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Abstract

Background: Despite the use of new immunotherapies, hepatocel-
lular carcinoma (HCC) has a poor survival rate. Through multiple
molecular mechanisms, aspirin (ASA) has demonstrated a reduced
incidence of HCC, however, the impact of long-term ASA use on in-
hospital outcomes has not been studied.

Methods: We queried the National Inpatient Sample (NIS) database
from 2016 to 2020 to identify patients with HCC. Patients were stratified
into two groups, based on long-term ASA use. Information was collected
regarding patient demographics, Elixhauser comorbidities, interventions,
etiology, and decompensations of liver disease. Outcomes studied includ-
ed sepsis, shock, acute kidney injury (AKI), intensive care unit (ICU)
admission, and in-hospital mortality. The association between long-term
ASA use and outcomes was studied using multivariate analysis.

Results: A total of 224,735 patients were included in the study. Of
them, 18,835 (8.4%) patients were on long-term ASA. The majority
of the patients with ASA use were White (61.3%), men (78.2%), and
aged > 65 years old (68.8%). Patients in the ASA group had a higher
incidence of non-alcoholic steatohepatitis (NASH) and decreased
rates of hepatic decompensation than those not on ASA. Patients with
ASA use had lower incidence of sepsis (2.76% vs. 3.54%), shock
(4.86% vs. 8.23%), AKI (30.9% vs. 33.4%), ICU admission (3.88%
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vs. 7.4%) and in-hospital mortality (5.18% vs. 9.87%). After adjust-
ing for confounding factors, ASA use was associated with a 30%
lower risk of in-hospital mortality (adjusted odds ratio (aOR): 0.70,
95% confidence interval (CI): 0.60 - 0.82, P <0.001). ASA users also
had 21% lower odds of developing shock (aOR: 0.79, 95% CI: 0.67
- 0.94, P=0.007) and 31% lower odds of requiring ICU admission
(aOR: 0.69, 95% CI: 0.54 - 0.78, P < 0.001).

Conclusions: Our study noted that patients on long-term ASA use
had better in-hospital outcomes such as mortality, shock, and ICU
admissions compared to non-ASA users. These findings are of inter-
est, and further randomized clinical trials confirming the benefits of
ASA in improving outcomes in HCC patients need to be conducted.
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Introduction

Aspirin’s usefulness in cancer started with experimental and
clinical evidence demonstrating a reduced risk and mortality of
colorectal cancer (CRC), corroborated by a 20-year follow-up
of five randomized controlled trials (RCTs) [1]. In addition to
CRC, aspirin use has been linked to reduced incidence of stom-
ach, prostate, breast, endometrial cancers and basal cell carcino-
ma of skin [2-6]. Several studies have indicated overexpression
of cyclooxygenase 2 (COX-2) in liver injury and well-differ-
entiated types of hepatocellular carcinoma (HCC) [7, 8]. High
COX-2 expression aided in invasion and metastasis in a study
conducted in HCC cell lines [9] and a meta-analysis highlight-
ing worse overall survival (OS) in HCC patients with COX-2
overexpression [10]. Therefore, aspirin, through its modulation
of multiple molecular pathways, including inhibition of COX
enzymes, has demonstrated anti-tumor activity with an insig-
nificant increase in the incidence of gastrointestinal bleeding
[11]. Additionally, its low cost and easy availability allow an
opportunity to use aspirin in the management of HCC.

HCC represents about 80% of newly diagnosed liver cancers
worldwide. It has a relative 5-year survival rate of less than 20%
and is the third most common cause of cancer-related mortality
in the world [12]. HCC has a dismal survival rate, with advanced
HCC cases reported to have a median survival time of less than
a year [13]. The poor prognosis of the disease can be explained
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Figure 1. Inclusion flow diagram of patients with HCC. HCC: hepatocellular carcinoma.

by the lack of effective therapeutic options available. Despite the
development of novel systemic therapies in the last 10 years, the
survival rates in intermediate and advanced HCC cases are ex-
tremely low [14]. Therefore, research into newer interventions
and modalities to improve the prognosis in this population of pa-
tients has received tremendous attention in recent years.

