH-a should not be used for fertility
preservation in women receiving
chemotherapy (continued)

Role of gonadotropin-releasing hormone in
fertility preservation: lack of biological plausibility

The concept of a simple medical treatment that preserves
fertility by suppressing ovarian function is appealing; it allows
the avoidance of ovarian stimulation/retrieval or surgical
intervention to remove oocytes from the adverse effects of go-
nadotoxic chemotherapy. Unfortunately, suppressing oocyte
maturation does not ensure protection of PMFs from toxic
exposure. The PMFs consist of an oocyte surrounded by a sin-
gle layer of flattened granulosa cells and constitute the
ovarian reserve. A great majority of these follicles remain
dormant throughout most of a woman’s life, arrested at pro-
phase I of meiosis. Numerous PMFs resume development
each menstrual cycle, independent of gonadotropin stimula-
tion. This follicle activation is irreversible and tightly
controlled by not yet fully defined intraovarian signals, not
gonadotropins, producing waves of follicular development
until menopause. As PMFs are not recruited by gonadotropins,
it is not biologically plausible that use of an agent to suppress
gonadotropin production would have an impact on the PMF
pool.

Histological studies in human ovaries have shown
that chemotherapy treatments cause loss of PMFs (18, 19).

Biologic Plausibility

DATA

Chemotherapy GnRH agonist

Chemotherapy
damages the
primordial follicles

DNA damage Downregulates pituitary GnRHr

!

Decreased FSH, LH and E2

Lack of hormone
receptors in
primordial follicles

GnRHa does not

Primordial follicle: prevent primordial

No FSHr follicle loss or DNA
No LHr damage
No GnRHr

Chemotherapy damages primordial follicles which do not express
gonadotropin-releasing hormone receptors or receptors for follicle-
stimulating hormone (FSH) or luteinizing hormone (LH). There is no
know biologic mechanism by which gonadotropin-releasing hormone
agonists could prevent primordial follicle loss or oocyte DNA damage.

Dolmans. GnRH agonists and fertility preservation. Fertil Steril 2020.

PRO: GnRH-a should be used for fertility
preservation in women receiving
chemotherapy (continued)

Lessons from the systematic review of women
with early breast cancer

The existence of a hierarchy of evidence is a cornerstone of
evidence-based medicine. Systematic reviews and meta-
analyses are at the very top of the evidence pyramid, having
the chance to provide more reliable answers than single
studies by integrating all the relevant data on each specific
topic (100). However, despite their potential to be the best
source of evidence for informing clinical decision making,
they should be well conducted, and specific methodological
rules must be followed to avoid misleading results (101, 102).

Probably because of the long-lasting controversy about
the role of administering GnRH-a during chemotherapy for
preservation of ovarian function and fertility in premeno-
pausal cancer patients (103-105), this topic has been
extensively assessed by a large number of systematic
reviews and meta-analyses (Table 1) (35, 47, 48, 50-53, 66,
67, 106-118). However, some methodological issues should
be considered with some of them that included patients
with different tumor types as well as nonrandomized
studies, and all but one relied on published data only (103).

One meta-analysis based on individual patient-level data
from randomized trials in breast cancer was specifically con-
ducted to try to overcome these important limitations (47). In-
dividual patient-level data were obtained from five major
trials: two from the United States (POEMS and Moffitt-led
trial) (37, 41, 81), one from Italy (PROMISE-GIM6) (40, 81),
one from the United Kingdom (Anglo Celtic Group OPTION)
(42), and one from Germany (GBG-37 ZORO) (38). In these
studies, 873 patients with a median age of 38 years (interquar-
tile range, 34—42 years) were randomized to receive chemo-
therapy alone (n = 437) or with concurrent GnRH-a (n =
436) (4). Use of GnRH-a during chemotherapy was associated
with a significant reduction (from 30.9% to 14.1%) in the
rates of chemotherapy-induced POI (adjusted odds ratio
[OR] 0.38, 95% confidence interval [CI] 0.26—0.57). The
gonadal-protective effect of GnRH-a administration was
observed irrespectively of patients’ age at the time of treat-
ment (including among premenopausal women >40 years
of age at diagnosis), hormone receptor status (including in
the case of hormone receptor—positive breast cancer), as
well as type and duration of chemotherapy. By pooling the re-
sults of the three trials reporting on this outcome (41, 42, 81),
a higher number of patients (37 vs. 20) treated with GnRH-a
during chemotherapy had a posttreatment pregnancy (inci-
dence rate ratio 1.83, 95% CI 1.06—3.15). All the pregnancies
were observed in patients less than 40 years of age at the time
of diagnosis and the majority (86.0%) in those with hormone
receptor—negative breast cancer.

