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Introduction

Pregnancy-associated breast cancer (PABC) is commonly

Abstract

Background: The aim of this study was to evaluate the characteristics, diagnosis,
prognosis, and effective treatment modalities of pregnancy-associated breast can-
cer (PABC).

Methods: From 1 January 2005 to 31 December 2015, 142 patients with PABC
were identified in the Cancer Institute and Hospital of Tianjin Medical Univer-
sity database. The clinicopathological features, treatment methods, and outcomes
were retrospectively evaluated.

Results: The median age at diagnosis was 30 years. All patients presented with a
palpable mass in the breast. The sensitivity of ultrasound and mammography in
PABC diagnosis was 86% and 83.3%, respectively, which increased to 91.3%
when a combination of mammography and ultrasound was used. The median
tumor size was 5.5 cm, and 63.1% of patients had associated axillary lymph node
metastases. The proportions of ER negative, PR negative and HER2 positive were
45.7%, 45.7% and 30%, respectively. The five-year overall survival (OS) and
disease-free survival (DFS) rates were 76.8% and 63.5%, respectively. According
to univariate analysis, T stage, N stage, and HER2 status were significant prog-
nostic factors for OS and DFS. The time interval between the onset of the first
symptom and the first meeting with a health professional was also significant for
OS. Multivariate analysis showed that T stage and HER2 status were independent
prognostic risk factors for OS and DFS.

Conclusion: PABC is an aggressive form of breast cancer associated with
advanced stage at diagnosis. Despite the existing difficulties in diagnosis, imaging
examinations are indispensable. Early diagnosis and multidisciplinary therapy,
including anti-HER?2 targeted therapy, may be important to improve prognosis.

23 and rises to 15.6% in women

varies from 2.6% to 7%,
aged > 35 years.*

PABC is generally recognized as a particularly aggressive

defined as breast cancer diagnosed during pregnancy or
within 12 months following delivery. It is a rare and
peculiar type, accounting for 0.2-3.8% of all breast
cancers,’ but its incidence in women aged < 45 years

type of cancer for several reasons: young age at diagnosis,
advanced T stage, high rate of lymph node involvement,
negative estrogen ER and PR status, and high rate of HER2
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overexpression. Previous studies have yielded controversial
results regarding PABC prognosis. Most studies describe it
has having adverse biological characteristics with a rela-
tively poor outcome,”® while other studies have suggested

that the poor survival rates are the result of adverse patho-

logic features rather than pregnancy.>'

In this retrospective study we reviewed the clinical char-
acteristics, imaging, and pathologic features of 142 PABC
patients who had been diagnosed and treated in our hospi-
tal to evaluate the therapeutic strategies and analyze prog-
nostic factors.

Methods

Study population

Among the 40 000 patients with breast cancer who were
admitted to the Cancer Institute and Hospital of Tianjin
Medical University from 1 January 2005 to 31 December
2015, 142 (0.36%) were diagnosed with PABC. Institutional
Review Board approval was obtained for this study. Medi-
cal records, including patient and tumor characteristics,
and diagnosis and treatment modalities, were retrospec-
tively reviewed.

Clinical staging was based on the tumor node metastasis
(TNM) staging of breast cancer developed by the American
Joint Committee on Cancer. Immunohistochemical analy-
sis of ER, PR, and HER2 was performed in our pathology
department using formalin-fixed, paraffin-embedded tis-
sues. The primary antibodies used in this study were: ER
(SP1, 1:200 dilution), PR (SP2, 1:200 dilution), and HER2
(CB11, 1:600 dilution; Zymed, San Francisco, CA, USA).
The threshold for ER and PR positivity was 1%. Regarding
HER2/neu assessment, a standard 0-3+ scoring system
based on membrane staining by immunohistochemistry
was used. Intensity patterns with scores 0-1+ were consid-
ered negative, while 3+ was considered positive; those
scored as 2+ were further assessed by fluorescence in situ
hybridization.

Follow-up

Clinical follow up was performed by telephone in all
patients. At the follow-up deadline on 30 July 2018,
140 patients with PABC had completed the follow-up. Two
cases, at clinical stages II and III, were lost to follow-up
after one cycle of neoadjuvant chemotherapy. Disease-free
survival (DFS) was defined as the interval from PABC
pathological diagnosis to the date of relapse or metastasis.
Overall survival (OS) was defined as the interval between
PABC pathological diagnosis and the date of death as a
result of the disease or the last follow-up.

