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The decision to pursue pregnancy after breast cancer treatment raises concerns, particularly in women with hormone receptor-

positive tumors, due to fears of recurrence or compromised survival. Despite growing evidence suggesting safety, uncertainty 

persists among both patients and clinicians. A comprehensive search of Medline, Embase, and Cochrane Library was performed 

through 31 March 2023 without restrictions on date or language. Studies eligible for inclusion were retrospective or prospective 

cohort and case-control studies, as well as clinical trials, comparing survival outcomes in premenopausal women who did or 

did not experience pregnancy following a diagnosis of hormone receptor-positive breast cancer. Key outcomes analyzed were 

disease-free survival (DFS) and overall survival (OS). Data were pooled using hazard ratios (HRs) with 95% confidence 

intervals (CIs). The study protocol was registered in PROSPERO (CRD42023394232).Of 7796 records screened, eight studies 

met inclusion criteria, totaling 3805 women, including 1285 who became pregnant after breast cancer. Median follow-up ranged 

from 3.8 to 15.8 years and was similar across pregnancy and non-pregnancy groups. Analysis of three studies (n = 987) reporting 

DFS revealed no significant difference between the two groups (HR 0.96, 95% CI 0.75–1.24, P = 0.781). In six studies (n = 

3504) reporting OS, pregnancy was associated with a significantly lower risk of death compared to women who did not conceive 

(HR 0.46, 95% CI 0.27–0.77, P < 0.05).These findings indicate that pregnancy after hormone receptor-positive early breast 

cancer does not compromise survival and may even improve overall outcomes. Women with a history of this breast cancer 

subtype can be reassured about the safety of post-treatment pregnancy. 
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Introduction 

Breast cancer is the leading malignancy among women 

of reproductive age, and advances in treatment have 

significantly increased survival rates, making young 

breast cancer survivors one of the largest groups among 

early-onset cancer survivors [1-3]. As a result, long-term 

survivorship has become a vital focus in the management 

of these patients [4, 5]. 

For women who wish to have children, anticancer 

therapies can lead to premature ovarian insufficiency 

(POI) and reduced fertility, which substantially affect 

quality of life and limit the likelihood of pregnancy after 

breast cancer [6-8]. 

With the trend of delayed first pregnancies and the rising 

incidence of young-onset breast cancer worldwide, an 

increasing number of women are diagnosed before 

completing their reproductive plans [9]. Counseling 

regarding fertility risks and available preservation 

strategies is therefore an essential part of oncofertility 

care for all reproductive-age patients [5]. 

Recent studies indicate that pregnancy, whether 

spontaneous or achieved through fertility preservation 

methods, can generally be safe after breast cancer 

treatment [8, 10, 11]. However, certain patient 

populations remain areas of concern. Specifically, 
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questions persist about the safety of pregnancy after 

hormone receptor-positive early breast cancer. These 

patients typically undergo endocrine therapy for 5–10 

years, during which pregnancy is not recommended, 

historically leading to delayed conception and a narrower 

fertility window [12-18]. 

In addition, since hormone receptor-positive breast 

cancer is sensitive to hormonal stimulation and 

pregnancy induces high levels of estrogen and 

progesterone, there is concern that pregnancy could 

increase recurrence risk [19, 20]. This subtype also 

carries a persistent long-term recurrence risk, 

necessitating extended follow-up to evaluate safety 

thoroughly [21, 22]. 

Several retrospective cohort studies have explored 

outcomes of pregnancy in women previously treated for 

hormone receptor-positive early breast cancer [23, 24]. 

The prospective POSITIVE trial, which examined 

temporary interruption of adjuvant endocrine therapy to 

allow pregnancy, recently reported that this approach 

appears safe during short-term follow-up [25]. However, 

the trial primarily included patients with stage I–II 

disease (only 6% stage III) and had limited follow-up (41 

months), which may not capture long-term recurrence 

risks in this population. 

Consequently, concerns about potential adverse effects 

of pregnancy persist, and some patients continue to be 

advised against conception despite accumulating 

evidence supporting safety [19, 26]. 

This systematic review and meta-analysis aim to provide 

updated evidence on the safety of pregnancy following 

diagnosis and treatment of hormone receptor-positive 

early breast cancer. 

