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Abstract
Aim: To evaluate the impact of antiplatelet therapy (APT)on the incidence of 
hepatocellular carcinoma (HCC) and mortality following its treatment.
Methods: A systematic literature search was performed using PubMed and 
Cochrane Central Register of Controlled Trials Databases. Two HCC clinical 
settings were explored: (i) incidence, and (ii) death after any HCC treatment. Odds 
ratios (OR) and 95% confidence intervals (95%CI) were calculated to compare the 
pooled data between patients who received or did not receive APT.
Results: A total of 20 studies were identified, of whom 15 focused on HCC 
incidence, including 2,685,009 patients, and five on post-treatment death, 
including 3281 patients. APT was associated with an overall reduced risk of HCC 
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1   |   INTRODUCTION

In the last decades, the complex relationship between 
platelets and hepatocellular carcinoma (HCC) has been 
largely studied, both in vitro and in vivo, with results 
showing that platelets can be considered a central player in 
liver regeneration and hepatocarcinogenesis, with several 
platelet-related factors such as serotonin, platelet-derived 
growth factor (PDGF),epidermal growth factor (EGF) 
and vascular endothelial growth factor (VEGF) variously 
acting in the angiogenic, inflammatory and proliferative 
processes.1,2 Furthermore, platelets are also involved in 
tumour spread, as they may favour the permeabilization 
of the endothelium, thus allowing the passage of neoplas-
tic cells into the bloodstream.3

While the biologic mechanisms underlying the role 
played by platelets on HCC formation and progression 
have been well described, the potential role of antiplatelet 
therapies (APT) on the interaction between HCC and the 
host remains poorly explored. Indeed, while the benefits 
of aspirin for the prevention of colorectal cancer are well-
established, a growing body of evidence suggests that as-
pirin and clopidogrel may also help prevent HCC through 
several biological mechanisms.4–7 In detail, aspirin blocks 
the release of both serotonin and cyclooxygenase-1 (COX-
1), with consequent suppression of thromboxane-A2, 
which promotes a pro-metastatic niche involving both 
endothelial and tumour cells.8–10 Conversely, clopidogrel 
inhibits the expression of α-granule-stored proteins (i.e. 
P-selectin and CD40L), playing a crucial role in the pas-
sage from vascular injury to inflammation; these proteins 
are involved in heterotypic interactions between platelets/
leukocytes and the endothelium 8,11. Moreover, according 
to a recent study based on a murine model, the clopidogrel 
P2Y12-inhibitor effect decreases the number of tumoral 
cells by promoting an anti-tumoral macrophage pheno-
type.12 Therefore, there is compelling initial evidence that 
APT may modulate the interaction between HCC and the 
host, with potentially positive effects.

Thus, to gain a better insight into this issue, we per-
formed a meta-analysis to evaluate the impact of APT 
on the risk of HCC incidence and mortality following its 

treatment. To this end, we focused on two different events 
of interest, namely HCC incidence and death after any 
type of HCC therapy.

2   |   MATERIALS AND METHODS

2.1  |  Search methodology and study 
design

A systematic review of the published literature was car-
ried out, focusing on the role of APT in the incidence of 
HCC and patient mortality after HCC treatment. The 
search strategy followed the Preferred Reporting Items 
for Systemic Reviews and Meta-analysis (PRISMA) 
guidelines.13

A search of the PubMed and Cochrane Central Register 
of Controlled Trials Databases was conducted using the 
following terms: (anti platelet OR antiplatelet OR APT 
OR DAPT OR dual antiplatelet OR dual anti platelet OR 
aspirin OR clopidogrel OR ticlopidine OR dipyridamole 
OR thromboxane inhib*) AND (HCC OR hepatoma OR 
hepatocell*). The search period was from ‘2000/01/01’ to 
‘2022/03/31’. The systematic qualitative review included 
only studies in English that included humans. Published 
reports were excluded based on several criteria: (a) data on 
animal models alone; (b) lack of enough clinical details; 
(c) use of non-primary source data (e.g. review articles, 
non-clinical studies, letters to the editor, expert opinions 
and conference summaries). In the case of studies origi-
nating from the same centre, the potential overlap of clin-
ical cases was examined, and the most informative study 
was considered eligible.

