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Introduction

Patients who have primary cancer often develop metachro-
nous or synchronous multiple malignancies. In 2018, breast 
cancer was the most common cancer among women and 
accounted for 24.2% of the cases in women worldwide [1]. 
Similarly, it was the most prevalent cancer and accounted for 
20.3% of the cases in Korean women in 2017. The number of 
newly diagnosed female breast cancer patients is increasing 
every year, and the relative survival rates of breast cancer 
are steadily increasing in Korea [2]. Given the increase in the  
incidence of breast cancer, combined with earlier diagnosis 
and improved treatments, an increasing number of women 
are surviving breast cancer in Korea. 

Survival rates for women with breast cancer have constant-

ly improved; therefore, the risk of developing a subsequent 
primary malignancy such as ovarian cancer is renewed.  
Especially, in BRCA1 and BRCA2 mutation carriers, who 
are at an increased risk for breast and ovarian cancer, breast 
cancer typically presents earlier than ovarian cancer. Addi-
tionally, there is a significant probability that ovarian cancer 
will be diagnosed after breast cancer [3]. A prior history of 
breast cancer is a risk factor for the subsequent development 
of ovarian cancer. The estimated risk of developing ovarian 
cancer is increased by approximately 2-fold for patients with 
a history of breast cancer [4]. 

Epithelial ovarian cancer is the second most common cause 
of gynecological cancer deaths, and it is also related to the 
BRCA1 and BRCA2 gene. In Korea, where the prevalence of 
ovarian cancer is increasing, it is the second most prevalent 
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Purpose  A prior history of breast cancer is a risk factor for the subsequent development of primary peritoneal, epithelial ovarian, and 
fallopian tubal (POFT) cancers. This study aimed to estimate the incidence of secondary POFT malignancy in breast cancer patients 
and the clinical outcomes of primary and secondary POFT cancer.  
Materials and Methods  We searched the Korea Central Cancer Registry to find patients with primary and secondary POFT cancer 
who had breast cancer in 1999-2017. The incidence rate and standardized incidence ratio were calculated. Additionally, we com-
pared the overall survival of patients with primary and secondary POFT cancer.
Results  Based on the age-standardized rate, the incidence of second primary POFT cancer after breast cancer was 0.0763 per 
100,000 women, which increased in Korea between 1999 and 2017. Among the 30,366 POFT cancer patients, 25,721 were primary 
POFT cancer only, and 493 had secondary POFT cancer after a breast cancer diagnosis. Second primary POFT cancer patients were 
older at the time of diagnosis (55 vs. 53, p < 0.001) and had a larger proportion of serous histology (68.4% vs. 51.2%, p < 0.001) 
than patients with primary POFT. There were no differences between the two groups in tumor stage at diagnosis. The 5-year overall 
survival rates were 60.2% and 56.3% for primary and secondary POFT cancer, respectively (p=0.216). 
Conclusion  The incidence of second primary POFT cancer after breast cancer increased in Korea between 1999 and 2017. Besides, 
second primary POFT cancer patients were diagnosed at older ages and had more serous histology. 
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gynecological malignancy [5]. Basically, epithelial ovarian 
cancer is the same disease entity as primary peritoneal cancer 
and fallopian tubal cancer. Accordingly, primary peritoneal, 
epithelial ovarian, and fallopian tubal (POFT) cancers are  
diagnosed and treated in similar ways [6]. However, there is 
a scarcity of information on second primary POFT cancers 
after breast cancer in Korea. Therefore, the objective of this 
study was to estimate the incidence and risk of second prima-
ry POFT malignancies in female breast cancer survivors. In  
addition, we also aimed to detect the differences in the clini-
cal outcomes of primary and second primary POFT cancers.

