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Aspirin Use Is Associated with a Reduced

Incidence of Hepatocellular Carcinoma:
A Systematic Review and Meta-analysis

Zoe N. Memel,"? Ashwini Arvind,> Oluwatoba Moninuola,* Lisa Philpotts,l’s Raymond T. Chung,l’6’7 Kathleen E. Corey o8

and Tracey G. Simon

16,9

Hepatocellular carcinoma (HCC) is the third-leading cause of cancer-related death worldwide, with a growing incidence
and poor prognosis. While some recent studies suggest an inverse association between aspirin use and reduced HCC
incidence, other data are conflicting. To date, the precise magnitude of risk reduction—and whether there are dose-
dependent and duration-dependent associations—remains unclear. To provide an updated and comprehensive assessment
of the association between aspirin use and incident HCC risk, we conducted a systematic review and meta-analysis
of all observational studies published through September 2020. Using random-effects meta-analysis, we calculated the
pooled relative risks (RRs) and 95% confidence intervals (Cls) for the association between aspirin use and incident
HCC risk. Where data were available, we evaluated HCC risk according to the defined daily dose of aspirin use.
Among 2,389,019 participants, and 20,479 cases of incident HCC, aspirin use was associated with significantly lower
HCC risk (adjusted RR, 0.61; 95% CI, 0.51-0.73; P < 0.001; I = 90.4%). In subgroup analyses, the magnitude of ben-
efit associated with aspirin was significantly stronger in studies that adjusted for concurrent statin and/or metformin
use (RR, 0.45; 95% CI, 0.28-0.64) versus those that did not (Pheterogeneity = 0.02), studies that accounted for cirrhosis
(RR, 0.49; 95% CI, 0.45-0.52) versus those that did not (Pheterogeneity = 0.02), and studies that confirmed HCC through
imaging/biopsy (RR, 0.30; 95% CI, 0.15-0.58) compared with billing codes (Pheterogeneiry < 0.001). In four studies, each
defined daily dose was associated with significantly lower HCC risk (RR, 0.98; 95% CI, 0.97-0.98), corresponding to
an 8.4% risk reduction per year of aspirin use. Conclusion: In this comprehensive systematic review and meta-analysis,
aspirin use was associated with a significant reduction in HCC risk. These benefits appeared to increase with increas-

ing dose and duration of aspirin use. (Hepatology Communications 2021;5:133-143).

espite the decline in overall cancer-related the prognosis remains grim, with limited treatment
mortality over the past decade, hepato- options and 5-year survival of 12%,*% underscoring
cellular carcinoma (HCC) incidence and the need for effective primary prevention strategies.

mortality continue to increase in the United States While the benefits of aspirin for the preven-

and worldwide. Among those who develop HCC, tion of colorectal cancer are well-established,
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growing body of recent evidence suggests that aspirin
may also help to prevent other cancers,(s'g) includ-
ing HCC, through diverse potential mechanisms
including the inhibition of cyclooxygenase enzymes,
or through pleiotropic effects on inflammatory lip-
ids, platelets, and the gut microbiome.? !
to date, observational studies focused on aspirin use
and HCC risk have yielded conflicting results, with
some demonstrating an inverse association between
aspirin use and HCC risk, and others finding null

associations.® 122 Furthermore, inconsistencies in

) However,

study design, and variability in definitions of aspirin
exposure, outcomes or comorbidities, have rendered it
difficult to compare effect sizes across studies. As a
result, prior meta-analyses on this topic have included
only a fraction of published studies,®?*?® which
can result in biased estimates of effect with limited
generalizability.

Thus, to provide the most comprehensive and
updated estimates for the potential association
between aspirin use and incident HCC risk, we per-
formed a systematic review and meta-analysis of
all observational studies, to evaluate aspirin use—
including dose and duration of use—in relation to the

risk of developing HCC.

Methods
SEARCH STRATEGY

A medical librarian (L.P.) undertook a system-
atic literature search of PubMed, Embase, and Web
of Science (inception through September 1, 2020),
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to identify all existing studies that evaluated aspirin
use in relation to HCC incidence. The full PubMed
search strategy is available in Supporting Table S1.
The title and abstract of all identified studies were
screened by two independent reviewers (Z.M. and
A.A)), and studies that did not address the research
question were excluded. All remaining articles were
subsequently reviewed in full against the selection cri-
teria. References were also examined to identify addi-
tional studies of relevance. Any discrepancies were
resolved by consensus between the two reviewers, or
with the input of a third reviewer (T.S.).

