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Abstract

Purpose of Review Fertility concerns are common among young women diagnosed with breast cancer, as systemic therapy
increases the risk of premature ovarian insufficiency and delays family planning. Here, we review the impact of systemic
therapies, including chemotherapy, endocrine therapy, HER-2 directed therapy, PARP inhibitors, and immunotherapy, on
ovarian reserve.

Recent Findings With an improved understanding of disease biology, fewer women are treated with gonadotoxic chemo-
therapy. There are limited data on the fertility impact of novel targeted treatments and immunotherapy, though preclinical
and preliminary studies suggest an impact on fertility is possible. Notably, a recent study investigated the outcomes in women
who interrupted adjuvant endocrine therapy to attempt pregnancy.

Summary Further research is needed to characterize the fertility impact of novel therapies in breast cancer. Individualized
fertility counseling should be offered to all women to discuss the possible impact of therapy on ovarian reserve and options

for fertility preservation and timing of pregnancy.
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Introduction

The incidence of breast cancer is rising, with an estimated
12,000 new cases each year in the USA [1]. Furthermore,
breast cancer is one of the most common malignancies
among women under the age of 40 years, with women 15-39
years old making up 18% of all new breast cancer diagnoses
in the USA [2]. Fertility concerns are critically important
to younger patients and affect quality of life and treatment
decision-making [3, 4]. Not only do young women with a
new breast cancer diagnosis face the risk of premature ovar-
ian insufficiency due to the impact of systemic therapies,
but they also must typically delay family planning due to
treatment. Approximately two-thirds of young women with
breast cancer have hormone receptor (HR)-positive disease
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and will face an additional 5-10 years of adjuvant endocrine
therapy, which can further delay fertility plans [5]. Fertility
naturally decreases with age, and while a fertile 30-year-old
woman has approximately a 20% chance of pregnancy per
cycle, a 40-year-old woman has less than a 5% chance of
pregnancy per cycle [6].

These, among other factors, can affect young breast can-
cer patient’s treatment decisions. In one study of 620 women
diagnosed with breast cancer under the age of 40 years, 26%
reported that concerns about fertility affected their treatment
decisions, including such decisions as declining chemother-
apy, choosing one regimen over another, declining endocrine
therapy, or discontinuing endocrine therapy before the rec-
ommended 5 years [3]. However, when women receive spe-
cialized counseling about fertility and fertility preservation,
studies have shown decreased regret and improved quality
of life [7]. Thus, it is of paramount importance that women
have access to accurate information and resources to make
informed treatment about their fertility options. Here, we
summarize the current body of research on the impact of
systemic therapies for early-stage breast cancer on fertility
for young women.
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Impact of Cytotoxic Chemotherapy

Cytotoxic chemotherapy has long been the mainstay for
systemic breast cancer treatment, but also carries a high
risk of premature ovarian insufficiency [8]. Studies into
the impact of chemotherapy on fertility rates have largely
focused on amenorrhea and surrogate markers of fertil-
ity, such as anti-Miillerian hormone (AMH) levels [9,
10]. The resumption of menses has been used as a proxy
for fertility, with most women resuming menses in the
first 6-9 months after treatment [11]; however, it is well
understood that the return of menses is not a surrogate for
fertility and more reliable surrogates are needed. AMH
is a sensitive indicator of ovarian follicular reserve and
is used as a fertility surrogate. While AMH consistently
falls during chemotherapy with slow recovery after the
end of treatment, though typically not to pre-treatment
levels, increasing AMH levels are not always predictive
of fertility [10]. For example, in an observational study
of women with breast cancer who received chemotherapy
and conceived without reproductive assistance, there was
no association found between baseline and end of treat-
ment AMH levels and occurrence of pregnancy [12]. In
order to better understand the true impact on fertility and
pregnancy after chemotherapy, more reliable and validated
surrogate markers are needed.

