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The irreversible HCV-associated risk of 
gastric cancer following interferon-based 
therapy: a joint study of hospital-based 
cases and nationwide population-based 
cohorts
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Hsin-Ping Ku and Ming-Ling Chang

Abstract
Background: Hepatitis C virus (HCV) infection causes many extrahepatic malignancies; whether it 
increases gastric cancer risk and the risk reverses after anti-HCV therapy remain elusive.
Method: A nationwide population-based cohort study of Taiwan National Health Insurance 
Research Database (TNHIRD) was conducted. In parallel, the risk factors and HCV-core-
protein expressions were surveyed in gastric cancer patients from a tertiary care center.
Results: From 2003 to 2012, of 11,712,928 patients, three 1:4:4, propensity-score-matched 
TNHIRD cohorts including HCV-treated (7545 patients with interferon-based therapy ⩾ 
6 months), HCV-untreated (n = 30,180), and HCV-uninfected cohorts (n = 30,180) were enrolled. 
The cumulative incidences of gastric cancer [HCV-treated: 0.452%; 95% confidence interval 
(CI): 0.149–1.136%; HCV-untreated: 0.472%; 95% CI: 0.274–0.776%; HCV-uninfected: 0.146%; 
95% CI 0.071–0.280%] were lowest in HCV-uninfected cohort (p = 0.0028), but indifferent 
between treated and untreated cohorts. HCV infection [hazards ratio (HR): 2.364; 95% CI: 
1.337–4.181], male sex (HR: 1.823; 95% CI: 1.09–3.05) and age ⩾ 49 years (HR: 3.066; 95% CI: 
1.56–6.026) were associated with incident gastric cancers. Among 887 (males: 68.4%; mean 
age: 66.5 ± 12.9 years, 2008–2018) hospitalized gastric cancer patients, HCV Ab-positive rate 
was 7.8%. None of the investigated factors exhibited different rates between HCV Ab-positive 
and Ab-negative patients. No HCV-core-positive cells were demonstrated in gastric cancer 
tissues.
Conclusions: HCV infection, male sex and old age were risk factors for gastric cancer 
development. HCV-associated gastric cancer risk might be neither reversed by interferon-based 
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 
that infects an estimated 150 million individuals 
worldwide.1 In addition to hepatic complications 
such as steatosis, cirrhosis and hepatocellular 
carcinoma (HCC), HCV causes extrahepatic 
complications including mixed cryoglobulinemia,2 

dyslipidemia, diabetes, obesity, cardiovascular 
events1 and neurological manifestations.3 More-
over, several population-based, large case-control 
or cohort studies had demonstrated the associa-
tions between HCV infection and extrahepatic 
malignancies including lymphoid,4 head and 
heck,5 pancreas, lung, renal, rectal,6 esophageal, 
prostate, thyroid,7 breast, kidney and colon 
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cancers.6 Since gastric cancer is the fourth most 
common incident cancer, the second most com-
mon cause of cancer death8 and most prevalent in 
East Asia,9 whether HCV infection accelerates 
the risk of gastric cancer thus draws our attention. 
Although one study based in the USA showed 
gastric cancer was not more frequent among 
HCV-infected patients compared with the gen-
eral population,6 several evidences have directed 
the potential connections between HCV infection 
and gastric cancer. For example, a study using 
gene-set enrichment and signaling-pathway-
impact analyses showed HCV infection is involved 
in gastric acid secretion;10 gastric-cancer-derived 
FU97 cells exhibited a much higher susceptibility 
to cell-culture-adapted HCV/JFH-2 infection than 
observed in Huh7 cells;11 among patients with 
HCC, the presence of HCV antibody (Ab) was 
positively correlated with the frequency of gastric 
cancer;12 HCV-ribonucleic acid (RNA) has been 
frequently detected in gastric mucosa,13,14 and a 
case report even showed spontaneous elimination 
of serum HCV-RNA after total gastrectomy for 
early gastric cancer in a patient with chronic hepa-
titis C (CHC).15 In addition, some infectious 
agents, including Helicobacter pylori (HP)16 and 
human papilloma virus,17 are involved in the devel-
opment of gastric cancer, while the role of HCV 
infection in gastric cancer remains elusive.

