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Abstract

Background and Aim Cholangiocarcinoma (CCA) often develops after the hepatic resection for hepatolithiasis as well as
indwelling it. We studied the incidence and prognosis of subsequent CCA in patients with hepatolithiasis in South Korea.
Methods We identified individuals with diagnosed CCA at the time of or after surgery, during 20022016, from the Korean
National Health Insurance. The incidences and survival rates of subsequent CCA were analyzed and compared with concomi-
tant CCA. The standardized incidence ratios (SIRs) of CCA in this cohort were evaluated in the standard Korean population.
All data were stratified by the presence of intrahepatic or extrahepatic CCA, age and sex.

Results Of the 7852 patients with hepatectomy for BDS, 433 (5.84%) had concomitant CCA. Over the 12-year follow-up, 107
of 7419 (1.98%) patients were diagnosed with subsequent CCA. Patients with hepatic resection for BDS revealed higher SIRs
for subsequent CCA (12.89, 95% CI 10.96-15.15) in cases of both intrahepatic CCA (13.40, 10.55-17.02) and extrahepatic
CCA (12.42,9.98-15.46). The median survival time for subsequent CCA was 0.87 years, while that for concomitant CCA
was 2.79 years. Having subsequent CCA (HR 2.71, 95% CI 2.17-3.40) and being male (HR 1.28, 1.05-1.57) were related
to a shorter survival time. The CCA site and age at CCA diagnosis were not related to prognoses.

Conclusions Subsequent CCA developed in 2% of the patients with hepatic resection for benign BDS until 10 years and was
associated with poorer prognoses than concomitant CCA. Future studies focused on the long-term surveillance for CCA in
such patients are needed.

Keywords Cholangiocarcinoma - Bile duct stone - Hepatic resection - Incidence - Mortality

Hyun Jung Kim and Tae Uk Kang have contributed equally to this

work. Introduction

>4 Seon Mee Park Hepatolithiasis (HL), the presence of stones within the intra-

smpark @chungbuk.ac.kr

Department of Preventive Medicine, Korea University
College of Medicine, Seoul, Korea

Health Insurance Policy Research Institute, National Health
Insurance Service, Wonju, Korea

School of Sociology and Anthropology, University
of Ottawa, Ottawa, Canada

Department of Public Health, Graduate School, Korea
University, Seoul, Korea

Department of Internal Medicine, Seoul National University
College of Medicine and Seoul National University Bundang
Hospital, Seoul, Korea

Department of Internal Medicine, Chungbuk National
University College of Medicine and Chungbuk National
University Hospital, 1 Chungdae-ro, Seowon-gu,
Cheongju 28644, Korea

hepatic bile ducts, and its associated diseases are highly
prevalent in Eastern countries; however, their prevalence is
on the decline in these countries [1].

Surgical resection is recommended in cases of single-lobe
HL with atrophy, uncontrolled strictures, symptom durations
longer than 10 years, and a long history of biliary enteric
anastomosis [2-6]. Cholangiocarcinoma (CCA) was found
in 3.3-23.3% of patients with hepatic resection for HL,
constituting approximately 15% of all CCA cases [1, 7-9].
Korea is among the countries in which HL-associated CCA
is most prevalent [1]. Although the risk of malignancy is
lower in patients with complete stone removal than in those
with residual stones, CCA develops in 1.6-9.9% of patients
during follow-up after surgery [1, 4, 7]. The development
of concomitant or subsequent CCA is an independent
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prognostic factor in such patients [10, 11]. Performing sec-
ond surgery for subsequent CCA after hepatic resection is
very difficult due to advanced cancer stage or insufficient
remnant liver volume [12]. Therefore, surveillance for the
development of subsequent CCA should be considered in
these patients [1].

Studies from different Asian countries have reported on
subsequent CCA development after hepatic resection for HL
[1,4, 7,12, 13]. However, the incidence, duration between
surgery and diagnosis, and survival rates associated with
subsequent CCA have not yet been defined. As most of
the aforementioned studies had a retrospective case—con-
trol design and were conducted in a single institution, their
results are inconsistent. Therefore, a nationwide study
using big data for long-term follow-up can prove helpful in
improving the power of study. In this study, we used data
from the Korean National Health Insurance (NHI), which
covers the entire Korean population—comprising more than
50,000,000 people [14].

