
© 2018 Korean Breast Cancer Society. All rights reserved.� http://ejbc.kr  |  pISSN 1738-6756   
eISSN 2092-9900This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 

licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Breast cancer is one of the most common malignancies 
worldwide [1] and the second most common cancer among 

Korean women [2]. Although the incidence rate for breast 
cancer is increasing, the survival rate is also increasing owing 
to advances in diagnosis and treatment techniques compared 
to those of the past [3-5]. In addition, as cancer survival rates 
and average life expectancy have increased, the incidence rate 
of multiple primary cancers (MPCs) in addition to breast can-
cer has also increased [6]. As a result, interest in MPCs has in-
creased, and various studies have been performed.

The criteria for diagnosing MPCs are (1) definite malignant 
features of each mass; (2) each mass should be separated from 
other masses; and (3) the possibility of metastasis should be 
excluded [7]. In addition, the time interval between MPC oc-
currences is usually defined as synchronous if it is less than 6 
months and metachronous if it is more than 6 months; how-
ever, there is no definite period. Several studies have shown 
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Purpose: Breast cancer is one of the most common malignan-
cies worldwide and the second most common cancer among 
Korean women. The prognosis of breast cancer is poor in pa-
tients with other primary cancers. However, there have been few 
clinical studies regarding this issue. Therefore, we analyzed the 
characteristics and prognosis of patients with breast cancer with 
multiple primary cancers (MPCs). Methods: Data from the Korean 
Breast Cancer Society Registry were analyzed. Data from en-
rolled patients who underwent surgery for breast cancer were 
analyzed for differences in prognosis dependent on the presence 
of MPCs, and which MPC characteristics affected their progno-
sis. Results: Among the 41,841 patients analyzed, 913 patients 
were found to have MPCs, accounting for 950 total MPCs. There 
was a significant difference in survival rates between the breast 
cancer only group and the MPC group. The 5-year survival rates 
were 93.6% and 86.7% and the 10-year survival rates were 
87.5% and 70.4%, respectively. Among the 913 patients with 

MPCs, patients with two or more MPCs had significantly worse 
prognoses than patients with a single MPC. With respect to the 
time interval between breast cancer and MPC occurrence, pa-
tients with a 5-year or greater interval had significantly better 
prognoses than patients with less than 1 year between occur-
rences. Among MPCs, thyroid cancer was the most common 
primary cancer. However, this type was not related to the prog-
nosis of breast cancer. Gynecologic cancer, colorectal cancer, 
upper gastrointestinal cancer, and lung cancer were related to 
breast cancer prognosis. Conclusion: MPCs were a poor prog-
nostic factor for patients with breast cancer. Two or more MPCs 
and a shorter time interval between occurrences were worse 
prognostic factors. Although MPCs were a poor prognostic fac-
tor, thyroid cancer did not affect the prognosis of patients with 
breast cancer.
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that the prognosis for metachronous MPCs is better than that 
for synchronous MPCs [8-10].

Although many studies have been performed regarding 
MPCs, these have usually taken the form of case reports [11-
13]. There have been several analytic clinical studies on MPCs, 
but few analytic clinical studies related to breast cancer with 
MPCs have been reported. Additionally, there have been very 
few large-scale studies of MPCs. Therefore, this study was de-
signed to compare the characteristics and prognosis of pa-
tients with breast cancer alone with those of patients with 
breast cancer and MPCs using large-scale data.

METHODS

Data collection
In this study, we used data approved by the Korean Breast 

Cancer Society registration system (KBCR). Since 1996, the 
KBCR has been registering cases submitted by breast surgeons 
at 110 training hospitals nationwide [2,14,15]. The cause and 
date of death in the data were used in connection with the 
Korea Central Cancer Registration Data of the Ministry of 
Health and Welfare in collaboration with the Korean National 
Statistical Office to compile complete death statistics which 
were updated through 2014. This study was approved by  
Daejeon St. Mary’s Hospital Institutional Review Board (No. 
DC17RESI0063).

