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a systematic review and meta-analysis
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Abstract

Background Recent studies have shown that aspirin consumption may reduce the risk of hepatocellular carci-
noma (HCQ), but their correlation is still not fully understood. This meta-analysis aimed to investigate the correlation
between aspirin consumption and HCC.

Methods A systematic literature search was conducted on PubMed, Scopus, Cochrane Library, EMBASE, and Web
of Science databases. The search period was from the establishment of the database to July 1, 2022 with no language
restrictions.

Results A total of 19 studies including three prospective studies and 16 retrospective ones with 2,217,712 patients
were included. Compared with those who did not take aspirin, those who took aspirin had a 30% lower risk of HCC
(hazard ratio [HR] =0.70, 95% confidence interval [Cl] 0.63-0.76, > =84.7%, P<0.001). Subgroup analysis showed
that aspirin significantly reduced the risk of HCC by 19% in Asia (HR=0.81, 95% Cl 0.80-0.82, I>=85.2%, P<0.001)
and by 33% (HR=0.67, 95% C1 0.61-0.73, *=43.6%, P=0.150) in Europe and the U.S with no significant difference.
Moreover, in patients with HBV or HCV infection, aspirin reduced 19% and 24% of the risk of HCC, respectively.
However, aspirin administration might increase risks of gastrointestinal bleeding in patients with chronic liver dis-
ease (HR=1.14,95% Cl 0.99-1.31, »=0.0%, P=0.712). Sensitivity analysis showed no significant difference of results
after excluding individual studies, suggesting that the results were robust.

Conclusion Aspirin may reduce the risk of HCC in both healthy population and patients with chronic liver disease.
However, attention should be paid to adverse events such as gastrointestinal bleeding in patients with chronic liver
disease.
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Introduction
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patients that are diagnosed at an early stage can receive
radical resection [2]. Other therapies such as transcath-
eter arterial chemoembolization, targeted therapy, or
immunotherapy also had limited efficacy [3]. Therefore,
there is an urgent need for effective therapies to control
the progression of HCC.

Aspirin is a classical non-steroidal anti-inflammatory
drug (NSAIDs) that exerts antiplatelet effects by acetylat-
ing platelet cyclooxygenase (COX), thereby reducing the
risk of myocardial infarction and stroke [4]. Therefore, it
is widely used in the prevention and treatment of cardio-
vascular diseases. In the last few decades, much evidence
has shown the potential of aspirin in the prevention and
treatment of cancer [5-7]. A randomized trial including
25,570 participants showed that aspirin reduced the risk
of death from gastrointestinal cancers, including esopha-
geal, colorectal, and pancreatic cancers, as well as from
non-gastrointestinal solid cancers, such as lung, prostate,
bladder, and kidney cancers, especially colorectal cancers
[8]. Studies have demonstrated that aspirin can reduce
the risk of HCC, whereas non-aspirin NSAID does not
have this effect [9, 10]. Moreover, compared with irreg-
ular aspirin administration, the risk-reducing effect of
aspirin is dose- and duration dependent [6]. In in vitro
and in vivo experiments, the combination of aspirin and
other drugs exhibited a promising efficacy to suppress
HCC progression [11-14].

However, a randomized controlled trial showed that
long-term administration of low-dose aspirin did not
reduce the risk of overall cancer, breast cancer, colorec-
tal cancer, or other site-specific cancers [15]. Therefore, it
remains controversial whether aspirin can reduce the risk
of HCC. This study aimed to investigate the association
between aspirin use and HCC through a meta-analysis.

Materials and methods

Literature retrieval strategy

A systematic literature search was conducted on Pub-
Med, Scopus, Cochrane Library, EMBASE and Web of
Science databases from the establishment of the database
to July 1, 2022, with no language restrictions. A com-
bination of subject terms and free words were used for

literature search using Boolean logic operator grouping
(Additional file 1).

