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Abstract

Patients with postpartum breast cancer have been reported to have a poor prognosis. The
present study aimed to evaluate the pregnancy-related risk factors of postpartum breast
cancer in Korea. We collected patient data from the Korea National Health Insurance
(KNHI) Claims Database of the Health Insurance Review and Assessment Service (HIRA)
for the 2009-2013 period. We evaluated the pregnancy-related risk factors for postpartum
breast cancer in two population groups. For Group 1 (women who had given birth during the
20102012 period), data on those who were diagnosed with breast cancer from childbirth to
1-year postpartum were extracted. For Group 2, we extracted the data of women who gave
birth in 2010 and traced them until December 31, 2013. In Group 1, 1,384,551 deliveries
and 317 postpartum breast cancer patients were recorded in Korea between January 1,
2010, and December 31, 2012. Women aged >35 years (Odds Ratio [OR], 2.003; 95%
Confidence Interval [Cl], 1.567—2.560) and those who gave birth via cesarean delivery (OR,
1.237; 95% Cl, 0.986—1.553) were considered to be at a higher risk for breast cancer. Lower
risk was noted in primiparous women (OR, 0.737; 95% Cl, 0.585-0.928). In Group 2, the
data of 457,924 women who gave birth in 2010 were traced until December 31, 2013.
Among them, 655 patients were diagnosed with breast cancer, and age >35 years and
cesarean delivery were associated with an higher risk of breast cancer, whereas primipa-
rous status was associated with a lower risk of breast cancer. In conclusion, older age (>35
years) and cesarean delivery are significant risk factors for postpartum breast cancer, and
primiparous women have a lower risk of developing postpartum breast cancer.
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Introduction

Breast cancer is the most common cancer in women. The risk of breast cancer is closely influ-
enced by various reproductive factors. Epidemiological studies have demonstrated dual oppos-
ing effects of pregnancy on the mother’s risk of breast cancer [1,2]. Full-term pregnancy has
long-term protective effects against breast cancer in the later part of life; however, the inci-
dence of breast cancer transiently increases after childbirth, and this increased risk is reported
to last 10-15 years [3,4]. Although the number of patients diagnosed with breast cancer during
pregnancy or postpartum period is small, pregnancy-associated breast cancer (PABC) has
been extensively studied. PABC is usually defined as breast cancer diagnosed during preg-
nancy or within 1-2 years postpartum [5]. The incidence of PABC is estimated to be approxi-
mately 1 in 3,000 childbirths [6,7], and the incidence rate has been reported as 11-28.8 per
100,000 deliveries, according to the studies performed in various countries having different
definitions for PABC duration [8-10]. For breast cancer during postpartum compared to
breast cancer during pregnancy, the incidence of breast cancer diagnosed postpartum is higher
than the incidence of breast cancer diagnosed during pregnancy [8,11]. According to the Cali-
fornia Cancer Registry, postpartum breast cancer, diagnosed within a 12-month period, was
recorded in 669 cases among 4,846,505 obstetric deliveries while 266 cases were recorded dur-
ing pregnancy between 1991 to 1999 [8]. In another study, a higher number of breast cancer
cases were detected, more than expected, during 7-12 months postpartum and second year
after childbirth; the ratio of observed number per expected number (O/E ratio) was 1.12
(1.01-1.24) in 7-12 months postpartum and 1.10 (1.03-1.18) in the second year after child-
birth, while the number of breast cancer cases detected during pregnancy was lower than
expected, with an O/E ratio of 0.35 between 1963 to 2007 [11]. Moreover, increasing incidence
rate of PABC has been reported. In a population-based cohort study using data from the Swed-
ish Cancer Registry, the incidence of PABC increased from 16.0 patients in the first calendar
period to 37.4 patients in the last calendar period per 100,000 deliveries between 1963 and
2002 [12]. Complex factors might cause the increasing incidence of PABC; however, global
trend toward postponed childbearing is thought to be an influential factor because delayed
childbirth, such as maternal age greater than 35 at first birth, is associated with increased risk
of PABC [1-4].

With improvement in treatment modalities and early detection, the overall survival of
patients with breast cancer has improved. However, PABC in young women is still a burden
for patients, families, and physicians because it is known to have a poorer prognosis. Several
previous studies reported that PABCs are potentially large advanced stage tumors with high
histological grades and they tend to have negative hormone receptor status [13-15]. In addi-
tion, patients in their pregnancy and postpartum periods easily neglect and misinterpret their
symptoms as pregnancy-related, owing to the changes in the context and density of the mam-
mary tissue to dense or hyperplastic during pregnancy and postpartum. Hyperplastic change
of mammary tissue makes it difficult to differentiate normal tissue changes from abnormal
mass; consequently, this change causes a delay in early detection of breast cancer using self-
examination or mammography. Moreover, mothers are reluctant to undergo diagnostic proce-
dures during pregnancy because of their concern for the fetus. These factors also lead to
delayed diagnosis, resulting in poor prognosis.

