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Abstract: Transarterial chemoembolization (TACE) is the principal therapy for unresectable hepatocellular carci-
noma (HCC). However, its efficacy is currently limited owing to tumor progression or treatment failure. It has been 
shown that aspirin reduces the incidence of multiple malignant tumors including HCC and plays a synergistic role 
with chemotherapy in the treatment of colon cancer. Therefore, we aimed to investigate the adjuvant effect of as-
pirin on patients with unresectable HCC who underwent TACE therapy. A retrospective matched-pairs analysis was 
performed to evaluate the efficacy of aspirin in combination with TACE therapy. A total of 120 patients with HCC, 
including 60 patients treated with aspirin for treatment of cardiovascular disease, transient ischemic attack, and ar-
thritis, and 60 paired matching HCC patients without aspirin treatment in the same period, were enrolled. Compared 
with non-aspirin users, patients treated with aspirin showed improved OS (P = 0.050). Specifically, patients treated 
with a full dose of aspirin showed prolonged OS (P = 0.027), which was an independent factor associated with OS in 
multivariate analysis (hazard ratio 0.498, 95% confidence interval 0.280-0.888, P = 0.018). Aspirin in combination 
with TACE might improve OS in patients with unresectable HCC. Thus, the impact of aspirin on patients with HCC 
warrants further investigation prospectively.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth 
most common cancer worldwide and the third 
most common cause of cancer mortality [1]. 
While surgical resection and local ablation 
remain the standard options for treating HCC, 
long-term survival prognosis remains unsatis-
factory because of a high incidence of recur-
rence. Less than 30% of patients detected with 
HCC are initially eligible for curative therapy, 
owing to advanced stage or poor liver function 
at diagnosis.

Transarterial chemoembolization (TACE) is the 
standard treatment method for unresectable 
HCC [2]. Currently, TACE has shown to improve 
the median survival of patients from 16 to 20 
months for intermediate-stage, and up to 8 
months for advanced-stage HCC [3]. However, 
not all patients respond well to this procedure. 
TACE failure or refractoriness worsens disease 
progression, even in patients who show a good 

response to the procedure [4]. Various strate-
gies to improve the outcome of TACE have 
included combination regimes; however, their 
efficacy is still limited [5-7]. Therefore, there is a 
need for effective and accessible adjuvant ther-
apies that improve the outcome of patients with 
HCC who are undergoing TACE.

Aspirin is currently used extensively as a car- 
dioprotective, antithrombotic, and anti-inflam-
matory agent [8]. Daily aspirin intake has dem-
onstrated noticeable chemopreventive and 
chemotherapeutic benefits in colorectal carci-
noma. Cyclooxygenase (COX)-dependent and 
-independent mechanisms have been suggest-
ed to explain this effect [8]. Taking into account 
that HCC is a chronic inflammation- related car-
cinogenesis characterized by high levels of COX-
2, it is tempting to speculate that aspirin might 
be a potential therapeutic agent for HCC.

At present, an increasing number of preclinical 
studies have revealed the possible preventive 
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and therapeutic benefits of aspirin for treat-
ment of HCC [9]. Moreover, it has been report-
ed that aspirin may reverse apoptosis resis-
tance in HCC cell lines [10, 11]. The antiplatelet 
function of aspirin is well known, and, to some 
extent, accounts for its chemotherapeutic 
effect, considering that platelet-secreted fac-
tors such as epidermal growth factor (EGF), 
platelet-derived growth factor (PDGF), and vas-
cular endothelial growth factor (VEGF) play 
important roles in cancer initiation and pro-
gression [12]. Thus far, only a few clinical stud-
ies using aspirin have been performed in 
patients with HCC. Although Sahasrabuddhe et 
al. initially provided a large-scale, population-
based evidence for reduced risk of liver cancer 
incidence and mortality associated with aspirin 
administration [13], the role of aspirin as an 
adjuvant therapy in patients with HCC remains 
to be defined.

Therefore, we performed a retrospective study 
and evaluated the association between aspirin 
intake and overall survival among patients with 
unresectable HCC who underwent comprehen-
sive treatment based on TACE. 

Methods

Study population

The retrospective study was approved by the 
Ethics Committee of Zhongshan Hospital, 
Fudan University, and it conformed to the prin-
ciples of the Declaration of Helsinkin- Ethical 
principles for Medical Research Involving Hu- 
man subjects. 