Two different specific research questions were formu-
lated with this research.

For the incidence of HCC, the Patients, Intervention, 
Comparator, Outcome (PICO) components were:

•	 Patient: patient with APT;
•	 Intervention: follow-up;
•	 Comparison: patient without APT receiving the same 

follow-up;

incidence (OR: 0.63; 95%CI = 0.51–0.79; p < 0.001) as well as of post-treatment 
mortality (OR: 0.54; 95%CI = 0.35–0.83; p = 0.006).
Conclusions: Current data suggest that APT correlated with higher HCC 
incidence and poor overall survival following tumour treatment.

K E Y W O R D S

aspirin, clopidogrel, incidence, occurrence, survival
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•	 Outcome: HCC incidence.

While for the outcome following HCC treatment, the 
PICO components were:

•	 Patient: patient with HCC and APT;
•	 Intervention: any HCC therapy;
•	 Comparison: patient with HCC without APT treated 

with the same approach;
•	 Outcome: death.

2.2  |  Data extraction and definitions

Following a full-text review of the eligible studies, two 
independent authors (QL and FM) performed the data 
extraction and cross-checked all outcomes. During the 
articles selection and data extraction process, potential 
discrepancies were resolved following a consensus with 
a third reviewer (GM). Collected data included the first 
author of the publication, year of publication, country, the 
study period, the type of ATP used, the total number of 
cases, the number of events/treated cases in the ATP and 
no-ATP groups, the indication for APT use, the duration 
of the APT therapy, age, sex, presence of cirrhosis and 
study follow-up time.

2.3  |  Quality assessment

Selected studies were systematically reviewed with the 
intent to identify potential sources of bias. The qual-
ity of the published studies was assessed using the 
Newcastle-Ottawa Quality Assessment Scale (NOS). 
Studies with a score >6 were defined as high-quality 
studies.14

2.4  |  Statistical analysis

Study results are expressed as odds ratio (OR) and 95% 
confidence intervals (95%CIs). The statistical heterogene-
ity was evaluated with the Higgins statistic squared (I2). 
I2 values of 0%–25% were considered as an index of low 
heterogeneity between studies, 26%–50%: moderate heter-
ogeneity, and ≥ 51%: high heterogeneity. The fixed-effects 
model was used when low or moderate (0%–50%) hetero-
geneity was detected between studies, while the random 
effects model was preferred when high heterogeneity was 
present. A p-value<0.05 was considered indicative of sta-
tistical significance. The meta-analysis was performed 
using OpenMetaAnalyst (http://www.cebm.brown.edu/
openm​eta/index.html).

3   |   RESULTS

3.1  |  Search results and study 
characteristics

The PRISMA flow diagram depicts the article selec-
tion process (Figure  1). Briefly, among the 493 articles 
screened, 156 articles were assessed for eligibility with 20 
studies, 15 on HCC incidence and five on mortality out-
come following treatment, which were finally included in 
the meta-analysis.15–34

3.1.1  |  Qualitative assessment of the 
included studies

Using the NOS tool quality assessment, 13/15 studies 
(86.7%) had a score >6 and were therefore considered 
high-quality studies (Table 1).

3.1.2  |  Review of the eligible studies

Data extracted from the selected articles are reported in 
detail in Tables  1 and 2. Among the 15 studies investi-
gating the risk of HCC incidence, the majority (n  =  9, 
60.0%) were carried out in Eastern countries, 5 (33.3%) in 
the United States and only 1 (6.7%) in Europe.15–29 Nine 
studies were based on retrospective databases, while six 
studies were based on prospective data. No study was ran-
domized controlled trial.