Therefore, identification of predictive or risk factors is necessary for the early detection of
PABC in pregnant women and during postpartum period. Since women in their pregnancy
and postpartum visit the hospital more frequently than those who are not pregnant, the inves-
tigation of PABC-related risk factors, which can be detected during pregnancy or postpartum,
would improve the diagnosis of breast cancer in these patients. Therefore, we investigated the
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pregnancy-associated risk factors of PABC such as obstetric complications, modality of deliv-
ery, twin pregnancy, and parity for the early prediction of PABC. However, it is difficult to
know whether obstetric factors in patients diagnosed with breast cancer during pregnancy are
related to the cause or outcome of cancer. Therefore, using the nationwide database, we
focused on investigation of the pregnancy-related risk factors only in patients diagnosed with
breast cancer in the postpartum period. We investigated the differences between characteris-
tics of women diagnosed with breast cancer within a year after childbirth and those who were
not diagnosed with breast cancer. Then, we conducted investigation on pregnancy-related risk
factors in this population. In addition, we traced the data of patients diagnosed with breast
cancer after childbirth in 2010 over a maximum time period of 4 years. The number of cases of
postpartum breast cancer over time and pregnancy-related risk factors in this population were
also investigated.

Materials and Methods

The study data were collected from the Korea National Health Insurance (KNHI) Claims
Database of the Health Insurance Review and Assessment Service (HIRA) for the 2009-2013
period. In Korea, 97% of the population is obligated to enroll in the KNHI program. Health-
care providers are required by the health insurance policies to allow the review of medical
costs incurred, by HIRA. The remaining 3% of the population is under the Medical Aid Pro-
gram. Thus, the HIRA database contains information on all claims for approximately 50 mil-
lion Koreans, and nearly all of the information concerning the volume of disease can be
obtained from this centralized database, with the exception of procedures that are not covered
by insurance, such as cosmetic surgery. Many epidemiological analyses have been published
using this database. According to the Act on the Protection of Personal Information Main-
tained by Public Agencies, HIRA prepares the claims data by concealing the individuals’ iden-
tities. The database we received included an unidentifiable code representing each individual,
together with information on their age, diagnosis, and a list of prescribed procedures.

The diagnosis and procedure codes from the tenth revision of the International Classifica-
tion of Diseases (ICD-10) were used to identify women who gave birth and those diagnosed
with breast cancer during the study period. The current study included women who had given
birth during the 2010-2012 period only. The study population was divided into two groups for
analysis: Group 1 and Group 2. For Group 1, investigation of different characteristics and
obstetric risk factors among women who had given birth during the 2010-2012 period and
who had been diagnosed with postpartum breast cancer within 1 year after childbirth was per-
formed. Included women were classified as having postpartum breast cancer if they were diag-
nosed with breast cancer (ICD-10 code, E11) in the period from the time of delivery to 1-year
postpartum, and underwent surgery and/or chemotherapy for breast cancer. Since patients
who were diagnosed with breast cancer before delivery could also make medical claim on
breast cancer after delivery, we added one additional criterion for the exclusion of patients
who were diagnosed with breast cancer before delivery. Therefore, only patients who were
diagnosed with breast cancer (ICD-10 code, E11) after delivery and also did not have medial
claim for breast cancer before delivery, beginning January 1, 2009 were confirmed as patients
who were diagnosed with postpartum breast cancer. For the Group 2, we investigated the inci-
dence of postpartum breast cancer over a time period of maximum 4 years in women who
gave birth in 2010. Therefore, the data of women who gave birth in 2010 were traced until
December 31, 2013, and they were classified as having postpartum breast cancer if they were
diagnosed with breast cancer (ICD-10 code, E11) until December 31, 2013 and underwent sur-
gery and/or chemotherapy for breast cancer. Furthermore, only patients who did not have a
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medial claim for breast cancer before delivery, beginning January 1, 2009 were confirmed as
patients having postpartum breast cancer.

The data collected from the database on women’s characteristics were age, multiple preg-
nancies (defined as twin or higher-order gestation), number of deliveries, delivery mode (vagi-
nal delivery or cesarean section), complications of pregnancy including gestational diabetes
mellitus, and pre-eclampsia.

Student’s t-test was performed to compare the continuous variables between postpartum
breast cancer group and non-breast cancer group, while Pearson chi-square test was used to
compare categorical variables. To evaluate the risk of breast cancer development after delivery,
multivariate logistic regression analysis was performed including the development of breast
cancer after delivery as the outcome within the entire study population. All statistical analyses
were performed using SPSS software, version 20 (SPSS Inc., Chicago, IL, USA), and a P value
<0.05 was considered statistically significant.

Results

In Group 1, 1,384,551 deliveries were recorded in Korea between January 1, 2010 and Decem-
ber 31, 2012. Among them, 317 postpartum breast cancer patients who were diagnosed with
breast cancer within 365 days after childbirth were recorded. The number of postpartum
breast cancer patients was counted for each quarter. The number of patients diagnosed with
breast cancer increased with time; 63 patients were diagnosed with breast cancer within 89
days after childbirth, 60 patients within 90-179 days, 85 patients within 180-269 days, and 109
patients within 270-365 days (Fig 1). Table 1 shows the characteristics and numbers of patients
with or without breast cancer diagnosis in Group 1. The proportion of old age women (>35
years) was higher among mothers with breast cancer than those without breast cancer. In addi-
tion, the proportion of primiparous women and women who underwent cesarean delivery
were higher among mothers with breast cancer than among those without breast cancer. Pre-
eclampsia, gestational diabetes, and twin delivery were not associated with breast cancer. Next,
we investigated the multivariate-adjusted odd ratios (ORs) for breast cancer. Old age (>35
years), cesarean delivery, and primiparous status were associated with a risk of breast cancer.
Higher risk was noted in women aged >35 years (OR, 2.003; 95% confidence interval [CI],
1.567-2.560) and women who underwent cesarean delivery (OR, 1.237; 95% CI 0.986-1.553).
Lower risk was noted in primiparous women (OR, 0.737; 95% CI, 0.585-0.928; Table 2). For
the analysis of Group 2, we investigated 457,924 mothers who delivered in 2010, and their
medical insurance claim records were traced until December 21, 2013. During that period, 655
patients were diagnosed with breast cancer. The number of patients diagnosed with breast can-
cer increased during the 3 years after delivery. Among mothers who had delivered in 2010, the
number of patients who were diagnosed with breast cancer within the first year after delivery
was 121, and that of patients diagnosed with breast cancer within the second year after delivery
increased to 165. This number reached 222 within the third year after delivery. In the fourth
year, the number of patients with breast cancer decreased to 147 (Fig 2). Among mothers who
had delivered in 2010, the proportion of old age women (>35 years) was higher among moth-
ers with breast cancer than those without breast cancer. In addition, the proportion of primip-
arous women and women who underwent cesarean delivery were higher among mothers with
breast cancer than among those without breast cancer (Table 3). For adjusted ORs, old age and
cesarean delivery were associated with an increased risk of breast cancer (old age: OR, 2.777;
95% CI, 2.356-3.274 and cesarean delivery: OR, 1.211; 95% CI, 1.034-1.418), and primiparous
status was associated with a decreased risk of breast cancer (OR, 0.673; 95% CI, 0.571-0.794;
Table 4).
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Fig 1. The number of patients diagnosed with postpartum breast cancer (diagnosed within 365 days after childbirth) among
mothers who delivered during the 2010-2012 period.

