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Background: The association between aspirin use and the incidence of hepatocellular
carcinoma (HCC) in patients with hepatitis B virus (HBV) or hepatitis C (HCV) virus
infection remains not fully determined. A meta-analysis was performed to summarize
the findings of cohort studies.

Methods: Relevant cohort studies were retrieved via a search of PubMed Cochrane’s
Library and Embase databases. A random-effect model was used to pool the results.
Subgroup analyses were performed to evaluate the influence of study characteristics on
the association.

Results: Seven cohort studies with 120,945 adult patients with HBV or HCV infection
were included. Pooled results showed that aspirin use was independently associated with
areduced risk of HCC in these patients (risk ratio: 0.73, 95% confidence interval: 0.64 to
0.83, p < 0.001; I> = 86%). Subgroup analyses showed that aspirin use was associated
with a reduced HCC risk regardless of the viral type, age, sex, the diabetic, and cirrhotic
status of the patients, and the follow-up durations. Moreover, consistent results were
obtained in studies with and without adjustment of antiviral treatment and statin use.
Pooled results of four studies showed that aspirin use was associated with an increased
risk of gastrointestinal bleeding in these patients (risk ratio: 1.15, 95% confidence interval:
1.02 t0 1.28, p = 0.02; I = 0%).

Conclusions: Aspirin use was independently associated with a reduced risk of HCC in
patients with HBV or HCV infection, whereas the risk of gastrointestinal bleeding may be
increased. These results should be validated in clinical trials.

Keywords: aspirin, hepatocellular carcinoma, hepatitis B virus, hepatitis C virus, cirrhosis, gastrointestinal
bleeding, meta-analysis

INTRODUCTION

Hepatocellular carcinoma (HCC) is a common malignancy of the digestive system (1).
Epidemiology studies showed that each year, ~500,000 patients were diagnosed with HCC
worldwide (1). Moreover, treatment strategies for HCC remain limited in current clinical practice,
which attributes to the relatively high mortality in these patients (2, 3). Hepatitis B virus (HBV)
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FIGURE 4 | Subgroup analyses for the meta-analysis of the association between aspirin use and HCC incidence in patients with HBV or HCV infection. (A) Subgroup
analyses according to diabetic status. (B) Subgroup analyses in patients with and without cirrhosis.
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A Risk Ratio Risk Ratio
r r log[Risk Rati E Weight IV, Random, 95% CI IV, Random, 95% ClI

1.7.1 Shortest category
Hwang 2018 -0.38566248 0.14771272 17.8% 0.68 [0.51, 0.91] -
Liao 2020 -0.46203546 0.13970398 18.6% 0.63[0.48, 0.83] =
Simon 2020 -0.13926207 0.09134257 23.4% 0.87 [0.73, 1.04] ]
Subtotal (95% Cl) 59.8%  0.74 [0.60, 0.91] <>
Heterogeneity: Tau? = 0.02; Chi? = 4.55, df = 2 (P = 0.10); I> = 56%
Test for overall effect: Z =2.82 (P = 0.005)
1.7.3 Longest category
Hwang 2018 -0.67334455 0.22268885 12.0% 0.51[0.33, 0.79] -
Liao 2020 -0.7985077 0.28350799 8.8% 0.451[0.26, 0.78] -
Simon 2020 -0.56211892 0.13031266 19.5% 0.57 [0.44, 0.74] -
Subtotal (95% CI) 40.2% 0.54 [0.44, 0.66] <>
Heterogeneity: Tau? = 0.00; Chi? = 0.65, df =2 (P = 0.72); 1> = 0%
Test for overall effect: Z = 5.92 (P < 0.00001)
Total (95% CI) 100.0% 0.64 [0.53, 0.78] <&
Heterogeneity: Tau? = 0.03; Chiz = 13.14, df = 5 (P = 0.02); I = 62% 0*5 0*7 H 1*5 2
Test for overall effect: Z = 4.45 (P < 0.00001) o ’
Test for subaroup differences: Chi2 =4.33. df =1 (P = 0.04). 12 =76.9%

