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Abstract: Hepatitis C virus (HCV) infection causes many cancers, including intrahepatic cholangiocarcinoma.
Whether it increases the risk of extrahepatic cholangiocarcinoma (ECC) is unknown. A 10-year nationwide popu-
lation-based cohort study of the Taiwan National Health Insurance Research Database (TNHIRD) was conducted.
ECC was defined by ICD-9-CM code 156 or ICD-O-3 code C23-24. Risk factors and HCV core protein expression
were surveyed in patients with ECC from a tertiary-care center. Out of 11,892,067 patients, three propensity score-
matched TNHIRD cohorts were matched at a 1:4:4 ratio: HCV-treated (8,331 patients with interferon-based therapy
>6 months), HCV-untreated (n=33,324), and HCV-uninfected cohorts (n=33,324). The cumulative incidence of ECC
[HCV-treated: 0.088%, 95% confidence interval (Cl): 0.035-0.198%; HCV-untreated: 0.095%, 0.047-0.179%; HCV-
uninfected: 0.048%, 0.017-0.119%] was lowest in the HCV-uninfected cohort (P=0.0285) but was not different be-
tween the treated and untreated cohorts (P=0.5436). HCV infection [HCV-treated cohort: hazard ratio (HR): 3.618,
95% CI HR: 1.253-10.451; HCV-untreated cohort: 2.593, 95% Cl HR: 1.077-6.241; reference: HCV-uninfected co-
hort] and age 249 years (HR: 5.139, 95% CI HR: 1.613-16.369) were associated with ECC development. Among the
855 hospitalized ECC patients (males: 57%; baseline age: 63.09+11.75 years, 2008-2018), the HCV Ab-positive
rate was 8.4%. The HCV Ab-positive patients were more frequently female than their counterparts (66.7% vs. 40.8%,
P=0.009). No HCV core-positive cells were found in the ECC tissues. In conclusion, HCV infection and age >49 years
are potential risk factors for ECC. The HCV-associated ECC risk might not be reversed by interferon-based anti-HCV
therapy nor associated with in situ HCV core-related carcinogenesis.
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Introduction

Hepatitis C virus (HCV) is a human pathogen
responsible for acute and chronic liver disease
[1]. There are an estimated 56.8 million viremic
HCV infections globally [2]. In addition to hepat-
ic complications such as steatosis, cirrhosis
and hepatocellular carcinoma (HCC), HCV infec-
tion causes many extrahepatic complications,

including mixed cryoglobulinemia [3], dyslipid-
emia, diabetes, obesity and cardiovascular
events [1]. Several large, population-based
case-control or cohort studies have demon-
strated the associations between HCV infection
and many extrahepatic cancers [4]. Of all the
reported HCV-associated extrahepatic cancers,
cholangiocarcinoma (CC), which is classified
into intrahepatic cholangiocarcinoma (ICC) and
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extrahepatic cholangiocarcinoma (ECC) by ana-
tomic location [5], has particularly drawn our
attention. CC is an uncommon malignancy of
the bile duct, occurring in nearly 2 out of
100,000 people [6], and the prognosis of CC is
poor, with a 5-year survival rate ranging from
15% to 20% [7]. The incidence of CC varies
between different regions of the world. Sou-
theast Asia has the highest incidence, and
Western countries have the lowest incidence
[8]. Geographic variations in the incidence of
CC are related to variations in risk factors. The
established risk factors for CC include parasitic
infection, primary sclerosing cholangitis, bile
duct cysts and hepatolithiasis [9]. HCV infec-
tion is a risk factor for CC in areas not endemic
for Opisthorchis viverrini infection [10]. Most
links between CC and HCV infection have been
well established in ICC [11], and the strongest
evidence has been seen in the USA [12] and
Japan [13], where HCV is endemic or hyperen-
demic. By contrast, the connection between
HCV infection and ICC is negligible in Korea [14]
and China [15] and is controversial in Thailand
[16], where hepatolithiasis, hepatitis B virus
(HBV) and fluke infection are more prevalent
than HCV infection [14-16]. These findings are
consistent with the notion that chronic inflam-
mation in the biliary epithelium together with
partial bile obstruction leads to ICC [17]. Of
note, a case-control study of the US elderly
population showed that HCV infection increas-
ed the adjusted odds ratio for ECC to 1.90 [18],
although this adjusted odds ratio was lower
than that (3.4) for ICC. Moreover, the HCV core
protein is associated with CC invasion and me-
tastasis [19] and is reported to be expressed in
hilar CC tissue [20]. All of the above findings
suggest the possibility that HCV infection accel-
erates the development of ECC.

