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Abstract

Background Hepatocellular carcinoma (HCC) is a disease demonstrating increasing morbidity and mortality, especially in
patients with chronic viral hepatitis. Studies have shown that aspirin can reduce the incidence of liver cancer; however, the
degree of benefit in patients with viral hepatitis is unclear. This study focused on the association between aspirin use and
HCC risk in patients with chronic viral hepatitis.

Methods A systematic search of the PubMed, Embase, Web of Science, and Cochrane Library databases was performed
from the earliest available date to December 16, 2023. The primary outcome was HCC incidence, and the secondary outcome
was gastrointestinal bleeding. The results were expressed as hazard ratios (HRs) and 95% confidence intervals (CIs). Meta-
analyses were performed by using random or fixed-effects models based on the heterogeneity assessed via the I statistic.
Results A total of 13 articles (303,414 participants and 14,423 HCC patients) were included in the analysis. The incidence
of HCC in aspirin users was lower than that in non-aspirin users (HR 0.75; 95% CI, 0.68-0.83; P<0.001; 12=90.0%).
Subgroup analysis further showed that this effect may be more obvious in HCV patients, non-cirrhotic patients, patients
with statins, and long-term aspirin users, but it may have the risk of gastrointestinal bleeding (HR 1.13; 95% CI, 1.07-1.20;
P=0.906; I*=0.0%).

Conclusions Our meta-analysis shows that in patients with chronic viral hepatitis, aspirin use is associated with a significantly
reduced risk of liver cancer, but attention should be paid to the possible risk of gastrointestinal bleeding, and this conclusion
needs further validation in the future.
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Introduction

Hepatocellular carcinoma is one of the most common malig-
nant tumors throughout the world, ranking fourth among
the causes of tumor death and possessing a high degree of
malignancy, strong invasiveness and metastasis, poor prog-
nosis, and a serious threat to the health of the population
[1]. Risk factors include hepatitis B virus, hepatitis C virus,
alcohol-related cirrhosis, fatty liver disease, diabetes, and
various dietary exposures [2]. Hepatocellular carcinoma
(HCC) and intrahepatic cholangiocarcinoma (ICC) are the
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two most common types of liver cancer. Due to the large
population of chronic hepatitis patients in China, a consider-
able number of patients with liver cancer have developed,
which directly threatens the lives and health of the popula-
tion. Although the current comprehensive treatment meth-
ods (including surgery, intervention, and immunotherapy)
have greatly reduced the mortality rate [3], due to economic
costs and other reasons, it is currently necessary to find more
effective measures to reduce the incidence of liver cancer in
patients with chronic hepatitis from the source.

The benefits of aspirin in the prevention of colorectal
cancer have been confirmed [4-6]. Recently, published
articles have shown that aspirin may reduce the incidence
rate of liver cancer [7-10], and the study by Simon et al.
[11] showed that aspirin can reduce the incidence of liver
cancer by 31%. Moreover, previous meta-analyses on this
topic have included only a small subset of published studies
based on study subjects, and differences in sample size may
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lead to inappropriate judgments of efficacy. Furthermore,
a meta-analysis that solely focuses on studies of aspirin’s
effect on liver cancer incidence in patients with chronic viral
hepatitis has yet to be conducted. Therefore, the purpose
of this study was to investigate the effect of aspirin use on
the incidence of hepatocellular carcinoma in patients with
chronic hepatitis.

Methods
Search Strategy

Meta-analyses were performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) list based on the Meta-analysis Guidelines for
Observational Epidemiological Studies and the protocol for
this study [12, 13] (ID: CRD42022350387). We conducted
a systematic literature search of PubMed, Embase, Cochrane
Library, and Web of Science databases (up to December 16,
2023) by using a combination of MeSH/Emtree and title/
abstract keywords. The keywords were “Acetylsalicylic
acid,” “Aspirin,” “Hepatocellular Carcinoma,” “Liver can-
cer,” “Hepatic cellular cancer,” and “HCC.” Supplemen-
tary material S1 shows the detailed search strategy, and
Fig. 1 provides the complete search strategy. The titles and

abstracts of all of the identified studies were screened by two
junior researchers, and articles not related to the research
question were excluded from the analysis. Subsequently, all
of the remaining articles were fully reviewed according to
the selection criteria. References were also reviewed to iden-
tify other relevant studies. Any differences were resolved via
consultation between the two senior researchers.