Thoracic Cancer 10 (2019) 1060-1068

Pregnancy-associated breast cancer

Statistical analysis

Data management and statistical analysis were performed
using SPSS version 20.0. The > test was used to assess cat-
egorical variables and the Student’s independent t-test to
compare continuous variables. Kaplan-Meier curves and
log-rank tests were used to assess survival outcomes and
single-factor analysis. Multifactor survival analysis was per-
formed using the Cox risk ratio model. P < 0.05 was con-
sidered statistically significant.

Results

Clinical characteristics

The clinical characteristics of the patients are shown in
Table 1. The median and mean ages were 30 and 30.3 years
(range: 24-44 years), respectively. Fifty of the 142 (35.2%)
patients had a family history of malignancy, including
21 (14.8%) with a history of breast cancer. A total of
112 (78.9%) patients were diagnosed during lactation and
in the remaining 30 patients (21.1%) breast cancer was dis-
covered during pregnancy, including 12 cases in the first
trimester, 14 cases in the second trimester, and 4 cases in
the late trimester of pregnancy. Within the antepartum
subgroup (n = 30), three patients in the first and two
patients in the second trimester of pregnancy voluntarily
chose to terminate the pregnancy. One patient in the sec-
ond trimester had a preterm delivery.

All patients self-discovered a breast mass as the initial
symptom: nine patients showed red and orange peeling
skin, six had nipple discharge, four had papillary hemor-
rhagic discharge, and two had purulent discharge. The
mean PABC size was 5.5 cm (range: 2-16 cm) and clinical
nodal involvement at diagnosis was observed in 60.6% of
patients. The clinical PABC stage was advanced: only 5.6%
of patients were at stage I, while stages III and IV
accounted for 35.2% and 15.5% of all patients, respectively.

Pathological features

The most common histologic PABC type was invasive duc-
tal carcinoma, accounting for 91.5% (130/142), followed by
medullary carcinoma (n = 4), invasive lobular carcinoma
(n = 3), mixed mucinous carcinoma (n = 1), tubular carci-
noma (n = 1), and squamous cell carcinoma (n = 1). His-
tological grading was available for 76 patients, consisting of
54 cases in grade II and 22 cases in grade III. Eighty-two
cases showed lymph node metastasis: 30 cases with 1-3
lymph node metastases and 52 cases with > 3 lymph node
metastases. A total of 140 patients underwent ER, PR, and
HER2 examination, and the positive expression rates were
54.3%, 54.3%, and 30%, respectively. Ki-67 examination
was available for 120 patients and the positive rate was
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Table 1 Clinicopathological features of 142 PABC patients Table 1 Continued

Variables No. of patients (%) Variables No. of patients (%)

Patients 142 Luminal A 10 (7.1)

Age in years, median (range) 30 (24-44) Luminal B 66 (47.1)

Onset period HER2 overexpression 32(22.9)

First trimester 12 (8.4) TNBC 32(22.9)
Eetco:q trm;ester 1282; ‘tPatients underwent excision biopsy at local hospitals. Data available
ate tnmester ) for: $130 cases; §76 cases; {140 cases; and 11120 cases. $KI67 >
Postpartum 112 (78.9) ) . .

i ) 14% was considered positive. PABC, pregnancy-associated breast can-

Family tumor history i . )

cer; TNBC, triple negative breast cancer.
Yes 50 (35.2)
No 92 (64.8)

Initial symptom 89.1% according to the limit of 14%. Based on the immu-
Mass 130 (91.5) nohistochemistry results, the four molecular subtypes were:
Mass and nipple discharge 12 (8.5) Luminal A (n = 10), Luminal B (n = 66), HER2 over-

First pregnancy or delivery expression (n =32), and triple-negative breast cancer
Yes 70(49.3) (n = 32). The pathological features are shown in Table 1.
No 72 (50.7)

Age of first delivery, median (range) 27 (21 ~ 39)

Breastfeeding Preoperative diagnosis and treatment
Yes 130 (91.5)

No 12.(8.5) Oncological management and treatment modalities are sum-

Breast involved marized in Table 2. The average delay in time to see a doctor
S'?{” 2(2) Ei;;; and make a definite diagnosis were 6.07 months (range:
€ , ’ 1 day-40 months) and 7.84 months (range: 3 days-

Tumor staging i .