A major criticism raised regarding this meta-analysis was
the impossibility of collecting individual patient-level data
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CON: GnRH-a should not be used for fertility
preservation in women receiving
chemotherapy (continued)

Oktem and Oktay and others have shown that gonadotoxic
chemotherapy destroys ovarian germ cells by inducing severe
DNA damage both in women and in murine models (20-22).
Women treated with alkylating regimens have significantly
lower counts of PMFs when compared with those receiving
nonalkylating agents or no chemotherapy (23).
Chemotherapy regimens, especially those containing
alkylating agents, result in significant loss of ovarian
reserve by destroying PMFs. Oktay et al. (24) also showed
that gonadotropin-releasing hormone agonists (GnRH-a)
coadministration did not prevent chemotherapy-induced
PMF DNA damage and cell death in a murine model.

GnRH-a desensitize and decrease the numbers of pitui-
tary GnRH receptors resulting in greatly diminished follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
release from the pituitary. Because PMFs do not express
FSH, LH, or GnRH receptors, GnRH-a cannot directly affect
these follicles or ovarian reserve (Fig. 1) (25). Loss of the small
numbers of maturing primary, preantral, or antral follicles
would not have a long-term impact on ovarian reserve. How-
ever, it has been hypothesized that GnRH-a may still antago-
nize the cytotoxicity of chemotherapeutics through unknown
mechanisms. If true, this effect would not be confined to the
ovary and would likely also inhibit the activity of chemo-
therapy on cancers. Fortunately, GnRH-a does not appear to
reduce the effectiveness of chemotherapy. There is no evi-
dence that GnRH antagonists have a direct effect on PMFs.

AMH is perhaps the most widely used marker of ovarian
reserve. AMH is produced by the preantral and small antral
follicles. AMH inhibits recruitment of follicles from the
resting pool during the process of folliculogenesis and selec-
tion of the dominant follicle. As a product of active granulosa
cells, and not the PMF, AMH can serve only as an indirect
marker of ovarian reserve. Although AMH may give some
reassurance of folliculogenesis, it cannot directly evaluate
the number of PMFs in the ovarian reserve or accurately pre-
dict pregnancy. Furthermore, it does not account for the detri-
mental effects of DNA damage on the oocyte itself that may
further limit fertility. AMH is diminished after chemotherapy
but may underestimate the full extent of damage to ovarian
reserve after chemotherapy.

In summary, there is no biologically plausible theory that
would justify administration of GnRH antagonists for the pro-
tection of the hormone-insensitive PMF. The best way to pro-
tect the PMF from damage is to remove it from the exposure
using assisted reproductive technology and oocyte retrieval or
by surgical tissue removal for future transplantation (26, 27).
This point of view is reflected in the most recent American So-
ciety for Clinical Oncology Clinical Practice Guidelines (24).
GnRH-a should not be used in place of proven fertility pres-
ervation methods.

Fertility and Sterility®

PRO: GnRH-a should be used for fertility
preservation in women receiving
chemotherapy (continued)

from all the randomized trials and the small numbers of post-
treatment pregnancies observed (93). However, results are
similar to and consistent with to those reported in the largest
meta-analysis based on abstracted data that included 1,231
breast cancer patients from 12 trials (48). Moreover, it should
be noted that none of the randomized trials investigating the
role of temporary ovarian suppression with GnRH-a during
chemotherapy were designed or powered to observe differ-
ences in posttreatment pregnancies (on the contrary, PR
was a preplanned secondary endpoint only in one study);
desire for a future pregnancy was not an inclusion criterion
in these trials; and the follow-up time available in the major-
ity of the trials was too short to assess this important outcome
(103, 119).