Inclusion and Exclusion Criteria

The following inclusion criteria were adopted in this study:
(1) observational studies based on cohort design, (2) patients
with chronic viral hepatitis with ages > 18 years and without
coagulation disorders, (3) aspirin exposure at any dose and
duration, and (4) studies reporting hazard ratios and 95%
confidence intervals (CIs) for HCC incidence. The exclu-
sion criteria were as follows: (1) study subjects including
non-hepatitis patients; (2) literature related to the combined
use of statins and aspirin, splenectomy, hepatectomy, and
alcoholic cirrhosis; and (3) review articles, case reports, and
basic related studies.

Data Extraction

Two junior researchers independently collected data via
preestablished forms. Differences were resolved through
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discussion. The collected information mainly included
author, publication year, country or region, age, number of
liver cancer incidences, number of aspirin users, total num-
ber of people, follow-up time, type of hepatitis, reasons for
taking aspirin, study design, aspirin dose, aspirin use time,
liver cancer incidence, and hazard ratio (HR) and 95% con-
fidence interval (CI) of gastrointestinal bleeding.

Assessment of Study Quality

The quality of the eligible studies was assessed by using the
Newcastle—Ottawa-Quality Assessment Scale [14]. Studies
were assessed by using three categories: selection of study
groups (0—4 points), comparability (02 points), and expo-
sure (0-3 points). A total score of <3 was considered to be
low quality, scores between 4 and 6 were considered to be
moderate quality, and scores > 7 were considered to be high
quality. These scores were only used to facilitate the inter-
pretation of the meta-analysis results but were not used as a
criterion for inclusion or exclusion of the studies.

Data Analysis

The main purpose of this meta-analysis was to examine the
relationship between aspirin use and the incidence of HCC
in patients with chronic viral hepatitis. We used Cochran’s
Q test and I statistic to calculate heterogeneity among the
studies. All of the P values were two-tailed, and P <0.05
was considered to be statistically significant for all of the
analyses (except for tests of heterogeneity and publication
bias). If > 50% indicated significant heterogeneity between
different studies, we chose a random effects model to calcu-
late pooled HRs and 95% Cls. We also performed subgroup
analyses of different types of hepatitis and the presence of
cirrhosis. The stability of the outcomes was assessed by
using a sensitivity analysis via sequential omission of each
of the studies, which was conducted by altering the pool-
ing model (fixed-effects model or random-effects model). In
addition, Begg funnel plots and Egger linear regression were
used to assess potential publication bias for the primary out-
come of the included studies. All of the statistical analyses
were performed by using STATA 17.0.

Results

Search Results

A total of 1344 related articles were retrieved by subject
headings and subtopic headings in major databases, and a
total of 13 articles with approximately 417,133 participants

were finally included through further screening and evalua-
tion [7, 9-11, 15-23].

@ Springer

Study Characteristics

The characteristics of the included studies are shown in
Table 1. A total of 13 related articles with approximately
417,133 participants and 25,225 cases of incident HCC were
included. Of the thirteen studies, 7 studies were conducted in
patients with chronic hepatitis B [9, 10, 15, 19-22], and 2 stud-
ies were mainly conducted in patients with chronic hepatitis C
[7,23]. Additionally, four studies involved mixed patients with
hepatitis B and C [11, 15, 17, 18]. In addition, we noted that
most subjects took long courses of low-dose aspirin.

Quality Assessment Results

We assessed the quality of individual studies based on New-
castle-Ottawa quality assessment scores, and of the 13 cohort
studies, 11 were rated as high quality and 2 as moderate qual-
ity. One study had a NOS score of 9, 8 had a NOS score of 8,
2 had a NOS score of 7, and 2 had a NOS score of 6, with a
full score of 9. In short, the quality of the selected studies was
relatively high, with NOS scores mainly ranging from 7 to 9.
High-quality studies account for a larger proportion, which is
conducive to reducing bias and improving the credibility of the
results. The quality of the studies included in this study is high,
which makes the meta-analysis results more credible.

