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Breast cancer is one of the most frequently encountered malignancies in women. Although the prognosis is
good for most breast cancer patients, little is known about the outcomes of breast carcinoma during preg-
nancy. The long-term results and predictors of survival of conservative breast surgery for breast cancer during
pregnancy are especially unclear.

Patients with primary diagnosis of breast cancer during pregnancy who received conservative breast surgery
were recruited in this study from October 2009 to January 2015. Clinical data were collected and compared to
individuals without associated pregnancies. The primary outcome disease-free survival (DFS) and the second-
ary outcome, overall survival (OS), were compared between the 2 groups (pregnant vs. nonpregnant women).
Cox proportional hazards regression analysis was used to assess the potential predictors of survival for breast
cancer patients during pregnancy.

Sixty-three pregnant patients underwent conservative breast carcinoma. The median gestational age was 26
weeks and the median age was 34 years. The nonpregnant group consists of 82 individuals with median age
of 37 years. All the patients received chemotherapy after surgery. The follow-up period was 3 years. The 3-year
DFS was 79.3% in the pregnant group and 81.7% in the nonpregnant group. The 3-year OS was 87.3% (preg-
nant) and 89% (nonpregnant), respectively. Multivariable analysis revealed that tumor stage and chemothera-
py were independent predictors for survival.

Our study showed that conservative breast surgery is a reliable therapy for breast cancer patients during preg-
nancy, with similar DFS and OS compared to nonpregnant patients.
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Background

Breast cancer is among the most common malignancies in
women, with an incidence of 71.7 per 100 000 population in
developed countries and 29.3 per 100 000 population in de-
veloping countries [1]. Although the occurrence of cancer in
pregnant women is not a common phenomenon, it is estimat-
ed that up to 3% of breast cancers are diagnosed in pregnant
women, making it the second most common malignancy di-
agnosed during pregnancy [2,3]. The incidence is expected to
increase because more women are now deferring childbear-
ing until they are older. There has been controversy about
the influence of pregnancy on prognosis, and management
of breast cancer with associated pregnancy can be challeng-
ing because of the possibility of adverse effects on both the
fetus and mother. A report from Amant et al. insisted that im-
mediate treatment during pregnancy will decrease the need
for preterm delivery and subsequent potential prematurity [4].
In general, the aim of treatment for breast cancer during preg-
nancy is the same as that for nonpregnant patients.

Breast-conserving surgery (BCS) is a reliable therapeutic option
with similar overall survival as mastectomy [5,6]. In addition,
BCS provides significant benefit for patients due to much bet-
ter cosmetic effect. Although some research claimed that BCS
increased local reoccurrence incidence on the long term [7],
it is obvious that the benefit outweighed the cost in selected
patients [8,9]. Previous studies have reported surgery was the
definitive therapeutic approach for breast cancer, followed by
multidisciplinary treatment [10]. However, few studies have fo-
cused on the long-term results or predictive factors of surviv-
al for gestational breast cancer patients who underwent con-
servative breast surgery.

The present study compared the long-term results between
pregnant and nonpregnant patients who underwent BCS, and
also explored the potential predictors of survival after con-
servative breast surgery for breast cancer during pregnancy.

Material and Methods

Participants

Patients with diagnosis of breast cancer in our institution were
recruited in this study from October 2009 to January 2015.
Diagnosis was confirmed using the combination of mammog-
raphy, ultrasonography, magnetic resonance imaging (MRI),
and core biopsy. Cancer was staged according to the American
Joint Committee on Cancer (AJCC) staging system. Hormone
receptor status and HER2 status were investigated preopera-
tively. All eligible patients underwent breast-conserving surgery
followed by radiotherapy immediately after delivery. For the
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nonpregnant group, patients with similar backgrounds were
recruited. The exclusion criteria were lack of complete clinical
data, follow-up less than 6 months, locally widespread or re-
current breast cancer, and previous breast irradiation. All med-
ical records, including age, cancer staging, ER/PR status, HER2
status, trimester at diagnosis, and follow-up data, were collect-
ed and reviewed. This study was approved by the Institutional
Review Board of our institution. Owing to the nature of retro-
spective research, the written informed consent requirement
was waived for this study.