Globally, two main lessons derive from this individual
patient-level data meta-analysis. First, temporary ovarian sup-
pression with GnRH-a during chemotherapy should now be
considered a standard option for ovarian function preservation
in premenopausal breast cancer patients, as currently recom-
mended by several guidelines (24, 90, 91, 120, 121). Irrespective
of pregnancy desire and patient age, preventing the negative
consequences of POI represents another important goal for
many premenopausal women with newly diagnosed breast
cancer (122-125). Second, considering that the data on
posttreatment pregnancies remain limited (especially among
patients with hormone receptor—positive disease that are can-
didates to adjuvant endocrine therapy following chemotherapy)
(126), use of GnRH-a during cytotoxic treatment should not be
considered a stand-alone fertility-preserving procedure alter-
native to cryopreservation options. Nevertheless, the observed
significant result in posttreatment pregnancies favoring
GnRH-a administration should not be denied. Hence, this strat-
egy can also be offered to increase the chances of natural
conception following cryopreservation techniques, as well as
to those patients without access to assisted reproductive tech-
nology options. Collecting long-term follow-up information
from the available randomized trials should be highly encour-
aged in order to provide more reliable evidence on the actual
fertility preservation potential of temporary ovarian suppres-
sion with GnRH-a during chemotherapy.
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CON: GnRH-a should not be used for fertility
preservation in women receiving
chemotherapy (continued)

Con 3: Kenny A.
Rodriguez-Wallberg,
M.D., Ph.D.
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Concerns about methodology and interpretation

of the data presented in clinical trials and meta-

analyses

When meta-analyses collide, a final answer is unlikely to be
found. There are several reasons for such collisions, including
the obvious methodological pitfalls; but in general, it is well
understood that the overall conclusions derived from a
meta-analysis will depend on the quality of the studies
included (28). To date, data of a substantial number of women
receiving GnRH-a during treatment for cancer or autoim-
mune diseases in clinical trials have been meta-analyzed.
However, results have sometimes collided.

What are the possible reasons for this discrepancy? First,
it is important to highlight that sound investigations of effi-
cacious fertility preservation methods in women treated for
cancer or autoimmune diseases are complicated. As the pro-
portion of women from the cohort who will wish to become
pregnant or who will attempt pregnancy is unknown, the a
priori population needed for such a study, using the most rele-
vant fertility outcomes for the women in this setting, the live-
birth rate, is likely not feasible. A possible illustration for this
is the summary of two recent well-powered clinical trials
regarding assisted reproductive technology (ART) treatment
in cohorts of women in which every individual in the study
would attempt pregnancy (29, 30). In the first study, a prede-
fined expected livebirth rate of 35%, based on previous data,
indicated the need to randomize 1,150 women. The number
was not achieved, and, additionally troublesome, the actual
livebirth rate obtained in the study was lower than the rate
anticipated in the sample size calculation (29). The second
trial found no beneficial effect of endometrial scratching in
ART treatments (30). In that study, the needed number of
women was achieved, with an actual successful randomiza-
tion of 1,364 women and well-powered results supporting
the inefficacity of the intervention investigated (30).

Many investigators have considered recovery of menses
after chemotherapy treatment—or the opposite, treatment-
induced amenorrhea—as sufficient clinical surrogates for
fertility. Unfortunately, the surrogates chosen have not
been uniformly predefined and have differed across
studies, affecting the power calculations and resulting in

PRO: GnRH-a should be used for fertility
preservation in women receiving
chemotherapy (continued)

Pro 3: Michael von Wolff,
M.D.

For patients, the overall clinical effect is more
important than the effect in specific diseases and
the understanding of the molecular effects

There are various approaches to the development of pharma-
ceuticals. In most cases, a drug is developed based on a known
molecular mechanism. It is also possible that drugs are tested
for another indication based on pathophysiological consider-
ations without a clearly known molecular pathophysiological
mechanism.

The latter was the case with GnRH-a. GnRH-a were,
among other things, developed for the purpose of suppressing
the pituitary—ovarian axis. Building on the hypothesis that a
suppressed ovary is less susceptible to chemotherapy, GnRH-a
were suggested and tested as a possible fertility protective
agent (56).

After several years of controversy, the result is suffi-
ciently well known: in breast cancer, GnRH-a reduce the
risk of amenorrhea in the short term (47) and in the long
term (81), and increase the chance of a later pregnancy (47)
(see Lambertini’s contribution in this article).