Accordingly, we conducted a nationwide popula-
tion-based cohort study to investigate the associa-
tion of HCV infection with the development of 
gastric cancer in Taiwan, an Asian country 
endemic for HCV infection.18 The impact of 
HCV infection on the risk of gastric cancer was 
investigated by comparing the cumulative inci-
dence of gastric cancers and gastric-cancer-asso-
ciated mortalities among the HCV-infected 
subjects with and without anti-HCV therapy, and 
the participants without HCV infection. In paral-
lel, the risk factors and the gastric HCV-core-
protein expressions were surveyed in patients 
with gastric cancer in a tertiary referral center.

Methods

Taiwan National Health Insurance 
Research Database (TNHIRD) samples and 
measurements
This population-based retrospective cohort study 
used nation-level data, including the National 
Health Insurance (NHI) administrative database, 

the Cancer Registry Database, and the Death 
Registry Database of Taiwan. This mandatory, 
single-payer NHI program provides comprehen-
sive coverage that includes ambulatory care, hos-
pital services, laboratory tests, and prescription 
drugs. More than 99% of the population is 
enrolled in the program and about 92% of health-
care organizations are contracted with the NHI 
Administration. Given that Taiwan is a hyperen-
demic area for hepatitis B virus (HBV) infection, 
which is highly oncogenic, causes many hepatic 
complications19,20 and prominently biases the 
phenotype of HCV infection,21 those who were 
diagnosed with HBV infection in the observation 
period (2003–2012), or with any cancer or mor-
tality occurring prior to 6 months after complet-
ing anti-HCV treatment (the baseline), which is 
the time to ensure therapeutic response,22 were 
excluded.

The HCV-treated cohort included subjects who 
had an HCV-RNA test and received ribavirin and 
pegylated 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 the date of 6 months after com-
pleting the combination therapy. Untreated 
HCV-infected patients were those who had HCV 
test (HCV Ab or HCV-RNA test; their first HCV 
test being the index date), were diagnosed with 
hepatitis C [International Classification of 
Diseases, 9th Revision, Clinical Modification 
(ICD-9-CM) codes: 070.41, 070.44, 070.51, 
070.54, 070.70, 070.71, V02.62], were prescribed 
hepatoprotective agents (silymarin, liver hydro-
lysate, choline bitartrate, or ursodeoxycholic acid), 
but did not receive any anti-HCV therapy (ribavi-
rin or Peg-IFN). HCV-uninfected individuals had 
no HCV diagnosis or HCV tests, and received no 
hepatoprotective agents or anti-HCV therapy. 
The HCV-treated cohort was matched with 
untreated HCV-infected patients (HCV-untreated 
cohort) and with HCV-uninfected individuals 
(HCV-uninfected cohort) through a propensity-
score-matching method indicating the probability 
of receiving the combination therapy, which was 
estimated by using a logistic model. The covari-
ates in the model included sex (male, female), age 
(20–39, 40–49, 50–59, ⩾60), NHI registration 
location (city, township, rural area), the Charlson 
Comorbidity Index (CCI) score (0, 1, ⩾2),23 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  
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counterparts were comparable in observed char-
acteristics. The baselines for the HCV-untreated 
and HCV-uninfected cohorts were assigned 
according to the period from the index date to 
the baseline of their matched counterparts of the 
HCV-treated cohort. The index date of the 
HCV-uninfected individuals was the date of one 
of their physician visits randomly selected from 
their claims database. The matching process for 
the three cohorts is shown in Supplementary 
Figure 1.

Outcomes were defined as the development of 
gastric cancers [ICD-9-CM code: 151; 
International Classification of Diseases for 
Oncology (ICD-O-3): C16]. Types of cancers 
and dates of diagnosis were retrieved from the 
Cancer Registry Database. Participants were fol-
lowed until the date of the event, death, or the 
end of follow up (31 December 2013), whichever 
came first. Dates of death were adopted from the 
Death Registry database. For the HCV-treated 
group, only the gastric cancer or mortality occur-
ring 6 months after the complement of anti-HCV 
therapy were recorded.

