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Abstract

Purpose of Review Young women represent a minority of breast cancer patients for which fertility, family planning, and
pregnancy represent unique vulnerabilities. This review intends to discuss recent published evidence regarding treatment-
related infertility, fertility counseling, and preservation.

Recent Findings Fertility concerns are common among young women with breast cancer and may negatively affect treatment
decisions. Data is available to aid providers in approximating odds of post-treatment amenorrhea and infertility. Multiple fertility
preservation techniques are available. While embryo preservation is most commonly used, recent guidelines endorse oocyte
preservation and support for ovarian tissue cryopreservation is increasing. Most recently, the contribution of ovarian suppression
during chemotherapy to ovarian function preservation has been established. Germline BRCA mutations may impact fertility
potential and challenge fertility preservation and preimplantation genetic testing should be discussed with this subset.
Summary Fertility counseling and preservation have become an integral part of the multidisciplinary care for breast cancer at

diagnosis and throughout survivorship. Efforts to further individualize recommendations are necessary.

Keywords Fertility - Gonadotoxicity - Pregnancy - Cryopreservation - Prenatal genetic testing - Breast cancer

Introduction

Breast cancer is the most common female cancer worldwide
[1]. In 2018 an estimated 417,091 women <45 years of age
were diagnosed with breast cancer around the world and near-
ly one million prevalent cases were diagnosed within the pre-
vious 5 years [2]. Thus, while young women account for only
a minority of the breast cancer population, due to the high
incidence of the disease worldwide, this translates into a con-
siderable global disease burden superseding that of many oth-
er malignancies. Young women with breast cancer have been
identified as a subset with unique concerns and outcomes
compared to older woman, and international consensus guide-
lines for breast cancer in young women have been established
to optimize their management [3+]. Fertility, family planning,
and pregnancy stand out as issues of importance for these
patients given treatment may threaten or impair fertility.
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Further, while available evidence suggests that pregnancy af-
ter breast cancer does not increase risk of recurrence or death,
feasibility and optimal timing of pregnancy after treatment are
major issues for this population and the subject of ongoing
research [4ee]. It is imperative that multidisciplinary teams
including oncology, reproductive, and psychosocial providers
are knowledgeable about the latest data and provide adequate
counseling and support for young patients who face these
issues when dealing with a cancer diagnosis and treatment.

Fertility Concerns

The role of fertility preservation in cancer care and survivor-
ship is amplified by the fact that more women are postponing
childbirth to later ages. Since 1995, the mean age of women at
first childbirth has increased by at least 2 years in most coun-
tries [5], and more women may experience breast cancer prior
to initiating or completing childbirth plans. Surveys in the
USA and Europe show that over 50% of women diagnosed
<40 years of age report concern regarding future fertility [6,
7, 8]. Unsurprisingly, women with childbearing plans or with-
out any children at diagnosis have consistently been found to
have higher fertility concems [6°, 7-9]. Increased concerns
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have also been associated with receipt of chemotherapy, youn-
ger age, nonwhite race, a history of problems conceiving, and
preferring more information [6, 7, 9].

Fertility concerns may contribute to the greater level of
distress among younger breast cancer survivors [10].
Concerns may also affect women’s treatment decision mak-
ing. In a cohort of 620 women diagnosed <40 years of age,
26% reported that fertility affected their treatment decisions
including the following: declining chemotherapy, preferring
one regimen over another, declining endocrine therapy, and/
or considering discontinuing endocrine therapy before 5 years
[7]. Adherence to adjuvant endocrine therapy, consistently
shown to be particularly poor in younger women, has also
been associated with fertility concerns [11]. Thus, fertility
concerns may compromise the curative treatment of young
women with early breast cancer.

Treatment-Related Gonadotoxicity

Oncologic treatments may impair fertility either by direct
gonadotoxicity, most commonly associated with chemothera-
py, or by delaying conception to a later age after adjuvant
endocrine therapy, and consequently exposing women to the
natural age-related fertility decline. Chemotherapy-induced
ovarian toxicity is primarily mediated by direct damage to
oocyte DNA, triggering apoptosis, cell death, and the dwin-
dling of a finite population of primordial follicle oocytes [12].
Female aging is associated with decreased ovarian reserve and
diminished oocyte quality resulting in a reduced reproductive
capacity [13]. Clinically, the probability of pregnancy for
women aged 19-26 years has been estimated to be twice as
high compared with women aged 35-39 years [14].

