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INTRODUCTION: Despite the overall association of aspirin on reduced hepatocellular carcinoma (HCC) risk, there have

been few studies on its benefit according to specific clinical conditions among hepatitis B virus (HBV)-

infected patients. This study aimed to identify subgroups which benefit from long-term aspirin use.

METHODS: Nationwide data covering theHBV-infected population in theRepublic of Korea from2010 to 2011were

analyzed. Patients who had been taking Aspirin for ‡3 years were classified as aspirin users. The primary

outcome was HCC development. The multivariable Fine and Gray competing risk regression model was

used to estimate the adjusted hazard ratio (HR) in the entire cohort. Propensity score matching at a 1:4

ratio was also performed.

RESULTS: Among161,673patients, 7,083newly developedHCCduring follow-up (mean: 7.5 years). After adjusting

for age, sex,hypertension,diabetesmellitus,dyslipidemia, cirrhosis, antivirals,metformin, statin, smoking,

alcohol consumption, and obesity, aspirin users (n5 9,837) were less likely to develop HCC; the adjusted

HRwas 0.84 (P5 0.002) in the entire cohort and 0.87 (P5 0.010) in thematched cohort. Association of

aspirin use with all-causemortality was not significant (HR5 0.93; P5 0.192), whereas association with

liver-related mortality was significant (HR5 0.79; P5 0.019). A significant association was observed in

the subgroups with cirrhosis, both sexes, hypertension, non–diabetes mellitus, nonantivirals against

chronic hepatitis B, nonmetformin use, nonstatin use, both smoking histories, and obesity (all P < 0.05).

DISCUSSION: Long-termaspirin use is significantly associatedwith reduced risk ofHCC in chronicHBVpatients.More

comprehensive studies should be implemented to clarify the causal relationship.

SUPPLEMENTARYMATERIAL accompanies this paper at http://links.lww.com/AJG/C472, http://links.lww.com/AJG/C473, http://links.lww.com/AJG/C474, http://links.

lww.com/AJG/C475, and http://links.lww.com/AJG/C476.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection has been amajor public
health problem affecting approximately 300 million people
worldwide, especially in HBV-endemic areas such as East Asian
countries (1–3). It is one of the crucial causative factors for the
development of hepatocellular carcinoma (HCC), which is now
the second leading cause of cancer-related mortality (4), and is
expected to increase almost twofold by 2040 (5,6). Long-term
antiviral therapy (AVT) using potent oral nucleos(t)ide analogs,
which can effectively lead to virological and biochemical re-
mission, remarkably reduces the risk of HCC development (7).
However, because hepatocarcinogenesis among patients with
chronic HBV infection progresses through complex pathways

involving viral, host, and environmental factors, it is difficult to
completely eliminate the risk of HCC. Therefore, along with ef-
fective AVT, other effective strategies of chemoprevention for
HCC have recently been reappraised (8).

Recently, several plausible mechanisms have been raised that
aspirin may have a protective association on HCC by inhibiting
platelet activation pathway (9) and inducing apoptosis of cancer
(10). Indeed, patients receiving aspirin reportedly had a signifi-
cantly favorable clinical outcome in terms of reduced risk of HCC
development, with hazard ratios (HRs) ranging from 0.7 to 0.8, in
populations with chronic liver diseases, including chronic HBV
infection (11–14). Given that HBV is prevalent in East Asian
countries, there have been many studies designed to elucidate the
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protective association between aspirin use and HCC incidence in
the general population, although few studies have been conducted
with an at-risk population of chronic HBV.

Although a well-controlled cohort study from Taiwan repor-
ted a protective association of aspirin on HCC in chronic HBV
patients, the study did not control for minimal latency of HCC
and long-term aspirin use (11). Furthermore, studies with small
sample sizes might not be able to determine whether aspirin use
has a protective association, even with HBV infection-related
comorbidity, including liver cirrhosis. In the same context, more
comprehensive analysis is needed to determine the clinical im-
plications in patients with different metabolic health status and
other drug use.

Therefore, we aimed to assess the protective association of
long-term aspirin on the risk of HCC, with a view to propose a
clinical indication for aspirin according to metabolic factors and
other drug use.

METHODS

Data source and study population

This nationwide cohort study used data from the National Health
Insurance Service (NHIS) of the Republic of Korea between Jan-
uary 1, 2010, and December 31, 2018. This database includes pa-
tient demographic data, outpatient visit or hospitalization dates,
principal diagnosis codes, medical examination and treatment,
detailed statements of drug prescription, and health examination
data. The International Classification ofDiseases 10th edition (ICD-
10) codes used in this study are summarized in Supplementary
Table 1 (http://links.lww.com/AJG/C475).

