
INTRODUCTION

Cholelithiasis is a disease that manifests frequently in adults, 
and the prevalence rate of gallstones is 10% to 15% in west-
ern countries and 3% to 10% in Asian countries [1,2]. In Ko-
rea, the prevalence rate of gallstones ranges from 2% to 5%, 
and there is a trending increase in the number of patients 
diagnosed with gallstones annually [1]. The reasons for this 
increase include the aging population, changes in the dietary 
habits of people in the modern era, such as consumption of 
high cholesterol foods, and ease of detecting the disorder 
through examinations, such as ultrasonography, due to the 
advancement of diagnostic technologies. Gallstones induce 
complications, including acute cholangitis, hepatocirrhosis 

and acute pancreatitis, and it has been suggested that gall-
stones may increase the risk of gallbladder and biliary tract 
cancers [3,4]. Gallstones occur in approximately 75% to 90% 
of patients with gallbladder cancer, and the rate of gallbladder 
cancer is high in regions with frequent detection of gallstones 
[5-7]. 
 According to previous studies, gallstones are considered 
to damage various tissues due to repetitive inflammatory 
exposure or changes in bile due to gallstones rather than 
gallstones themselves and cause the development of rele-
vant cancers by depleting detoxification and carcinogenic 
suppressing substances. Several studies have demonstrated 
a correlation between gallstones and liver, biliary duct and 
pancreatic cancer when considering gallstones overall. How-
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ever, gallstones are categorized as intrahepatic gallstones, 
gallbladder stones or biliary duct gallstones depending on 
their location. Since the diagnostic method for each of these 
differs and the accompanying complications are diverse, 
whether gallstones in the areas that have not been managed 
correlate with the development of cancer in the correspond-
ing area has not been clearly demonstrated. Therefore, this 
study examined the correlation between gallbladder stones, 
which account for the highest proportion among gallstones, 
and the manifestation of liver, biliary duct and pancreatic can-
cer. 
 Cholecystectomy is the universal standard treatment meth-
od for gallbladder disorders with relevant symptoms [8]. The 
number of cholecystectomy procedures performed in Korea 
is increasing annually as an important treatment for patients 
with gallstone disease or cholecystitis. Although cholecystec-
tomy can prevent gallstones in the gallbladder and manifesta-
tion of gallbladder-related disorders, since removal of the gall-
bladder is expected to affect various surrounding tissues due 
to complications, changes in bile flow or exposed quantity of 
bile [9]. In addition, complications of cholecystectomy include 
biliary duct damage, stenosis, bile leakage, hemorrhage and 
intestinal tract damage [9,10].
 The liver, biliary duct and pancreas are complicatedly and 
delicately clustered due to the characteristics of their location 
with a common embryological origin [11]. Among tumors that 
occur in the corresponding areas, 95% are malignant tumors, 
with adenocarcinoma as the most common histological type 
[11]. There are many cases of malignant tumors that occur 
in the liver, biliary duct and pancreas that have substantially 
progressed at the time of diagnosis. Since symptoms do not 
clearly manifest in the initial stages, prognoses are frequently 
poor [3]. Therefore, it is necessary to investigate the relevant 
risk factors to prevent hepatobiliary and pancreatic cancers 
(HBPCs). The aim of this study was to evaluate the risk of 
HBPCs in patients with gallstones and patients who under-
went cholecystectomy in the Korean population.

MATERIALS AND METHODS

Data source and study population
This was a retrospective cohort study using a standard cohort 
database (n = 1,108,369) for data from 2002 to 2015 provid-
ed by the National Health Insurance Service-National Sample 
Cohort (NHIS-NSC) of Korea [12]. The NHIS-NSC data was 
obtained by stratified sample extraction, tracking and obser-
vation of 1 million people, which is approximately 2% of the 
entire population of Korea. In this study, individuals under 
the age of 20 years at the time of registration were excluded 
(n = 398,645), and individuals who were diagnosed with liv-
er, biliary tract or pancreatic cancer in 2002 and 2003 were 
also excluded (n = 1,988) to maximally exclude individuals 
who were diagnosed with cancer at the time of registration. 
In addition, individuals who were diagnosed with gallbladder 

stones and who underwent cholecystectomy in 2002 and 2003 
were excluded (n = 3,555), which considers the individuals who 
were diagnosed gallstone or went cholecystectomy at the after 
diagnosed cancers during the wash-out period and the time of 
registration. Therefore, this study match the time of exposure 
variables and outcome variables. After exclusion, a total of 
704,437 individuals were included for analysis (Figure S1). 
 This study was exempted from review by the Institutional 
Review Board of Seoul National University Hospital (H-1801-
091-916).