Materials and Methods
 	

This study used data from patients enrolled in the Korea 
Central Cancer Registry (KCCR), which collects information 
regarding approximately 98% [7] of the cancer cases in Korea 
since 1999. According to the cancer registration guidelines, 
the first date of diagnosis, diagnosis route, primary cancer 
site, histological diagnosis, the Surveillance, Epidemiology 
and End Results (SEER) summary stage, laterality, differen-
tiation, diagnostic method, and treatment can be identified. 
We searched the KCCR to detect all patients with secondary 
POFT cancer which developed after the diagnosis of prima-
ry epithelial breast cancer. Primary peritoneal cancer (C48), 
epithelial ovarian cancer (C56.9), and fallopian tube cancer 
(C57.0) were defined on the basis of the International Clas-
sification of Diseases for Oncology, 3rd edition (ICD-O-3) [8]. 
The histological types were categorized into serous, endo-
metrioid, clear cell, mucinous carcinoma, and other histo-
logic types of tumor. Breast cancer (C50) was also defined 
based on the ICD-O-3. In addition, breast sarcoma, phyllodes  
tumor, and Paget disease were not included in this study.

We grouped the patients according to their age at diagno-
sis with ovarian cancer (< 30 years, 30-39 years, 40-49 years, 
50-59 years, 60-69 years, 70-79 years, and ≥ 80 years), the 
SEER summary stage [9], histologic type, and the treatment 
modality which was administered. We did not separate high 
grade serous carcinoma from low grade carcinoma because 
the two histologic types were registered in the KCCR with-
out distinction. The KCCR follows coding guidelines based 
on the 2004 rules of the International Agency for Research on 
Cancer for multiple primary cancer. In addition, secondary 
POFT cancers diagnosed within 2 months of the index breast 
cancer diagnosis were excluded to minimize the incidence 
of misclassification of undetected synchronous cancers and 
metastases.

The age-standardized incidence rate (ASR) was calculated 
in patients diagnosed with POFT cancer using Segi’s world 
standard population and was expressed per 100,000 people. 

The standardized incidence ratio (SIR) of subsequent POFT 
cancers among patients with breast cancer was calculated to 
quantify relative risk compared with those among the gener-
al population. The Kaplan-Meier method was used to create 
survival curves, and the log-rank test was used to compare 
the survival difference.

ASR and SIR were analyzed using SAS ver. 9.4 (SAS  
Institute, Inc., Cary, NC) and SEER*Stat 8.3.6 (National Can-
cer Institute, Bethesda, MD), respectively. Survival analysis 
was performed using Stata ver. 16 (StataCorp LLC, College 
Station, TX). All statistical tests were considered statistically 
significant for p < 0.05.

Results

1. Characteristics of second primary POFT cancers
Between 1999 and 2017, the KCCR included 251,244 cases 

of breast cancer and 30,366 POFT cancer cases. Among the 
POFT cancer cases, 493 cases had second primary POFT 
cancer after primary breast cancer diagnosis. Based on the 
ASR, the incidence of total POFT cancer was 4.82 per 100,000 
women. In addition, the incidence of second primary POFT 
cancers was 0.0763 per 100,000 women and that of second 
primary POFT cancer after breast cancer was 78.84 per 
100,000 women in breast cancer survivors (Table 1).

The overall incidence of POFT cancer has been observed 
to increase steadily. In addition, despite slight fluctuations, 
the incidence of second primary POFT cancer has also been 
observed to increase. In 1999, there were 958 primary POFT 
cancer patients and no second primary POFT cancer pati- 
ents. On the other hand, there were 2,478 primary POFT can-
cer patients and 77 second primary POFT cancer patients in 
2017 (Table 1).

The median age of patients with primary and second pri-
mary POFT cancers was 53 years (range, 10 to 96 years) and 
55 years (range, 35 to 87 years), respectively. In the case of 
second primary POFT cancer, the median age at diagnosis of 
breast cancer was 48 years (range, 25 to 80 years). Moreover, 
the median of the interval between previous breast cancer 
and second primary POFT cancer was 6.92 years (range, 0.17 
to 18.00 years) (Table 2). 

With respect to the entire group of breast cancer survivors, 
higher rates of second primary POFT cancers were observed 
to occur than in the general female population in KCCR (SIR, 
2.32; 95% confidence interval [CI], 2.12 to 2.53). According to 
the age at second primary POFT cancer diagnosis, the SIR in 
the patients whose age at second primary POFT cancer was 
between 30 and 39 years was 3.34 (95% CI, 1.83 to 5.61) and 
most prominent. The SIRs also increased in all age groups 
except in those aged 80 or older. 