From this database, all patients with chronic hepatitis B (CHB,
with/without hepatitis delta virus [HDV]), aged $40 years, and
receiving a health examination were screened for potential eli-
gibility. Patients with any records of outpatient visit or hospi-
talization in 2010 and 2011 were enrolled. Because the report of
theWorldTradeCenterHealth Program suggested that any study
related to solid cancers should include enough time lag for several
years (15), an aspirin user was defined as a patient who has been
taking aspirin for at least 3 years or more during the follow-up
period in this study; this is different from definitions used in other
studies (11,13). Prescription time-distribution matching, which
randomlymatches the index date of nonusers with the index date
of aspirin users with replacement, was performed to set the index
date of nonusers by controlling immortal time bias (16). The
exclusion criteria were as follows: (i) history of HCC; (ii) coin-
fection with hepatitis C virus or human immunodeficiency virus;
(iii) history of extrahepaticmalignancy; (iv) history ofmyocardial
infarction or ischemic stroke; (v) decompensated liver cirrhosis;
and (vi) patients with HCC, death, or orthotopic liver trans-
plantation (OLT) before an additional 3-year time lag from the
index date. All diseases were defined using ICD-10 codes when 3
or more outpatient visits or 1 or more hospitalizations occurred.
The exclusion criteria of decompensated liver cirrhosis, which is
summarized in Supplementary Table 2 (see Supplementary
Digital Content 4, http://links.lww.com/AJG/C475), were de-
cided based on the ICD-10 code for diagnosis and claim code for
the procedure related to the diagnosis of participants. The de-
tailed schematic flow of the patient selection process is described
in Figure 1.

This study was approved by the institutional review board of
the Yonsei University Hospital (IRB 4-2018-1132). The need for

informed consent was waived because data from the NHIS were
not individually identifiable.

Main outcomes

The primary endpoint of our study was HCC occurrence, with
death andOLT considered as competing risk events. Liver-related
and all-cause mortality was set to secondary endpoints. The date
of HCC occurrence was set to the first day of outpatient visit or
hospitalization for diagnosis. The last follow-up date was set to
the date of HCC occurrence, death, OLT, or the end of the study
period (December 31, 2018). The time lag for the outcomes was
primarily defined as 3 years from the index date based on the
definition of a long-term aspirin user.

Definition of cohort variables

Disease histories of hypertension (HTN), diabetesmellitus (DM),
dyslipidemia, and liver cirrhosis were defined using the ICD-10
codes (see Supplementary Table 1, Supplementary Digital Con-
tent 4, http://links.lww.com/AJG/C475). AVT against CHB,
metformin use, and statin use was defined using the same criteria
as aspirin use, which was set to a prescription of 3 years or more.
AVT against CHB included tenofovir, entecavir, lamivudine,
adefovir, clevudine, and peginterferon-alpha. Based on smoking
history, patients were classified as nonsmokers, ex-smokers, and
current smokers. Patients who consumed 5 or more glasses of
alcohol per week in women or 7 glasses or more of alcohol per
week in men were defined as heavy alcohol drinkers, whereas
others were defined as none to social drinkers. Obesity was cat-
egorized based on the body mass index of Asian guidelines as
follows: underweight (,18.5 kg/m2), normal (18.5–22.9 kg/m2),
overweight (23–24.9 kg/m2), and obese ($25 kg/m2) (17).

Statistical analyses

For continuous and categorical data, independent t tests and x2

tests were used to examine differences between patients with and
without aspirin use, respectively. HRs with 95% confidence in-
tervals (CIs) were calculated using Cox regression analysis, and
competing risk of mortality andOLTwere controlled by Fine and
Gray regression (FGR). Adjusted HRs were calculated with ad-
justments for age, sex, HTN, DM, dyslipidemia, liver cirrhosis,
AVT against CHB, metformin use, statin use, smoking history,
alcohol consumption, and obesity in a multivariable survival
analysis. The adjustedHRs of liver-related and all-causemortality
were further calculated using the equivalent method of survival
analysis. Multicollinearity of the models was measured by using
variance inflation values. Moreover, to elucidate the role of as-
pirin by certain characteristics, the entire cohort was stratified
according to HNT, DM, dyslipidemia, liver cirrhosis, AVT
against CHB, metformin use, statin use, smoking history, alcohol
consumption, and obesity. The same methods were used in each
subgroup analysis, and the P value for interaction was calculated
for each stratum. Interaction analysis between aspirin and statin
use on HCC was further conducted.