We conducted a nationwide population-based
cohort study to investigate the association of
HCV infection with the development of ECC in
Taiwan, an Asian country endemic for HCV
infection [3] and hyperendemic for HBV infec-
tion [21]. The impact of HCV infection on the
risk of ECC was investigated by comparing
the cumulative incidences of ECC and ECC-
associated mortalities among HCV-infected
subjects with and without anti-HCV therapy and
subjects without HCV infection. In parallel, the
risk factors and HCV core protein expression in
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ECC were surveyed in patients with ECC from a
tertiary referral center.

Methods

Taiwan National Health Insurance Research
Database (TNHIRD) samples and measure-
ments

This population-based retrospective cohort
study used nation-level data, including from
the National Health Insurance (NHI) administra-
tive database, the Cancer Registry Database,
and the Death Registry Database. This manda-
tory, single-payer NHI program provides com-
prehensive coverage that includes ambulatory
care, hospital services, laboratory tests, and
prescription drugs. Over 99% of the population
is enrolled in the program, and approximately
90% of healthcare organizations are contract-
ed with the NHI Administration. Because HBV
infection causes many hepatic complications,
including cirrhosis [21] and CC [22], and cirrho-
sis is a risk factor for CC [23], patients diag-
nosed with HBV infection, cirrhosis and cirrho-
sis-associated complications in the observa-
tion period (2003-2012) or with ECCs before
starting anti-HCV treatment (the baseline) were
excluded.

The HCV-treated cohort included patients who
had received HCV RNA tests and received riba-
virin and peg-interferon (Peg-IFN) in 2003-
2012. Their first HCV test was assumed to be
the index date of diagnosis. The baseline for
the HCV-treated cohort was 6 months after
completing the combination therapy. Only tho-
se who had received anti-HCV therapy for >6
months were enrolled. HCV-untreated patients
were those who had received an HCV test (HCV
antibody or HCV RNA test) (their first HCV test
was the index date), were diagnosed with HCV
(ICD-9-CM codes: 070.41, 070.44, 070.51,
070.54, 070.70, 070.71, V02.62), were pre-
scribed hepatoprotective agents (silymarin,
liver hydrolysate, choline bitartrate, or ursode-
oxycholic acid), but did not receive any anti-HCV
therapy (ribavirin or Peg-IFN). HCV-uninfected
subjects were those who had no HCV diagnosis
or HCV test and received no hepatoprotective
agents or anti-HCV therapy. The HCV-treated
cohort, the HCV-untreated cohort, and the HCV-
uninfected cohort were matched at a 1:4:4
ratio through a propensity score-matching me-
thod that indicated the probability of receiving
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the combination therapy, which was estimated
by using a logistic model. The matching pro-
cesses of the 3 cohorts are demonstrated in
Supplementary Figure 1. The covariates in the
model included age (20-39, 40-49, 50-59,
>60), sex (male, female), NHI registration loca-
tion (city, township, rural area), the Charlson
Comorbidity Index (CCl) score (0, 1, =2) [24],
and year of the index date (2003-2006, 2007-
2009, 2010-2012). This method was used to
assure that the HCV-treated cohort and the
selected counterparts were comparable in
observed characteristics. We used the follow-
ing calculations to equalize the index-to-base-
line time span within each set of matched coun-
terparts: The baseline date of each HCV-treated
patient was set as the date six months after
treatment completion. Since the other two
groups had no relevant treatment, each HCV-
untreated and HCV-uninfected patient’s base-
line date was their index date plus the index-
to-baseline time span of their matched HCV-
treated counterpart. The index date of the HCV-
uninfected individuals was the date of a physi-
cian visit randomly selected from their claims
database.

Outcomes of the NHIRD study were the devel-
opment of ECC or ECC-associated mortality
[ICD-9-CM code 156; International Classifica-
tion of Diseases for Oncology (ICD-0-3): C23-
24]. Types of cancer and dates of diagnosis
were retrieved from the Cancer Registry
Database. Subjects were followed until the
date of the event, death, or the end of follow-up
(December 31, 2012), whichever came first.
For the HCV-treated group, only the events or
mortality that occurred more than 6 months
after the complement of anti-HCV therapy were
recorded. The date of death was that in the
Death Registry database.

Risk factor survey of hospitalized cancer pa-
tients with ECC

All patients older than 18 years old with a diag-
nosis of ECC who underwent surgery were
consecutively recruited from a Taiwan tertiary
referral center between July 2008 and June
2018. The baseline demographic data, includ-
ing age, body mass index (BMI), diabetes melli-
tus (DM), hypertension, hyperlipidemia, hyper-
uricemia, acute coronary syndrome (ACS), cere-
brovascular accident (CVA), smoking, drinking,
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betel nut chewing, HCV Ab, and hepatitis B
surface antigen, of the enrolled patients were
recorded and analyzed. DM, hypertension,
hyperlipidemia, ACS, CVA and hyperuricemia
were defined as described [24].