10-year risk factor survey of gastric cancer in a 
tertiary referral center
The patients older than 18 years with a diagnosis 
of gastric cancer were consecutively recruited at a 
Taiwan tertiary referral center between July 2008 
and June 2018. The baseline demographic data 
including sex, age, body mass index (BMI), as 
well as habit of smoking, alcohol and betel-nut 
chewing, HP infection, HCV Ab positivity, and 
hepatitis B surface antigen (HBsAg) positivity 
were recorded and analyzed by chart review. The 
diagnosis of HP infection was based upon the 
results of histology or rapid urease tests of the 
gastric wall, or the results of urea breath tests.24

Immunohistochemical staining of gastric 
cancers
The immunohistochemical (IHC) staining of the 
gastric cancers from patients with CHC and with 
past HCV infection were performed using paraffi-
nized samples in the tissue bank of the tertiary 
referral center with cases of gastric cancers 
between July 2008 and June 2018. CHC was 
defined as the presence of documented HCV Abs 
and detectable HCV-RNA for >24 weeks. Past 
HCV infection was defined as positive HCV Ab 
but negative HCV-RNA. The IHC staining for 

HCV-core protein in gastric tissues was performed 
according to the manufacturer’s protocol. The 
liver tissue samples from the HCV-core transgenic 
mice served as positive control.25 In brief, the cells 
were permeabilized with 0.1% Triton-100 (Sigma-
Aldrich corp., St. Louis, MO, USA); incubated 
with the anti-HCV core Ab (mouse monoclonal 
antibody, Virostat, Westbrook, ME, USA); 
washed, and then incubated with a secondary Ab 
(rabbit anti-mouse Ab) (Vector Laboratories, 
Burlingame, CA, USA). The intensity of protein 
expression was determined using ImageJ software 
(National Institutes of Health, Bethesda, MD, 
USA; http://imagej.nih.gov/ij/). The pathology of 
all IHC staining was reviewed by gastrointestinal 
pathologists 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) soft-
ware. Continuous variables were analyzed using a 
Student’s t test, and categorical variables were 
analyzed using a chi-square test or Fisher’s exact 
test, as appropriate. Nonparametric tests were 
applied where indicated. Kaplan–Meier or uni-
variate Cox regression analyses were used to 
assess the relationship among baseline variables 
and the development of gastric cancers. 
Multivariate Cox regression models were used to 
assess the relationship between various depend-
ent and independent variables by adjusting for all 
the independent variables with a p value < 0.1 in 
the univariate analyses. Binary logistic regression 
analysis was performed to access the variables 
that accounted for emergence of events. Cumulative 
incidences of outcomes were estimated and com-
pared by using the modified Kaplan–Meier 
method and the Gray method, with death being a 
competing risk event.26 Subdistribution hazards 
models for competing risks,27 an extension of Cox 
proportional-hazards models, taking competing 
mortality into consideration, were used to esti-
mate adjusted hazards ratio of developing gastric 
cancer, adjusting for age, sex, NHI registration 
location, the CCI score, year of the index date, 
and comorbid liver cirrhosis, chronic obstructive 
pulmonary disease (COPD), end-stage renal disease 
(ESRD), diabetes mellitus (DM), hypertension, 
dyslipidemia, cardiovascular events [including 
percutaneous coronary intervention (PCI), 
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coronary artery bypass graft (CABG), myocardial 
infarction (MI), heart failure, cardiogenic shock, 
and peripheral vascular disease], stroke, HP 
infection, and HP therapy. Statistical significance 
was defined at the 5% level based on two-tailed 
tests of the null hypothesis.

Informed consent
The study protocol conformed to the ethical 
guidelines of the 1975 Declaration of Helsinki 
and was approved by the Chang Gung Medical 
Foundation Institutional Review Board (IRB No: 
104-7005B). The need for consent was waived 
because the national-level data used in this study 
were de-identified by encrypting personal identi-
fication information.

