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a b s t r a c t

Background: Pregnancy associated breast cancer (PABC) is a rare entity and defined as breast cancer
diagnosed during pregnancy or one-year post-partum. There is sparse data especially from low and
middle-income countries (LMIC) and merits exploration.
Methods: The study (2013e2020) evaluated demographics, treatment patterns and outcomes of PABC.
Results: There were 104 patients, median age of 31 years; 43 (41%) had triple-negative disease, 31(29.8%)
had hormone-receptor (HR) positive and HER2 negative, 14 (13.5%) had HER2-positive and HR negative
and 16(15.4%) had triple positive disease. 101(97%) had IDC grade III tumors and 74% had delayed
diagnosis. 72% presented with early stage (24, EBC) or locally advanced breast cancer (53, LABC) and
received either neoadjuvant (n ¼ 49) or adjuvant (n ¼ 26) chemotherapy and surgery. Trastuzumab,
tamoxifen, and radiotherapy were administered post-delivery. At a median follow up of 27 (IQR:19e35)
months, the estimated 3-year event-free survival (EFS) for EBC and LABC was 82% (95% CI: 65.2e100) and
56% (95% CI: 42e75.6%) and for metastatic 24% (95% CI: 10.1%e58.5%) respectively.
Of the 104 patients, 34 were diagnosed antepartum (AP) and 15 had termination, 2 had preterm and 16
had full-term deliveries(FTDs). Among postpartum cohort (n ¼ 70), 2 had termination, 1 had preterm, 67
had FTDs. 83(including 17 from AP) children from both cohorts were experiencing normal milestones.
Conclusion: Data from the first Indian PABC registry showed that the majority had delayed diagnosis and
aggressive features(TNBC, higher grade). Treatment was feasible in majority and stage matched out-
comes were comparable to non-PABCs.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

PABC is most commonly defined as breast cancer diagnosed
during pregnancy (BCP) or one-year post-partum (BCPP) although
some studies show that the breast cancer risk post-partum may
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extend up to 5 years after delivery and this criterion is also used for
the definition [1]. Young breast cancer women have a higher pre-
disposition to familial cancer and tend to present with advanced
stage, aggressive biology disease and poor outcomes. This is despite
the fact that pregnancy and breastfeeding are considered protective
for the development of breast cancer [1]. Increasingly, women are
delaying childbearing for personal and/or professional reasons,
which may have led to an increased incidence and reporting of
PABC. Breast cancer (1 in 3000) followed by cervical cancer and
melanoma are among the top 3 cancers diagnosed in pregnant
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women [2e4]. Breast parenchyma undergoes proliferation and
structural changes during pregnancy and have been hypothesized
to be the reason for PABCs [5e7]. Younger women with breast
cancer show distinct biological features and are known to have an
aggressive biology [8e11]. There is sparse and often conflicting data
on PABC outcomes reporting worse, similar, and even favorable
outcomes [6,12,13].

Inadequate distribution and access to health care facilities,
increased prevalence of infectious diseases, sociocultural practices
along with reduced spending on women’s health contribute to
higher maternal and infant mortality in India compared to those in
the developed countries [14]. Providing cancer care to a pregnant
woman with equal emphasis on fetal health is a daunting task.
Additionally, lack of cancer awareness, limited expertise and re-
sources lead to delayed diagnosis. Therefore, this study aimed to
analyze the PABC cases from the registry established at the Tata
Memorial Centre, Mumbai, a tertiary cancer referral centre, and
compare the epidemiological, diagnostic, and prognostic factors as
well as maternal and fetal outcomes with the published literature.

2. Methods

We conducted a registry study from Sep 2013 to Jan 2020 of the
reproductive age group women, diagnosed with BCP or BCPP
defined as diagnosed within one-year post-partum. Patients with
missing vital information on their pregnancy or its outcomes were
excluded from the analysis. Self-reported information by the study
participants was collected periodically using questionnaires and
passively from the electronic medical records and case files. Preg-
nancy associated outcomes, the oncological outcomes and the
factors affecting either of them were analyzed. Delay in diagnosis
was defined as � 3 months from the detection of first symptom by
the patient.

