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Abstract

Purpose As the paradigm shifts towards improving cancer survivorship, an important concern for reproductive-aged women
diagnosed with cancer is how their disease and its treatment will affect their future fertility. We sought to characterize pregnancy
attempts and outcomes in breast cancer patients following chemotherapy.

Methods We conducted a prospective cohort study of women diagnosed with breast cancer seen between 2010 and 2019. A
questionnaire was administered following cancer treatment with questions regarding oncologic and reproductive history and
attempts and method of conception.

Results Of 181 participants, 46 (25.4%) attempted to conceive following chemotherapy. Thirty-five patients (76.1%) had return
of ovarian function. Of those, 34 patients (mean age 32.8 years) first attempted to conceive by intercourse, and 22 (64.7%)
became pregnant, resulting in 17 live births. Of the remaining 12 who did not successfully conceive through intercourse, eight
went on to try other methods, resulting in five additional pregnancies and one live birth. Twelve patients (mean age 34.6 years)
proceeded directly to ART; of those, eight (66.7%) became pregnant, resulting in six live births.

Conclusion In breast cancer patients with return of ovarian function after chemotherapy, half were able to conceive by intercourse
alone. In order to maximize reproductive potential in patients who have return of ovarian function, providers should offer natural
conception as a reasonable option prior to the use of cryopreserved tissue. For those who did not attempt to conceive on their own,
the use of pre-treatment cryopreserved eggs or embryos had a high likelihood of success.

Keywords Fertility preservation - Breast cancer - Chemotherapy - Pregnancy outcomes

Introduction

The advancement of anti-cancer agents in the treatment of
breast cancer has significantly improved long-term outcomes
for patients. As such, a growing concern for the nearly 13,000
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women of reproductive age diagnosed with breast cancer in
the USA each year is how the disease and its treatment will
impact their future fertility [1]. While several studies have
documented the gonadotoxic effect of chemotherapy agents,
27-75% of reproductive-aged women treated with chemother-
apy will regain ovarian function after treatment [2-5]. The
return of menses, however, does not guarantee the ability to
conceive, and there still remains an increased risk of early
menopause despite resumption of menses, further limiting
the reproductive potential of this population [6-8].

In young cancer patients who are remote from desiring
conception, it is difficult to perform clinical trials that quantify
the impact of chemotherapy agents on pregnancy rates for
these patients given the long period of follow-up time re-
quired. In the Childhood Cancer Survivor Study cohort, preg-
nancy rates were not strongly associated with chemotherapy
exposure, except at very high cumulative doses [9]. Newer
studies have shown cancer survivors are approximately 38%
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less likely to achieve pregnancy after their diagnosis com-
pared to the general population [10, 11].

Due to this compromise in fertility, fertility preservation
should be discussed with patients prior to the initiation of
cancer therapy [12, 13]. Because this practice is relatively
new, limited data are available that evaluate the success of
post-chemotherapy conception and/or use of cryopreserved
eggs and embryos. Moreover, while research does suggest that
pregnancy after breast cancer is safe, available studies have
used a retrospective approach due to the nature of the research
question [14-21].

We sought to prospectively characterize pregnancy at-
tempts, method of conception, and pregnancy outcomes in a
cohort of young breast cancer patients treated with chemother-
apy. This information can aid in the counseling of young
breast cancer patients undergoing consultation for pre-
treatment fertility preservation and reproductive age breast
cancer survivors desiring pregnancy following chemotherapy.

Methods
Study population

We performed a prospective cohort study from 2010 to 2019.
Patients diagnosed with breast cancer who presented to the
University of California, San Francisco Center for
Reproductive Health (UCSF CRH) for fertility preservation
during the study time period were longitudinally surveyed
about their cancer treatment, history, and reproductive at-
tempts. Women were included in the study if they were ages
18-45 years at the time of enrollment, diagnosed with breast
cancer, and received chemotherapy for their breast cancer
treatment. Patients were excluded if they had received any
pelvic radiation treatment prior to enrollment or had a history
of hysterectomy or oophorectomy.