Immunohistochemical (IHC) staining of ECC

The IHC staining of the ECC from patients with
chronic hepatitis C (CHC) and with past HCV
infection were performed using paraffinized
samples in the tissue bank of tertiary referral
center with cases of ECC. CHC was defined as
the presence of documented HCV antibodies
and detectable HCV RNA for >24 weeks (n=10).
Past HCV infection was defined as a positive
HCV antibody but a negative HCV RNA (n=10). A
total of 20 patients without any HCV infection
served as controls. The baseline characteris-
tics of the patients are listed in Supplementary
Table 1. Liver tissue samples from HCV core
transgenic mice served as positive controls
[24]. IHC staining for HCV core protein (Virostat,
Westbrook, ME, USA) in EBC was performed
according to the manufacturer’s protocols. In
brief, the cells were permeabilized with 0.1%
Triton-100, incubated with HCV core antibody,
washed, and then incubated with secondary
antibody (Vector Laboratories, Burlingame, CA,
USA). The intensity of protein expression was
determined using Image) software (http:/
imagej.nih.gov/ij/, National Institutes of Health,
Bethesda, MD, USA). The pathology of all IHC
stains was reviewed by gastrointestinal pathol-
ogists at participating sites who were blinded to
study participation and cancer prediction.

Statistical analysis

All statistical analyses were performed using
the Statistical Package for Social Science
(SPSS package version 21, SPSS Inc., Chicago,
IL, USA) or Statistical Analysis System (SAS
version 9.4, SAS Institute Inc., Cary, NC, USA)
software. Continuous variables were analyzed
using Student’s t test, and categorical variables
were analyzed using the chi-square test or
Fisher's exact test, as appropriate. Nonpara-
metric tests were applied where indicated.
Kaplan-Meier or univariate Cox regression anal-
ysis was used to assess the relationship am-
ong baseline variables and the development of
ECC. Multivariate Cox regression models were
used to assess the relationship between vari-
ous dependent and independent variables by
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152,851 patients had HCV diagnosis, HCV

test, and received hepatoprotective agents,

ribavirin or peg-interferon in 2003-2012 pharmacotherapy in 2003-2012

19,145,884 individuals had no HCV
diagnosis, HCV test, and HCV-related

including percutaneous coro-
nary intervention, coronary ar-
tery bypass graft, myocardial

38,510 excluded due to:

History of HBV infection,
gallbladder and extrahepatic bile
] ducts, esophageal or gastric
varices, hepatic encephalopathy,

hepatorenal syndrome, or

7,368,158 excluded due to :

History of HBV infection,
gallbladder and extrahepatic
bile ducts, esophageal or gastric
varices, hepatic
encephalopathy, hepatorenal

ascites syndrome, or ascites

infarction, heart failure, car-
diogenic shock, peripheral va-
scular disease and stroke.
Statistical significance was
defined at the 5% level based
on two-tailed tests of the null
hypothesis.

Informed consent

114,341 eligible patients |

| 11,777,726 eligible individuals

13,998 excluded due to
1. No HCV RNA test
2. <24-week therapy

3. Survival at least 6 months

after end of therapy

9,195 patients received 91,148 patients received no
ribavirin and peg-interferon ribavirin and peg-interferon

therapy therapy

I

The study protocol conformed
to the ethical guidelines of the
1975 Declaration of Helsinki
and was approved by the local
institutional review board (IRB
No.: 104-7005B).

Results

Baseline characteristics of
cases in the TNHIRD

1:4 matched with HCV treated
cohort by PS method

As shown in Figure 1, from
= January 1, 2003 to Decem-

ber 31, 2012, a total of
11,892,067 patients without

8,331 subjects at risk
(HCV treated cohort)

33,324 subjects at risk
(HCV untreated cohort)

33,324 subjects at risk
(HCV uninfected cohort)

HBV infection, cirrhosis or ECC
were eligible for the current

Figure 1. Flow chart of subject selection of the TNHIRD study. TNHIRD: Tai-
wan National Health Insurance Research Database; HCV: hepatitis C virus;
HBV: hepatitis B virus infection; Peg-IFN: pegylated interferon; PS: propensity

score.