2.1. Statistical analysis

Descriptive statistics were used for reporting the patient, tumor
and treatment related characteristics. For the categorical variables,
the difference in proportions was tested using the Chi-square test
or Fisher’s exact test. We performed univariate analysis to evaluate
factors affecting the outcomes and those factors that were signifi-
cant on univariate analysis were used in the multivariate cox
regressionmodel. All p-values were two-sided andwith an alpha of
0.05.

2.2. Survival analysis

Survival statistics were calculated by Kaplan Meier method and
comparisons made using the log-rank test. The time from the date
of diagnosis of PABC to the date of last follow-up or death from any
cause was defined as the overall survival (OS). The time since the
date of diagnosis of PABC to the date of any first event (relapse,
progression or death) was defined as the event-free survival (EFS).
The study was approved by Institute review board and registered to
clinical trials registry India (CTRI/2017/02/007907).

3. Results

3.1. Study population

The patient, disease stage, grade, receptor status-wise distri-
bution and treatment related parameters are provided in Table 1.
The cohort included 104 patients diagnosed with PABC; both
antepartum (n ¼ 34) and postpartum (n ¼ 70). Majority of the
womenwere multiparous (n¼ 93, 90%) and the median age was 31
89
years [interquartile range (IQR): 22e42 years]. After first detecting
a breast lump, a median of 6 (IQR: 0.5e48) months elapsed before
attaining the histological diagnosis of malignancy where 77(74%)
had �3months of avoidable delay in diagnosis. Notably, majority
(96%) of the antepartum patients had extremely dense breast pa-
renchyma onmamamogramwith irregular masses that appeared to
be of equal density as the parenchymawithout micro-calcifications
(75%) and imposed diagnostic dilemma and add to delay in diag-
nosis. Only 1/25 patients with a family history of cancer, was
detected with a germline pathogenic variant of BRCA1 (p.Glu23fs).
There was a history of infertility treatment in three patients, and
use of oral contraceptives in four patients.

3.2. Oncological treatments

3.2.1. Systemic therapy
Among the 75 non-metastatic patients, 49 patients received

neoadjuvant (NACT) while 26 patients received adjuvant chemo-
therapy (ACT) after surgerywhereas all except 4metastatic patients
received some form of chemotherapy. Only 70% HER2-positive
patients received Trastuzumab only after delivery, either as short
or as long course, due to financial constraints (Table 1). In ante-
partum patients, chemotherapy was continued till 35e37 weeks or
two weeks before a planned delivery so as to minimize chances of
maternal and/or neonatal myelosuppression/septicaemia.
Ondanstron, metoclopramide and histamine blockers were used for
emesis as prophylaxis and/or treatment in the antepartum cohort.
Growth factors were uncommonly used either as primary (n¼ 2) or
as secondary prophylaxis (n¼ 4). Most of the patients tolerated the
systemic therapy well with few grade III/IV complications in the
form of febrile-neutropenia (n ¼ 12), mucositis (n ¼ 3), and 1 pa-
tient each with hypersensitivity, diarrhea and hyponatremia. One
patient required short term stay in the intensive care unit for acute
onset dyspnea after anthracyclines whereas one patient developed
coagulopathy and HELLP syndrome after 4 cycles of NACT and had
to undergo therapeutic preterm delivery. One LABC patient who
received anthracyclines and trastuzumab, developed cardiomyop-
athy with an ejection fraction of 35% requiring interruption of
trastuzumab. Dose reductions (up to 75%) were required in seven
patients. There was no chemotherapy-induced death.

3.2.2. Loco-regional therapy
At the time of reporting only 65/75 non-metastatic patient had

undergone surgery; 5 undergoing NACT whereas 5 defaulted
further treatment after NACT. Two patients among those that were
operated underwent cosmetic whole breast reconstructive surgery.
Three metastatic patients underwent surgery where 1 was diag-
nosed to have metastatic disease after the surgery whereas the
other 2 were oligo-metastatic and treated with radical intent. For
all the women underwent surgery during pregnancy appropriate
precautions were taken to avoid uterine hypoperfusion, maternal
hypotension, hypoxia, hypoglycemia, pain, fever, and infection and
thrombotic prophylaxis was used as appropriate. Radiation therapy
(RT) was delivered to the patients whether as adjuvant therapy
(n ¼ 66) or as palliative therapy (n ¼ 11) only post-partum. The
details of the treatments grouped by the antepartum and post-
partum cohort is given in Fig. 1A and treatment algorithm in Fig. 1B.