Definition of hepatobiliary and pancreatic 
cancer
In this study, we used the disease codes from the 10th In-
ternational Classification of Diseases. Among the patients 
who were hospitalized from January 1, 2004, to December 
31, 2015, those with more than 1 code for liver cancer (C22, 
C220, and C221), gallbladder cancer (C23), biliary tract can-
cer (C24, C240, and C241), and pancreatic cancer (C25) as 
the main or sub-disease were designated as the cancer pa-
tients. 

Definition of gallstones and cholecystectomy
The disease codes for gallstones were K800, K801, and 
K802, and the procedure codes for cholecystectomy included 
those for gallbladder removal surgery (Q7380) and radical 
cholecystectomy of gallbladder cancer (Q7410). If a claim for 
gallstones or cholecystectomy had been made several times 
during the study period, January 1, 2004 was presumed to be 
the date of first diagnosis or initiation of treatment.

Covariates 
Potential confounding variables were selected based on a lit-
erature review. Confounding variables, such as diabetes, viral 
hepatitis, cirrhosis, fatty liver disease or Clonorchis sinensis 
[6-8,13], defined cases of patients with a history of diagnosis 
and treatment for the corresponding code from 2004 to 2005. 
Moreover, there were defined as having a correlation with 
exposure variables and were independent risk factors of re-
sultant variables and not interim intervention variables at the 
same time.

Statistical analysis
Differences in the demographic characteristics were com-
pared by dividing the entire cohort into groups with and 
without gallstone diagnosis and groups that underwent or 
did not undergo cholecystectomy. The t-test was used to 
compare continuous variables, while the chi-square test was 
used to compare categorical variables. Hazard ratios (HRs) 
were computed using Cox regression analysis to examine 
the association of gallstones and cholecystectomy with the 
risk of HPBCs, including liver, biliary tract and pancreatic 
cancer. Those without a diagnosis of gallstones or history 
of cholecystectomy from the time of their participation in the 
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cohort were categorized as the non-exposure group, and the 
others were categorized as the exposure group. In addition, 
since the majority of cancers are age-related diseases, age 
was considered a covariate. The follow-up duration was de-
termined from the starting follow-up date (registration in the 
study, gallstone diagnosis and cholecystectomy) to the date 
of manifestation of liver, biliary duct or pancreatic cancer 
(if numerous cancers manifested, the first relevant cancer 
was used), death, or the final date of the study (December 
31, 2015). Among the comorbidities based on the literature 
review, those that were related to both exposure variables 
and outcome variables, such as diabetes, viral hepatitis, liver 
cirrhosis, fatty liver disease, and C. sinensis, were considered 
confounding factors and corrected for in the analysis for each 
cancer (Table S1). For the lag time, the results of the 1st, 3rd, 
and 5th years after diagnosis or surgery were presented, and 
a standardization occurrence ratio was considered by cate-
gorizing the sex of the patients. For further analyses, HPBCs 

were categorized into intrahepatic bile duct cancer (IBDC), 
extrahepatic bile duct cancer (EBDC), gallbladder cancer and 
ampulla of Vater cancer (AOVC). In this study, a sensitivity 
analysis was conducted on individuals who had available 
medical examination data on lifestyle factors, such as alcohol 
consumption, smoking, and body mass index. These factors 
were identified based on the data available in the first 2 years 
of the study.

RESULTS

Characteristics of the study population
A total of 704,437 individuals were included in the final 
analysis, with an average of 7.4 years of follow-up. Table 1 
shows the characteristics of the gallstone and cholecystecto-
my groups. The 17,167 patients (2.4%) with gallstones and 
9,910 patients (1.4%) who underwent cholecystectomy in the 
total cohort had a mean 3.5 years and 3.2 years of follow-up, 

Table 1. Baseline characteristics according to gallstone and cholecystectomy

Characteristic Total No gallstone Gallstone P-valuea No 
cholecystectomy Cholecystectomy P-valuea