ELIGIBILITY CRITERIA

The systematic review and meta-analysis were per-
tormed according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)
guidelines.(29) We included all human clinical studies
written in English that evaluated aspirin exposure and
incident HCC risk, and that reported effect estimates
(i.e., relative risks [RRs], odds ratios [ORs], or hazard
ratios [HRs]) for the association between aspirin use
and HCC incidence, or provided sufficient data for
their calculation. This also included studies focused
primarily on alternative medication exposures, but
nevertheless included an effect estimate for aspirin
use or data for its calculation. After the initial records
were screened by title and abstract, we reviewed 62
tull-text articles and excluded 43 papers for the fol-
lowing reasons: (1) incorrect study design (n = 24;
preclinical study, review without original research,
or letter to editor or commentary); (2) abstract only
(n = 12); (3) wrong patient population (n = 3; patients
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with established liver cancer), or (4) overlapping
study populations (n = 4). For the studies with over-
lapping populations, we chose to include the study
with the largest sample size, as outlined in detail in
the Supporting Appendix. After these exclusions, 19
studies were included in the meta-analysis. Supporting
Fig. S1 summarizes the study selection process.

DATA ABSTRACTION

Two independent reviewers (Z.M. and A.A.) con-
ducted critical appraisal and extracted data according to
a prespecified data collection form. Specifically, the fol-
lowing data were extracted from each study: first author,
publication year, study period, study design, geographic
region, number of aspirin-exposed subjects, number of
unexposed subjects, method of defining aspirin expo-
sure, dose and/or duration of aspirin use (if reported),
method of ascertaining HCC, etiology of underlying
liver disease (if known), proportion with cirrhosis (if
reported), number of incident HCC cases among aspi-
rin user and nonuser groups, concomitant use of non-
steroidal anti-inflammatory drugs, metformin or statin
medications (if reported), other covariates included in
multivariable models or propensity-score matching,
HRs/RRs/ORs and 95% confidence intervals (Cls)
before and after adjustment for confounders, and the
database used to obtain patient information. Among
studies reporting dose and/or duration of aspirin use,
we extracted data regarding the defined daily dose
(DDD) of aspirin; or if the DDD was not reported,
then we calculated the DDD based on the dosage and
number of filled 30-day prescriptions or the duration of
daily aspirin use.

STATISTICAL ANALYSIS

We used the established random effects model
described by DerSimonian and Laird to calculate
pooled RR and 95% Cls. 50 Wherever possible, we
used adjusted risk estimates from the included stud-
ies to account for confounding variables. Between-
study heterogeneity was calculated using Cochran’s Q_
test and I? statistic. All P values were two-tailed, and
P < 0.05 was considered statistically significant for all
analyses except for tests of heterogeneity and publica-
tion bias. We considered heterogeneity to be statisti-
cally significant with P < 0.10 and an I? statistic >50%.
A P value of <0.10 was used as a conservative thresh-
old to test for heterogeneity, given that some sample
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sizes were relatively small and certain subgroups con-
tained a small number of studies, as recommended
by prior publications,*™*? including the Cochrane
handbook.®® To identify potential sources of hetero-
geneity, we performed subgroup analyses according to
strata defined by study design, geographic region, defi-
nition of aspirin exposure, minimum required dura-
tion of aspirin exposure, HCC ascertainment, cohort
versus case-control studies, studies including patients
with viral hepatitis, studies including patients with
cirrhosis, and studies that simultaneously accounted
for statins and metformin. In additional sensitivity
analyses, we evaluated whether study region or study
design accounted for the observed heterogeneity of
results. Publication bias was assessed using a funnel
plot and Egger’s test. Qualitative inspection of fun-
nel plots was completed by evaluating the logarithmic
odds ratio versus the standard errors.*? Finally, using
a range of assumed control risks for incident HCC,
we calculated the number needed to treat (NNT), to
prevent one case of incident HCC from an established
algorithm.®? The hazard difference was assumed to
represent a valid approximation of the risk difference,
given the rarity of incident HCC diagnoses (i.e., event
rates <5% per year).(35) All analyses were performed
using STATA software 15.1 (StataCorp 2017, College
Station, TX).

