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Original Article

Backgrounds/Aims: Although cancer survivors are at higher risk of developing second primary malignancies, cancer surveillance 
strategies for them have not yet been established. This study aimed to identify first primary cancers that had high risks of developing 
second primary exocrine pancreatic cancer (EPC).
Methods: Data on individuals diagnosed with primary cancers between 1993 and 2017 were obtained from the Korea Central Cancer 
Registry. The standardized incidence ratios (SIRs) of second primary EPCs were analyzed according to the primary tumor sites and 
follow-up periods.
Results: Among the 3,205,840 eligible individuals, 4,836 (0.15%) had second primary EPCs, which accounted for 5.8% of the total 
EPC patients in Korea. Between 1 and 5 years after the diagnosis of first primary cancers, SIRs of second primary EPCs were increased 
in patients whose first primary cancers were in the bile duct (males 2.99; females 5.03) in both sexes, and in the small intestine (3.43), 
gallbladder (3.21), and breast (1.26) in females. Among those who survived 5 or more years after the diagnosis of first primary cancers, 
SIRs of second primary EPCs were elevated in patients whose first primary cancers were in the bile duct (males 2.61; females 2.33), 
gallbladder (males 2.29; females 2.22), and kidney (males 1.39; females 1.73) in both sexes, and ovary (1.66) and breast (1.38) in females.
Conclusions: Survivors of first primary bile duct, gallbladder, kidney, ovary, and female breast cancer should be closely monitored for 
the occurrence of second primary EPCs, even after 5 years of follow-up.
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INTRODUCTION

The approximate number of cancer survivors were 18 mil-
lion in 2022 in the United States, and 2.1 million in 2020 in 
Korea [1,2]. With the gradual increase in the number of cancer 
survivors, there is a growing interest in second primary malig-
nancies that contribute to long-term morbidity and mortality 
[3]. Based on the Surveillance, Epidemiology, and End Results 
(SEER) database, cancer survivors had a 14% higher risk of de-
veloping a subsequent cancer, compared to the general popula-
tion [4]. Subsequent cancers constituted 18.4% of total incident 
cancers diagnosed between 2009 and 2013 in the United States 
[5]. Moreover, patients with second primary malignancies were 
more likely to die of their second cancers [6].

Approximately 0.2% of digestive tract cancer survivors de-
velop second primary pancreatic cancer [7,8]. Compared to the 
general population, the standardized incidence ratios (SIRs) of 
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subsequent pancreatic cancers after first primary malignancies 
at any site ranged (0.65 to 13.14) in the SEER registries [8-10], 
and (3.08 to 156.78) in the Korean population [7,11]. Due to its 
dismal prognosis, the development of second primary pancre-
atic cancer seriously affects the prognosis of cancer survivors. 
In particular, subsequent pancreatic cancer more than doubled 
the standardized mortality ratio of first primary cancers of the 
breast, small intestine, stomach, gallbladder, bile duct, and liver 
[10]. However, second primary pancreatic cancer has a higher 
resection rate and better prognosis compared to first primary 
pancreatic cancer, suggesting that these cancers may have been 
diagnosed relatively early, due to the enhanced medical sur-
veillance of cancer survivors [7,12].

Exocrine pancreatic cancer (EPC) has a much worse prog-
nosis than neuroendocrine tumors [13]; hence, the risk of 
subsequent EPC should be the focus of surveillance. This study 
aimed to investigate the SIRs of second primary EPCs accord-
ing to first primary tumor sites and follow-up periods using 
a population-based cancer registry data in Korea, to provide 
evidence for establishing surveillance strategies in cancer sur-
vivors.

MATERIALS AND METHODS

Data source and study population
The Korea Central Cancer Registry (KCCR) collects cancer 

incidence data from the entire Korean population in all regions 
with 98.3% completeness and microscopic verification rate of 
92.2% [2,14]. Data obtained from the KCCR between January 
1, 1993 and December 31, 2017 were reviewed retrospectively 
for primary tumor sites and their sequence of diagnosis. The 
International Association of Cancer Registries defines a pri-
mary cancer as “one that originates in a primary site or tissue 
and is not an extension, nor a recurrence, nor a metastasis” 
[15]. In the cancer registry, primary tumor sites were classified 
according to the International Classification of Diseases for 
Oncology, 3rd edition (ICD-O-3) [16]. According to the SEER 
code manual that defines simultaneous or synchronous can-
cers as those diagnosed within 2 months of each other, only 
subsequent primary cancers that developed at least 2 months 
after the initial cancers were included in the analysis [4,17]. A 
cancer survivor is defined as a cancer patient who is alive until 
the reference date for statistical calculation among patients 
diagnosed with cancer. Therefore, both patients who are un-
dergoing cancer treatment, and those who have been cured of 
cancer, are included [2]. This study focused on EPC as a second 
primary cancer, excluding neuroendocrine tumors that had 
distinct clinicopathological characteristics, including surviv-
al outcomes [13]. EPCs were defined as those with ICD-O-3 
codes C250−C259, excluding the following morphology codes 
for neuroendocrine tumors as described in our previous study: 
8150−8157, 8240−8246, 8249, 8002, 8040−8045, and 8013 
[18,19]. To analyze the association between second primary 