Total 704,437 (100.0) 687,270 (97.6) 17,167 (2.4) 687,270 (97.6%) 9,910 (1.4)
   Follow-up (yr) 7.4 ± 3.6 7.3 ± 3.6 3.5 ± 2.5 < 0.01 7.5 ± 3.6 3.2 ± 2.2 < 0.01
   Age (yr)b 41.7 ± 14.7 41.5 ± 14.7 48.5 ± 14.9 < 0.01 41.5 ± 14.7 47.1 ± 14.6 < 0.01
Sex  0.06 0.39
   Male 345,775 (49.1) 337,227 (49.1) 8,548 (49.8) 337,227 (49.1) 4,906 (49.5)
   Female 358,662 (50.9) 350,043 (50.9) 8,619 (50.2) 350,043 (50.9) 5,004 (50.5)
Comorbidity
   Diabetes 71,440 (10.1) 68,064 (9.9) 3,376 (19.7) < 0.01 68,064 (9.9) 1,812 (18.3) < 0.01
   Viral hepatitis 10,457 (1.5) 9,981 (1.5) 476 (2.8) < 0.01 9,981 (1.5) 250 (2.5) < 0.01
   Cirrhosis 15,854 (2.3) 2,440 (0.4) 277 (1.6) < 0.01 2,440 (0.4) 87 (0.9) < 0.01
   Fatty liver disease 23,637 (3.4) 22,440 (3.3) 1,197 (7.0) < 0.01 22,440 (3.3) 616 (6.2) < 0.01
   Clonorchis sinensis 204 (0.0) 200 (0.0) 4 (0.0) 0.66 200 (0.0) 2 (0.0) 0.61

Values are presented as number (%) or mean ± SD. aThe chi-square test for categorical values and the t-test for continuous values. bAge 
at study entry.

Table 2. HR of hepatobiliary and pancreatic cancer in the gallstone and cholecystectomy group

Variable Lag 
period (yr) PY

Hepatobiliary and 
pancreatic cancer Liver cancer Biliary tract cancer Pancreatic cancer

Event HRa (95% CI) Event HRa (95% CI) Event HRb (95% CI) Event HRc (95% CI)

Gallstone 
No lag period 76,200 487 2.16 (1.92-2.42) 287 2.21 (1.92-2.53) 133 2.97 (2.30-3.84) 67 1.54 (1.13-2.10)
1 year of lag 61,232 262 1.82 (1.59-2.08) 184 1.96 (1.67-2.30) 44 2.18 (1.57-3.01) 34 1.23 (0.84-1.80)
3 year of lag 37,102 144 1.52 (1.27-1.82) 103 1.63 (1.32-2.02) 24 1.79 (1.15-2.79) 17 1.08 (0.65-1.80)
5 year of lag 19,879 73 1.31 (1.02-1.68) 52 1.45 (1.08-1.94) 12 1.27 (0.63-2.55) 9 1.03 (0.51-2.07)

Cholecystectomy
No lag period 42,843 189 2.03 (1.72-2.39) 87 1.59 (1.26-2.01) 58 3.02 (2.15-4.25) 44 2.78 (2.03-3.83)
1 year of lag 34,156 113 1.76 (1.45-2.14) 61 1.55 (1.20-2.01) 19 1.93 (1.21-3.08) 33 2.44 (1.68-3.55)
3 year of lag 20,296 61 1.40 (1.07-1.84) 36 1.23 (0.86-1.78) 9 1.20 (0.57-2.51) 16 2.24 (1.37-3.66)
5 year of lag 10,618 31 1.25 (0.85-1.83) 14 1.06 (0.63-1.79) 5 1.24 (0.46-3.30) 12 2.03 (1.01-4.06)

HR, hazard ratio; PY, person year. aAdjusted sex, diabetes, viral hepatitis, cirrhosis, fatty liver disease. bAjusted sex, liver cirrhosis. 
cAdjusted sex, diabetes, liver cirrhosis.
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respectively. Individuals who were diagnosed with gallstones 
or underwent cholecystectomy tended to be older and were 
more likely to have comorbidities. 