doi:10.1371/journal.pone.0168469.9001

Discussion

PABC is clinically significant because it affects younger population and has aggressive features
[5,16-18]. In particular, postpartum breast cancer is more aggressive compared to breast can-
cer diagnosed during pregnancy [14], and the prognosis is poorer for postpartum breast cancer

Table 1. Characteristics of Group 1 population who delivered during the 2010-2012 period with a total 1,384,551 deliveries.

®Non-breast cancer (n = 1,383,656) Ppostpartum Breast cancer (n = 317) p-value
Median age (years) 30.86 33.05 <0.0001°
Old age (>35 years)(%) 241,750 (17.5) 102 (32.2) <0.0001¢
Primipara 709,559 (51.3) 129 (40.7) 0.0002¢
Pre-eclampsia (%) 35,583 (2.6) 13 (4.1) 0.1129¢
Gestational diabetes (%) 37,666 (2.7) 10 (3.2) 0.6444¢
Twin pregnancy 20,901 (1.5) 5(1.6) 0.9230¢
Cesarean delivery 502,786 (36.3) 138 (43.5) 0.0085¢

&The number of mothers who were not diagnosed with postpartum breast cancer within 365 days after childbirth during the 2010-2012 period was

1,383,656.
®The number of postpartum breast cancers who were diagnosed with breast cancer within 365 days after childbirth during the 2010-2012 period was 317.

Student’s t-test was performed.
dPearson chi-square test was performed.

doi:10.1371/journal.pone.0168469.t001
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Table 2. The adjusted ORs for the risk of postpartum breast cancer (diagnosed within 365 days after
childbirth) in the Group 1 population with a total 1,384,551 deliveries during the 2010-2012 period.

OR? (95% ClI)
Old age (>35 years) 2.003 (1.567-2.560)
Primipara 0.737 (0.585-0.928)
Pre-eclampsia 1.531 (0.874-2.680)
Gestational diabetes 0.978 (0.519-1.841)
Twin pregnancy 0.925 (0.379-2.257)
Cesarean delivery 1.237 (0.986-1.553)

#Multivariate logistic regression analysis was performed. ORs were adjusted for all variables in the table.
OR, odds ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0168469.t002

than for breast cancer diagnosed during pregnancy [5,14]. To date, the reason for poor prog-
nosis of postpartum breast cancer is unknown. In this large, population-based study covering
all Korean mothers, we identified the number of patients diagnosed with postpartum breast
cancer based on the time from childbirth as well as the pregnancy-associated risk factors of
postpartum breast cancer.

Within a year after childbirth, the number of postpartum breast cancer patients increased
during the later period. More mothers were diagnosed with breast cancer during the 9-12
months after delivery than during the 0-3 and 4-6 months after delivery. According to the

22

65
147
21

| year 2 years 3 years 4 years

Years since childbirth

Fig 2. The number of patients diagnosed with breast cancer after delivery among mothers who delivered in 2010.

doi:10.1371/journal.pone.0168469.9002
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Table 3. Characteristics of Group 2 population who delivered in 2010 with a total of 457,924 deliveries (Group 2).

“Non-breast cancer (n = 457,756) PPostpartum breast cancer (n = 655) p-value
Median age (years) 30.68 33.49 <0.0001°¢
Old age (>35 years)(%) 75,759 (16.6) 254 (38.8) <0.0001¢
Primipara 232,475 (50.8) 237 (36.2) <0.0001¢
Pre-eclampsia (%) 11,497 (2.5) 19 (2.9) 0.5386¢
Gestational diabetes (%) 9,924 (2.1) 24 (3.7) 0.0173¢
Twin pregnancy 6,502 (1.4) 9(1.4) 0.9163¢
Cesarean delivery 164,432 (35.9) 286 (43.7) <0.0001¢

2Among the mothers who delivered in 2010, the number of mothers who were not subsequently diagnosed with breast cancer after childbirth during the

2010-2013 period was 457,756.

