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Background: Despite increasing evidence on the safety of pregnancy after anticancer treatments in breast cancer
survivors, many physicians and patients remain concerned about a potential risk of pregnancy specifically in the
case of hormone receptor-positive breast cancer.
Materials and methods: A systematic literature search of Medline, Embase and Cochrane library with no language or
date restriction up to 31 March 2023 was carried out. To be included, articles had to be retrospective and prospective
case-control and cohort studies as well as clinical trials comparing survival outcomes of premenopausal women with or
without a pregnancy after prior diagnosis of hormone receptor-positive breast cancer. Disease-free survival (DFS) and
overall survival (OS) were the outcomes of interest. Pooled hazard ratios (HRs) with 95% confidence intervals (CIs) were
calculated. Study protocol is registered in PROSPERO (n. CRD42023394232).
Results: Out of 7796 screened studies, 8 were eligible to be included in the final analysis. A total of 3805 patients with
hormone receptor-positive invasive early breast cancer were included in these studies, of whom 1285 had a pregnancy
after breast cancer diagnosis. Median follow-up time ranged from 3.8 to 15.8 years and was similar in the pregnancy
and non-pregnancy cohorts. In three studies (n ¼ 987 patients) reporting on DFS, no difference was observed between
patients with and those without a subsequent pregnancy (HR 0.96, 95% CI 0.75-1.24, P ¼ 0.781). In the six studies (n ¼
3504 patients) reporting on OS, patients with a pregnancy after breast cancer had a statistically significant better OS
than those without a pregnancy (HR 0.46, 95% CI 0.27-0.77, P < 0.05).
Conclusions: This systematic review and meta-analysis of retrospective cohort studies provides updated evidence that
having a pregnancy in patients with prior history of hormone receptor-positive invasive early breast cancer appears safe
without detrimental effect on prognosis.
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INTRODUCTION

Breast cancer is the most frequent malignancy diagnosed in
women of reproductive age; today, thanks to improvements
in breast cancer treatments, patients with previous breast
cancer are the largest group of young-onset cancer
survivors.1-3 Hence, survivorship has acquired a crucial role
in the care plan of patients with breast cancer.4,5 In young
women with childbearing plans, premature ovarian insuffi-
ciency (POI) and impaired fertility are potential long-term
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Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:matteo.lambertini@unige.it
https://twitter.com/Lucarecco
https://twitter.com/Matteolambe
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esmoop.2023.102031&domain=pdf
https://doi.org/10.1016/j.esmoop.2023.102031
https://doi.org/10.1016/j.esmoop.2023.102031


ESMO Open L. Arecco et al.
side-effects of anticancer treatments with a major negative
impact on their life after cancer,6,7 and result in relatively
few women becoming pregnant after breast cancer.8

Considering the rise in the age at first pregnancy and the
growing incidence of young-onset breast cancer in many
countries, an increased number of women are diagnosed
with breast cancer before completing their childbearing
plans.9 Discussion of POI risk and available options to pre-
serve fertility is a key component of the oncofertility
counseling for all women diagnosed at reproductive age.5

In recent years, several studies have provided important
evidence on the safety of conceiving, naturally or through
fertility preservation techniques, in young women following
diagnosis and treatment of breast cancer.8,10,11 However,
some concerns in special patient populations remain
partially unresolved. As an example, patients and physicians
continue to have doubts about the safety of pregnancy after
hormone receptor-positive early breast cancer. Firstly, these
patients are candidates to receive endocrine therapy for up
to 5-10 years after diagnosis and having a pregnancy during
endocrine therapy is contraindicated. Thus, patients have
been advised historically to delay pregnancy until the end of
adjuvant endocrine therapy, further reducing the time
window for fertility and thus the chances of successful
pregnancy.12-18 Moreover, as breast cancer is a hormone-
driven tumor and considering the very high concentra-
tions of female hormones during pregnancy, there is
concern that pregnancy might increase the risk of recur-
rence.19,20 Finally, hormone receptor-positive breast cancer
is a tumor subtype characterized by a constant long-term
risk of recurrence.21,22 Hence, long-term follow-up is
required to fully investigate the safety of pregnancy in these
patients.