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) retrospective or
prospective cohort studies that explored the relationship
between aspirin and the risk of HCC (from 2015 to 2022);
(2) reporting the hazard ratio (HR) and 95% confidence
interval (CI) of HCC based on different administration
of aspirin; (3) the diagnosis of HCC was made based on
the diagnostic criteria. Exclusion criteria were as follows:
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(1) reviews, case reports, meta-analyses, conference
abstracts, redundant publications, ecological studies,
animal studies, and case—control studies; (2) studies on
patients who have been diagnosed with HCC before aspi-
rin use; (3) studies that did not explicitly report any HR
or 95% CI.

Evaluation of literature quality

The Newcastle-Ottawa scale (NOS) was used to evaluate
literature quality in terms of study population selection,
comparability between groups, and outcome measures,
with a maximum score of 9. We included high-quality
literature with scores greater than or equal to 7 in this
study.

Data extraction

Two investigators independently screened the literature
and extracted data according to the criteria. In case of
disagreements, they discussed or consulted a third party
to reach the consensus. During literature screening, the
title was first read to exclude irrelevant literature, then
the abstract and full text were read to include relevant
studies. Corresponding authors were contacted by email
to obtain necessary information if needed. The extracted

Records identified from
database(n=797)
EMBASE(n=419)
PubMed(n=35)

Web of Science (n=103) Records . removed
S (n=221) before screening:
COPUS Duplicate  records

Cochrane Library(n=19)

removed(n=240)

Exclude
based on title and
abstract(n=471)

literature

Records
screened(n=557)

Reports not retrieved
(n=39)

Reports  sought  for
retrieval (n=86)

Reports excluded:

Lack of useful
Reports assessed for data(n=16)
eligibility (n=47) Non-cohort

studies(n=7)

Did not meet
inclusion
criteria(n=6)

Repots of total
included in
(n=18)

studies

Fig. 1 Literature selection process
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Table 2 Literature quality evaluation
Inclusion in the literature Crowd selection Comparability between Measurement results NOS score
group

Yun B [16] 4 2 3 9
Singh J[17] 4 1 3 8
Won- Mook Choi [18] 4 2 2 8
Vicki Wing-Ki Hui [19] 4 2 3 9
Simon, T.G. [20] 4 2 3 9
Shin, S[21] 4 1 3 8
Liao YH [22] 4 2 3 9
Lee T.Y.[23] 4 2 3 9
Sung JJ [24] 4 2 3 9
Lee, TY. [25] 4 2 3 9
Simon, T.G. [6] 4 2 3 9
Hwang, I.C. [26] 4 2 3 9
Ho CM-HBV [27] 4 2 3 9
Ho CM-HCV [27] 4 2 3 9
Tseng CH [28] 4 2 3 9
Lin'YS [29] 3 2 2 7
Lee, M [30] 4 1 3 8
Lee T.Y.[31] 4 2 3 9
Petrick, J.L. [32] 4 2 3 9