T, 8(5.6) 100 months), respectively. Of the 30 women in the
T, 68 (47.9) antepartum subgroup, five patients voluntarily chose to termi-
Ts 38 (26.8) nate the pregnancy to undergo further treatment, while
Ta 20 (14.1) 25 women postponed medical advice until after their delivery.
Unknown . 8(5.6) Difficulty in PABC diagnosis was another reason for delayed

Adillary lymph node metastasis diagnosis: 24 patients were misdiagnosed with acute mastitis
Positive 86 (60.6) . . .

Negative 56 (39.4) (n = 14), a benign mass (n = 4), and milk production (n = 6).

Clinical staging ' In our study, 128 patients underwent ultrasound exami-
| 8 (5.6) nation: 110 (86%) patients had malignant tumors, 12 were
[ 64 (45.1) assessed with milk production combined with inflamma-
1 60 (43.3) tion, 3 as benign mass and 3 could not be diagnosed.
Voo 10(7.0) Furthermore, 48/142 (33.8%) patients underwent mam-

Pathological type mography and among them 40 (83.3%) cases resulted in a
Invasive ductal carcinoma 130 (91.5) . . . .

. . correct diagnosis, 4 were considered benign masses, 2 were
Invasive lobular carcinoma 2(1.4) L lasi
Other types 107.1) misdiagnosed as mammary dysplasia, and 2 cases could

Lymph node metastasis: not be diagnosed. The sensitivities of ultrasound and mam-
0 48 (36.9) mography were 86% and 83.3%, respectively. Forty-six
1-3 30(23.1) patients in our series agreed to simultaneously undergo the
24 52 (40) two imaging examinations and 42 patients had correct

Histological grading$ . . . . .

} 54 (415) diagnostic findings or suspected malignancy. The sensitiv-
" 220 7 0 ity of the combination of mammography and ultrasound
Unknown 54 (41:5) increased to 91.3%. All PABC cases were eventually diag-

Immunohistochemical markersq nosed by large-core needle biopsy (88 cases) or frozen
ER positive 76 (54.3) section biopsy (54 cases).

PR positive 76 (54.3) As most of the PABC cases in our group were at
HER2 overexpression 42 (30) advanced clinical stage, 78 (54.9%) postpartum patients
KI67 positivet, 114.(89.1) were treated with neoadjuvant chemotherapy. The

P53 positiveti 82 (68.3)

Molecular subtypeq
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response to neoadjuvant chemotherapy according to the
pathological report was: 22 cases in III degree, 36 cases in
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Table 2 Oncological management of the 142 PABC patients

Variables No. of patients (%)

Average delay to diagnosis
(range)

Average delay to see a doctor
(range)

False differential diagnosist

7.84 months (3 days—100 months)

6.07 months (1 day—40 months)

Acute mastitis 14 (58.3)

Benign mass 4(16.7)

Milk production 6 (25)
Type of ultrasounds

Cancer 110 (86.0)

Milk production with 12 (9.4)

inflammation

Benign mass 3(2.3)

No diagnosis could be made 3(2.3)
Type of mammography§

Cancer 40 (83.3)

Benign mass 4 (8.3)

Mammary dysplasia 2(4.2)

No diagnosis could be made 2(4.2)
Ultrasound combined with

mammographyq

Cancer 42 (91.3)

Benign mass 4(8.7)
Neoadjuvant chemotherapy

Yes 78 (54.9)

No 64 (45.1)
Type of surgery

Modified radical mastectomy 70 (49.3)

Conventional radical 28 (19.7)

mastectomy

Breast-conserving surgery 32 (22.5)

Non 12 (8.5)
Adjuvant chemotherapy

Yes 126 (96.9)

No 4(3.1)
Adjuvant radiotherapy

Yes 78 (54.9)

No 64 (45.1)
Endocrine therapyfs

Yes 64 (84.2)

No 12 (15.8)
Trastuzumab§§

Yes 24 (57.1)

No 18 (42.9)

724 patients were misdiagnosed. Data available for: 128 cases;
§48 cases; 446 cases; 11130 cases who underwent adjuvant chemo-
therapy; %76 cases with positive ER or PR; §§42 cases with HER2 over-
expression. PABC, pregnancy-associated breast cancer.