Results

Baseline characteristics
From 1 January 2003 to 31 December 2012, a 
total of 11,712,928 patients without HBV infec-
tion and any malignancies had been eligible in the 
current study (Figure 1). After matching with 
aforementioned baseline factors, 7545 patients 
with HCV infection and had ever received 
Peg-IFN with ribavirin for at least 6 months 
(HCV-treated cohort), 30,180 patients with 
HCV infection but had never been treated 
(HCV-untreated cohort), and 30,180 patients 
without HCV infection (HCV-uninfected cohort) 
had been enrolled. The three cohorts were 
matched in the propensity scores, did not differ in 
baseline demographic factors, residency, CCI 
and index year, although baseline comorbidities 
were not similar. Compared with HCV-untreated 
cohorts, the HCV-treated cohort had higher rates 
of cirrhosis, HP infection and HP therapy, but 
lower rates of baseline ESRD, DM, hypertension, 
dyslipidemia, cardiovascular events, and stroke. 
Compared with the HCV-uninfected cohort, the 
HCV-treated cohort had higher rates of cirrhosis, 
COPD, ESRD, hypertension, HP infection and 
HP therapy, but lower rates of dyslipidemia and 
stroke (Table 1). To lineate the HCV-associated 
complications, we compared the baseline factors 
between the HCV-infected cohort (which was a 
combination of the HCV-treated and HCV-
untreated cohorts) and the HCV-uninfected 
cohort. The HCV-infected cohort had higher rates 
of all baseline comorbidities except dyslipidemia, 

than the HCV-uninfected cohort (Supplementary 
Table 1).

Cumulative incidences of gastric cancers and 
gastric cancer-associated mortality
The HCV-treated, untreated, and uninfected 
cohorts were followed up until death for a duration 
(mean ± standard deviation) of 2.899 ± 1.804 years, 
3.165 ± 1.863 years, and 3.124 ± 1.844 years, 
respectively, with the longest observation of  
9 years. The incidences of gastric cancer were 
lowest in the HCV-uninfected cohort, as gastric 
cancer occurred cumulatively in 0.452% [95% 
confidence interval (CI): 0.149–1.136%], 0.472% 
(95% CI: 0.274–0.776%), and 0.146% (95% CI: 
0.071–0.280%) of the HCV-treated, -untreated, 
and -uninfected cohorts, respectively [Table 2, 
Figure 2(a)]. However, antiviral treatment was 
not associated with an attenuated risk of gastric 
cancer, as the cumulative incidence of gastric 
cancer was indifferent between the treated and 
untreated cohorts (p = 0.4446). We thus pooled 
the data of the HCV-treated and HCV-untreated 
cohorts to form an HCV-infected cohort and 
compared the data between the HCV-infected 
and HCV-uninfected cohorts. The HCV-
uninfected cohort had lower risk of incident 
gastric cancer than the HCV-infected cohort 
[Table 3, Figure 2(b)]. Likewise, the cumulative 
incidence of gastric-cancer-associated mortality 
was significantly lowest in the HCV-uninfected 
cohort (0.007%; 95% CI: 0.001–0.024%) as 
compared with the HCV-treated (0.177 %; 95% 
CI: 0.018–0.953%) and HCV-untreated cohorts 
(0.16%; 95% CI: 0.073–0.325%; p = 0.0056; 
Table 4).

Factors associated with the cumulative 
incidences of gastric cancer
Subdistribution hazards models showed HCV 
infection [hazards ratio (HR): 2.364; 95% CI: 
1.337–4.181], male sex (HR: 1.823; 95% CI: 
1.09–3.05) and age ⩾ 49 years (HR: 3.066; 95% 
CI: 1.56–6.026) were independent factors asso-
ciated with the development of gastric cancers 
(Figure 3). Since HP infection plays a significant 
role in gastric cancer,28 we undertook several 
subanalyses to focus on HP status: (a) one multi-
variate analysis with HP infection survey [HCV-
treated, HCV-untreated and HCV-uninfected 
cohorts, i.e. three cohorts; HCV infection 
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and HCV-uninfected cohorts, i.e. two cohorts; 
Supplementary Figure 2(a) and (b)] and the 
other with HP therapy survey [three and two 
cohorts; Supplementary Figure 3(a) and (b)]; (b) 
multivariate analyses of three cohorts with vari-
ous HP-infection-status surveys (no HP infec-
tion, and HP infection with and without therapy; 
Supplementary Figure 4). However, none of the 
analyses showed any connection between HP 
infection and the development of gastric cancer.