So, the question can be asked: Are the results of these
studies enough to allow GnRH-a to be used as a fertility pro-
tective agent during gonadotoxic treatment for any tumor
entities?

The answer is a clear “yes and no”: “yes” because it must
be assumed that a therapy that has a fertility-protective effect
in breast cancer should also be effective for malignancies
treated with other chemotherapy; and “no” because we are
no longer in the Middle Ages, and therefore any indication
should be evidence based.

The clinically most relevant question is: How good is the
evidence beyond breast cancer?

GnRH-a are also used for Hodgkin lymphoma. In contrast
to breast cancer, no short-term effect on the amenorrhea rate
and thus no fertility-protective effect has been observed in
Hodgkin lymphoma (51). However, the total number of sub-
jects in the prospective randomized studies (GnRH-a, 53;
without GnRH-a, 56) and the number of women with a signif-
icantly reduced ovarian reserve/amenorrhea (GnRH-a, 10;
without GnRH-a, 18) was very low.

In addition, in contrast to breast cancer, no long-term ef-
fect could be determined. Demeestere et al. (31) examined 67
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preservation in women receiving
chemotherapy (continued)

heterogeneous outcomes. Investigators have reported preg-
nancies at variable follow-up, sometimes as short as 12
months (Table 2), raising questions concerning how long we
should wait for pregnancies to occur, as it is not expected
that women would attempt a pregnancy soon after the
completion of cancer treatment.

Why is this important? A favor for higher PR in women
who have received GnRH-a has not been confirmed in the
only well-powered randomized controlled study with suffi-
cient long-term follow-up (31). Even considering that a
long follow-up period could improve the quality of studies de-
signed to capture clinical outcomes, current data indicate that
only a minority, between 10% and 20% of women accessing
fertility preservation, seek care after the completion of cancer
treatment to attempt pregnancy (32-34). Hence, most women
might not attempt pregnancy in the future. For this reason,
there is a need to find further appropriate surrogate
outcomes for female fertility potential and to make these
studies feasible.

What about using AMH as biochemical marker of ovarian
reserve? The idea has been around for several years. However,
the biomarker has been included as a surrogate endpoint in
only a minority of studies (Table 2). Some of these studies
have also been included in a meta-analysis, which did not
find any protective effects of GnRH-a in AMH levels (35).

The question of ovarian protection through GnRH-a is
fascinating from a researcher’s point of view. In some meta-
analyses, important studies have been left out. All random-
ized controlled studies performed have been unblinded; thus
all women knew whether or not they had received GnRH-a.
This bias is reflected in the higher pregnancy attempts re-
ported in some major trials (43), which may explain the higher
number of pregnancies in some of the studies’ GnRH-a
groups.

Fertility and Sterility®

PRO: GnRH-a should be used for fertility
preservation in women receiving
chemotherapy (continued)

lymphoma patients with a median follow-up of about 5.5
years and, based especially on the serum FSH concentration,
found no long-term fertility-protective effect.

There has been much speculation about the reasons for
the different effects of GnRH-a in breast cancer and Hodgkin
lymphoma. Are they based on different chemotherapy com-
positions, on different gonadotoxicities, or are they due to
differences in ovarian function that are expressed as a lower
ovarian reserve in Hodgkin lymphoma (127); or are the Hodg-
kin lymphoma study groups simply wrongly selected or too
small?Ultimately, we do not know, and further studies will
show whether there is really a reason for the differences in
both diseases.

Until then, the pragmatic approach should be taken. That
is, to combine all studies into an overall meta-analysis and
not to differentiate between different tumor entities. The Co-
chrane analysis from 2019 follows exactly this approach,
combining 12 prospective randomized trials of women with
breast cancer, ovarian cancer, and Hodgkin lymphoma (25).
A summary of the studies found a protective effect of
GnRH-a on the maintenance of ovarian function (incidence
of menstruation at a follow-up of 12 months). The relative
risk for maintaining ovarian function was 1.60 (95% CI
1.14—2.24).

But how can the fertility-protective effect of GnRH-a be
explained?Blumenfeld and von Wolff proposed the concept
of GnRH-a breaking a pathophysiological vicious cycle (13).
This concept states that the chemotherapy-induced destruc-
tion of primary and secondary follicles massively increases
follicle recruitment through the decrease in AMH and the in-
crease in follicle stimulating hormone leading to the activa-
tion and growth of many follicles. GnRH-a could interfere
in this mechanism of “follicular burn-out” by reducing FSH
release. Although this concept appears attractive at first and
could possibly be at least partially effective, it seems to be
insufficient to explain the effect of GnRH-a.