Primary and Secondary Outcomes

Figure 2A shows the effect of taking aspirin on the incidence
of liver cancer in patients with chronic viral liver disease.
Thirteen observational studies were included, including
417,133 participants and 25,225 HCC patients. There was
heterogeneity observed among the studies (I>=90.0%);
therefore, a random effects model was used. The comprehen-
sive results showed that aspirin could significantly reduce
the incidence of liver cancer in patients with chronic hepa-
titis (HR 0.75; 95% CI 0.68-0.83; P <0.001; I>=90.0%).

Figure 2B shows the effect of aspirin use on gastrointes-
tinal bleeding in patients with chronic viral hepatitis. A total
of 7 observational studies including 170,095 participants
and 8961 HCC patients were included. There was no het-
erogeneity observed among the studies (I*=0.0%); there-
fore, a fixed-effects model was used. The combined results
showed that aspirin had no significant effect on gastrointes-
tinal bleeding in patients with chronic viral hepatitis (HR
1.13; 95% CI 1.07-1.20; P=0.906; I*=0.0%).

Subgroup Analysis

Subgroup analysis further demonstrated that aspirin use is
linked to a lower incidence of HCC in patients with factors
including HCV (HR 0.69; 95% CI 0.55-0.87; P <0.001;
’=83.2%: Fig. 3A), noncirrhotic (HR 0.73; 95% CI



641

Journal of Gastrointestinal Cancer (2024) 55:638-651

SOSBISIP
Ie[nosea
(0ot -o1pIed va10y  [61]1 120
VN -L60)86'0 Sunueaaig VN skep 06 1sea[ IV AdH 01 g'es $69°C€ 8ILL 6£59 o0d ymnog  ‘fe3s 1oyn
ReN:EN 1]
Ie[noseA Kep
wsc Lo -o1pIed /S ool yuow [ < Aep vaI0y  [12] L10T
—87'0) 11T ‘60°0) 9T'0 Sunuaaig utndsy /3w 001 AdH SLY AN 6S¥1 eve €9 o) | ynog  [e10997]
uon
-uaaid
#6°0 Ie[noseA SIBIA ¢ <10 BOIOY] [6] z20T
VN —9L°0) ¥8°0 -OIpIe) VN  uurdse Sunyep, AdH S'L 8'1¢ €L9°T91 LEB6 £80L o) | ynog  ‘[ele ung
SOSBASIp
Te[nosea
-oIpIed
Iof
(Le1 (980 Aderoy skep (6 < osn [czl 610¢C
—€6'0) €I'T —85°0) IL°0 e@e[dnuy  p/Sw ol > Tengoy AdH S 8'8¢ S19°01 €Cle L69 od uemie],  ‘[e 19997
SOsBaSIp
Ie[nosea
(or'1 (s6'0 -01pIed $$9] 10 [ezl ocoT
—=68'0)CI'T —#9°0) 8,0 Sunuoadrd Sur(Q[ Y0oJ,  sAep 081 <os)) ADH S g9 (39 44 Secl 9ty o) UBMIE],  [e10997]
uon
-uorord  (Swr91>) (111 020C
61 L0 Ie[noseA uriidse skep 06 < ‘Aep 1
—68°0) 81'T —T9°0) 69°0 -OIpIeD) 9S0p-MO] /3w 91 10 6/ ADH/AGH 6L AN SLT0S SOTvI CI91 00} uopamg uourg
SJUOAD
remosea  (Sw9r>) skep
CrA (z60  -orpred jo urndse SANNO2SUOD w310y [0zl TT0T
—66'0) 60'T —8L°0) G8'0 UONuUAAdI] 9S0p-MO] 06 Uey) 210N AdH L9 %Y 900°8€ €00°61 L69¢ )| Wnos e 12 Suer
uon
-uaaaid sIosn
(Tr1 (160 Te[nosea 8'C ‘s1osn [or] 1202
—L8'0) II'T —81°0) 1¥°0 -OIpIe) VN skep 6 1sea[ IV AdH ouge €S 111°6€ YyLl LSS DY SuoySuoH  ‘[ee InH
urndse
(zLo Pim (L] 020T
VN —€#'0)9S°0 pajeal] VN asn Kuy ADH 01 ¥9 (4443 116l 8LC od uemre],  ‘ejo oerg
(o) 1
%S6 dH)  %S6 “4H)
QWI09IN0 QWI09IN0 urndse Iosn urdse snneday (s1ek) a3k Joquinu dnoi3 ugisop
KI1epU0d9g Arewirg Joj uoseoy  9sop urdsy Jo uonmureq JoadAy, dn-mor[oq a3eroay el utdsy  sased DDH Apms uordoy Apmgs