Patients and clinical factors
Of the 161,716 patients who underwent surgery for breast 

cancer, 41,841 patients were included in this study after the 
exclusion of patients younger than 18 years or of unknown 

age, and patients with observation period errors or missing 
data for analyzed clinical factors (Figure 1). Pathologic stage 
was determined based on the postoperative pathologic stage; 
however, for the 2,759 patients who underwent neoadjuvant 
chemotherapy or palliative chemotherapy, the preoperative 
clinical stage was used. The clinical characteristics analyzed 
were age, family history, breast cancer TNM stage, estrogen 
receptor (ER) or progesterone receptor (PR), human epider-
mal growth factor receptor 2 (HER2), Ki-67, p53, and MPCs. 
The range of family history was limited to breast cancer. The 
criteria for classifying age and Ki-67 into two groups, respec-
tively, were set near the respective mean values. Overall sur-
vival was calculated from the date of surgery for the breast 
cancer to the date of death from any cause as specified in the 
data. Survival rates were compared based on overall survival. 
The extent of MPCs was based on the data specified, but ex-
cluded breast cancer in the MPCs category. The time interval 
between breast cancer and MPC occurrence was measured in 
units of years, and when two or more MPCs were present in 
one patient, the shorter time interval between occurrences 
was adopted.

Statistical analysis
The data were compared with clinical characteristics ac-

cording to the presence or absence of MPCs using Student t-
tests and chi-square tests. We analyzed the factors associated 
with MPCs using binomial logistic regression and analyzed 
the overall survival differences according to presence or ab-
sence of MPCs using the Kaplan-Meier method and Cox pro-
portional hazards model. We performed subgroup analysis of 
MPCs with regard to whether they affected survival, such as 

The clinical data of 161,716 patients diagnosed breast cancer

Exclusion
       611 Patients were age <18 or unknown age
    6,618 Patients were observation period error
112,646 �Patients had missing data of analyzed clinical 

factors

41,841 Patients were included

40,928 Patients with breast cancer alone 913 Patients with multiple primary cancer

Figure 1. Selection and categorization of patients with breast cancer only and with multiple primary cancers in the study cohort.
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the number of MPCs excluding breast cancer, the order of oc-
currence of breast cancer and MPCs, the time interval be-
tween breast cancer and MPC occurrence, and sites of occur-
rence of MPCs. Statistics were analyzed using SAS version 9.3 
(SAS Institute Inc., Cary, USA) and SPSS version 22.0 (IBM 
Corp., Armonk, USA), and p< 0.05 was considered to be sta-
tistically significant.

RESULTS

Characteristics of multiple primary cancer 
The median follow-up period was 39 months (range, 0–289 

months) for the 41,841 patients who underwent surgery for 
breast cancer from November 1990 to December 2014. A to-
tal of 950 MPCs were observed in 913 patients, and 37 pa-
tients were found to have two or more MPCs. For the ob-

served MPCs, the occurrence site, the time interval relative to 
the occurrence of breast cancer, and the order of occurrence 
in relation to breast cancer are presented (Supplementary Ta-
ble 1, available online). The first incidence rate for MPCs was 
higher than for breast cancer (Figure 2). Thyroid cancer was 
the most common MPC (n= 461, 48.5%), followed by gyne-
cologic cancer (n= 165, 17.4%) (Figure 3).

Clinical characteristics
The clinical characteristics of the enrolled patients were 

compared according to the presence or absence of MPCs. The 
presence of MPCs was significantly higher than the absence 
of MPCs in patients with the following characteristics: mean 
age (54.29± 11.33 years), age 50 years or more (61.2%), posi-
tive family history (12.5%), Tis-1 (65.8%), N0 (69.2%), stage 
0–I (55.5%), and HER2 positive (27.8%) (Table 1).

Figure 2. Time interval of multiple primary cancer occurrence relative to breast cancer occurrence.