adjusting for all the independent variables with
a p value <0.1 in the univariate analyses. Binary
logistic regression analysis was performed to
assess the variables that accounted for the
emergence of events. Cumulative incidences
of outcomes were estimated and compared by
using the modified Kaplan-Meier method and
the Gray method, with death being a compet-
ing risk event. A subdistribution hazards model,
an extension of the Cox proportional hazards
model taking competing mortality into consid-
eration, was used to estimate the adjusted haz-
ard ratio of developing ECC, adjusting for age,
sex, NHI registration location, CCI score, year
of the index date, and comorbid liver cirrhosis,
chronic obstructive pulmonary disease (COPD),
end-stage renal disease (ESRD), DM, hyperten-
sion, dyslipidemia, and cardiovascular events,
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study. After matching the ba-
seline factors, three cohor-
ts matched at a 1:4:4 ratio,
including 8,331 patients with
HCV infection who received
Peg-IFN with ribavirin for at
least 6 months (HCV-treated cohort), 33,324
patients with HCV infection who had never
been treated for HCV infection (HCV-untreated
cohort), and 33,324 patients without HCV
infection (HCV-uninfected cohort), were enroll-
ed. The 3 cohorts were matched in propensity
scores and did not differ in baseline demo-
graphic factors, residency, CCl score or index
year, although baseline comorbidities were not
similar. Compared with HCV-untreated cohorts,
the HCV-treated cohort had higher rates of cir-
rhosis, a similar rate of COPD and lower rates of
other comorbidities. Compared with the HCV-
uninfected cohort, the HCV-treated cohort had
higher rates of cirrhosis, COPD, ESRD, and
hypertension, lower rates of dyslipidemia and
stroke, and similar rates of DM and cardiovas-
cular events (Table 1).
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Table 1. Baseline characteristics of the 3 HCV cohorts of TNHIRD

(1) (2) (3) p values
HCV-treated HCV-untreated = HCV-uninfected (1, 2) (1, 3) (2,3)
N 8,331 33,324 33,324
Gender
Female, N, (%) 4,397 (52.78) 17,585 (52.77) 17,588 (52.78) 0.9883 1 0.9814
Age range (years), N, (%)
20-39 1,459 (17.51) 5,833 (17.50) 5,836 (17.51) 1 1 1
40-49 2,175 (26.11) 8,703 (26.12) 8,700 (26.11)
50-59 3,008 (36.11) 12,032(36.11) 12,032 (36.11)
>60 1,689 (20.27) 6,756 (20.27) 6,756 (20.27)
Area, N, (%)
City 1,789 (21.47) 7,152 (21.46) 7,156 (21.47)  0.9996 1 0.9991
Township 2,597 (31.17) 10,392 (31.18) 10,388 (31.17)
Rural area 3,945 (47.35) 15,780 (47.35) 15,780 (47.35)
CCl score, N, (%)
0 3,967 (47.62) 15,868 (47.62) 15,868 (47.62) 1 1 1
1 2,661 (31.94) 10,644 (31.94) 10,644 (31.94)
>2 1,703 (20.44) 6,812 (20.44) 6,812 (20.44)
Index_year, N, (%)
2003-2006 4,397 (52.78) 17,588 (52.78) 17,588 (52.78) 0.9989 1 0.9973
2007-2009 2,727 (32.73) 10,914 (32.75) 10,908 (32.73)
2010-2012 1,207 (14.49) 4,822 (14.47) 4,828 (14.49)
Baseline factor, N, (%)
Liver cirrhosis 926 (11.12) 2,007 (6.02) 18 (0.05) <.0001 <.0001 <.0001
COPD 975 (11.7) 3,985 (11.96) 3,191 (9.58) 0.5203 <.0001 <.0001
ESRD 59 (0.71) 955 (2.87) 102 (0.31) <.0001 <.0001 <.0001
DM 1,609 (19.31) 7,681 (23.05) 6,197 (18.6) <.0001 0.1335 <.0001
Hypertension 2,506 (30.08) 11,927 (35.79) 9,237 (27.72) <.0001 <.0001 <.0001
Dyslipidemia 1,007 (12.09) 6,594 (19.79) 6,072 (18.22) <.0001 <.0001 <.0001
Cardiovascular events 221 (2.65) 1,437 (4.31) 896 (2.69) <.0001 0.8556 <.0001
Stroke 285 (3.42) 1,706 (5.12) 1,651 (4.95) <.0001 <.0001 0.33

HCV: hepatitis C virus; TNHIRD: Taiwan National Health Insurance Research Database; CCl: Charlson Comorbidity Index; COPD:

Chronic obstructive pulmonary disease; ESRD: end stage renal disease; DM: diabetes.