Numerous retrospective cohort studies and meta-analyses
have demonstrated the chemoprotective effect of aspirin in HCC
[15-25]. However, these studies are limited by non-randomiza-
tion, various causes of cirrhosis, hepatitis B virus (HBV)/hepa-
titis C Virus (HCV) status, confounders (age, chemopreventive
medications), and alcohol use. Moreover, its utility as an adju-
vant chemotherapeutic agent for managing HCC is also gaining
traction. The use of aspirin in reducing the risk and mortality
associated with HCC is dose and duration dependent, with bene-
fits evident after 5 or more years of use [17]. Till now, no studies
have assessed the impact of long-term aspirin use on inpatient
outcomes in patients with HCC at a national level. The present
study sought to measure this impact.

Materials and Methods

Data source

The National Inpatient Sample (NIS) is under the maintenance
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of the Healthcare Cost and Utilization Project (HCUP). It is the
largest database of inpatient hospital stays in the United States
[26]. The NIS data can be reliably used to estimate disease
burden and outcomes. Each hospitalization is deidentified and
maintained in the NIS as a unique entry.

Ethics approval statement

The data used in this study was obtained from NIS which in-
cludes deidentified patient information. This study was conduct-
ed in compliance with the ethical standards of the responsible
institution on human subjects as well as the Helsinki Declara-
tion. The Institutional Review Board (IRB) approval was not re-
quired for this study as it is publicly available deidentified data.

Study population

The International Classification of Diseases 10th Version, Clin-
ical Modification (ICD-10 CM) diagnosis codes were used to
identify patients (> 18 years) hospitalized with HCC between
2016 and 2020. Patients were stratified into two groups based
on the presence or absence of long-term aspirin use (£79.82).
All patients with missing mortality data or demographics were
excluded. In total, 224,735 cases met the inclusion criteria.
This is shown in Figure 1.
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Study outcomes and variables

The primary outcome was comparing inpatient mortality be-
tween aspirin and non-aspirin-using HCC patients. We also
compared other outcomes such as sepsis, shock, acute kidney
injury (AKI), and intensive care unit (ICU) admissions.

Our primary exposure variable was aspirin usage by HCC
patients. We also collected information on other variables such
as age, gender, race, primary insurance, median income, hospi-
tal characteristics such as region, bed size, rural/urban location
prespecified by HCUP, and transfer status. Data were also col-
lected on the common causes of liver disease, such as alcoholic
liver disease, hepatitis B, hepatitis C, and non-alcoholic fatty
liver disease (NAFLD). The comorbidity burden was assessed
using the Elixhauser comorbidity index [27]. This is a well-
validated index based on ICD-10-CM codes meant to be used
in large administrative data to predict mortality and hospital
resource use. The index has 31 comorbid categories. We also
studied the various decompensations of the disease. These in-
cluded ascites, hepatic encephalopathy, spontaneous bacterial
peritonitis (SBP), and hepatorenal syndrome (HRS).

Statistical analysis

Hospital-level discharge weights provided by NIS were used
to generate national estimates. We used Chi-square and inde-
pendent sample #-tests to compare categorical and continuous
variables. Univariate regression was done to study the effect
of variables on outcomes. A P value of 0.1 was considered a
cutoff. All the variables that met the criteria were included for
multivariate logistic regression for categorical outcomes. The
adjusted odds ratio (aOR) was calculated with a 95% confi-
dence interval (CI). A type I error of < 0.05 was considered
statistically significant. Data analysis was done using STATA
17.0 (Texas).

Results

Patient characteristics

Out of 142,338,643 US hospitalizations between 2016 and
2019, 237,730 adult patients were diagnosed with HCC, and
12,995 patients had missing data. There were 224,735 patients
in the HCC study population. Out of them, 18,835 (8.4%) were
aspirin users, while 205,900 (91.6%) were non-aspirin users.
The majority of the patients in the aspirin group were aged >
65 years (68.75%), males (78.2%), Whites (61.3%), and had
Medicare insurance (67.5%). More than 90% of the patients in
the aspirin group had three or more comorbidities. The results
are described in Table 1.

Comorbidities

Patients who were aspirin users had a higher incidence of con-

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

gestive heart failure, cardiac arrhythmias, valvular disease,
peripheral vascular disorders, and chronic pulmonary disease.
A lower incidence of metastatic cancer, alcohol abuse, and co-
agulopathy was noted in the aspirin group compared to non-
aspirin users. The results are presented in Table 2.