In recent years, several retrospective cohort studies
have tried to address the safety of pregnancy after breast
cancer in patients with prior hormone receptor-positive
early breast cancer.23,24 The prospective ‘Pregnancy
Outcome and Safety of Interrupting Therapy for Women
with Endocrine Responsive Breast Cancer (POSITIVE)’ trial
has recently reported its first results showing that a tem-
porary interruption of adjuvant endocrine therapy to
attempt pregnancy appears to be safe in early follow-up in
young breast cancer patients.25 However, findings from
POSITIVE are limited by enrollment of women with pre-
dominantly stage I or II disease (only 6% had stage III
disease) and short-term follow-up (41 months), which is
currently too short to capture the long-term risk of
recurrence in patients affected by hormone receptor-
positive breast cancer.

Thus, concerns remain about a potential detrimental ef-
fect of pregnancy in women with prior hormone receptor-
positive breast cancer with patients still being counseled
against attempting to conceive despite the growing body of
evidence for safety.19,26

The present systematic review of the literature and meta-
analysis aims to provide updated evidence on the safety of
pregnancy following diagnosis and treatment of hormone
receptor-positive early breast cancer.
2 https://doi.org/10.1016/j.esmoop.2023.102031
MATERIALS AND METHODS

Search strategy and selection criteria

The present systematic review and meta-analysis was con-
ducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines.27

A systematic literature search of Medline, Embase and
Cochrane library with no language or date restriction up to
31 March 2023 was carried out using the following terms:
(“breast neoplasms” [MeSH Terms]) AND ((“pregnancy”
[MeSH Terms]) OR (“pregnancies” [MeSH Terms]) OR
(“conception” [MeSH Terms]) OR (“gestation” [MeSH
Terms])).

Relevant articles were cross-referenced to confirm that
all possible pertinent records were identified.

Eligible studies had to satisfy the following criteria: (i)
retrospective or prospective case-control or cohort studies
and clinical trials comparing survival outcomes of patients
with (pregnancy cohort) or without (non-pregnancy cohort)
a pregnancy after diagnosis and treatment of hormone
receptor-positive early breast cancer; (ii) studies with
available information on one or more of the outcomes of
interest, i.e. overall survival (OS), disease-free survival
(DFS), breast cancer recurrences; (iii) availability or possi-
bility to estimate the hazard ratio (HR) with 95% confidence
intervals (CIs).

Exclusion criteria were: (i) case reports and case series
including fewer than 10 patients; (ii) studies reporting on
breast cancer diagnosed during pregnancy or within 1 year
after pregnancy with no data on pregnancies following
breast cancer diagnosis; and (iii) ongoing studies with re-
sults not presented or published at the time of the litera-
ture search.

This work is registered with the PROSPERO registration
number CRD42023394232, and the full protocol is available
on the PROSPERO website.
Study objectives

The main objective of the analysis was to compare survival
outcomes (in terms of OS, DFS and/or breast cancer re-
currences) of young women with or without a pregnancy
following diagnosis and treatment of hormone receptor-
positive invasive early breast cancer.
Data analysis

The systematic literature search was carried out indepen-
dently by two authors (LA and MML), and any discrepancies
were solved by discussion with a third author (EB).

The following variables were extracted independently by
two authors (LA and MML) from all included studies, if
available: first author, year of publication, study design and
methodology, number of women included in each cohort,
number of women with a pregnancy after hormone
receptor-positive breast cancer; survival outcomes; match-
ing criteria for choosing controls or controlling factors. For
studies with more than one publication, only the most
updated was included.
Volume 8 - Issue 6 - 2023
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Risk of bias assessment

Quality assessment and risk of bias were carried out using
the NewcastleeOttawa Assessment Scale (NOS).28 The NOS
assigns a maximum of 9 points according to three risks of
bias domain for case-control or cohort study. Studies were
classified as follows: low, moderate and high risk of bias
according to the different score obtained.
Statistical methods

HR and 95% CI were extracted from the included studies.
When these measures were not reported but the number of
events for each group could be derived, HRs were estimated
using the method reported by Watkins and Bennett.29

Studies for which HRs were not available or could not be
computed for a specific outcome were excluded from that
analysis.