Materials and Methods 

Literature search and eligibility 

This study was conducted as a systematic review and 

meta-analysis following the PRISMA guidelines [27]. 

We searched Medline, Embase, and the Cochrane 

Library for all relevant publications up to 31 March 2023, 

without limiting by language or date. The search strategy 

included terms related to breast cancer and pregnancy: 

(“breast neoplasms” [MeSH Terms]) AND 

((“pregnancy” [MeSH Terms]) OR (“pregnancies” 

[MeSH Terms]) OR (“conception” [MeSH Terms]) OR 

(“gestation” [MeSH Terms])). Additional studies were 

identified by reviewing the references of relevant articles 

to ensure comprehensive coverage. 

To be included, studies needed to meet the following 

criteria: (i) retrospective or prospective cohort or case-

control studies, or clinical trials, comparing survival 

outcomes between women who experienced a pregnancy 

after hormone receptor-positive early breast cancer and 

those who did not; (ii) reporting at least one of the 

outcomes of interest—overall survival (OS), disease-free 

survival (DFS), or breast cancer recurrence; and (iii) 

presenting hazard ratios (HRs) with 95% confidence 

intervals (CIs) or providing sufficient data to calculate 

them. 

Studies were excluded if they: (i) were case reports or 

small series with fewer than 10 participants; (ii) focused 

on breast cancer diagnosed during pregnancy or within 

one year postpartum without data on post-treatment 

pregnancies; or (iii) were ongoing studies without 

available results at the time of the search. The review 

protocol was registered in PROSPERO 

(CRD42023394232). 

Study aim 

The main goal of this analysis was to evaluate whether 

pregnancy after diagnosis and treatment of hormone 

receptor-positive early breast cancer affects survival 

outcomes, specifically OS, DFS, and the risk of 

recurrence. 

Data extraction and management 

Two independent reviewers (LA and MML) screened the 

literature, extracted data, and resolved discrepancies 

through discussion with a third reviewer (EB). Extracted 

information included: author, year of publication, study 

design and methodology, cohort sizes, number of women 

who became pregnant, survival outcomes, and methods 

used to control for confounders. For studies with multiple 

publications, only the most recent data were considered. 

Risk of bias assessment 

The methodological quality and potential bias of the 

included studies were evaluated using the Newcastle–

Ottawa Scale (NOS) [28]. This tool assigns up to 9 points 

across three domains of bias for cohort or case-control 

studies. Based on their scores, studies were categorized 

as having low, moderate, or high risk of bias. 

Statistical analysis 

Hazard ratios (HRs) with 95% confidence intervals (CIs) 

were extracted from the eligible studies. If HRs were not 

directly reported but sufficient event data were available, 
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HRs were estimated using the approach described by 

Watkins and Bennett [29]. Studies lacking HRs or 

insufficient data for calculation were excluded from that 

particular analysis. 

Pooled HRs and corresponding 95% CIs were calculated 

using a random-effects model following the 

DerSimonian and Laird method [30]. Statistical 

heterogeneity across studies was quantified using the 

Higgins I² statistic [31]. Potential publication bias was 

assessed with Egger’s test [32]. A P value <0.05 (two-

sided) was considered statistically significant. 

To verify the robustness of the findings, sensitivity 

analyses were performed to determine whether any single 

study disproportionately influenced the pooled results. 

All statistical analyses were conducted using Stata 

version 13.1 (StataCorp LP, College Station, TX) by MB 

and EB. 

Results and Discussion 

From the 7796 records initially identified, 8 studies met 

all eligibility criteria and were included in the meta-

analysis (Figure 1) [10, 23, 24, 33-37]. Across these 

studies, 3805 women with hormone receptor-positive 

invasive early breast cancer were evaluated, of whom 

1285 experienced a post-treatment pregnancy and 2520 

did not. 

 

 

 
Figure 1. PRISMA flowchart depicting the process of study selection. PRISMA, Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses. 

 



 

 

The key features of the studies included in this meta-

analysis are summarized in Table 1. All included studies 

were retrospective cohort designs, and each accounted 

for potential guarantee-time bias in their analyses. 