Association between gallstones and 
hepatobiliary and pancreatic cancer risk
During the study period, 487 individuals developed HBPCs in 
the gallstone group. The adjusted HR between the gallstone 
and control groups is shown in Table 2. A significant associ-
ation was observed between gallstones and all HBPCs (HR 
2.16; 95% CI 1.92-2.42). In addition, gallstones were associ-
ated with an increased risk of liver cancer (HR 2.21; 95% CI 
1.92-2.53), biliary tract cancer (HR 2.97; 95% CI 2.30-3.84), 
and pancreatic cancer (HR 1.54; 95% CI 1.13-2.10). Since 
this increased risk may have been affected by bias, 1-, 3-, 
and 5-year lag periods were applied, and the correspond-
ing HBPC risk after gallstone diagnosis was 1.82-fold (95% 
CI 1.59-2.08), 1.52-fold (95% CI 1.27-1.82), and 1.31-fold 
(95% CI 1.02-1.68) higher, respectively, and the relevance 
decreased over time. After stratification by sex, the tendency 
was similar in male and female patients for all HBPCs (Fig. 1, 
Table S2).
 Specific analyses on different cancer types in the gallstone 
group are shown in Table 2. The liver cancer and biliary 
tract cancer relative risk decreased when the lag period 

was applied. When a lag period of 5 years was applied, no 
significant association between gallstones and biliary tract 
cancer risk was found (HR 1.27; 95% CI 0.63-2.55). When 
a lag period of 1, 3, and 5 years was applied, no association 
between gallstones and pancreatic cancer risk was found, 
even though the increased risk was significant when no lag 
periods were applied. After stratification by sex, the liver can-
cer, biliary tract cancer, and pancreatic cancer relative risk 
decreased over time (Fig. 1, Table S2). The stratification by 
HBPC subsite risk is shown in Table 3. A significant associa-
tion was observed between gallstones and IBDC (HR 2.32; 
95% CI 1.56-3.44). After 1-, 3-, and 5-year lag periods were 
applied, the IBDC risk after gallstone diagnosis was 2.49-fold 
(95% CI 1.59-2.08), 1.84-fold (95% CI 1.01-3.34), and 2.67-
fold (95% CI 0.98-4.17) higher, respectively (Table 3).

Association between cholecystectomy and 
hepatobiliary and pancreatic cancer risk
During the study period, 189 individuals developed HBPC in 
the cholecystectomy group. The adjusted HR between the 
cholecystectomy and control groups is shown in Table 2. A 
significant association was observed between cholecystecto-
my and all HBPCs (HR 2.03; 95% CI 1.72-2.39). In addition, 
cholecystectomy was associated with an increased risk of 
liver cancer (HR 1.59; 95% CI 1.26-2.01), biliary tract cancer 
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Figure 1. HR of hepatobiliary and pancreatic cancer in the gallstone group. (A) Hepatobiliary and pancreatic cancer. (B) Hepatobiliary and 
pancreatic cancer subsite. HR, hazard ratio; HBPC, hepatobiliary and pancreatic cancer; BTC, biliary tract cancer; PC, pancreatic cancer; IBDC, 
intrahepatic bile duct caner; EBDC, extrahepatic bile duct cancer; GBC, gallbladder cancer; AOVC, ampulla of Vater cancer.
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(HR 3.02; 95% CI 2.15-4.25), and pancreatic cancer (HR 
2.78; 95% CI 2.03-3.83). Since this increased risk may have 
been affected by bias, 1-, 3-, and 5-year lag periods were ap-
plied, and the HBPC, liver cancer, and biliary tract cancer rel-
ative risk decreased over time. When the lag periods of 3 and 
5 years were applied, there was no significant association 
between cholecystectomy and liver cancer and biliary tract 
cancer risk. The pancreatic cancer risk was 2.78-fold higher, 

and even though the increased risk was significant when con-
sidering the lag period, the relevance decreased over time.
 The stratification by HBPC subsite risk is shown in Table 3. 
A significant association was observed between cholecystec-
tomy and IBDC (HR 2.68; 95% CI 1.63-4.40). Lag periods of 
1, 3, and 5 years were applied, and the IBDC risk after gall-
stone diagnosis was 2.86-fold (95% CI 1.59-2.08), 2.92-fold 
(95% CI 1.01-3.34), and 4.08-fold (95% CI 0.98-4.17) higher, 

Table 3. HR of hepatobiliary and pancreatic cancer’s subsite in the gallstone and cholecystectomy group

Variable Lag 
period (yr) PY

Intrahepatic bile 
duct cancer Gallbladder cancer Extrahepatic bile 

duct cancer Ampulla of Vater cancer

Event HRa (95% CI) Event HRb (95% CI) Event HRc (95% CI) Event HRb (95% CI)