Several sensitive analyses were performed. To ensure the time
lag effect between aspirin and cancer incidence, analysis was
performed by excluding patients with outcome or competing risk
events within an additional time lag of 6, 12, and 24 months (13).
In addition, the proportion of coinfection with HDV was esti-
mated, and adjusted HRs were calculated by additionally
adjusting HDV in the FGRmodel. To elucidate the association of
long-term aspirin, adjusted HRs of HCC were estimated by using
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definition of aspirin userwith the use of aspirin for 90 days, 1 year,
3 years, and 5 years. In addition, cumulative incidence of HCC
between aspirin user and nonuser was compared among indi-
viduals without HTN, smoking history, alcohol consumption, or
DM using Kaplan–Meier plot and log-rank test.

Furthermore, to reduce the effect of selection bias and po-
tential confounding between aspirin users andnonusers, a logistic
regressionmodelwas used to calculate propensity scores based on
age, sex, HTN, DM, dyslipidemia, liver cirrhosis, AVT against
CHB, metformin use, statin use, smoking history, alcohol con-
sumption, and obesity, and the nearest method was used for
propensity score matching (PSM) analysis between the 2 groups
with a ratio of 1:4. The absolute standardizedmean difference was
used to examine the balance of covariate distribution between
aspirin users and nonusers (18). The cumulative incidences of
HCC and mortality between aspirin users and nonusers in the
PSM cohort were plotted using the Kaplan–Meier method. The
difference in HCC and mortality between the 2 groups was
compared using the log-rank test.

All statistical analyses were conducted using SAS version 9.2
(SAS Institute, Cary, NC) and R software version 4.0.3 (http://
cran.r-project.org/). Two-tailed P values ,0.05 were considered
statistically significant.

RESULTS
Baseline characteristics of the entire population and after PSM

According to the enrollment criteria, 161,673 participants with
1,218,026 person-years (PY) were recruited for data analysis.
Baseline characteristics of the entire cohort are summarized in
Table 1. The mean age was 51.8 6 8.2 years with a slight male
predominance of 57.2%. Aspirin users were older (58.25 vs 51.41)
andmore likely to haveHTN(88.0 vs 33.1%),DM(45.2 vs 18.1%),
dyslipidemia (48.6 vs 30.8%), metformin use (28.4 vs 7.32%),
statin use (48.3 vs 10.3%), and heavy alcohol consumption (25.7
vs 21.7%) when compared with nonusers (all P , 0.001).

PSM with a 1:4 ratio provided 9,837 pairs, with 9,837 aspirin
users and 39,348 nonusers. Although the P values of most vari-
ableswere below0.001 after PSM, the absolute standardizedmean
difference was below 0.1, except for statin use, implying that the

overall balance of covariate distribution was validated (see Sup-
plementary Figure 1, Supplementary Digital Content 1, http://
links.lww.com/AJG/C472).

Clinical outcomes in terms of the risk of HCC development and

all-cause mortality according to aspirin use

During the follow-up, 7,083 new HCC cases were identified, 385
(3.91%) of whom were aspirin users and 6,698 (4.41%) were
nonusers. The median follow-up period of aspirin user and non-
user was both 7.92 years. The cumulative incidence of HCC on
aspirin user and nonuser was 1.7% (1.4–1.9) and 2.1% (2.0–2.1),
respectively (P, 0.001). The average incidence rate of HCC in the
entire cohort was 581 per 100,000 PY (95% CI: 568–595 per
100,000 PY). The average incidence rate of HCC was 517 per
100,000 PY (95% CI: 468–571 per 100,000 PY) in the aspirin user
group and 586 per 100,000 PY (95% CI: 572–600 per 100,000 PY)
in the nonuser group (P 5 0.019). In the entire cohort, the crude
HR forHCC in aspirin users in comparisonwith nonuserswas 0.88
(95% CI: 0.79–0.97; P 5 0.013). The adjusted HRs in the multi-
variable Cox proportional hazard model and the FGR model were
0.83 (95%CI: 0.75–0.93; P5 0.001) and 0.84 (95%CI: 0.76–0.94; P
5 0.002), respectively (Table 2).

In the PS-matched cohort, such a relationship was slightly at-
tenuated but consistently reproduced. The crude HR of HCC after
aspirin use was 0.72 (95% CI: 0.65–0.80; P, 0.001). The adjusted
HRs in the Cox proportional hazard model and FGR model were
0.86 (95% CI: 0.77–0.96; P5 0.006) and 0.87 (95% CI: 0.78–0.97;
P 5 0.01), respectively (Table 2). An additional time lag of 6, 12,
and 24 months did not attenuate the relationship between aspirin
use andHCC incidence (HR5 0.88 [95%CI: 0.78–0.98;P5 0.017]
for 6 months; HR 5 0.87 [95% CI: 0.77–0.98; P 5 0.021] for 12
months; and HR 5 0.86 [95% CI: 0.75–0.99; P 5 0.035] for 24
months; see Supplementary Table 3, Supplementary Digital Con-
tent 4, http://links.lww.com/AJG/C475).