Pooled HRs with their 95% CI were calculated using the
random-effects model using the method of DerSimonian
and Laird.30 The Higgins I2 index was used to evaluate the
quantitative measure of the degree of inconsistency in the
results of the included studies.31 Egger’s asymmetry test
was used to assess the probability of publication bias.32

Pooled estimates were considered statistically significant
with a P value of <0.05 (two-sided).

Sensitivity analyses were conducted to assess whether
the pooled estimates were stable or dependent on one
single included study.

Statistical analyses were carried out by MB and EB using
Stata 13.1 (StataCorp, 2013; Stata Statistical Software:
Release 13, StataCorp LP, College Station, TX).
RESULTS

Of the 7796 identified records, after applying all the inclu-
sion and exclusion criteria, 8 studies were included in the
meta-analysis (Figure 1).10,23,24,33-37 A total of 3805 patients
with hormone receptor-positive invasive early breast cancer
were included in these studies, of whom 1285 had a post-
treatment pregnancy and 2520 did not.

The main characteristics of the included studies are re-
ported in Table 1. All the included studies were retrospec-
tive cohort studies. All the studies reported results
correcting for guarantee-time bias.

In one included study, the entire patient population had
hormone receptor-positive breast cancer.34 The other seven
studies included patients with all breast cancer subtypes;
however, for the purpose of the present meta-analysis, only
data deriving from patients with hormone receptor-positive
breast cancer were extracted. In two of the included
studies, biological characteristics of breast cancer were not
reported, and the tumor subtype was established according
to the use of adjuvant endocrine therapy.33,37

The mean age at breast cancer diagnosis ranged from
31.0 to 34.2 years in patients with pregnancy after breast
cancer and from 32.0 to 40.0 years in patients without a
subsequent pregnancy.
Volume 8 - Issue 6 - 2023
Median follow-up time ranged from 4.3 to 15.8 years and
from 3.8 to 14.7 years in the pregnancy and non-pregnancy
cohorts, respectively.

Information on use of adjuvant endocrine therapy was
reported in more than half of the included studies,10,33-35,37

while only three studies specified the type of administered
treatment.10,33,34 In two studies, all patients on adjuvant
endocrine therapy received tamoxifen alone,33,34 while in
one study 28.9% of patients in the pregnancy cohort
received tamoxifen alone, 57.7% tamoxifen in combination
with a gonadotropin hormone-releasing hormone agonist
(GnRHa) and 7.7% of patients received GnRHa in combi-
nation with an aromatase inhibitor.10

The duration of adjuvant endocrine therapy was reported
in two studies. In both studies, the duration of adjuvant
endocrine treatment was significantly shorter in the preg-
nancy cohort than in the non-pregnancy cohort (50 versus
60 months, P < 0.001 and 20.9 versus 42.3 months, P ¼
0.008, respectively).10,34

A total of three studies reported DFS.10,23,34 Overall, 987
patients were included in DFS analysis, of whom 286 had a
subsequent pregnancy.

No difference in DFS was observed between patients in
pregnancy and non-pregnancy cohorts, respectively (HR
0.96, 95% CI 0.75-1.24, P ¼ 0.781) (Figure 2).

No heterogeneity (I2 ¼ 0.0%, P ¼ 0.506) or publication
bias (P ¼ 0.406) were observed. Sensitivity analyses are
reported in Supplementary Table S1, available at https://
doi.org/10.1016/j.esmoop.2023.102031.

Data on OS were reported in six studies.23,24,33,35-37

Among 3504 patients included in this analysis, 1193 had a
subsequent pregnancy.

