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Abstract

Breast cancer during pregnancy presents unique therapeutic challenges, as
effective maternal treatment must be balanced against potential risks to fetal and
neonatal health. This systematic review aims to evaluate current evidence regarding
the safety and effectiveness of chemotherapy during pregnancy in women with
breast cancer (BC). This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. A
comprehensive literature search was conducted in PubMed, Google Scholar, Scopus,
and the Open Inter-university Consortium for Political and Social Research databases.
Following the search and selection process, a total of 14 articles met the inclusion
criteria. Risk of bias was assessed using design-specific Joanna Briggs Institute
critical appraisal tools. The administration of specific chemotherapy regimens,
mainly anthracyclines, after the first trimester was generally not associated with
an apparent increase in congenital abnormalities or perinatal mortality. However,
an increased risk of preterm birth was observed, with a substantial proportion of
preterm deliveries being iatrogenic. Furthermore, available comparative evidence
did not indicate substantially worse maternal oncological outcomes attributable to
pregnancy itself. Taken together, these findings suggest that chemotherapy for BC
during pregnancy can be administered with relative safety after the first trimester,
within an individualized treatment approach and close collaboration among
obstetricians, oncologists, and neonatologists. Nevertheless, further multicenter
studies are required to fully elucidate long-term neonatal outcomes.

Keywords: Pregnancy-associated breast cancer; Antineoplastic agents; Prenatal exposure
delayed effects; Maternal-fetal outcome; Congenital abnormalities; Preterm birth;
Treatment outcome; Gestational age

1. Introduction

Breast cancer (BC) is the most frequently diagnosed cancer among women worldwide
and remains one of the main causes of cancer-related deaths in the female population,
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accounting for approximately 20.6 million disability-
adjusted life years globally in 2019.! New cases are expected
to increase globally as a result of population aging and
global population growth. According to the World Health
Organization, approximately 2.3 million women were
diagnosed with BC in 2024, and about 694,000 deaths were
attributed to the disease.* BC occurs in all regions of the
world and can affect women of any age after puberty, with
the risk rising significantly as age increases.”

Breast cancer diagnosed during pregnancy or within
the first year after childbirth is defined as pregnancy-
associated BC (PABC). Although it is a relatively rare
condition, its management is particularly challenging, as
it requires careful balance between effective oncological
treatment and the safety of the pregnancy.®

In pregnant women, the incidence of BC is estimated at
approximately 1 in 3,000 to 1 in 10,000 pregnancies, with
an increasing trend attributed to delayed childbearing.®
Approximately 10% of cases involve women under the
age of 40,” while the highest frequency is observed among
those aged 32-38 years.®

Clinical decision-making in PABC is influenced
by gestational age (GA) and tumor biological features,
requiring individualized therapeutic strategies to optimize
both maternal and fetal outcomes.® Since diagnosis often
occurs at an advanced stage and pregnancy can limit or
delay therapeutic choices, PABC is considered a highly
complex oncologic condition. As a result, the use of
chemotherapy during pregnancy has drawn significant
research interest, especially regarding its safety and
outcomes for both maternal and fetal health.® Despite the
growing literature on BC management during pregnancy,
evidence regarding chemotherapy exposure remains
heterogeneous, particularly with respect to maternal
treatment outcomes and fetal and neonatal safety.
Therefore, the present systematic review aimed to evaluate
the available evidence on the safety and effectiveness of
chemotherapy administered during pregnancy in women
with BC.

2. Materials and methods

2.1. Purpose and specific objectives

Thissystematicreviewaimstoaddresskeyresearch questions
regarding the safety and effectiveness of chemotherapy
during pregnancy in women with BC. Specifically, it
examines chemotherapy agents considered safe for use
during different pregnancy trimesters, along with the most
common maternal and fetal adverse effects. It also assesses
the impact of chemotherapy on fetal development, delivery
outcomes, and long-term child health. Additionally,

the review evaluates the effectiveness of chemotherapy
among pregnant women with BC, compares prognosis and
survival outcomes between pregnant and non-pregnant
patients, and identifies chemotherapy regimens associated
with optimal oncological outcomes during pregnancy.

