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Purpose: This study aimed to investigate the clinicopathologic features and survival in patients with both breast cancer 
(BrC) and colorectal cancer (CRC). 
Methods: Between 1996 and 2019, patients who were diagnosed with both BrC and CRC were evaluated retrospectively. 
Patients with distant metastasis, palliative resection, and previous cancer histories except for BrCs or CRCs were excluded. 
Altogether, 105 patients were divided into the B = C group (n = 21), B-first group (n = 40), and C-first group (n = 44) ac-
cording to the definition of synchronous and metachronous cancers. The clinicopathologic features and overall survival 
were evaluated.
Results: TNM stages and histologic types were comparable among the 3 groups (P = 0.434). The interval of diagnosis was 
67.1 ± 40.4 and 59.3 ± 47.2 months in the B- and C-first groups, respectively. The incidence of adjuvant chemotherapy in 
the B-first group was 57.5%, which was higher than the B = C and C-first groups (P < 0.001). The estrogen receptor, pro-
gesterone receptor, Ki-67, and HER-2 molecular markers were not significantly different among the groups. The overall 
survival of the B-first group showed lower survival rates than the C-first group (P = 0.039). In the logistic regression, 
HER-2 status (hazard ratio [HR], 11.9; P = 0.032) and lymph node metastasis of CRC (HR, 5.8; P = 0.036) were prognostic 
factors affecting overall survival.
Conclusion: B-first group had poorer survival outcomes than the C-first group in patients with the metachronous BrC 
and CRC. HER2 positivity and CRC lymph node metastasis may be prognostic factors that affect overall survival in these 
patients. The findings support that a colorectal cancer screening program should be included during BrC surveillance.
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INTRODUCTION 

The survival of cancer patients has significantly improved 
through advances in cancer treatment and early diagnosis. How-
ever, patient survival in cases with multiple primary cancers 
which occur simultaneously is not yet known. Multiple primary 
cancers are defined as more than one cancer in the same individ-
ual and are classified by the time of occurrence of each cancer. 
Synchronous cancer is defined as each cancer occurring simulta-
neously or within a period of 6 months, while metachronous can-
cer is defined as being diagnosed with secondary cancer 6 months 
or more after the primary cancer diagnosis [1]. In epidemiologi-
cal studies, the frequency of multiple primary cancers is reported 
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to be in the range of approximately 2% to 17% [2, 3].
Breast cancer (BrC) and colorectal cancer (CRC) are the most 

common malignancies in women except for thyroid cancer [4, 5]. 
There have been several studies on the possibilities of association 
between BrC and CRC, especially about the incidence of CRC in 
BrC patients. Some studies have reported that BrC increases the 
risk of CRC [6-9] and vice versa [10-12]. Recent studies reported 
related genetic factors in patients with the BrC-CRC phenotype 
[13]. Fisher et al. [14] reported the outcomes of patients who are 
diagnosed with both breast and CRC using SEER (Surveillance, 
Epidemiology, and End Results) data. However, the SEER data-
base does not contain many variables, which affect survival. Since 
these 2 cancers are the leading causes of cancer deaths in women, 
it is necessary to investigate the incidence and prognosis of pa-
tients diagnosed with both cancers. Thus, we aimed to investigate 
the clinicopathologic features and prognosis of patients who were 
diagnosed with breast and CRC synchronously or metachro-
nously.

METHODS 

Study population and definition of double primary cancers 
Between July 1996 and March 2019, there were 20,714 patients 
who were diagnosed with BrC in the Severance Hospital and 
Gangnam Severance Hospital, Seoul, Korea. Among them, 166 
patients who were also diagnosed with CRC were evaluated retro-
spectively. Patients who did not undergo curative resection were 
histologically not confirmed or had metastases at the time of di-
agnosis. Patients who were diagnosed with both breast and CRC 
synchronously within 6 months were defined as belonging to the 
B= C group. BrC patients who were diagnosed with CRC more 
than 6 months later were defined as the B-first group, while the 

CRC patients who were diagnosed with BrC at least 6 months 
later were defined as the C-first group (Fig. 1). A total of 105 pa-
tients were divided into the B= C group of 21 patients and meta-
chronous groups of 84 patients according to the time of diagnosis 
of each cancer. Among the metachronous double primary cancer 
patients, there were 40 patients in the B-first group and 44 pa-
tients in the C-first group (Fig. 2). Data were gathered from the 
electronic medical recording system of Yonsei University Health 
System and were analyzed retrospectively. The study was carried 
out in accordance with the Declaration of Helsinki and was ap-
proved by the Institutional Review Board of Gangnam Severance 
Hospital (No. 3-2021-0165) with a waiver for informed consent. 