3.3. Survival analysis

3.3.1. Overall cohort
At a median follow up of 27(range 0.2e67 months), the esti-

mated 3-years OS and EFS for the entire cohort shown in Fig. 2 was
67.8% [95% confidence intervals (CI): 56.5%e81.3%] and 53.4%
(42.6%e66.8%). For EBC and LABC patients the 3-year OS (Fig. 3A)



Table 1
Baseline characterstics.

Variable Frequency n ¼ 104 (%)

Median age (range) in years 31 (22e42)
Antepartum Cohort (BCP) 34 (32.7)
Postpartum cohort (BCPP) 70 (67.3)
Multiparous 93 (92%)
Family history of cancer 25 (24)
Median duration of symptoms [IQR] 6 [3�12]
Delayed diagnosis 77(74%)
Laterality
Right 53 (51)
Left 51 (49)
Trimester
1e12weeks 36 (61)
>12 to <24 16 (27.1)
>24 to <36 7 (11)
Missing 45
ECOG PS
0 59 (56.7)
1 41 (39.4)
�2 4 (3.9)
Median BMI [IQR] 24 [21e28]
Disease Characteristics
TNBC 43 (41.3)
Her2 positive and HR negative 14 (13.5)
Her2 and HR positive (Triple positive) 16 (15.4)
Her2 negative and HR positive 31 (29.8)
Stagea

EBC 24 (23.1)
LABC 51 (49)
MBC 29 (27.9)
Grade(IDC GradeIII) 101(97%)
Median week of pregnancy [IQR] 14 [6.15e24]
Treatment Characteristics

Systemic Therapy

Taxanes þ Anthracyclines 69
Anthracyclines alone 12
Taxanes Alone 10
Taxanes þ Carboplatin 4
Hormonal Therapy Alone 4
Trastuzumab received (n ¼ 21 out of 30 eligible) 15(EBC &LABC): 12 weeks (n ¼ 9); 1year (n ¼ 6)

6 (MBC): palliative intent trastuzumab
Surgery (n¼65; 68 breast surgeries)
Mastectomy 27
Breast Conserving Surgery 39
Breast Reconstruction 2
Locoregional Radiation Received 77 (74)

IQR¼ Interquartile Range; ECOG: Eastern Cooperative Oncology Group; PS: Performance Status.
BMI: Body Mass Index; HR¼ Hormone Receptors; EBC ¼ Early Breast Cancer; LABC ¼ Locally Advanced Breast Cancer;
MBC ¼ Metastatic Breast Cancer.

a Stage is defined as per the standard AJCCC staging system eighth edition [37].

J. Bajpai, V. Simha, T.S. Shylasree et al. The Breast 56 (2021) 88e95
was 100 (95% CI: 100%e100%) and 65% (95% CI: 49%e86.2%)
whereas the 3-year EFS (Fig. 3B) was 82% (95% CI: 65.2%e100%) and
56%(95% CI: 42%e75.6%) respectively (Fig. 3A). Metastatic breast
cancer (MBC) patients had the worst outcomewith a 3-year OS and
EFS of 46.2% (95% CI: 26.7%e79.8%) and 24% (95% CI: 10.1%e58.5%)
respectively (Figs. 2 and 3). The median OS and EFS were 32
(22e42) months and 17 (5e30) months for MBC patients.

3.3.2. BCP Patients(diagnosed antepartum)
At themedian follow-up of 38 (range 1e67)months, the median

OS was 52.4 (95% CI 39.6 e NA) months and median EFS was 52.4
(95% CI 24.0 e NA) months. The estimated 3 years OS and EFS for
this cohort as shown in the figure is 74.2% (95% CI 58.3%e94.4%) and
58.1% (95% CI 41.6%e81.2%) respectively (Fig. 3 D).

3.3.3. BCPP Patients(diagnosed postpartum)
At the median follow up of 24 (range 0.5e62) months, the

median OS and EFS was not achieved. The estimated 3 years OS and
90
EFS for the entire cohort shown in the figure is 62.8% (95% CI 47.9%e
82.3%) and 50.5% (95% CI 37.3%e68.4%) respectively (Fig. 3 D).