Etiology and decompensations of liver disease

A higher incidence of non-alcoholic steatohepatitis (NASH)
was noted in the aspirin group compared to non-aspirin users. A
lower incidence of hepatitis B, hepatitis C, and alcohol-related
liver disease was noted in the aspirin group compared to non-
aspirin users. Aspirin users had lower rates of decompensations,
such as hepatic encephalopathy, ascites, variceal bleeding, SBP,
and HRS. This information is presented in Table 3.

Interventions

Our study noted lower rates of blood transfusion (10.35% vs.
13.91%, P <0.001) and endoscopy (10.17% vs. 12.18%) in the
aspirin group, compared to the non-aspirin group. Lower rates
of transjugular intrahepatic portosystemic shunt (TIPS) were
also noted in the aspirin group compared to another group
(0.05% vs. 0.28%, P = 0.009). No statistically significant dif-
ference was noted in the rates of liver transplantation between
the two groups (P = 0.47).

Outcomes

In-hospital mortality

Total in-hospital mortality in the study population was 21,295
(9.48%). The mortality rate in patients with aspirin use was
5.18% compared to 9.87% in patients without aspirin. Out-
comes stratified by aspirin use is presented in Figure 2. On
multivariate analysis, patients with aspirin use had a statisti-
cally significant lower risk of mortality than patients without
aspirin use (aOR =0.70, P <0.001). The results of multivariate
analysis are presented in Table 4.

Sepsis

The total incidence of sepsis in the study population was
3.48%. About 2.76% of patients with aspirin use and 3.54% of
patients without aspirin use developed sepsis. On multivariate
analysis, the results were not statistically significant between
the groups.

Shock

A total of 17,865 (7.95%) patients developed shock. The in-
cidence of shock was 4.86% in patients with aspirin use com-
pared to 8.23% in patients without aspirin use. On multivariate
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Table 1. Patient Characteristics, Stratified by the Use of Aspirin

Demographics No aspirin use, n (%) Aspirin use, n (%) P value
Age category
18 -44 6,025 (2.93) 115 (0.61) <0.001*
45 - 64 95,745 (46.5) 5,770 (30.63)
> 65 104,130 (50.57) 12,950 (68.75)
Sex
Male 153,110 (74.4) 14,735 (78.23) <0.001*
Female 52,790 (25.64) 4,100 (21.8)
Race
White 112,575 (54.67) 11,540 (61.27) <0.001*
Black 31,325 (15.21) 3,480 (18.48)
Hispanic 36,885 (17.91) 2,265 (12.03)
Asian/Pacific Islander 14,875 (7.22) 935 (4.96)
Native American 2,040 (0.99) 150 (0.80)
Other 8,200 (3.98) 465 (2.47)
Primary expected payer
Medicare 108,920 (52.9) 12,715 (67.51) <0.001*
Medicaid 40,480 (19.66) 2,270 (12.05)
Private 42,205 (20.5) 3,055 (16.22)
Uninsured 6,425 (3.12) 230 (1.22)
Median household income
Lowest quartile 66,725 (32.41) 6,155 (32.68) 0.74
Second quartile 52,195 (25.35) 4,675 (24.82)
Third quartile 47,065 (22.86) 4,235 (22.48)
Highest quartile 39,915 (19.39) 3,770 (20.02)
Hospital region
Northeast 41,300 (20.06) 3,625 (19.25) <0.001*
Midwest 35,695 (17.34) 4,480 (23.79)
South 77,620 (37.7) 6,890 (36.58)
West 51,285 (24.91) 3,840 (20.39)
Hospital location
Rural 7,135 (3.47) 645 (3.43) 0.91
Urban 198,765 (96.53) 18,190 (96.58)
Hospital teaching status
Non-teaching hospitals 36,055 (17.51) 2,995 (15.9) 0.02*
Teaching hospitals 169,845 (82.49) 15,840 (84.1)
Hospital bed size
Small 29,565 (14.36) 2,820 (14.97) 0.62
Medium 50,220 (24.39) 4,620 (24.53)
Large 126,115 (61.25) 11,395 (60.5)
Elixhauser comorbidities
0 1,745 (.85) 90 (0.48) <0.001*
1 6,985 (3.39) 345 (1.83)
2 16,975 (8.24) 945 (5.01)
>3 180,195 (87.52) 17,455 (92.67)
*P < 0.05.
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Table 2. Comorbidities, Stratified by the Presence of Aspirin Use