Survey and study visits

A questionnaire was developed to query reproductive history
after cancer treatment. The survey included information about
demographics, medical history, gynecological history, and ob-
stetrical history. The survey was piloted on 10 patients and
edited for ease of use and readability before being distributed
to the entire study population. At the initial fertility preserva-
tion evaluation, patients went through a structured interview
including detailed information about their new cancer diagno-
sis, past medical history, and obstetrical history. At post-
treatment visits, additional information regarding the patient’s
cancer therapy was obtained and cross-validated with medical
records. Menstrual history and use of tamoxifen, aromatase
inhibitors, and gonadotropin-releasing hormone (GnRH) ago-
nists were recorded at each post-treatment visit. The end of
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systemic, gonadotoxic chemotherapy was determined through
the questionnaire and interviews at medical visits.

Assessment of ovarian reserve

Ovarian reserve was assessed by measuring antral follicle
count (AFC) at the initial fertility preservation consultation.
Transvaginal ultrasound was performed on the GE VolusonS8
machine by the same two experienced clinicians. Follicles
measuring between 2 and 10 mm in both ovaries were counted
in the AFC, consistent with the international standard mea-
surement [22]. All patients were offered follow-up AFC mea-
surements starting 3 months after completion of chemothera-
py for assessment of recovery of ovarian reserve, unless they
were on ovarian suppression. In our cohort of patients
attempting to conceive through intercourse, 15 patients pre-
sented for AFC evaluation and counseling just prior to
attempting conception. If patients were found to be in meno-
pause, they were encouraged to proceed directly to assisted
reproductive technology (ART) using previously preserved
eggs/embryos or to utilize an egg donor.

Statistical analysis

Electronic medical record data were extracted and de-identi-
fied. Statistical analyses were performed using Stata version
14.2 (Stata Corp, College Station, TX). Statistical significance
was defined by two-sided p-values <0.05. Descriptive statis-
tics were used to demonstrate the characteristics of patients
trying to conceive. 7-tests and chi-square tests were used, as
appropriate, to compare data among survey responders who
did and did not attempt to conceive, individuals who
attempted conception with intercourse compared to those
who used ART, and pregnant and non-pregnant individuals
who attempted to conceive through intercourse alone.

Ethical approval

All study procedures were reviewed and approved by the
University of California, San Francisco Committee on
Human Research. Informed consent was obtained from all
individual participants included in the study, and all partici-
pants gave written consent to use de-identified information for
research purposes and publications.

Results
Patient characteristics
A total of 296 breast cancer patients seen at our center during

the study timeframe were approached. Seventy-two patients
declined (24.3%); of those remaining, 43 patients were
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excluded because they did not receive chemotherapy, leaving
181 patients who were eligible to complete the post-treatment
surveys. A total of 157 patients (86.7%) completed at least one
post-treatment survey, and 40 of these individuals attempted
to conceive (Fig. 1). The characteristics of the 157 individuals
who completed the survey were compared (Table 1). Patients
who did not attempt to conceive were more likely to have
estrogen receptor (ER) positive disease (81.2% vs. 62.5%, p
= 0.016). Patients who attempted to conceive, on the other
hand, were more likely to have ER negative, progesterone
receptor (PR) negative, and human epidermal growth factor
receptor 2 (HER2) negative disease (30.0% vs. 10.6%, p =
0.004). No other demographic and clinical characteristics
were significantly different between these two groups. An
additional 24 patients (13.3%) did not complete a post-treat-
ment survey but underwent chart review; of these pa-
tients, six attempted to conceive (Fig. 1). There were no
statistically significant differences between the partici-
pants who attempted to conceive and completed the sur-
vey (n = 40) and those who attempted to conceive and
underwent chart review (n = 6).

Baseline demographics of all 46 individuals who attempted
to conceive are presented in Table 2. Patients were on average
33 +4.5 years old when they were diagnosed with cancer and
waited an average of 3.7 + 2.1 years between date of diagnosis
and date of first attempt at conception. The majority of pa-
tients made initial contact with the UCSF CRH quickly

following their diagnosis, with an average of 23 days from
date of cancer diagnosis. Six out of 46 patients (13.3%) were
BRCA positive. A total of 26 patients were initially diagnosed
with estrogen receptor positive (ER+) breast cancers, and 35
patients received cyclophosphamide as part of their chemo-
therapy regimen. Average pre-chemotherapy AFC was 11
with a standard deviation of 8 (range: 0-39). Other than return
of menses, there were no differences in patient characteristics
prior to chemotherapy treatment, cyclophosphamide or GnRH
agonist use, or age at first attempt at conception between in-
dividuals who attempted to conceive through intercourse com-
pared to those who attempted to conceive through ART. The
only difference was length of attempt of conception (6.7
months for intercourse vs. 1.3 months for ART, p < 0.001).