e Risk Ratio Risk Ratio

r r log[Risk Rati E Weight IV, Random, 95% CI IV. Random, 95% ClI
1.10.1 Followed< 5 years
Lee 2017 -1.34707365 0.53745932 1.5% 0.26 [0.09, 0.75]
Ho 2018-HBV -0.19845094 0.10470099 13.6% 0.82[0.67, 1.01] il
Ho 2018-HCV 0.01980263 0.09935326 14.1% 1.02 [0.84, 1.24] T
Liao 2020 -0.5798185 0.13149643 11.5% 0.56 [0.43, 0.72] -
Subtotal (95% CI) 40.7% 0.72 [0.51, 1.01] L 4
Heterogeneity: Tau? = 0.09; Chi? = 17.74, df = 3 (P = 0.0005); I> = 83%
Test for overall effect: Z = 1.91 (P = 0.06)
1.10.2 Followed = 5 years
Hwang 2018 -0.43078292 0.10820338 13.3% 0.65 [0.53, 0.80] -
Lee 2019 -0.34249031 0.10048579 14.0% 0.71[0.58, 0.86] -
Lee 2020 -0.24846136 0.10076373 14.0% 0.78 [0.64, 0.95] -
Simon 2020 -0.37106368 0.05193851 18.0% 0.69 [0.62, 0.76] n
Subtotal (95% CI) 59.3% 0.70 [0.65, 0.76] '
Heterogeneity: Tau? = 0.00; Chi2 = 1.72, df = 3 (P = 0.63); 12 = 0%
Test for overall effect: Z =9.10 (P < 0.00001)
Total (95% CI) 100.0% 0.73 [0.64, 0.83] ¢
Heterogeneity: Tau? = 0.02; Chiz = 23.16, df = 7 (P = 0.002); I? = 70% ’ * * ’
Test for overall effect: Z = 4.67 (P < 0.00001) 0.05 02 ! 5 20
Test for subaroun differences: Chi2 =0.01. df =1 (P =0.91. I?=0%
FIGURE 5 | Subgroup analyses for the meta-analysis of the association between aspirin use and HCC incidence in patients with HBV or HCV infection. (A) Subgroup
analyses according to the exposure duration of aspirin. (B) Subgroup analyses according to the follow-up duration.

the association between aspirin use and reduced risk of HCC
in these patients was weakened in studies with adjustment of
statin use compared with that in studies without adjustment of
statin use. In addition, aspirin use was also associated with an
increased risk of GIB in these patients. Taken together, these
findings indicated that aspirin use was independently associated
with a reduced risk of HCC in patients with HBV or HCV

infection, whereas the risk of GIB may be increased. Randomized
controlled trials (RCTs) should be performed to validate these
findings and weigh the benefit and risk of aspirin use in patients
with HBV or HCV infection.

As far as we know, our study is the first meta-analysis that
focused on the association between aspirin use and HCC risk in
patients with HBV or HCV infection. We only included cohort
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Test for overall effect: Z =4.67 (P < 0.00001)

A Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight [V, Random, 95% CI 1V, Random, 95% CI
1.11.1 Antiviral treatment adjusted
Lee 2019 -0.34249031 0.10048579 14.0% 0.71[0.58, 0.86] -
Simon 2020 -0.37106368 0.05193851 18.0% 0.69 [0.62, 0.76] -
Subtotal (95% ClI) 32.0% 0.69 [0.63, 0.76] '
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 1 (P = 0.80); I>= 0%
Test for overall effect: Z=7.91 (P < 0.00001)
1.11.2 Antiviral treatment not adjusted
Lee 2017 -1.34707365 0.53745932 1.5% 0.26 [0.09, 0.75] -
Ho 2018-HBV -0.19845094 0.10470099 13.6% 0.82[0.67, 1.01] ™
Ho 2018-HCV 0.01980263 0.09935326 14.1% 1.02 [0.84, 1.24] T
Hwang 2018 -0.43078292 0.10820338 13.3% 0.65 [0.53, 0.80] -
Liao 2020 -0.5798185 0.13149643 11.5% 0.56 [0.43, 0.72] -
Lee 2020 -0.24846136 0.10076373 14.0% 0.78 [0.64, 0.95] -
Subtotal (95% ClI) 68.0% 0.73 [0.59, 0.90] ¢
Heterogeneity: Tau? = 0.05; Chi? = 20.78, df = 5 (P = 0.0009); I> = 76%
Test for overall effect: Z = 3.00 (P = 0.003)
Total (95% CI) 100.0% 0.73 [0.64, 0.83] ¢
Heterogeneity: Tau? = 0.02; Chi2 = 23.16, df = 7 (P = 0.002); I2 = 70% ‘ f ’ y
Test for overall effect: Z = 4.67 (P < 0.00001) 0.05 0.2 L 2 20
Test for subaroup differences: Chi2 =0.19. df =1 (P = 0.66). 2 = 0%