Of the five studies that assessed mortality following any 
HCC treatment, four originated in Eastern countries (80.0%) 
and one from the United States (20%).30–34 All the studies fo-
cused on post-treatment mortality were retrospective studies.

Overall, 13/15 studies on HCC incidence (86.7%) and 
1/5 studies on mortality following HCC treatment (20%) 
were based on cohorts including more than 1000 patients.

In only 4/20 (20.0%) studies, a detailed clarification of 
the reason for APT use was reported.18,20,22,27 A total of 
208,595 patients with a clear indication for APT use were 
reported. In detail, cardiovascular diseases, cerebrovascu-
lar diseases, diabetes mellitus and arterial hypertension 
were reported as indication in 48.4, 35.1, 37.7 and 93.8% of 
the cases, respectively. As expected, in no case the indica-
tion was correlated with HCC prevention or cure.

3.2  |  Incidence of HCC with vs. 
without APT

According to the data shown in Table 1, 15 studies reported 
the incidence of HCC in patients with or without APT.15–29 
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A total of 2,685,009 patients were considered, with 25,188 
(0.9%) incident HCC cases. In detail, 6328/1,238,343 (0.5%) 
and 18,860/1,356,666 (1.4%) new HCCs were observed in 
the APT and no-APT groups, respectively.

Table  2 shows a wide heterogeneity among the in-
cluded studies in terms of duration of APT treatment, 
age, sex, proportion of patients included with a diagno-
sis of cirrhosis and duration of follow-up. The meta-
analysis confirmed this heterogeneity, with an I2 = 97.4% 
(p < 0.0001). Overall, the summary OR (0.63; 95%CI, 0.51–
0.79, p < 0.0001) showed a significant reduction in the risk 
of incident HCCs in cases treated with APT (Figure 2).

3.3  |  Mortality following HCC treatment 
with vs. without APT

According to the data shown in Table 1, 5 studies reported 
post-treatment death rates in HCC patients with versus 
without APT.30–34 These studies included 3281 patients, 
with 930 (29.9%) deaths. In detail, 134/577 (23.2%) and 
796/2704 (29.4%) deaths were observed in the APT and 
no-APT groups, respectively. Only two studies clarified 
the causes of death in detail.30,33 According to the availa-
ble data, 28/102 (27.5%) and 149/322 (46.3%) HCC-related 
deaths were observed in the APT and no-APT groups, re-
spectively. The non-tumour-related causes of death were 
9/102 (8.8%) and 27/322 (8.4%) in the APT and no-APT 
groups, respectively.

As far as HCC treatment is concerned, a curative ap-
proach, namely surgical resection, was carried out in 
3 studies.31,32,34 The remaining two studies reported a 

palliative approach with an intra-arterial therapy (trans-
arterial chemoembolization or trans-arterial emboliza-
tion).30,33 As shown in Table 2, the studies showed discrete 
homogeneity in age, prevalence of male sex and presence 
of cirrhosis. The meta-analysis confirmed this figure 
with an I2 = 39.1% (p = 0.16). The summary OR (95%CI) 
showed a reduced risk of death in cases treated with APT, 
being 0.54 (95%CI = 0.35–0.83; p = 0.006) (Figure 3).

4   |   DISCUSSION

The present meta-analysis shows a favourable relationship 
of APT for both the risk of HCC incidence and mortality 
following its treatment. This potential clinical relevance 
of APT in the prevention and management of HCC still 
represents a poorly explored field, in which the intercor-
relations among platelets, carcinogenesis, tumour spread 
and antiplatelet therapies require a more profound com-
prehension (Figure 4).