Figure 3. Distribution of occurrence locations of multiple primary cancers.
UGI=upper gastrointestinal; HBP=hepato-biliary-pancreatic.
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Factors associated with multiple primary cancer 
Factors significantly associated with MPCs were age 50 

years or more, positive family history, stage 0–I, and HER2 
positive in univariate analysis, and age 50 years or more, posi-
tive family history, and stage 0–I in multivariate analysis (Ta-
ble 2).

Survival analysis
The 5-year survival rates were 93.6% and 86.7% and the 10-

year survival rates were 87.5% and 70.4% (log-rank p< 0.001) 
in patients with breast cancer only or with MPCs, respectively 
(Figure 4). Following adjustment for other factors, the hazard 
ratio (HR) for overall survival increased with MPCs (HR, 
2.192; p< 0.001). Other independent factors affecting overall 
survival were age, pathologic stage, ER or PR, Ki-67, and p53 
(Table 3).

Survival differences between the factors related to multiple 
primary cancer

We compared the survival rates of 913 patients with breast 
cancer with MPCs based on factors related to MPCs and 
found that the survival rate of patients with two or more 
MPCs was worse than that of those with a single MPC (HR, 
2.853; p= 0.029). There was no significant survival difference 
between breast cancer and MPCs among the 630 patients who 
had a time interval of more than 1 year between breast cancer 
and MPC occurrence, whichever occurred first (HR, 0.876; 
p= 0.832). Additionally, analysis of  patients with time inter-
vals between breast cancer and MPC occurrence of 5 years or 

Table 1. Clinical characteristics of breast cancer with or without MPCs

Clinical factor
Breast cancer only 

(n=40,928)   
No. (%)

MPCs 
(n=913)   
No. (%)

p-value

Age (yr)* 49.86±10.54 54.29±11.33 <0.001
   <50 21,861 (53.4) 354 (38.8) <0.001
   ≥50 19,067 (46.6) 559 (61.2)
Family history <0.001
   No 37,242 (91.0) 799 (87.5)
   Yes 3,686 (9.0) 114 (12.5)
T stage <0.001
   Tis–1 24,522 (60.0) 600 (65.8)
   T2–4 16,381 (40.0) 312 (34.2)
N stage 0.017
   N0 26,737 (65.4) 630 (69.2)
   N1–3 14,132 (34.6) 280 (30.8)
TNM stage <0.001
   Stage 0–I 20,102 (49.1) 507 (55.5)
   Stage II–IV 20,826 (50.9) 406 (44.5)
ER or PR 0.991
   Negative 11,797 (28.8) 263 (28.8)
   Positive 29,131 (71.2) 650 (71.2)
HER2 0.036
   Negative 30,783 (75.2) 659 (72.2)
   Positive 10,145 (24.8) 254 (27.8)
Ki-67 (%) 0.917
   <25 24,989 (61.1) 559 (61.2)
   ≥25 15,939 (38.9) 354 (38.8)
p53 0.138
   Negative 23,064 (56.4) 492 (53.9)
   Positive 17,864 (43.7) 421 (46.1)

MPCs=multiple primary cancers; ER=estrogen receptor; PR=progesterone 
receptor; HER2=human epidermal growth factor receptor 2.
*Mean±SD.

Figure 4. Survival curves according to multiple primary cancers (MPCs).
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more and less than 10 years (HR, 0.432; p= 0.023) or 10 years 
or more (HR, 0.379; p= 0.010) showed better prognosis in 
these groups than in patients with a time interval between oc-
currences of within 1 year. Thus, longer time intervals be-
tween occurrences resulted in better prognoses (Table 4).

Relationship between multiple primary cancer and survival at 
each breast cancer stage

Breast cancer TNM stage, like the presence of MPCs, was 
also a factor that affected survival in the present study. Adjust-
ment and analysis of other factors to determine whether 
MPCs affected prognosis at each stage revealed that the HR of 
overall survival was relatively lower when the breast cancer 
stage was higher; the exception to this was stage IV (Table 5).

