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Preventing ovarian failure associated with

chemotherapy
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Kelly-Anne Phillips"?

are integral to the treatment of many malignancies,

including breast cancer, lymphoma and sarcoma, as well as
some autoimmune diseases such as systemic lupus erythematosus
(SLE). In 2018, it is estimated that over 4500 pre-menopausal
Australian women will be diagnosed with breast cancer or hae-
matological malignancies, and most will receive cyclophospha-
mide with curative intent.'”

Q Ikylating chemotherapy drugs, such as cyclophosphamide,

Chemotherapy-associated ovarian failure (COF) is an important
long term adverse effect of alkylating agents (Box 1).” The risk is
increased with increasing cumulative dose and increasing age.*
Ovarian failure causes infertility, which is often a major concern
for young patients. It may also increase fracture risk due to
reduction in bone mineral density, and is associated with cognitive
dysfunction, sexual dysfunction and decreased quality of life.”®
Prevention of COF is thus very important to improve the survi-
vorship experience for young Australian women, regardless of
their childbearing plans.

Studies, predominantly in breast cancer patients, have
shown that concurrent administration of gonadotropin-
releasing hormone agonists (GnRHa) substantially reduces
the risk of COF. As a result, use of GnRHa in this setting is
recommended in the European St Gallen” and United States
National Comprehensive Cancer Network® guidelines for pre-
menopausal women with breast cancer. On 1 December 2017,
the GnRHa goserelin was listed under the Australian Pharma-
ceutical Benefits Scheme (PBS) for pre-menopausal women
receiving treatment with an alkylating agent for malignancy
or autoimmune disorders (Box 2).” This represents a major
step forward in achieving equity of access to this drug for
Australian women.

This review summarises the evidence for use of GnRHa for pre-
vention of COF and provides important information about prac-
tical aspects of prescribing.

Methods

A literature search was conducted using MEDLINE, and
EMBASE. The search terms used included “gonadotropin
releasing hormone”, “chemotherapy”, “alkylating chemo-
therapy”, “ovarian function”, “chemotherapy associated ovarian
failure” “premature ovarian failure”, “premature ovarian insuf-
ficiency” and “menopause”. Only articles in English were
included. We reviewed randomised controlled trials (RCTs),
case—control trials and meta-analyses designed to look at the
efficacy of adding GnRHa to alkylating chemotherapy to preserve
ovarian function. We also reviewed additional articles related to
the effects of early menopause, as well as the mechanism of action
of GnRHa. Case reports, abstracts, conference presentations and
posters were not included.

e Alkylating chemotherapy is often used to treat pre-
menopausal women for various malignancies and
autoimmune diseases. Chemotherapy-associated ovarian
failure is a potential consequence of this treatment which can
cause infertility, and increases the risk of other long term
adverse health sequelae.

e Randomised trials, predominantly of women undergoing
alkylating chemotherapy for breast cancer, have shown
evidence for the efficacy of gonadotropin-releasing hormone
agonists (GnRHa) in preventing chemotherapy-associated
ovarian failure.

e The European St Gallen and United States National
Comprehensive Cancer Network guidelines recommend the
use of concurrent GnRHa to reduce the risk of ovarian failure
for pre-menopausal women undergoing chemotherapy for
breast cancer.

e The GnRHa goserelin, a monthly 3.6 mg depot subcutaneous
injection, has recently been listed on the Australian
Pharmaceutical Benefits Scheme to reduce risk of ovarian
failure for pre-menopausal women receiving alkylating
therapies for malignancy or autoimmune disease.

e The first dose of goserelin should ideally be administered at
least 1 week before commencement of alkylating treatment
and continued 4-weekly during chemotherapy.

e Concurrent goserelin use should now be considered for all
pre-menopausal women due to commence alkylating
chemotherapy (except those with incurable cancer),
regardless of their childbearing status, in an effort to
preserve their ovarian function. For women who have not
completed childbearing, consideration of other fertility
preservation options, such as cryopreservation of embryos or
oocytes, is also important.
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Chemotherapy-associated ovarian failure