Evaluation of the clinicopathological parameters 
The data of patient characteristics were collected such as sex, age 
at diagnosis, body mass index (BMI) at diagnosis, comorbidities, 
past medical histories, and family histories. Clinicopathologic 
variables related to BrC such as tumor location, type of histology, 
T stage, lymph nodes (LN) metastasis, type of adjuvant treat-
ments, TNM stage, estrogen receptor (ER), progesterone receptor 
(PR), Ki-67, human epidermal growth factor receptor 2 (HER2), 
and type of molecular classification were especially noted. In the 
case of CRC, tumor location, type of surgical treatment, histologic 
differentiation, T stage, LN metastasis, and TNM stage were eval-
uated. Molecular classification of BrC was performed using the 
surrogate definitions from St. Gallen Consensus 2013 [15]. TNM 
stage of each cancer was determined according to American Joint 
Committee on Cancer cancer stage manual, 8th edition [16]. 

Statistical methods
The associations of the 3 different groups and the continuous 
variables were evaluated using analysis of variance or independent 

Fig. 1. Diagram for the definition of the study group. BrC, breast cancer; CRC, colorectal cancer. 
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2-sample t-test. The chi-square or Fisher exact test was used to 
compare clinicopathological characteristics of patients for dichot-
omous variables. Overall survival was calculated from the date of 
diagnosis of the first cancer. Survival curves were plotted using 
the Kaplan-Meier method, and group differences in survival were 
evaluated by the log-rank test. Cox proportional hazard model 
was used to identify variables that were independently associated 
with overall survival. All statistical tests were 2-sided, and P< 0.05 
was considered statistically significant. Statistical analyses were 
carried out using the IBM SPSS Statistics ver. 25.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS 

Patient characteristics
In the C-first group, there was only 1 male patient. The mean ages 
at diagnosis of the first primary cancer were 63.0 years in patients 
of the B= C group, 57.0 years for the B-first group, and 59.6 years 
for the C-first group. The ages upon diagnosis of the second pri-
mary cancer were 62.5 years in the B-first group and 64.7 years in 
the C-first group. There were no significant differences among 
the 3 groups regarding the age upon diagnosis of both the first 
and second primary cancers. The intervals of diagnosis between 
breast and CRC were 67.1 months in the B-first group and 59.3 
months in C-first group. While the patients of the B-first group 
had higher rates of diabetes mellitus, there was no significant dif-
ference for BMI, previous cancer histories, and familial cancer 
histories among the groups. Carcinoembryonic antigen (CEA) 
level at the diagnosis of BrC in the B= C group was 8.1 ng/mL 
and 8.5 ng/mL for CRC. Tumor markers for CEA and carcinoma 

antigen 15-3 at the diagnosis of BrC and CRC were significantly 
different among the groups (Table 1).

Clinicopathological characteristics of breast cancer 
The tumor location of BrC was not significantly different among 
the groups. There was 1 patient each with bilateral BrC in both 
the B-first group and the C-first group. Invasive ductal carcinoma 
was the most common histologic type in all groups. T1 stage for 
BrC was 52.4 %, 45.0%, and 61.4% for the B = C group, B-first 
group, and C-first group, respectively. The rate of LN metastasis 
was 14.3%, 32.5%, and 20.5% for the B= C group, B-first group, 
and C-first group, respectively. For the TNM stage, stage I was 
most the common, followed by stage II for BrC. In the B-first 
group, 57.5% received chemotherapy, which was higher than the 
B= C or C-first group (P< 0.001). The expression of ER, PR, and 
HER2 and the median value of Ki-67 were not significantly differ-
ent among the 3 groups. For the molecular classification, the rate 
of patients with triple negative was 60.0% in the C-first group, 
30% in the B-first group, and 9.5% in the B= C group. However, 
there was no significant difference for molecular classification 
among groups (Table 2).