2.2, Search strategy

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, which provide
a structured framework for the transparent reporting of
systematic reviews. The PRISMA framework was applied
to the identification, screening, eligibility assessment,
and final inclusion of studies. The study selection process
is presented in the PRISMA flow diagram (Figure 1),
including the number of records identified, screened,
assessed for eligibility, excluded, and ultimately included
in the systematic review. A comprehensive literature search
was conducted in PubMed, Google Scholar, Scopus, and
OpenICPSR  databases, using Boolean operators and
Medical Subject Headings, including the terms “breast
neoplasms,” “breast cancer,; “pregnancy; “pregnant,’
“gestation,”  “antenatal,”  “chemotherapy;  “adjuvant,
“antineoplastic  agents,”  “chemotherapy;  “treatment
outcome,” “survival,” “therapy response,” “therapeutic
efficacy;” “effectiveness,” “complications;” “adverse effects,’
“toxicityy  “maternal-fetal  outcome,”  “comparative
study, “comparison,” and “protocol” This systematic
review protocol was not prospectively registered in the
International Prospective Register of Systematic Reviews.

2.3. Inclusion and exclusion criteria

Clearly defined inclusion and exclusion criteria were applied
to enhance sample consistency and ensure methodological
rigor. This systematic review included primary research
studies (clinical studies and comparative observational
investigations) published within the last decade (2015-
2025) and available in English. Specifically, eligible studies
involved pregnant women diagnosed with BC and reported
clinical outcomes relevant to chemotherapy exposure and/
or the oncological management of BC during pregnancy.
Included studies were required to report data on treatment
safety, including adverse effects and complications, and/
or treatment effectiveness, such as survival outcomes
and response to therapy. Comparative studies evaluating
different chemotherapy protocols or relevant maternal and
pregnancy outcomes were also included.

Studies involving women with BC outside the
context of pregnancy were excluded. Moreover, studies
focused exclusively on treatment approaches other than
chemotherapy, such as radiotherapy or surgery, were not
included. In addition, review articles, animal studies,
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and in vitro experimental studies were excluded. Finally,
studies presenting insufficient or unclear outcome data
were excluded from the review.

2.4.Search and study selection results

The initial literature search identified 650 records across
the four databases. After removing 128 duplicate records,
we performed a preliminary title and abstract assessment,
during which we excluded 477 records for not meeting the

predefined eligibility criteria. The remaining 45 records
underwent further screening, resulting in the exclusion
of 16 records. The full texts of the remaining 29 articles
were subsequently assessed for eligibility according to the
predefined inclusion and exclusion criteria. Following full-
text assessment, 15 articles were excluded because they
did not meet the eligibility criteria, and 14 studies were
ultimately included in the systematic review. The study
selection process is presented in the PRISMA flow diagram
(Figure 1).

Figure 1. Flow chart of identification, screening, and eligibility of the included studies
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3. Results

The available evidence on chemotherapy use during
pregnancy primarily comes from studies conducted
between 2017 and 2025. Overall, the majority of studies
support the administration of chemotherapy during
pregnancy when clinically indicated.'”** Most included
studies reported favorable maternal and fetal outcomes,
even though sample sizes varied widely, ranging from
single-case reports to large international cohorts involving
upto 1,170 pregnant women. In contrast, one study reported
an unfavorable pregnancy outcome following exposure to
trastuzumab and pertuzumab during pregnancy* The
evidence spans multiple countries and regions, including
Europe, Asia, Australia, New Zealand, and the Americas,
suggesting consistent findings across diverse populations.
A summary of all studies included in the systematic review
is presented in Table 1.