Despite the limitations in accurately estimating fertility,
it is important to counsel women on the rates of amen-
orrhea and impact of chemotherapy on fertility prior to
treatment. Older regimens, like cyclophosphamide, meth-
otrexate, and 5-fluorouracil (CMF), demonstrated rates
of amenorrhea around 40% for women < 40 years [13].
Modern day chemotherapy regimens for patients with
early-stage breast cancer include anthracycline, cyclo-
phosphamide, and a taxane (ACT) or a taxane plus cyclo-
phosphamide (TC). Rates of amenorrhea for women < 40
years receiving ACT are estimated to range from 13 to
60% and for TC are estimated around 7% [14—16]. Some
women with HER2+ disease may receive a taxane and a
platinum, such as carboplatin, and this regimen is thought
to have less ovarian toxicity than ACT, though the rates
of treatment-related amenorrhea are poorly characterized
[17, 18]. Similarly, there is a paucity of data on the fertil-
ity impact of capecitabine, which has an overall survival
benefit for patients with triple negative breast cancer and
residual disease after neoadjuvant therapy [19]. This is
particularly significant, since triple negative breast cancer
often impacts younger women and the additional 6 months
of treatment with capecitabine is likely to impact both fer-
tility and family planning timelines.

Notably, with the advent of multi-gene assays like
Oncotype DX and MammaPrint, fewer patients are
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receiving cytotoxic chemotherapy as we can better pre-
dict which patients will benefit most based on their dis-
ease biology [20, 21]. However, based on prospective
randomized studies, chemotherapy benefit does appear to
differ based on age, with greater benefit seen in younger
women [22, 23]; thus, these molecular tests may not spare
young women from chemotherapy as much as older post-
menopausal women. It is possible that for some premeno-
pausal women, chemotherapy benefit is at least in part due
to the ovarian suppression induced by chemotherapy, and
not necessarily from chemotherapy itself. This is currently
an important outstanding question being investigated in a
prospective randomized trial (NCT05879926); however,
both mechanisms significantly impact future fertility and
highlight the need for ongoing efforts to improve fertility
preservation.

Fertility Preservation and Safety

The American Society of Clinical Oncology recommends
that young women with breast cancer be referred early to
a reproductive endocrinology and infertility specialist to
discuss their options [24]. One area of interest is the use of
LHRH analogues for ovarian function suppression (OFS)
during chemotherapy to preserve ovarian function. However,
studies have shown mixed results. While multiple studies
have clearly demonstrated an increased rate of menstrual
return with the use of LHRH analogues for OFS during
chemotherapy, as stated previously, studies have not shown a
consistent increase in rates of pregnancy [25-27]. Currently,
oocyte and embryo cryopreservation are the best established
and most successful methods of fertility preservation (FP)
for women [28¢]. Women should be appropriately informed
of their options for FP and understand that, while we do
not have prospective data, there are multiple retrospective
studies that have demonstrated that FP is not associated with
worse breast cancer outcomes or treatment delays and is gen-
erally considered safe and effective [28e, 29e].

In a retrospective review of 349 women < 45 years with
a new diagnosis of stages [-III breast cancer at Memorial
Sloan Kettering by Crown et al., overall survival (OS) and
recurrence-free survival (RFS) rates were similar between
women who underwent FP and those who did not [28e].
Both HR+ and HR— patients were included, and rates of
HR positivity were similar between groups. The 5-year OS
and RFS rates for women who underwent FP versus those
who did not were similar (OS 98.2% vs 95.9%; RFS 92.1%
vs 89.7%). Furthermore, this study found that FP was not
associated with breast cancer treatment delays. For patients
receiving adjuvant chemotherapy (85.5% of patients), the
median interval was 7 weeks between surgery and chemo-
therapy, both for women who underwent FP and those who
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declined. Similar findings were reported in a cohort of 153
women < 40 years with newly diagnosed early breast cancer,
where 71 (46.4%) chose to undergo FP. Authors Wang and
Tesch et al. found no difference in 4-year invasive breast can-
cer free survival (iBCFS, HR 1.006, 95% CI 0.416-2.438)
or OS (HR 0.789, 95% CI 0.210-2.956) between those who
underwent FP and those who did not [29e]. The median time
from diagnosis to initiation of ovarian stimulation was 55
days (range 9-138 days). Furthermore, while it was noted
that patients undergoing FP were more likely to be ECOG
0, there was no difference with regard to baseline tumor
stage, HR status, and age at diagnosis between those that
underwent FP and those that did not, suggesting that base-
line clinical risk was balanced between the groups [29e].
In the study by Crown et al., women who declined FP were
more likely to be older (median 37 vs 33 years) and, simi-
larly, there were no differences in baseline tumor stage or
HR status [28e]. Overall, these studies support that FP is not
associated with worse outcomes or delays in treatment and
should be presented to patients as an option.