Clinicopathological characteristics of colorectal cancer 
Regarding tumor location of CRC, a left-sided tumor involving 
rectal cancer was more common than right-sided cancer. The rate 
of rectal cancer was 23.8%, 37.5%, and 40.9% for the B= C group, 
B-first group, and C-first group, respectively. In the B-first group, 
20% of the patients were treated by endoscopic submucosal resec-
tion, while for the B = C group and C-first group, 95.2% and 
95.5% received surgical treatments, respectively (P= 0.044). Ade-

Fig. 2. Flow chart of the study. BrC, breast cancer; CRC, colorectal cancer. 

Patients diagnosed with BrC between 1996 and 2019
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nocarcinoma was the most common histologic type in all groups. 
T3 was the most common T stage, with no significant difference 
among the groups. The rate of regional LN metastasis was 42.9% 
in the B= C group, 22.5% in the B-first group, and 29.5% in the 
C-first group. However, there were no significant differences in 
tumor location, treatment, histologic type, and TNM stages for 
CRC (Table 3).

Survival outcomes
The median follow-up period was 13.9 years. The survival out-
comes of B= C, B-first, and C-first groups are shown in Fig. 3A. 
In the survival analysis for all groups, the survival of the B-first 
group was poorer than the other groups with marginal signifi-
cance (P= 0.054). In the post hoc analysis, the overall survival be-
tween the B-first and C-first groups was significantly different 
(P = 0.039). In contrast, the B = C group showed no significant 
difference in the survival outcomes with the B-first and C-first 
groups. In the survival comparisons between synchronous and 

metachronous cancers for BrC and CRC, there were no statisti-
cally significant differences between the 2 groups (P= 0.319). In 
comparing the metachronous cancers between the B-first and C-
first groups, the survival of the C-first group was better than the 
B-first group as shown in Fig. 3C (P= 0.039). According to the 
TNM stages of CRC, there was no significant difference in sur-
vival among the 3 groups: stage I (P= 0.407), stage II (P= 0.346), 
and stage III (P= 0.565) (Supplementary Fig. 1).

Prognostic factors of overall survival
In the univariate analysis for overall survival, there were no signif-
icant differences among the groups (hazard ratio [HR] of C-first 
group, 0.23 and B= C group, 0.22; P= 0.086 and P= 0.364, respec-
tively). Ages at cancer diagnosis, tumor markers, histologic types, 
and TNM stages in both BrC and CRC showed no significant re-
lations to overall survival. On the other hand, HER2 positivity in-
creased the HR by 11.9 times for the overall survival (P= 0.032). 
In addition, regional LN metastasis of CRC increased the HR by 

Table 1. Patients’ characteristics

Characteristic 
Synchronous, 
B = C group

Metachronous
P-value

B-first group C-first group 

No. of patients 21 40 44

Sex 0.497

   Male 0 (0) 0 (0) 1 (2.3)

   Female 21 (100) 40 (100) 43 (97.7)

Age (yr)

   The first primary cancer 63.0 ± 9.9 (43–82) 57.0 ± 10.1 (34–73) 59.6 ± 10.5 (33–78) 0.093

   The second primary cancer 63.0 ± 9.9 (43–82) 62.5 ± 9.6 (40–80) 64.7 ± 10.7 (41–82) 0.596

Interval between diagnosis of BrC and CRC (mo) 0.5 ± 1.3 (0–5) 67.1 ± 40.4 (7–183) 59.3 ± 47.2 (6–223) > 0.999

BMI at diagnosis of the first cancer (kg/m2) 23.2 ± 2.8 (19.4–30.4) 23.5 ± 3.5 (17.2–31.6) 24.2 ± 4.1 (16.5–32.8) 0.540