This study aimed to analyze the incidence, risks, and
prognoses associated with subsequent CCA in patients with
hepatic resection for bile duct stones (BDS). We defined
BDS treated with hepatic resection as HL, and analyzed the
incidence and prognosis of subsequent CCA in comparison
with those of concomitant CCA.

Materials and Methods
Data Source

This study used the Korean NHI claims database, to which
each healthcare provider electronically submits all in-
patients’ and out-patients’ diagnosis and treatment data
for the reimbursement of insurance. The database includes
almost all the information on the medical services provided
to patients, i.e., diagnosis, patient demographics, prescrip-
tions, surgeries, tests, and imaging data. Diagnostic infor-
mation is documented in accordance with the International
Classification of Disease (ICD)-10.

In 2005, the Korean government launched a Support for
Serious Illness (SSI) program, in which the coinsurance rate
is reduced for registered cancer patients. Registration in the
program requires a physician’s diagnosis which necessitates
confirmation by more than one among pathology results,
typical radiologic findings, or laboratory data. The cancer
diagnosis is further reviewed by another healthcare profes-
sional to ensure it meets the diagnostic criteria, and the data
are then submitted to the NHI. The SSI data are integrated
into the NHI; we used this data in our study.

To analyze patient mortality, we used Statistics Korea,
which provides national sources of vital status information
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via the Korean Governmental Vital Statistics. The dates of
death were collected in all the deceased cases, which ena-
bled the calculation of the number of person-years of the
study population. By linking the NHI and SSI databases,
we were able to track CCA patients and identify their vital
status. This study was approved by the Ethics Committee of
Korea University.

Study Population

We extracted all hepatectomy cases with a diagnosis of
BDS, registered between January 1, 2002, and Decem-
ber 31, 2016, from the NHI-SSI database. We identified
patients who underwent hepatectomy (Q7221-Q7225)
with a BDS diagnosis (K80.0-K80.9), who were older
than 40 years, were followed up for more than 1 year, and
had no previous history of digestive system cancers and
hepatocellular carcinoma (HCC). We identified patients
registered in the SSI database by searching for the fol-
lowing ICD-10 codes: intrahepatic CCA (ICC, C22.1),
HCC (C22.0), extrahepatic CCA (ECC, C24.0-C24.9)
and other digestive cancers (C15.0-C21.9, C22.2-C22.9,
C23.0-C23.9, and C25.0-C25.9). A 3-year washout period
was used to prevent prevalent cancer cases from interfer-
ing with the data. The study’s cancer patients were fol-
lowed up until December 31, 2015, and October 31, 2016,
for the detection of subsequent cancers and identification
of their vital status, respectively. For a given cancer type,
the person-years at risk were calculated from the date of
diagnosis of the study cancer to the date of cancer diag-
nosis or the exit date.

The database used in our study included the following
variables: identity, sex, birth date, date of last follow-up,
and cause of death. All patients were followed up until the
end of December 2015 for the determination of their vital
status.

Statistical Analysis

The incidence of subsequent CCA following surgery in
the study population was compared to that of the gen-
eral population, and the SIRs with their 95% confidence
intervals (CIs) were calculated. The SIR is an estimate of
cancer occurrence in a population relative to what could
be expected if these patients had the same cancer experi-
ence as the general population. The incidence rates of the
general population, derived from the KCR registry, were
used to compute the expected numbers. The time at risk
was measured starting from the date of surgery to the date
of CCA diagnosis, the date of death, or the predetermined
censoring date. The SIRs were computed for sex and age at
the time of the cancer diagnosis (40-59, 60-79, and > 80,
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years). The 95% ClIs for the SIRs were determined assum-
ing a Poisson distribution for the observed number of
cancer cases. Cumulative incidence curves displayed the
predicted cancer risk in our study’s cancer patients based
on sex.