SISA[eUE-2IOW Y} UT PAPNIOUT SAIPNIS SY) JO SONSLISJOLIRYD duIaseq | d|geL

pringer

Ns



Journal of Gastrointestinal Cancer (2024) 55:638-651

642

JIqe
-[TeA® JoU A ‘[EAISIUT OUSPYUOD 7)) ‘Onel pIezey yx ‘sniia D snnedoy ADH ‘sniia g snnedoy Agy ‘ewourdred se[nf[oooieday DO T0NU0I—3sed 9A10dS0NI DY 1I0Y0d 2An0adsonar DY
(€90
—7€°0)
S0 Kdeoyy
ADH wrarerd
‘(L80 -hue
=1+°0) 10y posn Kep va10y  [S1] €20¢
VN 090 AdH undsy  /Bwr001-GL  sKep $8 1see[ )y ADH/AGH ynog  [e10997]
QJep xopur
oY) 210J0q
Adezoyy SIBA G UuImIm
1o10101d SPI0J31 (skep pg <)
-nue  uondrrosaxd SP10231 UoT) [L1]1810C
080 10J pasn uriidse -drrosard BAIOY] RRE]
VYN —€5°0) $9°0 urndsy Temsoy  umndse remsay ADH/AGH nog Suemy
(160
-LS°0)
(ten Lo Adexoqy
—6L°0) dnoi3 1or0red
70'1 dnoi3 JSuI -nue
JSLIOIOqe  OI[OqeIdW 1oy pasn va10y  [97] £20T
-Jour IYITH 1oy31yH urndsy VN  sAep 06 SB[ IV ymos ‘e 10997
(€0'1
~¥8°0)
(6€1 €60 Adexoyy
-80°1) dnoi3 Jored
7Z'1 dnoi3 JSu -nue
JsHonoq - drjoqeisw 10} pasn va1oy  [971] €20¢
-Bjou JOMo] Jomo] urdsy VN  SABp (06 1589 IV yInog ‘B0 9]
(74
—8°0)
701 Kdeioy
ADH 1oroyerd
‘(10’1 -hue
—L9°0) 10} pasn urridse [811810C
VN 780 A9H utndsy 980p-MmO] sipuow '6¢ ADH/A9H BUID ‘[e3° OH
(o) 1
%S6 dH)  %S6 “4H)
Bl QWOo9INO urrdse Josn urndse
KI18pU0d9g Arewirg  Joj uosedy  asop urdsy Jo uonmureq JoadAy, dn-mofjoq uor3oy Apmgs