EPCs and obesity-related cancers [20], the following subgroups 
were analyzed as well: breast cancer diagnosed at the age of 
under versus above 50 years [21]; renal cell carcinoma with 
ICD-O-3 code C64.9 and ICD-O-3 morphology codes 8260, 
8310, 8311, 8312, 8316, 8317, and 8318 [16,22].

Data analysis
The SIR and corresponding 95% confidence intervals (CIs) 

for subsequent EPCs were assessed to quantify the relative 
risk compared to that of the general population. SIRs were 
calculated by dividing the observed number of new EPCs by 
the number expected, if patients in the cohort experienced the 
same cancer rates as those in the general reference population 
of comparable age, sex, and time distribution [4,23]. To reduce 
bias caused by the immediate excess of second primary can-
cers due to enhanced medical surveillance after initial cancer 
diagnosis, analyses were performed according to the follow-up 
period [24]. The mid-year population reported by Statistics 
Korea (available at http://kosis.kr/) was used as a general ref-
erence population in this study. The person–years at risk for 
each patient began at 2 months after the date of first primary 
cancer diagnosis, and ended at the date of death or the end of 
the study (December 31, 2017), whichever occurred first. Each 
cancer was analyzed as an independent observation for patients 
with 2 or more primary cancers. To compute the SIRs and their 
95% CIs, we used the “MP−SIR” session of SEER*Stat (version 
8.3.8; SEER Program, National Cancer Institute) [25].

The study protocol was reviewed and approved by the Insti-
tutional Review Board of the National Cancer Center, which 
waived the need for informed consent from patients due to the 
characteristics of the dataset and retrospective nature of the 
study design (approval No. NCC2021-0251). All research meth-
ods were performed in accordance with the Declaration of Hel-
sinki, and the guideline proposed by the Institutional Review 
Board.

RESULTS

A cohort of 3,205,840 patients diagnosed with first or only 
primary cancers at any site was identified, 4,836 (0.15%) of 
whom developed a second primary EPC. Second primary EPCs 
accounted for 5.8% of a total of 83,640 incident EPC cases 
during the same period.

Characteristics of patients with primary cancers at any site
Among 3,205,840 patients with primary cancers at any site, 

the male-to-female ratio was 1.08:1, and 4.5% (n = 144,369) 
of all the patients had 1 or more subsequent cancers that were 
diagnosed at least 2 months after the diagnosis of first primary 
cancer. Mean age at diagnosis was 58.5 years for first primary 
cancer, and 65.7 years for subsequent cancers. The mean inter-
val between first and subsequent cancers was 5.8 years. Females 
had their first primary (55.9 [females] vs.  60.9 years [males]) 
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and subsequent cancers (61.6 [females] vs.  68.4 years [males]) 
diagnosed at earlier ages than males (Supplementary Table 1).

Characteristics of patients with second primary exocrine 
pancreatic cancer

A total of 4,836 patients developed second primary EPC after 
a mean of 6.6 years after first primary cancer diagnosis at any 
site. The male-to-female ratio was 1.40:1. Mean age at diagnosis 
of first primary cancer or subsequent EPC was higher in males 
(first primary cancer, 63.6 [male] vs.  61.7 [female], p < 0.001; 
subsequent EPC, 69.9 vs.  69.2 years, p = 0.019). Comparing pa-
tients with any subsequent cancers at any site, the mean age at 
diagnosis of second primary EPC and first primary cancer (69.6 
and 62.8 years) was greater than those with any subsequent 
cancer or their first primary cancer diagnosis (65.7 and 58.5 

years), respectively (Table 1, Fig. 1).

Relative risks of second primary exocrine pancreatic cancer 
compared to the general population

During median follow-up for 6.7 years, the relative risk of 
second primary EPC after first primary cancers of all types 
was lower than that of the general population (SIR 0.96 [95% 
CI, 0.94−0.99]). First primary cancer sites that had increased 
risks of second primary EPCs were bile duct, small intestine, 
gallbladder, ovary, female breast, and kidney cancers. First pri-
mary cancers of the stomach, colon, liver, lymphatic and hema-
topoietic, prostate, lung, and rectum were less likely to develop 
second primary EPCs, compared to the general population 
(Table 2, Supplementary Table 2).