IT degree, 6 cases in I degree, and 14 cases with no clear
response to chemotherapy. We could not evaluate the
effect of chemotherapeutics on pregnancy or the fetus, as
all 78 patients were postpartum. The only premature baby
is currently in good health.

The majority of PABC patients (130/142) underwent
surgery, except two patients who were lost to follow-up

Thoracic Cancer 10 (2019) 1060-1068
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and those with metastases at diagnosis. Seventy patients
underwent modified radical mastectomy, 28 underwent
conventional radical mastectomy, and 32 (22.5%) under-
went breast-conserving surgery (BCS). In our sample,
96.9% of patients were administered adjuvant chemother-
apy and 78 were administered adjuvant radiotherapy,
including 32 patients who underwent BCS. Sixty-four
patients were administered endocrine therapy, six of whom
used goserelin for ovarian castration. Among the
42 patients with HER2 overexpression, trastuzumab
(Roche, Basel, Switzerland) targeted therapy was adminis-
tered in 24 cases.

Survival analysis

During the median follow-up duration of 63 months, 38 of
140 (27.1%) patients developed local tumor recurrence or
distant metastasis and 30 (21.4%) patients died of breast
cancer. Among the PABC cases with metastasis, lung
metastasis was the most common site, accounting for
61.1% (22/36), followed by bone metastasis (6/36), liver
metastasis (5/36), brain metastasis (2/36), and multiple
lymph node metastasis (1/36). Univariate analysis using
Kaplan-the Meier method showed five-year DFS and OS
rates of 56.1% and 72.3%, respectively. The Kaplan-Meier
curves for DFS and OS are shown in Figure 1.

According to univariate analysis, T stage (T1, T2 vs. T3,
T4, P = 0.048), N stage (NO vs. N1, N2, P = 0.016), and
HER?2 status (P = 0.032) were significant predictors of OS
and DFS (all P < 0.05). The duration between the onset of
an initial symptom and the first meeting with a health pro-
fessional (P = 0.02) was also significantly correlated with
OS. Multivariate analysis showed that T stage and HER2
status were independent prognostic factors for DFS and
OS (P < 0.05) (Table 3).

In the subgroup analysis, patients were stratified as
HER2 positive and HER2 negative. PABC cases with HER2
overexpression gained a significant survival benefit from
trastuzumab targeted therapy, with significantly improved
five-year DFS (55.6% vs. 87.5% with trastuzumab;
P = 0.043) (Fig 2).

Discussion

PABC is a peculiar type of breast cancer with a low inci-
dence. In our study, PABC cases accounted for 0.36% of all
breast cancer cases, which is consistent with the reported
incidence rate of 0.2-3.8%. Because of the low rate of
PABC incidence, no randomized or prospective studies
have been conducted regarding optimal diagnostic evalua-
tion, management, and prognosis. In this study, we retro-
spectively and retroactively analyzed 142 PABC patients to
better identify the biologic characteristics.

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1063
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Figure 1 Five-year (a) overall survival (OS) and (b) disease-free survival (DFS) curves of 140 patients with pregnancy-associated breast cancer (PABC).

Table 3 Multivariate analysis of prognostic factors affecting OS and DFS of 140 PABC patients

0s DFS
Variables B SE P HR 95% ClI B SE P HR 95% Cl
Tl —2.688 0.846 0.111 0.068 0.013-0.357
HER2 status 4.552 1.196 0.000* 14.832 9.089-19.501 2.485 0.938 0.008* 11.997 1.909-15.374
T stage —2.688 0.846 0.001* 0.068 0.013-0.357 0.753 0.552 0.043* 2.124 0.719-6.270
N stage -1.602 1.272 0.208 0.202 0.017-2.438 0.152 0.420 0.717 1.164 0.511-2.653