Cancer Res Treat. 2021;53(2):541-548

542     CANCER  RESEARCH  AND  TREATMENT



The distribution of the patients’ age at diagnosis differed 
between primary and second primary POFT cancers and 
was significant (p < 0.001). The most common age group at 
the second primary POFT cancer diagnosis was 50-59 years 
(38.7%). However, there were 14 patients in the range of 30-
39 years, accounting for only 2.84% (Table 2). 

Depending on the histologic subtype, there were differ-
ences in the SIRs. In the serous type of POFT, the SIR was 
2.77 (95% CI, 2.48 to 3.09). On the other hand, the SIR was 
1.60 (95% CI, 1.07 to 2.29) in endometrioid type disease. The 
SIRs of clear cell type and mucinous type were 1.13 and 1.19, 
respectively, with no statistical significance. 

By classifying the histologic subtype into serous, endo-
metrioid, clear cell, mucinous, and others, the distribution 
pattern of each histologic subtype was significantly differ-
ent between primary and second primary POFT cancers  
(p < 0.001). For instance, the differences stand out in serous 
cancer, in which the percentage of serous POFT cancers was 
68.4% in second primary POFT cancers and 51.2% in primary 
POFT cancers.

In terms of the extent of the disease, there was no statistical 
difference in the disease stage distribution between primary 
and second primary POFT cancers (p=0.326). The SIRs were 
increased for the entire stage at diagnosis between 2006 and 
2017. In the localized stage, the SIR was 1.61 (95% CI, 1.18 to 
2.13). On the other hand, the SIR was 1.85 (95% CI, 1.53 to 
2.20) in distant metastasis cases.

After the diagnosis of primary breast cancer, the SIRs for 
the occurrence of second primary POFT cancers were obser-
ved to increase with time. The SIRs of survivors for breast 
cancer were 1.70 (95% CI, 1.44 to 2.00), 2.72 (95% CI, 2.34 to 
3.15), and 3.88 (95% CI, 3.26 to 4.59) in 1-4 years, 5-9 years, 
and over 10 years, respectively (Table 2).

2. Survival outcomes for second primary POFT cancers
The median follow-up period of primary POFT cancer 

cases was 3.33 years, and that of second primary POFT can-
cer cases was 10.25 years from the breast cancer diagnosis, 
2.22 years from the secondary POFT cancer diagnosis (Table 
2). The Kaplan-Meier survival analysis revealed a deterio-
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Table 1.  Incidence of POFT cancer and breast cancer by year of diagnosis, 1999-2017

		
POFT cancer			   Breast cancer

		               	Secondary POFT cancer
							                 	after primary breast cancer

Year
	 ASRa)			   ASRa)			   ASRa)	 ASR per

	 per	
% of cases

	 No. of	 per	
% of cases

	 No. of	 per	 100,000	
% of cases

	 No. of
	 100,000		  cases	 100,000		  cases	 100,000	 breast cancer		  cases
	 women			   women			   women	 patients