Results

SEARCH RESULTS
Among the 12,536 unique studies identified

through our search strategy, 19 observational studies
met the criteria for inclusion. These included two pro-
spective cohort studies, 12 retrospective cohort studies
and five case-control studies, with a total of 2,389,019
total participants and 20,479 incident cases of HCC.
Eight studies were removed after initial search, as they
were exact duplicates (identified through multiple
search engines), and four studies were excluded from
the primary meta-analysis due to overlapping popula-
tions.®***%) Supporting Fig. S1 shows the flow dia-
gram adapted from PRISMA® for study selection.

STUDY CHARACTERISTICS

Table 1 outlines the characteristics of included

studies. Among the 2,389,019 subjects, 29% (701,297)
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were exposed to aspirin. Most studies accounted for
sex (15 of 19) and age (14 of 19), while a smaller pro-
portion of studies adjusted for other medications (10
of 19), body mass index (BMI) (4 of 19), alcohol use
(6 of 19), smoking status (5 of 19), and other comor-
bidities (7 of 19), and 11 of 19 studies accounted
for cirrhosis (with 4 of 19 adjusting for cirrhosis in
multivariable models). Most studies from the United
States and Europe included subjects with hepatitis C
virus (HCV) infection, nonalcoholic fatty liver disease
or unknown causes of underlying liver disease, while
most studies conducted in Asia included subjects
with hepatitis B virus (HBV) infection. The median
Newcastle-Ottawa scale (NOS) score was 7, and 16
of 19 studies were considered high-quality (NOS > 7)
(Supporting Table S2).

ASPIRIN USE AND HCC RISK

Overall, random-effects meta-analysis demon-
strated that aspirin users had a 39% lower risk of
developing incident HCC, compared with nonusers,
after accounting for confounding variables (pooled
adjusted RR, 0.61; 95% CI, 0.51-0.73; P < 0.001),
with considerable heterogeneity (Cochran’s Q_test P <
0.001; I? = 90.4%) (Fig. 1). We identified no evidence
of publication bias through visual inspection of the
funnel plot (Supporting Fig. S2) or through quantita-
tive testing, using Egger’s test (P = 0.78).

SUBGROUP AND SENSITIVITY
ANALYSES

We performed subgroup analyses to evaluate poten-
tial sources of heterogeneity (Table 2). Among studies
that accounted for concurrent statin and/or metformin
use (n = 10), aspirin was associated with a significant,
55% lower risk of incident HCC (RR, 0.45; 95% ClI,
0.28-0.64), with moderate heterogeneity (1% = 50.7%).
In contrast, among studies that did not account for
those other hepatoprotective medications (n = 9), the
RR for aspirin use was 0.71 (95% CI, 0.60-0.86), with
substantial heterogeneity (I* = 89.3%). Among studies
that accounted for underlying cirrhosis (n = 11), aspirin
use was associated with a significant, 51% lower HCC
risk (RR, 0.49; 95% CI, 0.45-0.52), with minimal
heterogeneity (I* = 21.2%); however, among the eight
studies that did not account for underlying cirrhosis,
the observed RR was 0.68 (95% CI, 0.51-0.82), with
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%

Study RR (95% ClI) Weight
Lee, T (2020) E-o- 0.78 (0.64, 0.95) 6.88
Shen (2020) - 0.39 (0.30, 0.51) 6.35
Shin (2020) —— i 0.14 (0.09, 0.22) 5.08
Simon (2020) :'0 0.69 (0.62, 0.76) 7.30
Du (2019) —_— 0.16 (0.04, 0.67) 1.27
Lee, T (2019) - 0.70 (0.57, 0.85) 6.85
Tsoi (2019) ‘E 0.49 (0.45,0.53) 7.37
Hwang (2018) |- 0.87 (0.77,0.98) 7.24
Lin (2018) —— 0.67 (0.42, 1.07) 4.90
Tseng (2018) s 0.83 (0.69, 0.99) 6.95
Lee, M (2017) —_— E 0.07 (0.02, 0.24) 1.61
Lee, T (2017) —l— 0.70 (0.37,1.34) 3.74
Kim (2017) — 0.34 (0.15,0.78) 2.87
Yang (2016) E e 1.11 (0.86, 1.44) 6.47
Petrick (2015) i 0.72 (0.57,0.90) 6.66
Sahasrabuddhe (2012) — 0.51(0.35, 0.75) 5.57
Chiu (2011) | —4— 1.00 (0.73, 1.37) 6.04
Friis (2003) E—— 1.00 (0.63, 1.58) 5.00
Coogan (2000) ——— 0.90 (0.29, 2.80) 1.85
Overall (I-squared =90.4%, p <0.001) Q 0.61 (0.51, 0.73) 100.00
NOTE: Weights are from random effects analy:sis
I !
.0202 1 49.5