 

Table 1. Summary of main characteristics of studies incorporated into the meta-analysis. 
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CT, chemotherapy; DFS, disease-free survival; ER, 

estrogen receptors; ET, endocrine therapy; HER2, human 

epidermal growth factor receptor 2; HR+, hormone 

receptor-positive breast cancer; OS, overall survival; 

PgR, progesterone receptors; RT, radiotherapy. 
aQuality assessment and risk of bias were carried out 

using the Newcastle–Ottawa Assessment Scale. 

In one study, the cohort was composed entirely of women 

with hormone receptor-positive breast cancer [34]. The 

remaining seven studies included patients across various 

breast cancer subtypes; for the purpose of this analysis, 

only outcomes for hormone receptor-positive cases were 

extracted. In two studies, tumor receptor status was not 

explicitly reported; instead, subtype classification was 

inferred from the administration of adjuvant endocrine 

therapy [33, 37]. 

Age at diagnosis varied slightly between groups. Women 

who subsequently became pregnant were diagnosed at a 

mean age of 31.0–34.2 years, whereas those who did not 

conceive ranged from 32.0 to 40.0 years. Median follow-

up durations extended from 4.3 to 15.8 years in the 

pregnancy group and 3.8 to 14.7 years in the non-

pregnancy group. 

Information regarding adjuvant endocrine therapy was 

available in over half of the studies [10, 33-35, 37]. Only 

three studies provided detailed information about the 

therapy regimens [10, 33, 34]. In two studies, all patients 

receiving adjuvant therapy were treated exclusively with 

tamoxifen [33, 34]. In one study, treatment in the 

pregnancy cohort was more varied: 28.9% received 

tamoxifen alone, 57.7% received tamoxifen combined 

with a gonadotropin-releasing hormone agonist 

(GnRHa), and 7.7% received GnRHa in combination 

with an aromatase inhibitor [10]. 

Two studies reported the total duration of endocrine 

therapy, showing that women who became pregnant 

generally received shorter treatment than those who did 

not (50 versus 60 months, P < 0.001; 20.9 versus 42.3 

months, P = 0.008) [10, 34]. 

Disease-free survival (DFS) was reported in three studies 

[10, 23, 34], comprising a total of 987 patients, of whom 

286 had a post-treatment pregnancy. Pooled analysis 

indicated that DFS did not significantly differ between 

the pregnancy and non-pregnancy groups (HR 0.96, 95% 

CI 0.75–1.24, P = 0.781) (Figure 2). 
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Figure 2. Forest plot showing disease-free survival outcomes in women who conceived after hormone receptor-

positive breast cancer compared with those who did not. CI, confidence interval; HR, hazard ratio. 

Analysis revealed no significant variability among the 

included studies (I² = 0.0%, P = 0.506), and assessment 

of publication bias indicated no evidence of systematic 

reporting (P = 0.406). Overall survival data were reported 

in six studies [23, 24, 33, 35-37], including 3504 patients 

in total, with 1193 women experiencing a pregnancy 

following breast cancer treatment. Pooled results 

demonstrated a marked survival advantage for the 

pregnancy cohort compared to the non-pregnancy cohort, 

with a hazard ratio of 0.46 (95% CI 0.27–0.77, P < 0.005) 

(Figure 3). 

 

 

 
Figure 3. Forest plot illustrating overall survival in women who conceived following hormone receptor-positive 

breast cancer compared with those who did not. CI, confidence interval; HR, hazard ratio. 

Considerable heterogeneity was present in this analysis 

(I² = 69.6%, P = 0.006), but no evidence of publication 

bias was observed (P = 0.259). This comprehensive 

review and meta-analysis, integrating eight studies and 

3805 young women, suggests that pregnancy after 

treatment for hormone receptor-positive breast cancer 

does not compromise prognosis. Disease-free survival 

(DFS) was comparable between women who became 

pregnant and those who did not (HR 0.96, 95% CI 0.75–

1.24, P = 0.781), while overall survival (OS) was notably 
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higher in the pregnancy cohort (HR 0.46, 95% CI 0.27–

0.77, P < 0.005). 

Earlier meta-analyses on this topic were limited, 

including only two studies [8]. By incorporating six 

additional studies, our analysis offers a broader and more 

contemporary perspective on outcomes in women with 

hormone receptor-positive disease. Sensitivity checks for 

both DFS and OS confirmed that the findings were 

robust, with no single study disproportionately 

influencing the results. 