®Among the mothers who delivered in 2010, the number of patients who were subsequently diagnosed with breast cancer after childbirth during the 2010—

2013 period was 655.
®Student’s t-test was performed.
9Pearson chi-square test was performed.

doi:10.1371/journal.pone.0168469.t003

study on the rate of exclusive breast-feeding in Korean mothers using Korea National Health
and Nutrition Examination Survey, the exclusive breast-feeding rate dropped sharply follow-
ing the 6 months after childbirth, showing 60.9% at 1 month, 35.6% at 6 months, and 1.2% at
12 months after birth[19]. After mothers stopped breastfeeding, they could easily become
aware of the changes in their breasts compared to during the lactation period owing to the sta-
bilized features of the breast. In addition, their reluctance in undergoing diagnostic procedures
could be eliminated after breastfeeding was stopped. Availability of self-awareness and detec-
tion abnormality of their breasts might be the important reason for the increased number of
postpartum breast cancer patients in the later period within a year.

Additionally, the data of mothers who delivered in 2010 were traced until December 31,
2013. In the present analysis, while the number of patients diagnosed with postpartum breast
cancer increased until the third year, this number slightly decreased in the fourth year. Previ-
ous studies reported that the timeframe within which the risk of breast cancer reaches its high-
est level is approximately 5 years after delivery [3,4]. Due to the relatively short follow-up
duration, the shortest being 3 years in case of mothers who delivered on December 31, 2010,
the number of patients diagnosed with breast cancer in the fourth year is likely to have been
more than the recorded number. With a longer follow-up period, the risk of breast cancer
according to the time elapsed from delivery could be precisely analyzed. However, we can

Table 4. The adjusted ORs for the risk of breast cancer (diagnosed within maximum 4 years after
childbirth) in the Group 2 population with a total 457,924 deliveries in 2010.

OR? (95% CI)
Old age (>35 years) 2.777 (2.356-3.274)
Primipara 0.673 (0.571-0.794)
Pre-eclampsia 1.050 (0.663—1.663)
Gestational diabetes 1.368 (0.907-2.063)
Twin pregnancy 0.876 (0.451-1.700)
Cesarean delivery 1.211 (1.034-1.418)

#Multivariate logistic regression analysis was performed. ORs were adjusted for all variables in the table.
OR, odds ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0168469.t004
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safely conclude that the risk of breast cancer increased with time until the third year after
delivery.

In the present study, age of >35 years and cesarean delivery were found to be significant
risk factors of postpartum breast cancer. Recently, the incidence rates of breast cancer in
young women have significantly increased worldwide [20,21]. Although the reasons for the
increasing rate of breast cancer in young women is not clear, reproductive factors might be a
possible reason. Since higher maternal age at first childbirth is associated with increased risk of
PABC [1-4], recent trend in women to delay childbearing might lead to this increase of young
age-onset breast cancer as well as PABC. Although we did not investigate the risk of age at the
first childbirth of included women, women who give birth after 35 years of age should be
aware of the risk of breast cancer because breast cancer is the second most common cancer
type for this childbearing age group in Korea and the most common malignancy diagnosed
postpartum [11,22].

Cesarean delivery was also identified as a significant risk factor for postpartum breast can-
cer in the present analysis. Little is known about the relationship between cesarean delivery
and breast cancer. Kalan et al. reported in their analysis of 985 breast cancer patients that
breast cancer in patients with a history of cesarean delivery had aggressive biological features
[23]. The exact reason for this has not yet been elucidated; however, the authors suggested that
lower exposure to oxytocin in patients who underwent cesarean delivery compared to patients
who underwent vaginal delivery might influence the characteristics of the cancer. Oxytocin
release increases during labor and lactation. However, oxytocin release decreases at cesarean
delivery compared to vaginal delivery [24,25]. Moreover, oxytocin has shown anti-proliferative
effects in several cancers as well as in breast cancer cells [26-28]. Mothers who underwent
cesarean delivery are exposed to a low level of oxytocin because they do not undergo the labor
process. In addition, mothers who underwent cesarean delivery were not prone to exclusive
breast-feeding compared to mothers who underwent vaginal delivery [29,30]. Therefore, this
might be a factor involved in the development of breast cancer. Lactation and oxytocin secre-
tion are closely related. Several lactation-related factors associated with the risk of breast can-
cer that increases with reduced exposure to oxytocin include short lactation period, higher age
at first breast feeding, and inadequate milk production [31]. We could not directly analyze the
associations between lactation and risk of breast cancer because the insurance claim database
did not have information on lactation; however, mothers who underwent cesarean delivery
were expected to have insufficient lactation.

Although the exact mechanism of protective effect of oxytocin on breast cancer is not fully
elucidated, low oxytocin exposure during gestation, delivery, or lactation is possibly associated
with cancer development through several mechanisms [27]. Oxytocin modulates the expres-
sion and function of estrogen receptor alpha in human breast cancer cells and inhibits breast
cancer cell proliferation by downregulating the mitogenic effects mediated by estrogens,
important growth activators for breast cancer [32]. Cassoni et al. reported that oxytocin release
blocks this mitogenic effect via the cAMP-PKA pathway, because cAMP levels increase upon
the addition of oxytocin, while PKA inhibitors block the anti-mitogenic effect of oxytocin in
breast cancer cell lines [26]. In addition, oxytocin stimulates the myoepithelial cells of the
breast, which play a role in breast morphogenesis and tumor suppression, and thus lead to the
elimination of potential carcinogenic substances accumulated in the ductal system [33,34].
Furthermore, oxytocin showed protective roles against immunologic damages [35]. Decreased
anti-inflammatory response owing to lesser release of oxytocin might promote the develop-
ment of cancer. A decrease in the immune response leads to the recruitment of fewer anti-
tumor immune cells; consequently, decreased anti-tumor immune response might promote
cancer development. Moreover, postpartum breast tissue undergoes changes that make it
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more prone to cancer development. These changes include the involution of the postpartum
mammary gland characterized by the elimination of secretory lobules laid down in preparation
for lactation, massive epithelial cell death, stromal remodeling, and immune cell infiltration
[36]. In the study of Martinson et al., the authors focused on breast tissue remodeling that
resembled a wound-healing-like immune program; this could lead to the progression and
aggressive behavior of the breast cancer [37]. In addition, Lyons et al. reported that postpartum
mammary gland tissue acquired enhanced prolymphangiogenic activity, because physiologic
cyclooxygenase-2-dependent lymphangiogenesis during involution might contribute to peri-
tumoral lymphatic expansion, increased tumor size, invasion, and distant metastases [38].
Therefore, changes in the breast microenvironment during postpartum period along with the
effect of low oxytocin release might particularly increase the risk of breast cancer after
delivery.