We performed a retrospective analysis using a 
database in patients diagnosed with HCC at 
the Department of Hepatic Oncology, Liver 
Cancer Institute, Zhongshan Hospital, Fudan 
University. Patients were diagnosed by histo-
logical examination or using noninvasive meth-
ods following the American Association for the 
Study of the Liver (AASLD) criteria [14].

Patients who had received the initial TACE dur-
ing the period from January 1, 2008 to 
December 31, 2013 at the Department of 
Hepatic Oncology and patients who were 
administered acetylsalicylic acid (aspirin) for 
more than three months during the observation 
period (from one year before the diagnosis of 
HCC till the date of death/the latest follow-up, 
according to the medical records and the pre-
scription records of the outpatients in the data-

base, were included in the study. Patients with 
multiple types of primary cancers and those 
with a history of other types of cancer were 
excluded. Finally, 64 patients who were admin-
istered aspirin in addition to routine compre-
hensive TACE treatment were identified and 
enrolled in this study. 

Matched control patients were enrolled based 
on the criteria of age, gender, date of HCC diag-
nosis, Child-Pugh score, following treatment 
after the initial TACE, tumor size, tumor number, 
vascular invasion, and metastasis. Further, 
given that certain diseases for which aspirin 
was prescribed might influence life expectancy, 
these diseases were considered for this paired-
matching study. If more than one patient ful-
filled these criteria, the initial date of HCC diag-
nosis was used for optimal matching.

Dose of patients treated with aspirin

Patients who were administered at least 100 
mg/day of aspirin continuously for more than 3 
months were considered “full dose users” and 
patients who received aspirin for more than 3 
months but intermittently were defined as 
“non-full dose users”. 

TACE procedure

TACE was performed according to the standard 
protocols of the institution [2]. Briefly, angiogra-
phies were performed to identify the tumor-
feeding artery. The desired tumor-feeding 
artery was catheterized using a 5-Fr RH cathe-
ter (Cook Inc., Bloomington, IN, USA), and 
microcatheters (2.7-Fr; PROGREAT, Terumo Co., 
Tokyo, Japan) were used if required. Following 
perfusion of chemotherapeutic agents such as 
5-fluorouracil 1.0 g and oxaplatin 150 mg, 5-20 
mL of lipiodol was slowly infused. For some 
patients with large tumors and hypervasculari-
ty, further embolization with gelatin sponge 
particles (1-2 mm) was performed.

The general condition of the patients, and the 
liver function and blood test levels were taken 
into account while preparing the individual dos-
age regimen. Patients with confirmed residual 
tumor or tumor progression received repeated 
TACE with an interval of six weeks.

Follow-up

All patients underwent routine follow-up, as 
described previously [2]. Briefly, serum alpha-
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fetoprotein, liver and renal function, blood rou-
tine, and contrast-enhanced tomography/mag-
netic resonance imaging (CT/MRI) were evalu-
ated one month after TACE. When complete 
response (as identified with no arterial phase 
enhancement of CT/MRI) was achieved, a fol-
low-up with CT/MRI was conducted at an inter-
val of 8 or 12 weeks. All patients were followed 
up until May 31, 2015.

The primary endpoint was the overall survival 
(OS). Survival time was defined as the time 
from the initial TACE to the last follow-up or 
death. Patients who were alive at the last fol-
low-up were considered as censored data.

Statistical analysis

Baseline characteristics were reported as num-
bers with percentages for categorical variables 
and medians for continuous variables. Paired t 
test and Chi-square test (McNemar-Bowker 
test) were used to test for significant differenc-
es between the two groups of patients. Survival 
curves were constructed using the Kaplan-
Meier method and compared using a log-rank 
test. Cox proportional hazards model was used 

for multivariate analysis. All statistics were two-
tailed, and P < 0.05 was considered statisti-
cally significant. All data were analyzed using 
the SPSS v.19.0 software (SPSS Inc., Chicago, 
IL, USA).

Results

Patient characteristics

A total of 64 patients who were administered 
aspirin in addition to routine comprehensive 
TACE treatment were identified. Among these, 
four patients were unmatchable, finally leaving 
60 patients and 60 control subjects for 
analysis. 