FIG. 1. Forest plot of aspirin use and risk of HCC development among 19 observational studies, including 2,389,019 participants and
overall relative risks with respective weightings. The pooled results of included studies illustrate a significant relative reduction in risk of
HCC in participants who used aspirin (RR, 0.61; 95% CI, 0.51-0.73).

substantial heterogeneity (I> = 90.8%). Furthermore,
among studies that simultaneously accounted for
both cirrhosis and use of statins and/or metformin
(n= 7),(6’12’14’15’20’22’36) aspirin use was associated with
a significant, 45% reduced risk of HCC (RR, 0.55;
95% CI, 0.49-0.60), with minimal heterogeneity
(I? = 8.7%), suggesting that, together, those two fac-
tors might explain the significant heterogeneity in our
primary analysis.

Several contributed to the
observed heterogeneity. First, among the six studies
in which HCC was confirmed by imaging and/or bio
psy, &71325:3738) agpirin use was associated with a 70%
reduced HCC risk (95% CI, 0.15-0.58), with mod-
erate heterogeneity (I* = 51.0%). In contrast, among
the 13 studies that defined HCC using diagnostic
codes,12142430) a5pirin users had a 26% lower risk of
HCC (95% CI, 0.62-0.87), with substantial hetero-
geneity (I* = 89.2%). Second, among cohort studies
(n = 14), aspirin use was significantly associated with

reduced HCC risk (RR, 0.59; 95% CI, 0.49-0.72),

additional factors

138

with moderate heterogeneity (I? = 52.4%), whereas
substantial heterogeneity was found among the five
case control studies (RR, 0.68; 95% CI, 0.39-1.18;
I” = 89.3%). Finally, when we restricted the analyses
exclusively to populations with established cirrhosis
(n = 6 studies), aspirin use was associated with 31%
lower HCC risk, with no heterogeneity (RR, 0.69;
95% CI, 0.62-0.75; I> = 0%). In contrast, no signif-
icant differences were found in subgroups defined
by geographic region, assessment of viral hepatitis,
required duration of aspirin usage (i.e., >4 weeks vs.
no minimum), method of aspirin ascertainment (i.e.,
prospective vs. retrospective), or the definition of
aspirin exposure (i.e., self-report vs. prescription) (all

heterogencity ” 0.10; Table 2).

To assess whether any individual study might exert
a disproportionate influence on the overall summary
RR, we compared our findings after excluding each
individual study in turn; no single study was found
to substantially affect the main summary estimate

(Supporting Fig. S3).
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TABLE 2. SUBGROUP ANALYSIS TO IDENTIFY SOURCES OF HETEROGENEITY