Comorbidity

   Hypertension 5 (23.8) 19 (47.5) 19 (43.2) 0.187

   Diabetes mellitus 0 (0.0) 13 (32.5) 8 (18.2) 0.010

Previous cancer history 1 (4.8) 6 (15.0) 6 (13.6) 0.487

Familial cancer history

   BrC 2 (9.5) 2 (5.0) 5 (11.4) 0.573

   CRC 2 (9.5) 1 (2.5) 4 (9.1) 0.405

   Both 0 (0) 0 (0) 1 (2.3) 0.480

   Other cancers 5 (23.8) 11 (27.5) 11 (25.0) 0.943

Tumor marker at BrC diagnosis

   CEA (ng/mL) 8.1 ± 11.4 (0.5–41.3) 2.1 ± 1.4 (0.5–5.8) 4.0 ± 11.8 (0.6–73.9) 0.112

   CA 15-3 (U/mL) 13.3 ± 8.4 (2.9–28.4) 10.5 ± 4.6 (4.4–21.3) 11.9 ± 6.7 (1.8–30.6) 0.369

Tumor marker at CRC diagnosis

   CEA (ng/mL) 8.5 ± 17.5 (0.9–77.5) 3.3 ± 3.2 (0.6–12.7) 7.5 ± 17.0 (0.4–87.1) 0.288

Values are presented as mean ± standard deviation (range) or number of patients (%). 
BrC, breast cancer; CRC, colorectal cancer; BMI, body mass index; CEA, carcinoembryonic antigen; CA 15-3, carcinoma antigen 15-3.
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Table 2. Clinicopathologic outcomes of breast cancer

Variable
Synchronous, 

B = C group (n = 21)

Metachronous
P-value

B-first group (n = 40) C-first group (n = 44)

Tumor location 0.827

   Right 8 (38.1) 18 (45.0) 22 (50.0)

   Left 13 (61.9) 21 (52.5) 21 (47.7)

   Bilateral 0 (0) 1 (2.5) 1 (2.3)

Histology type 0.603

   In situ 3 (14.3) 5 (12.5) 8 (18.2)

   IDC 15 (71.4) 32 (80.0) 30 (68.2)

   ILC 0 (0) 1 (2.5) 1 (2.3)

   Both 1 (4.8) 0 (0) 0 (0)

   Others 2 (9.5) 2 (5.0) 5 (11.4)

T stage (cm) 0.472

   Tis 3 (14.3) 6 (15.0) 8 (18.2)

   T1 ( < 2) 11 (52.4) 18 (45.0) 27 (61.4)

   T2 (2–5) 6 (28.6) 13 (32.5) 9 (20.5)

   T3 ( > 5) 1 (4.8) 3 (7.5) 0 (0)

LN metastasis 0.224

   No 18 (85.7) 27 (67.5) 35 (79.5)

   Yes 3 (14.3)
(N1: 2, N2: 1, N3: 0)

13 (32.5)
(N1: 9, N2: 1, N3: 3)

9 (20.5)
(N1: 6, N2: 2, N3: 0)

Adjuvant treatment

   No therapy 1 (4.8) 1 (2.5) 5 (11.4) 0.248

   Endocrine therapy 17 (81.0) 24 (60.0) 26 (59.1) 0.159

   Chemotherapy 4 (19.0) 23 (57.5) 9 (20.5) < 0.001*

   Radiotherapy 13 (61.9) 25 (62.5) 22 (50.0) 0.416

   Targeted therapy 1 (4.8) 4 (10.0) 2 (4.5) 0.557

TNM stagea 0.434

   0 3 (14.3) 6 (15.0) 8 (18.2)

   1 10 (47.6) 14 (35.0) 24 (54.5)

   2 7 (33.3) 14 (35.0) 10 (22.7)

   3 1 (4.8) 6 (15.0) 2 (4.5)

Estrogen receptor 0.242

   Negative 3 (14.3) 10 (25.0) 15 (34.1)

   Positive 18 (85.7) 28 (70.0) 29 (65.9)

Progesterone receptor 0.490

   Negative 9 (42.9) 15 (37.5) 23 (52.3)