Study %

D HR (95% Cl) Weight

i

Singh J (2022) : 0.27 (0.09,0.75) 073

Yun B (2022) |-~ 0.83(0.75,0.93) 7.89

Won- Mook Choi (2021) . 0.81(0.80, 0.82) 8.81

Vicki Wing-Ki Hui (2021) —*—:— 0.60 (0.46, 0.78) 515

Simon,T.G (2020) - 0.69 (0.62, 0.76) 7.98

Shin, S (2020) —— : 0.13(0.08, 0.21) 261

LiaoYH (2020) —4—: 0.56 (0.43,0.72) 525

Lee T.Y. (2020) —Io— 0.78 (0.64, 0.95) 6.31

Sung JJ (2020) - 0.66 (0.59,0.74) 7.80

Lee T.Y. (2019) —_— 0.71(0.58, 0.86) 6.32

Simon,T.G. (2018) —+—%— 0.51(0.34,0.77) 3.26

Hwang. I.C.(2018) : — 0.87 (0.77,0.98) 7.68

Ho CM-HBVY (2018) : 0.82(0.67,1.01) 6.17

Ho CM-HCV (2018) | e 1.02(0.84,1.24) 6.36

Tseng CH (2018) ;-o- 0.83(0.69,0.99) 6.62

Lin Y5 (2018) —_— 0.67 (0.42,1.08) 269

Lee M (2017) : 0.28 (0.11,0.75) 0.85

LeeT.Y. (2017) —:v—— 0.70(0.37,1.36) 165

Petrick,J.L. (2015) — 0.63 (0.50,0.78) 5.86

overall (I-squared = 84.7%, p = 0.000) Q 0.70 (0.63,0.76)  100.00

NOTE: Weights are from random effects analysis E

T T
.08 1 125

Fig. 2 Forest plot of correlation between aspirin and the risk of hepatocellular carcinoma
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Lee,T.Y. (2019)
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Meta-analysis estimates, given named study is omitted

| Lower CI Limit

O Estimate

| Upper CI Limit

Petrick,J.L. (2015) [ O -
-0.53 -0.46 -0.36 -0.27 -0‘.23
Fig. 3 Sensitivity analysis results

Study %
D HR (95% Cl) Weight
European/U.S. |
Singh J (2022) : 0.27 (0.09, 0.75) 0.01
Simon,T.G (2020) - 0.69 (0.62, 0.76) 1.36
Simon,T.G. (2018) —_— 0.51(0.34, 0.77) 0.08
Petrick.J.L. (2015) — 0.63 (0.50,0.78) 0.29
Subtotal (l-squared = 43.6%, p = 0.150) & i 0.67 (0.61, 0.73) 1.74
Asian |
Yun B (2022) -~ 0.83 (0.75,0.93) 1.22
Won- Mook Choi (2021) . 0.81(0.80, 0.82) 9252
Vicki Wing-Ki Hui (2021) —— 0.60 (0.46, 0.78) 0.20
Shin,S (2020) ——— ; 0.13(0.08, 0.21) 0.06
Liao,YH (2020) —_— 0.56 (0.43,0.72) 0.21
Lee T.Y. (2020) —— 0.78 (0.64, 0.95) 0.36
Sung JJ (2020) - 0.66 (0.59, 0.74) 1.10
Lee T.Y. (2019) —r 0.71(0.58, 0.86) 0.36
Hwang, 1.C. (2018) ™ 0.87 (0.77,0.98) 0.97
Ho CM-HBV (2018) — 0.82 (0.67, 1.01) 0.33
Ho CM-HCV (2018) —— 1.02 (0.84, 1.24) 0.37
Tseng CH (2018) —— 0.83 (0.69, 0.99) 043
Lin ¥S (2018) —— 0.67 (0.42, 1.08) 0.06
Lee M (2017) : 0.28 (0.1, 0.75) 0.02
Lee TY. (2017) —_— 0.70 (0.37, 1.36) 0.03
Subtotal (l-squared = 85.2%, p = 0.000) i 0.81(0.80, 0.82) 98.26

I
Heterogeneity between groups: p = 0.000 i
Overall (l-squared = 84.7%, p = 0.000) | 0.80 (0.79, 0.81) 100.00