Tests of Heferogeneity Heterogeneity
No. of No.of HCC  Total No. of Between
Subgroup Analysis Studies Cases Subjects RR (95% Cl) 12 P Groups (P)
Region
European/U.S. 7 4,148 1,198,272 0.70 (0.54-0.90) 82.8% <0.001 P=0.43
Asian 12 16,331 1,190,747  0.55(0.42-0.71) 92.6% <0.001
HCC ascertainment
Not confirmed (diagnostic code) 13 19,172 1,561,226  0.74 (0.62-0.87) 89.2% <0.001 P<0.001
Confirmed (imaging/pathology) 6 1,307 827,793 0.30 (0.15-0.58) 51.0% <0.001
Minimum required duration of aspirin use
>4 weeks 15 18,488 1,837,235 0.60 (0.49-0.74) 92.0% <0.001 P=0.65
No minimum duration 4 1,991 1,107,458  0.66 (0.47-0.93) 71.2% 0.015
Aspirin ascertainment
Prospective 16 18,569 2,377,747  0.61 (0.50-0.74) 91.0% <0.001 P=0.77
Retrospective 3 1,890 11,272 0.67 (0.31-1.46) 89.9% <0.001
Cohort vs. case control
Cohort study 14 17,165 2,370,538 0.59 (0.49-0.72) 52.4% <0.001 P=0.67
Case control 3,314 18,481 0.68 (0.39-1.18) 89.3% <0.001
Definition of aspirin exposure
Prescription data 15 19,159 1,276,327  0.63(0.51-0.77) 91.8% <0.001 P=0.54
Self-reported data 4 1,320 1,112,692  0.55(0.38-0.80) 75.4% 0.007
Accounted for viral hepatitis
Yes 10 9,032 596,583 0.69 (0.58-0.83) 84.8% <0.001 P=0.54
No/unspecified 9 11,447 1,792,436  0.54 (0.39-0.75) 86.9% <0.001
Accounted for cirrhosis'
Cirrhosis 11 9,165 597,532 0.49 (0.45-0.52) 21.2% <0.001 P=0.02
No cirrhosis/unspecified 8 11,314 1,791,487  0.68 (0.51-0.82) 90.8% 0.002
Accounted for hepatoprofective
medications*
Yes 10 16,048 1,199,512 0.45(0.28-0.64) 50.7% <0.001 P=0.02
No 9 4,431 1,189,507  0.71 (0.60-0.86) 89.3% <0.001
Exposure group balance
PS or IPTW 7 14,647 1,156,929  0.56 (0.43-0.72) 94.9% <0.001 P=0.29
None 12 5,832 1,232,090 0.67 (0.51-0.88) 78.6% <0.001

*Statins and/or metformin.

TStudies could account for cirrhosis by including cirrhosis as a covariate in the multivariable model, or by including cirrhosis as a matching
variable to balance exposure groups, or by including a cirrhosis-only population for analysis.

Abbreviation: IPTW, inverse probability weighting.

EXPLORATORY DOSE-RESPONSE
AND DURATION-RESPONSE
ANALYSIS

Four studies®”121% reported risk of incident HCC
according to dose and/or duration of aspirin use,
from which we calculated continuous aspirin DDD
exposures, as outlined in the Supporting Appendix.
Meta-analysis of these eligible studies revealed a sig-
nificant, dose-dependent and duration-dependent

inverse association between increasing aspirin DDD
and reduced HCC risk. Specifically, each additional
aspirin DDD contributed to a significant 0.02%
reduction in HCC risk (adjusted RR, 0.98; 95% ClI,
0.97-0.98), which corresponds to an 8.4% risk reduc-
tion per year of daily aspirin use. The results showed
substantial heterogeneity (Cochran’s Q> test = 8.57;
P = 0.036; I> = 65.0%). There was no evidence of
publication bias either quantitatively (P = 0.78) or
qualitatively (Supporting Fig. S2). Given the small
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number of eligible studies, further subgroup analyses
were not undertaken.

NUMBER NEEDED TO TREAT

Due to substantial between-study heterogeneity, it
was not possible to calculate a single pooled estimate
of the NNT with aspirin to prevent one case of inci-
dent HCC. Nevertheless, if we assume an HCC inci-
dence rate of 0.6 per 100 person-years among adults

(39,40) and

with noncirrhotic chronic HBV infection,
assume a 39% lower observed HCC risk with aspirin
use, then an estimated 427 adults with noncirrhotic
chronic HBV infection would need to be treated
with aspirin for 1 year to prevent one case of incident
HCC. Alternatively, if we restricted the population
to higher-risk patients with cirrhosis (in whom the
annual HCC incidence rate is between 2% and 4%),
then even if we assumed a conservative annual HCC
incidence rate of 2% per year, only 128 adults with cir-
rhosis would need to be treated with aspirin for 1 year,

to prevent one case of HCC.