Patients in the pregnancy cohort had better OS than
those in the non-pregnancy cohort (HR 0.46, 95% CI 0.27-
0.77, P < 0.005) (Figure 3).

Significant heterogeneity was observed in this analysis
(I2 ¼ 69.6%, P ¼ 0.006) with no publication bias (P ¼
0.259). Sensitivity analyses are reported in Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2023.102031.
DISCUSSION

The present systematic review of the literature and meta-
analysis including 8 studies and a total of 3805 young pa-
tients showed that pregnancy in women with previous
diagnosis and treatment of hormone receptor-positive
breast cancer can be considered safe. There was no detri-
mental effect in terms of DFS (HR 0.96, 95% CI 0.75-1.24,
P ¼ 0.781) and better OS (HR 0.46, 95% CI 0.27-0.77, P <
0.005) in patients with a subsequent pregnancy as
compared to those who did not conceive following diag-
nosis and treatment of hormone receptor-positive breast
cancer.

Previous data on the safety of pregnancy in the specific
group of patients with hormone receptor-positive breast
cancer derived from a meta-analysis that included only two
studies.8 Compared to previous results, the present meta-
https://doi.org/10.1016/j.esmoop.2023.102031 3
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Figure 1. PRISMA flow diagram of study selection process.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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analysis provides updated data by including six additional
studies with a much larger cohort of patients with hormone
receptor-positive breast cancer. The sensitivity analyses for
both DFS and OS confirmed the consistency of the overall
findings, indicating that no individual study had significantly
influenced the overall results.

One of the main aspects to be considered in the onco-
fertility counseling of patients with hormone receptor-
positive breast cancer is the management of adjuvant
endocrine therapy, during which pregnancy is contra-
indicated. Only half of the included studies reported details
on the adjuvant endocrine therapy and two studies on the
duration of the treatment.

In the studies by Nye et al. and Lambertini et al.,
reporting on the duration of endocrine therapy, patients in
the pregnancy cohort had a significantly shorter exposure to
adjuvant endocrine therapy than those in the non-
pregnancy cohort.10,34 Median time from breast cancer
diagnosis to subsequent pregnancy in patients with hor-
mone receptor-positive breast cancer was 6.3 years in the
study reporting this information.10
4 https://doi.org/10.1016/j.esmoop.2023.102031
Historically, patients with breast cancer who wished to
conceive were counseled to wait for at least 2 years from
the time of breast cancer diagnosis.38 This recommendation
derived from observational retrospective studies based on
the risk of tumor recurrence being higher during the first 2
years after diagnosis; this is also the time window required
to recover from chemotherapy-induced ovarian toxicity.39

Specifically in the cohort of patients with hormone
receptor-positive breast cancer, counseling has been his-
torically to wait until the completion of adjuvant endocrine
therapy, and thus delaying the pregnancy by at least 5
years, considering the lack of data regarding the safety of a
temporarily discontinuation of treatment to attempt a
pregnancy and the benefit deriving from adjuvant endo-
crine therapy, particularly in patients at higher risk of
recurrence who are candidates to receive also ovarian
function suppression for 5 years.38,40

Today, results from the prospective POSITIVE trial
(ClinicalTrials.gov identifier: NCT02308085) have become
available.25 POSITIVE is the first prospective clinical trial
assessing the safety of a temporary interruption of adjuvant
Volume 8 - Issue 6 - 2023
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Table 1. Main characteristics of the studies included in the meta-analysis

Reference Country Years Study design Mean/median
age at
diagnosis in
pregnancy
versus no
pregnancy
cohort

Patients
with
pregnancy
after HRD
BC, n

Patients
without
pregnancy
after BC, n

Mean/
median time
from
diagnosis to
pregnancy

Mean/median
follow-up time
in pregnancy
versus no
pregnancy
cohort

Matching
criteria for
choosing
controls/
controlling
factors

Outcomes Risk of
biasa

Valentini
et al.,
201333

Canada,
USA,
Europe,
Asia

1985-
2010

Retrospective
cohort study

32.5 versus
33.8 years (not
only HRþ)