   Positive 12 (57.1) 23 (57.5) 21 (47.7)

Ki-67 (%) 0.896

   < 20 13 (61.9) 15 (37.5) 27 (61.4)

   > 20 6 (28.6) 9 (22.5) 13 (29.5)

HER2 0.572

   Negative 16 (76.2) 30 (75.0) 35 (79.5)

   Positive 4 (19.0) 8 (20.0) 5 (11.4)

Molecular classification 0.384

   Luminal A 9 (42.9) 16 (40.0) 16 (36.4)

   Luminal B 8 (38.1) 10 (25.0) 10 (22.7)

   HER2 positive 1 (4.8) 5 (12.5) 2 (4.5)

   Triple negative 2 (9.5) 6 (15.0) 12 (27.3)

Values are presented as number of patients (%).
IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; LN, lymph node; HER2, human epidermal growth factor receptor 2.
aStage according to American Joint Committee on Cancer cancer stage manual, 8th edition.
*P < 0.05.
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5.81 times (P= 0.036). However, hormone receptors and the mo-
lecular classification of BrC showed no significant outcomes af-
fecting the overall survival. In the multivariate analysis, the HR of 
HER2 positivity was 7.07 and 5.44 for the CRC LN metastasis. 
However, the values for these variables were not found to be sta-
tistically significant (Table 4).

DISCUSSION 

This study focused on evaluating the clinicopathologic and onco-
logic outcomes for patients who were diagnosed with both BrC 
and CRC. In patients with metachronous BrC and CRC cancers, 
the B-first group showed poorer overall survival outcomes com-
pared to the C-first group. In addition, HER2 positivity and CRC 
LN metastasis were regarded as prognostic factors that affect 

overall survival. 
With the advancement of early diagnosis and treatment, the 

survival of cancer patients has improved. However, it is not com-
mon for various cancers to occur in 1 patient; cases such as these 
are classified as having multiple primary cancer. In the epidemio-
logical studies, the frequency of multiple primary cancers is re-
ported to be in the range of 2% to 17% [2, 17]. CRC and BrC inci-
dence is increasing in women in Korea. Except for thyroid cancer, 
both cancers are considered the most common cancer types [18]. 
This trend may be due to the westernized lifestyle, delayed mar-
riage, and low fertility rate [19, 20]. This study analyzed 105 pa-
tients who were diagnosed with both CRC and BrC and divided 
them into synchronous and metachronous cancer patients. Ac-
cording to the International Association of Cancer Registries and 
International Agency for Research on Cancer standard, the syn-

Table 3. Clinicopathologic outcomes of colorectal cancer 

Variable
Synchronous, 

B = C group (n = 21)

Metachronous
P-value

B-first group (n = 40) C-first group (n = 44)

Tumor location 0.194

   Right-sided colon 7 (33.3) 7 (17.5) 16 (36.4)

   Left-sided colon 9 (42.9) 17 (42.5) 10 (22.7)

   Rectum 5 (23.8) 15 (37.5) 18 (40.9)

   Appendix 1 (4.8) 1 (2.5) 0 (0)

Treatment 0.044*

   Endoscopic treatment 1 (4.8) 8 (20.0) 2 (4.5)

   Surgery 20 (95.2) 32 (80.0) 42 (95.5)

Histologic type 0.247

   Adenocarcinoma 21 (100) 40 (100) 43 (97.7)

   Signet ring cell 0 (0) 0 (0) 1 (2.3)

T stage 0.604

   Tis 1 (4.8) 5 (12.5) 4 (9.1)

   T1 2 (9.5) 9 (22.5) 8 (18.2)

   T2 2 (9.5) 7 (17.5) 7 (15.9)

   T3 13 (61.9) 15 (37.5) 23 (52.3)

   T4 3 (14.3) 4 (10.0) 2 (4.5)

LN metastasis 0.278

   No 12 (57.1) 31 (77.5) 31 (70.5)

   Yes 9 (42.9) 
(N1: 6, N2: 3, N3:0)

9 (22.5) 
(N1: 6, N2: 3, N3:0)