Risk factor survey in hospitalized gastric cancer 
cases
Among the 887 hospitalized gastric cancer patients 
(mean age: 66.5 ± 12.9 years), the males (n = 605, 
68.4%) accounted for the majority. The rates of 
HCV Ab-positive, HBsAg-positive and HP-positive 
patients, and those with habits of smoking, alcohol 
and betel-nut chewing of the enrolled patients were 
7.8%, 14.9%, 23.4%, 33.9%, 30.7% and 7.2%, 
respectively. None of the rates of the investigated 

Figure 1. Flow chart of TNHIRD study participant selection.
HBV, hepatitis B virus; HCV, hepatitis C virus; Peg-IFN, pegylated interferon; PS, propensity score; RNA, ribonucleic acid; 
TNHIRD, Taiwan National Health Insurance Research Database.
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Table 1. Baseline characteristics of the three HCV cohorts of TNHIRD.

(1) (2) (3) p values

  HCV-treated HCV-untreated HCV-uninfected (1)–(2) (1)–(3) (2)–(3)

n 7545 30,180 30,180  

Gender, n (%)  

 Male 4023 (53.32) 16,092 (53.32) 16,092 (53.32) 1 1 1

 Female 3522 (46.68) 14,088 (46.68) 14,088 (46.68)  

Age (mean ± SD), years 49.68 ± 10.76 49.73 ± 11.25 49.12 ± 48.98  

Age range, years, n (%)  

 20–39 1433 (18.99) 5714 (18.93) 5732 (18.99) 0.9993 1 0.9973

 40–49 2107 (27.93) 8446 (27.99) 8428 (27.93)  

 50–59 2655 (35.19) 10,620 (35.19) 10,620 (35.19)  

 ⩾60 1350 (17.89) 5400 (17.89) 5400 (17.89)  

Area, n (%)  

 City 1798 (23.83) 7174 (23.77) 7192 (23.83) 0.9933 1 0.9833

 Township 2334 (30.93) 9350 (30.98) 9336 (30.93)  

 Rural area 3413 (45.24) 13,656 (45.25) 13,652 (45.24)  

CCI score, n (%)  

 0 3815 (50.56) 15,260 (50.56) 15,260 (50.56) 0.9995 1 0.9987

 1 2610 (34.59) 10,444 (34.61) 10,440 (34.59)  

 ⩾2 1120 (14.84) 4476 (14.83) 4480 (14.84)  

Index year, n (%)  

 2003–2006 3683 (48.81) 14,736 (48.83) 14,732 (48.81) 0.9989 1 0.9973

 2007–2009 2464 (32.66) 9859 (32.67) 9856 (32.66)  

 2010–2012 1398 (18.53) 5585 (18.51) 5592 (18.53)  

Baseline factor, n (%)  

 Liver cirrhosis 669 (8.87) 1427 (4.73) 13 (0.04) <0.0001 <0.0001 <0.0001

 COPD 846 (11.21) 3422 (11.34) 2851 (9.45) 0.7575 <0.0001 <0.0001

 ESRD 41 (0.54) 635 (2.1) 80 (0.27) <0.0001 0.0001 <0.0001

 DM 1336 (17.71) 6539 (21.67) 5451 (18.06) <0.0001 0.4733 <0.0001

 Hypertension 2155 (28.56) 10,285 (34.08) 7984 (26.45) <0.0001 0.0002 <0.0001

 Dyslipidemia 913 (12.1) 5964 (19.76) 5354 (17.74) <0.0001 <0.0001 <0.0001
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(1) (2) (3) p values

  HCV-treated HCV-untreated HCV-uninfected (1)–(2) (1)–(3) (2)–(3)

Cardiovascular events* 175 (2.32) 1218 (4.04) 746 (2.47) <0.0001 0.4429 <0.0001

 Stroke 225 (2.98) 1410 (4.67) 1460 (4.84) <0.0001 <0.0001 0.3389

 HP infection 182 (2.41) 544 (1.8) 480 (1.59) 0.0009 <0.0001 0.047

 HP therapy 55 (0.73) 140 (0.46) 116 (0.38) 0.0053 0.0002 0.1496

* Cardiovascular events including percutaneous coronary intervention, coronary artery bypass graft, myocardial infarction, heart failure, cardiogenic 
shock, and peripheral vascular disease.

CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; DM, diabetes; ESRD, end-stage renal disease; HCV, hepatitis C 
virus; HP, Helicobacter pylori; SD, standard deviation; TNHIRD, Taiwan National Health Insurance Research Database.

Table 1. (Continued)

Table 2. Comparison of cumulative incidence of gastric cancers among three HCV cohorts.

Gastric cancer HCV-treated HCV-untreated HCV-uninfected p value

n 7545 30,180 30,180  

Follow up (years), mean ± SD 2.899 ± 1.804 3.165 ± 1.863 3.124 ± 1.844  

Event number, n (%) 7 (0.09) 44 (0.15) 16 (0.05)  

Competing mortality, n (%) 127 (1.68) 1830 (6.06) 635 (2.10)  

Cumulative incidence, % (95% CI) 0.452 (0.149–1.13) 0.472 (0.274–0.776) 0.146 (0.071–0.280) 0.0028

Comparison of cumulative incidence of gastric cancers among HCV-treated, HCV-untreated and HCV-uninfected cohorts.
CI, confidence interval; HCV, hepatitis C virus; SD, standard deviation.

factors were different between the HCV Ab-positive 
and HCV Ab-negative patients (Supplementary 
Table 2).

Among the investigated factors, male sex was 
correlated with age [Pearson correlation coeffi-
cient (PCC): 0.09, p = 0.007], habits of smok-
ing (PCC: 0.406, p < 0.001), alcohol (PCC: 
0.337, p < 0.01), and betel-nut chewing (PCC: 
0.141; p < 0.001). The male patients were older 
(67.26 ± 12.1 versus 64.74 ± 14.1, p = 0.011), 
had higher smoking-habit rates (47.4% versus 
6.0%, p < 0.001), alcohol intake (38.2% versus 
5.7%, p < 0.001) and betel-nut chewing (9.6% 
versus 1.8%, p < 0.001) than the female patients. 
The HCV Ab positivity was not associated with 
any of the investigated factors.

IHC studies
No HCV-core-positive cells could be demon-
strated in the gastric cancer tissue, for both CHC 

and past HCV-infected patients (Supplementary 
Figure 5).

Discussion
The key results of the current study are: (a) the 
incidence of gastric cancer was lowest in the HCV-
uninfected cohort and indifferent between the 
HCV-treated and HCV-untreated cohorts; (b) 
HCV infection, male sex and age ⩾ 49 years were 
factors associated with the development of gastric 
cancers; (c) no HCV-core-positive cells could be 
demonstrated in the gastric cancer tissue.

The higher rate of baseline cirrhosis in the HCV-
treated versus the HCV-untreated cohorts of 
TNHIRD coincided with the fact that only patients 
with fibrosis score ⩾ 1 were reimbursed for anti-
HCV therapy,29 and the other different variables 
between these two cohorts highlight that the 
patients with comorbidities ineligible for the IFN-
based therapy had been excluded for therapy. The 
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differences in the baseline variables between the 
HCV-infected and HCV-uninfected cohorts were 
consistent with the fact that HCV infection elicits 
many cardiometabolic events.1 Besides, the higher 
rate of HP infection in the HCV-infected cohort 
versus the HCV-uninfected cohort echoed the 
strong association between HP and CHC, albeit 
the mechanism being uncertain.30 Thus, the base-
line comparisons of the three cohorts confirmed 
the reliability of the TNHIRD data.