Of the 46 patients who attempted to conceive, 33 of them
underwent pre-treatment cryopreservation, with a total of 8
freezing eggs (24.2%), 20 freezing embryos (60.6%), 4 freez-
ing a combination of eggs and embryos (12.1%), and 1 un-
known because she ultimately elected cryopreservation at a
different facility and the records were not available. The av-
erage number of eggs frozen per patient was 16 (range: 2-32),
while the average number of embryos frozen per patient was 9
(range: 1-21). When comparing individuals who attempted to
conceive through intercourse vs. ART, there was no statisti-
cally significant difference between number of eggs (14 vs.
21, p = 0.624) and number of embryos (8 vs. 9, p = 0.174)
frozen.

Table 1  Patient demographics comparing breast cancer patients who attempted to conceive (n = 40) and patients who did not attempt to conceive and
completed survey (n = 117)
Characteristics Overall Attempted to Did not attempt p-value
(n=157) conceive (n = 40) to conceive (n = 117)
Age at diagnosis in years, mean (SDY) (n = 148) 35(5.0) 33 (4.4) 35(5.0) p=0353
Nulliparous 102 (65.0) 25 (62.5) 77 (65.8) p=0.705
Hormone receptor2
ER+ 120 (76.4) 25 (62.5) 95 (81.2) p=0.016*
HER2+ (n = 152) 59 (38.8) 11(28.2) 48 (42.5) p=0.115
ER-PR-HER2- (n = 153) 24 (15.7) 12 (30.0) 12 (10.6) p=0.004%
BRCA? positive (n = 142) 16 (11.3) 5(13.5) 11(10.5) p=0.615
Pre-chemo AFC*, median (range) (n = 156) 13 (0-54) 11 (0-39) 13 (0-54) p=0275
Cyclophosphamide use 111 (70.7) 33 (82.5) 78 (66.7) p=0.058
GnRH® agonist use during chemotherapy (n = 156) 69 (44.2) 20 (50.0) 49 (42.2) p=0.39%

Data are expressed as n (%) unless otherwise specified
Total n = 157 unless otherwise specified
' SD standard deviation

2 ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2

3 BRCA breast cancer gene
* AFC antral follicle count

% GnRH gonadotropin-releasing hormone

@ Springer



1758

J Assist Reprod Genet (2021) 38:1755-1765

Fig. 1 Flowchart of sample population

Pregnancy attempts and outcomes by intercourse
after chemotherapy

The details of the conception methods used by the 46 patients
who attempted to conceive after chemotherapy are detailed in
Fig. 2. Thirty-four individuals (73.9%) initially attempted to
conceive through intercourse. Of these patients, 22 patients
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(64.7%) successfully became pregnant. Table 3 compares
the baseline characteristics between the pregnant and not preg-
nant patients in this group. There were no significant differ-
ences in age, parity, hormonal receptor status, use of cyclo-
phosphamide, use of GnRH agonists during chemotherapy,
and time after chemotherapy treatment prior to conception
attempts. Those who became pregnant attempted to conceive
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Table 2  Patient demographics of 46 breast cancer patients attempting to conceive through intercourse or ART
Characteristics Overall Intercourse ART p-value
(n =46) (n=34) (n=12)
Age at diagnosis (years), mean (SDY) (n = 45) 33 (4.5) 32.8 (3.9) 34.6 (5.9) 0.074
Age at first conception attempt in years, mean (SD) (n = 45) 37 (4.1) 37.3 (3.6) 39.2 (5.0) 0.180
Nulliparous 28 (60.1) 22 (64.7) 6 (50.0) 0.370
Hormone receptor2
ER+ (n = 44) 26 (59.1) 22 (66.7) 4(36.4) 0.077
HER2+ (n = 43) 12 (27.9) 9 (28.1) 3(27.3) 0.957
ER-PR-HER2- (n = 44) 15 (34.1) 9(27.3) 6 (54.6) 0.098
BRCA? positive (n = 45) 6 (13.3) 4(12.1) 2 (16.7) 0.649
Pre-chemo AFC*, median (IQR®) (1 = 45) 10 (5-15) 11 (5-14) 9 (7-19) 0.740
Cyclophosphamide use (n = 43) 35(81.4) 27 (84.4) 8 (72.7) 0.392
GnRH® agonist use during chemotherapy (n = 44) 23 (50.0) 17 (50.0) 6 (50.0) 0.723
Time between attempt and chemotherapy end 32 2.1-5.1) 32 (2.1-5.1) 3.3 (2.3-5.0) 0.143
(years), median (IQR)
Length of attempt (months), median (IQR) (n = 44) 3(1-8) 4(2-9) 1(1-1) <0.001*
Number of pre-treatment eggs frozen per cycle, mean (range) (n = 12) 16 (2-32) 14 (2-23) 21 (14-32) 0.624
Number of pre-treatment embryos frozen per cycle, mean (range) (n = 24) 9 (1-21) 8 (3-19) 9 (1-21) 0.174