B

Risk Ratio Risk Ratio

Study or Subgrou log[Risk Ratio SE_Weight IV, Random, 95% ClI IV, Random, 95% ClI
1.12.1 Statin use adjusted
Ho 2018-HBV -0.19845094 0.10470099 13.6% 0.82[0.67, 1.01] ™
Ho 2018-HCV 0.01980263 0.09935326 14.1% 1.02 [0.84, 1.24] T
Lee 2019 -0.34249031 0.10048579 14.0% 0.71[0.58, 0.86] -
Lee 2020 -0.24846136 0.10076373 14.0% 0.78 [0.64, 0.95] -
Simon 2020 -0.37106368 0.05193851 18.0% 0.69 [0.62, 0.76] =
Subtotal (95% CI) 73.7% 0.79 [0.68, 0.91] ¢
Heterogeneity: Tau? = 0.02; Chi? = 13.27, df = 4 (P = 0.01); I?=70%
Test for overall effect: Z = 3.31 (P = 0.0009)
1.12.2 Statin use not adjusted
Lee 2017 -1.34707365 0.53745932 1.5% 0.26 [0.09, 0.75] -
Hwang 2018 -0.43078292 0.10820338 13.3% 0.65[0.53, 0.80] -
Liao 2020 -0.5798185 0.13149643 11.5% 0.56 [0.43, 0.72] -
Subtotal (95% CI) 26.3%  0.58 [0.46, 0.74] *
Heterogeneity: Tau? = 0.02; Chi? = 3.24, df = 2 (P = 0.20); 1> = 38%
Test for overall effect: Z = 4.44 (P < 0.00001)
Total (95% CI) 100.0% 0.73 [0.64, 0.83] ¢

Heterogeneity: Tau? = 0.02; Chi? = 23.16, df = 7 (P = 0.002); I = 70%
Test for subaroun differences: Chi2 =4.57. df =1 (P =0.03). 2=78.1%

FIGURE 6 | Subgroup analyses for the meta-analysis of the association between aspirin use and HCC incidence in patients with HBV or HCV infection. (A) Subgroup
analyses according to the adjustment of antiviral treatment. (B) Subgroup analyses according to the adjustment of statin use.
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studies with multivariate analyses, which therefore provided an
independent association between aspirin use and a reduced risk
of HCC in these patients. Because no RCTs have been performed
regarding the preventative efficacy of aspirin for HCC, even in

high-risk patients such as those with HBV or HCV infection, our
study highlights the necessity to perform such studies. Sensitivity
analyses and multiple subgroup analyses were performed to
evaluate the robustness of the results. We found that the
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Heterogeneity: Tau? = 0.00; Chiz = 0.16, df = 3 (P = 0.98); I? = 0%

log[Risk Ratio]
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0.10436002 0.42503399 1.9%
0.12221763 0.09882179 34.8%
0.11332868 0.11556277 25.4%
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100.0%

Test for overall effect: Z = 2.33 (P = 0.02)

Risk Ratio

1V, Random, 95% CI
1.11[0.48, 2.55]

1V, Rando

Risk Ratio
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FIGURE 7 | Forest plots for the meta-analysis of the association between aspirin use and GIB incidence in patients with HBV or HCV infection.
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Study or Subgroup __log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Lee 2017 -1.34707365 0.53745932 1.6% 0.26 [0.09, 0.75]
Ho 2018-HBV -0.19845094 0.10470099 13.5% 0.82[0.67, 1.01]
Ho 2018-HCV 0.01980263 0.09935326 13.9% 1.02[0.84, 1.24] T
Hwang 2018 -0.43078292 0.10820338 13.2% 0.65 [0.53, 0.80] -
Lee 2019 -0.34249031 0.10048579 13.8% 0.71[0.58, 0.86] -
Liao 2020 -0.5798185 0.13149643 11.5% 0.56 [0.43, 0.72] -
Lee 2020 -0.24846136 0.10076373 13.8% 0.78 [0.64, 0.95] -
Simon 2020 -0.37106368 0.05193851 17.2% 0.69 [0.62, 0.76] =
H1 0.73828832 0.53745932 1.6% 2.09[0.73, 6.00] ]
Total (95% CI) 100.0% 0.74 [0.64, 0.85] ¢
Tty 2 = . Chi2 = = = S12 = 709 t } t t t t
Heterogeneity: Tau? = 0.03; Chi? = 26.99, df = 8 (P = 0.0007); I = 70% 01 02 05 1 2 5 10

FIGURE 8 | Publication bias analysis. (A) Funnel plots with trim-and-fill analysis for the association between aspirin use and HCC incidence in patients with HBV or
HCV infection. (B) Forest plots incorporating the hypothesized study for the meta-analysis of the association between aspirin use and HCC incidence in patients with
HBV or HCV infection. Black square in (A) represents the hypothesized unpublished study with negative results, and incorporating this study achieved symmetrical
funnel plots. Study H1 in (B) represents the datasets of the hypothesized unpublished study and including this study in the meta-analysis did not change the results

significantly.
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results of the meta-analysis were not significantly affected by
either of the individual included studies. Besides, the association
between aspirin use and reduced HCC risk was significant
regardless of the age, sex, viral status, diabetic status, the cirrhotic
status of the patients, and follow-up durations. Moreover, the
association between aspirin use and reduced HCC risk was not
significantly affected by the adjustment of antiviral treatment,
whereas significantly weakened in studies with adjustment of
statin use compared with that in studies without adjustment of
statin use. A previous meta-analysis showed that statin use was
associated with a reduced incidence of HCC in patients with
HBV/HCYV infection. Moreover, aspirin is commonly prescribed
in conjunction with a hypocholesterolemic agent such as a
statin, which may confound the association between aspirin and
reduced HCC risk in these patients. Our subgroup analyses
showed that the association between aspirin and reduced HCC
risk remains significant in subgroups, including studies with
adjustment of statin use, which further supported a potential
independent association between aspirin and reduced HCC risk
in these patients.