21 66 Mean: 2.4
years (not
only HRþ)

10.2 years (not
only HRþ)

Age, BRCA
mutation,
country of
residency, date
of breast cancer
diagnosis, date
of completion
of baseline
questionnaire

15 years
survival rate

High

Nye et al.,
201734

USA 2000-
2010

Retrospective
cohort study

34.2 versus
36.1 years

32 29 Within 5
years

9.2 versus 6.5
years

Age, stage at
diagnosis

DFS Moderate

Lambertini
et al.,
201823

Europe Before
2007

Retrospective
cohort study

32.0 versus
35.0 years (not
only HRþ)

194 492 Median: 4.7
years (not
only HRþ)

9.6 years ER status, nodal
status, adjuvant
treatments,
age, year of
diagnosis

DFS in HRþ
(primary)
DFS in HR�,
OS
(secondary)

Low

Lambertini
et al.,
202010

World 2000-
2012

Retrospective
cohort study

31.0 versus
36.0 years (not
only HRþ)

60 180 Median: 6.3
years

8.3 years Time to
pregnancy/DFS
event, year at
diagnosis, nodal
status,
hormone
receptor status,
type of BRCA
mutation

Pregnancy
rate, DFS
(primary)
Pregnancy/
fetal/obstetric
outcomes, OS
(secondary)

Low

Chuang
et al.,
202035

Taiwan 2002-
2014

Retrospective
cohort study

31.0 versus
32.3 years (not
only HRþ)

87 311 Median: 3.31
years (not
only HRþ)

4.3 versus 3.8
years (not only
HRþ)

Age at
diagnosis, year
at diagnosis,
propensity
score for
pregnancy, time
to pregnancy/
DFS event

OS Moderate

Rauh-Hain
et al.,
202236

USA 2000-
2012

Retrospective
cohort study

32 versus 33
years (not only
HRþ)

240 273 Median: 2.72
years (not
only HRþ)

9.3 years (not
only HRþ)

Age, year at
diagnosis,
stage, grade,
ER/PgR/HER2
status, CT/RT/
surgery, race/
ethnicity,
median
household
income,
insurance at
diagnosis,
marital status,
Charlson
comorbidity
score

OS Moderate

Anderson
et al.,
202224

Scotland 1981-
2018

Retrospective
cohort study

31.0 versus
32.0 years (not
only HRþ)

102 612 Median: 4.1
years (not
only HRþ)

15.8 versus
14.7 years (not
only HRþ)

Year of
diagnosis

OS Low

Bae et al.,
202237

Korea 2004-
2014

Retrospective
cohort study

32.2 versus
40.0 years (not
only HRþ)

549 557 Median: 3.3
years (not
only HRþ)

8.2 years Age at
diagnosis,
adjuvant ET/CT/
RT

OS High

CT, chemotherapy; DFS, disease-free survival; ER, estrogen receptors; ET, endocrine therapy; HER2, human epidermal growth factor receptor 2; HRþ, hormone receptor-positive
breast cancer; OS, overall survival; PgR, progesterone receptors; RT, radiotherapy.
aQuality assessment and risk of bias were carried out using the NewcastleeOttawa Assessment Scale.
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endocrine therapy to attempt pregnancy in 518 young
patients (<42 years) after hormone receptor-positive early
breast cancer. Patients enrolled had received at least 18-30
months of adjuvant endocrine therapy before attempting
pregnancy. From this first analysis, breast cancer-free
Volume 8 - Issue 6 - 2023
interval (BCFI) of the patients in the POSITIVE trial did not
differ significantly from the BCFI in a cohort of patients
derived from the SOFT and TEXT trials (HR 0.81, 95% CI
0.57-1.15).25 The 3-year incidence of breast cancer events
was 8.9% (95% CI 6.3% to 11.6%) and 9.2% (95% CI 7.6% to
https://doi.org/10.1016/j.esmoop.2023.102031 5
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Figure 2. Forest plot describing event-free survival of patients who had a pregnancy after hormone receptor-positive breast cancer as compared to the non-
pregnancy cohort.
CI, confidence interval; HR, hazard ratio.
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10.8%) in the treatment-interruption group and control
cohort, respectively. Importantly, despite the reassuring
first data of the POSITIVE trial, the follow-up duration
(median of 41 months) of that study is relatively short to
capture late recurrences, which can occur in patients with
hormone receptor-positive disease even after more than 10
years from diagnosis.41,42 In our analysis, the included
studies had a median follow-up in the pregnancy cohort of
4.3-15.8 years thus allowing to capture also some late
recurrences.