Parity is reported to show opposite effects in young age-onset and old age-onset breast can-
cer. A higher number of childbirths is a well-known protective factor against postmenopausal
breast cancer [39]. However, nulliparity was found to be associated with a decreased risk of
young age-onset breast cancer in some studies [40-43]. In a case-control study from Poland,
nulliparity reduced breast cancer risk among ages 25-39 years while it increased the relative
risk in women of ages 40-74 years [42]. In this present study, in which all included women
had had at least one delivery, similar results were observed. Here, primiparous women showed
a lower risk of breast cancer compared to other multiparous women. Since we could identify
only the primiparous women with special medical claim, but the number of parity of the
included women, we could only investigate the risk of primiparous women. Therefore, we can-
not assert that lower parity is a protective risk factor against postpartum breast cancer; how-
ever, we can suggest that at least primiparous status is associated with a lower risk for
postpartum breast cancer, and childbirths might increase the risk of postpartum breast cancer,
particularly young age-onset breast cancer. This coincides with other previous reports in terms
that fewer experience of childbirth is more protective against young age-onset breast cancer
while repetitive experiences to pregnancy is not protective against young age-onset breast can-
cer. The reason for this is unclear; however, the hormonal effects in repetitive pregnancies
might influence differently between young age-onset breast cancer and old age-onset breast
cancer. Further investigations are warranted.

The present study had several limitations. First, individual cancer characteristics could not
be obtained because this study was based on the insurance claim data from the Korea National
Health Insurance Claims Database of the HIRA, a database designed for cost claim issues, not
for research. In addition, we could not analyze patient characteristics such as age at menarche,
body mass index, family history of breast cancer, lactation, oral contraceptive use, and alcohol
consumption in detail. Moreover, we could not investigate the characteristics of labor such as
the cause and type of cesarean delivery, and whether planned or following labor. Nevertheless,
this is the first study including all maternities in Korea over a period of 3 years. In addition,
the cancer patients included in the present study were tightly followed up by the hospital
because they were registered and supported by the government through the critically ill
patients benefit program of Korea. Therefore, the number of patients and extracted data are
reliable.

The special clinical or biological characteristics of PABC have been identified after extensive
investigations. Earlier diagnosis is an important determinant of prognosis in patients with
PABC that have worse prognoses than patients with non-PABC. Therefore, breast cancer
should be considered in patients having the risk factors analyzed in this study. Careful self-
examination, physician’s caution, and active examination are required for early diagnosis.
Moreover, diagnostic tools having higher sensitivity and specificity compared to the existing
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ones should be developed for patients in this condition. Subsequently, special screening plans

should be designed for mothers who visit the hospital frequently owing to pregnancy and
delivery.

In conclusion, old age (>35 years), cesarean delivery are significant risk factors for postpar-

tum breast cancer, and primiparous women have a lower risk of developing postpartum breast
cancer. Mothers and physicians should exercise caution concerning breast cancer especially in
the presence of these risk factors.

Author Contributions

Conceptualization: GJC PP EJK.

Data curation: GJC EJK.

Formal analysis: GUP.

Investigation: GUP.

Methodology: GJC PP EJK.

Project administration: GJC EJK.

Resources: LYK.

Supervision: GJC PP JHS MO.

Writing - original draft: EJK.

Writing - review & editing: GJC PP JHS MO.

References

1.

10.

Lambe M, Hsieh CC, Trichopoulos D, Ekbom A, Pavia M, Adami HO. Transient Increase in the Risk of
Breast-Cancer after Giving Birth. New England Journal of Medicine. 1994; 331: 5-9. doi: 10.1056/
NEJM199407073310102 PMID: 8202106

Lyons TR, Schedin PJ, Borges VF. Pregnancy and Breast Cancer: when They Collide. Journal of Mam-
mary Gland Biology and Neoplasia. 2009; 14: 87-98. doi: 10.1007/s10911-009-9119-7 PMID:
19381788

Liu Q, Wuu J, Lambe M, Hsieh SF, Ekbom A, Hsieh CC. Transient increase in breast cancer risk after
giving birth: postpartum period with the highest risk (Sweden). Cancer Causes Control. 2002; 13: 299—
305. PMID: 12074499

Albrektsen G, Heuch |, Hansen S, Kvale G. Breast cancer risk by age at birth, time since birth and time
intervals between births: exploring interaction effects. Br J Cancer. 2005; 92: 167—75. doi: 10.1038/sj.
bjc.6602302 PMID: 15597097