Alternatively, the effect of GnRH-a may be based on its
effects at the molecular level. Scaruffi et al. found that
GnRH-a inhibits the cyclophosphamide-induced and BAX-
mediated apoptotic pathway of granulosa cells in human
cell-oocyte complexes (128).

In conclusion, the indication for GnRH-a as a fertility-
protective measure should be made generously, because there
is evidence for a fertility-protective effect. There are first con-
cepts of a molecular mechanism of action; GnRH-a have
hardly any side effects; GnRH-a have other advantageous
objective effects such as the reduction of severe vaginal
bleeding during chemotherapy (129), and, finally, their use
has subjective effects such as providing patients with the re-
assuring certainty that they have done something for their
fertility.With a generous indication for the use of GnRH-a,
the Hippocratic phrase is still fulfilled, “Primum non nocere,
secundum cavere, tertium sanare.”

VOL. 114 NO. 4 / OCTOBER 2020

731



FERTILE BATTLE

TABLE 1

Available meta-analyses assessing the role of temporary ovarian suppression with GnRH-a during chemotherapy in cancer patients
No. of included

studies No. of
Author(s), year (reference) Disease type (no. of RCTs) patients Overall results
Clowse et al., 2009 Autoimmune diseases, HL and NHL 9(2) 366 Protection for POI
Ben-Aharon et al.,, 2010  Autoimmune diseases, breast cancer, HL and NHL 16 (5) 681 Protection for POI (not in RCTs)
Kim et al., 2010 Autoimmune diseases, breast cancer, HL and NHL 11 (3) 654 Protection for POI
Bedaiwy et al., 2011 Breast cancer, ovarian cancer, and HL 6 (6) 340 Protection for POI (not for pregnancy)
Yang et al., 2013 Breast cancer 5(5) 528 Protection for POI (not for pregnancy)
Wang et al., 2013 Breast cancer 7 (7) 677 Protection for POI
Zhang et al., 2013 HL and NHL 7 (3) 434 Protection for POI (not for pregnancy)
Sun etal.,, 2014 Breast cancer, ovarian cancer, and HL 8 (8) 621 Protection for POI (not for pregnancy)
Del Mastro et al., 2014 Breast cancer, ovarian cancer, HL and NHL 9 (9) 765  Protection for POI
Vitek et al., 2014 Breast cancer (hormone receptor-negative only) 4 (4) 252 No protection
Elgindy et al., 2015 Breast cancer, ovarian cancer, HL and NHL 10 (10) 907 No protection
Shen et al., 2015 Breast cancer 11(11) 1,062 Protection for POI (not for pregnancy)
Lambertini et al., 2015 Breast cancer 12 (12) 1,231 Protection for POI (also for pregnancy)
Munhoz et al., 2016 Breast cancer 7 (7) 856 Protection for POI (also for pregnancy)
Silva et al., 2016 Breast cancer 7 (7)? 1,002 Protection for POI
Bai et al., 2017 Breast cancer 15 (15)? 1,540% Protection for POI (also for pregnancy)
Senra et al., 2018 Breast cancer, HL, and NHL 13(13) 1,208 Protection for POI (also for pregnancy)
Hickman et al., 2018 Breast cancer, ovarian cancer, HL, and NHL 10 (10) 1,051 Protection for POI
Lambertini et al., 2018 Breast cancer 5 (5)P 873 Protection for POI (also for pregnancy)
Sofiyeva et al., 2019 Autoimmune diseases, breast cancer, HL, and NHL 18(11) 1,043 Protection for POI
Zheng et al., 2019 Breast cancer, HL, and NHL 12 (12) 1,413  Protection for POI (not for pregnancy)
Chen et al., 2019 Breast cancer, ovarian cancer, and HL 12 (12) 1,369 Protection for POI (not for pregnancy)

Note: Updated and modified from Lambertini et al. (103).GnRH-a = gonadotropin-releasing hormone agonist; HL = Hodgkin lymphoma; NHL= non-Hodgkin lymphoma; POl = premature ovarian
insufficiency; RCT = randomized controlled trial.