Another important strength of our analysis is that all the
included studies corrected for the potential ‘healthy mother
effect’. The ‘healthy mother effect’ has led to the hypothesis
Figure 3. Forest plot describing overall survival of patients who had a pregnancy aft
cohort.
CI, confidence interval; HR, hazard ratio.

6 https://doi.org/10.1016/j.esmoop.2023.102031
over the years that only women who feel healthy give birth
and those with poorer prognosis would not try to conceive.
For this reason, more recent studies have generally re-
ported analyses that take this effect into account and cor-
rect for the guarantee-time bias. The guarantee-time bias
exists whenever an analysis that is timed from random
assignment or enrollment (i.e. DFS or OS) is compared
across groups defined by a classifying event occurring dur-
ing follow-up.43

In our work, all studies corrected for this potential risk of
bias, strengthening the overall result of the meta-analysis
that pregnancy after diagnosis may not only be safe but
also potentially confer a survival benefit.44,45
-

-
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-

-

-
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Regarding the potential adverse effects of the hormonal
environment during pregnancy, it can be questioned
whether high levels of estrogens, progesterone and human
gonadotropin during pregnancy are in fact adverse as they
can induce apoptosis in breast cancer cells expressing
hormone receptors, and have been used to treat breast
cancer historically.46 Additionally, some studies have
suggested that maternal immunity is stimulated against
cancer cells during pregnancy in the so-called ‘fetal antigen
hypothesis’.47 All these hypotheses seem to be in line with
the results of our analysis that having a pregnancy after
hormone receptor-positive breast cancer appears to be
protective in terms of OS.

There are several limitations in our study that should be
considered in interpreting the results. All data in this meta-
analysis derived from retrospective, observational studies,
which had different matching criteria. This may explain the
heterogeneity observed in one of the analyses. Moreover,
data extracted to investigate the safety of pregnancy in the
specific cohort of women with hormone receptor-positive
breast cancer derived mostly from a subgroup of patients
within larger cohort studies including women affected by all
breast cancer subtypes. This is the main reason why baseline
characteristics of patients with hormone receptor-positive
disease were often not separately reported, nor the type
and duration of adjuvant endocrine therapy were specified.

Moreover, other planned analyses such as evaluating the
safety of pregnancy after hormone receptor-positive breast
cancer according to the time of pregnancy after breast cancer,
stage at diagnosis, type of administered adjuvant hormone
therapy and germline BRCA status could not be carried out
due to lack of available data from the collected studies.

Additional research efforts are still needed in this area.
Longer follow-up of the POSITIVE trial will be critical to
provide evidence on the safety of a temporary interruption
of adjuvant endocrine therapy in patients with hormone
receptor-positive early breast cancer.48 Moreover, there is
lack of evidence on the safety of having multiple pregnan-
cies following treatment completion and on conceiving after
prior history of breast cancer diagnosed during pregnancy.
Limited data so far have been reported on the safety of
pregnancy obtained through assisted reproductive tech-
nologies in the specific cohort of patients with hormone
receptor-positive breast cancer.11
Conclusions

The present systematic review and meta-analysis of retro-
spective cohort studies showed that having a pregnancy in
patients with prior history of hormone receptor-positive
early breast cancer appears safe without detrimental ef-
fect on prognosis.

Following adequate treatment and follow-up, pregnancy
should not be discouraged in this patient population.
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