Treatment

All patients were informed about various therapeutic approach-
es and the pros and cons of these strategies. Breast-conserving
surgery was adapted, with comprehensive consideration of
tumor staging, tumor biology, gestational status, and the pa-
tient’s wishes, and was performed by a multidisciplinary team
of breast surgeons, anesthetists, pediatricians, and obstetri-
cians. Owing to the potential fetal damage in the period of
organogenesis, patients diagnosed at the first trimester were
not given chemotherapy until 8 weeks of gestational age.
Radiation therapy was initiated immediately after delivery.
Tamoxifen was avoided because of potential risk of inducing
birth defects. Termination of pregnancy was not recommend-
ed since it would not improve maternal outcome. To prevent
adverse effects of drugs on newborns, breastfeeding in the
first weeks after delivery was not recommended.

Clinical outcomes and follow-up

The primary outcome was disease-free survival (DFS), which
was considered as the period from the date of treatment of
breast carcinoma to the date of confirmed diagnosis with a
secondary malignancy or any loco-regional or distant recur-
rence of disease, whichever occurred first. The secondary out-
come was overall survival (OS), which was the period from the
date of diagnosis to death by any cause. Follow-up ceased
at the date of first confirmed date of recurrence or death.
Individuals without any events at the end of follow-up were
censored. Clinical visits were performed at every 6 months for
3 years during follow-up. Ultrasonography or mammography
was used for patients suspected to have recurrence or new
primary breast cancer.

Statistical analysis

Patient data, including baseline demographic and clinical char-
acteristics, were analyzed using descriptive statistics and fre-
quency tabulation and are presented as mean + standard devi-
ations. Survival analysis, including DFS and OS, was estimated
using Kaplan-Meier curves. To investigate potential predictors
for long-term outcomes, we selected 6 candidate predictors,
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including age (20-30 y; 30-40 years), AJCC staging, chemo-
therapy, ER/PR status, HER2 status, and trimester at diagnosis
based, in previous retrospective studies and a priori hypotheses.
Univariate associations between candidate predictors and sur-
vival were examined with 95% confidence interval (Cl) by us-
ing the Cox proportional hazards model. Multivariate Cox re-
gression analysis with backward elimination was performed
to select significant prognostic factors. All reported P values
were 2-sided, and a value less than.05 was set as the level of
significance. All statistical results were calculated using SAS
(v 9.3; SAS Institute, Inc, NC, USA)

Results

Characteristics of study participants

A total of 815 cases diagnosed with breast cancer in our institu-
tion from October 2009 to January 2015 were reviewed. We re-
cruited 63 individuals with primary diagnosis of breast cancer
during pregnancy who received conservative breast surgery and
82 nonpregnant patients with similar background as the non-
pregnant group. The patient cohort profile is shown in Figure 1.
The median age was 34 years (range 20-44) in pregnant pa-
tients and 37 years (range 22-55) in nonpregnant patients.

Table 1. Demographic and clinical characteristics.

Variable

Age (Mean %SD, yrs) 34.5+15.2

CLINICAL RESEARCH

Completed initial
enrollment
N=815

Eligibility confirmed
N=389 (pregnant=82;
nonpregnant=307)

Ineligible for inclusion
N=426

¥

Recruited in this study
N=145 (pregnant=63;
nonpregnant=_82)

Incomplete data
N=162

Pregnant group (n=63)

Figure 1. Profile of the patient cohort.

The median gestational age was 26 weeks (range 6-34 weeks).
The gestational ages at diagnosis were: 6 individuals with tri-
mester |, 29 individuals with trimester I, and 28 individuals
with trimester IIl. A total of 41 (65.1%) pregnant patients were
diagnosed with tumors stage Il or Ill, and 46 (56.1%) were
stage Il or Ill in the nonpregnant group. Most of the patients
were diagnosed with pathological stage | or Il. There was no

Nonpregnant group (n=82) P value

37.6x17.5 0.82

SD - standard deviations; ER — estrogen receptor; PR — progesterone receptor; HER2 — human epidermal growth factor receptor 2.
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Figure 2. Kaplan-Meier survival estimates of disease-free
survival for breast cancer patients with or without
pregnancy.

significant difference in pathological stage at diagnosis be-
tween pregnant and nonpregnant women (P>0.05). As expect-
ed with premenopausal breast carcinoma, most of the women
in the pregnant group had estrogen-negative (ER-) or proges-
terone receptor-negative (PR-) tumors. Regarding human epi-
dermal growth factor receptor 2 (HER2) status, 42.8% of pa-
tients diagnosed during pregnancy were positive, compared
with only 26.8% of cancers in nonpregnant women. All pa-
tients underwent breast-conserving surgery, and a total of 91
patients received chemotherapy. The chemotherapy regimen
included Cytoxan, 5-fluorurical, and Adriamycin. The mean
gestational age at first chemotherapy was 16.4+9.2 weeks.
The baseline demographic and clinical characteristics of pa-
tients are shown in Table 1.