A critical consideration in oncofertility counseling is the 

management of adjuvant endocrine therapy, which 

typically precludes pregnancy. Only half of the included 

studies provided information on therapy regimens, and 

two reported treatment duration [10, 34]. In these, 

women who became pregnant generally had shorter 

exposure to endocrine therapy than those who did not 

conceive. The median interval from diagnosis to 

conception in patients with hormone receptor-positive 

tumors was reported as 6.3 years [10]. 

Historically, clinicians advised postponing pregnancy for 

at least two years after breast cancer diagnosis [38], 

reflecting the higher risk of recurrence in the early post-

diagnosis period and the need to recover ovarian function 

after chemotherapy [39]. For hormone receptor-positive 

patients, guidance has traditionally recommended 

delaying conception until completion of adjuvant 

endocrine therapy, often extending the interval to five 

years. This conservative approach was based on limited 

data regarding temporary therapy interruption and the 

proven benefit of prolonged endocrine treatment, 

particularly among patients at higher risk who might also 

receive ovarian suppression for five years [38, 40]. 

Recent findings from the prospective POSITIVE trial 

(ClinicalTrials.gov identifier: NCT02308085) have 

provided new insight into pregnancy after hormone 

receptor-positive early breast cancer [25]. This study is 

the first prospective clinical trial to examine the safety of 

temporarily interrupting adjuvant endocrine therapy to 

attempt conception in 518 young women (<42 years) who 

had previously received 18–30 months of endocrine 

therapy. In this initial analysis, the breast cancer-free 

interval (BCFI) in participants attempting pregnancy did 

not significantly differ from a matched cohort 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 similar between the groups: 8.9% (95% CI 6.3–

11.6%) in the treatment-interruption group versus 9.2% 

(95% CI 7.6–10.8%) in the control cohort. 

Despite these encouraging early results, the median 

follow-up of 41 months in the POSITIVE trial is 

relatively short for assessing late recurrences, which can 

occur more than a decade after diagnosis in hormone 

receptor-positive disease [41, 42]. In contrast, the studies 

included in our meta-analysis reported median follow-

ups ranging from 4.3 to 15.8 years, allowing for the 

capture of some late recurrences. 

Another key strength of this meta-analysis is that all 

included studies accounted for the potential “healthy 

mother effect.” This phenomenon, whereby women who 

feel healthier are more likely to conceive, could bias 

outcomes if not corrected. By addressing guarantee-time 

bias—arising when survival analyses are influenced by 

the timing of events during follow-up [43]—the included 

studies reduce the risk of this confounding factor, 

strengthening the validity of our results [44, 45]. 

The biological impact of pregnancy on hormone 

receptor-positive breast cancer has also been a matter of 

debate. High levels of estrogen, progesterone, and human 

chorionic gonadotropin during pregnancy may not 

necessarily be harmful; these hormones can induce 

apoptosis in hormone receptor-positive breast cancer 

cells and have historically been employed in breast 

cancer treatment [46]. Additionally, pregnancy may 

enhance maternal immune responses against tumor cells, 

as suggested by the “fetal antigen hypothesis” [47]. 

These mechanisms align with our finding that pregnancy 

may even confer a survival benefit in terms of overall 

survival. 

Several limitations of this analysis should be 

acknowledged. All included studies were retrospective 

and observational, with differing matching strategies, 

which may contribute to heterogeneity in the pooled 

outcomes. Much of the data for hormone receptor-

positive patients were derived from subgroups within 

larger studies encompassing all breast cancer subtypes. 

Consequently, detailed baseline characteristics, as well as 

the type and duration of adjuvant endocrine therapy, were 

often unavailable. 

Planned analyses exploring the timing of pregnancy after 

breast cancer, disease stage at diagnosis, specific 

endocrine therapies, germline BRCA status, or multiple 

pregnancies could not be performed due to insufficient 

data. Furthermore, evidence remains scarce regarding 

assisted reproductive technologies in this population, as 

well as pregnancy following breast cancer diagnosed 

during gestation [11, 48]. 
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Conclusion 

This systematic review and meta-analysis of 

retrospective cohort studies indicates that pregnancy after 

hormone receptor-positive early breast cancer appears 

safe and does not adversely affect prognosis. With 

appropriate treatment and monitoring, conception should 

not be discouraged in this patient population. 
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