Of note, consistent with the fact that the HCV-
uninfected cohort had the lowest cumulative 

incidences of gastric cancer among the three 
cohorts, HCV infection was a positive factor for 
the development of gastric cancer. By contrast, 
although HP infection has been established as a 
risk factor for gastric cancer28 and the TNHIRD 
study confirmed the high prevalence of HP infec-
tion in the HCV-infected cohort as mentioned 
above, all the associated analyses excluded HP 
infection being the risk factor for gastric cancer 
among the three cohorts. Given that the HCV-
infected cohort had a higher HP therapy rate 
than the HCV-uninfected cohort, it is likely that 
the HP-associated gastric carcinogenesis had 

Table 3. Comparison of the cumulative incidence of gastric cancer between the HCV-infected and HCV-
uninfected cohorts.

Gastric cancer HCV-infected HCV-uninfected p value

Number 37,725 30,180  

Mean years’ follow up ± SD 3.11 ± 1.85 3.12 ± 1.84  

Event number, n (%) 51 (0.14) 16 (0.05)  

Competing mortality, n (%) 1957 (5.19) 635 (2.10)  

Cumulative incidence, % (95% CI) 0.470 (0.289–0.736) 0.146 (0.071–0.280) 0.0009

The HCV-infected cohort comprises the HCV-treated and HCV-untreated cohorts.
CI, confidence interval; HCV, hepatitis C virus; SD, standard deviation.

Figure 2. Cumulative incidence of gastric cancers among three TNHIRD cohorts, including HCV-treated, HCV-
untreated and HCV-uninfected cohorts.
Cumulative incidence of gastric cancers among the three TNHIRD cohorts, including HCV-treated, HCV-untreated and 
HCV-uninfected cohorts (a) and between two TNHIRD cohorts including HCV-infected (pooled data of HCV-treated and HCV-
untreated cohorts) and HCV-uninfected cohorts (b).
HCV, hepatitis C virus; TNHIRD, Taiwan National Health Insurance Research Database.
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been blunted by the effective anti-HP therapy. 
On the other hand, the hospital-based study had 
comprehensively surveyed the potential risk fac-
tors for gastric cancer. Compared with the gen-
eral population in Taiwan, the prevalence rates of 
HP and HBV infections, and habits of alcohol 
and betel chewing were either similar or lower in 
the patients with gastric cancer, regardless of sex 
effects.31–34 Thus, the hospital-based study did 
not support the aforementioned factors to be 
strong risk factors for gastric cancer. However, 
both the HCV Ab-positive (7.8%) and smoking 
rates (34.3%) of the hospitalized gastric cancer 
patients were higher than that of the general pop-
ulation (2% of HCV viremia35 and 2.7% of esti-
mated HCV Ab positivity,36 and 14.5% of 
smoking rate37) in Taiwan. Both HCV infection 
and smoking are thus potential risk factors for 
gastric cancers based on the hospital study. 
Moreover, HCV infection was not associated 
with smoking, and none of the investigated fac-
tors exhibited different rates between the HCV 
Ab-positive and HCV Ab-negative patients, the 
impact of HCV infection on the development of 
gastric cancer might thus be independent. Since 
we did not show any HCV-core-positive cells in 
the gastric cancer tissue, no evidence of HCV 
replication in stomach tissue could thus be pro-
vided in the current study. Certainly, this cannot 
preclude the possibility of the carcinogenic role of 
direct invasion of HCV in the stomach, since the 
HCV protein expression in the host cells are 
hardly visible,38 despite HCV-RNA being fre-
quently detected in gastric mucosa.13,14 However, 

compared with local effect,3 systemic parameters 
such as endocrine effects or a heightened immune 
reaction subsequent to HCV infection3 are prob-
ably more likely the culprits of accelerated risk of 
gastric cancer in patients with HCV infection. In 
addition, given that the cumulative incidence of 
gastric cancer between the HCV-treated and 
untreated cohorts were indifferent, the HCV-
associated risk in gastric cancer development 
seems to not be attenuated by viral clearance once 
the process of gastric carcinogenesis has been ini-
tiated. Although most HCV infections are cur-
rently curable with potent, direct-acting antiviral 
agents,39 special caution is still warranted for the 
incident gastric cancer in patients with HCV 
infection who have achieved a sustained virologi-
cal response following anti-HCV therapy.