Clinical outcomes

A total of 145 patients were recruited in this study. Of these,
137 individuals were evaluated at 3-year follow-up, while 5 pa-
tients (2 pregnant patients and 3 nonpregnant patients) were
lost to follow-up during this period. Recurrence of breast can-
cer or secondary malignancy was the first event in 27 patients
(12 pregnant patients and 15 nonpregnant patients). Of these,
24 patients (14 had local recurrence and 10 had distant recur-
rence of disease) had local or distant recurrence and 3 had a
secondary malignancy (2 had lung metastases and 1 had liv-
er metastases). In addition, recurrence or metastases were
detected in 16 patients within the first 2 years after surgery.
The 3-year DFS rate was 79.3% in the pregnant group and
81.7% in the nonpregnant group (Figure 2). No significant dif-
ference in DFS was detected between the 2 groups. Six patients

Figure 3. Kaplan-Meier survival estimates of overall survival for
breast cancer patients with or without pregnancy.

diagnosed with pregnancy and 9 patients without pregnan-
cy were reported to have dies during follow-up. The observed
3-year OS was 87.3% in pregnant women and 89% in non-
pregnant women (Figure 3). Among all 15 deaths, 11 were re-
lated to primary or metastatic cancer and 4 were due to oth-
er causes. There was no significant difference in OS between
pregnant and nonpregnant groups (P>0.05). A total of 60 pa-
tients gave birth to 62 liveborn babies and 3 patients had a
discontinuation of pregnancy. Two liveborn infants were had
adverse effects related to preterm delivery before 32 weeks of
gestation, and 1 of them died within 1 month after delivery.
No malformations or newborn complications were observed
for the rest of the infants. At 4 weeks after delivery, the me-
dian birthweight of infants was 2897 g in the pregnant group
and 3842 g in the nonpregnant group. There were no abnor-
mal hemoglobin concentrations, leucocyte counts, or throm-
bocyte counts at time of delivery or at 1 month after birth.

Identification of predictive factors

Six candidate risk factors — age, AJCC staging, chemotherapy,
ER/PR status, HER2 status, and trimester at diagnosis — were
selected for further investigation based on previous retrospec-
tive research and a priori hypotheses. All relevant medical data
were obtained from the electronic database of our institution.
Tumor stage was assessed according to the AJCC guidelines,
and stage VI was excluded in this study because of different
treatment regimens. Univariate analysis revealed that 4 of these
factors were statistically significant in recurrence-free survival,
including AJCC stage, chemotherapy, HER2 status, and trimes-
ter at diagnosis. Multivariate analysis confirmed only AJCC
stage and chemotherapy as significant predictive factors for
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Table 2. Univariate and multivariate Cox regression models for DFS.

Disease-free Recurrence/

(n=49)

Trimester Il 22 (44.9%) 6

metastases (n=12)

CLINICAL RESEARCH

Univariate analysis Multivariate analysis

HR (95% CI) P value

DFS - disease-free survival; HR — hazard ratio; Cl — confidential interval; AJCC — American Joint Committee on Cancer.

DFS among selected factors in univariate analysis (Table 2). We
also investigated the potential risk factors for overall survival.
Univariate analysis showed that 3 factors — AJCC stage, che-
motherapy, and HER2 status — had a significant effect on OS.
Multivariate Cox regression models showed only AJCC stage
was significant a prognostic factor (Table 3).