*P < 0.05. Tl, interval between the onset of the initial symptom and the first meeting with a health professional. Cl, confidence interval; HR, hazard

ratio; PABC, pregnancy-associated breast cancer; SE, standard error.
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Figure 2 Kaplan—-Meier curves showing disease-free survival (DFS)
according to use of trastuzumab targeted therapy. The DFS rate is sig-
nificantly higher in the trastuzumab therapy group (P < 0.01). Non-
trastuzumab group, trastuzumab group. —— non-Herceptin group,
—— Herceptin group
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According to the literature available, the average age of
PABC patients varies from 32 to 38 years.*'' In our popula-
tion, the median and mean onset age was 30 years, slightly
younger than the previous reported age, which might be
associated with the younger age of onset of breast cancer
and obstetrical history in China. In our sample, 14.8% of
patients had a family history of breast cancer. Several studies
have suggested that a family history of breast cancer should
be considered when assessing the risk of PABC.'*"

PABC is usually associated with palpable masses in
advanced T stage.'*'® In our study, all patients presented
with palpable masses and 8.5% with nipple discharge at the
same time. The mean tumor size was 5.5 cm and clinical
nodal involvement was observed in 60.6% of cases, includ-
ing 4.2% in N3. Several studies have reported that the delay
in PABC diagnosis is attributed to its advanced clinical
stage.”> The average delay to obtain a definite diagnosis
was 7.84 months in our cohort, which was consistent with
the reported range of 1-13 months.'® In addition, delayed
diagnosis was one of the negative factors that affected OS

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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in our study. Several reasons, as consequences of preg-
nancy and lactation, might be associated with the delayed
PABC diagnosis, such as patients or doctors overlooking
clinical PABC symptoms and difficult radiographic evalua-
tion as a result of changes in breast density. However, post-
poning medical advice until after delivery was the most
prominent reason for a delayed PABC diagnosis in the pre-
sent study.

The imaging procedures for PABC diagnosis and staging
in our group included both breast ultrasound and mam-
mography. Ultrasound should be performed as first-rank
procedure, as it has almost 100% sensitivity for PABC
diagnosis.”” However, the accuracy rate of ultrasound
examination is lower (86% in our study) (Fig 3a) and also
often reveals tumors with regular borders, posterior acous-
tic enhancement, and parallel orientation, highlighting
benign masses (Fig 3b). Our results are consistent with
findings by Ayyappan et al. who reported that PABC usu-
ally presents a falsely reassuring appearance on ultra-
sound.”® Although mammography has been demonstrated
to be a safe procedure for pregnant women as irradiation
to the fetus is negligible, mammography is thought to be
unsuitable for PABC because of high breast density."”
Therefore, a very low rate of only 33.8% of patients in our
study underwent mammography examination. However,
mammography helped to obtain a correct diagnosis in
83.3% of patients with PABC (Fig 4a). Some patients were
misdiagnosed as having benign masses or no evidence of
abnormality (Fig 4b). Encouragingly, the combined use of
mammography and ultrasound increased the accuracy rate
to 91.3%. Therefore, both ultrasound and mammography
are recommended for pregnant or lactating women because
of the risk of delay and difficulties in making a PABC diag-

nosis. However, contrast-enhanced breast magnetic

Pregnancy-associated breast cancer

resonance imaging (MRI) is not currently recommended
for PABC patients considering the unhealthy impact of
contrast media on fetal safety.*

In our study, invasive ductal carcinoma was the most
common pathological type accounting for 91.5% of all
patients. In addition, 41.5% of cases were grade II and
17.0% of cases grade III, which was consistent with the
results of previous studies showing that PABC tends to be
associated with high histological grades.”’ PABC is thought
to exhibit other adverse biologic features, such as more fre-
quent ER and PR negative status, and a high rate of HER2/
neu overexpression or amplification.*'"** In this study,
45.7% of PABC patients were ER and PR negative and 30%
showed HER2 overexpression. Higher Ki-67 (89.1%) and
P53 positive (68.3%) levels were also observed. Our results
suggest that PABC could be characterized by more adverse
tumor characteristics. HER2 overexpression (22.9%) and
triple-negative breast cancer (22.9%) were the more com-
mon molecular subtypes, which is consistent with the find-
ings of several other reports.”