Azim HA Jr, Santoro L, Russell-Edu W, Pentheroudakis G, Pavlidis N, Peccatori FA. Prognosis of preg-
nancy-associated breast cancer: a meta-analysis of 30 studies. Cancer Treat Rev. 2012; 38: 834—42.
doi: 10.1016/j.ctrv.2012.06.004 PMID: 22785217

Asgeirsson KS. Pregnancy-associated breast cancer. Acta Obstet Gynecol Scand. 2011; 90: 158—66.
doi: 10.1111/j.1600-0412.2010.01035.x PMID: 21241261

Pavlidis N, Pentheroudakis G. The pregnant mother with breast cancer: diagnostic and therapeutic
management. Cancer Treat Rev. 2005; 31: 439-47. doi: 10.1016/j.ctrv.2005.04.010 PMID: 15946802

Smith LH, Danielsen B, Allen ME, Cress R. Cancer associated with obstetric delivery: results of linkage
with the California cancer registry. Am J Obstet Gynecol. 2003; 189: 1128-35. PMID: 14586366

Lambe M, Ekbom A. Cancers coinciding with childbearing: delayed diagnosis during pregnancy? BMJ.
1995; 311:1607-8. PMID: 8555804

Lee YY, Roberts CL, Dobbins T, Stavrou E, Black K, Morris J, et al. Incidence and outcomes of preg-
nancy-associated cancer in Australia, 1994—2008: a population-based linkage study. BJOG. 2012;
119: 1572-82. doi: 10.1111/j.1471-0528.2012.03475.x PMID: 22947229

PLOS ONE | DOI:10.1371/journal.pone.0168469 December 15, 2016 10/12


http://dx.doi.org/10.1056/NEJM199407073310102
http://dx.doi.org/10.1056/NEJM199407073310102
http://www.ncbi.nlm.nih.gov/pubmed/8202106
http://dx.doi.org/10.1007/s10911-009-9119-7
http://www.ncbi.nlm.nih.gov/pubmed/19381788
http://www.ncbi.nlm.nih.gov/pubmed/12074499
http://dx.doi.org/10.1038/sj.bjc.6602302
http://dx.doi.org/10.1038/sj.bjc.6602302
http://www.ncbi.nlm.nih.gov/pubmed/15597097
http://dx.doi.org/10.1016/j.ctrv.2012.06.004
http://www.ncbi.nlm.nih.gov/pubmed/22785217
http://dx.doi.org/10.1111/j.1600-0412.2010.01035.x
http://www.ncbi.nlm.nih.gov/pubmed/21241261
http://dx.doi.org/10.1016/j.ctrv.2005.04.010
http://www.ncbi.nlm.nih.gov/pubmed/15946802
http://www.ncbi.nlm.nih.gov/pubmed/14586366
http://www.ncbi.nlm.nih.gov/pubmed/8555804
http://dx.doi.org/10.1111/j.1471-0528.2012.03475.x
http://www.ncbi.nlm.nih.gov/pubmed/22947229

@° PLOS | ONE

Pregnancy-Associated Risk Factors of Postpartum Breast Cancer in Korea

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Andersson TM, Johansson AL, Fredriksson |, Lambe M. Cancer during pregnancy and the postpartum
period: A population-based study. Cancer. 2015; 121:2072-7. doi: 10.1002/cncr.29325 PMID:
25737403

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. doi: 10.1097/A0G.
0b013e3181b19154 PMID: 19701036

Rodriguez AO, Chew H, Cress R, Xing G, McElvy S, Danielsen B, et al. Evidence of poorer survival in
pregnancy-associated breast cancer. Obstet Gynecol. 2008; 112: 71-8. doi: 10.1097/A0G.
0b013e31817c4ebc PMID: 18591310

Genin AS, Lesieur B, Gligorov J, Antoine M, Selleret L, Rouzier R. Pregnancy-associated breast can-
cers: do they differ from other breast cancers in young women? Breast. 2012; 21: 550-5. doi: 10.1016/
j.breast.2012.05.002 PMID: 22698618

Murphy CG, Mallam D, Stein S, Patil S, Howard J, Sklarin N, et al. Current or recent pregnancy is asso-
ciated with adverse pathologic features but not impaired survival in early breast cancer. Cancer. 2012;
118: 3254-9. doi: 10.1002/cncr.26654 PMID: 22086863

Azim HA Jr, Botteri E, Renne G, Dell’'orto P, Rotmensz N, Gentilini O, et al. The biological features and
prognosis of breast cancer diagnosed during pregnancy: a case-control study. Acta Oncol. 2012; 51:
653-61. doi: 10.3109/0284186X.2011.636069 PMID: 22171586

Dimitrakakis C, Zagouri F, Tsigginou A, Marinopoulos S, Sergentanis TN, Keramopoulos A, et al. Does
pregnancy-associated breast cancer imply a worse prognosis? A matched case-case study. Breast
Care (Basel). 2013; 8:203-7.