Cumulative incidences of ECC and mortality

The HCV-treated, untreated, and uninfected
cohorts were followed up until death for a dura-
tion (mean * standard deviation) of 4.77+1.82
years, 4.82+2.0 years, and 4.99+1.91 years,
respectively, with the longest observation
being 10 years. The incidence of ECC was low-
est in the HCV-uninfected cohort, as ECC
occurred cumulatively in 0.088% [95% confi-
dence interval (Cl): 0.035-0.198%], 0.095%
(95% Cl: 0.047-0.179%), and 0.048% (95% ClI:
0.017-0.119%) of the HCV-treated, untreated,
and uninfected cohorts, respectively (Table 2;
Figure 2). Antiviral treatment was not associat-
ed with a reduced risk of ECC, as the cumula-
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tive incidences were similar between the treat-
ed and untreated cohorts (P=0.5436). The
cumulative incidences of ECC-associated mor-
tality (Figure 3; Supplementary Table 2) and

overall mortality (Supplementary Table 3) were
lowest in the HCV-uninfected cohort. The HCV-

treated cohort had a similar cumulative inci-
dence of ECC-associated mortality (0.038%,
95% Cl: 0.011-0.109% vs. 0.133%, 95% CI:
0.040-0.371%, P=0.9203) (Figure 3; Supple-
mentary Table 2) but had lower overall mor-
tality (14.259%, 95% Cl: 12.054-16.645%
vs. 28.122%, 95% Cl: 25.940-30.340%, P<

0.0001) (Supplementary Table 3) than the
HCV-untreated cohort.

Am J Cancer Res 2023;13(7):3080-3090
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Table 2. Cumulative incidences of ECC among (1) HCV-treated, (2) HCV-untreated and (3) HCV-unin-

fected cohorts

(1) HCV-treated (2) HCV-untreated  (3) HCV-uninfected p values
N=8,331 N=33,324 N=33,324 (1,2,3) (1,2) (1,3) (2,3)
Follow-up years, mean + SD 4.766+1.82 4.822+2.00 4,988+1.91
Event number, N (%) 6 (0.07) 19 (0.06) 7 (0.02)
Competing mortality, N (%) 386 (4.63) 4,405 (13.22) 1,458 (4.38)

Cl, % (95% Cl)

0.088 (0.035-0.198)  0.095 (0.047-0.179)

0.048 (0.017-0.119)  0.0285 0.5436 0.0132 0.0209

ECC: extrahepatic cholangiocarcinoma; HCV: hepatitis C virus; SD: standard deviation; Cl: cumulative incidence; 95% Cl: 95% confidence interval of cumulative incidence.

Cumulative Incidence Plot

(HR: 5.139, 95% CI HR: 1.613-
16.369, P=0.006) for ECC
(Figure 4).

Risk factors for hospitalized
patients with ECC

Among the 855 hospitalized
patients with ECC (mean age:
63.09+11.75 years; median:
64.68 years), males (n=487,
57%) accounted for the ma-
jority. Of the 855 patients,
438 (51.2%), 204 (23.9%),
139 (16.3%), and 74 (8.7%)
had ampulla vater cancer, gall
bladder cancer, common bile
duct cancer and hilar cancer,

respectively. The positive rate
of HCV Ab in the enrolled
patients was 8.4%. Most risk
factors had similar proporti-

10 11 12 ons between the HCV Ab-

positive and HCV Ab-negative
patients, but the HCV Ab-
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Figure 2. Cumulative incidence of ECC among the 3 TNHIRD cohorts, includ-
ing HCV-treated, HCV-untreated and HCV-uninfected cohorts.

Factors associated with the cumulative inci-
dence of ECC

The HCV-treated and HC-untreated cohorts
had similar hazard ratios (HRs) for developing
ECC. However, both HCV-treated (HR: 3.618,
95% ClI HR: 1.253-10.451, P=0.018) and HCV-
untreated cohorts (HR: 2.593, 95% CI HR:
1.077-6.241, P=0.034) had higher HRs for
ECC than the HCV-uninfected cohort. Age 249
years was also associated with a higher HR
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frequently female than th-
eir counterparts (66.7% vs.
40.8%, P=0.009) (Table 3).
Specifically, the HCV Ab posi-
tivity rates were 10.3% for
patients with GB cancer, 5.6%
for those with hilar cancer, 9.4% for those with
ampullar vater cancer and 3.4% for those with
common bile duct cancer.

The 5-year cumulative incidence of mortality in
hospitalized patients with ECC was 55.2%. We
also stratified the hospitalized ECC patients by
ECC type to estimate the impact of HCV infec-
tion on survival. The cumulative incidences of
mortality in patients with various ECCs, includ-
ing vater cancer, gall bladder cancer, common

Am J Cancer Res 2023;13(7):3080-3090
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Cumulative Incidence Plot

dences of ECC and the associ-
ated mortalities were lowest
in the HCV-uninfected cohort
but similar between the HCV-
treated and untreated cohorts.
(2) The cumulative incidences
of overall mortality were lowest
in the HCV-uninfected cohort,
followed by the HCV-treated
and HCV-untreated cohorts.
(3) HCV infection and age >
49 years were independently
associated with the develop-
ment of ECC. (4) Among hospi-
talized ECC patients, the HCV
Ab positivity rates were 8.4%.
| (5) No HCV core-positive cells
| were seen in ECC tissue by
I IHC.