The mechanisms underlying the association between aspirin
use and reduced HCC risk may be multifactorial. An early study
showed that aspirin inhibited HCV RNA and protein expression
through cyclooxygenase-2 signal pathways (32), contributing to
their anticancer efficacy in HCV-related HCC. Besides, aspirin
could inhibit HCV entry via downregulation of claudin-1,
thereby further inhibiting HCV replication, which could also
be responsible for a reduced HCC risk in patients with HCV
infection (33). Another study in the mice model of chronic
HBYV infection showed that antiplatelet therapy with aspirin or
clopidogrel prevented HCC and improved survival in mice model
of chronic HBV infection via amelioration of immune-mediated
chronic liver injury by overactivated platelets (34, 35). Moreover,
cirrhosis has been associated with an increased risk of HCC
in patients with HBV or HCV infection (36). Aspirin use has
been related to reduced liver fibrosis progression (37), which
may be another important mechanism underlying its association
with reduced HCC risk. The exact mechanisms underlying the
association between aspirin use and reduced HCC risk in patients
with HBV or HCV infection deserve further studies.

We found that aspirin use may be associated with an increased
risk of GIB in patients with HBV or HCV infection. These
results should be validated because only four datasets were
available. Currently, we could not determine the potential patient
characteristics and concurrent medication on the association
between aspirin use and GIB risk, as these data were rarely
reported in the included studies. For example, decompensated
cirrhotic patients are vulnerable to variceal bleeding, and the use
of aspirin may expose these patients to a higher risk of GIB (38).
Therefore, it could be hypothesized that aspirin may increase the
risk of GIB primarily in HBV- or HCV-infected patients with
cirrhosis. Accordingly, prophylactic medications for GIB, such
as proton pump inhibitors (PPIs), are often prescribed in these
patients, particularly when aspirin is indicated. However, the use
of PPIs in cirrhotic patients has been related to increased risks
of adverse events such as hepatic encephalopathy, spontaneous
bacterial peritonitis, and possibly HCC and mortality (39, 40).

Therefore, the influence of aspirin use in cirrhotic patients with
HBV or HCV infection may be much more complicated in real-
world clinical practice, which warrants delicately designed RCTs
to evaluate the potential benefits on HCC and risks of GIB.

Our study has limitations that should be noticed when
interpreting the results. Firstly, significant heterogeneity was
detected among the included studies. Although some subgroup
analyses were performed to evaluate the patient characteristics
on the outcome, we could not exclude other factors that may
contribute to the heterogeneity, such as concurrent medications,
alcohol intake, dietary factors, among others (41). Secondly,
limited studies were included for the subgroup analyses, the
results of which should be interpreted cautiously. Thirdly,
antiviral therapy outcome was not considered when subgroup
analysis according to the adjustment of antiviral therapy was
performed. This is because none of the included studies provided
any data according to the outcome of antiviral therapy. Fourthly,
publication bias may exist, although a trim-and-fill study was
performed and showed similar results. Furthermore, although
we included studies with adjusted data, three are chances
that residual factors may confound the association. Besides, a
causative association between aspirin use and reduced HCC risk
in HBV- or HCV-infected patients could not be derived based
on our study, as this is a meta-analysis of observational studies.
In addition, a potential time-dependent and dose-dependent
association between aspirin use and reduced HCC in HBV- or
HCV-infected patients was not observed due to the inconsistent
cutoffs for the duration and dose of aspirin exposure in the
included studies. Moreover, the loss of follow-up in the cohort
study is an important issue that affects the outcome, which may
also affect the results of our meta-analysis. Finally, the net benefits
or harms of aspirin use in HBV- or HCV-infected patients could
not be determined based on our study. Large-scale RCTs should
be performed to weigh the benefit and risk of aspirin use in
patients with HBV or HCV infection considering the cirrhotic
status and concurrent medications, such as PPIs.

In conclusion, the results of the meta-analysis showed that
aspirin use was independently associated with a reduced risk of
HCC in patients with HBV or HCV infection, whereas the risk
of GIB may be increased. Large-scale RCTs are needed to validate
these findings and weigh the benefit and risk of aspirin use in
patients with HBV or HCV infection.
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