2 Data from the two publications of the PROMISE-GIM® trial, by Del Mastro et al. (40) and Lambertini et al. (81), were considered twice instead of as from the same study.

b Based on individual patient-level data.

Dolmans. GnRH agonists and fertility preservation. Fertil Steril 2020.

TABLE 2

Data on biochemical markers of ovarian reserve from randomized controlled trials investigating GnRH-a co-treatment during chemotherapy in
women treated for cancer

Study size, follow-up
duration, and results with
regard to markers of ovarian

Protective effect in reserve and pregnancies
Cancer type Author(s), year (reference) Ovarian marker studied ovarian markers Yes/No reported
Hodgkin lymphoma  Behringer et al., 2010 (36) AMH, FSH, estradiol, Inhibin No Clinical trial. A priori

assumption of 70%
protection rate for
GnRH-a. 23 Women
enrolled. Study follow-up
6, 12, and 18 mo.
Ovarian reserve
preservation rate was
found to be 0%, and
study was prematurely
closed. No pregnancies
occurred during follow-
up.

Dolmans. GnRH agonists and fertility preservation. Fertil Steril 2020.
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despite restoration of
menstruation. Two
pregnancies reported,
one in each arm.

Breast cancer, Elgindy et al., 2011 (39) AMH, FSH, LH, estradiol, AFC No Clinical trial. Multicenter.

ER neg 100 Patients
randomized. Follow-up
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to detect a 20% absolute
reduction in early
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three in GnRH-a and one
in control group.

Dolmans. GnRH agonists and fertility preservation. Fertil Steril 2020.

VOL. 114 NO. 4 / OCTOBER 2020 733


http://refhub.elsevier.com/S0015-0282(20)30765-2/sref1
http://refhub.elsevier.com/S0015-0282(20)30765-2/sref1
http://refhub.elsevier.com/S0015-0282(20)30765-2/sref2
http://refhub.elsevier.com/S0015-0282(20)30765-2/sref2
http://refhub.elsevier.com/S0015-0282(20)30765-2/sref3
http://refhub.elsevier.com/S0015-0282(20)30765-2/sref3

FERTILE BATTLE

by anti-Mllerian hormone in the mouse ovary. Endocrinology 1999;140:
5789-96.

Da Silva-Buttkus P, Marcelli G, Franks S, Stark J, Hardy K. Inferring biological
mechanisms from spatial analysis: prediction of a local inhibitor in the
ovary. Proc Natl Acad Sci U S A 2009;106:456-61.

and activation of follicular growth in the mammalian ovary. PLoS One
2015;10:e0144099.

Roness H, Kashi O, Meirow D. Prevention of chemotherapy-induced
ovarian damage. Fertil Steril 2016;105:20-9.

Kalich-Philosoph L, Roness H, Carmely A, Fishel-Bartal M, Ligumsky H,

5. Gaytan F, Morales C, Leon S, Garcia-Galiano D, Roa J, Tena-Sempere M.
Crowding and follicular fate: spatial determinants of follicular reserve

Paglin S, et al. Cyclophosphamide triggers follicle activation and

TABLE 2
Continued.
Study size, follow-up
duration, and results with
regard to markers of ovarian
Protective effect in reserve and pregnancies
Cancer type Author(s), year (reference) Ovarian marker studied ovarian markers Yes/No reported

Breast cancer Moore et al., 2015 (41) FSH, estradiol, and Inhibin at Inhibin, E2 and FSH Clinical trial. Multicenter.
year 1 and 2 were included were not reported Study originally powered
as endpoints, but not for 416 patients by year
reported 2. Reported on 218.
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Note: A few studies have reported on pregnancies achieved during follow-up. All studies were unblinded. Follow-up has been variable among studies, with the longest follow-up reported in the
study by Demeestere et al. (31). Antimdllerian hormone has been used systematically as a marker of ovarian reserve across the studies. None of the randomized studies investigating changes in

ovarian markers associated with chemotherapy found a beneficial effect of GnRH-a co-treatment. AMH = antimiillerian hormone; ART = assisted reproductive technology; ER = estrogen receptor;
FSH = follicle-stimulating hormone; GnRH-a = gonadotropin-releasing hormone agonist; LH = luteinizing hormone; neg = negative.
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