Data are expressed as n (%) unless otherwise specified
Total n = 46 unless otherwise specified
! 8D standard deviation

2 ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2

3 BRCA breast cancer gene

4 AFC antral follicle count

> JOR interquartile range

¢ GnRH gonadotropin-releasing hormone

for an average of 4 months while those who did not attempted
on average for 10 months (p = 0.58). Pre-chemotherapy aver-
age AFC was 10 in patients who became pregnant and 14 in
those who did not become pregnant (p = 0.82). The AFC at
time of first attempt was 4 (range: 1-10) in those who became
pregnant, while the AFC in those who did not become preg-
nant was 6 (range: 0-14, p = 0.4). Only seven patients (31.8%)
who became pregnant and eight patients (66.7%) who did not
become pregnant had recorded AFCs at the onset of concep-
tion attempts.

Of the 22 patients who became pregnant through inter-
course, 17 (77.3%) of these pregnancies resulted in a live birth
(Table 4). The average gestational age at delivery was 39
weeks (SD 2.8 weeks), with one baby born at 29 weeks in
the setting of [UGR. The average birth weight was 3168 g (SD
807 g). Three pregnancies were complicated by 1) severe in-
trauterine growth restriction (IUGR), 2) gestational diabetes
mellitus (DM), and 3) gestational hypertension. Five patients
had miscarriages, with an average gestational age at time of
diagnosis of 8 weeks.

Eight of the 12 patients (66.7%) who did not become preg-
nant through intercourse went on to use ART, with six

(75.0%) undergoing IUI and two (25.0%) undergoing FET
(Fig. 2, Table 4). Of the six who underwent IUI, two patients
had a subsequent pregnancy, and both miscarried at an aver-
age gestational age of 9.5 weeks. An additional two patients
underwent FET after failed IUI, resulting in one pregnancy
and one miscarriage at 7 weeks.

Pregnancy attempts and outcomes by ART after
chemotherapy

Of the 46 patients in our entire cohort, 11 (23.9%) patients
underwent ART using egg donation or FET due to lack of
return of ovarian function post-chemotherapy (Fig. 2), and
one additional patient went directly to IUI despite having re-
turn of ovarian function, as the patient was 40 years of age and
desired a more aggressive approach. Ten of the 12 patients
had pre-treatment cryopreserved eggs or embryos. Of the 12
patients, eight (66.7%) became pregnant, and six pregnancies
(75.0%) resulted in a live birth (Table 4). Of the six live births,
four were conceived through FET and two were conceived
using donor eggs in the setting of no pre-treatment cryopres-
ervation. The average gestational age at delivery was 38

@ Springer
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Table 3 Pregnant vs. not