1999	 3.73	 3.15	 958	 21.37	 2.32	 5,824	 0.0000	 0.00	 0.00	 0
2000	 3.70	 3.24	 984	 21.53	 2.39	 6,010	 0.0111	 17.16	 0.61	 3
2001	 3.62	 3.28	 995	 25.25	 2.90	 7,277	 0.0080	 10.65	 0.41	 2
2002	 3.78	 3.51	 1,065	 27.83	 3.27	 8,225	 0.0165	 19.71	 1.01	 5
2003	 4.01	 3.76	 1,141	 27.95	 3.37	 8,474	 0.0141	 24.30	 0.81	 4
2004	 4.01	 3.91	 1,188	 29.50	 3.65	 9,175	 0.0235	 33.52	 1.42	 7
2005	 4.28	 4.28	 1,300	 32.32	 4.07	 10,236	 0.0330	 38.51	 2.03	 10
2006	 4.36	 4.49	 1,362	 33.64	 4.34	 10,898	 0.0578	 67.18	 3.65	 18
2007	 4.89	 5.14	 1,560	 36.17	 4.77	 11,987	 0.0313	 42.31	 2.03	 10
2008	 4.63	 5.04	 1,530	 37.77	 5.09	 12,791	 0.0522	 51.76	 3.45	 17
2009	 4.61	 5.21	 1,582	 39.32	 5.42	 13,628	 0.0506	 45.76	 3.65	 18
2010	 5.04	 5.72	 1,738	 41.38	 5.83	 14,636	 0.0754	 74.82	 5.27	 26
2011	 4.97	 5.81	 1,763	 44.58	 6.42	 16,133	 0.0715	 70.47	 5.48	 27
2012	 5.27	 6.37	 1,933	 45.39	 6.66	 16,728	 0.0777	 75.17	 6.29	 31
2013	 5.23	 6.52	 1,981	 46.34	 6.94	 17,432	 0.1049	 90.96	 8.32	 41
2014	 5.67	 7.10	 2,156	 48.02	 7.34	 18,436	 0.1230	 103.49	 10.55	 52
2015	 5.59	 7.25	 2,201	 49.59	 7.66	 19,254	 0.1725	 139.59	 14.40	 71
2016	 6.15	 8.07	 2,451	 55.41	 8.68	 21,805	 0.1830	 128.31	 15.01	 74
2017	 6.15	 8.16	 2,478	 56.07	 8.87	 22,295	 0.1801	 126.25	 15.62	 77
1999-2017	 4.82	 100	 30,366	 39.13	 100	 251,244	 0.0763	 78.84	 100	 493
ASR, age-standardized rate; POFT, primary peritoneal, ovarian, and fallopian tube. a)ASR was calculated using Segi’s world standard 
population.
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rated survival curve in patients with second primary POFT 
cancers compared with that in patients with primary POFT 
cancers (Fig. 1). However, it was not significant using the 

log-rank test (p=0.216). The 5-year overall survival (OS) rates 
were 60.2% in primary POFT cancer patients and 56.3% in 
secondary POFT cancer patients. 

Cancer Res Treat. 2021;53(2):541-548

Table 2.  Clinicopathologic characteristics of patients with POFT cancer in Korea, 1999-2017

		  Secondary POFT 	 Primary
Characteristic	 SIR	 cancer after primary	 POFT	 p-valuea)

		  breast cancer 	 cancer

Cases	 2.32b)	 493 (	 25,721 (	 -
Follow-up from registration, median (range, yr) 	 -	 10.25 (0.17-18.75)	 3.33 (0.00-18.75)	 < 0.001
    Interval between 1st and 2nd cancers, median (range, yr) 	 -	 6.92 (0.17-18.00)		
    Follow-up from secondary ovarian cancer diagnosis, 	 -	 2.22 (0.02-16.14)	
      median (range, yr) 		
Age at ovarian cancer diagnosis, median (range, yr)		  55 (35-87)	 53 (10-96)	 < 0.001	
Age group at ovarian cancer diagnosis (yr)
    < 30	 0	 0 (	 1,185 (4.6)	  < 0.001
    30-39	 3.34b)	 14 (2.8)	 2,405 (9.4)		
    40-49	 2.58b)	 124 (25.2)	 6,497 (25.3)
    50-59	 2.12b)	 191 (38.8)	 7,374 (28.7)
    60-69	 2.39b)	 115 (23.3)	 4,943 (19.2)
    70-79	 2.43b)	 47 (9.5)	 2,731 (10.6)
    ≥ 80	 0.77	 2 (0.4)	 586 (2.3)
Interval between 1st and 2nd cancers (yr)
    Mean±SD	 -	 7.27±4.47	 -	 -
    < 1	 1.06	 24 (4.9)	 -	 -
    1-4	 1.70b)	 149 (30.2)	 -	 -
    5-9 	 2.72b)	 182 (36.9)	 -	 -
    ≥ 10	 3.88b)	 138 (28.0)	 -	 -
Histologic type
    Serous	 2.77b)	 337 (68.4)	 13,163 (51.2)	 < 0.001
    Endometrioid	 1.60b)	 29 (5.9)	 2,248 (8.7)
    Clear cell 	 1.13	 24 (4.9)	 2,410 (9.4)	
    Mucinous	 1.19	 26 (5.3)	 3,911 (15.2)
    Others	 2.60b)	 77 (15.6)	 3,989 (15.5)
Stage at diagnosis (since 2006)
    Local	 1.61b)	 48 (20.9)	 5,009 (26.3)	 0.326
    Regional	 1.80b)	 46 (20.0)	 3,646 (19.1)
    Distant	 1.85b)	 122 (53.0)	 9,352 (49.0)
    Unknown	 2.57b)	 14 (6.1)	 1,067 (5.6)
Surgery
    Yes	 2.27b)	 428 (86.8)	 22,580 (87.8)	 0.514
    No	 2.67b)	 65 (13.2)	 3,141 (12.2)
Radiation therapy
    Yes	 1.26	 4 (0.8)	 425 (1.7)	 0.145
    No	 2.34b)	 489 (99.2)	 25,296 (98.3)
Chemotherapy
    Yes	 2.34b)	 375 (76.1)	 18,340 (71.3)	 0.021
    No	 2.26b)	 118 (23.9)	 7,381 (28.7)
	Values are presented as number (%) unless otherwise indicated. POFT, peritoneal, ovarian, and fallopian tube; SD, standard deviation; SIR, 
standardized incidence ratio. a)ANOVA tests and chi-square tests were performed to evaluate differences by factor for continuous variables 
and for categorical variables, respectively, b)Significant at alpha=0.05. 