Among aspirin users, a total of 45 patients 
were prescribed aspirin for treatment of cardio-
vascular disease, including acute coronary syn-
drome (ACS), ischemic stroke, and transient 
ischemic attack (TIA), five patients were pre-
scribed aspirin for arthritis, and ten patients 
received aspirin for primary prevention of ACS. 
In total, 46 (76.6%) patients were full dose aspi-
rin users. The characteristics of patients with 
aspirin intake and control subjects are shown 

Table 1. Baseline characteristics of patients 
Characteristics Aspirin users (n = 60) Non-aspirin users (n = 60) P-value
Age (y) 67.2 ± 15.5 66.0 ± 15.6 0.56
Gender (Male/Female) 48/12 48/12 1
Underlying liver disease
    TB (≤ 3 mg) 54 (90%) 57 (95%) 0.491
    GGT (≤ 75 µ/L) 34 (56.7%) 27 (45%) 0.273
    PLT (≤ 100 × 109/L) 17 (28.3%) 20 (33.3%) 0.693
    Child-Pugh A 59 (98.3%) 59 (98.3%) 1
    HBV infection 56 (93.3%) 54 (90%) 0.764
    Anti-HCV positive 2 (3.3%) 3 (5.0%) 1
    Cirrhosis 49 (81.7%) 48 (80%) 1
    Anti-HBV treatment 9 (15%) 15 (25%) 0.238
Tumor characteristics at initial TACE
    AFP (ng/mL) 2533.6 ± 10993.6 3943.4 ± 12681.3 0.43
    Tumor size (cm) 4.5 ± 3.3 4.8 ± 3.0 0.063
    Tumor number (solitary) 45 (75%) 47 (78.3%) 0.662
    Vascular invasion 9 (15%) 9 (15%) 1
    Metastasis 0 0 1
Combined treatment 
    Hepatic resection 12 (19.7%) 10 (16.4%) 0.687
    TACE number 2.3 ± 2.3 2.5 ± 2.2 0.616
    RFA 19 (31.7%) 21 (35%) 0.150
Abbreviations: TB, total bilirubin; GGT, gamma-glutamyl transferase; PLT, platelet; AFP, alpha-fetoprotein; RFA, radiofrequency 
ablation.
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in Table 1. No statistically significant differenc-
es in baseline characteristics were observed 
between the groups.

Overall survival (OS)

The median overall follow-up duration was 25.4 
(range, 4.0-82.2) months. As showed in Figure 
1A and 1B, patients from the “aspirin users” 
group showed improved OS (P = 0.050). The 
median OS was 32.5 (95% confidence interval 
[CI]; range, 23.6-41.4) months in aspirin users, 
and the 1-, 2-, 3-, and 4-year cumulative sur-

vival rates were 81%, 72%, 47%, and 38%, 
respectively. The median OS in “non-aspirin 
users” was 20.3 (95% CI; range, 12.2-28.3) 
months, and the 1-, 2-, 3-, and 4-year cumula-
tive survival rates were 73%, 45%, 34%, and 
23%, respectively. We then performed further 
characterization of the aspirin use. The full 
dose aspirin users had a median OS of 36.5 
months, whereas the median OS of the matched 
control subjects was 19.2 months; the differ-
ence was statistically significant (P = 0.027, 
Figure 1C).

Table 2. Univariate and multivariable Cox proportional hazards regression: risk of mortality (46 full 
dose aspirin users vs. 46 matched subjects)
Characteristics Univariate P Multivariate P HR (95% CI)
Full dose aspirin usage 0.027* 0.018* 0.498 (0.280-0.888)
Age (≤ 65 y/> 65 y) 0.917 0.245 1.419 (0.787-2.559)
Gender (male/female) 0.464 0.084 0.545 (0.274-1.084)
Underlying liver disease
    TB (≤ 3 mg/> 3 mg) 0.023* 0.071 2.356 (0.930-5.974)
    GGT (≤ 75 µL/> 75 µL) 0.011* 0.008* 2.303 (1.249-4.246)
    PLT (≤ 100 × 109/L)/> 100 × 109/L) 0.156
Anti-HBV treatment 0.156 
Cirrhosis 0.782 
Tumor characteristics at initial TACE
    Tumor size (≤ 5 cm/> 5 cm) 0.001* 0.031* 2.087 (1.070-4.068)
    Tumor number (solitary/multiple) 0.899 0.529 0.784 (0.367-1.674)
    Vascular invasion (without/with) 0.044* 0.049* 2.539 (1.003-6.426)
Combined treatment 
    Hepatic resection (with/without) 0.183 0.191 0.543 (0.217-1.356)
    RFA (with/without) 0.089 0.881 0.953 (0.504-1.801)
Abbreviations: TB, total bilirubin; GGT, gamma-glutamyl transferase; PLT, platelet; AFP, alpha-fetoprotein; RFA, radiofrequency 
ablation. *P < 0.05.