A Chi-square test was used to compare the character-
istics of those with and without CCA. Using the vital sta-
tistics, Kaplan—Meier survival analysis was performed,
generating a Kaplan—Meier survival plot. Here, the
cumulative survival associated with subsequent CCA was
compared to that of concomitant CCA. Cox proportional
hazard analysis was used to examine the relationship
between survival and explanatory factors such as sex, age
group, cancer location and subsequent CCA in terms of
the hazard ratio (HR) of death with 95% CI. Stata/MP2
(version 13.1; Statacorp, College Station, TX, USA) was
used in the analyses. Statistical significance was defined
as a P value less than 0.05. Subgroup analysis by sex was
performed.

Ethical Considerations

The study was reviewed and approved by Ethics Committee
of Korea University.

Results
Patients Characteristics

We identified 14,582 patients who received hepatic resec-
tion for BDS during 2002-2016. Of these patients, those
with digestive cancers diagnosed more than 3 months
prior to the surgery (n=1564) and HCC (n=1684),
with washout periods (2002-2004, n =2547), with fol-
low-up durations less than 1 year (n=692), aged less
than 40 years old (n =231), or with missing data (n=10)
were excluded. A total of 7852 patients were enrolled in
this study. The male/female ratio was 2860/4992, and
the mean age was 61.36 years. A total of 433 (5.84%)
patients were diagnosed with concomitant CCA within
a period of 3 months at the time of surgery, and all 7852
patients were followed up (Fig. 1). During the 12-year
follow-up, 147 (1.98%) patients were diagnosed with
subsequent CCA. A total of 580 out of 7852 (7.39%)
patients were diagnosed with HL-CCA. Patients with
HL-CCA were predominantly female (P < 0.0001)
and older (P <0.0001) and had a higher mortality
than those without it. In addition, patients with subse-
quent CCA were predominantly female (P=0.021) and

Fig. 1 Flow chart of the study.
CCA cholangiocarcinoma,
previous digestive cancers, all

Hepatectomy with bile duct stones during 2002-2016
(n=14582)

digestive cancers except hepato-
cellular carcinoma

Wash-out periods (2002-2004) (n=2547)
Previous digestive cancers (n=1564)
Hepatocellular carcinoma (n= 1684)

Age <40 years (n=231)

Short follow-up (< 1 vear) (n= 694)
Incomplete data (n=10)

Subjects enrolled in this study

(n=17852)
) v
CCA(+) at surgery CCA(-) at surgery
(n=433) (n=17419)
Follow-up
CCA+ CCA-
(n=147) (n=7272)
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Table 1 Demographics of the study population

Characteristics HL-CCA(-) HL-CCA(+) P value* HL-CCA(+)
(n=17272) (n=580) -
Concomitant CCA Subsequent CCA P value**
(n=433) (n=147)
Sex (M:F) <0.0001 0.021
Male 2590(35.62)" 270(46.55) 214(49.42) 56(38.1)
Female 4682(64.38) 310(53.45) 219(50.58) 91(61.9)
Ages (years)
Mean +SD 61.10+9.49 66.0+8.82 <0.0001 65.02+8.79 63.15+8.79 0.026
40-59 3227(44.38) 165(28.45) <0.0001 115(26.56) 50(34.01) 0.165
60-79 3892(53.52) 396(68.28) 302(69.75) 94(63.95)
80< 153(2.10) 19(3.28) 16(3.7) 3(2.04)
Locations <0.0001
ICC 373(64.31) 306(70.67) 67(45.58)
ECC 207(35.68) 127(29.33) 80(54.42)
Survival rate <0.0001 <0.0001
Living 6305(86.70) 192(33.10) 173(39.95) 19(12.93)
Dead 967(13.30) 388(66.90) 260(60.05) 128(87.07)

HL hepatolithiasis, CCA cholangiocarcinoma, /CC intrahepatic cholangiocarcinoma, ECC extrahepatic cholangiocarcinoma, SD standard

deviation

"number of patients (percentages); *HL-CCA(—) versus HL-CCA(+); **concomitant CCA versus subsequent CCA

younger (P =0.026) and had higher proportions of ECC
(P <0.0001) and mortality (P <0.0001) than those with
concomitant CCA (Table 1).