3.3.4. Variables affecting OS and EFS
The details of the univariate analysis of factors and their

respective correlation with either the OS or the EFS for the overall
cohort and subgroups are provided in Table 1 A and B(supple-
ments).The factors analyzed in univariate analysis were age, body
mass index, ECOG-PS, duration of symptoms, parity, diagnosis
during pregnancy or postpartum, family History of cancer, delay in
diagnosis, receptor status; treatment specifications-regimen type,
multimodality care received or not, pregnancy termination done or
not, birth weight and lactating status. Multivariate cox regression
analysis for EFS in the overall cohort could be not be conducted
since disease extent was the only statistically significant factor in
the univariate analysis. Similarly, due to lower event rates in the
non-metastatic, antepartum and postpartum patient cohorts,
multivariate analysis could not be conducted for OS. The cox



Fig. 1. A: Oncological Treatment and pregnancy outcome details grouped by clinical presentations, B: Clinical algorithm for Management of PABC (antepartum cohort).
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proportional hazards model for the OS (entire cohort) and the EFS
(postpartum cohort) showed that the patients with greater disease
extent were significantly more likely to have an event and poor
outcome as compared to patients with EBC (Table 2). These models
were validated with Harrell’s concordance statistic of 0.69 and the
proportionality assumption was not violated.

3.4. Pregnancy related details

Among the 34 antepartum patients 14 were diagnosed during
the first, 13 during the second and 7 during the third trimester.
Fifteen patients opted for medical termination of pregnancies
91
(MTP); among them 5 patients had metastatic disease. There were
18 live births including 16 full term, and 2 preterm deliveries with
average birth -weight of 2.55 Kgs (SD 0.484), one patient was yet to
deliver at the time of analysis. One preterm baby required venti-
latory support immediately postpartum while the other developed
strabismus and seizures at the age of 6 months with delay in
attaining cognitive milestones. All the remaining 17 babies were
alive and attaining normal milestones.One infant who had hydro-
ureteronephrosis antenatally was diagnosed with posterior ure-
thral valve after birth and was surgically corrected at the age of 11
months. All 18 neonates were started on top-feeds to allow unin-
terrupted systemic therapy delivery post-partum. Two of these



Fig. 2. A: Overall cohort - OS and EFS (N ¼ 104), B: Overall cohort - OS - Disease extent
(N ¼ 104), C: Overall cohort - EFS - Disease extent (N ¼ 104).
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mothers experienced moderate anxiety whereas one failed to bond
with the child.

Among the 70 patients diagnosed with PABC postpartum, 2
underwent MTPs (1 had metastatic disease), 1 had a preterm de-
livery and, the rest had full term deliveries with an average birth-
weight of 3.03 kgs (SD 0.43). The difference between the birth
weights of antepartum and postpartum cohort was statistically
significant (p ¼ 0.002). Within the post-partum cohort also a
neonate had developed hydroureteronephrosis and expired at 6
months from severe diarrhea; another neonate died on day 18 (of
unknown cause). All the other 66 babies were alive and attaining
normal milestones.
92
4. Discussion

Ours is the first PABC registry created in India providing insight
on the uncommon presentation of breast cancer in pregnant
women or those that have delivered within a year of the cancer
diagnosis. This registry was thought to be necessary to systemati-
cally study the incidence, patterns of presentation, demographic,
tumor and treatment related details and survival outcomes of both
the patients and their babies in India. The exact incidence of PABC
in India is not known due to under reporting and absence of na-
tional PABC registry till now. The median age at diagnosis in our
study was 31 years which is similar to the published literature [3].
For majority of these women, this was not their first pregnancy
(excluding delayed childbearing as the likely etiology) which is also
in alignment with the published data suggesting that the average
age at first childbirth in India is still around 20 years of age [15e17].