Table 1. Characteristics of patients with primary cancer of all sites with second primary EPC (1993−2017)

Total Male Female

Number of patients with second primary EPC 4,836 2,825 2,011
Age group at diagnosis of second primary EPC (yr)
   ≤ 29 5 (0.10) 0 (0.0) 5 (0.25)
   30–39 23 (0.48) 11 (0.39) 12 (0.60)
   40–49 136 (2.81) 62 (2.19) 74 (3.68)
   50–59 595 (12.30) 312 (11.04) 283 (14.07)
   60–69 1,433 (29.63) 877 (31.04) 556 (27.65)
   70–79 1,906 (39.41) 1,144 (40.50) 762 (37.89)
   ≥ 80 738 (15.26) 419 (14.83) 319 (15.86)
Mean age at diagnosis of second primary EPC (yr) 69.6 ± 10.0 69.9 ± 9.4 69.2 ± 10.8
Mean age at diagnosis of first primary cancers among patients with 

second primary EPC (yr)
62.8 ± 10.6 63.6 ± 9.8 61.7 ± 11.5

Mean interval between diagnosis of first primary cancer and  
second primary EPC (yr)

6.6 ± 5.3 6.2 ± 4.9 7.3 ± 5.6

Mean follow-up time of patients with second primary EPC (yr) 7.8 ± 5.4 7.3 ± 5.1 8.6 ± 5.8

Values are presented as number (%) or mean ± standard deviation.
EPC, exocrine pancreatic cancer.

Fig. 1. Distribution of age group at diagnosis of first primary and subsequent cancer. EPC, exocrine pancreatic cancer.
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Relative risks of second primary exocrine pancreatic cancer 
by sex and follow-up period

Fig. 2, and Supplementary Table 3 and 4, show the observed 
cases and SIRs of second primary EPCs according to sex and 
follow-up periods. In the range (12 to 59) months of follow-up, 
males had decreased SIRs of second primary EPCs after first 
primary cancers at all sites (SIR 0.86 [95% CI, 0.82−0.90]), 
while females did not have significantly different relative risks, 
compared to the general population. The SIRs of second pri-
mary EPCs were increased after bile duct cancer, but decreased 
after rectal cancer in both sexes. Apart from bile duct cancer, 
males had decreased SIRs of second primary EPCs after stom-
ach, lung, colon, lymphatic and hematopoietic, prostate, larynx 
and rectal cancers. Among females, SIRs of second primary 
EPCs were increased after bile duct, small intestine, gallblad-
der, and breast cancers. The risks of second primary EPCs were 
also decreased after stomach, thyroid, and rectal cancers in 
females.

Among those who survived 5 or more years after the diag-
nosis of first primary cancers, females had increased SIRs of 
second primary EPCs after first primary cancers at all sites (SIR 
1.13 [95% CI, 1.06−1.19]), while that of males was not statisti-
cally different from the general population. The SIRs of second 
primary EPCs were increased after bile duct, gallbladder, and 
kidney cancers in both sexes. The SIRs of second primary EPCs 
after kidney cancer were increased for renal cell carcinoma 
(SIR 1.58 [95% CI, 1.25−1.97]), but not for other histologies (SIR 
0.71 [95% CI, 0.19−1.81]). Males had decreased SIRs of second 
primary EPCs after rectal cancer. In addition to bile duct, gall-
bladder, and kidney cancers, females had increased SIRs of sec-
ond primary EPCs after larynx, ovary, and breast cancers. SIRs 
of second primary EPCs after breast cancer were increased in 

all ages (SIR 1.38 [95% CI, 1.21−1.57]), < 50 years (SIR 1.56 [95% 
CI, 1.21−1.98]), and ≥ 50 years (SIR 1.31 [95% CI, 1.12−1.53]).

First primary bile duct cancer was the only type that had in-
creased SIRs of second primary EPCs throughout the follow-up 
period in both sexes. In addition, first primary gallbladder and 
breast cancers had increased SIRs of second primary EPCs 
throughout the follow-up period in females only. Significantly 
elevated SIRs of second primary EPC after the diagnosis of 
breast cancer showed an increasing trend (1.26 to 1.38), while 
that of gallbladder (3.21 to 2.22) and bile duct cancer (5.03 to 
2.33) decreased throughout the follow-up periods.