4, Risk of bias

Risk of bias was assessed using design-specific Joanna
Briggs Institute (JBI) critical appraisal tools, selected
according to the methodological design of each included
study. The JBI Critical Appraisal Checklist for Cohort
Studies was applied to seven cohort studies, the JBI
Critical Appraisal Checklist for Case-Control Studies
to three case-control studies, the JBI Critical Appraisal
Checklist for Case Series to one case series, and the JBI
Critical Appraisal Checklist for Case Reports to three
case reports. Each applicable item was rated as “Yes,
“No,” “Unclear,” or “Not applicable” in accordance with
the JBI appraisal framework. Numerical summary scores
were not calculated, thereby allowing methodological
limitations to be evaluated at the individual-item level
and according to study design. The appraisal identified
methodological concerns primarily related to control of
confounding, completeness of follow-up or missing data,
and participant selection in some observational studies,
while the case reports and case series were additionally
limited by the inherent methodological constraints of
these study designs. All studies meeting the predefined
eligibility criteria were retained in the systematic review,
with the findings of the risk-of-bias assessment taken
into account when interpreting the overall evidence. The
complete design-specific, item-level critical appraisal of all
included studies is presented in Tables 2 and 3.

Several limitations should be considered when
interpreting the findings of this systematic review.
Substantial heterogeneity across the included studies,
potential publication bias, and the lack of large, randomized
controlled trials constitute major limitations of the present
systematic review. In addition, long-term follow-up data

on children exposed to chemotherapy during pregnancy
remain limited, restricting the ability to fully assess
potential developmental and health outcomes.

The heterogeneity and methodological limitations of
the available evidence should also be interpreted within
the particular clinical context of BC during pregnancy.
BC during pregnancy is relatively uncommon, while the
conduct of randomized interventional trials involving
potentially fetotoxic anticancer therapies raises substantial
ethical and practical constraints. Consequently, the
available evidence is derived predominantly from
observational studies and, given the rarity of the condition,
also includes case series and case reports, often involving
small and clinically heterogeneous populations. Differences
in gestational age at diagnosis and treatment, tumor
characteristics, therapeutic regimens, timing and duration
of fetal exposure, and reported maternal and neonatal
outcomes further limit direct comparisons across studies.
These constraints are inherent to research in this vulnerable
population and highlight the need for prospective
multicenter registries, standardized outcome reporting,
and long-term maternal and offspring follow-up. Despite
these limitations, the use of predefined eligibility criteria
and a design-specific JBI critical appraisal framework
strengthened the methodological rigor and transparency
of the present systematic review.

5. Discussion

The present systematic review included 14 studies with
substantial heterogeneity in study design, population
characteristics, sample size, and reporting of pregnancy
outcomes. Across the included studies, live births
represented the predominant reported pregnancy
outcome, although direct aggregation of maternal and
pregnancy counts was not considered appropriate
because of differences in study populations and outcome
denominators. Notably, studies in which chemotherapy was
administered during pregnancy reported that the majority
of neonates were born alive. The safety of chemotherapy
during pregnancy is highlighted by Garofalo et al' In
their study, 97% of pregnant women diagnosed with
cancer delivered live neonates, while only 5% presented
with congenital abnormalities, a rate comparable to that of
the general population. This observation is consistent with
the findings of Amant et al.,® who in a multicenter study
demonstrated that in utero exposure to chemotherapy,
initiated after completion of the first trimester, does not
increase the risk of congenital abnormalities or adverse
cognitive outcomes in children. Additionally, Van Calsteren
et al.,* in a multicenter study of 215 pregnant women with
cancer, emphasized the importance of multidisciplinary
management and the prevention of iatrogenic prematurity,
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Table 2. Design-specific critical appraisal of the included studies using Joanna Briggs Institute (JBI) tools

Study Study design JBI tool Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Garofalo et al.* Cohort JBI cohort Y Y Y Y U Y Y Y U N/A Y

Ye et al.! Case series JBI case series U Y Y U U Y Y Y U N/A -

de Haan et al."? Cohort JBI cohort Y Y Y Y Y Y Y Y U U Y

Yildirim and Bahceci®* Case report JBI case report Y Y Y Y Y Y Y Y - - -
. 13 JBI case-