Relationship and survival for site of multiple primary cancer
When we compared survival rates according to the MPCs 

in each site of occurrence of MPCs, the MPCs affecting the 
prognosis of breast cancer were gynecologic cancer, colorectal 
cancer, upper gastrointestinal cancer, and lung cancer. Of 
these, lung cancer had the greatest effect on survival (HR, 
10.657; p< 0.001). MPCs excluding thyroid cancer also affect-
ed the prognosis. Thyroid cancer was the most common pri-
mary cancer, but was not related to breast cancer prognosis 
(Table 5).

Table 2. Univariate and multivariate analysis for clinical factors associated with MPCs

Clinical factor
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age (yr)
   <50 1 Ref. 1 Ref.
   ≥50 1.810 1.583–2.071 <0.001 1.811 1.582–2.075 <0.001
Family history
   No 1 Ref. 1 Ref.
   Yes 1.442 1.181–1.759 <0.001 1.469 1.203–1.794 <0.001
TNM stage
   Stage 0–I 1 Ref. 1 Ref.
   Stage II–IV 0.773 0.677–0.882 <0.001 0.785 0.687–0.898 <0.001
ER or PR
   Negative 1 Ref. 1 Ref.
   Positive 1.001 0.866–1.157    0.991 1.112 0.947–1.307    0.195
HER2
   Negative 1 Ref. 1 Ref.
   Positive   1.170 1.010–1.354    0.036 1.118 0.957–1.307    0.159
Ki-67 (%)
   <25 1 Ref. 1 Ref.
   ≥25 0.993 0.868–1.136    0.917 1.034 0.893–1.197    0.651
p53
   Negative 1 Ref. 1 Ref.
   Positive 1.105 0.969–1.260    0.138 1.100 0.960–1.261    0.172

MPCs=multiple primary cancers; OR=odds ratio; CI=confidence interval; ref.= reference; ER=estrogen receptor; PR=progesterone receptor; HER2=human 
epidermal growth factor receptor 2. 

Table 3. Clinical factors affecting overall survival

Clinical factor HR 95% CI p-value

Age (yr)
   <50 1 Ref.
   ≥50 1.270 1.166–1.384 <0.001
TNM stage
   Stage 0–I 1 Ref.
   Stage II–IV 3.754 3.359–4.196 <0.001
Family history
   No 1 Ref.
   Yes 0.850 0.716–1.009    0.063
ER or PR
   Negative 1 Ref.
   Positive 0.547 0.499–0.600 <0.001
HER2
   Negative 1 Ref.
   Positive 0.968 0.878–1.066    0.503
Ki-67 (%)
   <25 1 Ref.
   ≥25 1.307 1.193–1.431 <0.001
p53
   Negative 1 Ref.
   Positive 1.186 1.087–1.294 <0.001
MPCs
   No 1 Ref.
   Yes 2.192 1.748–2.750 <0.001

HR =hazard ratio; CI =confidence interval; ref. = reference; ER =estrogen  
receptor; PR =progesterone receptor; HER2 =human epidermal growth  
factor receptor 2; MPCs=multiple primary cancers.
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DISCUSSION

Breast cancer is one of the most common cancers world-
wide, but breakthroughs in diagnostic and therapeutic tech-
nologies have improved survival. According to some studies, 
as cancer survival rates have increased, the incidence of MPCs 
has also gradually increased; this phenomenon appears to be 
due to a combination of genetic backgrounds and environ-
mental effects [16-18]. In the present study, as MPCs were de-
tected prior to the diagnosis of breast cancer, it is thought that 
the survival of other cancers has improved, and breast cancer 
incidence has increased, leading to an increase in MPCs.

The mean age of the MPC group was higher than that of 

the breast cancer only group in this study. Age was associated 
with MPCs and affected the prognosis. It has been reported in 
other studies that the incidence of MPCs increases with age 
[9,19-21]. Increasing age is thought to increase the incidence 
of MPCs owing to the increased cumulative exposure to vari-
ous environmental factors and increased risk of genetic muta-
tions. Family history was also associated with MPCs in the 
present study. Yoshimoto et al. [22] reported that family histo-
ry is one of the factors that increases the incidence of MPCs. 
In this study, only a family history of breast cancer was ana-
lyzed, but some genetic risk factors for breast cancer appeared 
to affect the development of MPCs.