In addition to HCV infection, male sex and age ⩾ 
49 years were risk factors for gastric cancer devel-
opment based on the THNIRD study. The asso-
ciations between gastric cancer and male sex or 
old age has been consistently reported40,41 and 
strengthen the reliability of our results. Moreover, 
the hospital-based study confirmed that patients 
with gastric cancer were male dominant (68.4%) 
and old (mean age: 66.5 years). Estrogens may 
protect against the development of gastric cancer42 
and decrease the risk of gastric cancer in females.43 
On the other hand, environmental or occupa-
tional exposures may play a role in the male-dom-
inant trend of gastric cancer, as men are more 
likely to smoke tobacco products.44 The results of 
our hospital-based study also confirm the high 

Table 4. Comparison of the cumulative incidence of gastric-cancer-associated mortality among three HCV 
cohorts.

Gastric cancer  HCV-treated HCV-untreated HCV-uninfected p value

Number 7545 30,180 30,180  

Mean years’  
follow up ± SD

2.901 ± 1.804 3.167 ± 1.864 3.124 ± 1.843  

Event number, n (%) 1 (0.01) 15 (0.05) 2 (0.01)  

Competing mortality, 
n (%)

127 (1.68) 1837 (6.09) 636 (2.11)  

Cumulative incidence, 
% (95% CI)

0.177 (0.018–0.953) 0.16 (0.073–0.325) 0.007 (0.001–0.024) 0.0056

Comparison of cumulative incidence of gastric-cancer-associated mortality among HCV-treated, HCV-untreated, and HCV-
uninfected cohorts.
CI, confidence interval; HCV, hepatitis C virus; SD, standard deviation.
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correlation of male sex with the habits of smok-
ing, alcohol and betel-nut chewing.

There are several limitations recognized in the 
current study. First, given that the TNHIRD did 
not contain direct laboratory results, we could not 
clarify the correlation of sustained virological 
response (SVR) to anti-HCV therapy with gastric 
cancer. However, we are confident of the antiviral 
efficacy in the HCV-treated cohort since IFN-
based therapy for HCV infection generally 
achieves an SVR rate ranged from 70% to 90% in 
Taiwan,22,45 where a favorable genetic variation in 
interleukin-28B is prevalent.46,47 Second, there 
were likely some undiagnosed HCV-infected 

patients in the HCV-uninfected cohort (who 
never received HCV tests). However, since the 
reimbursement of anti-HCV therapy in Taiwan is 
nationwide, and only 2.0–2.7%35,36 of the Taiwanese 
were supposed to be HCV positive, the rate of 
undiagnosed HCV infection of the HCV-
uninfected cohort should be negligible and might 
not bias our results. Third, information of impor-
tant risk factors of gastric cancers including smok-
ing and alcohol consumption were lacking in the 
TNHIRD, and the impact of these risk factors on 
gastric cancer cannot be assessed, although our 
hospital-based data provided some clues in linking 
smoking and gastric cancer. Fourth, variations in 
physician visits among different individuals of the 

Figure 3. Forest plot of factors associated with incident gastric cancers in the TNHIRD cohorts.
CI, confidence interval; COPD, chronic obstructive pulmonary disease; DM, diabetes; ESRD, end-stage renal disease; HCL, 
higher confidence limit; HCV, hepatitis C virus; HP, Helicobacter pylori; HR, hazards ratio; LCL, lower confidence limit; 
TNHIRD, Taiwan National Health Insurance Research Database.
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HCV-uninfected cohort were not considered, 
and whether different underlying disease affects 
the statistical results remains elusive. Fifth, the 
precise mechanism of the increased risk of gastric 
cancer in the patients with HCV infection was 
undetermined. Future prospective studies in 
other independent cohorts with identifiable SVR 
following anti-HCV therapy, comprehensive sur-
veys of risk factors, considered stratification of 
patient subpopulation, and sophisticated molecu-
lar or animal investigations are required to eluci-
date the fundamental mechanisms underlying the 
findings described here.

Taken together, HCV infection, male sex and old 
age were positive factors for the development of gas-
tric cancer. However, the HCV-associated risk for 
gastric cancer development might be neither reversed 
by IFN-based anti-HCV therapy, nor associated 
with in situ HCV-core-related carcinogenesis.
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