The potential negative influence of platelets on HCC 
has been reported in numerous basic science and clini-
cal studies, with several platelet-related factors associated 
with the hepatocarcinogenesis processes.1 For example, se-
rotonin plays a relevant role in tumour angiogenesis, liver 
regeneration and HCC growth. Serotonin receptor is over-
expressed in HCC cells and can activate both the PI3K/Akt 
and Wnt/B-catenin pathways signalling.35,36 PDGF pro-
motes liver fibrosis and hepatocarcinogenesis by activating 
the Ras/Raf/MEK/ERK pathway, while TGF-β blocks the 
Kruppel-like factor 6, a tumour suppressor able to repress 
HCC proliferation and metastatic spread.1EGF is a growth 

F I G U R E  1   PRISMA summarizing 
the trial flows for HCC incidence and 
occurrence

 13652362, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.13870 by C

ochraneItalia, W
iley O

nline L
ibrary on [26/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  5 of 12LAI et al.

T
A

B
L

E
 1

 
C

ha
ra

ct
er

is
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s f

or
 th

e 
ri

sk
 o

f H
C

C
 in

ci
de

nc
e 

an
d 

ou
tc

om
e 

fo
llo

w
in

g 
H

C
C

 tr
ea

tm
en

t

R
ef

.
N

am
e

Y
ea

r
C

ou
nt

ry
St

ud
y 

pe
ri

od
D

es
ig

n 
st

ud
y

A
PT

 ty
pe

N
A

PT
E

ve
nt

s
N

o 
A

PT
E

ve
nt

s
N

O
S

H
C

C
 in

ci
de

nc
e

29
Ja

ng
 H

20
22

K
or

ea
20

07
–2

01
7

R
et

ro
A

sp
35

,3
09

17
,7

71
12

32
17

,5
38

14
65

9

28
Si

ng
h 

J
20

21
U

S
20

12
–2

01
7

R
et

ro
A

sp
 - 

C
lo

52
1

17
0

6
35

1
39

7

27
H

ui
 V

W
K

20
21

H
on

g 
K

on
g

20
00

–2
01

8
R

et
ro

A
sp

 - 
Ib

u
35

,1
11

17
44

69
33

,3
67

14
88

9

26
C

ho
i W

M
20

21
K

or
ea

20
05

–2
01

5
R

et
ro

A
sp

 - 
N

SA
ID

32
,6

95
77

18
13

23
24

,9
77

52
16

9

25
Si

m
on

 T
J

20
20

Sw
ed

en
20

05
–2

01
5

R
et

ro
A

sp
50

,2
75

14
,2

05
33

8
36

,0
70

12
74

9

24
Li

ao
 Y

H
20

20
Ta

iw
an

20
00

–2
01

2
R

et
ro

A
sp

38
22

19
11

13
1

19
11

14
7

9

23
Le

e 
TY

20
20

Ta
iw

an
19

97
–2

01
1

R
et

ro
A

sp
74

34
24

78
16

6
49

56
27

0
9

22
Ts

oi
 K

K
F

20
19

H
on

g 
K

on
g

20
00

–2
01

3
Pr

os
p

A
sp

61
2,

50
9

20
4,

17
0

19
84

40
8,

33
9

73
86

9

21
Si

m
on

 T
J2

20
19

U
S

19
80

–2
01

2
Pr

os
p

A
sp

13
3,

37
1

58
,8

55
37

74
,5

16
71

9

20
Le

e 
TY

2
20

19
Ta

iw
an

19
97

–2
01

2
R

et
ro

A
sp

10
,6

15
21

23
12

3
84

92
57

4
8

19
H

w
an

g 
IC

20
18

K
or

ea
20

02
–2

00
6

Pr
os

p
A

sp
15

0,
49

6
75

,2
48

27
9

75
,2

48
29

4
9

18
Le

e 
M

20
17

K
or

ea
20

02
–2

01
5

R
et

ro
A

sp
84

0
42

0
15

42
0

48
9

17
Pe

tr
ic

k 
JL

20
15

U
S

20
09

–2
01

5
Pr

os
p

A
sp

1,
08

4,
13

3
47

7,
47

0
31

5
60

6,
66

3
36

4
8

16
Ja

co
bs

 E
J

20
12

U
S

19
97

–2
01

8
Pr

os
p

A
sp

10
0,

13
9

76
,2

70
15

23
,8

69
22

8

15
Sa

ha
sr

ab