PABC requires multidisciplinary comprehensive treat-
ment, including surgery, chemotherapy, radiotherapy,
endocrine therapy, and trastuzumab targeted therapy.
Whether pregnancy termination can improve PABC prog-
nosis remains controversial>*** In our study cohort, five
patients chose to terminate their pregnancy, but did not
showing any significant improvement in survival. Surgery
is the most important treatment to combat PABC, and is
safe during all trimesters of pregnancy.” In our patient
cohort, the majority of patients underwent surgery and
most (55.7%) were subjected to modified radical mastec-
tomy, likely as a result of the advanced clinical stage. How-
ever, no significantly improved survival was observed in
PABC patients who underwent surgery. Radiotherapy is

T S B T L DM N
Com TN —
M o

Figure 3 (a) Ultrasound shows the structure of the mammary gland disorder, skin thickening subcutaneous tissue space edema, and low echo area,
suggesting breast cancer (Grade Il invasive ductal carcinoma). (b) Ultrasound shows a 5.0 x 2.9 x 4.8 cm hypoechoic, undersmooth, irregular, and
lobulated mass, which indicates lobular neoplasms (Grade Il invasive ductal carcinoma).

Thoracic Cancer 10 (2019) 1060-1068

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1065



Pregnancy-associated breast cancer

B. Wang et al.

Figure 4 (a) Mammography shows isodense masses of irregular shape but mostly smooth margins and crater nipples, as well as pachyderma around
the mammary areola, which suggests a malignant tumor (Grade Il invasive ductal carcinoma). (b). Conventional mammography image displays the
high-density breast with no obvious malignant signs. Architectural distortion and irregular microcalcifications are only shown in magnified mammo-
grams (Grade Il invasive ductal carcinoma).

not a preferred method to combat PABC, because of the
limited available data regarding its effect on the fetus;
therefore, it is preferable to postpone radiotherapy until
after birth.">** In our population, 78 postpartum patients
were administered radiation therapy, including 34 cases
who received BCS; however, there was no clear evidence to
indicate that such treatment could significantly improve
PABC prognosis.

The use of chemotherapy in PABC patients follows stan-
dard recommendations, as in a non-PABC setting. How-
ever, some specific issues should be considered. Among
our patients, 96.9% were administered chemotherapy,
including 54.9% administered neoadjuvant chemotherapy
as a result of advanced stage or poor prognosis. Neo-
adjuvant chemotherapy was not beneficial to PABC patient
survival in our study, but it improved the rate of BCS
(22.5%) in PABC compared to approximately 10% in non-
PABC patients in China.*® As all patients who received
chemotherapy were in postpartum, we could not evaluate
the effect of chemotherapeutics on the pregnancy and
fetus, but most of the previous literature has shown that
chemotherapy can be safely used during the second and
third trimesters.'>*® The role of endocrine therapy is con-
traindicated and unclear.”” In our study, endocrine therapy
was available to 84.2% of ER/PR positive postpartum
patients, but statistical analysis did not reveal a survival
benefit.

Anti-HER2 therapy is important for PABC, as patients
often present with HER2 overexpression.® Trastuzumab is
approved for the treatment of HER2-positive breast cancer

1066  Thoracic Cancer 10 (2019) 1060-1068

in the neoadjuvant, adjuvant, and metastatic settings.
Trastuzumab targeted therapy was administered to 57.1%
of HER2-positive patients, and subgroup analysis showed
that it significantly improved the prognosis of
HER2-positive PABC patients. However, a previous study
including 34 patients during pregnancy reported that
trastuzumab exposure in pregnant patients was associated
with pregnancy complications or fetal malformation.”
Therefore, it is recommended that trastuzumab targeted
therapy is postponed until after delivery.*®

Although several previous studies have reported that
PABC prognosis is similar to that of non-PABC when
matching for stage, age, and histology,”** most studies have
reported that PABC is associated with a poorer
prognosis.” ' In our study, the tumor was aggressive with
more patients at advanced T/N stage, and the five-year OS
and DFS rates were 72.3% and 56.1%, respectively, which
indicated a poorer prognosis compared to non-PABC
patients. Recently, two studies showed still lower survival
among PABC patients with less aggressive tumors (node
negative, ER/PR positive), thus this aspect warrants further
research.’>*

There were some limitations to our study. First, this was
a single center study with a limited population. Second, as
the data was collected over a long period, there may be
inconsistencies in the treatment methods. These factors
may lead to relatively large discrepancies in the final
results.