Definitions and terms used to describe COF vary in the different
studies that have examined the efficacy of GnRHa. Generally,
definitions (and study endpoints) included either amenorrhoea or
follicle-stimulating hormone (FSH) levels in the post-menopausal
range, often at 6 months to 2 years after randomisation, or a com-
bination of these. Unlike spontaneous menopause, ovarian func-
tion can resume in some women after chemotherapy treatment
even following a prolonged period of amenorrhoea and raised
gonadotropin levels."’ Pregnancy was a secondary endpoint in
several trials. Overall, pregnancy rates in the trials were low, as
would be expected for women with a diagnosis of breast cancer,
many of whom likely did not intend pregnancy either because of
concerns about their breast cancer prognosis, ongoing breast can-
cer treatment that contraindicated pregnancy (eg, adjuvant endo-
crine therapy) or because childbearing was complete before their
cancer diagnosis. The terminology used in the relevant trials

"Peter MacCallum Cancer Centre, Melbourne, VIC. 2University of Melbourne, Melbourne, VIC. 3Royal Women's Hospital, Melbourne, VIC. “Flinders Medical Centre and Flinders
University, Adelaide, SA. ®Kids Cancer Centre, Sydney Children’s Hospital, Randwick, Sydney, NSW. ©Nelune Comprehensive Cancer Centre, Prince of Wales Hospital, Sydney,
NSW. ’Royal North Shore Hospital, Sydney, NSW. &Northern Clinical School, University of Sydney, Sydney, NSW. kelly.phillips@petermac.org = doi: 10.5694/mjal8.00190


mailto:kelly.phillips@petermac.org
https://doi.org/10.5694/mja18.00190

1 Alkylating chemotherapy agents3

Subtype of alkylating chemotherapy Commonly used agents

Nitrogen mustard Cyclophosphamide
Ifosfamide
Melphalan
Chlorambucil

Bendamustine

Aziridine and epoxides Thiotepa
Mitomycin C

Diaziquone

Alkylsulfonates Busulfan

Carmustine
Lomustine
Nimustine
Fotemustine

Nitrosoureas

Procarbazine
Dacarbazine
Temozolomide

Triazenes and hydrazines

included treatment-related early menopause, premature ovarian
insufficiency and premature ovarian failure. For simplicity,
throughout this review, the term COF is used.

COF can cause symptoms related to oestrogen deficiency such as
hot flushes, night sweats and vaginal dryness.ﬁ’11 Depressive
symptoms, fatigue, weight gain and significant decreases in bone
mineral density have also been reported in breast cancer patients
with COF.>%1112 [n patients without cancer, ovarian failure before
the age of 40 years, from both surgical and non-surgical causes, is
associated with worse cognitive function and increased cardio-
vascular disease.'”'* An American cohort study observed that
prophylactic bilateral oophorectomy in patients before the age of
45 years was associated with higher mortality compared with age-
matched women who had not undergone oophorectomy (hazard
ratio [HR], 1.67;95% CI, 1.16—2.40; P = 0.006).'* Prevention of COF
is therefore important to avoid these long term health sequelae.

Mechanism of action of GnRHa for ovarian function
protection

Alkylating agents, such as cyclophosphamide, cause DNA breaks
and, eventually, the apoptosis of the cancer cell.'”” In the pre-
menopausal ovary, alkylating agents are thought to cause death
of mature ovarian follicles via a similar mechanism."” Death of
mature follicles results in exaggerated activation of primordial
ovarian follicles.'” These primordial follicles mature and

2 Pharmaceutical Benefits Scheme listing for goserelin®
Indication:

e anticipated premature ovarian failure

Clinical criteria:

e patients must be receiving treatment with an alkylating agent for a
malignancy or an autoimmune disorder that has a high risk of
causing premature ovarian failure; and

e patient must not receive more than 6 months of treatment for this
condition in a lifetime

Population criteria:

e patient must be pre-menopausal ¢

3 Ovarian toxicity mechanism

Alkylating
chemotherapy

Accelerated
recruitment
of follicles

Reduction in
oestrogen

Ovarian follicle
destruction

Increase in FSH

Alkylating chemotherapy causes death of mature follicles. This results in a reduction
in oestrogen levels. Via negative feedback, this prompts an increase in follicle-
stimulating hormone (FSH) secretion and subsequent accelerated activation of
primordial ovarian follicles. These primordial follicles mature, and subsequently also
undergo apoptosis when exposed to alkylating agents. Gonadotropin-releasing
hormone agonists (GnRHa) suppress FSH secretion and thus stop this cycle of
follicle burnout.”” &

subsequently also undergo apoptosis when exposed to alkylating
agents.'” This cycle can result in burnout of both mature and
primordial ovarian follicles, leading to ovarian failure.'®

GnRH secreted into the hypothalamo-hypophyseal circulation
regulates the release of luteinising hormone and FSH from
the anterior pituitary, which promotes ovarian follicle develop-
ment and ovulation.'® Sustained exposure to GnRHa (rather than
pulsatile secretion) initially causes transient stimulation of lutei-
nising hormone and FSH release.”” This is then followed by
desensitisation of GnRH-mediated secretion, and FSH and lutei-
nising hormone suppression, inducing reversible biochemical
castration.'”