ud

dh
e 

V
20

12
U

S
19

95
–1

99
6

Pr
os

p
A

sp
 - 

N
SA

ID
42

7,
73

9
38

7,
79

0
29

5
39

,9
49

20
2

8

Po
st

-H
C

C
 tr

ea
tm

en
t d

ea
th

34
Yo

un
g 

SH
20

20
Ta

iw
an

20
07

–2
01

4
R

et
ro

A
sp

43
0

15
2

41
5

87
6

33
Bo

as
 F

E
20

19
U

SA
20

09
–2

01
6

R
et

ro
A

sp
30

4
42

7
26

2
12

7
7

32
R

un
gs

ak
ul

ki
j N

20
18

Th
ai

la
nd

20
06

–2
01

5
R

et
ro

D
ua

l A
sp

+
Ti

c
21

7
18

2
19

9
36

6

31
Le

e 
PC

20
16

Ta
iw

an
19

97
–2

01
1

R
et

ro
A

sp
 - 

C
lo

22
10

44
2

94
17

68
51

2
8

30
Li

 JH
20

16
C

hi
na

20
08

–2
01

3
R

et
ro

A
sp

12
0

60
29

60
34

7

A
bb

re
vi

at
io

ns
: A

PT
, a

nt
ip

la
te

le
t t

he
ra

py
; A

sp
, a

sp
ir

in
; C

lo
, c

lo
pi

do
gr

el
; I

bu
, i

bu
pr

of
en

; N
, n

um
be

r; 
N

ew
ca

st
le

-O
tta

w
a 

Sc
or

e;
 N

SA
ID

, n
on

-s
te

ro
id

al
 a

nt
i-i

nf
la

m
m

at
or

y 
dr

ug
s; 

Ti
c,

 ti
cl

op
id

in
e.

 13652362, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.13870 by C

ochraneItalia, W
iley O

nline L
ibrary on [26/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 12  |      LAI et al.

factor secreted by the alpha granules of the platelets, act-
ing directly as a promoter of the inflammatory microenvi-
ronment, while VEGF is a well-known angiogenetic factor 
involved in the HCC growth.3The relevance of these medi-
ators is of particular interest because many of the currently 
available systemic therapies for HCC are based on drugs 

that interact directly with their activation pathways. For 
example, sorafenib is an anti-PDGFR, VEGFR and EGFR 
agent, while regorafenib is an anti-EGFR and anti-VEGFR 
drug, and lenvatinib acts as an anti-VEGFR.3

In recent years, a growing interest focused on the pos-
sible role of APT in preventing HCC, and several studies 

T A B L E  2   Demographic data of the included studies for the risk of HCC incidence and post-HCC treatment death

Ref. Author
Reason 
for APT Duration of APT Age years Male sex % Cirrhosis % FU years

HCC incidence

29 Jang H NA Median time
39 months

No APT 54 (48–62)
APT 55 (49–61)

No APT 76
APT 75

No APT 13
APT 13

No APT 6.3
APT 6.4

28 Singh J NA NA 59 ± 11 55 100 7

27 Hui VWK Specified Median time
34 (19–59) months

No APT 53 ± 13
APT 62 ± 11

No APT 61
APT 469

No APT 7
APT 11

No APT 3.3
APT 2.8

26 Choi WM NA Median time
18 (5–39) months

No APT 49 ± 11
APT 54 ± 10

No APT 50
APT 79

NA No APT 4.9
APT 4.3

25 Simon TJ NA 3mo–1 year - 1–3 years -
3–5 years - ≥5 years

No APT 40
APT 51

No APT 64
APT 72

No APT 14
APT 14

8

24 Liao YH NA 1 year - 1–2 years -
2–3 years - ≥3 years

No APT 65 ± 14
APT 64 ± 14

No APT 46
APT 48

No APT 2
APT 1

No APT 4
APT 4

23 Lee TY NA Median time
4 (2–7) years

No APT 63 ± 10
APT 63 ± 10

No APT 44
APT 44

No APT 15
APT 16

5

22 Tsoi KKF Specified Mean time
92 ± 53 months

68 No APT 54
APT 54

NA 8.9
(3.5–12.7)