13 (29.5) 
(N1: 8, N2: 5, N3:0)

TNM stage 0.698

   0 1 (4.8) 5 (12.5) 4 (9.1)

   1 4 (19.0) 14 (35.0) 14 (31.8)

   2 7 (33.3) 12 (30.0) 14 (31.8)

   3 9 (42.9) 9 (22.5) 12 (27.3)

Values are presented as number of patients (%).
LN, lymph node.
*P < 0.05.
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chronous and metachronous standards were divided into 6 
months [1]. Metachronous cancer patients were divided into the 
BrC first diagnosed group (B-first group) and the CRC first diag-
nosed group (C-first group). 

Regarding the clinical characteristic of the 3 groups, the preva-

lence of diabetes mellitus was significantly lower in the B = C 
group (P= 0.01). Because diabetes mellitus is associated with the 
poor outcomes of BrC and CRC, it may influence the prognosis 
of the B= C group [21, 22]. In contrast, there was no significant 
difference among the groups in terms of hormonal receptors and 
pathologic results of BrC. However, in the treatment of CRC of 
the B-first group, higher rates of endoscopic resection were per-
formed than surgical treatment. Considering the higher rates of 
receiving adjuvant chemotherapy for BrC in the B-first group, 
these results may affect the poorer survival of the B-first group 
than the other groups as shown in Fig. 3.  

In the survival analysis for double primary cancers of BrC and 
CRC, Fisher et al. [14] reported that the risk of death from CRC 
was nearly 3 times that of BrC from the analysis of SEER data for 
both BrC and CRC. In this study, similar results were found; 4 
cases of CRC-related deaths and 1 case of BrC-related death. 
Chapman et al. [23] reported that non-BrC-related deaths were 
more common than BrC-specific deaths in BrC patients, and os-
teoporosis caused by endocrine therapy is associated with in-
creased risk of death from other malignancies. Thus, it is consid-
erable that treatment of CRC can be more overweighed than BrC 
in similar stages. 

In this study, it was seen that the B-first group had poorer over-
all survival than the C-first group. Though there were lower rates 
of surgical resection for CRC in the B-first group than in other 
groups (95.2% vs. 95.5% vs. 80.0%, B = C vs. C-first vs. B-first 
groups; P= 0.044), early stages of CRC, which were treated via en-
doscopic resection, might not affect survival outcomes. In addi-
tion, the B-first group showed poorer overall survival than the C-
first group despite no significant difference in TNM stages for 
both BrC and CRC. The selection bias limitation of our retrospec-
tive study might have influenced the poorer overall survival of the 
B-first group than of the C-first group (Fig. 3C). However, per the 
SEER data between 1988 and 2007 for patients with BrC and 
CRC, the cumulative risk of death was 3 times higher in CRC 
than in BrC because CRC-specific mortality increases while BrC-
specific mortality decreased with time [14]. They suggested that 
the second cancer diagnosis in double primary cancers is more 
related to the risk of death. Considering the poorer survival of the 
B-first group than of the C-first group in our study, CRC screen-
ing is recommended to be undertaken after BrC diagnosis. 

In the univariate analysis from Cox regression, the predictive 
factors of overall survival were CRC LN metastasis and HER2 
positivity for BrC. LN metastasis of CRC is related to poor prog-
nosis. Therefore, adjuvant chemotherapy is needed in patients 
with stage III CRC patients. In addition, the prognosis of BrC has 
improved when patients with HER2 positivity are given trastu-
zumab. In this study, HER2 positivity was one of the prognostic 
factors affecting overall survival in patients with double primary 
cancers of BrC and CRC. In recent clinical trials, the expression of 
HER2 receptor is considered to treat metastatic CRC patients [24, 
25]. Although further studies are required, HER2 expression can 

Fig. 3. Overall survival outcomes. (A) Comparison among all study 
groups (P = 0.054). (B) Metachronous vs. synchronous cancers (P =  
0.319). (C) Comparison between metachronous cancer (P = 0.039).
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Table 4. Univariate and multivariate analyses for overall survival 