Adjusted HRs of liver-related and all-cause mortality in the
multivariable Cox proportional hazard model are presented in
Table 3. Aspirin use was not associated with the risk of all-cause
mortality (HR5 0.93, 95% CI: 0.83–1.04; P5 0.192), whereas it
was associated with the risk of liver-relatedmortality (HR5 0.79,

Figure 1. Schematic flow of patient selection. CHB, chronic hepatitis B; HCV, hepatitis C virus; HIV, human immunodeficiency virus; PTDM, post-transplant
diabetes mellitus.
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95% CI: 0.64–0.96, P5 0.019). The cumulative incidence plots of
HCC and all-cause mortality are shown in Figure 2. The cumu-
lative incidence ofHCC in the aspirin user groupwas significantly

lower than that in the nonuser group in the matched cohort (P,
0.001), whereas the cumulative incidence of all-cause mortality
was not significantly different between the 2 groups.

Table 1. Baseline characteristics of participants in the entire and PS-matched cohort by aspirin use

The entire cohort (n 5 161,673) PS-matched cohort (n 5 49,185)

Aspirin user (n5 9,837) Nonuser (n5 151,836) P Aspirin user (n5 9,837) Nonuser (n 5 39,348) P

Age 58.25 (8.71) 51.41 (8.02) ,0.001 58.25 (8.71) 56.99 (8.37) ,0.001

Sex ,0.001 0.693

Male 5,984 (60.83) 86,485 (56.96) 5,984 (60.83) 23,848 (60.61)

Female 3,853 (39.17) 65,351 (43.04) 3,853 (39.17) 15,500 (39.39)

Hypertension ,0.001 0.002

No 1,182 (12.02) 101,583 (66.9) 1,182 (12.02) 4,288 (10.90)

Yes 8,655 (87.98) 50,253 (33.1) 8,655 (87.98) 35,060 (89.10)

Diabetes mellitus ,0.001 ,0.001

No 5,387 (54.76) 124,337 (81.89) 5,387 (54.76) 24,412 (62.04)

Yes 4,450 (45.24) 27,499 (18.11) 4,450 (45.24) 14,936 (37.96)

Dyslipidemia ,0.001 ,0.001

No 5,053 (51.37) 105,008 (69.16) 5,053 (51.37) 21,923 (55.72)

Yes 4,784 (48.63) 46,828 (30.84) 4,784 (48.63) 17,425 (44.28)

Liver cirrhosis ,0.001 ,0.001

No 8,251 (83.88) 118,317 (77.92) 8,251 (83.88) 31,765 (80.73)

Yes 1,586 (16.12) 33,519 (22.08) 1,586 (16.12) 7,583 (19.27)

Antiviral therapy ,0.001 ,0.001

No 7,299 (74.20) 94,267 (62.08) 7,299 (74.20) 27,515 (69.93)

Yes 2,538 (25.80) 57,569 (37.92) 2,538 (25.80) 11,833 (30.07)

Metformin use ,0.001 ,0.001

No 7,039 (71.56) 140,722 (92.68) 7,039 (71.56) 31,486 (80.02)

Yes 2,798 (28.44) 11,114 (7.32) 2,798 (28.44) 7,862 (19.98)

Statin use ,0.001 ,0.001

No 5,090 (51.74) 136,276 (89.75) 5,090 (51.74) 27,462 (69.79)

Yes 4,747 (48.26) 15,560 (10.25) 4,747 (48.26) 11,886 (30.21)

Smoking history ,0.001 0.25

Nonsmoker 5,590 (56.83) 90,778 (59.79) 5,590 (56.83) 22,583 (57.39)

Ex-smoker 2,247 (22.84) 29,303 (19.30) 2,247 (22.84) 8,681 (22.06)

Current smoker 2,000 (20.33) 31,755 (20.91) 2,000 (20.33) 8,084 (20.55)

Alcohol drink ,0.001 0.291

No 7,305 (74.26) 118,922 (78.32) 7,305 (74.26) 29,426 (74.78)

Yes 2,532 (25.74) 32,914 (21.68) 2,532 (25.74) 9,922 (25.22)

Obesity ,0.001 ,0.001

Underweight 76 (0.77) 3,414 (2.25) 76 (0.77) 407 (1.03)

Normal 2,115 (21.5) 55,728 (36.7) 2,115 (21.5) 9,006 (22.89)

Overweight 2,503 (25.44) 40,379 (26.59) 2,503 (25.44) 10,490 (26.66)