The majority of the safety data related to FP in early-stage
breast cancer comes from patients treated in the adjuvant
setting, after the tumor has been removed. In the last dec-
ade, the use of NACT has increased, particularly in young
patients who often present with higher rates of triple nega-
tive cancer and biologically chemo-sensitive tumors where
NACT is indicated. Some studies have shown that patients
who choose FP are significantly more likely to receive
NACT vs. those who declined FP [29¢], while other studies
have shown that receipt of NACT is a negative predictor of
FP [30]. There are additional considerations associated with
FP in the neoadjuvant setting. Egg retrieval requires ovarian
stimulation, which can cause transiently increased estradiol
levels, and this can generate concerns about oncologic out-
comes in the setting of a hormonally driven cancer [30]. In
order to address this, studies have shown that using tamox-
ifen or letrozole during ovarian stimulation reduces peak
estradiol levels during FP, and this has become a standard
part of many FP protocols [31].

Furthermore, the perceived delays associated with FP
are often a deterrent for women and their providers. Cur-
rent “random start” FP protocols, which do not wait for
menses to begin, can often be completed during a 2-3 week
period, which can coincide with the time when patients are
awaiting surgery or chemotherapy scheduling, to prevent
treatment delays [29e]. In a retrospective study of women
enrolled in the ISPY-2 neoadjuvant chemotherapy trial, there
was no differences in time to NACT start between women
who pursued FP and those who did not (39.8 vs 40.9 days,
respectively) [32]. To our knowledge, there are no published
prospective studies evaluating FP and oncologic outcomes
specifically in breast cancer patients receiving NACT. How-
ever, retrospective studies with subgroup analyses of patients

who received NACT do not show differences in recurrence
rates [33]. Notably, in the aforementioned study by Wang
et al., rates of NACT were 93% among women undergoing
FP versus 67% among who declined FP [29e]. Thus, given
the high rates of NACT in this study and similar rates of
recurrence rates and OS, this lends support to the safety
of ovarian stimulation in the neoadjuvant setting. However,
additional studies with longer follow-up, detailed patient
and tumor characteristics, and modern stimulation protocols
are needed. Overall, these studies provide evidence that FP
protocols using ovarian stimulation are not associated with
higher rates of breast cancer recurrence or significant treat-
ment delays and all women should be appropriately coun-
seled on their options for FP prior to treatment initiation.

Impact of Endocrine Therapy
and Interruptions for Pregnancy

As previously stated, one of the challenges of fertility in
breast cancer is not only the impact of cytotoxic chemother-
apy on ovarian reserve and delays in family planning associ-
ated with initial treatment, but also the additional 5-10 years
of endocrine therapy recommended for women with HR+
breast cancer. In one study of pre-menopausal women who
received chemotherapy and went on to receive tamoxifen,
women on tamoxifen had higher rates of amenorrhea 1-2
years after chemotherapy receipt; however, by 3 years, there
was no difference in return of menses, suggesting the ovar-
ian suppression from tamoxifen is temporary and reversible
[34]. Furthermore, other studies have shown that tamoxifen
use in the absence of chemotherapy did not impact the mean
age of menopause onset, suggesting that tamoxifen alone is
unlikely to significantly accelerate ovarian aging [35].
However, for women who would like to become pregnant
before completing endocrine therapy, an open question in the
field has been the impact of interrupting endocrine therapy
to allow patients to attempt pregnancy and breastfeed. The
POSITIVE (Pregnancy Outcome and Safety of Interrupting
Therapy for Women with Endocrine Responsive Breast Can-
cer) trial, by Partridge et al., sought to answer this question
[36ee]. In this trial, 516 women < 42 years old with stages
I-1IT HR+ breast cancer who had received 18-30 months of
adjuvant endocrine therapy interrupted therapy to attempt
pregnancy. Patients could interrupt endocrine therapy for
up to 2 years to allow for attempting pregnancy, delivery,
and breastfeeding if desired. After pregnancy and/or breast
feeding were completed or after unsuccessful conception,
endocrine therapy was resumed for the planned 5-10 years
of therapy. The number of breast cancer events was close to,
but did not exceed, the primary analysis safety threshold, and
there was no statistically significant difference in the 3-year
incidence of breast cancer events compared to an external
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control cohort from the SOFT/TEXT trial (8.9% vs 9.2%,
respectively). Thus, the authors concluded from this data
that temporary interruption of endocrine therapy to attempt
pregnancy was not associated with a greater short-term risk
of breast events, though longer follow-up is needed.
Notably, in this study, 93.4% of patients had stage I or
II disease, so it is possible that these findings are biased by
the “healthy mother” effect. Meaning that women who had
lower risk disease or who were overall healthier were more
likely to feel comfortable interrupting endocrine therapy to
attempt pregnancy than patients who had higher risk dis-
ease. Another concern during the design of the trial was
that patients would not resume endocrine therapy. How-
ever, they found that most patients resumed therapy within
the recommended timeframe, with only 15.4% of patients
not resuming, which was similar to the rates of endocrine
therapy discontinuation, approximately 20%, in the SOFT
and TEXT trials [37]. Lastly, the authors note that they will
need to await the 10-year follow-up data to fully understand
the long-term risk of interruptions in endocrine therapy.
The POSITIVE trial provides important data for discus-
sions about the risks and benefits of endocrine therapy
interruption to attempt pregnancy; however, these results
must always be used in the context of the patient’s individual
clinical risk and personal circumstances. These data may
help some women who otherwise may have declined endo-
crine therapy all together, as seen in previous studies [3], feel
more comfortable starting treatment, knowing they can take
a break from therapy in the future if they desire pregnancy.