The exact mechanism by which GnRHa protect ovarian function is
not fully understood. The major proposed mechanism is inter-
ruption of accelerated recruitment and apoptosis of follicles
(Box 3), but a number of alternative mechanisms have also been
hypothesised.18 In female Rhesus macaques, GnRHa have been
shown to reduce the daily rate of follicular decline and the total
number of follicles lost during chemotherapy.'’ In humans, most
data about concurrent GnRHa use with alkylating agents for pre-
vention of ovarian failure relate to women with breast cancer,
lymphoma or SLE.

Clinical evidence for efficacy of GnRHa treatment

Breast cancer studies

The majority of high quality evidence for the efficacy of GnRHa in
the prevention of COF comes from studies of pre-menopausal
patients with breast cancer.

A meta-analysis published in 2016*" included data from seven
RCTs and examined the efficacy of GnRHa in preventing COF in
pre-menopausal women receiving treatment for early stage breast
cancer. It concluded that concurrent GnRHa (goserelin, triptorelin
or leuprolide) administration resulted in higher rates of resump-
tion of regular menses, after a minimum of 6 months from the last
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dose of chemotherapy (odds ratio [OR], 2.41; 95% CI, 1.40—4.15;
P = 0.002).”” When including only trials with 12 months minimum
follow-up, GnRHa still resulted in a higher rate of resumption of
menses (OR, 1.85; 95% CI 1.33—2.59; P =0.0003). Although
menstruation does not always equate to fertility, there were
more pregnancies in patients who received GnRHa concurrently
with their chemotherapy (OR, 1.85; 95% CI, 1.02—3.36; P = 0.04).”

The two largest RCTs included in the meta-analysis were the
POEMS”' and the PROMISE-GIM6™ trials. The POEMS open-label
trial recruited pre-menopausal women with oestrogen receptor-
negative breast cancer, and randomised them to receive either
the goserelin or not, concurrent with their curative intent
cyclophosphamide-containing chemotherapy. In the intervention
arm, goserelin 3.6 mg was injected subcutaneously at least 1 week
before commencement of chemotherapy and monthly during
chemotherapy. The primary endpoint was assessed at 2 years and
defined as the absence of menses in the preceding 6 months and
FSH levels in the post-menopausal range. Only 8% of the GnRHa
arm experienced COF at 2 years after chemotherapy compared
with 22% of those in the control arm (OR, 0.30, 95% CI, 0.09—0.97;
one-sided P = 0.02, two-sided P = 0.04).”' More patients in the
GnRHa-treated group achieved pregnancies (22/105 [21%]
v 12/113 [11%] patients; OR, 2.45; 95% CI, 1.09—5.51; P = 0.03).21
The PROMISE-GIM6 open-label trial of women with oestrogen
receptor-positive or oestrogen receptor-negative breast cancer
randomised to receive either chemotherapy alone or concurrent
with triptorelin also showed efficacy of GnRHa for prevention of
COF. The primary endpoint was defined as amenorrhoea as well as
FSH and oestradiol levels in the post-menopausal range at 1 year
after the end of chemotherapy.” The initial analysis showed a
reduction in COF with GnRHa, from 25.9% to 8.9% (OR, 0.28;
95% CI, 0.14—0.59; P <0.001).”> After a median follow-up of
7.3 years, this effect was still observed, with higher long term
probability of menstrual resumption in the GnRHa-treated
group.”” The 5-year cumulative incidence estimate of pregnancy
was not statistically different: 2.1% (95% CI, 0.7—6.3%) in the
GnRHa arm compared with 1.6% (95% CI, 0.4—6.2%) in the control
arm (HR, 2.56; 95% CI, 0.68—9.6; P = 0.20).”