Determining the actual risk of infertility after breast cancer
treatment however may be challenging. First, outcome mea-
sures reflecting the risk of infertility are not regularly recorded
or reported in early breast clinical trials. Second, several dif-
ferent outcomes have been used, including amenorrhea, men-
opause, pregnancy, and birth rates, each reflecting different
aspects of ovarian function [15¢]. Treatment-related amenor-
rhea (TRA), or absence of menses in previously menstruating
premenopausal women, is a commonly used surrogate marker
of ovarian function and associated infertility in survivors.
However, women who resume menstruation may still have a
diminished ovarian reserve, with manifestations of menstrual
irregularity, infertility, and premature ovarian failure [16-19].
Conversely, some women may retain ovarian function, as ev-
idenced by estradiol secretion and occasionally subsequent
pregnancy despite TRA [20].

The risk of developing TRA is related to age, chemothera-
py regimen, and adjuvant endocrine therapy [21]. Additional
variation is introduced by the timepoint at which TRA is mea-
sured. An extensive review including 75 retrospective and
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prospective studies reporting TRA rates after adjuvant chemo-
therapy for breast cancer summarized increasing TRA rates of
26, 39, and 77% for women < 35, 3540, and > 40 years old,
respectively [21]. In a recent meta-analysis of five prospec-
tive, randomized trials evaluating Gonadotropin-releasing
hormone (GnRH) agonists during breast cancer chemothera-
Py, the rate of TRA in the control (chemotherapy alone) arms
was 36.8% at 1 year and 30.0% at 2 years, and younger age at
diagnosis was associated with reduced risk of TRA [22¢°].
Most women who resume menstruation do so within a year
of treatment, and survivors of breast cancer may be more
likely resume menses later than a year from treatment com-
pared with survivors of other cancer types [16].

Beyond age, other patient-specific determinants of TRA
are lacking. Anti-Mullerian hormone (AMH), a hormone pro-
duced by the granulosa cells of the preantral and antral folli-
cles of the ovary, correlates with primordial follicle counts,
and has emerged as an important biomarker of ovarian reserve
[23]. In women treated with chemotherapy, higher pretreat-
ment AMH is associated with a lower risk of TRA and higher
chance of return of menstruation [24]. The relation between
AMH levels and fertility outcomes however is less clear, and
currently cannot reliably predict neither natural conception in
healthy women or in cancer survivors [24].

Germline BRCA mutation carriers have been found to have
lower measures of ovarian reserve, lower ovarian response
rates to hyperstimulation, and earlier onset of menopause
compared to non-carriers [25-28]. It has been hypothesized
that BRCA carriers may experience larger declines in ovarian
reserve after chemotherapy. However, data in this regard have
been mixed. Valentini et al. could not find an increased risk of
TRA among BRCA carriers compared to controls; however,
TRA risk after chemotherapy was significantly higher for
BRCA?2 carriers compared with BRCAI carriers (46.8 vs.
32.7%; P<0.001) [29]. Lambertini et al. observed no differ-
ence in AMH levels between carriers and non-carriers treated
with anthracycline- and cyclophosphamide-based chemother-
apy (AC) before treatment and at 1 and 3 years post diagnosis
[30]. In contrast, Oktay et al. recently presented data in ab-
stract form showing significantly decreased AMH recovery in
BRCA carriers undergoing AC with paclitaxel (AC-T) chemo-
therapy for breast cancer [31]. However, both the latter studies
included only small numbers of BRCA carriers (n=35 and
n =14, respectively). Further studies of the gonadotoxic ef-
fects of cancer treatments in patients with germline BRCA
mutations or other DNA-repair impairing cancer-
susceptibility genes are warranted.