The finding that the HCV-

Follow-up (years)

No. atrisk

treated 8331 8278 8217 8131 5150 2198 1350 1033
untreated 33324 32545 31692 30818 20464 12323 7462 4315 2601 1651 918 292
uninfected 33324 33008 32730 32482 21440 12716 7681 4575 2836 1794 930 309

Figure 3. Cumulative incidence of ECC-associated mortality among the 3
TNHIRD cohorts, including HCV-treated, HCV-untreated and HCV-uninfected

cohorts.

bile duct cancer and hilar cancer, were 48.7%,
52.6%, 39.4%, and 100%, respectively. There
were no differences in the cumulative inciden-
ce of survival of various types of ECC patients
with vs. without HCV Ab positivity (vater can-
cer, HCV Ab (+) vs. HCV Ab (-): 49% vs. 42.3%,
P=0.524; gall bladder cancer, HCV Ab (+) vs.
HCV Ab (-): 52% vs. 58.3%, P=0.495; common
bile duct cancer, HCV Ab (+) vs. HCV Ab (-):
38.4% vs. 50%, P=0.075; hilar cancer, HCV Ab
(+) vs. HCV Ab (-): 100% vs. 100%, P=0.599).

IHC ECCs in hospitalized patients

No HCV core-positive cells were seen in the
ECC tissues for either CHC or past HCV infec-

tion patients (Supplementary Figure 2).

Discussion

The most compelling results of the current
study are as follows: (1) The cumulative inci-
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treated cohort had the highest
12 cirrhosis rate but the lowest
dyslipidemia rate among the 3
TNHIRD cohorts was consis-
tent with the ideas that HCV
infection causes cirrhosis and
hypolipidemia [1] and that only
patients with significant fibro-
sis are reimbursed for interfer-
on-based anti-HCV therapy in
Taiwan [23]. The differences in
these baseline comorbidities
thus support the reliability of the TNHIRD study
results.
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The HCV-uninfected cohort had the lowest
cumulative incidence of ECC among the 3
cohorts, HCV infection was independently as-
sociated with the development of ECC, and the
HCV Ab-positive rate of the hospital cases of
ECC was 8.4%, which was higher than that of
the general population in Taiwan (2.7%) [25],
all suggesting that HCV infection is a potential
risk factor for ECC in Taiwan. Although the evi-
dence linking HCV infection to ICC has been
solidified by many studies [11, 12, 26], the evi-
dence of a connection between HCV infection
and ECC is relatively limited [18, 27], and most
of it has confirmed the stronger link between
HCV infection and ICC than with ECC [18, 27].
Although a previous study showed the pres-
ence of the HCV core in hilar ECC [20], our IHC
staining failed to demonstrate any HCV core-
positive cells in the tumor tissue, and the local
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HR 95% LCL  95% HCL  p values
HCYV (ref=uninfected)
treated | - 3.618 1.253 10.451 0.018
untreated | . | 2.593 1.077 6.241 0.034
Gender (ref=Female)
Male i N 1.453 0.702 3.01 0.315
Age (ref<49)
>49 ~ 5.139 1.613 16.369 0.006
Area (ref=city)
township i 1.271 0.423 3.815 0.669
rural area il ~ 1723 0.615 4.828 0.301
CCI score (ref=0)
1 g 0.771 0.357 1.665 0.508
>2 —o—— 0.826 0.332 2.057 0.682
index_yr (ref=2003-2006)
2007-2009 7 0.431 0.167 1.109 0.081
2010-2012 2 0519 0.147 1.832 0308
Baseline factor (ref=N)
COPD T 1.165 0.445 3.05 0.756
DM 1 0.566 0.199 1.607 0.285
Hypertension 1 1.624 0.751 3.513 0.218
Dyslipidemia i I 1.470 0.612 3.526 0.389
Cardiovascular events* g 0.606 0.088 4.183 0.611
Stroke e 0.918 0.213 3.957 0.908

0 1 2 3 4 5 6 7

Figure 4. Forest plot of factors associated with incident ECC in the 3 TNHIRD cohorts. HR: hazard ratio; Cl: confi-
dence interval; HCV: hepatitis C virus; COPD: chronic obstructive pulmonary disease; ESRD: end-stage renal dis-
ease; DM: diabetes.