Incidence of Subsequent CCA in Patients
with Hepatic Resection for BDS

The incidences of ICC and ECC increased until 10 years
after hepatic resection, and plateaued thereafter (Fig. 2). The
incidence rates of ICC and ECC were not different between
the sexes (Fig. 2). The SIRs were higher than 10 in all CCA
(SIR 12.89, 95% CI 10.96-15.15), ICC (13.40, 10.55-17.02)
and ECC (12.42, 9.98-15.46) cases. Women had higher SIRs
than men. The SIRs gradually decreased with increasing age:
25.21 (40-59 years), 10.53 (60-79 years), and 6.08 (more
than 80 years). Women had higher SIRs in cases of ICC
(18.68, 13.95-25.02) than ECC (14.63, 10.96-19.53), while
men had higher SIRs in the case of ECC (10.31, 7.37-14.43)
than ICC (8.49, 5.59-12.90) (Table 2).

Mortality Associated with Concomitant
and Subsequent CCA

The survival rates of the patients with subsequent CCA were
poorer than those with concomitant CCA in all the CCA,
ICC, and ECC cases (Fig. 3a—c). Poorer prognoses were
observed in the case of both men (Fig. 3d-f) and women
(Fig. 3g—i) with subsequent CCA. The median survival time
associated with subsequent CCA was 0.87 years, while that
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of concomitant CCA was 2.79 years. The 5- and 10-year
survival rates of subsequent CCA were 13.7% (95% CI,
6.03-24.6) and 6.9% (0.9-22.2), respectively, while those
of concomitant CCA were 42.4% (35.3-49.3) and 34.5%
(26.8-42.2), respectively. Cox proportional hazard analysis
revealed that having subsequent CCA (HR 2.71, 95% CI
2.17-3.40) and being male (HR 1.28, 95% CI 1.05-1.57)
were associated with shorter survival times, while the CCA
site (ICC versus ECC) and age at CCA diagnosis were not
associated with the mortality. These results were consistent
in both sexes (Table 3).

Discussion

This is the first nationwide population-based study to ana-
lyze the incidence, relative risk, and mortality associated
with CCA in patients with hepatic resection for BDS. Sub-
sequent CCA developed in 2% of patients with hepatic
resection for benign BDS until 10 years and revealed poorer
prognoses than concomitant CCA.

This study showed that CCAs were diagnosed in 433
(5.84%) patients during surgery (concomitant CCA) and
in 147 (1.98%) patients after surgery during the 12-year
follow-up (subsequent CCA). A total of 7.82% of the pre-
operative benign HL patients developed CCA. The inci-
dences of concomitant or subsequent CCA in this pop-
ulation-based study were consistent with those observed
in previous case—control studies, at 3.3-23.3% [1, 7-9]
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and 1.6-9.9% [1, 4, 7], respectively. Therefore, HL should
be treated to prevent CCA, and long-term surveillance is
required.

The clinical features and risk factors associated with
HL-CCA have been reported. Age higher than 40 years [3],
presence of bilateral disease [15], bile duct strictures and
liver atrophy [16], duration of symptoms > 10 years [17],
and presence of residual stones [18] were reported as risk
factors of HL-CCA [19]. The incidences of HL-CCA were
highest in 60—79-year-olds, followed by in 40-59-year-olds.
Patients aged 80 years revealed the lowest incidences, and
none of the patients aged less than 40 years developed HL-
CCA. Therefore, 40-80-year-old patients may be candidates
for HL-CCA surveillance. Although the incidences of both
concomitant and subsequent CCA were higher in the men,
the women showed a higher subsequent to concomitant CCA
ratio: 1.91% versus 4.39% in women, and 2.12% versus
7.48% in men, respectively.

The present study revealed that the relative risks of
CCA differed by age, sex, and cancer location. No pre-
vious study has focused on the SIRs of HL-CCA. The