Obese 5,143 (52.28) 52,315 (34.45) 5,143 (52.28) 19,445 (49.42)

Data are presented as mean (SD) or n (%).
PS, propensity score.
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Table 2. Multivariate Cox proportional hazard/Fine and Gray Regression analysis of HCC

The entire cohort PS-matched cohort

Cox proportional hazard Fine and Gray Cox proportional hazard Fine and Gray

Adjusted HR (95% CI) P Adjusted HR (95% CI) P Adjusted HR (95% CI) P Adjusted HR (95% CI) P

Aspirin use

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.83 (0.75–0.93) 0.001 0.84 (0.76–0.94) 0.002 0.86 (0.77–0.96) 0.006 0.87 (0.78–0.96) 0.010

Age 1.05 (1.04–1.05) ,0.001 1.04 (1.04–1.05) ,0.001 1.04 (1.03–1.04) ,0.001 1.04 (1.03–1.04) ,0.001

Sex

Female 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Male 1.72 (1.61–1.84) ,0.001 1.71 (1.60–1.83) ,0.001 1.59 (1.41–1.78) ,0.001 1.57 (1.40–1.76) ,0.001

Hypertension

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.14 (1.08–1.20) ,0.001 1.14(1.08–1.20) ,0.001 1.30 (1.11–1.52) 0.002 1.30 (1.11–1.53) 0.001

Diabetes mellitus

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.51 (1.42–1.60) ,0.001 1.48 (1.39–1.57) ,0.001 1.41 (1.29–1.55) ,0.001 1.38 (1.26–1.52) ,0.001

Dyslipidemia

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.79 (0.75–0.84) ,0.001 0.81 (0.76–0.85) ,0.001 0.73 (0.67–0.80) ,0.001 0.74 (0.68–0.82) ,0.001

Liver cirrhosis

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 7.96 (7.55–8.39) ,0.001 7.85 (7.43–8.30) ,0.001 6.94 (6.37–7.57) ,0.001 6.82 (6.22–7.48) ,0.001

Antiviral therapy

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.74 (0.71–0.78) ,0.001 0.76 (0.72–0.80) ,0.001 0.90 (0.82–0.98) 0.011 0.92 (0.84–1.01) 0.078

Metformin use

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.80 (0.73–0.88) ,0.001 0.81 (0.74–0.89) ,0.001 0.79 (0.70–0.89) ,0.001 0.81 (0.71–0.91) ,0.001

Statin use

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 0.47 (0.42–0.52) ,0.001 0.47 (0.42–0.53) ,0.001 0.50 (0.44–0.56) ,0.001 0.50 (0.44–0.56) ,0.001

Smoking history

Nonsmoker 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Ex-smoker 1.14 (1.06–1.22) ,0.001 1.14 (1.06–1.22) ,0.001 1.20 (1.07–1.34) 0.002 1.20 (1.07–1.34) 0.002

Current smoker 1.66 (1.56–1.78) ,0.001 1.64 (1.53–1.75) ,0.001 1.74 (1.55–1.95) ,0.001 1.70 (1.51–1.91) ,0.001

Alcohol drink

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes 1.29 (1.22–1.37) ,0.001 1.29 (1.22–1.37) ,0.001 1.20 (1.09–1.33) 0.001 1.21 (1.10–1.33) ,0.001

Obesity

Underweight 0.92 (0.77–1.10) 0.369 0.90 (0.74–1.08) 0.241 0.47 (0.27–0.82) 0.008 0.45 (0.26–0.78) 0.005

Normal 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Overweight 1.11 (1.05–1.18) 0.001 1.12 (1.05–1.19) ,0.001 1.15 (1.02–1.28) 0.019 1.16 (1.03–1.30) 0.012

Obese 1.17 (1.10–1.24) ,0.001 1.18 (1.11–1.25) ,0.001 1.17 (1.06–1.30) 0.003 1.18 (1.07–1.31) 0.001

CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; PS, propensity score.
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Table 3. Multivariate Cox proportional hazard analysis of all-cause and liver-related mortality

All-cause mortality Liver-related mortality

Adjusted HR (95% CI) P Adjusted HR (95% CI) P

Aspirin use

No 1.00 (reference) 1.00 (reference)

Yes 0.93 (0.83–1.04) 0.192 0.79 (0.64–0.96) 0.019

Age 1.08 (1.08–1.09) ,0.001 1.06 (1.05–1.06) ,0.001

Sex

Female 1.00 (reference) 1.00 (reference)

Male 1.71 (1.58–1.85) ,0.001 1.86 (1.64–2.11) ,0.001

Hypertension

No 1.00 (reference) 1.00 (reference)