Chemotherapy

Table 1 summarizes TRA rates after treatment with standard
(neo)adjuvant chemotherapy protocols. Cyclophosphamide
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(C) is incorporated into most regimens and appears to be an
important driver of TRA. For example, in a randomized trial
comparing 3 anthracycline (A) and docetaxel (T) containing
regimens of different durations with or without C, TRA rates
at 12 months were lower with the 12-week AT regimen (38%),
compared to 12-week TAC (58%), and compared to 24-week
sequential AC-T (70%) [38¢]. Furthermore, AC compared to
standard cyclophosphamide-methotrexate-5-fluorouracil
(CMF) differ in the route of C administration (IV vs. PO)
and cumulative dose (600 mg/m? x 4 vs. 1400 mg/m> x 6)
and both parameters appear to further modulate the risk of
TRA. In a prospective observational study, 12-month TRA
rates were 19 and 30% for AC and CMF, respectively, and
an increased percentage of women who developed TRA after
AC went on to resume menstruation (42 vs. 16%) [32].
Regarding taxanes, available data are mixed. A 2016 meta-
analysis could not find an increased risk for TRA; however,
the level of evidence was considered weak [21]. In a recent
unplanned analysis of the ALTTO trial comprising a larger
population than the prior meta-analysis, increased TRA was
observed when a taxane was added to A-based chemotherapy
(OR 2.24,95% CI 1.18 to 4.27) [36]. Effects were similar for
paclitaxel and docetaxel. Ruddy et al. published the only re-
port on the risk of TRA after a taxane in the absence of other
gonadotoxic treatments [37]. In a population of 64 premeno-
pausal women participating in a phase 2 single-arm trial of
adjuvant paclitaxel-trastuzumab (APT trial) at a median
follow-up of 51 months from first infusion, 28% were amen-
orrheic. Among a small subgroup of 11 patients who were
diagnosed at age <40, only a single patient (9%) remained
amenorrheic.

Anti-HER2 and Other Modern Adjuvant Breast
Cancer Therapy

As we incorporate new treatments in the adjuvant setting, it is
imperative that we consider the potential effects on TRA and
fertility in our young patients. To date, data regarding the
gonadotoxicity of anti-HER2 targeted therapy on TRA are
limited, though suggest trastuzumab does not increase risk
of TRA [21, 33]. The risk of TRA associated with other
anti-HER2 therapy including pertuzumab and trastuzumab-
emtansine, as well as anti-HER2 combinations, has yet to be
reported. In current practice, most women with HER2 positive
breast cancer are treated with dual HER2 blockade incorpo-
rating trastuzumab and pertuzumab. Lambertini et al. showed
that dual blockade, albeit with trastuzumab and lapatinib, did
not increase TRA (OR 1.19; 95% CI 0.94-1.51; P=0.14)
compared to trastuzumab alone [36]. Their analysis was also
able to add to our understanding of the gonadotoxic potential
of carboplatin which is increasingly incorporated in regimens
for HER2 positive and triple negative breast cancers.
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Docetaxel-carboplatin-trastuzumab (TCH) was associated
with a 75.6% TRA rate and a higher risk as compared with
anthracycline-based chemotherapy (OR 2.24, 95% CI 1.18-
4.27) [30]. Cyclin-dependent-kinase (CDK) 4/6 inhibitors
may have a future role in the treatment of early breast cancer.
Preliminary observations in rats show preserved estrous cy-
clicity or functional fertility however data in humans is un-
available [39]. Similarly, poly-(adenosine diphosphate
[ADP]-ribose) polymerase (PARP) inhibitors are being eval-
uated in BRCA carriers with no published reliable data on
gonadotoxicity. In a recent study of talazoparib in the neoad-
juvant setting, no menstrual changes were noted by the 20
participating patients; however, no objective measures were
collected [40].