(A) Choangiocarcinomas

(B) Intrahepatic choangiocarcinomas

SIRs gradually decreased with increasing age. The higher
SIRs in the 40—59-year-old group may be attributed to the
fact that only a few of these individuals developed CCA.
Although the incidence of CCA was higher in men, the
SIRs were higher in women. Men have a higher number
of risk factors such as the presence of clonorchiasis [20],
hepatitis B or C virus infection [21, 22], and Helicobacter
pylori infection [23] than women. The effects of HL in
women may be greater than in men. In this study, HL after
surgery revealed high SIRs for ECC as well as ICC, while
the magnitude of the SIRs was higher in cases of ICC
than ECC. A recent systemic review [24] and population-
based case—control study [25] revealed that the presence
of BDS, irrespective of the location, is a risk factor for
both ICC and ECC. However, the presence of intrahe-
patic BDS is a higher relative risk factor for ICC [26] and
extrahepatic BDS for ECC [25]. The relative risks for ICC
and ECC between the sexes has not been reported before.
An interesting finding of our study is that different SIRs
in the case of ICC and ECC were observed between the
sexes. Women had a higher SIR for ICC than ECC, while

(C) Extrahepatic bile choangiocarcinomas
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Fig.2 Incidence of subsequent cholangiocarcinoma (CCA) in
patients with hepatic resection for bile duct stones. The incidences
of all CCAs (a), as well as intrahepatic (b), and extrahepatic CCAs

(¢) gradually increased until 10 years. The incidences of all CCAs
(d), and intrahepatic (e) and extrahepatic CCAs (f) were not different
between the sexes
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(A) Choangiocarcinomas

(B) Intrahepatic choangiocarcinomas

(C) Extrahepatic choangiocarcinomas
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Fig.3 The survival rates associated with concomitant and subsequent
cholangiocarcinoma (CCA) in patients with hepatic resection for
bile duct stones. Subsequent CCA showed lower survival rates than

all CCAs (a), and intrahepatic (b) and extrahepatic CCAs (c). These
results were consistent in men (d, e, f) and women (g, h, i). CCA,
cholangiocarcinoma

Table 3 Risk factors associated

Male Female

P value 95% CI

HR Pvalue 95% CI HR Pvalue 95% CI

with overall survival time, as Parameters All
determined by Cox proportional HR
hazard analysis
Male versus female) 1.28 0.02
Ages
40-59
60-79 1.00 0.98
80— 1.50 0.17
S-CCA versus C-CCA 2.71 0.00
ECC versus ICC 0.94 0.58

1.05-1.57

0.80-1.25 1.04 0.81 0.74-1.48 1.00 0.99 0.74-1.34
0.84-2.68 1.76 0.28 0.63-4.93 1.42 0.33 0.70-2.89
2.17-3.40 2.40 0.00 1.66-3.47 2.93 0.00 2.19-3.91
0.76-1.17 0.97 0.85 0.70-1.34 0.93 0.59 0.70-1.23

S-CCA subsequent cholangiocarcinoma, C-CCA concomitant cholangiocarcinoma, HR Hazard ratio, CI
confidence interval, /CC intrahepatic cholangiocarcinoma, ECC extrahepatic cholangiocarcinoma

men had a higher SIR for ECC than ICC. Further studies
need to focus on the causes of the different risks between
the sexes, in terms of hormonal, genetic and environmen-
tal factors.

The long-term outcomes of patients whose HL and
strictures were completely removed were satisfactory. The

presence of HL-CCA was an independent prognostic factor
in HL patients [27]. The prognosis and clinicopathological
features of CCA do not differ, with or without HL [2, 10, 28,
29]. However, the prognoses of concomitant and subsequent
CCA are very different. Consistent with the findings of previ-
ous studies [12], subsequent CCA was associated with poorer
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prognoses than concomitant CCA, in the case of both ICC
and ECC, and in both sexes in this study. The median survival
time and overall survival rates of subsequent and concomitant
CCA were 0.87 year versus 2.79 years, and 12.93% versus
39.95%, respectively. Men had marginally poorer prognoses
than women, with an HR of 1.28 (95% CI 1.05-1.57). Age
and CCA location did not influence the survival time.