Gomez-Hidalgo et al. Case-control N N Y Y Y Y N Y Y Y -
control

Lambertini et al.* Cohort JBI cohort Y Y Y Y Y Y Y Y U U Y

Safi et al.’® Cohort JBI cohort Y Y Y Y N Y Y Y Y N/A Y

Berwart et al.' Case report JBI case report Y Y Y Y Y Y Y Y - - -

Boudy et al."” Cohort JBI cohort Y Y Y Y Y Y Y Y U U Y
JBI case-

Del Gobbo et al.'® Case-control Y Y Y Y Y U N Y Y Y -
control

Zhang et al.” Matched case- JBI case- Y Y Y Y Y Y Y Y ¥ Y -
control control

Sella et al.®® Cohort JBI cohort Y Y Y Y Y Y Y Y U Y Y

Valente et al.?! Case report JBI case report Y Y Y Y Y Y Y Y - - -

Johnson et al.? Matched cohort JBI cohort Y Y Y Y Y Y Y Y Y N/A Y

Notes: Y: Yes; N: No; U: Unclear; N/A: Not applicable; —: Item not included in the corresponding JBI checklist.

Table 3. Joanna Briggs Institute (JBI) checklist

JBI category Checklist

Q1. Were the two groups similar and recruited from the same population?
Q2. Were the exposures measured similarly to assign people to both exposed and unexposed groups?
Q3. Was the exposure measured in a valid and reliable way?
Q4. Were confounding factors identified?
Q5. Were strategies to deal with confounding factors stated?
JBI cohort Q6. Were the groups/participants free of the outcome at the start of the study?
Q7. Were the outcomes measured in a valid and reliable way?
Q8. Was the follow-up time reported and sufficient to be long enough for outcomes to occur?
Q9. Was follow-up complete, and if not, were the reasons for loss to follow-up described and explored?
Q10. Were strategies to address incomplete follow-up utilized?

Q11. Was appropriate statistical analysis used?

(Contd...)
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Table 2. (Continued)

JBI category Checklist

Q1. Were the groups comparable other than the presence of disease in cases or absence of disease in controls?
Q2. Were cases and controls matched appropriately?
Q3. Were the same criteria used for identification of cases and controls?
Q4. Was exposure measured in a standard, valid, and reliable way?
Q5. Was exposure measured in the same way for cases and controls?
JBI case-control
Q6. Were confounding factors identified?
Q7. Were strategies to deal with confounding factors stated?
Q8. Were outcomes assessed in a standard, valid, and reliable way for cases and controls?

Q9. Was the exposure period of interest long enough to be meaningful?

Q10. Was appropriate statistical analysis used?

Q1. Were there clear criteria for inclusion in the case series?
Q2. Was the condition measured in a standard, reliable way for all participants?
Q3. Were valid methods used for identification of the condition for all participants?
Q4. Did the case series have consecutive inclusion of participants?
Q5. Did the case series have complete inclusion of participants?
JBI case series
Q6. Was there clear reporting of the demographics of the participants?
Q7. Was there clear reporting of clinical information of the participants?
Q8. Were the outcomes or follow-up results clearly reported?

Q9. Was there clear reporting of the presenting site(s)/clinic(s) demographic information?

Q10. Was statistical analysis appropriate?

Q1. Were the patient’s demographic characteristics clearly described?
Q2. Was the patient’s history clearly described and presented as a timeline?
Q3. Was the current clinical condition of the patient on presentation clearly described?
Q4. Were diagnostic tests or assessment methods and results clearly described?
JBI case report
Q5. Was the intervention or treatment procedure clearly described?
Q6. Was the post-intervention clinical condition clearly described?

Q7. Were adverse events or unanticipated events identified and described?

Q8. Does the case report provide takeaway lessons?
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particularly given the increased rates of preterm labor
and small-for-gestational-age infants observed among
pregnancies exposed to cytotoxic treatment.