The OPTION trial,** a more recent RCT, was not included in the
2016 meta-analysis.”’ The OPTION trial recruited women with
early stage breast cancer randomised to receive goserelin or
nothing concurrently with adjuvant or neo-adjuvant chemo-
therapy. The primary endpoint was defined as no menses for
12—24 months after randomisation, with elevated FSH, and was
evaluable in 202 of the 227 patients. The rate of COF was 34.8% in
the control arm versus 18.5% in the GnRHa arm (P = 0.048).>* Ina
pre-planned subgroup analysis, this benefit was most prominent in
patients aged under 40 years, where the incidence of COF was
2.6% in the GnRHa arm compared with 20.0% in the control
arm (P =0.038).”* The benefit of GnRHa was not statistically
significant in women aged over 40 years, with a COF rate
of 42.3% in the GnRHa arm compared with 47.2% in the control
group (P = 0.798).**

Regarding the potential impact of GnRHa given during chemo-
therapy on breast cancer outcomes, an exploratory analysis of
patients with oestrogen receptor-negative breast cancer in the
POEMS trial showed better 4-year estimated disease-free survival
and overall survival in the goserelin arm (HR, 0.49; 95% CI,
0.24—-0.97; P =0.04, and HR, 0.43; 95% CI, 0.18—1.0; P = 0.05,
respectively).2] The PROMISE trial,”* which included patients with
both oestrogen receptor-negative and oestrogen receptor-positive
breast cancer showed no difference in 5-year disease-free sur-
vival between the GnRHa and control arms (HR, 1.17; 95% (I,

0.72—1.92; P = 0.52). These results are reassuring regarding the
safety of GnRHa use in both oestrogen receptor-positive and
oestrogen receptor-negative breast cancer.

Lymphoma studies

Studies exploring the efficacy of GnRHa in haematological
malignancies are mostly limited to lymphoma patients. These
studies show mixed results. This is likely because of differences in
trial design and the heterogeneous chemotherapy regimens
received by study part'icipem’cs.25 In the lymphoma trials, the
median age of patients was lower than in the breast cancer trials,
with subsequent lower risk of COF in the control arms, and thus
reduced power for any given sample size.” Compounding this
issue, the sample sizes in the lymphoma trials were small
compared with the breast cancer trials, with 129,'9 29%° and 18%
participants in the three RCTs.

The largest RCT involved 129 women with Hodgkin and non-
Hodgkin lymphoma.'’*® In 63 evaluable women after a median
5years of follow-up, the COF rate, defined as an elevated FSH level,
was 19% (6/31 patients) in the GnRHa group versus 25% (8/32
patients) in the control group (P = 0.763).° Pregnancy occurred in
53% of the GnRHa group compared with 43% of the control cohort
(P = 0.467).”" Surprisingly, five pregnancies occurred in those with
protocol-defined COF, suggesting that defining COF by elevated
FSH alone is not ideal.”

Pooling of clinical data regarding ovarian failure has been
performed in patients with lymphoma, with a meta-analysis
including 434 patients treated in the three RCTs and four
case—control series.>’ The chemotherapy regimens varied between
studies, and patients undergoing autologous stem cell trans-
plantation, who would be expected to have a higher rate of infer-
’cili’cy,31 were included in one study. Overall, the rate of COF
(as defined by the investigators of each study) was lower in
patients who used GnRHa concurrently with their chemotherapy
(OR, 0.32; 95% CI, 0.13—0.77; P = 0.01).>° However, there was no
statistically significant difference in the incidence of spontaneous
pregnancy in six evaluable studies, with 22 of 162 patients in the
GnRHa group compared with 15 of 136 patients in the control
group becoming pregnant (OR, 1.11; 95% CI, 0.55—2.26;
P =0.75).%"

Given these mixed results, current research is underway to deter-
mine the efficacy of GnRHa in this population of patien’cs.32

Systemic lupus erythematosus studies

The main use of alkylating chemotherapy outside of malignant
indications is for autoimmune disorders. There are few studies on
the efficacy of GnRHa in this setting; most are in patients with SLE.