Discussion

In this systematic review and meta-analysis of
more than 19,000 incident HCC cases recorded in
over 2.3 million participants across seven different
countries, aspirin use was associated with a signifi-
cant, 39% lower risk of developing incident HCC.
The HCC risk reduction associated with aspirin was
similar in both Asian and Western populations, and
in patients with and without viral hepatitis. Subgroup
analyses further demonstrated that the apparent bene-
fits of aspirin were most homogenous in well-pheno-
typed populations that simultaneously accounted for
cirrhosis and for concurrent use of other hepatopro-
tective medications. Additionally, our secondary dose-
response meta-analysis of more than 1.3 million
adults and over 4,294 incident HCC cases demon-
strated that the inverse association between aspirin use
and HCC incidence was highly dose-dependent and
duration-dependent, such that 1 year of daily aspirin
use contributed to a significant, 8.4% reduction in
HCC risk. Importantly, the likelihood of significant
selection or publication bias was very small. Overall,
these findings provide further rationale for the design
of randomized control trials (RCTs) to evaluate the
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safety and efficacy of aspirin therapy in at-risk patients
with chronic liver disease.

Although two recent meta-analyses have addressed
the association between aspirin use and HCC
risk,?*?7) those previous meta-analyses each included
fewer than 50% of published observational stud-
ies.(12:13,17,18,23,24,36-38) Furthermore, neither of those
previous meta-analyses addressed key HCC risk fac-
tors, including viral hepatitis, cirrhosis, concurrent
use of statins or metformin, or the methods by which
aspirin use was ascertained or HCC cases were con-
firmed. This is important, because failing to account
for those factors could yield biased and imprecise risk
estimates, with limited generalizability. In contrast, by
incorporating 11 additional studies that were not part
of the most recent published meta-analysis, > and by
conducting detailed subgroup and stratified analyses,
the current study is able to provide a more compre-
hensive assessment of aspirin use in relation to HCC
risk.

The association between aspirin use and HCC risk
was most homogenous in studies that simultaneously
accounted for underlying cirrhosis and concurrent use
of other hepatoprotective medications, as well as in
studies that confirmed HCC diagnoses with appro-
priate imaging or pathology. It is well-established that
HCC risk is dependent on the severity of underlying
liver disease; thus, accounting for underlying cirrho-
sis could address potential selection bias. Reliance on
administrative diagnostic codes to define HCC may
also introduce misclassification, which in turn could
substantially attenuate risk estimates. Finally, it has
been hypothesized that the combined use of aspirin
together with either statins or metformin could act
synergistically to prevent hepatocarcinogenesis.(20’23)
Indeed, iz vitro studies of HCC cell lines have demon-
strated that co-administration of simvastatin and a
cyclooxygenase-2 inhibitor, NS398, act synergistically
to activate apoptosis and inhibit proliferation.(41)

The apparent benefits of aspirin were similar in
both Asian and Western populations, and in patients
with and without established viral hepatitis. Although
this could suggest that the chemopreventive effects of
aspirin might be broadly generalizable, caution must
be stressed. In Asia, HBV infection represents the
dominant HCC risk factor, whereas in the United
States and Europe, the dominant risk factors include
chronic HCV infection, alcohol use, and nonalcoholic

fatty liver disease (NAFLD). Prior studies have found
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that aspirin may exert unique, HBV-specific hepato-
protective and chemopreventive benefits, by reduc-
ing hepatic infiltration of CD8+ T cells and other
pro-inflammatory cells.*? Furthermore, among pub-
lished studies in Western populations, all but one!?
have lacked comprehensive data regarding underly-
ing HBV or HCV infection, cirrhosis, or the relative
contribution of prescription aspirin versus over-the-
counter (OTC) aspirin. As the United States and
parts of Europe have widely available OTC aspirin, it
is possible that studies relying on prescription claims
or medical record data in those regions may introduce
exposure misclassification, by missing a proportion of
aspirin users. Finally, it has been suggested that aspi-
rin use and prescribing patterns may differ in Asia,
compared with Western countries(43); thus, without
careful accounting for both selection and indication
bias, it is possible that aspirin users included in previ-
ous studies were at inherently lower risk of developing
HCC, compared with nonusers.14*

The association between aspirin use and HCC risk
was modestly attenuated but remained statistically
significant in analyses restricted only to patients with
cirrhosis. It has been previously suggested that aspirin
might exert its hepatoprotective effects early in the
course of chronic liver disease, by preventing or delay-
ing the development of liver fibrosis.“Y However,
physicians are also less likely to prescribe aspirin to
patients with cirrhosis, out of concern for bleeding;
this raises the important possibility that selection
bias or confounding by indication could have affected
our results. Although the apparent benefits of aspi-
rin were similar in studies that used propensity-score
approaches to balance treatment groups, 6,12,14-16,36,37)
it is nevertheless impossible to exclude these potential
biases. This in turn highlights the known limitations
of observational studies and underscores the need for
well-designed RCTs to test the safety and efficacy of
aspirin therapy across the full spectrum of chronic
liver disease.