The causes of subsequent CCA after the complete treat-
ment of HL are not clearly defined. The presence of recurrent
cholangitis, biliary stricture, bile stasis, and chronic bacte-
rial infection are common problems in HL patients [30, 31].
About half of all patients with preoperative benign HL had
biliary strictures in the first- or second-order bile duct branches
[9]. These recurrent or chronic inflammatory events induce
prolonged inflammation of the bile duct epithelium—named
“chronic proliferative cholangitis”—which is the main pro-
cess behind HL-CCA carcinogenesis [32, 33]. Inflammation-
mediated signal pathways [34] and epithelial-mesenchymal
transition [35] play a major role in biliary fibrosis and biliary
carcinogenesis [36]. Surgical specimens of HL-CCA revealed
coincidentally detected precancerous lesions such as intra-
ductal papillary neoplasm of the bile duct IPNB) and biliary
intraepithelial neoplasia (BilIN) [9, 37]. One study reported
that BilIN or IPNB were present in 12 patients (16.4%) and 1
patient (1.4%) of 73 preoperative benign HL patients, respec-
tively [9]. Precancerous lesions may be present in the residual
liver in the absence of residual stones. During follow-up after
surgery, precancerous lesions may progress to malignancy.

We considered that most of the BDS cases enrolled in this
study involved HL and not common bile duct (CBD) stones.
As HL does not have a specific ICD10 code, we defined
BDS (ICD 10, K80.0-K80.9) treated with hepatic resection
(Q7221-Q7225) as HL. In this study, we defined CCA as
ICC or ECC. ICC (C22.1) is defined as a CCA located proxi-
mally to the second-degree bile ducts within the liver. ECC
(C24.0-C24.9) includes hilar and distal CCA. Hilar CCA is
localized to the area between the second-degree bile ducts
and the insertion of the cystic duct into the CBD, and distal
CCA is confined to the area between the origin of the cystic
duct and ampulla of Vater. Subsequent CCA was usually
defined as CCA diagnosis after 3—12 months from hepatic
resection. In this study, we used a 3-month interval for the
diagnosis of subsequent CCA, as CCA is a very aggressive
carcinoma and can develop very rapidly.

This study has several strengths. First, we enrolled a
large number of patients, based on long-term follow-up data
derived from population-based registries. We identified 147
patients with subsequent CCA and analyzed their prognoses;
this is the largest sample size in a single study in the existing
literature. In addition, we were able to perform an in-depth
assessment of the sex-related differences. We evaluated the
differences between the sexes in terms of diagnostic age, the
SIR, and mortality, and were able to adjust the surveillance
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strategies between the sexes. Finally, this study analyzed bil-
iary tract cancers according to their location (ICC and ECC).
We obtained detailed results on the incidences of and relative
risks for ICC and ECC in both sexes.

The limitations of this study include the lack of risk
evaluation, as well as its retrospective design. The known
risks factors of CCA such as the presence of hepatitis B,
hepatitis C, liver cirrhosis, diabetes mellitus, obesity, H.
pylori infection, biliary parasitic infection, bile duct cysts
and primary sclerosing cholangitis, exposure to certain tox-
ins, alcohol consumption, tobacco smoking, and host genetic
polymorphisms were not analyzed in this study [26, 38—40].
In South Korea, the regions with higher rate of clonorchiasis
revealed increased incidence of CCA [41]. However, in this
study, we could not analyze the relations between clonor-
chiasis and CCA. Another point of view, the effect of ethnic
variations in the incidence of CCA was also reported [42].
Although we did not analyze the effects on the incidence of
CCA according to different ethnic groups in South Korea,
we supposed that the effects were limited. The proportion of
other ethnic groups in South Korean was less than 4% [43].

To exclude the coding discrepancies, we selected CCA by
ICD-10 code among patients registered in the SSI database.
Registration in the SSI program needs a physician’s diagno-
sis and ensuring by another healthcare professional. In addi-
tion, we compared number of patients diagnosed as CCA to
Korean Government Cancer Statistics. By these methods, we
acquired specificity of CCA coding data. Additionally, some
cases of extrahepatic BDS may have been included in this
study. We could not distinguish between CBD stones and
HL, as the ICD10 code did not allow for the categorization
of BDS by site. Nonetheless, a majority of the BDS cases
enrolled in this study may be considered as HL cases.

In conclusion, our data revealed an increased risk of CCA
following hepatic resection for BDS until a period of 10 years.
The SIR was higher in cases of ECC as well as ICC, and
was higher in women. As subsequent CCA is associated with
very poor prognoses compared to concomitant CCA, surveil-
lance for the occurrence of CCA after curative treatment for
HL should be considered. Further studies should focus on
the indications and methods of surveillance in such patients.
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