A recurrent finding across the reviewed studies is the
high incidence of preterm delivery among women treated
for BC during pregnancy. In the study by Garofalo et
al.,' the rate of preterm delivery was notably high (83%),
while congenital malformations occurred in only 5% of
cases, comparable to the general population. Although
this pattern is largely expected, it underscores the fact that
delivery is frequently iatrogenically induced to allow the
initiation or continuation of maternal oncologic treatment.
Similar rates were reported in the International Network
on Cancer, Infertility, and Pregnancy registry study by De
Haan et al.,’> where 48% of births occurred before 37 weeks
of gestation. Low birth weight and the need for intensive
neonatal support frequently accompany these outcomes.
However, these outcomes appear to be primarily related
to prematurity itself rather than to direct exposure to
chemotherapy.

The study by Gomez-Hidalgo et al.”* provides further
insights into maternal outcomes, showing that although
labor induction and preterm delivery are more frequent
than in healthy pregnancies, there is no statistically
significant difference in maternal overall survival (OS).
This reinforces the evidence that oncologic interventions
can be safely implemented during pregnancy and provides
evidence against the belief that pregnancy negatively
impacts maternal outcomes. Johnson et al** similarly
confirmed that, under appropriate therapeutic conditions,
the prognosis of pregnant women with BC is comparable to
that of non-pregnant patients, providing evidence against
the conventional assumption that treatment requires delay
or pregnancy termination. Consistent conclusions were
also reported by Zhang et al.”

In the French Cancer Associé a La Grossesse network
study on women with human epidermal growth factor
2-positive PABC, a slightly lower disease-free survival
rate was observed compared to non-pregnant patients."”
This finding is likely related to limitations in the use
of certain chemotherapy agents, such as trastuzumab,
which are contraindicated during pregnancy. However, a
review by Lambertini et al."* indicates that pregnancy after
completion of therapy for human epidermal growth factor
2-positive BC is not associated with an increased risk of
recurrence. This distinction underscores the importance
of the timing of pregnancy in relation to the initiation and
completion of treatment as a critical factor in maternal
outcomes.

The study by Safi et al.,”” based on the Australian
Maternal Outcomes Surveillance System  registry,

reported highly favorable obstetric and neonatal outcomes
in pregnant women who received chemotherapy.
No congenital abnormalities were observed, further
supporting the safety of anthracycline-based therapy
during the second and third trimesters. Importantly, these
neonates exhibited normal developmental progress during
follow-up. Similarly, in the study by Ye et al.,'! neonates
experienced jaundice, which was promptly managed,
highlighting generally positive neonatal outcomes even in
the context of in utero chemotherapy exposure.

Importantly, treatment-related findings should be
interpreted according to therapeutic class, distinguishing
conventional  cytotoxic  chemotherapy, including
anthracyclines and taxanes, from targeted and endocrine
therapies. A single case report described exposure to
trastuzumab and tamoxifen during pregnancy without
apparent complications.'® However, isolated favorable
outcomes cannot establish the safety of these agents during
pregnancy, and trastuzumab has been associated with
oligohydramnios and remains contraindicated during
pregnancy.”® Further evidence is therefore required to
define the pregnancy-related safety of non-cytotoxic
systemic therapies.

The findings of the present systematic review should
also be interpreted in the context of previous and more
recent evidence syntheses and clinical guidelines. An
earlier systematic review by Monteiro et al.*® specifically
evaluated chemotherapy use during pregnancy in women
with BC, based on evidence published between 2001 and
2012, and concluded that anthracycline-based regimens
could be administered after the first trimester, while
evidence regarding taxanes remained limited. Subsequent
reviews by Bajpai et al.?” and Mumtaz et al.® addressed BC
during pregnancy within the broader context of diagnosis,
multidisciplinary management, and clinical outcomes.
More recently, Zhang et al.” focused specifically on taxane
chemotherapy, highlighting the growing but still limited
evidence regarding its use during pregnancy and the need
for further data on fetal safety and long-term outcomes.
Current clinical guidance, including the Royal College
of Obstetricians and Gynecologists Green-top Guideline
on pregnancy and BC, further emphasizes trimester-
dependent treatment planning and careful consideration of
maternal and fetal risks and benefits.” Against this evolving
evidence base, the present systematic review provides
an updated and focused synthesis of primary clinical
evidence concerning chemotherapy exposure in women
with BC during pregnancy, integrating maternal treatment
outcomes with fetal and neonatal safety outcomes.