(ponunuod) | 3jqeL

pringer

AQs



Journal of Gastrointestinal Cancer (2024) 55:638-651 643
Study %
ID HR (95% Cl) Weight
T
Liao 2020 € —— | 0.56 (0.43, 0.72) 5.85
,
Hui 2021 € - 0.41(0.18, 0.91) 1.40
Jang 2022 | ——— 0.85 (0.78, 0.92) 8.61
|
Simon 2020 —_— 0.69 (0.62, 0.76) 8.37
1
Lee 2020 - 0.78 (0.64, 0.95) 6.86
Lee 2019 ——— 0.71 (0.58, 0.86) 6.87
|
Yun 2022 |— 0.84 (0.76, 0.94) 8.31
Lee 2017 € i 0.26 (0.09, 0.74) 0.88
'
Hwang 2018 —— L 0.65 (0.53, 0.80) 6.72
Lee C 2023(High) —— 0.72 (0.57, 0.91) 6.24
Lee C 2023(Low) | —_— 0.93 (0.84, 1.03) 8.37
|
Ho CM 2018-HBV . 0.82 (0.67, 1.01) 6.73
Ho CM 2018-HCV : —— > 1.02(0.84, 1.24) 6.91
| ]
Choi WM 2021 ! - 0.98 (0.97, 1.00) 9.08
Lee C 2023-HBV € —— : 0.60 (0.41, 0.87) 417
Lee C 2023-HCV & H 0.45 (0.32, 0.63) 4.64
Overall (I-squared = 90.0%, p = 0.000) <> 0.75 (0.68, 0.83) 100.00
|
'
NOTE: Weights are from random effects analysis !
I I I I I I
5 6 7 9 1 11 12
Study %
D RR (95% Cl) Weight
H
Hui 2021 - 1.11 (0.87, 1.43) 5.99
Jang 2022 -— 1.09 (0.99, 1.21) 36.76
N AN
Lee 2017 - > 1.11(0.48, 2.54) 0.53
:
Simon 2020 T 1.18 (0.98, 1.42) 10.76
Lee, C 2023(High) - 1.02 (0.79, 1.32) 5.62
Lee, C 2023(Low) " 1.22 (1.08, 1.39) 23.25
Lee 2019 1.13 (0.93, 1.37) 9.87
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Fig.2 A Forest plot of aspirin use and risk of HCC development in
13 observational studies (including 417,133 participants) and overall
relative risk with their respective weights. The pooled results of the
included studies showed that subjects taking aspirin had a significantly
lower risk of HCC (HR 0.75; 95% CI 0.68-0.83). B Meta-analysis

of overall pooled HR with 95% ClIs across studies for secondary out-
come. Forest plots showing the association between aspirin use and
the risk of gastrointestinal bleeding in patients with viral hepatitis,
according to a fixed-effects model
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Fig. 3 A Subgroup analysis stratified by hepatitis type. B Subgroup analysis according to antiviral treatment
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Fig.4 A Subgroup analysis stratified according to sex. B Subgroup analysis stratified by cirrhosis
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Hui 2021 < k 0.41(0.18,0.91)  1.40
Subtotal (I-squared = 80.4%, p = 0.000) —_ 0.67 (0.48,0.94) 21.77
|
followed=5years :
Choi WM 2021 : > 0.98 (0.97, 1.00) 9.08
Hwang 2018 * r 0.65 (0.53,0.80)  6.72
Jang 2022 | ——— 0.85(0.78,0.92)  8.61
Simon 2020 —_— 0.69 (0.62,0.76)  8.37
Lee 2020 —e 0.78 (0.64,0.95) 6.86
Lee 2019 * : 0.71 (0.58, 0.86) 6.87
Yun 2022 :—‘— 0.84 (0.76, 0.94) 8.31
Lee C 2023-HBV * ' 0.60 (0.41, 0.87) 417
Lee C 2023-HCV < * E 0.45 (0.32, 0.63) 4.64
Lee C 2023(High) - 0.72 (0.57,0.91) 6.24
Lee C 2023(Low) ' —_— 0.93 (0.84, 1.03)  8.37
Subtotal (I-squared = 91.7%, p = 0.000) <> 0.76 (0.68,0.85)  78.23
. 1
Overall (l-squared = 90.0%, p = 0.000) <> 0.75 (0.68, 0.83) 100.00
NOTE: Weights are from random effects analysis E
| | | | | | | |
4 5 .6 7 .8 9 1 1.1 1.2

Fig.5 A Subgroup analysis stratified by time of statin use. B Subgroup analysis stratified by follow-up time
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% A