In conclusion, our findings confirm the adverse charac-
teristics of PABC (advanced T/N stage, high rate of ER/PR

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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negative, and HER2-positive) and its poor prognosis.
Ultrasound and mammography should be performed in
PABC patients to avoid a delayed diagnosis. Diagnosis at
earlier T/N stage and treatment with trastuzumab targeted
therapy are beneficial to the prognosis of HER2-positive
PABC patients.

Acknowledgments

This study was funded by the Natural Science Foundation
of China (No. 81803004) and the Seed Start-up Fund, Can-
cer Hospital of Tianjin Medical University (No. 20160602).

Disclosure

No authors report any conflict of interest.

References

1 Vinatier E, Merlot B, Poncelet E, Collinet P, Vinatier D.
Breast cancer during pregnancy. Eur ] Obstet Gynecol
Reprod Biol 2009; 147: 9-14.

2 Andersson TM, Johansson AL, Hsieh CC, Cnattingius S,
Lambe M. Increasing incidence of pregnancy-associated
breast cancer in Sweden. Obstet Gynecol 2009; 114: 568-72.

3 Moreira WB, Brandao EC, Soares AN, Lucena CE,

Antunes CM. Prognosis for patients diagnosed with
pregnancy-associated breast cancer: A paired case-control
study. Sao Paulo Med ] 2010; 128: 119-24.

4 Beadle BM, Woodward WA, Middleton LP et al. The impact
of pregnancy on breast cancer outcomes in women < or =
35 years. Cancer 2009; 115: 1174-84.

5 Johansson AL, Andersson TM, Hsieh CC, Cnattingius S,
Lambe M. Increased mortality in women with breast cancer
detected during pregnancy and different periods
postpartum. Cancer Epidemiol Biomarkers Prev 2011; 20:
1865-72.

6 Bae SY, Jung SP, Jung ES et al. Clinical characteristics and
prognosis of pregnancy-associated breast cancer: Poor
survival of luminal b subtype. Oncology 2018; 95: 163-9.

7 Chuang SC, Lin CH, Lu YS, Hsiung CA. Association of
pregnancy and mortality in women diagnosed with breast
cancer: A nationwide population based study in Taiwan. Int
J Cancer 2018; 143: 2416-24.

8 Stensheim H, Moller B, van Dijk T, Fossa SD. Cause-specific
survival for women diagnosed with cancer during pregnancy
or lactation: A registry-based cohort study. J Clin Oncol
2009; 27: 45-51.

9 Baulies S, Cusido M, Tresserra F et al. Biological and
pathological features in pregnancy-associated breast cancer:
A matched case-control study. Eur ] Gynaecol Oncol 2015;
36: 420-3.

10 Azim HA Jr, Santoro L, Russell-Edu W, Pentheroudakis G,
Pavlidis N, Peccatori FA. Prognosis of pregnancy-associated

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Pregnancy-associated breast cancer

breast cancer: A meta-analysis of 30 studies. Cancer Treat
Rev 2012; 38: 834-42.

Langer A, Mohallem M, Stevens D, Rouzier R, Lerebours F,
Cherel P. A single-institution study of 117 pregnancy-
associated breast cancers (PABC): Presentation, imaging,
clinicopathological data and outcome. Diagn Interv Imaging
2014; 95: 435-41.

Hou N, Ogundiran T, Ojengbede O et al. Risk factors for
pregnancy-associated breast cancer: A report from the Nigerian
Breast Cancer Study. Ann Epidemiol 2013; 23: 551-7.

Pugh AM, Giannini CM, Pinney SM, Hanseman DJ,
Shaughnessy EA, Lewis JD. Characteristics and diagnosis of
pregnancy and lactation associated breast cancer: Analysis of a
self-reported regional registry. Am J Surg 2018; 216: 809-12.
Amant F, Loibl S, Neven P, Van Calsteren K. Breast cancer
in pregnancy. Lancet 2012; 379: 570-9.

Peccatori FA, Azim HA Jr, Orecchia R et al. Cancer,
pregnancy and fertility: ESMO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2013; 24
(Suppl 6): vi160-70.