I

1

1

T T

.08

Fig. 4 Subgroup analysis of forest plots based on regions
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Study %
D HR (95% Cl) Weight
Retrospective cohort |
Singh J (2022) : 0.27 (0.09, 0.75) 0.01
Yun B (2022) - 0.83(0.75,0.93) 122
Won- Mook Choi (2021) . 0.81(0.80, 0.82) 9252
Vicki Wing-Ki Hui (2021) —= 0.60 (0.46, 0.78) 0.20
Shin.S (2020) ——— I 0.13(0.08, 0.21) 0.06
Liao.YH (2020) —_— 0.56 (0.43, 0.72) 0.21
Lee T.Y. (2020) — 0.78 (0.64, 0.95) 0.36
Sung JJ (2020) - 0.66 (0.59, 0.74) 1.10
Lee T.Y. (2019) — 0.71(0.58, 0.86) 0.36
Hwang, I.C. (2018) - 0.87 (0.77,0.98) 0.97
Ho CM-HBV (2018) —— 0.82 (0.67,1.01) 0.33
Ho CM-HCV (2018) —— 1.02 (0.84, 1.24) 0.37
Tseng CH (2018) —— 0.83 (0.69, 0.99) 043
Lin Y'S (2018) —_— 0.67 (0.42,1.08) 0.06
Lee M (2017) —_— 0.28 (0.11, 0.75) 0.02
Lee T.Y. (2017) —_— 0.70 (0.37,1.36) 0.03
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Fig. 5 Subgroup analysis of forest plots based on study design

information included (1) first author, year of publication,
study region, and study type; (2) study population and
whether they had liver disease; (3) the number of par-
ticipants and cases; (4) reported outcomes, including HR
and 95% CI and (5) study-adjusted confounding factors,
etc.

Statistical analysis

Stata 14.2 software was used for meta-analysis, and the
statistics were presented by HR and 95% CI, with a pref-
erence for the corrected values if they were provided in
the literature. The Cochran q test (P heterogeneity) and
the I value were used to evaluate the heterogeneity of the
included studies. P>0.05, 0 <> <50% indicated low het-
erogeneity, and a fixed effect model was used for analysis;
P<0.05 and I?>50% indicated significant heterogeneity,
so that a random effect model was used to identify the
source of heterogeneity and perform subgroup and sen-
sitivity analyses. Publication bias was evaluated using a
funnel plot, Beggs test, and Eggers. P<0.05 indicated that
the difference was statistically significant.

Results

Literature screening process

We retrieved 35, 221, 103, 419, and 19 papers from Pub-
med, Scopus, Web of Science, EMBASE, and Cochrane
Library, respectively. 240 duplicate papers were excluded.
After reading the titles and abstracts and excluding irrel-
evant literature such as reviews, case reports, meta-anal-
yses, conference abstracts, animal experimental studies,
49 articles were selected for full-text reading. Finally,
18 articles with a total of 2,217,712 participants were
enrolled based on the criteria. The literature screening
process is shown in Fig. 1.

Basic characteristics and quality evaluation of the included
literature

This article included 18 articles containing 19 studies
published from 2015 to 2022, in which 13 studies focused
on patients with liver disease, 4 studies focused on gen-
eral population, and the remaining 2 studies focused on
specific patients with type 2 diabetes or head and neck
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Fig. 6 Subgroup analysis of forest plots based on gender

squamous cell carcinoma (HNSCC); 3 were prospective
studies and 16 were retrospective studies (Table 1). Based
on NOS results, all included literature had high quality
(Table 2).

Aspirin was associated with reduced risk of HCC

The 19 included studies showed a high heterogeneity,
therefore, random effect model was adopted and showed
that the risk of HCC was 30% lower in those taking aspi-
rin compared with those not taking aspirin (HR=0.70,
95% CI 0.63-0.76, *=84.7%, P<0.001) (Fig. 2). The
results showed that there was no significant difference of
HR after excluding individual studies (Fig. 3), suggesting
that the results were robust.

Subgroup analysis of the association between aspirin

and the risk of HCC

Subgroup analysis based on regions

Since aspirin and the risk of HCC. The studies were
divided into two subgroups based on regions: the Asia
group contained 15 studies whereas the Europe and the
United States group had 4 studies. The results showed
that aspirin reduced the risk of HCC by 19% in Asia
(HR=0.81, 95% CI 0.80-0.82, ’=85.2%, P<0.001) and
by 33% in Europe and the U.S. (HR=0.67, 95% CI 0.61—
0.73, ?=43.6%, P=0.150) (Fig. 4).