Endocrine Therapy

Tamoxifen is consistently reported to increase TRA rates by
about two-fold following chemotherapy [21, 22¢, 41]. This
effect may also vary by age and in one study was observed to
be significant only in women aged >40 (OR 2.51; 95% CI
1.20-5.24) compared to younger women (OR 1.89; 95% CI
0.52-6.89) [33]. The mechanism for TRA, while poorly un-
derstood, appears to be driven by hypothalamic-pituitary in-
teractions rather than direct gonadotoxicity, and thus is likely
reversible when tamoxifen is discontinued. Nevertheless, ta-
moxifen is teratogenic and contraindicated in pregnancy.
Aromatase inhibitors must be administered in premenopausal
women with concomitant ovarian function suppression which
by mechanism of action leads to reversible TRA. Accordingly,
both drugs must be discontinued before conception. Current
guidelines call for 5-10 years of adjuvant endocrine therapy
consequently forcing women to postpone childbearing by sev-
eral years in order to complete an optimal course of therapy.
Thus, while not directly gonadotoxic, and effects on TRA are
generally reversible, use of endocrine therapies can have a
profound impact on future fertility and family planning given
the natural decline in oocytes with age, combined with poten-
tial subfertility even in young women who remain premeno-
pausal after adjuvant chemotherapy [17].

Fertility Counseling

There is wide agreement among professional organizations,
including the American Society for Clinical Oncology
(ASCO) [42] and European Society for Medical Oncology
[43], regarding the responsibility of health care providers to
address the potential risks to fertility as a result of anticancer
treatment as early as possible, discuss fertility preservation
options, and refer interested patients to appropriate reproduc-
tive specialists. Nevertheless, rates of discussion and referral
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for fertility preservation have been lower than expected [44,
45]. In one multicenter study of women <40 years of age
diagnosed with breast cancer between 2006 and 2012, only
68% reported discussing fertility with their providers prior to
starting therapy [7]. Fertility counseling in survivorship may
also be lacking and contributing to observations that some
women previously interested in childbearing are not seeking
fertility care upon completion of treatment [46].

Quality fertility counseling should be available to all young
breast cancer patients from diagnosis through long-term sur-
vivorship. Key themes to be discussed are listed in Table 2. It
should be noted that TRA, premature menopause, and/or in-
fertility may become manifest in an individual and personal-
ized estimates taking into consideration a women’s age, fertil-
ity history, cancer type, and treatment plan should be provid-
ed. Providers should be able to discuss the different available
methods of fertility preservation and parenthood after cancer
options in the context of patient preferences and cancer treat-
ment recommendations. A systematic review has indicated
that fertility preservation counseling reduces long-term regret
and dissatisfaction with fertility with improved physical qual-
ity of life [47]. Providers should also be aware of the signifi-
cant impact of fertility counseling on emotional health and
utilize the opportunity to offer psychological supportive care
[48].

Table 2 Major themes for discussion during fertility preservation
consultation

* Delineation of patient preferences

° Fertility desires, childbearing plans, and partner availability
° Ethical and religious convictions

* Potential effect of cancer therapy on infertility

° Manifestations of ovarian gonadotoxicity—amenorrhea, premature
menopause, and/or infertility
° Individualized risk assessment based on:

= Age

= Pretreatment fertility

= Baseline ovarian reserve

= Cancer type

= Treatment plan

Review of fertility preservation and parenthood options:

© Technical aspects and risks

° Level of evidence

°® Success rates

° Timeframes

° Costs

° Preservation of ovarian function

Pregnancy after breast cancer

° Review of available data supporting the safety of pregnancy after
breast cancer to mother and child

° Timing of pregnancy in relation to diagnosis and adjuvant therapy
plan

° Preimplantation genetic testing in the setting of inheritable mutations

* Counseling for fertility-related psychological distress

Fertility Counseling in BRCA Carriers

Fertility is a major issue for BRCA1/2 carriers given their high
risk of early onset breast cancer, and, high lifetime ovarian
cancer risk, with standard recommendation for risk reducing
bilateral salpingo-oopherectomy (RRBSO) typically between
age 35 and 40 years [49]. Many carriers will consider child-
bearing earlier rather than later, pursue fertility treatment, or
decline to have any additional children [50]. While some phy-
sicians have advocated fertility consultations for all BRCA
carriers prior to any cancer diagnosis, many will present for
initial consultation at time of breast cancer diagnosis, often
because of lack of awareness until cancer diagnosis. After a
diagnosis of breast cancer, the potential need to delay preg-
nancy for treatment, and related gonadotoxicty, further narrow
the window of opportunity for these patients.