pregnant by intercourse after Pregnant Not pregnant ~ p-

chemotherapy (n=22) (n=12) value
Age at diagnosis (years), mean (SDY) (n =33) 32(3.5) 34 (44) 0.36
Age at first conception attempt (years), mean (SD) (n = 33) 36 (3.0) 39 4.1) 0.22
Nulliparous 13 (59.0) 9 (75.0) 0.35
Hormone receptor2
ER+ (n=33) 13 (59.1) 9 (75.0) 0.17
HER2+ (n = 32) 7 (31.8) 2 (16.7) 0.11
ER-PR-HER2- (n = 33) 8(36.4) 1(8.3) 0.10
Pre-chemo AFC?, median (IQR*) 10 (5-16) 12 (6-16) 0.86
Cyclophosphamide use (n = 32) 19 (86) 8 (67) 0.13
GnRH?® agonist use during chemotherapy (n = 33) 11 (50.0) 6 (50.0) 0.38
Time between first attempt and end of chemo (years), median IQR) 3.1 (1.5-5.1) 3.5(2.84.7)  0.65
AFC? at attempt, median (IQR) (n = 15) 3(2-7) 5(2-9) 0.40
Length of attempt (months) median (IQR) (n = 33) 3 (1-4) 8 (6-12) 0.58

Data are expressed as n (%) unless otherwise specified

Total n = 34 unless otherwise specified

! SD standard deviation

2 ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2
* AFC antral follicle count

* IOR interquartile range

> GnRH gonadotropin-releasing hormone

Pregnant Live Birth
Conception (n=22, 64.7%) (=17, 77.3%)

Attempts
(n=46)

Fig. 2 Flowchart of pregnancy attempts for our cohort of patients who attempted to conceive through intercourse (right) or assisted reproductive
technology (left). ART = assisted reproductive technology, IUI = intrauterine insemination, FET = frozen embryo transfer

@ Springer
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Table 4 Pregnancy outcome for 32 pregnant patients who successfully conceived

Pregnancy method Result of pregnancy Birth weight (g) ~ Complications

IC" alone Delivery at 41 wks 2855 None

IC alone Delivery at 41 wks 3884 None

IC alone Delivery at 41 wks 3232 None

IC alone Delivery at 41 wks 3671 Gestational HTN?

IC alone Delivery at 40 wks 3827 None

IC alone Delivery at 40 wks 3033 None

IC alone Delivery at 40 wks 4224 None

IC alone Delivery at 40 wks 3175 None

IC alone Delivery at 40 wks 3147 None

IC alone Delivery at 40 wks 3430 None

IC alone Delivery at 40 wks 2730 None

IC alone Delivery at 39 wks 3402 None

IC alone Delivery at 39 wks 2721 None

IC alone Delivery at 39 wks 3600 None

IC alone Delivery at 29 wks 595 Severe [IUGR?

IC alone Delivery at unknown gestation Unknown Unknown

IC alone Delivery at unknown gestation Unknown Gestational DM*

IC alone Miscarriage at 9 wks

IC alone Miscarriage at 8 wks

IC alone Miscarriage at 6 wks

IC alone Miscarriage at unknown gestation

IC alone Miscarriage at unknown gestation

IC = IUP° Miscarriage at 9.5 wks

IC = 1UI Miscarriage at unknown gestation

IC = IUI = FET Delivery at 39 wks 3410 None

IC = IUI = FET Miscarriage at 7 weeks

IC = FET® Miscarriage at 7 weeks

IUI alone Surgical termination at 21 wks for fetal anomalies

FET alone Delivery at unknown gestation Unknown Unknown

FET alone Delivery at 38 wks 2438, 2807 C-section for twin delivery

FET alone Delivery at 36 wks 2849 Velamentous cord insertion, pre-eclampsia

FET alone Delivery at 36 wks 1891, 2135 C-section for twin delivery, superimposed
pre-eclampsia, severe [IUGR, gestational DM

FET alone Miscarriage at 7 wks

Egg donor alone Delivery at 40 wks 3033 None

Egg donor = egg donor  Delivery at 40 wks 2820 None

! IC intercourse

2 HTN hypertension

3 JUGR intrauterine growth restriction
4 DM diabetes mellitus

3 JUI intrauterine insemination

® FET frozen embryo transfer

weeks (SD 2 weeks). Two of the six patients underwent ce-
sarean section for twin pregnancies. After excluding these
twin pregnancies, the average birth weight was 2900 g (SD
94 g). Two pregnancies were complicated by 1) pre-

eclampsia, and 2) superimposed pre-eclampsia, severe
IUGR, and gestational diabetes mellitus. Of the two patients
who conceived with ART on the first attempt but did not have
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a live birth, one underwent surgical termination at 21 weeks
due to fetal anomalies, and one had a miscarriage at 7 weeks.