544     CANCER  RESEARCH  AND  TREATMENT



In the patients with only POFT cancer (Fig. 2D-F), the 
younger the patients, the better the survival rate. On the 
other hand, the secondary POFT patients who were 40-49 
years had a poorer survival time (median survival time, 72 
months) than POFT patients who were 50-59 years (median 
survival time, 97 months) (Fig. 2A). 

In the patients with second POFT cancer, the 5-year OS rate 
of patients with a serous histology was 55.7%, whereas the 
patients with endometrioid and clear cell histology had more 
favorable outcomes (66.6% and 69.7%, respectively), though 
not significant (p=0.112) (Fig. 2B). Localized POFT cancer 
was associated with 5-year OS rates of 83.6%, whereas dis-
tant metastases had a 5-year OS rate of 62.9% (p=0.002) (Fig. 
2C). 

Discussion

1. SIRs of second primary POFT cancers
This study reported that second primary POFT cancer  

accounted for 1.6% (493/30,366) of all newly diagnosed ovar-
ian cancers in Korea, based on the KCCR data from 1999 to 
2017. These patients have an increased risk compared to 
the patients without breast cancer. Moreover, we reported 
that the absolute number and the ratio of second primary 
POFT cancers to the total number of cancer cases are steadily  
increasing. 

The incidence rates for second primary malignancies are 
usually expressed as a SIR, which is the ratio of the observed 
to expected malignancies. We reported higher rates of sec-
ond primary POFT cancers (SIR, 2.32) in breast cancer. The 
increased overall SIR supports previous studies wherein 
elevated SIRs in ovarian cancer after primary breast cancer 
were found [10-13]. In this study, the patients with second 

primary POFT cancer diagnosed between the ages of 30 and 
39 have the highest SIR (3.34). Similar to the results of this 
study, Schonfeld et al. [12] reported that higher rates of sec-
ond primary ovarian cancers occurred among breast cancer 
survivors than in the general female population in SEER 
(SIR, 1.24; 95% CI, 1.2 to 1.3). Moreover, the SIRs also showed 
that the highest SIR was observed at the age of 40 years or 
younger (3.43; 95% CI, 2.9 to 4.0). 

In this study, the incidence rate for second primary ovar-
ian cancers increased in ASR from a low value of 0.0111 
per 100,000 women in 2000 to a peak of 0.1801 per 100,000 
women in 2017. It reflects the fact that the overall incidence 
of POFT cancer has steadily increased [14]. Ovarian cancers 
in the general population and breast cancer survivors are  
increasing in tandem, and we can speculate that this parallel 
trend may reflect shared risk factors such as decreased parity 
and festinated menarche in Korean women.