Study
ID HR (95% ClI) Weight
<3years E
Simon 2020 (3months-1years) . —_— 0.90 (0.76, 1.06) 14.95
Liao 2020(3months-1years) ,g : 0.63 (0.48, 0.83) 12.04
Hui 2021(3months-2years) ,g 0.65 (0.47, 0.92) 10.42
Liao 2020(1-2years) € E 0.33 (0.18, 0.61) 5.41
Simon 2020 (1-3years) E —_— 0.90 (0.76, 1.06) 14.95
Liao 2020(2-3years) € ~—! 0.60(0.32,1.13)  5.17
Subtotal (I-squared = 70.8%, p = 0.004) <> 0.71(0.57,0.88)  62.93
1
|
=3years :
Liao 2020(=3years) 3 + : 0.45 (0.26, 0.79) 6.14
Simon 2020(3-5years) _IO_ 0.66 (0.56, 0.78) 14.96
Simon 2020(=5years) g E 0.57 (0.44,0.74) 12.42
Hui 2021(25years) & ' 0.41(0.18, 0.91) 3.55
Subtotal (I-squared =6.2%, p = 0.362) <:> 0.61(0.53, 0.70) 37.07
. |
Overall (I-squared = 70.4%, p = 0.000) <> 0.65 (0.55, 0.77) 100.00
1
NOTE: Weights are from random effects analysis E
I I I I I I I I
4 5 .6 7 .8 9 1 1.1 12
Study % B
ID HR (95% Cl) Weight
60years old E
Liao 2020(40-59 years old) € * : > 064 (0.35, 1.14) 1.91
Lee 2019(<60years old) : * 0.71 (0.53, 0.95) 7.76
Lee 2020 T + > 0.91(0.66, 1.25) 6.49
Simon 2020 € + : 0.60 (0.49, 0.73) 16.51
Subtotal (I-squared = 38.0%, p = 0.184) <:> 0.70 (0.57, 0.85) 3267
. !
260years old E
Liao 2020(60-79 years old) € * T 0.56 (0.41, 0.76) 6.95
Lee 2019(>60years old) : +* 0.71 (0.54, 0.92) 9.30
Liao 2020(=80years old) € : > 045 (0.18, 1.11) 0.80
Lee 2020(>65years old) : + 0.69 (0.54, 0.88) 11.06
Lee 2020 € * - 0.55(0.41,0.73)  7.94
Simon 2020 * 0.69 (0.60, 0.80) 31.28
Subtotal (I-squared = 0.0%, p = 0.538) <> 0.66 (0.60, 0.73) 67.33
: |
Overall (I-squared = 0.8%, p = 0.430) <> 0.66 (0.61,0.72) 100.00
1
NOTE: Weights are from random effects analysis E
I I I I I I
5 .6 7 .8 9 1.1

Fig.6 A Subgroup analysis stratified by aspirin use. B Subgroup analysis stratified by age
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Study %
ID HR (95% CI) Weight
hypertension :
Liao 2020 € * : 0.63 (0.47, 0.85) 12.22
Lee 2020 < : + > 0.80(0.50,1.28)  6.85
1
Lee 2019 3 * ] 0.63(0.50,0.81)  14.80
1
Yun 2022 | ——— 0.86 (0.76, 0.96) 21.70
Subtotal (I-squared = 60.8%, p = 0.054) <> 0.73 (0.60, 0.89) 55.57
|
1
non-hypertensive :
Liao 2020 € | 0.39(0.23,0.65)  5.89
1
Lee 2020 — 0.76 (0.61, 0.93) 16.41
1
Lee 2019 " > 0.87 (0.63, 1.20) 11.16
1
Yun 2022 . * > 0.91(0.66, 1.27) 10.97
Subtotal (I-squared = 63.2%, p = 0.043) <> 0.74 (0.57, 0.97) 44.43
1
!
Overall (I-squared = 55.9%, p = 0.026) <> 0.74 (0.64, 0.86) 100.00
1
NOTE: Weights are from random effects analysis E
| | | | |
5 6 7 8 9 1.1
Study % B
ID HR (95% Cl) Weight
diabetes |
Liao 2020 - ' 0.68 (0.45, 1.03) 4.35
1
Lee 2020 + 0.77 (0.57,1.04) 6.16
Lee 2019 - L 0.67 (0.47,0.95) 5.26
Yun 2022 , ———<——> 0.95(0.82,1.11) 9.44
Ho CM 2018-HBV : * 0.93 (0.70, 1.24) 6.45
Ho CM 2018-HCV — 0.80 (0.58, 1.10) 5.80
1
Simon 2020 —_— 0.71 (0.61,0.83) 9.38
Subtotal (I-squared = 39.3%, p = 0.130) <:> 0.80 (0.71,0.90) 46.82
: |
non-diabetic |
Ho CM 2018-HBV - 0.71 (0.53,0.95) 6.33
Ho CM 2018-HCV ! —)> 1.21(0.94,1.55) 7.19
Simon 2020 —_— ! 0.63 (0.56,0.71) 10.14
Liao 2020 * ' 0.49 (0.35,0.68) 5.59
Lee 2020 * 0.77 (0.60, 1.00) 7.08
1
Lee 2019 -— 0.72 (0.57,0.91) 7.54
Yun 2022 —_— 0.76 (0.65, 0.89) 9.31
Subtotal (I-squared = 78.0%, p = 0.000) <:> 0.74 (0.62,0.87) 53.18
. |
Overall (I-squared = 68.9%, p = 0.000) <> 0.76 (0.68, 0.85)  100.00
1
NOTE: Weights are from random effects analysis !