Comorbidities No aspirin use, n (%) Aspirin use, n (%) P value
Congestive heart failure 26,690 (12.96) 4,615 (24.5) <0.001%*
Cardiac arrhythmias 36,830 (17.89) 4,940 (26.23) <0.001%*
Valvular disease 8,740 (4.25) 1,640 (8.71) <0.001%*
Pulmonary circulation disorders 9,585 (4.66) 1,065 (5.65) 0.0084*
Peripheral vascular disorders 11,720 (5.7) 2,220 (11.79) <0.001*
Hypertension, uncomplicated 79,850 (38.78) 9,135 (48.5) <0.001*
Paralysis 2,340 (1.14) 190 (1.00) 0.4792
Other neurological disorders 25,765 (12.51) 1,975 (10.49) 0.0004*
Chronic pulmonary disease 39,600 (19.23) 4,680 (24.85) <0.001*
Diabetes, uncomplicated 36,055 (17.51) 4,320 (22.94) <0.001*
Diabetes, complicated 43,370 (21.06) 5,885 (31.25) <0.001*
Hypothyroidism 21,115 (10.25) 2,245 (11.92) 0.0016*
Renal failure 41,860 (20.33) 4,950 (26.28) <0.001%*
Peptic ulcer disease excluding bleeding 3,765 (1.83) 345 (1.83) 0.9893
AIDS/HIV 1,515 (0.74) 60 (0.32) 0.0028*
Lymphoma 1,580 (0.77) 170 (0.90) 0.3617
Metastatic cancer 41,030 (19.93) 3,155 (16.75) <0.001*
Rheumatoid arthritis/collagen vascular disorders 3,415 (1.66) 335 (1.78) 0.5915
Coagulopathy 73,960 (35.92) 4,345 (23.07) <0.001%*
Obesity 21,185 (10.29) 2,590 (13.75) <0.001%*
Malnutrition 46,050 (22.37) 3,090 (16.41) <0.001%*
Fluid and electrolyte disorders 108,240 (52.57) 8,375 (44.47) <0.001*
Blood loss anemia 4,650 (2.26) 305 (1.62) 0.0107*
Deficiency anemia 13,730 (6.67) 1,265 (6.72) 0.9107
Alcohol abuse 60,010 (29.15) 3,545 (18.82) <0.001%*
Drug abuse 14,605 (7.09) 860 (4.57) <0.001%*
Psychoses 2,655 (1.29) 180 (0.96) 0.0886
Depression 21,365 (10.38) 2,195 (11.65) 0.0165*
Hypertension, complicated 44,695 (21.71) 6,480 (34.4) <0.001*
*P < 0.05. AIDS: acquired immunodeficiency syndrome; HIV: human immunodeficiency virus.
Table 3. Etiology and Decompensations, Stratified by the Presence of Aspirin Use
No aspirin use, n (%) Aspirin use, n (%) P value
Etiology of liver disease
Alcohol-related liver disease 48,900 (23.75) 2,725 (14.47) <0.001*
NASH 16,735 (8.13) 1,755 (9.32) 0.01*
Hepatitis B 13,865 (6.73) 840 (4.46) <0.001%*
Hepatitis C 83,130 (40.37) 6,055 (32.15) <0.001%*
Decompensations
Hepatic encephalopathy 60,030 (29.15) 3,620 (19.22) <0.001%*
Ascites 86,610 (42.06) 5,210 (27.66) <0.001%*
Varices 9,790 (4.76) 510 (2.71) <0.001%*
SBP 8,535 (4.15) 320 (1.70) <0.001%*
Hepatorenal syndrome 13,390 (6.50) 490 (2.60) <0.001*
*P < 0.05. NASH: non-alcoholic steatohepatitis; SBP: spontaneous bacterial peritonitis.
Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ www.wjon.org 199



Aspirin Use on Outcomes in HCC Patients

World ] Oncol. 2023;14(3):195-204

10

Percentage of Patients

In-hospital mortality

Sepsis

Shock ICU

Outcomes

Figure 2. Categorical outcomes, stratified by the presence of aspirin use. ICU: intensive care unit.

analysis, patients with aspirin use had a statistically significant
lower risk of shock (aOR =0.79, P = 0.007).