Yes 1.19 (1.12–1.27) ,0.001 1.11 (1.01–1.22) ,0.001

Diabetes mellitus

No 1.00 (reference) 1.00 (reference)

Yes 1.93 (1.80–2.07) ,0.001 1.79 (1.61–2.00) ,0.001

Dyslipidemia

No 1.00 (reference) 1.00 (reference)

Yes 0.59 (0.55–0.64) ,0.001 0.59 (0.52–0.66) ,0.001

Liver cirrhosis

No 1.00 (reference) 1.00 (reference)

Yes 3.55 (3.34–3.77) ,0.001 10.89 (9.83–12.06) ,0.001

Hepatitis B treatment

No 1.00 (reference) 1.00 (reference)

Yes 0.45 (0.42–0.48) ,0.001 0.39 (0.36–0.43) ,0.001

Metformin use

No 1.00 (reference) 1.00 (reference)

Yes 0.68 (0.61–0.76) ,0.001 0.82 (0.70–0.97) 0.017

Statin use

No 1.00 (reference) 1.00 (reference)

Yes 0.58 (0.51–0.65) ,0.001 0.40 (0.32–0.50) ,0.001

Smoking history

Nonsmoker 1.00 (reference) 1.00 (reference)

Ex-smoker 1.03 (0.94–1.13) 0.513 1.02 (0.89–1.16) 0.774

Current smoker 1.92 (1.77–2.09) ,0.001 1.87 (1.66–2.11) ,0.001

Alcohol drink

No 1.00 (reference) 1.00 (reference)

Yes 1.14 (1.06–1.22) 0.001 1.33 (1.20–1.48) ,0.001

Obesity

Underweight 1.73 (1.49–2.01) ,0.001 1.29 (0.98–1.70) 0.073

Normal 1.00 (reference) 1.00 (reference)

Overweight 0.85 (0.79–0.92) ,0.001 1.02 (0.91–1.14) 0.710

Obese 0.88 (0.82–0.94) ,0.001 1.09 (0.98–1.21) 0.120

CI, confidence interval; HR, hazard ratio.
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Subgroup analyses

The relationship between aspirin use and the risk of HCC oc-
currence was statistically significant in the subgroups with liver
cirrhosis, both sexes, HTN, non-DM, non-AVT against CHB,
nonmetformin use, nonstatin use, both smoking histories, and
obesity. Adjusted HRs (95% CIs) of HCC with the detailed con-
tent of each subgroup are shown in Figure 3. We additionally
conducted analysis with patient groups without HTN, smoking,
alcohol, or DM. The cumulative incidence plots of aspirin and
HCC in each groupwere plotted using theKaplan–Meiermethod.
The plots are shown in Supplementary Figure 2 (see Supple-
mentary Digital Content 2, http://links.lww.com/AJG/C473). In
all 4 groups, aspirin user showed trends toward lower incidence of
HCC compared with nonuser. Statistical significance was ob-
served only in the non-DM group (P5 0.031), whereas marginal
significance was observed in nonsmoking (P 5 0.067) and non-
alcohol (P5 0.069) groups. The non-HTN group did not present

significant association between aspirin and HCC (P 5 0.370),
which could be interpreted as type II error, maybe primarily
owing to imbalance of sample size between 2 groups.

Moreover, after adjusting coinfection with HDV, which was
6.6% (n5 10,664) of the entire population, the adjustedHR (95%
CIs) was 0.84 (0.76–0.94; P 5 0.002) in the FGR model. In ad-
dition, using different criteria according to treatment duration
among aspirin user, i.e., $90 days, $1 year, $3 years, and $5
years, there was a trend of negative correlation between longer
duration of aspirin use and incidence ofHCC (P for trend,0.001,
see Supplementary Table 4, Supplementary Digital Content 4,
http://links.lww.com/AJG/C475). In particular, the HCC risk
among aspirin users defined based on at least 5-year treatment
duration was significantly lower compared with aspirin nonusers
with adjusted HR of 0.78 (95% CI: 0.66–0.92; P 5 0.003) (see
Supplementary Table 4, Supplementary Digital Content 4, http://
links.lww.com/AJG/C475). Moreover, aspirin use was negatively

Figure 2. Cumulative incidence plots of hepatocellular carcinoma (a) and mortality (b) stratified by aspirin use in the matched cohort.