Gallstone
No lag period 76,200 41 2.32 (1.56-3.44) 84 3.60 (2.54-5.09) 32 2.81 (1.75-4.53) 7 1.81 (0.67-4.91)
1 year of lag 61,232 25 2.49 (1.64-3.78) 25 2.79 (1.82-4.27) 11 1.86 (0.99-3.50) 3 1.66 (0.53-5.21)
3 year of lag 37,102 11 1.84 (1.01-3.34) 13 1.97 (1.06-3.69) 6 1.46 (0.60-3.53) 3 2.67 (0.85-8.40)
5 year of lag 19,879 9 2.67 (0.98-4.17) 5 1.06 (0.34-3.29) 3 1.03 (0.26-4.14) 2 1.59 (0.22-11.38)

Cholecystectomy
No lag period 42,843 16 2.68 (1.63-4.40) 30 2.07 (1.14-3.75) 14 2.66 (1.44-4.89) 5 4.25 (0.74-10.40)
1 year of lag 34,156 15 2.86 (1.68-4.85) 7 1.60 (0.76-3.347) 6 1.41 (0.58-3.44) 4 4.16 (0.54-11.24)
3 year of lag 20,296 11 2.92 (1.51-5.64) 1 0.36 (0.05-2.57) 4 1.30 (0.41-5.90) 2 3.33 (0.83-13.45)
5 year of lag 10,618 7 4.08 (1.94-8.61) 0 - 3 1.46 (0.36-5.90) 1 3.02 (0.42-21.59)

HR, hazard ratio; PY, person year. aAdjusted sex, fatty liver disease. bAdjusted sex, diabetes. cAjusted sex, cirrhosis.
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Figure 2. HR of hepatobiliary and pancreatic cancer in the cholecystectomy group. (A) Hepatobiliary and pancreatic cancer. (B) Hepatobiliary 
and pancreatic cancer subsite. HR, hazard ratio; HBPC, hepatobiliary and pancreatic cancer; BTC, biliary tract cancer; PC, pancreatic cancer; IBDC, 
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respectively. When the lag period of 1, 3, and 5 years was 
applied, no association between cholecystectomy and gall-
bladder cancer and EBDC risk was found, even though the 
increased risk was significant when no lag periods were ap-
plied. After stratification by sex, there was a significant asso-
ciation between cholecystectomy and IBDC risk in male, and 
the relevance increased over time (Fig. 2, Table S3). When 
the sample was restricted to individuals who had available 
medical check-up data, the sensitivity analysis results were 
similar to those of the main analysis (Table S4-6).

DISCUSSION

In this study, an association between gallstones and HBPC 
was observed, and it was confirmed that although there was 
a high level of risk during the initial period after diagnosis, the 
relevance became nonsignificant over time. Therefore, it was 
difficult to conclude that gallstones have a causal relationship 
with increased level of risk of liver, biliary duct and pancreatic 
cancer, as is the case of existing studies. Therefore, the high 
level of risk in the initial stage of gallstone diagnosis in the 
results of this study can be deemed as the result of extensive 
detection of cancer due to additional medical examinations 
and treatments rendered. 
 Since the cost of diagnostic examination is low and na-
tional health insurance is applied, if medical needs are ac-
knowledged [14] and if one is diagnosed with gallstones or 
undergoes cholecystectomy for gallbladder-related disease, 
additional medical examination is conducted based on radio-
logical findings and surgical findings in Korea [15]. According-
ly, cancer is substantially detected in this process. In addition, 
abdominal ultrasonography and computed tomography 
(CT) are the most common examination methods used to 
diagnose gallstones [16]. Among these, abdominal ultraso-
nography is a primary noninvasive examination for gallstone 
diagnosis and examines not only the gallbladder but also oth-
er organs, such as the biliary duct, liver and pancreas, simul-
taneously [16,17]. Accordingly, it is possible to detect polyps 
or cancer in the corresponding examination without much 
difficulty [18].
 Some studies have suggested a correlation between gall-
stones and cholecystectomy and liver, biliary duct and pan-
creatic cancer. It is difficult to rule out the risks of cancer in 
some areas due to the accompanying surgical complications 
of cholecystectomy, including damage to the biliary duct, ste-
nosis, bile leakage and hemorrhage, although cholecystecto-
my is performed to treat gallstones [18,19]. In a cohort study 
in Denmark on the correlation between gallstones and chole-
cystectomy and liver, biliary duct and pancreatic cancer, gall-
stones significantly correlated with cancer, with the exclusion 
of EBDC, while cholecystectomy significantly correlated with 
AOVC and pancreatic cancer [20]. In a cohort study in Swe-
den, both gallstones and cholecystectomy correlated with 
IBDC and EBDC [21]. In a case-control group study conduct-