Subgroup analysis based on study design
Moreover, based on study design, these studies were clas-
sified into prospective (#=3) and retrospective (n=16)
studies. The results showed that aspirin reduced the risk
of HCC in the retrospective studies (HR=0.81, 95% CI
0.80-0.82, I>=84.8%, P<0.001) (Fig. 5).

Subgroup analysis based on gender

According to genders, studies were divided into female
and male groups, with a total of five papers reporting
the HR for both female and male. The results showed
that aspirin reduced the risk of HCC by 33% in female
(HR=0.67, 95% CI 0.59-0.75, "=21.3%, P=0.274) and
by 21% in male (HR=0.79, 95% CI 0.72-0.86, I*=56.5%,
P=0.042) (Fig. 6).

Subgroup analysis based on whether results were adjusted
by statins and metformin

Then we categorized studies according to whether the
results were adjusted by statins and metformin. There
were 5 papers with 6 studies adjusted results for both
statins and metformin and 11 papers without adjust-
ment. The remaining two papers only adjusted results for
glucose-lowering drugs, so that they were excluded. The
results showed that aspirin was associated with reduced
risks of HCC when the results were adjusted for statins
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Fig. 7 Subgroup analysis of forest plots depending on whether statins and metformin were adjusted

and metformin (HR=0.78, 95% CI 0.73—0.83, I*=67.4%,
P=0.009) or not (HR=0.81, 95% CI 0.80—0.82, I*=88.7%,
P<0.001); however, there was no no significant difference
between the two groups (P=0.257) (Fig. 7).

Subgroup analysis based on study population

Based on different populations, divided into two sub-
groups: patients with chronic liver disease (n=13) and
general population (n=4). The remaining two studies
were excluded. The results showed that aspirin reduced
the risk of HCC in patients with chronic liver disease
(HR=0.81, 95% CI 0.80-0.82, I*=87.2%, P<0.001)
(Fig. 8).

Subgroup analysis based on hepatitis subtypes

Further, in patients with liver disease, we divided stud-
ies into HBV (n=7) and HCV (n=4) groups based
on different hepatitis viruses. The results showed that
the risk of HCC was reduced by 19% in HBV-infected
patients (HR=0.81, 95% CI 0.80-0.82, I*=62.8%,
P=0.013) and by 24% in HCV-infected patients

(HR=0.76, 95% CI 0.70-0.83, I*=80.2%, P=0.002).
There was no significant difference between the two
groups (P=0.201) (Fig. 9).

Subgroup analysis based on liver cirrhosis status

Also, we divided patients with liver disease into liver
cirrhosis and non-cirrhosis groups. The results showed
that aspirin was a protective factor in either cirrhosis
(HR=0.78, 95% CI 0.69-0.88, I>=64.9%, P=0.023) and
non-cirrhosis (HR=0.86, 95% CI 0.78-0.94, I*=0.0%,
P=0.495) groups (Fig. 10).

Subgroup analysis based on whether results were adjusted
by antiviral drugs

When studies were classified based on whether the
results were adjusted by antiviral drugs, we found that
aspirin remained to be a protective factor in either
adjusted (HR=0.75, 95% CI 0.70-0.80, I*=53.4%,
P=0.092) and 0.81 (95% CI 0.80-0.82, I>*=78.2%,
P<0.001) respectively. There was a significant differ-
ence between groups (P=0.027) (Figs. 11).
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Fig. 8 Subgroup analysis of forest plots based on the study population

Analysis of bleeding risk associated with aspirin

To determine whether aspirin increased the risk of
bleeding, we analyzed 5 papers and found that aspi-
rin was associated with an increased risk of gastroin-
testinal bleeding in patients with chronic liver disease
(HR=1.14, 95% CI 0.99-1.31, I*=0.0%, P=0.712)
(Fig. 12).

Publication bias analysis

Funnel plots were drawn and exhibited asymmetric, indi-
cating the existence of publication bias. The Beggs and
Eggers tests showed consistent results (Beggs: P=0.093;
Eggers: P=0.011) (Fig. 13).