Interruption of hormonal treatment

Of'the 46 patients attempting to conceive, 26 of them had ER+
disease, and 25 of these patients were treated with either
Tamoxifen or an aromatase inhibitor for hormone suppression
post-chemotherapy. Of these patients, 19 patients (73.1%)
interrupted hormonal treatment in order to conceive. A total
of 16 patients attempted to conceive through intercourse, and
eight out of 16 patients (50.0%) became pregnant. The three
remaining patients who interrupted hormonal therapy
attempted to conceive with ART, and two out of three
(66.7%) became pregnant through FET.

Recurrence

Recurrence of primary breast cancer has occurred in only one
of the 46 patients who attempted conception (2.2%). This
patient had hormone receptor positive disease and declined
treatment with hormonal therapy. She spontaneously con-
ceived through intercourse and delivered without complica-
tions, 3 years after treatment for breast cancer. Her cancer
recurred with bone metastases 17 months following her
delivery.

Discussion

It is well known that individuals who undergo cancer treat-
ment are more likely to experience a shortened reproductive
window [6]. In our clinical practice, like many others, the
approach has been to attempt natural conception after treat-
ment if possible; however, there are limited data to substanti-
ate this practice. To answer this question, we sought to pro-
spectively characterize pregnancy attempts, method of con-
ception, and pregnancy outcomes in our cohort of breast can-
cer patients treated with chemotherapy. Overall, we found that
nearly three-quarters of patients attempted conception with
intercourse following chemotherapy, with half of these pa-
tients having a live birth without any additional reproductive
technology. This pregnancy rate was comparable to that of
individuals in our cohort who attempted to conceive through
ART initially rather than intercourse. These data suggest
that in order to maximize reproductive potential in patients
who have return of ovarian function, natural conception
should be attempted first, even in patients with limited ovarian
reserve, prior to using alternative methods like ART. This
approach allows patients who have cryopreserved eggs or
embryos and are able to conceive naturally initially to utilize
this tissue later in their reproductive life if they desire to
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further grow their family or are unsuccessful with attempts
at natural conception.

Of the 181 eligible individuals who participated in our
study, only 46 attempted to become pregnant following che-
motherapy during the study period, which is consistent with
prior literature [23]. Compared to those who attempted to
conceive, those who did not were significantly more likely
to have ER positive disease. Potential reasons for this differ-
ence include fear of breast cancer recurrence, concern for halt-
ing hormone therapy during pregnancy, advanced age at the
time of completing 5-10 years of hormone therapy, or physi-
cian concerns about the safety of pregnancy in women with a
history of ER positive disease [24]. While current research
suggests pregnancy after breast cancer does not increase a
woman’s risk of recurrence, this research has been limited
by retrospective analysis and limited follow-up time [25].
The relationship between halting hormone therapy during
pregnancy and breast cancer recurrence is similarly unclear,
with new clinical trials, including the Pregnancy Outcome and
Safety of Interrupting Therapy for Women with Endocrine
Responsive Breast Cancer (POSITIVE) trial, aiming to an-
swer this question [26]. The findings of this study will be
critical, as we anticipate the number of individuals attempting
to conceive following chemotherapy will only rise as fertility
preservation counseling becomes more widely available and
survival improves.

Although intercourse works well in this population, the
benefits of fertility preservation are significant. Other than
return of menses, there were no significant differences be-
tween individuals who attempted to conceive through inter-
course and those who attempted to conceive using ART for
nearly all variables measured. Therefore, there were no
markers that identified women who would require ART for
family building. Further, the only meaningful difference be-
tween the two populations was length of attempt of concep-
tion, where individuals who attempted to conceive through
intercourse spent on average 6.7 months trying to conceive
compared to 1.3 months when using ART, despite similar
pregnancy outcomes. As such, individuals who desire de-
creased time to conception, like those who are hormone re-
ceptor positive and would like to limit their hormone therapy
break, may benefit from utilizing ART as a means for
conception.

We also found no significant predictors of successful con-
ception for individuals attempting to conceive through inter-
course after chemotherapy, including age at conception and
pre-chemotherapy AFC. These results suggest the current
available pre-treatment fertility and ovarian reserve markers
cannot predict who may require assistance with conception
following treatment. This is invaluable information for pro-
viders counseling patients about preservation options prior to
chemotherapy treatment, as it emphasizes the importance of
offering fertility preservation to all patients, regardless of age
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or baseline fertility assessment [12, 13]. It is also valuable
information for patients trying to decide if they would like to
pursue fertility preservation. However, while there were no
statistically significant differences between those who did
and did not achieve conception through intercourse in our
study, it is important to note that there may be factors like
age at first conception attempt that could be clinically mean-
ingful for providers and patients.