ed in the USA, gallstones were found to increase liver, biliary 
duct and pancreatic cancer, while cholecystectomy increased 
the risks of liver cancer, AOVC and pancreatic cancer [22]. In 
a cohort study in Taiwan, which operates the health insurance 
environment and system, which are similar to those of Korea, 
it was concluded that while gallstones increase the risk of 
hepatic, biliary duct and pancreatic cancer, cholecystectomy 
was not significantly correlated with hepatic, biliary duct and 
pancreatic cancer [23].
 Some studies presented a mechanism for the increase in 
the risks of hepatic, biliary duct and pancreatic cancer fol-
lowing cholecystectomy. They proposed that pressure in the 
intrahepatic bile duct increases after cholecystectomy, and 
chronic inflammation is induced in the liver tissues that sur-
round the duct, thereby inducing intrahepatic cell carcinoma 
[24,25]. Distension and increased pressure in the biliary duct, 
the occurrence of cancer cells due to chronic inflammation, 
and increases in the secondary bile acid contents, etc. after 
cholecystectomy have been presented as mechanisms that 
increase the risks of cholangiocarcinoma [26,27]. Hypertro-
phy of the pancreas due to stimulation by the cholecystokinin 
enzyme circulating throughout the body and excessive gen-
eration of cells following cholecystectomy have been pro-
posed as mechanisms that increase the risks of pancreatic 
cancer [4,28]. However, other studies explain the correlation 
between cholecystectomy and cancer in the relevant areas 
with inverse correlation or detection bias [29,30].
 In this study, overall, the risk of HBPC was decreased risk 
during the initial period after underwent cholecystectomy, but 
the risk of IBDC was increased. Some studies conclude that 
cholecystectomy affects the manifestation of IBDC through 
chronic inflammation [21,22]. In addition, the possibility of 
intrahepatic biliary duct stenosis increases after cholecystec-
tomy, and the possibility of consequently increasing the risks 
of intrahepatic gallstones or IBDC have also been suggested 
[31]. Intrahepatic biliary duct stenosis due to cholecystectomy 
can occur even several years after the surgery, and it has 
been reported that 1/3 of biliary duct stenosis develops with a 
delay of more than 5 years [32]. In this study, the significantly 
increased level of risk when lag times were considered, par-
ticularly in male, was confirmed. In a cohort study in Sweden, 
a significant level of risk in men similar to this study was 
presented along with a nonsignificant level of risk in women 
[31]. The corresponding study explained the reasons for this 
gender difference with the fact that although the proportion of 
men in Sweden who undergo cholecystectomy due to gall-
stone complications is similar to the proportion of men who 
undergo cholecystectomy due to pain, 2/3 of women decide 
to undergo surgery due to pain. Thus, if men decide to under-
go cholecystectomy due to gallstones, it will induce inflamma-
tion or stagnation of bile to a greater extent than in women. If 
this phenomenon is explained by the corresponding interpre-
tation, although the proportion of male in the overall gallstone 
group was higher in this study, the proportion of female in 
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the cholecystectomy group was higher. Therefore, since the 
prevalence rate of gallstones in male was higher in this study 
and the proportion of cholecystectomy was lower than that 
of women, the corresponding result can be explained by this 
phenomenon.
 In this study, the level of risk was presented by considering 
various lag times following cholecystectomy, and the level of 
risk was high in the initial stage of surgery or several years 
thereafter. However, there was a trending decreased level 
of risk of cancer to a level similar to that in the general public 
in most areas when lag time were considered to a greater 
extent. In some of the patients, symptoms due to biliary duct 
stenosis and symptoms due to residual biliary duct stones or 
other composite causes manifested after cholecystectomy 
[33]. If the aforementioned abnormalities are present in the 
biliary duct following cholecystectomy, endoscopic brush bi-
opsy, percutaneous brush sampling, investigative and tacking 
CT imaging, serological tests on cholecystectomy samples, 
and tumor marker tests are conducted to avoid errors in di-
agnosis [34]. In a retrospective analysis on endoscopic find-
ings and radiological findings, liver cancer, pancreatic head 
cancer and general gallbladder cancer, etc. were presented 
as causes of biliary duct stenosis along with the assertion 
that this condition can induce stenosis and distension of 
the biliary duct [35]. When tumors occur in the biliary duct, 
they are initially asymptomatic in most cases. However, they 
eventually induce stenosis and jaundice by compressing the 
general biliary duct and induce biliary duct stones. According 
to some reports, biliary duct gallstones accompany 5% to 
20% of cases of biliary duct stenosis-related symptoms [36]. 
The corresponding relevant cancers induced biliary duct ste-
nosis in this study as well. Thus, it is presumed that patients 
would have undergone treatment after being diagnosed with 
gallstones in the process of having undergone examination 
due to the manifested symptoms, thereby leading to a high 
level of risks of cancer in the initial period after surgery, since 
the corresponding cancer was diagnosed in the radiological 
examination or other relevant tests. Medical examinations 
and diagnosis not only for gallstones analyzed in this study 
but also for all types of gallstones can allow the detection of 
relevant cancers. Therefore, one can consider the relevant 
risks of the corresponding cancers if there are gallstones, and 
precise examination for detection of HBPC subsite would be 
necessary. 
 There were several limitations in this study. First, since 
liver, biliary duct and pancreatic cancer were defined based 
on hospitalization and disease codes, the prevalence rate of 
cancer in this study could differ in value and trends from those 
in the National Cancer Registration Data. To minimize these 
differences, we selected cancer patients with the most similar 
tendencies among patients from a diverse selective definition 
that truncated the age-standardized incidence rate of HBPC 
similar to the Korea National Cancer Registry (Figure S2). 