SLE is a disease that often affects young women in the second
or third decade of life. The rate of COF in patients with SLE
undergoing cyclophosphamide therapy ranges widely in different
studies.”™**

There are no RCTs of the efficacy of GnRHa for prevention of COF
in women with autoimmune diseases. A 2009 meta-analysis of the
effect of GnRHa on COF rates included six studies of women with
haematological malignancies receiving combination chemo-
therapy and three studies of women with autoimmune diseases
receiving cyclophosphamide.” Ovarian preservation was defined
as the resumption of menstrual cycles and a pre-menopausal FSH
level after chemotherapy. Overall, GnRHa improved the rate of
ovarian function preservation (estimated summary relative risk
[RR], 1.68; 95% CI, 1.34—2.1; P = 0.02). However, there were no



improvements in pregnancy rates (estimated summary RR, 1.65;
95% CI, 1.03—2.6; P = 0.37).%°

The largest case—control study’® included in the meta-analysis™
studied 40 patients with SLE aged under the age of 35 years
treated with standard cyclophosphamide with or without the
concomitant goserelin. The primary endpoint was defined as
amenorrhoea for more than 12 months and FSH levels in the post-
menopausal range. In this non-randomised study, cases and con-
trols were matched based on cumulative cyclophosphamide dose
and age. There was a lower prevalence of COF in the GnRHa arm,
with 5% of women experiencing ovarian failure compared with
30% in the control arm (OR, 0.09; P < 0.05).%°

Goserelin prescribing considerations

The first dose of goserelin should ideally be administered at least
1 week before alkylating treatment commences, as there is an initial
surge in FSH levels with the first dose of GnRHa, which is followed
by suppression of FSH.'” This is not always possible, as unwell
patients may need urgent treatment at the time of diagnosis.
Goserelin should be commenced as soon as possible in these
patients. The dose for goserelin acetate is 3.6 mg and it is delivered
via a depot subcutaneous injection every 28 days during chemo-
therapy treatment. Although a 3-monthly formulation of goserelin
exists, on the basis of the large and positive POEMS and OPTION
trials, only the monthly formulation is PBS funded for this indi-
cation. Appropriate training of staff administering the depot
injection is important and instructional videos can be found online
at https: / www.azhealth.com.au/resources.

The potential side effects of goserelin include vasomotor symp-
toms, headaches, sleep disturbance, depression, hot flushes,
muscle and joint pain, decreased libido and vaginal dryness.”'”’
As described in the POEMS study, the prevalence of these side
effects is higher with concurrent use of goserelin than with
chemotherapy alone; however, most side effects are only of mild
to moderate severity.”' Possible side effects of goserelin include
alopecia, arthralgia and rash, which may be difficult to distin-
guish from active SLE features in this patient group.” Initially,
some women experience vaginal bleeding of variable duration
and intensity because of oestrogen withdrawal; following this,
however, goserelin should cause amenorrhoea.* Despite ame-
norrhoea, information about non-hormonal contraception while
on chemotherapy is important for all patients, as pregnancies
may still rarely occur in women receiving goserelin and are
highly undesirable during chemotherapy.

Conclusion

Ovarian failure can be a devastating consequence of alkylating
chemotherapy. It can leave long-lasting effects after treatment
cessation and impair quality of life. Although the mechanism of
action by which GnRHa protect ovarian function is imperfectly
understood, in breast cancer patients treated with alkylating
agents, there is an increasing body of evidence that administra-
tion of a GnRHa starting at least 1 week before chemotherapy
and then continuing throughout chemotherapy can substantially
reduce the risk of COF. This has resulted in the recent PBS listing
for 6 months of concurrent goserelin use in pre-menopausal
women receiving alkylating therapies for malignancy or auto-
immune disease.

For the subgroup of women who have not completed their
families before alkylating chemotherapy is to be initiated, it is
very important to also consider specific fertility preservation
options, including cryopreservation of embryos or oocytes or
ovarian tissue. However, these fertility preservation methods do
not preserve ovarian function and goserelin should therefore still
be considered. Women may also ultimately prefer a natural
conception that is only achievable if COF is avoided. Prevention
of COF with goserelin may also reduce the long term health
sequelae of ovarian failure, an aim that cannot be achieved by
cryopreservation alone.

Given the importance of starting the first dose of goserelin before
the first dose of chemotherapy, clinicians need to know about this
newly funded mechanism of prevention of COF so they can take
the initiative when seeing pre-menopausal women preparing to
undergo alkylating chemotherapy. In most cases, this will be the
domain of the specialist prescribing the chemotherapy, or the
fertility specialist. However, given the often short time line to start
goserelin before chemotherapy treatment, general practitioners,
surgeons or nursing staff also need to identify patients who are
eligible for goserelin. This multidisciplinary approach will be
instrumental in improving the long term outcomes for young
women receiving alkylating chemotherapy.
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