On the other hand, since it was in 1999 that we started 
thorough registration, for patients with secondary POFT  
after 1999 who were diagnosed with breast cancer before 
1999, they might have not been included if the time since the 
breast cancer diagnosis had been too long. 

2. Genetic predisposition of primary breast cancer and sec-
ond primary POFT cancer patients

In breast cancer patients, it can be inferred that the second 
primary POFT cancer is due largely to the BRCA1/2 muta-
tion. Germline mutations in the BRCA1 and BRCA2 genes are 
the strongest known genetic risk factors for both breast and 
epithelial ovarian cancer [15] and are found in 13.3% [16] to 
15% [17] of women with epithelial ovarian cancer. In breast 
cancer, the prevalence rates were diverse from 5% to 20% 
according to population selection and frequency of founder 
mutations [18].

Individuals with a BRCA1 or BRCA2 mutation from here-
ditary breast cancer families have an elevated risk of ovar-
ian cancer. Moreover, germline mutations in women with 
ovarian carcinoma have been recently identified in many of 
the previously identified breast cancer genes in the Fanconi 
anemia–BRCA pathway [19]. Metcalfe et al. [3] reported the 
10-year actuarial risk of ovarian cancer after breast cancer 
in BRCA1 or BRCA2 pathogenic variant carriers. The risk 
was 12.7% for BRCA1 carriers and 6.8% for BRCA2 carriers 
(p=0.03) [3]. 

We could not infer the exact prevalence of BRCA1 and 
BRCA2 pathogenic variants because the registration data 
used in this study did not include BRCA status. In this study, 
337 second primary POFT cancer patients (68.36%) had  
serous histology, and it is well known that the BRCA1 or 
BRCA2 pathogenic variant is associated with high grade  
serous type POFT cancers [20]. In addition, women from 

Hyeong In Ha, Second Primary POFT Cancer among Breast Cancer

Fig. 1.  Survival outcome of peritoneal, ovarian, and fallopian 
tube (POFT) cancer patients from the onset time of POFT cancer 
diagnosis in Korea.
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BRCA mutation negative and site-specific breast cancer fami-
lies are not at an increased risk for second primary ovarian 
cancer [21]. 

Risk-reducing salpingo-oophorectomy (RRSO) can be used  
for overcoming the potential risk of secondary ovarian can-
cer, especially in BRCA1 and/or BRCA2 pathogenic vari-

Cancer Res Treat. 2021;53(2):541-548

Fig. 2.  Survival outcomes from the onset time of peritoneal, ovarian, and fallopian tube (POFT) cancer diagnosis according to clinicopatho-
logic characteristics (age, type, Surveillance, Epidemiology, and End Results stage). Women with second POFT cancer after breast cancer 
by age (A), histological type (B), and stage (since 2006) (C) and women with primary POFT cancer by age (D), histological type (E), and 
stage (since 2006) (F).
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ant carriers. The National Comprehensive Cancer Network 
guidelines also recommend RRSO for BRCA1 and/or BRCA2 
pathogenic variant carriers.

3. Age at diagnosis of primary breast cancer and second pri-
mary POFT cancers in Korea

The peak age of breast cancer is 10 to 20 years younger 
in Korea than Western countries, where the incidence rate of 
breast cancer is the highest in the fifth decade, followed by 
the sixth and fourth decades [22]. Moreover, approximately 
25% of invasive breast cancer cases in Korea occur in patients 
younger than 40 years [18]. The 5-year relative survival rate 
(RSR) of breast cancer diagnosed between 1993 and 1995 
was 79.2%. However, due to continuous improvement, the 
5-year RSR of breast cancer cases diagnosed between 2013 
and 2017 was observed as 93.2% [2]. The treatment outcomes 
and OS in female breast cancer cases have improved because 
of increased mammography screening and the development 
of adjuvant chemotherapy, human epidermal growth factor 
receptor 2 therapy, and endocrine therapy. Therefore, breast 
cancer survivors are rapidly increasing in Korea. In this 
study, the mean age at diagnosis of the secondary POFT was 
55.82±9.52, lower than previous reports from 66.3 [11]-67.8 
[23]. The reason for the early age at diagnosis of the second 
primary POFT may be the reflection of a younger peak age of 
breast cancer. The SIR among patients younger than 40 years 
was 3.34, which was larger than that of older ages. Howev-
er, the number of patients under the age of 40 was only 14 
(2.84%); therefore, additional cases are needed to know the 
exact clinical outcomes.