DISCUSSION

This study revealed that second primary EPC occurred in 
0.15% of all patients with primary cancer at any site, which 
accounted for 5.8% of the total incident cases of EPC between 
1999 and 2017 in Korea. In particular, first primary bile duct 
and gallbladder cancers were shown to carry increased risks of 
developing second primary EPC in both sexes (SIR [2.2−5.0]). 
This finding was consistent with previous reports in the 
Western population (SIR [2.4−13.1]), and in the Korean popu-
lation using a different nationwide database (SIR [4.4−156.8]) 
[7,9,10,24]. In addition to shared anatomy and physiology, 
there may be genetic traits, lifestyle or environmental factors, 
and medical conditions that may have had impacts on the 
development of second primary EPCs as shared determinants 
among bile duct, gallbladder, and pancreatic cancers [24,26]. 
However, the SIRs of second primary EPCs after the diagnosis 
of bile duct and gallbladder cancers decreased throughout the 
follow-up periods, suggesting a significant impact of extensive 
medical surveillance during the early follow-up period, or 

Table 2. SIRs of second primary exocrine pancreatic cancer in both sexes after first primary cancer at all sites

First primary cancer sites Observed Expected SIR (95% CI) EAR

All sites (total) 4,836 5,023.82 0.96 (0.94, 0.99) –0.11
Bile duct 307 80.48 3.81 (3.40, 4.27) 12.05
Small intestine 33 13.33 2.48 (1.70, 3.48) 4.64
Gallbladder 90 39.12 2.30 (1.85, 2.83) 5.51
Ovary 48 32.49 1.48 (1.09, 1.96) 0.67
Female breast 348 271.06 1.28 (1.15, 1.43) 0.41
Kidney parenchyma 132 106.25 1.24 (1.04, 1.47) 0.75
Stomach 1,113 1,209.08 0.92 (0.87, 0.98) –0.31
Colon 438 482.37 0.91 (0.82, 1.00) –0.38
Liver 176 212.94 0.83 (0.71, 0.96) –0.55
Lymphatic, hematopoietic 118 144.22 0.82 (0.68, 0.98) –0.38
Prostate 292 362.89 0.80 (0.72, 0.90) –1.31
Lung, bronchus 232 313.74 0.74 (0.65, 0.84) –1.15
Rectum, rectosigmoid junction 286 416.2 0.69 (0.61, 0.77) –1.22

Values of breast cancer was calculated limited to females.
SIR, standardized incidence ratio;  CI, confidence interval; EAR, excess attributable risk.
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changes in behavioral patterns over time [4].
Decreased risk of second primary EPC after rectal cancer 

in this study (SIR [0.5−0.8]) reconfirmed the results from the 
literature (SIR [0.6−0.7]) [8,9,24]. However, the findings on 
decreased risks of second primary EPC after stomach or colon 
cancer in this study were contrary to those of other studies in 
North America, Europe [8,9,24], and Korea [7,11]. Although 

clarifying etiology was beyond the scope of this study, a few 
possible interpretations can be proposed. Comparing this study 
with Western cancer registry studies, differences in incidence 
and predisposing factors for stomach and colon cancer may 
have contributed to the discrepancy. Between the Korean stud-
ies, direct comparison of results should be made with caution, 
because data sources and case definitions, including histolog-

Second primary exocrine pancreatic cancer
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ical, differed. It should be kept in mind that when colon and 
rectal cancers were analyzed as a group, the effect of increased 
SIR after colon cancer outweighed the decrease in SIR after 
rectal cancer [8]. The risk of second primary pancreatic neuro-
endocrine tumor was significantly increased after stomach and 
small intestine cancers [27]; however, endocrine tumors were 
not included in this study.

Those who survived at least 5 years after first primary can-
cers had a 10%−11% higher risk of developing second primary 
cancers [10]. In this study, those who survived 5 or more years 
after first primary cancers at any site had a 6% higher risk of 
developing second primary EPC. However, cancer surveillance 
guidelines have yet to be established for cancer survivors, ex-
cept for post-treatment follow-up protocols for a few primary 
cancer sites, which recommend cancer screening protocol 
similar to those for the general population [28,29]. In Korea, 
the national cancer screening program targets stomach, liver, 
colon, breast, cervix, and lung cancer. Although participation 
rates in the program among cancer survivors have continu-
ously increased and reached levels comparable to the general 
population, there is no evidence-based surveillance guideline 
for cancer survivors [30]. Pancreatic cancer is not a candidate 
for population-wide cancer screening. However, the results of 
this study suggest that survivors of gallbladder, bile duct and 
kidney cancers in both sexes, and females who have survived 
larynx, ovary, and breast cancers, should receive more medical 
surveillance against the possibility of occurrence of second 
primary EPCs, even after 5 years of follow-up. For example, pa-
tients who have completed 5-year follow-up after treatment for 
their first primary cancer are typically encouraged to undergo 
the national cancer screening program. Although further in-
vestigation is needed, it may be recommended to add abdom-
inal ultrasound or computed tomography to national cancer 
screening program examinations, if needed, by reminding 
physicians during national cancer screening consultations that 
they had a primary cancer with a high risk of subsequent EPC.