Fertility counseling in BRCA carriers diagnosed with breast
cancer should include discussion of unique issues including
competing cancer risks, timing of RRBSO, ovarian function
and potential decreased reserve in carriers which may impact
on success of fertility preservation strategies, suitability of
fertility preservation strategies and future opportunities such
as preimplantation genetic testing (PGT, discussed later) [51,
52]. The relatively limited and often contradicting data to in-
form such conversations pose a significant challenge and
should be a research priority.

Pregnancy after Breast Cancer

The safety of pregnancy after cancer, potential teratogenic
effects of previous treatments, and the possibility of pregnan-
Cy causing a cancer recurrence are also major concerns shared
by patients and providers [46, 53, 54]. The understanding of
the impact of subsequent pregnancy on breast cancer out-
comes is largely based on retrospective data. In an initial
meta-analysis of 14 studies, pregnancy after breast cancer
was associated with a 41% reduced risk of death [55]. In a
multicenter retrospective cohort, with carefully selected con-
trols, at a median follow-up of 7.2 years from pregnancy no
adverse effect was observed for pregnancy on disease-free
survival (DFS) or overall survival (OS) in both estrogen re-
ceptor (ER)-positive and ER-negative subgroups [4¢]. Data
supporting the safety of pregnancy in survivors with BRCA
mutations was also recently presented [56]. The optimal
timing for pregnancy after breast cancer is also unclear.
According to expert opinion, it is reasonable to postpone preg-
nancy for 2 years following diagnosis thus surpassing the peak
in hazard rates of recurrence [43, 57]. Women with hormone
receptor-positive disease are typically recommended 5—
10 years of endocrine therapy and treatment must be stopped
and washed out before attempting conception. The safety of
interrupting adjuvant endocrine therapy for up to 2 years to
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allow pregnancy, delivery, breastfeeding, or failure to con-
ceive after completing 18-30 months of initial treatment is
currently being prospectively evaluated (NCT02308085).

Fertility Preservation

Multiple methods and protocols for fertility preservation are
available and selection should be individualized based on age,
partner status, treatment timelines, the availability of donor
sperm, and future child bearing preferences. Embryo and oocyte
cryopreservation are currently the most widely used and
established methods for fertility preservation, and both conven-
tionally entail the need for ovarian stimulation. Use of ovarian
suppression is widely available and evolving evidence suggest
efficacy and safety. Ovarian tissue cryopreservation as well as
transplantations are considered experimental, and donor oo-
cytes, gestational carrier use, and adoption are all considerations.

Controlled Ovarian Simulation

Both oocyte and embryo cryopreservation requires women
undergo a complete protocol of in vitro fertilization (IVF).
Initially, controlled ovarian stimulation (COS) using exoge-
nous hormones (gonadotropins) is employed to facilitate mul-
tiple oocyte maturation [S8]. Women are cotreated with either
GnRH agonists or antagonists to suppress pituitary function
and prevent premature ovulation. Oocyte development is
monitored with serial pelvic ultrasound. Once oocytes have
achieved an appropriate size, their final maturation is trig-
gered, and they are retrieved through a transvaginal approach.

Historically, COS cycles had to be started at the beginning of
the follicular phase and spanned 12-16 days. Subsequently,
potential clinically significant delays in commencing breast can-
cer treatment were of concern. Due to advances in fertility med-
icine, timing of COS to the menstrual cycle is no longer required
[42]. “Random-start COS” protocols have been shown to be as
effective as conventional-start COS in fertility preservation,
though 2 weeks are still required for egg retrieval [59].
Ovarian hyperstimulation syndrome (OHSS) is a serious com-
plication of COS and may be profound in cancer patients due to
its potential to further delay cancer treatment. The use of a
GnRH agonist instead of human chorionic gonadotropin
(HCG), to trigger final oocyte maturation in women undergoing
a GnRH antagonist protocol has been shown to reduce OHSS
incidence and is regarded as the standard COS protocol [60, 61].