Callihan EB, Gao D, Jindal S, Lyons TR, Manthey E, Edgerton S, et al. Postpartum diagnosis demon-
strates a high risk for metastasis and merits an expanded definition of pregnancy-associated breast
cancer. Breast Cancer Res Treat. 2013; 138: 549-59. doi: 10.1007/s10549-013-2437-x PMID:
23430224

Kim MJ, Kim YM, Yoo JH. Factors affecting exclusive breast-feeding during the first 6 months in Korea.
Pediatr Int. 2013; 55: 177-80. doi: 10.1111/ped.12004 PMID: 23110585

Hou N, Huo D. A trend analysis of breast cancer incidence rates in the United States from 2000 to 2009
shows a recent increase. Breast Cancer Res Treat. 2013; 138: 633—41. doi: 10.1007/s10549-013-
2434-0 PMID: 23446808

Pollan M, Pastor-Barriuso R, Ardanaz E, Arguelles M, Martos C, Galceran J, et al. Recent changes in
breast cancer incidence in Spain, 1980-2004. J Natl Cancer Inst. 2009; 101: 1584—91. doi: 10.1093/
jnci/djp358 PMID: 19861303

Jung KW, Won YJ, Oh CM, Kong HJ, Cho H, Lee JK, et al. Prediction of Cancer Incidence and Mortality
in Korea, 2016. Cancer Res Treat. 2016; 48: 451—7. doi: 10.4143/crt.2016.092 PMID: 27034143

Kalan |, Turgut D, Aksoy S, Dede DS, Dizdar O, Ozisik Y, et al. Clinical and pathological characteristics
of breast cancer patients with history of cesarean delivery. Breast. 2010; 19: 67-8. doi: 10.1016/j.
breast.2009.10.010 PMID: 19913417

de Geest K, Thiery M, Piron-Possuyt G, Vanden Driessche R. Plasma oxytocin in human pregnancy
and parturition. J Perinat Med. 1985; 13: 3—13. PMID: 3891956

Kuwabara Y, Takeda S, Mizuno M, Sakamoto S. Oxytocin levels in maternal and fetal plasma, amniotic
fluid, and neonatal plasma and urine. Arch Gynecol Obstet. 1987; 241: 13-23. PMID: 3674982

Cassoni P, Sapino A, Fortunati N, Munaron L, Chini B, Bussolati G. Oxytocin inhibits the proliferation of
MDA-MB231 human breast-cancer cells via cyclic adenosine monophosphate and protein kinase A.
International Journal of Cancer. 1997; 72: 340—-4. PMID: 9219843

Imanieh MH, Bagheri F, Alizadeh AM, Ashkani-Esfahani S. Oxytocin has therapeutic effects on cancer,
a hypothesis. Eur J Pharmacol. 2014; 741: 112-23. doi: 10.1016/j.ejphar.2014.07.053 PMID:
25094035

Cassoni P, Sapino A, Negro F, Bussolati G. Oxytocin Inhibits Proliferation of Human Breast-Cancer
Cell-Lines. Virchows Archiv-an International Journal of Pathology. 1994; 425: 467—72. PMID: 7850070

Jesmin E, Chowdhury RB, Begum S, Shapla NR, Shahida SM. Postnatal Support Strategies for Improv-
ing Rates of Exclusive Breastfeeding in Case of Caesarean Baby. Mymensingh Med J. 2015; 24: 750—
5. PMID: 26620014

Lau Y, Htun TP, Lim PI, Ho-Lim S, Klainin-Yobas P. Maternal, Infant Characteristics, Breastfeeding
Techniques, and Initiation: Structural Equation Modeling Approaches. PLoS One. 2015; 10: e0142861.
doi: 10.1371/journal.pone.0142861 PMID: 26566028

Cassoni P, Marrocco T, Bussolati B, Allia E, Munaron L, Sapino A, et al. Oxytocin induces proliferation
and migration in immortalized human dermal microvascular endothelial cells and human breast tumor-

PLOS ONE | DOI:10.1371/journal.pone.0168469 December 15, 2016 11/12


http://dx.doi.org/10.1002/cncr.29325
http://www.ncbi.nlm.nih.gov/pubmed/25737403
http://dx.doi.org/10.1097/AOG.0b013e3181b19154
http://dx.doi.org/10.1097/AOG.0b013e3181b19154
http://www.ncbi.nlm.nih.gov/pubmed/19701036
http://dx.doi.org/10.1097/AOG.0b013e31817c4ebc
http://dx.doi.org/10.1097/AOG.0b013e31817c4ebc
http://www.ncbi.nlm.nih.gov/pubmed/18591310
http://dx.doi.org/10.1016/j.breast.2012.05.002
http://dx.doi.org/10.1016/j.breast.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/22698618
http://dx.doi.org/10.1002/cncr.26654
http://www.ncbi.nlm.nih.gov/pubmed/22086863
http://dx.doi.org/10.3109/0284186X.2011.636069
http://www.ncbi.nlm.nih.gov/pubmed/22171586
http://dx.doi.org/10.1007/s10549-013-2437-x
http://www.ncbi.nlm.nih.gov/pubmed/23430224
http://dx.doi.org/10.1111/ped.12004
http://www.ncbi.nlm.nih.gov/pubmed/23110585
http://dx.doi.org/10.1007/s10549-013-2434-0
http://dx.doi.org/10.1007/s10549-013-2434-0
http://www.ncbi.nlm.nih.gov/pubmed/23446808
http://dx.doi.org/10.1093/jnci/djp358
http://dx.doi.org/10.1093/jnci/djp358
http://www.ncbi.nlm.nih.gov/pubmed/19861303
http://dx.doi.org/10.4143/crt.2016.092
http://www.ncbi.nlm.nih.gov/pubmed/27034143
http://dx.doi.org/10.1016/j.breast.2009.10.010
http://dx.doi.org/10.1016/j.breast.2009.10.010
http://www.ncbi.nlm.nih.gov/pubmed/19913417
http://www.ncbi.nlm.nih.gov/pubmed/3891956
http://www.ncbi.nlm.nih.gov/pubmed/3674982
http://www.ncbi.nlm.nih.gov/pubmed/9219843
http://dx.doi.org/10.1016/j.ejphar.2014.07.053
http://www.ncbi.nlm.nih.gov/pubmed/25094035
http://www.ncbi.nlm.nih.gov/pubmed/7850070
http://www.ncbi.nlm.nih.gov/pubmed/26620014
http://dx.doi.org/10.1371/journal.pone.0142861
http://www.ncbi.nlm.nih.gov/pubmed/26566028