Ruiz R, Herrero C, Strasser-Weippl K et al. Epidemiology
and pathophysiology of pregnancy-associated breast cancer:
A review. Breast 2017; 35: 136-41.

Robbins J, Jeffries D, Roubidoux M, Helvie M. Accuracy of
diagnostic mammography and breast ultrasound during
pregnancy and lactation. AJR Am ] Roentgenol 2011; 196:
716-22.

Ayyappan AP, Kulkarni S, Crystal P. Pregnancy-associated
breast cancer: Spectrum of imaging appearances. Br ] Radiol
2010; 83: 529-34.

Ulery M, Carter L, McFarlin BL, Giurgescu C. Pregnancy-
associated breast cancer: Significance of early detection.

J Midwifery Womens Health 2009; 54: 357-63.

Loibl S, Schmidt A, Gentilini O et al. Breast cancer diagnosed
during pregnancy: Adapting recent advances in breast cancer
care for pregnant patients. JAMA Oncol 2015; 1: 1145-53.
Murphy CG, Mallam D, Stein S et al. Current or recent
pregnancy is associated with adverse pathologic features but
not impaired survival in early breast cancer. Cancer 2012;
118: 3254-9.

Rodriguez AO, Chew H, Cress R et al. Evidence of poorer
survival in pregnancy-associated breast cancer. Obstet
Gynecol 2008; 112: 71-8.

Cardonick E, Bhat A, Gilmandyar D, Somer R. Maternal and
fetal outcomes of taxane chemotherapy in breast and
ovarian cancer during pregnancy: Case series and review of
the literature. Ann Oncol 2012; 23: 3016-23.

Loibl S, von Minckwitz G, Gwyn K et al. Breast carcinoma
during pregnancy. International recommendations from an
expert meeting. Cancer 2006; 106: 237-46.

Toesca A, Gentilini O, Peccatori F, Azim HA Jr, Amant F.
Locoregional treatment of breast cancer during pregnancy.
Gynecol Surg 2014; 11: 279-84.

Mu L, Liu Y, Xiao M, Liu W, Liu M, Wang X. No
association between triple-negative breast cancer and

Thoracic Cancer 10 (2019) 1060-1068 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1067



Pregnancy-associated breast cancer

27

28

29

30

1068

prognosis of patients receiving breast-conserving treatment.
Oncol Lett 2017; 14: 7862-72.

Braems G, Denys H, De Wever O, Cocquyt V, Van den
Broecke R. Use of tamoxifen before and during pregnancy.
Oncologist 2011; 16: 1547-51.

Lambertini M, Peccatori FA, Azim HA Jr. Targeted agents
for cancer treatment during pregnancy. Cancer Treat Rev
2015; 41: 301-9.

Zagouri F, Sergentanis TN, Chrysikos D, Papadimitriou CA,
Dimopoulos MA, Bartsch R. Trastuzumab administration
during pregnancy: A systematic review and meta-analysis.
Breast Cancer Res Treat 2013; 137: 349-57.

Alsaker MD, Opdahl S, Romundstad PR, Vatten LJ.
Association of time since last birth, age at first birth and

Thoracic Cancer 10 (2019) 1060-1068

31

32

33

B. Wang et al.

parity with breast cancer survival among parous women: A
register-based study from Norway. Int ] Cancer 2013; 132:
174-81.

Guinee VF, Olsson H, Moller T et al. Effect of pregnancy on
prognosis for young women with breast cancer. Lancet 1994;
343: 1587-9.

Nagatsuma AK, Shimizu C, Takahashi F et al. Impact of
recent parity on histopathological tumor features and breast
cancer outcome in premenopausal Japanese women. Breast
Cancer Res Treat 2013; 138: 941-50.

Genin AS, De Rycke Y, Stevens D et al. Association with
pregnancy increases the risk of local recurrence but does not
impact overall survival in breast cancer: A case-control study
of 87 cases. Breast 2016; 30: 222-7.

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



	 Clinicopathological characteristics, diagnosis, and prognosis of pregnancy-associated breast cancer
	Introduction
	Methods
	Study population
	Follow-up
	Statistical analysis


	Results
	Clinical characteristics
	Pathological features
	Preoperative diagnosis and treatment
	Survival analysis

	Discussion
	Acknowledgments
	Disclosure
	References