Figure 1. Kaplan-Meier curves illustrating overall survival. A: Overall survival curve of all 120 patients. B: Overall 
survival curves of aspirin users and their matched pairs. C: Overall survival curves of full dose aspirin users and 
their matched pairs.
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For the 46 full dose aspirin users and their 
matched pairs, further multivariable analysis 
showed that full aspirin use (hazard ratio [HR] 
0.498, 95% CI 0.280-0.888, P = 0.018) was 
independently associated with OS after adjust-
ing for age at initial TACE, gender, total bilirubin 
and gamma-glutamyl transferase (GGT) levels, 
tumor size and number, tumor vascular inva-
sion, and after HCC treatment (Table 2). 
However, this was not the case for aspirin 
users, including both full dose users and non-
full dose users, and their matched pairs (HR 
0.604, 95% CI 0.354-1.033, P = 0.066). 
Further, GGT levels, tumor size, and tumor vas-
cular invasion were crucial factors for the OS of 
patients with HCC (Tables 2 and 3).

During the follow-up, 63 deaths were observed, 
which included 29 aspirin users and 34 
matched control subjects. Of the 63 deaths, 
76.2% were related to progression of HCC.  
Six patients in the aspirin group and seven 
patients in the non-aspirin group died because 
of upper gastrointestinal bleeding. Two patients 
in the aspirin group and five patients in the  
non-aspirin group died of cerebral/myocardial 
infarction. No significant difference was 
observed in the causes of death between the 
groups (P = 0.803).

Discussion

In this retrospective study, it was observed that 
adjuvant aspirin therapy in patients with unre-
sectable HCC who underwent TACE treatment 
may improve OS without increasing the chance 
of fatal bleeding. To our knowledge, this is the 
first study evaluating the combined effects of 
aspirin and TACE therapy in palliative treatment 
of patients with HCC. 

Several studies have supported a possible che-
motherapeutic role of aspirin in colorectal car-
cinoma. However, the underlying mechanism by 
which aspirin acts as an anticancer agent 
remains elusive. 

The antiplatelet function of aspirin, to some 
extent, accounts for its anticancer effect. It is 
well known that the apparent anti-colorectal 
cancer effect of aspirin is detectable at low-
dose intake (75 mg daily), and much higher 
doses (1,200 mg daily) are not more effective 
[15]. In fact, aspirin exhibits a very short half-
life in serum and exerts a relatively selective 
inhibition of COX-1 in platelets. Thus, long-last-
ing suppression of platelet activation might be 
the main mechanism of action of low-dose 
aspirin, acting upstream of platelet-driven 
COX-2 expression in other cells in the tumor 

Table 3. Univariate and multivariable Cox proportional hazards regression: risk of mortality (60 aspi-
rin users vs. 60 matched)
Characteristics Univariate P Multivariate P HR (95% CI)
Aspirin usage 0.050* 0.066 0.604 (0.354-1.033)
Age (≤ 65 y/> 65 y) 0.957 0.387 1.301 (0.717-2.363)
Gender (male/female) 0.203 0.193 0.637 (0.323-1.257)
Underlying liver disease
    TB (≤ 3 mg/> 3 mg) 0.014* 0.091 2.253 (0.879-5.771)
    GGT (≤ 75 µL/> 75 µL) 0.000* 0.006* 2.327 (1.268-4.272)
    PLT (≤ 100 × 109/L /> 100 × 109/L) 0.880
Anti-HBV treatment 0.246
Cirrhosis 0.918
Tumor characteristics at initial TACE
    Tumor size (≤ 5 cm/> 5 cm) 0.000* 0.094 1.757 (0.908-3.402)
    Tumor number (solitary/multiple) 0.993 0.579 0.805 (0.373-1.733)
    Vascular invasion (without/with) 0.194 0.071 2.393 (0.929-6.161)
Combined treatment 
    Hepatic resection (with/without) 0.093 0.210 0.547 (0.214-1.403)
    RFA (with/without) 0.103 0.767 0.908 (0.479-1.720)
Abbreviations: TB, total bilirubin; GGT, gamma-glutamyl transferase; PLT, platelet; AFP, alpha-fetoprotein; RFA, radiofrequency 
ablation. *P < 0.05.
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site [16]. Direct evidence using antiplatelet 
therapy has shown to prevent HCC and improve 
median survival [12]. This might also help to 
explain the reduced risk of cancer metastases 
in cardiovascular trials associated with low-
dose aspirin [17], and the prolonged survival of 
patients with unresectable HCC observed in 
our study.