Table 3. Prevalence rates of baseline factors in hospitalized patients with ECC
HCV Ab-positive patients (N=72) HCV Ab-negative patients (N=783) p values

Female, N (%) 48 (66.7) 320 (40.8) 0.009
Age (years) 62.79+10.44 62.35+11.86 0.85
BMI (kg/m?) 24.47+4.34 23.19+4.44 0.208
DM, N (%) 18 (25.0) 169 (21.6) 0.393
H/T, N (%) 21 (29.2) 312 (39.8) 0.232
Hyperlipidemia, N (%) 3(4.2) 48 (6.1) 0.594
HU, N (%) 5 (6.9) 35 (4.5) 0.504
ACS, N (%) 5 (6.9) 37 (4.7) 0.569
CVA, N (%) 3(4.2) 37 (4.7) 0.785
Smoking, N (%) 5 (6.9) 185 (23.6) 0.067
Alcohol, N (%) 10 (13.8) 180 (23.0) 0.457
Betel nut, N (%) 3(4.2) 42 (5.4) 0.785
HBV infection, N (%) 10 (13.8) 74 (9.5) 0.176

N: number; ECC: extrahepatic cholangiocarcinoma; BMI: body mass index; DM: diabetes; H/T: hypertension; DL: dyslipidemia;
HU: hyperuricemia; ACS: acute coronary syndrome; CVA: cerebrovascular accident; HBV infection: hepatitis B virus surface
antigen positivity.
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HCV core-associated oncogenesis effect could
not be confirmed. The mechanisms causing the
extrahepatic effects of HCV infection are likely
multifactorial, and HCV-associated extrahepat-
ic biliary oncogenesis may include endocrine
effects or a heightened immune reaction with
systemic effects [28]. Interestingly, in contrast
to the male dominance of CC [29], hospitalized
HCV Ab-positive ECC patients were more fre-
quently female than HCV Ab-negative ECC
patients. Given that diabetes has been associ-
ated with an increased risk of CC in women
[30], the fact that HCV Ab-positive ECC patients
were mostly female supports the potential link
between HCV-associated ECC risk and meta-
bolic alteration, though the small number of
HCV-Ab-positive cases might have led to statis-
tically similar diabetes rates between HCV
Ab-positive and HCV Ab-negative patients. In
addition to the fact that our TNHIRD analysis
excluded any patients with HBV infection to
avoid the interference of HBYV, all the data sup-
port the association between HCV infection
and ECC development, even in a country hyper-
endemic for HBV infection.

Given that the cumulative incidence of ECC was
similar between the HCV-treated and untreated
cohorts, the HCV-associated risk in ECC devel-
opment might not be attenuated by viral clear-
ance once the process of biliary carcinogenesis
had been initiated. Although most HCV infec-
tions are currently curable with potent, direct-
acting antiviral agents (DAAs) [3], special cau-
tion is still needed to prevent the development
of ECC in HCV-infected patients who have
achieved a sustained virological response
(SVR) after anti-HCV therapy. Prevention of HCV
infection might be more crucial than curing
HCV infection for eliminating the HCV-asso-
ciated risk of ECC. Additionally, the poor prog-
nosis of ECCs [7] might account for the negligi-
ble differences in cumulative incidence of mor-
tality between hospitalized patients with and
without HCV infection. Again, the impact of HCV
infection on ECC might be crucial during early
oncogenesis, such as during cancer initiation,
rather than in late cancer progression [31].
Additionally, the phenomenon that CC is rarely
diagnosed before 40 years of age [30] is con-
sistent with the finding that age >49 years was
independently associated with the develop-
ment of ECC, and the mean age of the hospital
patients was 63 years.
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In line with the similar cumulative incidences of
ECC between the HCV-treated and untreated
cohorts, the HCV-untreated cohort had similar
ECC-associated mortality to that of the HCV-
treated cohort. However, the HCV-untreated
cohort had the highest overall mortality, fol-
lowed by that of HCV-treated and then by that
of HCV-uninfected cohorts. This pattern might
be caused by HCV-associated events, including
cirrhosis, HCC or cardiometabolic events [1],
other than ECC-associated complications. This
phenomenon indicates the importance of pre-
scribing efficient anti-HCV therapy, such as
potent DAAs [3], to HCV-infected patients to
decrease their overall mortality, regardless of
their risk for ECC.

There are limitations to the current study. First,
because linking the results from the TNHIRD to
the laboratory results of individual patients was
forbidden for privacy protection, no correlation
of SVR with ECC could be tested. We are confi-
dent of the antiviral efficacy in the HCV-treated
cohort since interferon-based therapy for HCV
infection generally achieves an SVR rate up to
90% in Taiwan, where a favorable genetic varia-
tion in interferon lambda 3 for interferon-based
anti-HCV therapy is prevalent [24]. Second, the
few patients in the TNHIRD database devel-
oped ECC, which might lead to some statisti-
cal biases. A total of 855 hospitalized patients
with ECC showed consistent results, which
dampen these biases. Third, some ECC risk fac-
tors, such as alcohol drinking, were not includ-
ed in the TNHIRD analyses. We surveyed these
factors in our hospitalized patients to fill this
gap. Fourth, the precise mechanism of the
increased risk of ECC in HCV-infected patients
was undetermined. Future prospective studies
in other independent cohorts with many ECC
cases, comprehensive risk factor surveys, iden-
tifiable SVR following DAA therapy and sophisti-
cated molecular investigations are required to
elucidate the fundamental mechanisms under-
lying the findings described herein.