Various risk factors, including the treatment of first primary 
malignancy, lifestyle, environmental, and host factors includ-
ing genetic susceptibility, as well as interactions between these 
factors, may contribute to the development of second prima-
ry malignancies [31]. Tobacco smoking-related cancers have 
been repeatedly reported to carry an increased risk of second 
primary pancreatic cancer, especially in females [4,9,24,32]. 
This study revealed no significant difference in SIRs of second 
primary EPC after head and neck, urinary bladder, and cervi-
cal cancers; rather, SIRs of second primary EPCs after lung or 
laryngeal cancer decreased after 12−59 months in males. The 
relative risks of smoking for lung and kidney cancer have been 
reported to be lower in Korea, while the risk of lung cancer 
among never-smokers has been reported to be higher in Asia 
than in Western countries [33]. Moreover, the risk of devel-
oping lung cancer among smokers varied widely according to 
race, having been shown to be higher in Caucasian and Afri-

can-Americans, and lower in Asians [34,35]. Although tobacco 
smoking may not contribute solely to carcinogenesis, this study 
did not reveal a strong association between smoking-related 
cancers and second primary EPCs.

Recently, the correlation between metabolic syndrome and 
the risk of pancreatic cancer has been emphasized [36,37]. 
Among 12 obesity-related cancers, as designated by the In-
ternational Agency for Research on Cancer [20], this study 
revealed increased SIRs of second primary EPCs after gallblad-
der, bile duct, kidney, breast, and ovarian cancers. For kidney 
cancer, the significance of renal cell carcinoma, which was 
classified as an obesity-related cancer, was shown in this study, 
while kidney cancer with other histology had nonsignificant 
differences in SIRs, compared to the general population [20]. 
In contrast to the findings of previous studies that reported an 
elevated risk of second primary EPCs among younger breast 
cancer patients [9,24], our cohort had elevated risk in both 
those diagnosed under and above 50 years of age. This study 
revealed a decreased risk of second primary EPC after colon 
cancer, especially between 12 and 59 months in males, in con-
trast to some European and North American studies that re-
ported an increased risk of EPC after colon cancer [8,9,24].

This study has strengths, as well as limitations. In Korea, 
the KCCR and the National Health Insurance Service data-
base are most commonly used for population-based analysis. 
However, cancer diagnosis based on the operational definition 
of the latter matched less than 90% of that on the KCCR, with 
lower accuracy in diagnostic information of multiple prima-
ry cancer [13,38]. As described in our methods section, the 
strict registration protocol of the cancer registry improved the 
quality of our multiple primary cancer analysis, excluding re-
currence or metastasis. Nevertheless, the KCCR has reported 
nationwide cancer statistics since 1999; hence, information 
on primary cancers that occurred before 1999 might have not 
been included in our dataset. Morphological codes were used 
to select for EPCs from all cancers originating in the pancreas; 
however, radiographic information on which to base clinical 
diagnosis could not be identified in cases without microscopic 
verification [39]. Due to limitations on variables in the cancer 
registry, lifestyle, environmental, and host factors associated 
with second primary EPCs could not be evaluated. In addition, 
intensive cancer surveillance after the diagnosis of first prima-
ry cancers may have increased the detection of second primary 
cancers in early follow-up periods.

This study investigated the relative risks of second primary 
EPCs after first primary cancers at all sites, to provide evidence 
for surveillance guidelines for Asian cancer survivors. Cancers 
of the bile duct and gallbladder, which share anatomical struc-
tures and physiologies, and obesity-related cancers including 
breast, ovarian, and kidney renal cell carcinoma, were shown 
to carry an increased risk of second primary EPCs. In contrast, 
unlike the increased risk of second primary EPCs after lung, 
larynx, and colon cancers in Western populations, the link ob-
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served in this study was minimal or decreased. Close medical 
attention should be paid to cancer survivors of bile duct, gall-
bladder, breast, ovary, and kidney cancers, due to the higher 
risks of their developing second primary EPCs, even after 5 
years of follow-up.
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