Therewas a delay in establishing the cancer diagnosis (median 6
months) since first noticing a lump and is similar to the observa-
tions made by other PABC studies reporting delays between 1 and
13 months [18,19]. The higher proportion of postpartum patients
compared to antepartum patients, similar to other series, could be a
reflection of the delay in diagnosis [19e24]. Even though multiple
pregnancies and breast feeding are considered protective for breast
cancer, the increased levels of pregnancy-associated hormones as
well as process of involution may predispose women to develop
breast cancer. This is corroborated by a study reporting the
importance of oxytocic molecular signatures in mammary and
extramammary regions and its effect on neoplastic process [22,25].
Lack of awareness about breast cancer in young, reluctance to seek
medical attention, inexperienced obstetrician or midwife, com-
pounded by reduced sensitivity of clinical or self-breast examina-
tion and difficulty in detecting a breast lump due to pregnancy and
lactation related changes in breast on mammography and denial
are among the few reasons for the delay [26e28]. Our data re-
inforces the importance of educating pregnant women and care
providers on the risks of PABC as well as the impact of early
detection of cancer on the outcomes.

Unlike our study and that by Johansson et al., Hou et al. found a
correlation between a positive family history and PABCwhich could
be due to the differences in the PABC definition and geo-ethnic and
racial differences of the cohorts [27,28]. Since younger reproductive
age-group women are more commonly associated with both the
PABC and the hereditary breast cancer age at presentation may act
as a confounder and therefore such associations need to be evalu-
ated carefully. Nevertheless, PABC patients that meet the criteria
should be offered genetic counselling and if needed testing.
Furthermore, BRCA mutation carriers are at a high risk of contra-
lateral breast and ovarian cancer and require counselling regarding
different prophylactic treatment strategies and follow-up and even
preimplantation genetic diagnosis as appropriate [16,24,27].

The tumor-related characteristics like the grade and the
receptor-status distribution (higher proportion of TNBCs) are
higher compared to the other series indicating association of PABC
with aggressive biology [6,27,29,30]. This could also be explained
by the fact that in India breast cancer occurs a decade earlier and
the TNBC and HER2-neu positivity rates are higher even in the non-
pregnant women than in the west [31]. Still, the proportion of
TNBCs are higher in PABC cohort in comparison with the non-PABC
young breast cancer patients that present to our institute (34%,
unpublished data) and suggest aggressive biology disease. The
chemotherapy indications and agents used for PABC patients are
the same as in non-pregnant breast cancer patient. However, spe-
cial consideration is given to the physiologic changes of pregnancy
which effect the pharmacokinetics of systemic treatment including
progressive increase in the maternal body weight, plasma volume,



J. Bajpai, V. Simha, T.S. Shylasree et al. The Breast 56 (2021) 88e95

93
hepatorenal perfusion, cytochrome P450 activity (third trimester),
and serum albumin concentrations. The fetus and amniotic fluid act
as a third space, sequestering the medications from the mother.

The systemic anti-cancer drugs are teratogenic and are contra-
indicated for use during the 1st trimester [16,17,19,27]. In second
and third trimester, anthracycline-based regimen have been shown
to be safe without increase in perinatal deaths, still births or long
term cognitive outcomes and were preferred in our PABC patients
(Table 1) [19,27,32]. There is limited data about the safety of taxanes
with some older series showed increased birth complications but
not hampering with infant growth [20]. Even though the recent
data may be more reassuring one should exercise caution [33].
Chemotherapy-induced toxicities were similar to the other re-
ported study [21]. Trastuzumab, tamoxifen and radiotherapy all
agents known to cause teratogenic effects antepartumwere used in
post-partum setting only wherever indicated [6]. The stage of the
disease and the trimester guided the timing and type of surgery
during the pregnancy where equal emphasis was given to maternal
and fetal wellbeing. Radiation therapy like other studies was not
offered during pregnancy and hence, if women was keen for con-
servation surgeries, it was performed after the delivery or in the last
trimester of pregnancy to prevent delay in adjuvant RT [16,19,27].

The OS and the EFS were comparable to other PABC studies as
well as stage and age -matched non-pregnant cohort especially in
EBC(unpublished Institutional data from other large study of young
breast cancer patients) andworsenedwith increased disease extent
which was the only independent predictor found for survival. This
again emphasizes the fact that increasing cancer awareness among
young women may lead to early diagnosis and better outcome and
is in sync with few other studies [20,21].