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Group

   B-first group Reference Reference

   C-first group 0.23 (0.04–1.23) 0.086 0.28 (0.03–2.30) 0.235

   B = C group 0.22 (0.01–5.65) 0.364 0.25 (0.01–7.90) 0.428

Age at BrC diagnosis 0.98 (0.92–1.05) 0.615

Age at CRC diagnosis 0.99 (0.93–1.07) 0.900

CEA at CRC diagnosis 0.99 (0.89–1.09) 0.784

CA15-3 at BrC diagnosis 0.98 (0.84–1.15) 0.804

BrC histology

   In situ cancer Reference

   IDC 0.91 (0.10–8.03) 0.935

   Others 1.14 (0.07–18.98) 0.927

BrC T stage

   T0 Reference

   T1 1.06 (0.11–9.83) 0.960

   T2 0.49 (0.03–8.34) 0.620

   T3 7.95 (0.49–128.96) 0.145

BrC LN metastasis

   No Reference

   Yes 2.01 (0.44–9.17) 0.368

Hormone receptora

   Negative Reference

   Positive 0.99 (0.18–5.44) 0.986

HER2

   Negative Reference Reference

   Positive 11.93 (1.24–115.08) 0.032* 7.07 (0.82–61.36) 0.076

Molecular classification

   Luminal A Reference

   Luminal B 1.12 (0.10–12.99) 0.931

   HER2 enriched 8.71 (0.88–86.44) 0.065

   Triple negative 0.25 (0.01–9.36) 0.453

CRC T stage 

   T0 Reference

   T1 0.92 (0.02–40.70) 0.966

   T2 1.14 (0.03–49.01) 0.947

   T3 1.26 (0.04–39.01) 0.895

   T4 2.35 (0.06–101.05) 0.657

CRC LN metastasis

   No Reference Reference

   Yes 5.81 (1.13–29.98) 0.036* 5.44 (0.72–41.29) 0.102

(Continued to the next page)
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Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

BrC TNM stage

   0 Reference

   1 0.96 (0.100–9.37) 0.969

   2 1.01 (0.09–11.65) 0.994

   3 1.92 (0.12–31.53) 0.647

CRC TNM stage

   0 Reference

   1 0.54 (0.01–21.73) 0.746

   2 0.69 (0.02–26.96) 0.844

   3 2.45 (0.09–68.03) 0.598

HR, hazard ratio; CI, confidence interval; BrC, breast cancer; CRC, colorectal cancer; CEA, carcinoembryonic antigen; CA 15-3, carcinoma antigen 15-3; IDC, invasive 
ductal carcinoma; HER2, human epidermal growth factor receptor 2; LN, lymph node.
aEstrogen or progesterone.
*P < 0.05.

Table 4. Continued

be of significance in determining the appropriate adjuvant treat-
ment for those with double primary cancers. 

This study evaluated the clinicopathologic outcomes in patients 
with double primary cancers of BrC and CRC. However, there are 
several limitations. First, this study was based on retrospective 
data with a heterogeneous and small study population. The results 
of the multivariate analysis for overall survival with no statistical 
significance may be attributed to these limitations. A large cohort 
study is required to validate the outcomes of this study. Second, 
the patients included were only from Asia, especially Korea. The 
racial differences for the phenotypes of BrC and CRC should be 
considered in interpreting our outcomes in future studies. Third, 
adjuvant therapies for both BrC and CRC were not unified be-
cause of the long-term study period. As the development of che-
motherapeutics and diagnostic tools advances, it cannot be ex-
cluded since this may also affect certain outcomes. However, this 
study is crucial in analyzing the clinicopathologic characteristics 
and prognosis of double primary cancer patients who were diag-
nosed with both BrC and CRC. 

In conclusion, in the metachronous double primary cancers of 
both BrC and CRC, the B-first group had a poorer prognosis than 
the C-first group. HER2 positivity and CRC LN metastasis can be 
considered prognostic factors for overall survival in these patients. 
These findings suggest that CRC screening program needs to be 
included during BrC surveillance. In addition, BrC patients need 
to pay more attention to CRC screenings in consideration of the 
poorer overall survival of the B-first group than the C-first group.
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