21 Simon TJ2 NA <5 years - 5–10 years -
≥10 years

No APT 62 ± 8
APT 64 ± 8

No APT 32
APT 38

NA 26

20 Lee TY2 Specified Median time
37 (14–72) months

No APT 59 ± 12
APT 59 ± 12

No APT 72
APT 72

17 5

19 Hwang IC NA Median time
13 (4–29) months

No APT 49 (44–57)
APT 58 (50–65)

No APT 54
APT 51

16 6.4

18 Lee M Specified Mean time
28 months

No APT 50 ± 11
APT 55 ± 11

No APT 64
APT 61

No APT 12
APT 12

5

17 Petrick JL NA <5 years - ≥5 years No APT 53 ± 13
APT 62 ± 11

No APT 27
APT 48

NA 11.9

16 Jacobs EJ NA <5 years - ≥5 years 60 44 NA 16

15 Sahasrabuddhe 
V

NA NA 63 ± 5 58 NA 6.4

Post-HCC treatment death

34 Young SH NA NA No APT 58 ± 12
APT 64 ± 10

No APT 85
APT 83

No APT 38
APT 23

No APT 4.1
APT 4.8

33 Boas FE NA NA 69 76 NA NA

32 Rungsakulkij N NA NA 56 ± 10 46 NA 3.0 (0–12.4)

31 Lee PC NA NA No APT 53 ± 12
APT 63 ± 10

No APT 83
APT 84

No APT 53
APT 50

No APT 
3.9 ± 3.2

APT 
4.3 ± 3.0

30 Li JH NA NA No APT 66 ± 16
APT 67 ± 16

No APT 80
APT 80

No APT 80
APT 82

25.4
(4.0–82.2)

Abbreviations: APT, antiplatelet therapy; Asp, aspirin; Clo, clopidogrel; Ibu, ibuprofen; N, number; Newcastle-Ottawa Score; NSAID, non-steroidal anti-
inflammatory drugs.
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based on animal models and cell lines were published 
with the intent to clarify the molecular mechanisms con-
necting APT with the development of HCC. Sitia et al. 
investigated the effect of low-dose dual APT (aspirin + 
clopidogrel) in an HBV-positive transgenic mice model, 
observing a reduction of the intrahepatic HBV-specific 
CD8+ T-cells, a decrease in the severity of liver fibrosis 
and a reduced incidence of HCC.8,37,38 In this model, the 
anti-cancer effect was explained by reducing immune-
mediated chronic liver injury.1,8 Zhang et al. demonstrated 
in a murine model, an increased binding between plate-
lets and poorly differentiated HCC, and the administra-
tion of clopidogrel triggered tumour cell differentiation 
and inhibited tumour growth.39 The potential mechanism 
associated with the preventive effect exerted by aspirin 

was to inhibit cell growth and induce apoptosis, involving 
both extrinsic and intrinsic pathways, in HepG2 tumours 
in BALB/c nude mice.40 Another mechanism by which as-
pirin may inhibit HCC cells growth is through decreased 
expression of GLUT1 and HIF1, thus leading to lowered 
levels of reactive oxygen species and reduced glucose con-
sumption by tumoral cells.41

From the bench to the bedside, several studies con-
ducted on humans align with the hypothesis that a higher 
number of platelets may be associated with worse out-
comes in patients with HCC and that APT may demon-
strate a protective effect.42–45

The present meta-analysis, which included 20 studies 
assessing the role of APT in HCC incidence and outcome 
following treatment, showed that patients treated with 

F I G U R E  2   Forest plot and meta-analysis showing the positive correlation between the use of APT and the reduced risk of HCC 
incidence. APT, anti-platelet therapy; HCC, hepatocellular carcinoma