This study had several strengths. We analyzed the inci-
dence of POFT cancer after breast cancer diagnosis by uti-
lizing the population-based cancer registry which contained 
approximately 98% of Korean cancer cases [7] and to our 
knowledge, this study is the first study in Korea to do so. 
However, our limitations include a lack of information about 
family history, medico-surgical history, BRCA1/BRCA2 gene 
status, and the hormone receptor status of breast cancer. 
There may have been an omission of secondary POFT cancer 
patients diagnosed with breast cancer before 1999. In addi-

tion, this study includes patients with a diagnosis interval of 
less than one year between breast cancer and POFT cancer. 
Sixty-nine cases of secondary POFT cancer occurring with-
in 2 months were excluded from the data analysis. Of the  
remaining 493 cases, 24 of the secondary POFT patients 
(4.9%) had a diagnosis interval of less than 1 year. The  
median time to onset of secondary cancer in these cases was 
6.5 months. Moreover, the present study did not describe 
the treatment history and subtypes of breast cancer. Further 
studies are needed to elucidate the precise influence of BRCA 
gene mutations on the development of POFT cancer in breast 
cancer survivors.

The overall incidence of second primary POFT cancer after 
breast cancer increased between 1999 and 2017 in Korea. In 
addition, second primary POFT cancer patients were diag-
nosed at older ages and had more serous histology. Second-
ary POFT cancer was associated with lower 5-year survival 
than primary POFT cancer; however, this was not statisti-
cally significant (56.3% vs. 60.2%, p=0.216).

Ethical Statement 
This study was approved by the Institutional Review Board of the 
National Cancer Center, Korea (NCC2020-0176). The requirement 
for informed consent was waived because we analyzed de-identi-
fied data secondarily. 

Author Contributions
Conceived and designed the analysis: Won YJ, Lim MC.
Contributed data or analysis tools: Lim J, Won YJ.
Performed the analysis: Lim J.
Wrote the paper: Ha HI, Lee EG, Jung SY, Chang YJ, Won YJ, Lim MC.
Interpretation, review: Ha HI. 
Review and comment: Lee EG, Jung SY, Chang YJ.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This work was supported by the National Cancer Center Grant 
(NCC-1910132, 1911274).

Hyeong In Ha, Second Primary POFT Cancer among Breast Cancer

1. �Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of  
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2018;68:394-424.

2. �Kang SY, Kim YS, Kim Z, Kim HY, Kim HJ, Park S, et al. Breast 
cancer statistics in Korea in 2017: data from a Breast Cancer 
Registry. J Breast Cancer. 2020;23:115-28.

3. �Metcalfe KA, Lynch HT, Ghadirian P, Tung N, Olivotto IA, 
Foulkes WD, et al. The risk of ovarian cancer after breast 
cancer in BRCA1 and BRCA2 carriers. Gynecol Oncol. 
2005;96:222-6.

4. �Prior P, Waterhouse JA. Multiple primary cancers of the breast 
and ovary. Br J Cancer. 1981;44:628-36.

5. �Lim MC, Won YJ, Ko MJ, Kim M, Shim SH, Suh DH, et al.  

References

VOLUME 53 NUMBER 2 APRiL 2021     547



Cancer Res Treat. 2021;53(2):541-548

Incidence of cervical, endometrial, and ovarian cancer in  
Korea during 1999-2015. J Gynecol Oncol. 2019;30:e38.

6. �Lim MC, Won YJ, Lim J, Salehi T, Yoo CW, Bristow RE. Second 
primary cancer after primary peritoneal, epithelial ovarian, 
and fallopian tubal cancer: a retrospective study. BMC Can-
cer. 2018;18:800.

7. �Hong S, Won YJ, Park YR, Jung KW, Kong HJ, Lee ES, et al. 
Cancer statistics in Korea: incidence, mortality, survival, and 
prevalence in 2017. Cancer Res Treat. 2020;52:335-50.

8. �Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin 
DM, et al. International classification of diseases for oncology 
(ICD-O). 3rd ed. 1st rev. Geneva: World Health Organization; 
2013.

9. �Young JL Jr, Roffers SD, Ries LA, Fritz AG, Hurlbut AA. SEER 
summary staging manual 2000: codes and coding instruc-
tions. NIH Pub. No. 01-4969. Bethesda, MD: National Cancer 
Institute; 2001.

10. �Mellemkjaer L, Friis S, Olsen JH, Scelo G, Hemminki K, Trac-
ey E, et al. Risk of second cancer among women with breast 
cancer. Int J Cancer. 2006;118:2285-92.

11. �Berkowitz Z, Rim SH, Peipins LA. Characteristics and sur-
vival associated with ovarian cancer diagnosed as first cancer 
and ovarian cancer diagnosed subsequent to a previous can-
cer. Cancer Epidemiol. 2011;35:112-9.

12. �Schonfeld SJ, Berrington de Gonzalez A, Visvanathan K, 
Pfeiffer RM, Anderson WF. Declining second primary ovar-
ian cancer after first primary breast cancer. J Clin Oncol. 
2013;31:738-43.

13. �Schaapveld M, Visser O, Louwman MJ, de Vries EG, Willemse 
PH, Otter R, et al. Risk of new primary nonbreast cancers  
after breast cancer treatment: a Dutch population-based 
study. J Clin Oncol. 2008;26:1239-46.

14. �Shin W, Won YJ, Yoo CW, Lim J, Lim MC. Incidence trends 
for epithelial peritoneal, ovarian, and fallopian tube cancer 

during 1999-2016: a retrospective study based on the Korean  
National Cancer Incidence Database. J Gynecol Oncol. 2020; 
31:e56.

15. �Bolton KL, Chenevix-Trench G, Goh C, Sadetzki S, Ramus 
SJ, Karlan BY, et al. Association between BRCA1 and BRCA2  
mutations and survival in women with invasive epithelial 
ovarian cancer. JAMA. 2012;307:382-90.

16. �Zhang S, Royer R, Li S, McLaughlin JR, Rosen B, Risch HA, et 
al. Frequencies of BRCA1 and BRCA2 mutations among 1,342 
unselected patients with invasive ovarian cancer. Gynecol 
Oncol. 2011;121:353-7.

17. �Pal T, Permuth-Wey J, Betts JA, Krischer JP, Fiorica J, Arango 
H, et al. BRCA1 and BRCA2 mutations account for a large pro-
portion of ovarian carcinoma cases. Cancer. 2005;104:2807-16.

18. �Choi DH, Lee MH, Bale AE, Carter D, Haffty BG. Incidence of 
BRCA1 and BRCA2 mutations in young Korean breast cancer 
patients. J Clin Oncol. 2004;22:1638-45.

19. �Pennington KP, Swisher EM. Hereditary ovarian cancer:  
beyond the usual suspects. Gynecol Oncol. 2012;124:347-53.

20. �Lakhani SR, Manek S, Penault-Llorca F, Flanagan A, Arnout 
L, Merrett S, et al. Pathology of ovarian cancers in BRCA1 and 
BRCA2 carriers. Clin Cancer Res. 2004;10:2473-81.

21. �Kauff ND, Mitra N, Robson ME, Hurley KE, Chuai S, Gold-
frank D, et al. Risk of ovarian cancer in BRCA1 and BRCA2 
mutation-negative hereditary breast cancer families. J Natl 
Cancer Inst. 2005;97:1382-4.

22. �Son BH, Kwak BS, Kim JK, Kim HJ, Hong SJ, Lee JS, et al. 
Changing patterns in the clinical characteristics of Korean 
patients with breast cancer during the last 15 years. Arch 
Surg. 2006;141:155-60.

23. �Hall HI, Jamison P, Weir HK. Second primary ovarian can-
cer among women diagnosed previously with cancer. Cancer 
Epidemiol Biomarkers Prev. 2001;10:995-9.

548     CANCER  RESEARCH  AND  TREATMENT