Overall, pregnancies that were achieved through inter-
course or ART were relatively uncomplicated, with most com-
plications occurring in the setting of twin deliveries following
ART. Studies have shown that while the majority of births in
women with a history of breast cancer are uncomplicated,
there is an overall increased risk of delivery complications,
cesarean section, very preterm birth, and low birth weight in
these patients compared to controls [27, 28]. Moreover, a pro-
spective cohort study recently showed the risk of preterm birth
and pre-eclampsia in women with cancer who become preg-
nant with egg donors was higher than those without cancer
history [29]. Our data suggests a possible increased risk in
spontaneous abortion in patients who initially or eventually
attempted to conceive through ART; however, limited data
exist about the success and complications of ART methods
following breast cancer treatment.

Over half of the patients in this study were hormone recep-
tor positive, and 73.1% chose to halt hormone therapy with
Tamoxifen or an aromatase inhibitor to conceive, with 10
individuals becoming pregnant through either intercourse or
ART. The only recurrence in our cohort was a patient who had
declined recommended hormonal therapy. Our study was un-
derpowered to assess the question of recurrence in pregnancy.
Previous studies have shown that there is no apparent in-
creased risk of recurrence following pregnancy for individuals
with hormone receptor positive disease [25, 30, 31].
Recommendations have increasingly shifted towards 10 years
of adjuvant hormone therapy rather than 5 years, significantly
shortening the fertility window for patients who are unable or
unwilling to interrupt therapy [32]. More data, including that
from the POSITIVE trial, are needed to understand the safety
of interruption of hormone therapy for pregnancy.

There are several strengths to our study. Most notably, this
is the only study to date that looks prospectively at conception
attempts using intercourse and ART following pre-treatment
fertility preservation counseling. As such, this research can be
used to guide patients deciding about fertility preservation
prior to undergoing chemotherapy, particularly regarding
post-treatment conception rates with intercourse as well as
the rates and use of ART. Our study is limited by a relatively
small sample size of 46 patients all recruited from a single
institution. Additionally, while many of the factors we be-
lieved to be most predictive for conception following chemo-
therapy were measured, several important factors went un-
measured. For example, AFC at the time of attempt was

recorded for only 15 patients who attempted to conceive
through intercourse. Anti-Mullerian hormone was not avail-
able for our patient population. We were also unable to record
the exact chemotherapy regimen and dose for each participant.
We lacked information regarding survival rates and the per-
centage of patients who were considered to be healthy enough
to attempt pregnancy. Additionally, there is the potential for
response bias, particularly given that a small percentage of
patients underwent chart review rather than survey comple-
tion, as this has a chance of missing patients who attempted
spontaneous conception unsuccessfully and never sought
treatment. Despite this bias, chart review allowed us to iden-
tify more patients, including six individuals who had docu-
mented attempts at conception, and thus we felt it was impor-
tant to include these patients in our results.

Conclusion

Chemotherapy for breast cancer treatment has improved
long-term outcomes for patients, including young wom-
en who are of reproductive age. Appropriately, a dra-
matic increase in the percentage of this population un-
dergoing fertility preservation prior to the initiation of
chemotherapy has coincided with the improved survival
rates. Increasingly, these patients are returning to care,
desiring post-treatment conception. There are limited da-
ta to guide providers and their patients on the best ap-
proach to post-chemotherapy family building. Our find-
ings suggest that it is reasonable to offer natural con-
ception prior to the use of cryopreserved tissue in pa-
tients menstruating following treatment, unless these pa-
tients would prefer to use ART for other reasons like
limiting time off of hormonal therapy. The duration of
attempt must be individualized to each patient; however,
our data suggests that a minimum of 4-6 months is
reasonable. Our findings also highlight the difficulty in
predicting which patients are likely to need ART for
post-chemotherapy conception. To better guide providers
and patients in their decision-making, additional re-
search in a larger cohort of patients with a variety of
different cancers is critical.
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