Discussion

Although the prognosis of early-stage breast carcinoma is good
for most patients, cancer can complicate pregnancy. Breast car-
cinoma is one of the most common malignancies during preg-
nancy [11]. In addition, the diagnosis of breast carcinoma dur-
ing pregnancy can be more complex since pregnancy-induced
breast changes (e.g., engorgement) make it difficult to distin-
guish a concerning breast mass from a normal breast in a preg-
nant woman [12]. In addition, physiological hyperproliferative

changes of the breast caused by gestational and puerperal
hormones, can induce a false-positive or false-negative result
with fine-needle aspiration biopsy [13]. Other diagnostic ap-
proaches such as MRI are controversial because the use of gad-
olinium during pregnancy, which can cross the placenta and
increase the incidence of fetal abnormalities, is not widely ac-
cepted [14,15]. Apart from that, the treatment strategies for
pregnancy-related breast cancer are different from those of
nonpregnant patients. A previous study found that anhydram-
nios can lead to fetal adverse-effects [16]. Therefore, the use
of trastuzumab is contraindicated for pregnant patients based
on ESMO guidelines [11]. Because we performed breast-con-
versing surgery for all included patients according to the stan-
dard protocols, radiation therapy was necessary to reduce risk
of recurrence. However, restriction of use of radiotherapy dur-
ing pregnancy is controversial due to the teratogenic effects
of ionizing radiation on the fetus [17]. Thus, in our study, all
the patients received radiotherapy immediately after delivery.
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Table 3. Univariate and multivariate Cox regression models for OS.

Survival
(GELH))

Trimester |lI 25 (45.5%) 3
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Univariate analysis Multivariate analysis

HR (95% CI) P value

0OS - overall survival.

Unlike the regular chemotherapy regimen for nonpregnant pa-
tients, cytotoxic agents such as methotrexate should be avoid-
ed at least in the first trimester of pregnancy [18,19].

We retrospectively reviewed the clinical data of patients, includ-
ing demographics and pathological examination results, as well
as genetic predisposition to breast cancer. In line with other re-
ported results, we also found that most breast carcinomas diag-
nosed during pregnancy were ductal adenocarcinomas [20,21].
Genetics detection revealed that most pregnant patients had
hormone receptor-negative cancer, and HER2 positivity was
42.8%, much higher than the 26.8% in nonpregnant patients.
We also recorded morbidity and mortality in infants, finding that
the rates were similar to those in the general population [22].
The data on liveborn infants showed the median birthweight
was 2897 g and 3842 g at 4 weeks after delivery. Our results
are similar to those of a previous report that recorded median
birthweights of 2765g and 3590 g at 4 weeks after delivery [23].

This work is licensed under Creative Common Attribution-
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Regarding long-term results, the prognosis of breast-conserving
surgery for nonpregnant patients has been reported in several
previous studies [24,25]. Here, we compared OS and DFS be-
tween pregnant and nonpregnant patients in this study. Our
results showed that the 3-year DFS was 79.3% in the pregnant
group and 81.7% in the nonpregnant group, which was in line
with previous studies [23,26], and there was no significant dif-
ference between the 2 groups. OS was similar in pregnant and
nonpregnant patients during 3-year follow-up (87.3% vs. 89%).
Amant et al. [27] reported the 5-year OS rate in pregnant wom-
en with breast carcinoma was 78%, which was much lower
than in our study. The discrepancy might be due to the dif-
ferent inclusion criteria and treatment strategies. We exclud-
ed the stage VI patients because the therapeutic approach-
es were different for these patients. We also aimed to focus
on the effect of breast-conversing surgery in this study, so all
the recruited patients underwent surgery plus radiotherapy
with or without chemotherapy. To the best of our knowledge,
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few studies have reported predictive factors for long-term re-
sults of patients during pregnancy who underwent breast-con-
versing surgery. Voogd et al. [28] reported age 35 years and
younger, extensive intraductal component, and vascular inva-
sion are risk factors contributing to local recurrence in non-
pregnant women. Another study confirmed that poorly differ-
entiated ductal carcinoma-in-situ (DCIS) and positive margin
status have prognostic value for predicting distant metastasis
after breast-conserving surgery [29]. Here, we observed sev-
eral factors, including AJCC stage and chemotherapy, contrib-
uting to the prognosis of OS and DFS of pregnant patients.
In most previous studies, age was found to be one of the most
effective predictors in predicting recurrence of breast cancer.
However, we did not observe the prognostic value of age in
pregnant patients. The range of childbearing age might ex-
plain these results. Pregnant patients are generally younger
than nonpregnant patients. We also found an HR of 1.06 of
gestational age, suggesting better outcome for late trimes-
ter patients; however, the confident intervals revealed no dis-
tinct difference between late pregnancy and early pregnancy.
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