F I G U R E  3   Forest plot and meta-analysis showing the positive correlation between the use of APT and the reduced risk of overall death 
after any HCC treatment. APT, anti-platelet therapy; HCC, hepatocellular carcinoma
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APT show a 40% reduced risk of HCC incidence and a 
halved risk for all-cause mortality in patients with HCC 
treated with either curative or palliative strategies. Most 
of the studies included in the meta-analysis derived from 
retrospective large national cohorts coming from Eastern 
countries, with a minority originating in the United 
States or Europe. A wide heterogeneity in the population 
included in the studies assessing the role of APT on the 
incidence of HCC has been observed, suggesting cau-
tion in the interpretation of the results. Nevertheless, a 
positive effect of APT was reported in most studies, with 
a minimum expected risk reduction of approximately 
20%. The only study with contrasting results was a large 
Korean observational study (460,755 participants), show-
ing the ineffectiveness of aspirin in preventing HCC in 
high-risk patients, such as those with cirrhosis and el-
derly subjects.19 Conversely, in a subgroup of patients 
at high-risk for HCC (i.e. viral hepatitis), aspirin (espe-
cially in association with NSAIDs) seemed to have an 
anti-cancer effect. These results seem to suggest different 
carcinogenetic mechanisms and, at the same time, dif-
ferent chemo-preventive actions of aspirin.19 Moreover, 
the available data unfortunately present a significant 
heterogeneity in terms of risk for HCC incidence, as in 
most cases low-risk patients were enrolled in the studies. 

Furthermore, when high-risk cases were explored (i.e. 
cirrhosis, chronic hepatitis) only patients with viral ae-
tiology were observed. Consequently, we were not able, 
according with the data obtained from the meta-analysis, 
to clarify the potential beneficial effect of APT in other 
settings (i.e. steato-hepatitis, alcohol abuse).

While the benefit of APT on HCC incidence was 
demonstrated in most studies, mainly involving aspi-
rin as APT, some of them also assessed the potential 
harm caused by APT treatment. In particular, the risk 
of bleeding was not significantly increased by aspirin 
alone in studies carried out in vast cohorts of patients 
with chronic hepatitis B in Korea and Taiwan, while the 
risk seemed to increase in patients treated with clopido-
grel alone or with dual APT.18,22 This absence of signifi-
cant harm was also reported in a nationwide study from 
Sweden based on 50,275 patients with chronic hepatitis 
B and C, showing that the use of low-dose aspirin was 
associated with a significantly lower risk of HCC and 
liver-related mortality without a significantly higher 
risk of gastrointestinal bleeding.23 However, not all 
studies demonstrated the absence of an increased risk 
of bleeding with APT, as both aspirin and clopidogrel in-
creased the risk of upper gastrointestinal bleeding in pa-
tients undergoing HCC resection, although no increased 

F I G U R E  4   Figure reporting the mechanisms connected between platelets and HCC growth and spread, and the consequent beneficial 
effect of blocking these mechanisms driven by the APT. Figure modified by Lai Q, et al. (Ref. 3)
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risk of major haemorrhagic events was observed in this 
study.46

As for the duration and dose of APT, some studies re-
ported a direct correlation between them and the reduced 
risk of HCC incidence. A Taiwanese study showed that 
subjects with chronic hepatitis C had a lower cumula-
tive incidence rate of HCC only after the first 10 years of 
APT treatment.24 A population-based study performed on 
prospective cohorts of 87,507 men and 45,864 women re-
ported an aspirin dose-dependent and duration-dependent 
reduction in HCC risk that was similar in patients with 
and without cirrhosis. In contrast, no significant HCC risk 
reduction was observed in patients regularly assuming 
NSAIDs.21 A study from Sweden based on 50,275 cases 
reported a duration-dependent association between HCC 
incidence and APT. Compared with short-term APT use 
(3 months to <1 year), a progressive reduction of the risk 
in HCC incidence was observed after 1–3 years (adjusted 
hazard ratio  =  0.90, 95%CI  =  0.76–1.06), after 3–5 years 
(adjusted hazard ratio  =  0.66; 95%CI  =  0.56–0.78) 
and >5 years (adjusted hazard ratio = 0.57, 95%CI = 0.42–
0.70) of APT use.23 Unfortunately, due to the great hetero-
geneity reported in the selected studies, we were not able 
to perform sub-analyses focused on the concept of APT 
dosage and duration. However, although it is not possible 
to have a firm position on this topic, it looks suggestive to 
consider that the positive effect of APT should be condi-
tioned by the time of administration and dosage, and that 
this aspect surely requires further investigations with the 
intent to address solid recommendations on the manage-
ment of patients at high risk for HCC.