AKI

A total of 74,655 (33.22%) patients developed AKI. There
were 5,810 (30.9%) patients with aspirin use who developed
AKI compared to 68,845 (33.44%) patients without aspirin
use. On multivariate analysis, the results were not statistically
significant between the groups (P =0.73).

ICU admission

A total of 15,975 (7.11%) patients required ICU admission.
There were 730 (3.88%) patients with aspirin use who required
ICU admission compared to 15,245 (7.4%) patients without
aspirin use. On multivariate analysis, patients with aspirin
use had a statistically significant lower risk of ICU admission
(aOR =0.65, P <0.001).

Table 4. Results of Multivariate Logistic Regression Identifying
Association Between Aspirin and Categorical Outcomes

Odds ratio  95% confidence interval P value
Death 0.7 0.60 - 0.82 <0.001*
Sepsis  0.88 0.71-1.08 0.213
Shock  0.79 0.67 - 0.94 0.007*
AKI 1.02 0.93-1.11 0.727
ICU 0.65 0.54-0.78 <0.001*

*P < 0.05. AKI: acute kidney injury; ICU: intensive care unit.
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Discussion

In our national analysis of 224,735 patients in the United
States, we noted that long-term aspirin users had lower odds
of mortality than the controls. Our study is the first retrospec-
tive study evaluating inpatient clinical outcomes observed in
HCC patients in aspirin users vs. patients not on aspirin. A
point of interest highlighting the significance of the difference
in mortality rates pertains to the age demographic of the popu-
lation studied. The aspirin group was significantly older, with
68.75% of the users greater than 65 years of age compared to
only 50.57% of the non-aspirin group. Our results align with
the findings of a meta-analysis consisting of six studies in HCC
patients treated with liver resection, or trans-arterial chemoem-
bolization (TACE) that reported a decrease in all-cause mortal-
ity in aspirin users by 41% compared to non-aspirin users [23].
Another meta-analysis of two studies showed a statistically
significant reduction in 2-year and 4-year mortality in HCC
patients using aspirin [24]. A Japanese study of HCC patients
by Hayashi et al corroborated the improved OS and reduced
liver-associated mortality without any difference in gastroin-
testinal bleeding risk [28]. Conversely, researchers using the
National Cohort Study of Korean Adults demonstrated a re-
duction in HCC incidence risk with aspirin use, but no changes
in the HCC-related mortality in HBV patients [18].

The mechanism by which aspirin affects the incidence
and prognosis of HCC is unclear. However, several hypoth-
eses have been suggested. HCC is inflammation-driven cancer
with cycles of hepatocyte damage and regeneration, resulting
in chronic inflammation progressing to fibrosis and cirrho-
sis. Platelets can promote inflammation and immune-related
hepatocyte injury through the proliferation of inflammatory
and immune cells [29]. A meta-analysis demonstrated a poor
prognosis in advanced HCC patients with higher platelet-to-
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lymphocyte ratio, reinforcing the key role played by platelets
in determining the outcomes in HCC patients [30]. Reports of
aspirin in preventing fibrosis and progression to HCC through
its inhibition of intrahepatic platelet, immune cell activation,
suppression of platelet-derived growth factor-f and conse-
quently, suppressing hepatic stellate cell activity, are present
in the literature [31, 32]. Furthermore, a study conducted in a
nude mouse xenograft model demonstrated that increased in-
terferon (INF) a-mediated apoptosis and anti-proliferation of
HCC cells through signal transducer and activator of transcrip-
tion could lead to increased deposition of collagen and tumor
growth, and aspirin has shown to reduce the expression of
P4HAZ2, exhibiting another mechanism of action responsible
for reducing fibrosis and HCC growth [33].