It has also been suggested that the anti-
colorectal cancer effect of aspirin might be, at 
least partly, via inhibition of COX-2 activity [18]. 
It has been reported that aspirin may increase 
the expression pattern as well, indicating a 
mesenchymal-to-epithelial transition in tumor 
cells through inhibition of COX-2, thus leading 
to improvement of OS in vivo [19]. Unlike 
“housekeeping” COX-1, “inducible” COX-2 is 
less sensitive to aspirin. Thus, higher doses, 
shorter intervals, and continuous intake of 
aspirin are necessary to inhibit COX-2. A possi-
ble explanation for our findings is the fact that 
exposure to a full dose of aspirin improved the 
OS of patients with HCC.

The anticancer effect of aspirin could be attrib-
uted to its ability to enhance the sensitivity of 
cancer cells to anticancer therapy, thus improv-
ing OS. Several in vitro studies have shown that 
5-fluorouracil (5-Fu), a commonly used drug in 
TACE, in combination with aspirin, increases 
the sensitivity of initially 5-Fu-resistant cancer 
cells [20]. Moreover, aspirin improves the anti-
HCC effect of sorafenib [19]. Further, aspirin-
pretreated cells have shown increased sensitiv-
ity towards radiation-induced apoptosis [21]. 
Jacobs et al. reported prolonged survival of a 
patient with prostate cancer who received aspi-
rin in conjunction with radiation therapy [22]. 

Despite the chemotherapeutic role of aspirin in 
cancer, clinicians do not prescribe aspirin for 
HCC at present, probably because of its adverse 
effects including the risk of gastrointestinal 
bleeding. However, it has been suggested that 
low-dose aspirin (75-100 mg) reduces the num-
ber of major bleeding complications; adverse 
effects are observed at a dose of 500-1000 
mg. However, some individuals might show 
increased susceptibility to bleeding owing to 
advanced age, a history of malignant bleeding, 
and concomitant treatment with other non-ste-
roidal anti-inflammatory drugs or anticoagulant 
agents [23]. Concomitantly, in our study, where 

the majority of aspirin prescriptions contained 
a dosage of 100 mg, we detected only one 
patient in the “aspirin users” group who discon-
tinued aspirin treatment because of gastroin-
testinal bleeding. Further, the ratio of deaths 
due to gastrointestinal bleeding in both groups 
was similar. Additionally, in the matched-pairs 
“non-aspirin users” group, more patients died 
because of the presence and/or recurrence of 
a serious cardiovascular event. Thus, low-dose 
aspirin regimen may be continued unless fore-
seeable bleeding risks are present in patients 
who are taking aspirin for other diseases, prior 
to the diagnosis of HCC.

Although low-dose aspirin intake might current-
ly be safe for patients with cancer, efforts to 
reduce the risk of bleeding are warranted. 
Previously, proton pump inhibitors were used to 
reduce the risk of developing aspirin-associat-
ed ulcers. However, no randomized control trial 
(RCT) for this therapy was completed using 
bleeding as the primary endpoint [23]. Recently, 
Kodela et al. showed that NOSH-aspirin, a 
hybrid entity capable of releasing two gaso-
transmitters (nitric oxide and hydrogen sulfide) 
showed improved chemoprevention and gas-
trointestinal safety than that observed when 
using aspirin alone [24].

The retrospective nature of our study repre-
sents its main limitation. Therefore, selection 
bias cannot be ruled out. Patients were pre-
scribed aspirin for prevention of other diseases 
such as ACS, and not specifically as therapy for 
HCC. Although a 1:1 matched-pairs analysis 
was performed and basic diseases, patient 
age, and other characteristics were carefully 
considered, the influence of these diseases on 
OS cannot be excluded. Patients with well-pre-
served liver function and adequate bone mar-
row function showed better tolerance to the 
side effects of aspirin. Further, observational 
bias such as failure of aspirin administration or 
bleeding evidence in our hospital records can-
not be ignored.

In summary, this is the first study to propose a 
role of aspirin as a combined approach with 
TACE therapy in patients with unresectable 
HCC. Given the retrospective nature and the 
relatively small sample size of our study, further 
prospective studies and RCTs are encouraged 
to validate the adjuvant role of aspirin in the 
treatment of HCC.
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