I I I I
4 .5 .6 7

Fig. 7 A Subgroup analysis stratified by hypertension. B Subgroup analysis stratified by diabetes
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0.59-0.92; P <0.001; I’=77.2%; Fig. 4B), combined
use of statins (HR 0.64; 95% CI 0.41-0.98; P<0.001;
>=96.8%: Fig. 5A), and > 3 years of aspirin use (HR 0.61;
95% CI0.53-0.70; P=0.362; >=6.2%: Fig. 6A) Diabetes
and hypertension (Fig. 7).

Sensitivity Analyses and Publication Bias

As the included studies were observational studies with a
low risk of bias, we performed sensitivity analyses to assess
the effect of any one study on the pooled HR and 95% CI by
deleting each separate study at a time (Supplementary mate-
rial). Sensitivity analyses did not demonstrate any significant
differences between the calculated combined results beyond
the 95% confidence limits (Supplementary material Fig. S1).
Publication bias was detected using funnel plots, Begg’s
rank correlation test, and Egger’s regression asymmetry
test; however, the funnel plot showed significant asymmetry
between studies (Supplementary Material Fig. S2), suggest-
ing possible publication bias.

Discussion

Liver cancer-related treatment costs impose a considerable
burden on global health, and its morbidity and mortality
are still increasing [24]. Studies have shown that nonsteroi-
dal anti-inflammatory drugs, such as aspirin, have a certain
effect on the prevention and treatment of liver cancer [25,
26]. Our results showed that aspirin use was associated with
a significant reduction in the risk of HCC in patients with
chronic viral hepatitis, and these benefits did not appear to
increase the risk of gastrointestinal bleeding.

The possible mechanism by which aspirin reduces the
incidence of hepatocellular carcinoma.

More than 50% of HCC cases are attributable to chronic
HBYV infection [27]. Inflammatory damage, cell necrosis,
and fibrosis caused by HBV infection are important causes
of HCC. The possible mechanisms of HCC initiation include
viral factors (such as insertional mutagenesis and inappropriate
expression of viral gene products). Previous studies have
shown that host factors associated with antiviral immune
responses play an important role [28], which is characterized
by the inability of dysfunctional virus-specific CD8+T cells
to clear HBV from the liver [29]. HBV continues to act on
hepatocytes, thus leading to tissue damage; moreover, platelets
exist at the site of inflammatory damage. Platelet depletion
can reduce the accumulation of hepatovirus-specific CD§+T
cells to improve liver burden, thereby reducing the incidence of
long-term HCC [30]. In this pathway, aspirin inhibits platelet
activation by blocking the production of thromboxane TXA2
[31]. In addition, Zhang et al. [32] found that aspirin inhibited

HCC cell growth by inducing the expression of other CREB/
ATF1-responsive genes in an AMPK-dependent manner.
Additionally, aspirin has been reported to inhibit the viral
replication of flaviviruses, such as HCV [33, 34], and the
anti-HCV effect of aspirin has been reported to be due to its
inhibitory effect on COX-2 expression through the activation
of MEK12/p38 MAPK [33]. Further studies have shown that
aspirin has a greater early benefit in patients with hepatitis C
and may prevent the risk of reinfection with HCV [35]. In our
subgroup analysis, it was also shown that hepatitis C patients
had a lower incidence of liver cancer than hepatitis B patients
taking aspirin.