p53 is a tumor suppressor protein and is also associated 

Table 4. Subgroup analysis of clinical factors affecting overall survivals of MPCs

Clinical factor (no. of total patients) No. of patients HR 95% CI p-value

No. of MPCs (n=913)
   Single 876 1 Ref.
   Multiple   37 2.853 1.115–7.301 0.029
First primary cancer (n=630)*
   Breast cancer   18 1 Ref.
   MPCs 612 0.876 0.259–2.963 0.832
Minimum time interval between occurrences (yr) (n=862)†

   <1  241 1 Ref.
   1≤  and <5 311 0.594 0.343–1.028 0.063
   5≤  and <10 160 0.432 0.209–0.892 0.023
   ≥10 150 0.379 0.182–0.792 0.010

MPCs=multiple primary cancers; HR=hazard ratio; CI=confidence interval; ref.= reference.
*Unidentified first diagnosed cancers were excluded; †Unidentified diagnostic dates of cancers were excluded. 

Table 5. Clinical factors affecting overall survival of MPCs for whether TNM stages and occurrence locations of MPCs

Clinical factor No. of total patients
MPCs

No. of patients HR 95% CI p-value

TNM stage
   Stage 0 3,813 88 4.896 1.476–16.246 0.009
   Stage I 16,796 419 2.937 1.823–4.731 <0.001
   Stage II 16,475 328 2.674 1.938–3.690 <0.001
   Stage III 4,324 70 1.158 0.638–2.103 0.630
   Stage IV 433 8 2.612 1.207–5.654 0.015
Occurrence location
   Thyroid 41,370 442 1.336 0.869–2.053 0.187
   Without thyroid 41,362 434 2.733 2.074–3.600 <0.001
   Gynecology 41,083 155 2.278 1.370–3.786 0.001
   UGI 41,020 92 3.475 2.053–5.883 <0.001
   Colorectal 41,010 82 2.016 1.006–4.038 0.048
   Lung 40,949 21 10.657 5.071–22.394 <0.001
   Urology 40,953 25 1.251 0.176–8.895 0.823
   HBP 40,949 21 1.836 0.458–7.353 0.391
   Hematology 40,947 19 2.748 0.687–10.998 0.153
   Etc.* 40,947 19 2.501 0.805–7.772 0.113

MPCs=multiple primary cancers; HR=hazard ratio; CI=confidence interval; UGI=upper gastrointestinal; HBP=hepato-biliary-pancreatic.
*Cancers of dermatology, oropharyngeal, neurology, and skeletal and sarcoma.
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with certain genetic disorders. p53 mutation plays an impor-
tant role in various cancers. The most common genetic dis-
ease of TP53 mutation is Li-Fraumeni syndrome, which is 
characterized by a relatively high incidence of multiple can-
cers. Park et al. [23] evaluated 14 patients with Li-Fraumeni 
syndrome and found that six out of 11 women had breast 
cancer, and five of them had breast cancer and MPCs. Simil-
arly, Mai et al. [24] reported that among women with Li-
Fraumeni syndrome, breast cancer occurs most frequently in 
women with germline TP53 mutations. In the present study, 
we did not establish any association with MPCs, but p53 was 
associated with breast cancer prognosis. In a study of p53 sta-
tus in patients with MPCs, Kikuchi et al. [25] showed that p53 
overexpression could be a prognostic factor for breast cancer.

The number of patients with MPCs after breast cancer in 
the present dataset was not large enough to allow analysis of 
the treatment of breast cancer. Several other studies have 
shown that treatment of primary cancers may be a risk factor 
for MPCs. Berrington de Gonzalez et al. [26] reported that ra-
diation therapy increases the risk of MPCs. Thyroid cancer 
accounted for the largest proportion of the MPCs in this 
study, and radioactive iodine was administered in some cases; 
this treatment may have led to an increased incidence of 
breast cancer, as observed in several other studies [27,28]. In 
the present study, however, as the rate of radioactive iodine 
therapy could not be identified in Korea, these relationships 
were not elucidated. Rather, it is thought that the high inci-
dence of thyroid cancer alone is the main reason. MPCs may 
occur after treatment for Hodgkin’s lymphoma, with breast 
cancer the most common MPC, a finding thought to be the 
result of radiation therapy to the chest [18,29].