Second, there exists a possibility that the patients with liver, 
biliary duct and pancreatic cancer included in this study had 
been diagnosed prior to the time of registration, rendering the 
positive results. However, we made efforts to exclude cancer 
patients from 2002 to 2003 to maximally exclude patients 
with liver, biliary duct and pancreatic cancer that manifested 
prior to the registration time. Furthermore, to ensure the par-
ticipants who diagnosed cancer after exposure, we match the 
time of exposure and outcome variable by excluded the gall-
stone and cholecystectomy patients from 2002 to 2003. But it 
also could be a limitation which leads to shortening the period 
from the exposure to the onset of cancer. Third, we could not 
consider treatment before and/or after diagnosis of the dis-
eases. Fourth, in the event of gallstone diagnosis in the early 
stage after cholecystectomy, the prevalence rate increased 
due to ease of cancer detection due to additional medical 
examinations and tests. This finding signifies the possibility 
of overestimation of the results. In this study, resultant values 
were presented by considering lag times of 1, 3, and 5 years 
and discussed together in the results to minimize such detec-
tion biases.
 In terms of the strengths of this study, numerous cancers 
were considered, including overall liver, biliary duct and pan-
creatic cancer and in more detailed areas of these organs, 
and the cancer diagnosed for the first time was considered a 
resultant variable. This consideration was made because of 
the possible omission of the cancer for which gallstones and 
cholecystectomy induced the risks when numerous cancers 
were diagnosed. Furthermore, the standard data of the NHIS-
NSC of Korea, which represent the health characteristics of 
the entire population of Korea, were used to include 707,736 
individuals over the age of 20 years in this study. Efforts were 
made to control potential confounding factors (protopathic 
bias) through application of lag times in considering the cor-
relation between gallstones and cholecystectomy and liver, 
biliary tract and pancreatic cancer.
 In this study, although there was a high risk of liver cancer, 
biliary tract cancer and pancreatic cancer after gallstone di-
agnosis, it was difficult to conclude a causal correlation, since 
the level of risk decreased over time. The level of risk was 
presented by considering various lag times following chole-
cystectomy, and it was high in the initial stage of surgery and 
several years thereafter. However, there was a trending de-
crease in the level of risk of cancer to a level similar to that in 
the general population. In addition, the risk of IBDC increased 
after cholecystectomy. Therefore, one can consider the rele-
vant risks of the corresponding cancers if there are gallstones 
and cholecystectomy, and precise examination for detection 
HBPC subsite would be necessary. Furthermore, further 
studies are needed to confirm our results and perform more 
in-depth analyses of the interrelationship between cholecys-
tectomy and IBDC risk.
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