Discussion

In recent years, many studies have demonstrated the anti-
HCC effect of aspirin, which is believed to reduce the
incidence of HCC [2]. However, the mechanism through
which aspirin inhibits the development of HCC remains
unclear. Aspirin may exert anti-HCC activity by several
mechanisms [33]. For example, aspirin is able to inhibit
pro-inflammatory molecule COX-2, whose inhibitor is

shown to reduced liver fibrosis, portal hypertension, and
hepatoma cell proliferation [37]. Also, aspirin can inhibit
the activation of NF-kB pathway [34-36]. Moreover, as
aspirin may induce autophagy-related cell death and
interference with glucose uptake by downregulating the
expression of glucose transporter protein 1 and activating
Bcl-2/Bax signaling pathway [38]. In addition, aspirin can
reverse sorafenib resistance in HCC and has a synergistic
antitumor effect in combination with sorafenib [14].

This meta-analysis including 2,217,714 participants
provides a systematic evaluation of the relationship
between aspirin and the risk of HCC. Our results indi-
cated that aspirin reduced the risk of HCC by 30% com-
pared with that in patients who did not use aspirin. Since
considerable heterogeneity was detected in the included
study, we performed subgroup analyses according to
study region, study type, sex, adjusted medication, and
study population. Results indicated that use was associ-
ated with a reduced risk of HCC independent of these
factors. As for patients with liver disease, we concluded
consistent results regardless of the presence or absence
of cirrhosis and adjustment for administration of anti-
viral drugs. In addition, the adjusted results showed
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Fig. 9 Subgroup analysis of forest plots depending on the type of infected virus
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Fig. 10 Subgroup analysis of forest plots depending on presence or absence of cirrhosis
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Fig. 11 Subgroup analysis of forest plots depending on whether results were adjusted based on antiviral drugs
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Fig. 13 Funnel plot of the association between aspirin and the risk
of hepatocellular carcinoma

a diminished effect of aspirin in reducing the risk of
HCC compared with that in aspirin users who were not
adjusted for both statins and metformin, suggesting that
the combination of aspirin and these drugs may have a
synergistic anti-HCC effect. Our results also suggest that
aspirin is associated with an increased risk of gastrointes-
tinal bleeding in patients with chronic liver disease.

Compared with previous studies, our study has a large
sample size with a long follow-up period. However,
there are several limitations. First, the heterogeneity of
included studies was obvious, which may be due to dif-
ferent study designs, different and highly variable sample
sizes across studies, different inclusion and exclusion cri-
teria, the presence of more confounding factors, incon-
sistent control of confounding factors across studies, and
varied lengths of follow-up. In addition, the presence of
confounding factors in this study should be considered.
For example, aspirin is often concomitantly administered
with statins, lipid-lowering agents, and clopidogrel. Stud-
ies suggested that statin and clopidogrel may reduce the
risk of HCC [39, 40]. Therefore, additional studies are
needed to exclude the influence of confounding factors
when exploring the benefit of aspirin in HCC. In addi-
tion, although aspirin has some potential benefits for
patients with liver disease, its consistent use may cause
some adverse events, such as gastrointestinal and intrac-
ranial hemorrhage. Therefore, it remains controversial
whether aspirin should be advocated in high-risk patients
such as those with peptic ulcers and esophagogastric fun-
dic varices. Simon et al. showed that the administration
of low-dose aspirin did not increase the risk of gastro-
intestinal bleeding [6]. Therefore, additional studies are
required to determine the optimal dose and duration of
aspirin to exert clinical benefit for HCC patients without
increasing risks of adverse events.
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Conclusion

Aspirin may reduce the risk of HCC in both healthy pop-
ulation and patients with chronic liver disease. However,
attention should be paid to adverse events such as gastro-
intestinal bleeding in patients with chronic liver disease.
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