In the present study, patients with breast cancer with MPCs 
had worse prognoses than those with breast cancer only. Lee 
et al. [20] reported similar results in that patients with MPCs 
had a worse prognosis than those with breast cancer only in a 
single institution study. We defined the time interval between 
breast cancer and MPC occurrence as within 1 year when 
breast cancer and MPCs were diagnosed in the same year. 
Correspondingly, the prognosis was significantly worse when 
the time interval between breast cancer and MPC occurrence 
was short. It is thought that a double primary cancer shows a 
synergistic effect similar to distant metastasis of a single 
primary cancer when developed over a short period of time. 
Eliyatkin et al. [8] reported that in 45 patients with bilateral 
breast cancers, patients with synchronous breast cancer had 
significantly worse prognoses than patients with metachro-
nous cancer. Shan et al. [9] reported that in 283 patients with 
MPCs from among 27,642 patients with lung cancer, similar 
results to those of the above study were obtained. The present 

study was more illuminating as the time interval between oc-
currences was further subdivided, and the longer the time in-
terval between occurrences, the better the prognosis.

With respect to breast cancer TNM stage, lower stage breast 
cancer was associated with MPCs. Most breast cancer cases 
with MPCs in our data were secondary primary cancers. If 
cancer is present prior to the occurrence of breast cancer, it is 
thought that more frequent screening leads to greater early 
detection of breast cancers. In patients with breast cancer and 
MPCs, the higher the stage of breast cancer, the lower the sur-
vival rate; however, early breast cancer had an increased prog-
nostic impact on MPCs. Lee et al. [20] compared survival by 
stage-matched analysis and reported a difference according to 
MPCs at the lower stages. It is thought that the survival rate of 
breast cancer is high at lower stages, and the influence of 
MPCs on the survival rate is increased.

In the present study, prognosis by MPC site of occurrence 
differed according to the MPC. Particularly in the case of thy-
roid cancer, which has a relatively good prognosis, the prog-
nosis of breast cancer was not affected despite thyroid cancer 
showing the largest number of cases. Zhang et al. [30] report-
ed that the development of thyroid cancer after breast cancer 
results in a worse prognosis than that of breast cancer alone; 
however, this finding may have been the result of differences 
in the analyzed groups. There were no significant differences 
in prognosis among hepato-biliary-pancreatic cancer, urologic 
cancer, hematologic cancer, and the other small number of 
cancers, a result that may be due to the small number of pa-
tients or deaths. Therefore, further analysis will be required to 
confirm this finding.

This study employed a more objective assessment of the dif-
ferences in breast cancer prognosis according to MPCs using 
large-scale data. However, there were several limitations to the 
study, including its retrospective design. Additionally, the data 
were limited to the year of occurrence to confirm the order of 
occurrence when the time interval between occurrences was 
less than 1 year. Although we used large scale data, such data 
were passively obtained from medical records at multiple 
medical institutions, leading to missing data such as second-
ary MPCs after surgery for breast cancers. Even after cancer 
registration, it is considered necessary to update patient infor-
mation on a regular basis. The number of patients with MPC 
and breast cancer TNM stage IV was very small, so we were 
limited in our ability to explain the influence of type of cancer 
on survival rates.

In conclusion, MPCs were a poor prognostic factor for pa-
tients with breast cancer. Two or more MPCs and a shorter 
time interval between occurrences were worse prognostic fac-
tors. The presence or absence of MPCs had an influence on 
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survival rate according to breast cancer TNM stage. Depend-
ing on the site of occurrence of MPCs, breast cancer progno-
sis varies; thyroid cancer did not affect the prognosis of breast 
cancer. As a prognostic factor affecting breast cancer survival, 
MPCs should be considered during follow-up examinations 
and treatment planning.
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