As far as the outcome following HCC treatment is con-
cerned, the positive effect of APT in terms of mortality 
after HCC treatment was reported in studies focused on 
curative and non-curative strategies.

In studies assessing curative approaches, two expe-
riences from Taiwan carried out in patients with hepa-
titis B-related HCC treated with liver resection reported 
better overall survival rates in patients receiving APT, 
independently of the concomitant treatment with non-
steroidal anti-inflammatory drugs (NSAIDs).31,34

On the other hand, considering non-curative ap-
proaches, a study from the United States focused on the 
use of trans-arterial embolization reported an association 
between aspirin use and improved liver function test re-
sults and survival (median survival period after initial em-
bolization: 57 vs. 23 months; p = 0.008).33

Unfortunately, also in this case, it was impossible to 
perform a solid sub-analysis splitting the data of curative 
and non-curative approaches. We can only postulate that 
the use of APT should relate to different ranges of surviv-
als according to the initial stage of HCC and the efficacy of 
the therapy used, although we feel that also in this setting 

more studies are needed to better explore this relevant 
issue.

It was also impossible to clarify if the main cause of 
death in the investigated patients was tumour-related. 
This limit derived from the small number of studies spe-
cifically detailing the causes of death.30,33 However, it was 
interesting to note that, only looking at these studies, the 
number of tumour-unrelated deaths was similar between 
APT and no-APT groups (8.8 vs. 8.4%), while the number 
of HCC-related deaths was significantly higher in the no-
APT group (46.3 vs. 27.5%).

Our study also has some limitations. First, the num-
ber of studies available for the analysis is limited, and only 
five studies assessed the potential association of APT with 
the outcome of HCC patients following cancer treatment. 
Unfortunately, the limited number of cases to explore de-
termined our decision to focus only on two endpoints com-
monly reported in the studies, namely incidence of HCC 
and post-treatment death, avoiding exploring other less 
reported aspects like the incidence of clinically relevant 
bleeding in patients treated with APT. Secondly, several 
relevant aspects like the effective duration of APT ther-
apy, its doses, the indications for APT administration and 
treatment compliance are all potential confounders that 
were impossible to thoroughly investigate due to the lack 
of these data in most of the original studies. Moreover, we 
should also underline that every trial that investigates the 
use of aspirin is prone to external contamination since, 
at least in Western countries, patients can easily access to 
this drug even outside the trial.

Thirdly, the small number of studies assessing out-
comes following HCC treatment limited our ability to 
perform sub-analyses focused on the association between 
APT use and type of treatment, tumour burden, and cause 
of underlying liver disease.

Lastly, another relevant aspect that should be consid-
ered is the interaction of APT with other concomitant 
drugs that may potentially impact HCC prevention, like 
antiviral agents, anti-diabetic medications and statins.47–49

In conclusion, the results obtained from this meta-
analysis suggest a correlation between APT and cancer 
development exist. APT may be considered a promising 
agent able to modulate the risk of HCC and improve post-
treatment overall outcomes. Among antiplatelet drugs, 
aspirin seems to be the agent that reportedly had the 
most relevant favourable effect. The potential efficacy and 
safety of APT regarding the risk of gastrointestinal bleed-
ing needs to be assessed in larger studies.
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