Impact of HER-2 Directed Therapy

Data on the impact of HER-2 directed therapy on fertility
are limited. In the NRG Oncology/NSABP B-47 menstrual
history study, the authors evaluated the impact of chemo-
therapy with or without trastuzumab on treatment-related
amenorrhea in over 1400 pre- and perimenopausal women
[38e]. They found that trastuzumab did not contribute to
higher rates of amenorrhea, with 84% of patients in the
trastuzumab group who were amenorrheic vs 86.3% in the
non- trastuzumab group at 12 months. This finding is similar
to that of previous studies, such as the ALTTO trial, which
evaluated the impact of adjuvant lapatinib with or without
trastuzumab, where the authors also found no difference in
treatment-related amenorrhea rates (approximately 72-74%
in all groups) [15].

With the advent of HER2-directed antibody drug con-
jugates (ADCs), like ado-trastuzumab-emtansine (T-DMI)
and trastuzumab-deruxtecan (T-DXd), more research is
needed into the impact of this drug class on fertility. In the
ATEMPT trial, patients with TINO HER2+ early-stage
breast cancer were randomized to T-DMI or paclitaxel +
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trastuzumab (TH), and rates of treatment-related amenorrhea
among pre-menopausal women at 18 months were 24% after
T-DM1 and 50% after TH (p=0.045) [39e]. While the amen-
orrhea rates were lower in the T-DM1 group at the 18-month
timepoint, notably, the amenorrhea rate seemed to increase
in the T-DM1 arm over time, likely because patients in the
T-DM1 arm received cytotoxic treatment for 12 months
whereas in the TH arm, cytotoxic therapy was administered
only in the first 12 weeks of treatment. This study provides
key information in characterizing the fertility impact of
ADCs, which are becoming a cornerstone of breast cancer
treatment. To our knowledge, there are no published studies
on rates of treatment-related amenorrhea or the impact of
fertility from T-DXd, which is now being investigated in the
post-neoadjuvant setting in patients with early breast can-
cer. However, as this drug becomes more widespread in the
breast cancer treatment landscape, understanding its impact
for young women on fertility will be critical.

Impact of Imnmunotherapy

Immunotherapy has dramatically changed the landscape
of cancer care. The checkpoint inhibitor (CPI) pembroli-
zumab is approved for the treatment of early-stage triple
negative breast cancer based on results from the neoadjuvant
KEYNOTE 522 study [40] which is particularly relevant
for young women given the higher rates of triple negative
disease among young women. However, the impact of CPIs
on fertility and pregnancy has yet to be clearly defined.
Data largely comes from pre-clinical studies, case reports,
and aggregated adverse event data from clinical trials. The
risk of adverse fetal outcomes is thought to be related to the
maternal immune response to the fetus rather than direct
cytotoxic effects, and as such, the National Comprehensive
Cancer Network advises all patients of reproductive age to
use effective contraception during and for at least 5 months
after the last dose of immunotherapy [41].

Immune-related endocrinopathies can impact fertility and
pregnancy. There are reports of CPI-induced primary hypo-
gonadism, though this appears to be a rare side effect and
the evidence base comes from care reports and case series
[42]. More commonly, secondary hypogonadism arises from
hypophysitis and hypothyroidism, which are well-known
immune-related adverse events [42, 43]. The estimated rates
of hypophysitis are 0.5-1% for anti-PD1 therapy, 5-6% for
anti-CTLA4 therapy, and 9-10% for combination therapy
[44]. Disruption of the anterior pituitary gland leads to
impaired secretion of follicle-stimulating hormone and lute-
inizing hormone, which can lead to ovulatory dysfunction
or premature menopause [45, 46]. Hypothyroidism, which
are commonly seen with pembrolizumab and other anti-PD1
therapies, can also lead to reduced fertility. Inadequately
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treated hypothyroidism is associated with increased maternal
risks, including hypertension, placental abruption, pre-term
birth, and low birth weight [47, 48].