As described, some studies have indicated reduced ovarian
reserve among BRCA carriers which may further complicate
fertility preservation. In a retrospective analysis of 156 women
diagnosed with breast cancer, including 29 with BRCA muta-
tions, a consistent trend for higher gonadotropin dose, lower
AMH levels, lower number of oocytes retrieved, and a higher
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rate of low ovarian response (<4 oocytes) were observed
among BRCA carriers [51]. Although feasible, the performance
of interventions for fertility preservation in this setting may be
inferior, and the combination of several methods may be useful.

A critical concern regarding COS in hormone receptor-
positive breast cancer is that supra physiologic levels of estro-
gen achieved in COS may stimulate progression of these
hormone-sensitive cancer cells. Modification of COS proto-
cols including co-administration of letrozole can significantly
decrease peak estrogen to near physiologic levels while main-
taining oocyte yield, fertilization rates, and ultimately preg-
nancy outcomes [42, 62¢]. Alternatively, tamoxifen, while not
decreasing estrogen levels, competitively binds ER to inhibit
cancer growth, has been added with preserved IVF results
[62+, 63]. Limited data available on outcomes suggest safety
from these strategies. A recent systematic review identified
four studies, encompassing 464 women, with reports of breast
cancer mortality and recurrence [64]. In the largest study, Kim
et al. prospectively collected data on 120 women who
underwent COS with letrozole supplementation for fertility
preservation and 217 controls who underwent oncofertility
consultation however declined fertility preservation [65].
Through a mean follow-up of 5 and 6.9 years, respectively,
no difference in relapse-free survival was observed, including
no relapse-free survival (RFS) differences according to BRCA
mutation status, timing of COS before/after breast surgery,
and tumor ER status. Similarly, long-term, albeit more limited,
data does not suggest an increased risk of recurrence with
COS and tamoxifen co-administration [63].

Patients treated with neoadjuvant chemotherapy have been
significantly less likely to undergo fertility preservation and
there has been concern about the safety of pursuing strategies
in this setting [42, 66—68]. Retrospective studies suggest that
for women scheduled to begin neoadjuvant chemotherapy,
COS does not significantly impact the time from diagnosis
to initiation of treatment [69, 70]. The largest study in this
setting retrospectively examined 82 women with early stage
breast cancer screened for the ISPY2 clinical trial and did not
observe a significant difference in median time to recurrence
or death between women who underwent COS (n = 34) and
controls (n =48) [70]. Additional reports are vital to assure the
safety of COS in this setting.

Oocyte and Embryo Cryopreservation

Following COS and ultrasound-guided oocyte retrieval, un-
fertilized oocytes or embryos, i.c., oocytes fertilized in vitro,
may be cryopreserved for future use. Cryopreservation of em-
bryos is the most established technique for fertility preserva-
tion and can be offered to woman with a committed partner or
donor sperm. Embryo cryopreservation followed by frozen-
embryo transfer appears to be comparable to fresh-embryo
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transfer in non-cancer and breast cancer population with live
birth rates in the 45-50% range [71, 72].

Due to improvement in methods of cryopreservation, spe-
cifically the adoption of vitrification over slow-freezing, cryo-
preservation of unfertilized oocytes is now regarded as an
established fertility preservation method in recent guidelines
given similar clinical outcomes for vitrified vs. fresh oocytes
[42, 73]. This strategy enhances women’s reproductive auton-
omy allowing for fertility preservation that is independent of
sperm donor or relationship status changes.

The in vivo maturation (IVM) of immature oocytes re-
trieved following minimal or no ovarian stimulation is an in-
vestigational approach which bypassing the need for COS
offers several potential advantages: shorter time to oocyte re-
trieval and subsequent initiation of cancer treatment, reduced
estradiol exposure, lower gonadotropin doses and associated
costs and of OHSS [74]. In a recent report of 353 cancer
patients (48.2% breast cancer), more oocytes were collected,
oocytes cryopreserved, and embryos (when applicable) cryo-
preserved with IVF compared to IVM [75]. Cumulative preg-
nancy rate and live birth rate were 37 and 31% following IVF
and 14 and 7% following IVM. These results are in line with
previous data consistently indicating lower implantation and
pregnancy rates for IVM compared to standard IVF [76].

Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation and transplantation (OTCT)
involves removal of ovarian tissue in multiple biopsies or as a
whole oophorectomy and cryopreservation of ovarian cortical
strips before chemotherapy [77]. Subsequently, the ovarian
tissue is thawed and orthotopically grafted to the ovarian me-
dulla or re-implanted inside an artificial peritoneal window.
OTCT does not require ovarian stimulation and therefore can
be performed immediately without delaying chemotherapy.
Furthermore, ovarian cryopreservation offers the advantage
of restoration of ovarian endocrine function in ~95% of cases
[78]. Following ovarian tissue transplantation to the pelvis,
pregnancy may be spontaneous or with IVF. Meirow et al.
reported results for 20 cancer survivors—16 (10 IVF, 6 spon-
taneous) pregnancies were achieved, resulting in 10 live births
[79]. In sum, 53% of patients conceived, and 32% delivered at
least once. Similar results were reported in a multicenter study
including 74 cancer survivors with a pregnancy rate of 33%
and a birth rate of 25% per patient [80]. A significant safety
concern is the potential reintroduction of malignant cells after
transplantation. Various methods including multiple section
histology, immunostaining, fluorescence in situ hybridization,
polymerase chain reaction, and animal studies are regularly
applied to rule out the harboring of cancer cells [79]. A sys-
tematic review of all published OTCT cases including 230
women with a history of malignancy identified nine cancer

recurrences, none of which were considered to be directly
caused by the procedure [78]. Combination approaches
entailing oophorectomy, immature oocyte retrieval from the
excised ovarian tissue or aspiration from an intact ovary, and
IVM have been offered as a means of increasing options and
flexibility [81]. While this approach is still considered exper-
imental, ASCO 2018 guidelines note that emerging data may
prompt reconsideration of this designation in the future [42].

OTCT is suboptimal in BRCA mutation carriers due to their
increased risks for development of ovarian cancer and recom-
mendations to undergo RRBSO by age 40. Successful births
have been reported in this situation and it is recommended that
if OTCT is elected, candidates should be very young, and thus
at lower risk for ovarian cancer [51]. A potential alternative
approach in the future may be to maturate oocytes from
thawed ovarian tissue and perform IVF, avoiding the need
for ovarian tissue transplantation [82].

Ovarian Function Suppression

The use of ovarian function suppression with GnRH agonists
during chemotherapy to reduce gonadotoxicity is controver-
sial [83]. A 2014 meta-analysis including 9 studies found a
highly significant reduction in the risk of premature ovarian
failure although with statistically significant heterogeneity
among studies [84]. In subgroup analyses, a significant inter-
action was seen between treatment arm and type of cancer; the
significant protective effect was limited to women with breast
cancer and was negative among those with lymphoma or ovar-
ian cancer. These populations differ in their age at diagnosis
and the gonadotoxic potential of administered chemotherapy
protocols [85]. Lambertini et al. conducted an individual pa-
tient level meta-analysis of 5 randomized trials including only
women receiving chemotherapy for breast cancer [22¢°]. A
62% reduction in the odds of ovarian failure was observed
for GnRH agonists (14.1 vs. 30.9%, adjusted OR 0.38; 95%
CI10.26 to 0.57; P <0.001). Importantly, no significant differ-
ences were seen in DFS and OS supporting the safety of this
intervention irrespective of the breast cancer’s hormone recep-
tor status. The potential role for ovarian suppression in fertility
preservation was also illustrated—10.3% women treated with
GnRH agonists achieved at least one pregnancy compared to
5.5% in controls (incidence rate ratio 1.83; 95% CI 1.06 to
3.15; P=0.030). This analysis was limited by missing data
regarding pregnancy intent and could not rule out a bias
whereas non-blinded patients treated with GnRH may be more
inclined to attempt pregnancy. Given the current state of the
data, ovarian suppression is generally considered as an adjunct
to the more established forms of fertility preservation and for
some women, as a means of reducing the reliance on these
more costly and invasive procedures [42, 86]. Moreover, the
preservation of ovarian function, regardless of fertility
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potential, may be in itself of significant value to premenopaus-
al women with breast cancer [3].