Our study also showed that aspirin users had lower inci-
dence in rate of hepatic decompensation, such as hepatic en-
cephalopathy, ascites, varices, SBP, and HRS. This finding is
interesting as the association between aspirin use and rates of
decompensation has not been studied previously. Imbalance in
arachidonic acid metabolite levels like thromboxane and pros-
taglandins has been implicated in the pathogenesis of HRS,
which can explain the beneficial effects of aspirin in HRS [34].
A lower severity of the disease in aspirin users, as evidenced
by rates of shock and ICU admissions in the aspirin group,
was also noted. Our study suggests that the use of aspirin not
only reduces in-hospital mortality but might also play a role in
decreasing the severity of liver disease and admissions.

Our study showed lower incidence of blood transfusion as
well as endoscopy in aspirin users. There are currently mixed
data on this finding, with the study by Hayashi et al of HCC
patients reporting no increase in the gastrointestinal bleeding
risk [28]. On the contrary, Ma et al in their meta-analysis, re-
ported an increased bleeding risk in the aspirin group [35]. The
increased risk of bleeding with a low dose of aspirin was sug-
gested by another meta-analysis consisting of 31 RCTs [36]. A
study on rats with portal hypertension demonstrated reduced
hemorrhage rates in rats injected with ultra-low doses of as-
pirin [37]. The study was conducted after ultra-low doses of
aspirin showed improved platelet aggregation [38]. Moreover,
a 26-patient case study concluded a combination of low-dose
aspirin with thrombopoietin (TPO) receptor agonists showed
improved platelet recovery in cirrhosis-associated thrombocy-
topenia without any hemorrhagic complications [39].

A higher incidence of NASH was noted in the aspirin
group. This is likely because patients with NASH have a high-
er incidence of cardiovascular comorbidities. Furthermore, the
aspirin group had a lower proportion of patients with alcohol-
related liver disease, hepatitis B and C. The data regarding
the mortality benefit of aspirin use in patients with hepatitis B
are mixed. A Taiwanese study analyzed data related to HBV-
associated HCC undergoing liver resection from the National
Health Insurance Research Database and found a 23% de-
crease in recurrence and a 43% drop in mortality in patients
on aspirin and/or clopidogrel compared to non-users [40, 41].
Another retrospective cohort study conducted employing the
nationwide Swedish patient registries showed a 31% drop in
HCC risk and a 27% lower risk of mortality in HBV and HCV
patients [42]. Conversely, another Taiwanese veterans study
did not show any improvement in OS in aspirin users in HCC
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patients secondary to HBV infection, treated with tumor resec-
tion, despite an 82% decrease in HCC recurrence [22].

Due to the increasing literature on this topic, aspirin use
in HCC management has been gaining traction. Adjuvant as-
pirin use has been shown to be associated with improved OS
in patients receiving sorafenib, the first-line protein kinase in-
hibitor approved for HCC [43]. An Italian study demonstrated
improvement in OS and progression-free survival (PFS) in
HCC patients on sorafenib concomitantly using aspirin, but
the positive results did come at the cost of increased bleeding
risk [44]. Pre-clinical studies evaluating the effects of adjuvant
aspirin demonstrated increased sensitivity of HCC to sorafenib
mediated by upregulation of mammalian target of rapamycin
complex 2 (mTORC2) and silencing of long-chain fatty acid
-CoA ligase 4 (ACSL4) targets [45, 46]. Sorafenib has been
shown to have pro-metastatic effects, and aspirin can minimize
this adverse effect through upregulation of human immuno-
deficiency virus (HIV)-1 Tat interactive protein 2 (HTATIP2)
and downregulation of stromal cell-derived factor 1 SDF1-a
[47, 48]. Through its effect on the inhibition of 6-phospho-
fructo-2-kinase/fructose-2,6-biphosphatase 3 (PFKFB3), Li
et al were able to show aspirin’s ability to overcome HCC
resistance to sorafenib [49]. A trial is currently underway in
China and is actively recruiting surgically resected liver cancer
patients to compare the effectiveness of antiviral and aspirin
treatment (NCT01936233). COX-2 overexpression in HCC
has prompted researchers to evaluate the role of celecoxib,
a COX-2 inhibitor in HCC, with studies performed in hu-
man HCC cell lines and mice demonstrating the benefits of
celecoxib in enhancing the antitumor activity when combined
with other HCC drugs [50, 51]. Further studies evaluating the
role of aspirin and selective COX-2 inhibitors in HCC will be
beneficial in understanding its long-term effects.