There are few studies of the impact of CPIs on fertility
in humans. Current published studies only include patients
with melanoma and are limited by small sample sizes. In
one small study of 28 women under 35 years with melanoma
receiving ipilimumab, AMH levels were measured before
and after treatment and were found to significantly decrease
after CPI therapy [49]. In another small study of women
under the age of 40 years with stage III-IV melanoma,
median AMH levels and antral follicle counts determined by
pelvic ultrasound were lower in the group who were treated
with CPIs (n=6) vs those who did not (n=6) [50]. These
data suggest that CPIs may impact ovarian reserve and pos-
sibly female fertility directly and larger studies are needed
to validate these findings. As the role of immunotherapy
continues to expand in all tumor types, it will be of increas-
ing importance to study the direct and indirect impact of
CPI and other immunotherapies on fertility in our younger
population.

Impact of PARP Inhibitors

There is also a paucity of data regarding the impact of
PARP inhibitors on fertility. Olaparib, a PARP inhibitor, is
approved for patients with germline BRCA mutations, based
on data from the OlympiA trial that showed an OS benefit in
patients with high-risk BRCA-associated early breast cancer
who took 1 year of adjuvant olaparib [51]. Patients with
germline BRCA mutations often develop breast cancer at
a younger age, and thus are more likely to present in their
reproductive years [52]. Some studies have shown an asso-
ciation between germline BRCA mutations and decreased
ovarian reserve, as BRCA genes are essential to oocyte sur-
vival in preventing potential genetic stress [53, 54]. Simi-
larly, the PARP proteins are involved in double-strand break
repair and use of olaparib in pre-clinical rodent models was
associated with a decrease in ovarian reserve [55]. Thus, it
is critical to better understand the impact of olaparib and
other PARP inhibitors on fertility, given patients with BRCA
mutations are already at increased risk of infertility due to
decreased ovarian reserve, and may be recommended to
complete up to a year of treatment with olaparib, which may
have additional impact on fertility.

Conclusion and Future Directions

Breast cancer is one of the most common malignancies
in young women and the impact of systemic therapy on
fertility is a critical concern for patients. Studies have

shown that young patients experience significant distress
about fertility loss, but this can be mitigated with appro-
priate counseling on risks of treatment and FP options
[3, 7]. Furthermore, multiple studies have now been pub-
lished that demonstrate no increased risk of recurrence
or significant delays in treatment when women undergo
FP before or during cancer treatment, in both the adju-
vant and neoadjuvant settings [28e, 29e], which may
help young women feel more comfortable pursuing FP
if they desire. Additionally, large ongoing registry stud-
ies, like the PREgnancy and FERtility (PREFER) study
(NCT02895165), which is enrolling 1000 premenopausal
patients with newly diagnosed breast cancer and following
them for up to 15 years after FP, will be helpful in address-
ing some of the field’s outstanding questions about the
safety and efficacy of FP [56].

As the field moves toward better characterization of
tumor biology and more individualized decision-making
regarding (neo)adjuvant systemic therapy, the hope is
that we will spare more young patients from unneces-
sary chemotherapy, and provide them with less gonado-
toxic de-escalated options, thereby improving fertility
and reproductive options. However, for many patients,
treatment will need to be more intensive and longer,
including the addition of targeted therapy and immuno-
therapy to chemotherapy, as well as the addition of 1-2
years of additional adjuvant targeted therapy in higher
risk patients. It is imperative that we study the impact
of each of these novel targeted therapies on fertility and
pregnancy outcomes. In order to do so, research using
more reliable markers of ovarian reserve than menstrual
status are needed, as is research looking at the long-term
impacts on pregnancy outcomes. One such study is the
MotHER trial, a prospective study evaluating women
exposed to trastuzumab and/or pertuzumab during preg-
nancy or within 6 months prior to conception [57]. Gen-
erating high-quality data on the fertility and reproductive
impact of novel treatments including immunotherapy,
ADCs, and small molecule inhibitors should be prior-
itized in order to help patients make informed decisions
related to fertility preservation, family building, and
breast cancer treatment.
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