We have previously discussed in detail the specific mech-
anism by which aspirin reduces the incidence of liver can-
cer in patients with chronic viral hepatitis, which provides
options for future prevention; however, we know that aspirin
(as a first-line antiplatelet drug) is generally a preventative
drug for people at risk of occlusive cardiovascular or cer-
ebrovascular events. Another extremely important point is
that for some high-risk groups, an important risk of pro-
longed or overdose aspirin involves gastrointestinal bleed-
ing, especially in patients with chronic hepatitis, who often
progress to cirrhosis due to chronic inflammation, which
can lead to esophageal varices. Inappropriate aspirin use
may lead to common complications such as gastrointesti-
nal bleeding and even more severe intracranial hemorrhage,
which directly threatens the patient’s life; our results also
show the associated risk of gastrointestinal bleeding, since
this article mainly focuses on patients with chronic hepa-
titis, a considerable proportion of whom are patients with
cirrhosis. Due to the progression of the disease, the decom-
pensated stage of cirrhosis leads to gastroesophageal varices,
even taking low-dose aspirin to prevent cardiovascular and
cerebrovascular diseases may lead to increased risk of gas-
trointestinal bleeding.

The results of this paper suggest that aspirin use in
patients with chronic hepatitis can reduce the incidence of
liver cancer. However, further clinical trials are needed to
confirm this recommendation. As a first-line nonsteroidal
anti-inflammatory drug (NSAID), aspirin exerts powerful
anti-inflammatory and antiplatelet effects, thereby reducing
the process of liver fibrosis and the incidence of liver cancer
[35, 36]. Clinical studies have shown that the incidence of
liver cancer in patients taking aspirin is significantly lower
than that in the non-aspirin group [37]. In contrast, some
studies have shown that aspirin is ineffective in reducing
the incidence of liver cancer [38]. The main purpose of tak-
ing aspirin in such patients is to prevent cardiovascular and
cerebrovascular diseases, and they also take lipid-lowering
drugs (such as atorvastatin) and hypoglycemic drugs (such
as metformin). Whether these confounding factors inter-
fere with the current results requires further research. Some
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researchers believe that the combination of aspirin and lipid-
lowering drugs or hypoglycemic drugs plays a possible role
[38, 39], and previous studies have shown that the combina-
tion of simvastatin and the cyclooxygenase-2 inhibitor NS398
can inhibit excessive proliferation [40]. Our meta-analysis
focused on patients with viral hepatitis and demonstrated that
aspirin can significantly reduce the incidence of liver cancer
without significantly increasing the risk of gastrointestinal
bleeding. This provides the possibility of a choice for patients
with viral hepatitis, especially early-stage patients; however,
its efficacy and safety still need to be confirmed by further
large-scale, clinical, randomized controlled trials.

This study had several advantages. First, this article is the
first to conduct a systematic review and meta-analysis of the
incidence of liver cancer after taking aspirin in patients with
viral hepatitis (excluding ordinary patients). Second, this paper
includes two recently published high-quality articles [15, 16],
which greatly increases the sample size to minimize bias and
ensure the relative reliability of the results. Third, this article
discusses the specific mechanism of aspirin’s effect on the
incidence of liver cancer in patients with chronic hepatitis,
as well as the subgroup analysis of HBV and HCV, to further
explore the relevant mechanism of these effects. Fourth, the
median follow-up time of the included studies was sufficient
for a meaningful assessment of HCC incidence. Finally, the
results presented in the NOS quality list show that the methods
that were used in the original study are of high quality.

The paper also had several shortcomings. First, due to the
fact that the studies that were included in the meta-analysis
were observational, high-quality, large-scale RCTs must be
performed to demonstrate the effectiveness of the protocol in
a highly controlled setting. Second, a high degree of hetero-
geneity was observed in the overall effect of aspirin on HCC
incidence; however, the NOS assessment indicated that the
quality of the included articles was reliable, which suggests
that the dose and timing of aspirin and the large sample size
may be the source of the heterogeneity.

In conclusion, this systematic review and meta-analysis
demonstrated that aspirin use significantly reduces the risk of
HCC in patients with chronic viral hepatitis, but this requires
attention to the risk of gastrointestinal bleeding. In addition,
aspirin may benefit patients with HCV, those without cirrhosis,
those taking concomitant statins, and those taking long-term
treatment, and these findings may need further confirmation
in the future.
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