Future research may also explore strategies aimed at
reducing treatment-related systemic exposure and toxicity
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during pregnancy. Emerging approaches include tumor-
targeted microbial platforms and locoregional or stimulus-
responsive drug-delivery systems, although their potential
application in PABC remains investigational and requires
rigorous maternal and fetal safety evaluation.**~**In parallel,
maternal microbiome alterations have been implicated
in the pathophysiology of spontaneous preterm birth,
but their potential interaction with anticancer treatment
and pregnancy outcomes remains unclear.”” Emerging
deep-learning approaches may additionally improve BC
prognostic assessment and treatment-response prediction,
although their specific clinical utility in PABC remains to
be established.*

In conclusion, the findings of the present systematic
review support that pregnancy does not necessarily
preclude active oncological treatment, provided that such
treatment is carefully planned, delivered in specialized
centers, and based on a multidisciplinary approach.
Maternal oncological care can coexist with fetal protection
when guided by evidence-based, individualized therapeutic
strategies.

Future challenges include the consolidation of the
existing evidence through larger population-based
studies, as well as the continual updating of clinical
practice guidelines, as reflected in the recent ASCO
recommendations for cancer management during
pregnancy.®

6. Conclusion

The systematic review highlights crucial aspects of
BC management in pregnancy, emphasizing that
individualized, evidence-based treatment may allow
continuation of pregnancy while balancing maternal
oncological needs and fetal safety. Neonatal survival,
congenital abnormalities, preterm birth, and maternal
prognosis represent outcomes evaluated in the available
literature.

The findings of the systematic review support the
relative fetal safety of anthracycline-based chemotherapy
administered after the first trimester, while the available
evidence regarding taxanes, although increasingly
reassuring, remains more limited. Across the included
studies, most reported neonatal outcomes were favorable,
with live births predominating and congenital abnormality
rates generally comparable to those expected in the
general population. Although preterm, often iatrogenic,
births required care from the neonatal intensive care
unit, preterm birth remained an important adverse
outcome and was associated with increased need for
neonatal care. Additionally, available evidence suggests
that pregnancy itself does not necessarily confer a worse

maternal prognosis, although interpretation is limited by
the observational nature and heterogeneity of the available
studies.

Although current data support the relative safety of
chemotherapy during pregnancy, study heterogeneity,
differences in therapeutic exposure, and limited long-term
follow-up of exposed offspring restrict the generalizability of
conclusions. These gaps underscore the need for expanded
multicenter registries with comprehensive maternal and
child follow-up, including neuropsychological assessments
to evaluate cognitive development, school performance,
and psychosocial well-being.

Future research should also examine the experiences
of women diagnosed with cancer during pregnancy,
considering the psychological, social, and familial impacts
on treatment adherence, mother-infant bonding, and
overall quality of life. Additionally, efforts should focus on
developing pregnancy-compatible therapies and predictive
biomarkers to optimize treatment response and minimize
complications. Altogether, these strategies aim to ensure
comprehensive psychosocial support alongside safe and
effective medical care.

In summary, the available evidence indicates that
pregnancy should not be considered an automatic

contraindication to active anticancer treatment.
Appropriate  patient  counseling, multidisciplinary
management, and trimester-specific, evidence-based

treatment planning are essential to optimize maternal
outcomes while minimizing fetal and neonatal risks.
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