The American Journal of GASTROENTEROLOGY VOLUME 117 | MAY 2022 www.amjgastro.com

LI
VE

R
Yun et al.764

Copyright © 2022 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/AJG/C473
http://links.lww.com/AJG/C475
http://links.lww.com/AJG/C475
http://links.lww.com/AJG/C475
http://www.amjgastro.com


associated with HCC incidence when stratified by duration of
aspirin use (per 6months) (adjustedHR0.97 [95%CI: 0.96–0.98],
P, 0.001). From interaction analysis of aspirin and statin use on
HCC, users of both aspirin and statin, only statin user, and only
aspirin user presented adjustedHRs (95%CIs) of 0.45 (0.67–0.54;

P, 0.001), 0.45 (0.40–0.51; P, 0.001), and 0.80 (0.71–0.91; P5
0.001), compared with nonuser (see Supplementary Table 5,
Supplementary Digital Content 4, http://links.lww.com/AJG/
C475). In addition, aspirin use was not significantly associated
with all-cause mortality in both DM and non-DM groups with

Figure 3. Subgroup analysis of hepatocellular carcinoma by aspirin use. CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio.
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adjusted HR (95% CI) of 0.95 (0.81–1.11; P 5 0.481) and 0.93
(0.80–1.09; P5 0.358), respectively.

DISCUSSION
In this study, aspirin use showed a protective association with
HCC incidence. The subsequent stratification analysis indicated
that aspirin might be associated with a reduced risk of HCC in
subgroups with liver cirrhosis, both sexes, HTN, non-DM, non-
AVT against CHB, nonmetformin use, nonstatin use, past and
current smoking histories, and obesity. Moreover, the result
found out the significant association between aspirin use and
decreased risk of liver-relatedmortality, which was different from
all-cause mortality.

The results of our study are similar to those of previous studies
in East Asia. In addition to the nationwide study of Taiwan
mentioned above, Lee et al. (14) conducted a study of relation-
ships between antiplatelet therapies, especially aspirin, and HCC
in the Republic of Korea and reported a significant protective
association. Our study showed the same direction of protective
association of aspirin on HCC while compensating for the small
sample size from 1 institution used by Lee et al.

Notably, we observed that the association of aspirin with the
reduced risk of HCC differed based on comedications. HBV-
related HCC primarily originates from an inflammation-induced
vicious cycle involving hepatocyte damage, necroinflammation,
regeneration, fibrosis, and genomic instability (19–22). Therefore,
its association seems theoretically plausible, considering that as-
pirin has primarily antiplatelet and anti-inflammatory effects by
inhibiting protein kinase 3 and nuclear factor kB signaling (23,24).
However, comedications with statins or metformin presented re-
verse associations. Statins, which downregulate reactive oxygen
species formation and upregulate anti-inflammatory effectors (25),
and metformin, which inhibits nuclear factor kB through AMP-
activated protein kinase-dependent and independent pathways
(26,27), are anticancer medications related to anti-inflammatory
mechanisms. Considering similarmechanisms of anticarcinogenic
effect, statins, and metformin could act as effect modifiers on the
association of aspirin and reduced risk of HCC, especially in pa-
tients withCHB. It implies that the prescription of aspirin solely for
preventingHCC risk among patients with CHB in routine practice
might be reserved for selected cases that may benefit from long-
term aspirin use according to the individualized risk and benefit.
Moreover, interaction analyses between aspirin and statin use on
HCC presented that aspirin use and statin use might not have any
additive effect. The comprehensive analyses of aspirin and statin
use onHCC showed aspirin use is associated with a reduced risk of
HCC incidence innonstatin users, not statinusers; however, awell-
designed prospective study should be further implemented to
clarify the exact relationship.

The association of reduced risk of HCC with aspirin was
maintained even after adjusting for liver cirrhosis favoring aspirin
use, regardless of liver cirrhosis. Nevertheless, the stratification
analysis showed a different pattern; the HR was 0.88 (95% CI:
0.74–1.04; P 5 0.1224) among patients without liver cirrhosis.
This ismost likely due to the relatively small proportion of aspirin
usage in such a stratum, i.e., 6.5% of patients (8,251 of 126,568
patients), compared with 44.1% in a study conducted in the
United States (12). Thus, in the simulation, increasing the
number of aspirin users while maintaining the ratio of HCC in-
cidence and HR of each group would result in a P value of,0.05
when the proportion of aspirin users reaches 11.0%. Consistent

with this finding, the meta-regression analysis byMemel et al. (1)
indicated that a high proportion of aspirin users should increase
the statistical power for assessing the protective association be-
tween aspirin use and HCC incidence. More comprehensive in-
tervention studies with large numbers of aspirin users should be
implemented to clarify the association between aspirin use and
HCC risk.

Aspirin use might inherently increase the potential hazard of
bleeding, especially considering the bleeding tendency in chronic
liver disease, because of lower platelet counts and prolonged
prothrombin time (28,29). Although a study conducted with
patients withHBV infection in the Republic of Korea showed that
aspirin alone was not significantly associated with an increased
risk of bleeding (HR 5 1.11 [95% CI: 0.48–2.54]), the study did
not clarify the dose and duration of aspirin (14). Nevertheless, our
study excluded severe liver cirrhosis patients with complications,
who are considered to have strong bleeding tendency, and the
protective association found in our study suggests that aspirin
might be carefully prescribed to patients with chronic HBV in-
fection for primary prevention after weighing the advantages and
disadvantages individually.