Due to its potent antiplatelet effects, the bleeding
risks associated with aspirin represent an important
consideration in patients with chronic liver disease.
Previous RCTs have demonstrated that aspirin therapy
for the primary prevention of cardiovascular disease
increases the risk of major gastrointestinal and extra-
cranial bleeding (0.10% vs. 0.07% per year in nonusers;
P < 0.0001)*); however, those trials excluded patients
with cirrhosis. At present, data regarding the potential
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aspirin-related bleeding risks in patients with liver
disease are limited. In this meta-analysis, only four
retrospective cohort studies, three of which conducted
in patients with chronic viral hepatitis and one con-
ducted in patients with alcoholic cirrhosis,*” specifi-
cally evaluated bleeding events associated with aspirin
se.&123637) All four studies found a null association
between daily aspirin use and excess bleeding risk,
including a single exploratory comparison of patients
with and without cirrhosis. However, given the small
sample sizes and exploratory nature of those analy-
ses, further research is needed to fully characterize the
potential risks of aspirin in patients with liver disease
of varying degrees of severity.

To our knowledge, this represents the most com-
prehensive meta-analysis to date that is focused on
aspirin use in relation to incident HCC risk. It is
strengthened by the inclusion of over 2.3 million par-
ticipants from seven countries, which increases gener-
alizability and permits calculation of more precise risk
estimates. Furthermore, by demonstrating a significant
dose-response and duration-response relationship, we
provide additional support for a causal association
between aspirin use and reduced HCC incidence.

We acknowledge several limitations. First, our
findings are based exclusively on observational studies;
thus, we cannot exclude the possibility of residual con-
tfounding and bias related to immortal time, selection,
or the underlying indications for aspirin use. However,
among the few previous studies that were conducted
in unselected, population-based cohorts with careful
accounting for those factors, the estimates were simi-
lar. Second, we acknowledge that there was substantial
heterogeneity among the 19 included studies; how-
ever, this was no longer present among studies that
carefully accounted for both underlying cirrhosis and
concurrent use of other hepatoprotective medications.
Nevertheless, there remain other important potential
sources of heterogeneity that should be assessed in
tuture studies, including individual major HCC risk
factors (e.g., HBV, HCV, alcohol use, NAFLD or
nonalcoholic steatohepatitis [NASH]), modifiers of
HCC risk (e.g., fibrosis severity, adequacy of viral sup-
pression in HBV, HCV eradication), or environmen-
tal and lifestyle factors (e.g., BMI, diabetes, smoking,
diet). Third, the 19 included studies varied widely
in the covariates used for multivariable models, and
most (9 of 19) did not adjust for concomitant use of
statins or metformin, two medications that have been

u
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independently associated with HCC risk reduction.
Moreover, very few studies ascertained data regard-
ing adherence to HCC screening recommendations.
Fourth, we did not contact investigators to request
unpublished data. Finally, although we conducted
subgroup analyses in patients with cirrhosis, we lacked
sufficient data to examine aspirin use across individual
fibrosis stages, and only one study specifically evalu-
ated aspirin use and HCC risk among patients with
established NAFLD or NASH. Thus, future prospec-
tive studies are needed in well-phenotyped popula-
tions with NAFLD/NASH, to assess whether aspirin
might offer unique benefits in that growing patient
population.

In conclusion, this systematic review and meta-
analysis demonstrates that aspirin use is associated
with a significant dose-dependent and duration-
dependent reduction in the risk of developing inci-
dent HCC. The apparent benefits of aspirin were
similar in Asian and Western populations, and in
patients with and without established viral hepatitis.
Although HCC risk reduction was modestly attenu-
ated in patients with cirrhosis, significant benefit nev-
ertheless persisted. Well-designed, prospective studies
are needed to evaluate the safety of aspirin therapy
across the complete spectrum of chronic liver disease,
and to characterize the optimal dose, duration of use,
and timing of aspirin initiation or discontinuation,
to achieve maximal benefit while incurring minimal
risks. Our findings support the planning of RCTs to

confirm these observations.
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