Taken together, the evidence shows that HCV
infection and age >49 years are associated
with the development of ECC in Taiwan.
Interferon-based anti-HCV therapy might not
attenuate the risk of ECC development. The
HCV-associated risk in ECC is potentially asso-
ciated with indirect effects other than in situ
HCV core-related oncogenesis.
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Steps of the matching process

Select HCV-untreated and HCV-uninfected
individuals matched with HCV-treated cohort
by adopting a propensity score matching

method

Assign baseline to the matched
HCV-untreated and HC V-uninfected cohorts
based on their matched HCV-treated cohort

Exclude selected HCV-untreated and
HCV-uninfected subjects who died or were
diagnosed with ECC bfore baseline.

!

Rerun the matching process until 1:4

matching is completed.

Supplementary Figure 1. Matching process of the 3 TNHIRD cohorts, which were HCV-treated, HCV-untreated and

HCV-uninfected cohorts.

Matched cohort Index date Baseline
HCV-treated Date of the first | Six month after
subjects HCV test (t) completion of
HCV therapy (t,)

HCV-untreated | Date of the first | Index date + t3
subjects HCV test
HCV-uninfected | Date of one Index date + t3
subject randomly

selected

physician visit
Note: t3 =t,—t;

Vv
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Supplementary Table 1. Characteristics of hospitalized ECC patients underwent HCV core IHC studies

HCV status Chronic hepatitis C (N=10) Past HCV infection (N=10) Without HCV infection (N=20)
Male, N (%) 4 (40) 3(30) 12 (60)

Age (years) 50.11+9.55 65.51£3.356 48.4+3.577

Cancer types IHC results IHC results IHC results

Ampulla vater (N=10) Negative Negative Negative

Gall bladder (N=10) Negative Negative Negative

Common bile duct (N=10) Negative Negative Negative

Hilar (N=10) Negative Negative Negative

ECC: extrahepatic cholangiocarcinoma; HCV: hepatitis C virus; IHC: immunohistochemistry for HCV core.

Supplementary Table 2. Cumulative incidences of ECC-associated mortality among (1) HCV-treated, (2) HCV-untreated and (3) HCV-uninfected
cohorts

(1) HCV-treated (2) HCV-untreated (3) HCV-uninfected p values
N=8,331 N=33,324 N=33,324 (1,2,3) (1, 2) (1, 3) (2,3)
Follow-up years, mean + SD 4.768+1.82 4.823+2.00 4.989+1.91
Event number, N (%) 3(0.04) 14 (0.06) 2(0.01)
Competing mortality, N (%) 388 (4.66) 4,404 (13.22) 1,459 (4.38)
Cl, % (95% Cl) 0.038 (0.011-0.109) 0.133 (0.040-0.371) 0.023 (0.004-0.101) 0.0127 0.9203 0.0223 0.0034

EBC: extrahepatic cholangiocarcinoma; HCV: hepatitis C virus; SD: standard deviation; Cl: cumulative incidence; 95% Cl: 95% confidence interval of cumulative incidence.

Supplementary Table 3. Cumulative incidences of overall mortality among (1) HCV-treated, (2) HCV-untreated and (3) HCV-uninfected cohorts

(1) HCV-treated (2) HCV-untreated (3) HCV-uninfected p values
N=8,331 N=33,324 N=33,324 (4, 2, 3) (1, 2) (4, 3) (2, 3)
Follow-up years, mean + SD 4.77+1.82 4.82+2.00 4.99+1.91
Event number, N (%) 391 (4.69) 4418 (13.26) 1461 (4.38)
Cl, % (95% Cl) 14.259 (12.054-16.645) 28.122 (25.940-30.340)  11.107 (8.643-13.912) <0.0001 <0.0001 0.0451 <0.0001

HCV: hepatitis C virus; SD: standard deviation; Cl: cumulative incidence; 95% Cl: 95% confidence interval of cumulative incidence.
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Supplementary Figure 2. Immunohistochemical staining of HCV core protein in ECC tissue. A positive control from
the liver of an HCV core transgenic mouse (A), ECC from a representative patient with past hepatitis C infection

(B), and ECC from another representative patient with chronic hepatitis C (C). HCV core-positive cells were stained
brown.