Preimplantation Genetic Testing

Pathogenic or likely pathogenic inherited germline muta-
tions associated with an increased risk for breast cancer
are identified in nearly 10% of patients [87]. Among
women aged 40 years or younger, the rate of deleterious
BRCA1/2 mutations reached 12% in one study [88]. Due
to the high risk of breast, ovarian, and additional cancers
associated with these mutations, and their autosomal dom-
inant nature, women diagnosed with BRCA mutations and
interested in fertility, also face a dilemma regarding the
prevention of mutation transmission to their offspring.
Two approaches to prevent gene transmission are current-
ly available. Prenatal diagnosis (PND) is performed
through chorionic villus sampling during pregnancy and
obligates a discussion of pregnancy termination if a mu-
tation is identified. PGT on the other hand is performed
before a pregnancy is defined. Following IVF and oocyte
fertilization, on day 3 of embryonal development, a single
cell is extracted from a 6-8 cell embryo, DNA is analyzed
for the presence of the previously characterized specific
genetic mutation, and thereafter an unaffected embryo/s is
transferred [89].

The ethics committee of the American Society for
Reproductive Medicine supports the use of PGT for
monogenic adult onset disease when “the conditions are
serious and when there are no known interventions for the
conditions, or the available interventions are either inad-
equately effective or are perceived to be significantly bur-
densome” [90]. They acknowledge the complexity of
making such a determination in the setting of cancer dis-
position genes, such as BRCA, due to incomplete pene-
trance, established clinical screening and preventative
strategies, and the availability of effective cancer treat-
ments. The latter may be true for breast cancer, however
in comparison, screening is currently inadequate and
long-term outcomes are inferior for ovarian cancer. For
conditions considered to be less serious or of lower pen-
etrance, the committee find PGT “ethically acceptable as a
matter of reproductive liberty.” Double testing of embryos
for gender and specific mutation has also been suggested
in this setting, so that if only BRCA mutated embryos are
found, a couple may elect to transfer a male embryo due
to a decreased cumulative cancer risk [91]. This approach
may be of higher value in the case of BRCAI mutations
[92].

Awareness of PGT among individuals at high risk for
hereditary cancers is generally low; estimated as 35% in a
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2012 systematic review [93]. Women’s interest in PGT
however seems to be high. In a cross-sectional survey of
1081 BRCA carriers, a majority of respondents believed
that PGT (58.7%) should be offered to BRCA mutation
carriers; however, only 34.8% would consider undergoing
PGT [50]. Regarding PND, 55.5% thought that it should
be offered to pregnant BRCA carriers, 29.8% would con-
sider using PND themselves, however only 4% of women
stated they would consider terminating of pregnancy if a
fetal mutation was identified. Notably only 8 women had
undergone PGT, and none had used PND. In an Israeli
hospital, when PGT was offered free of charge to a sam-
ple of 70 married female BRCA mutation carriers, only
25.7% elected to use it [94]. Only a history of infertility
was significant associated with PGT uptake, possibly sug-
gesting that for some women BRCA status is secondary to
infertility in considering PGD. Less data is available to
understand decision making among women with a history
of breast cancer. In one focus group study, BRCA-positive
breast cancer survivors emphasized their own physical
and emotional experiences with breast cancer treatment
as a motivation to undergo PGD [95].

Conclusions

Fertility counseling and preservation have become an in-
tegral part of the multidisciplinary care for breast cancer
at diagnosis and throughout survivorship. Such discus-
sions should include personalized estimates of infertility
risk, elucidation of fertility preferences, and a tailoring of
fertility preservation treatment options, particularly for
women with hereditary predisposition to breast cancer.
Fortunately, multiple options for fertility preservation are
available today. Future research efforts should be made to
further individualize recommendation and identify pa-
tients for which fertility preservation is essential and those
for which it may be unnecessary.
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