@° PLOS | ONE

Pregnancy-Associated Risk Factors of Postpartum Breast Cancer in Korea

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

derived endothelial cells. Molecular Cancer Research. 2006; 4: 351-9. doi: 10.1158/1541-7786.MCR-
06-0024 PMID: 16778082

Cassoni P, Catalano MG, Sapino A, Marrocco T, Fazzari A, Bussolati G, et al. Oxytocin modulates
estrogen receptor alpha expression and function in MCF7 human breast cancer cells. Int J Oncol. 2002;
21:375-8. PMID: 12118334

Gudjonsson T, Adriance MC, Sternlicht MD, Petersen OW, Bissell MJ. Myoepithelial cells: their origin
and function in breast morphogenesis and neoplasia. J Mammary Gland Biol Neoplasia. 2005; 10:
261-72. doi: 10.1007/s10911-005-9586-4 PMID: 16807805

Murrell TG. The potential for oxytocin (OT) to prevent breast cancer: a hypothesis. Breast Cancer Res
Treat. 1995; 35: 225-9. PMID: 7647345

Wang P, Yang HP, Tian S, Wang L, Wang SC, Zhang F, et al. Oxytocin-secreting system: A major part
of the neuroendocrine center regulating immunologic activity. J Neuroimmunol. 2015; 289: 152—61.
doi: 10.1016/j.jneuroim.2015.11.001 PMID: 26616885

Jindal S, Gao D, Bell P, Albrektsen G, Edgerton SM, Ambrosone CB, et al. Postpartum breast involution
reveals regression of secretory lobules mediated by tissue-remodeling. Breast Cancer Res. 2014; 16:
R31. doi: 10.1186/bcr3633 PMID: 24678808

Martinson HA, Jindal S, Durand-Rougely C, Borges VF, Schedin P. Wound healing-like immune pro-
gram facilitates postpartum mammary gland involution and tumor progression. Int J Cancer. 2015; 136:
1803-13. doi: 10.1002/ijc.29181 PMID: 25187059

Lyons TR, Borges VF, Betts CB, Guo Q, Kapoor P, Martinson HA, et al. Cyclooxygenase-2-dependent
lymphangiogenesis promotes nodal metastasis of postpartum breast cancer. J Clin Invest. 2014; 124:
3901-12. doi: 10.1172/JCI73777 PMID: 25133426

Key TJ, Verkasalo PK, Banks E. Epidemiology of breast cancer. Lancet Oncol. 2001; 2: 133—40. doi:
10.1016/S1470-2045(00)00254-0 PMID: 11902563

Pollan M. Epidemiology of breast cancer in young women. Breast Cancer Res Treat. 2010; 123 Suppl
1:3-6.

Yankaskas BC. Epidemiology of breast cancer in young women. Breast Dis. 2005; 23: 3-8. PMID:
16823161

Anderson WF, Matsuno RK, Sherman ME, Lissowska J, Gail MH, Brinton LA, et al. Estimating age-spe-
cific breast cancer risks: a descriptive tool to identify age interactions. Cancer Causes Control. 2007;
18: 439-47. doi: 10.1007/s10552-006-0092-9 PMID: 17216325

Largent JA, Ziogas A, Anton-Culver H. Effect of reproductive factors on stage, grade and hormone
receptor status in early-onset breast cancer. Breast Cancer Res. 2005; 7: R541-54. doi: 10.1186/
bcr1198 PMID: 15987461

PLOS ONE | DOI:10.1371/journal.pone.0168469 December 15, 2016 12/12


http://dx.doi.org/10.1158/1541-7786.MCR-06-0024
http://dx.doi.org/10.1158/1541-7786.MCR-06-0024
http://www.ncbi.nlm.nih.gov/pubmed/16778082
http://www.ncbi.nlm.nih.gov/pubmed/12118334
http://dx.doi.org/10.1007/s10911-005-9586-4
http://www.ncbi.nlm.nih.gov/pubmed/16807805
http://www.ncbi.nlm.nih.gov/pubmed/7647345
http://dx.doi.org/10.1016/j.jneuroim.2015.11.001
http://www.ncbi.nlm.nih.gov/pubmed/26616885
http://dx.doi.org/10.1186/bcr3633
http://www.ncbi.nlm.nih.gov/pubmed/24678808
http://dx.doi.org/10.1002/ijc.29181
http://www.ncbi.nlm.nih.gov/pubmed/25187059
http://dx.doi.org/10.1172/JCI73777
http://www.ncbi.nlm.nih.gov/pubmed/25133426
http://dx.doi.org/10.1016/S1470-2045(00)00254-0
http://www.ncbi.nlm.nih.gov/pubmed/11902563
http://www.ncbi.nlm.nih.gov/pubmed/16823161
http://dx.doi.org/10.1007/s10552-006-0092-9
http://www.ncbi.nlm.nih.gov/pubmed/17216325
http://dx.doi.org/10.1186/bcr1198
http://dx.doi.org/10.1186/bcr1198
http://www.ncbi.nlm.nih.gov/pubmed/15987461