In our study approximately one in two underwent MTP, mostly
in the 1st trimester. A third of themwere diagnosedwithmetastatic
disease which may have influenced their decision. For most
aggressive biology, poor prognostic cancers diagnosed in the first or
early second trimester, various international guidelines suggest
opting for MTP, so that standard treatment can be delivered
without delay to optimize oncological outcomes [16,34]. Never-
theless, treatment decisions in such uncommon and complex sit-
uations should be taken in a multidisciplinary setting involving the
parents in the decision-making process. Luminal-A subtype of
disease, early stage and precious pregnancy are few clinical situa-
tions where pregnancy should be continued if the patient and the
father desire. Conception and pregnancy following successful
treatment of breast cancer is possible despite the use of alkylating
agents and breast radiotherapy and should be informed to all
women diagnosed with advanced cancer prior to completing 20
weeks of gestation.

Our study showed fewer incidences of birth complications and
impaired cognitive development in children born in antepartum
cohort (1/18 child with preterm delivery); this is similar to other
studies wherein morbidities and cognitive development were
found to be related with each added month to delivery rather than
chemotherapy cycles [18,21,23,27]. However, some studies have
reported transient dyspnea (10%) and requirement of special
attention in 11% school-aged children. This discrepancy could be
due to sparse data because of the uncommon presentation [18,29].
The birth weight was significantly lower in antepartum cohort
which might be related to the fetus’ exposure to chemotherapy.
While there are studies with similar finding there are other studies
also that suggest no impact on birthweight [7,32,35,36]. This could
Fig. 3. A: Non- Metastatic cohort - OS - Disease extent (N ¼ 75), B: Non- Metastatic
cohort - EFS - Disease extent (N ¼ 75), C: Antepartum Cohort - OS and EFS (N ¼ 34), D:
Postpartum Cohort - OS and EFS (N ¼ 70).



Table 2
Multivariate analysis for factors affecting OS and EFS.

Overall Survival overall cohort Event Free survival in postpartum cohort

Exp(B) 95.0% CI for Exp(B) Sig. Exp(B) 95.0% CI for Exp(B) Sig.

Lower Upper Lower Upper

Disease extent EBC (Ref.)
LABC 7.793 1.007 60.310 0.049 2.104 0.454 9.767 0.342
MBC 8.066 0.912 71.310 0.06 5.191 1.031 26.136 0.046

Radiation therapy Yes (Ref.)
No 0.4159 0.146 1.184 0.1 0.588 0.2078 1.668 0.319

Overall Survival overall cohort Event Free survival in postpartum cohort

Disease extent EBC (Ref.)
LABC 7.793 1.007 60.310 0.049 2.104 0.454 9.767 0.342
MBC 8.066 0.912 71.310 0.06 5.191 1.031 26.136 0.046

Radiation therapy Yes (Ref.)
No 0.4159 0.146 1.184 0.1 0.588 0.2078 1.668 0.319

EBC ¼ Early Breast Cancer, LABC ¼ Locally advanced Breast Cancer, MBC ¼ Metastatic Breast Cancer.
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be also be attributed to the over-cautious attitude of obstetricians
and tendency to deliver the fetus preterm in woman with PABC
without any pressing medical indication. Morbidity and mortality
in newborn babies are directly related to gestational age at delivery,
hence, utmost care should be exercised while taking these de-
cisions [33] [e] [35]. Longitudinal studies focusing on the maternal
and child related outcomes including behavioral and emotional
development would be necessary to guide regarding selection of
appropriate treatment strategies.
5. Limitations

The nonrandomized, nature of the study with small patient
numbers introduce some bias. However, due to its uncommon
presentation, conducting randomized studies may not be possible.
Since some information was based on self-reporting, the education
levels can have impact on the integrity of that data. However, we
confirmed the patient history with medical records for this data set
which greatly reduced the chances of such interpretational errors.

This is the data from first registry on PABC from India from a
large tertiary cancer centre. Majority of the patients had aggressive
biology (TNBC and higher grades) and delayed diagnosis. The
treatments for breast cancer in women pregnant or otherwise are
similar, with a few differences governed by the balance of oncologic
versus obstetric outcome and decisions are generally trimester-
dependent. Treatment was feasible in the majority of patients
and stage, matched outcomes are comparable to non-PABC, hence,
creating awareness and early diagnosis is of utmost importance to
improve prognosis in this unique entity. Long-term effects of
chemotherapy on cognitive and other milestone development
needs exploration in larger prospective cohorts and collaborations.
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