Our study has several strengths. First, the protective association
of aspirin use among Asian CHB patients with liver cirrhosis has
rarely been analyzed (1). There are only 2 cohort studies to date;
onewith204patientswith cirrhosis recruited froma single institute
(14) and the otherwith 1,810 patients with cirrhosis recruited from
the Taiwan nationwide cohort (11). Our incomparably large
sample size of patients with HBV-related cirrhosis, i.e., 35,105
patients in the entire cohort and 9,169 patients in the PS-matched
cohort, allowed us to closely investigate the association between
aspirin use andHCC risk. The favorable effect of aspirin on specific
strata was inconsistent; heterogeneity in study designs and pop-
ulation characteristics, as well as variable interactions with
comorbidities and/or medications, might be partly responsible for
such discrepancies. Second, various statistical methods were ap-
plied to strengthen the scientific reliability. As per theWorld Trade
Center Health Program in Centers for Disease Control (15), a
minimum latency of 4 years is recommended to assess the risk of
developing solid cancers. Accordingly, we set a 3-year lag to both
aspirin users and nonusers and subsequently applied an additional
time lag of 6, 12, and 24 months, reproducing similar results.
Moreover, to minimize the indication bias of aspirin, its definite
conventional indications (e.g., myocardial infarction and ischemic
stroke) and contraindications (e.g., decompensated liver cirrhosis)
were excluded at baseline (30). Overall, a well-balanced PSM with
additional multivariable analyses helped to draw a robust conclu-
sion. Third, because the NHIS, as a single insurer run by the gov-
ernment of Republic of Korea, covers 97.2% of the entire
population in the Republic of Korea (31), this database can be
accepted as literally “nationwide” (32,33). The validation of the
NHIS data set using a combination of ICD-10 codes showed a
positive predictive value of 97.5% (96.1–98.5), with the lowest error
rate of 4.2% for cases of inflammatorybowel disease in theRepublic
of Korea (34). Our study, with a representative cohort of the
population in the Republic of Korea, provides strong evidence of a
protective association of aspirin on HCC. In addition, we found
that the associationofheavyalcohol consumptionon increased risk
of HCC was significant (P , 0.001, see Supplementary Figure 3,
Supplementary Digital Content 3, http://links.lww.com/AJG/
C474), suggesting the clinical importance of life style among at-risk
population.
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Our study has some limitations. First, our observational study
design could not clarify a causal association of aspirin with HCC
risk. To overcome this limitation, we attempted to adjust potential
confounding variables and to exclude the compelling indication of
aspirin as much as possible. Furthermore, we used a quasi-
experimental study design with PSM, and it confirmed the same
direction of relationship with statistical significance. Nevertheless,
an observational study related to medication has inherently a
limitation of indication bias, which included use of aspirin, statin,
and metformin in this study. Further interventional or experi-
mental studies are required to resolve this issue. Second, consid-
ering that the use of aspirin is based on a number of factors such
atherosclerotic cardiovascular disease, risks, severity of portal
HTN, bleeding risks, and specific indication for aspirin use, our
nationwide database had a limitation of being subject to biased
interpretation. Third, in the Republic of Korea, most patients were
infected with HBV genotype C2 through vertical transmission,
both of which were associated with a higher risk of HCC de-
velopment (35). Thus, our results might not be generalizable to
other ethnicities. Finally, because of incompleteness of the na-
tionwide registry-based cohort, there was a lack of information on
hepatitis B e antigen or aspirin dosage. However, because aspirin
use was independently associated with lower risk of HCC through
multivariable analyses adjusting for various key factors such as age,
sex, DM, alcohol, AVT, and liver cirrhosis from our large-scale
nationwide cohort, incorporation of hepatitis B e antigen into
analyses is not likely to have attenuated the statistical significance of
aspirin use. In terms of daily aspirin dosage, whenwe examined the
prescription statement of aspirin from National Sample Cohort
Database, about 99%of prescribed aspirinhad a daily dosage of 100
mg or less, minimizing bias.

In conclusion, long-term aspirin use is associated with a de-
creased incidence of HCC in the HBV-infected population.
Moreover, several considerable clinical indications of aspirin on
reducing HCC incidence were explored with subgroup analyses.
More comprehensive studies with interventional or experimental
designs are required to establish the causality between aspirin use
and hepatocarcinogenesis.
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