Numerous studies have highlighted the reduced incidence
and recurrence of HCC development in cirrhotic patients with
aspirin use, with ongoing discussions about its use as proph-
ylaxis after the diagnosis of cirrhosis currently underway. A
clinical trial (NCT02748304) evaluating tumor recurrence in
high-risk HCC patients receiving a combination of sorafenib
and aspirin was terminated in 2019 due to low recruitment
rates after lenvatinib was approved for HCC, with most of the
patients choosing to receive the new tyrosine kinase inhibi-
tor. There is ample evidence in the literature to propel the use
of aspirin in HCC management in combination with immu-
notherapies, provided there is more attention and expansion
to clinical trials to reap the benefits of aspirin’s therapeutic
potential in cancer, particularly HCC treatment. Our retrospec-
tive study is one of the few studies done on a North American
patient population.

The systematic review and meta-analysis conducted by
Ma et al involving six countries, mostly from the Asian con-
tinent, and including 3.2 million participants demonstrated a
30% reduction in HCC-related mortality in aspirin users com-
pared to HCC patients not using aspirin [35]. Moreover, the
review showed reduced HCC incidence and recurrence of 25%
and 21%, respectively, in aspirin users. Taking a step further
into the beneficial effects of aspirin, the study exhibited a dose
and duration-dependent improvement in the outcomes of HCC
patients. However, the bleeding risk was observed to be in-
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creased in aspirin users. A second meta-analysis by Zhou et al
found HCC mortality rates to be lower by 29% in aspirin users
compared to the non-aspirin group [52]. In contrast, a meta-
analysis of 12 studies demonstrated no change in HCC-related
mortality with non-aspirin NSAIDs [53].

Despite the presence of several studies conducted to eval-
uate the benefits of aspirin in HCC, no strict guidelines for us-
ing aspirin in HCC management are in place. Little support can
be expected from the pharmaceutical industry to promote tri-
als on potentially using an out-of-patent medication for HCC
treatment which might present as an obstacle.

Despite the large sample size of our study, it has several
limitations. Our study is retrospective in nature and, therefore,
prone to bias. We used ICD-10 codes to identify aspirin users.
Due to the nature of the database, it is difficult to ascertain the
dose, duration and indication of aspirin use. The observational
nature of the NIS study involved selecting aspirin users and
therefore, carries selection bias as a fundamental limitation.
The NIS database, albeit large, cannot provide information
about individual patients. Moreover, there is no method to dif-
ferentiate between initial and recurrent cases of HCC using the
database. The findings of the study depend on accurate cod-
ing and appropriate documentation, which can be inconsistent
depending on institutional and individual practices. Coding
for HCC, aspirin use, and concomitant morbidities was con-
ducted through the employment of distinct ICD-10 codes to
minimize the errors involved with coding and to maintain the
reproducibility of the study. Concomitant use of metformin
or statins was not considered in our study, which requires a
deeper understanding of their effects as these medications have
shown to be independent predictors of improving outcomes in
HCC patients [54, 55]. Additionally, our study was unable to
differentiate the patients based on the HCC staging and the
associated treatments. However, our study was successful in
stratifying patients with HCC secondary to multiple etiologies,
including alcoholic liver disease, NASH, and hepatitis B or
C infections. Also, data on over-the-counter aspirin use was
not available. Since aspirin use is associated with bleeding and
patients with liver disorders have the predisposition to develop
bleeding complications, further studies using the database can
be conducted to study the bleeding outcomes observed in the
HCC population using aspirin. Longitudinal follow-up of pa-
tients cannot be conducted using the information provided by
the HCUP. Nevertheless, our study includes data over a period
of 4 years and hence provides a large sample size to offset
some of the limitations of the study. A large database allows
our study to have a greater impact in comparison to the single-
center studies, including a small population of patients.

Conclusions

Our study noted that patients on long-term aspirin use had bet-
ter in-hospital outcomes such as mortality, shock, and ICU ad-
missions compared to non-aspirin users. More research needs
to be conducted in the form of clinical trials to provide reason-
able evidence for the timing of initiation, duration of aspirin
use, and response when combined with the current treatments
in HCC management.
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