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Abstract  

Although aspirin is commonly used for the prevention of cardiovascular disease, evidence from research 

has shown that these beneficial effects might extend to hepatocellular carcinoma (HCC). This dose-

response analysis was performed to investigate the association between aspirin use and risk of HCC. A 

systematic search was conducted in MEDLINE/PubMed, SCOPUS, Cochrane, and Web of Science 

databases from inception up to 29th October 2019. DerSimonian and Laird Random-effects model was used 

to estimate pooled hazard ratios (HRs) from included studies. Overall, eight studies containing 2,604,319 

participants evaluating the association between aspirin use and risk of HCC were uncovered and included 

in the present meta-analysis. Pooled results of included studies showed a significant reduction in risk of 

HCC in participants who used aspirin (HR 0.59, 95% CI 0.47-0.75, Pheterogeneity=0.001, I2=90%). In total, 

13636 cases of HCC detected during the follow-up period of these studies. Furthermore, linear dose-

response model showed an significant inverse association between aspirin dose and risk of HCC (exp (b) = 

0.994, p<0.001), while non-linear dose-response analysis revealed an even more robust association 

(Coef1=-0.008, p1=0.04, Coef2=0.033, p2=0.13). This systematic review and dose-response analysis 

identified significant inverse relation between aspirin and risk of HCC using both linear and non-linear 

models.  

Keywords: Aspirin; Liver Cancer; Hepatocellular Carcinoma. 
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1. Introduction: 

Liver cancer is the sixth most prevalent cancer globally, with over 840,000 new cases reported in 2018 (1). 

Indeed, this malignancy remains a highly fatal disease, with European mean age-standardized survival rate 

at five years sitting at just 12% at present (2). Hepatocellular carcinoma (HCC) is the most common form 

of liver cancer, comprising approximately 70–85% of the total cases, and represents the third highest cause 

of cancer-related mortality worldwide (3). Given this considerable incidence rate, the identification of 

efficacious interventions or programs that could prevent, or indeed attenuate, disease onset and progression 

is of paramount importance. 

Aspirin, one of the most ubiquitously consumed drugs worldwide, has proven benefits in the context of 

cardiovascular disease (4) and colorectal cancer (5-7), although there exists a paucity of chemoprotective 

evidence in relation to other cancers. In fact, the evidence has been conflicting at times, with trial data in 

discordance with observational findings at times. Schreinemachers and Everson initially reported that 

aspirin was associated with reductions in incidence of overall cancer, as well as breast, trachea, bronchus 

and lung cancer (8). Concordantly, Tsoi et al reported a significant reduction in cancer of the liver, stomach, 

colorectal, lung, pancreas, and oesophagus, as well as leukaemia following aspirin use (9). However, an 

11-year-long randomised control trial (RCT) of 39,876 US women, reported no beneficial effects associated 

with aspirin use and all forms of cancer (10). In addition, some evidence exists which suggests that aspirin 

may be effective only in the prevention of certain types of cancer; for instance, Flossmann et al reported a 

beneficial effect only for colorectal cancer (11).  

Although empirical evidence has demonstrated that aspirin may be chemoprotective in the context 

of HCC (12-16), equivocality is ever-present. Such inconsistencies may be attributable to varying study 

designs or follow-up durations, in addition to relatively modest sample sizes, accompanied by wide 

confidence intervals, which makes consensus difficult to attain. Thus, in the current systematic review and 

dose-response analysis, we aimed to pool the evidence from cohort studies examining the effects of aspirin 

use on HCC incidence and to subsequently explore the dose-response if indeed a relationship truly exists. 
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2.  Materials and methods  

2.1.  Search Strategy 

This systematic review was performed according to the Preferred Reporting Items for Systematic Review 

and Meta-analysis [PRISMA] Statements(17). A systematic literature search was conducted from inception, 

without time or language restrictions, in PubMed/MEDLINE (https://www.ncbi.nlm.nih.gov/pubmed), 

Scopus (https://www.scopus.com), Cochrane library (https://www.cochranelibrary.com/), and Web of 

Science databases (http://apps.webofknowledge.com) up to 29th October 2019. The Supplementary Table 

1 presents the search terms that were used in each database. Furthermore, the reference lists of relevant 

original and review studies were scrutinized to identify additional studies of relevance.  

2.2. Inclusion and exclusion criteria 

The following inclusion criteria were considered in this study: 1) Studies which report a retrospective or 

prospective design; 2) Studies which reported hazard ratio (HR), odds ratio (OR), or risk ratio (RR) for 

HCC based on aspirin use categories. Review papers, case reports, ecological studies, editorials, non-human 

studies, in vitro research, or letters without sufficient data were excluded from the present review. 

Furthermore, studies containing patients diagnosed with HCC at baseline were excluded also. In studies 

that reported multiple timepoints, data from the longest follow-up period was used in the meta-analysis. 

2.3.  Data extraction and quality assessment 

After removal of duplicated studies, screening was conducted by two authors independently based on title 

and abstract. Full texts of studies were examined by two authors (HKV and AS) and discrepancies between 

authors were resolved by a senior author (YZ). The following data were extracted from the included studies: 

first author`, location of study, year of publication, number of participants, number of cases, gender 

distribution of participants, mean age of participants, aspirin use and dose, length of follow up, fully 

adjusted model and 95% CIs of liver cancer risk. Finally, two authors evaluated the quality of the included 

studies independently using the Newcastle-Ottawa Quality Assessment Scale (18). 

https://www.ncbi.nlm.nih.gov/pubmed
https://www.scopus.com/
https://www.cochranelibrary.com/
http://apps.webofknowledge.com/
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2.4.  Statistical analysis 

The results of the included studies were combined by DerSimonian and Laird random effects model (19). 

Based on the included studies, the aspirin-naïve group was considered as the reference category. The fully 

adjusted model considered nine models in the combination of results.  The subgroup analysis was based on 

the type of cohort assessed, as each study was run in different populations (e.g., public population or 

population with liver disease, such as hepatitis or cirrhosis). In addition, Cochran Q test (P heterogeneity) 

and I2 statistic were used to evaluate heterogeneity among the included studies, while meta-regression based 

on the duration of follow-up was applied in order to identify the probable source of detected heterogeneity. 

Studies which reported sufficient data in terms of number of participants, number of cases, and dosage of 

aspirin were included in dose-response analysis. Restricted cubic splines with three knots at percentiles 

10%, 50%, and 90% of the distribution were applied to linear and non-linear dose-response analysis (20). 

We calculated the linearity curve of the meta-analysis by testing the null hypothesis that the coefficient of 

the second spline was equal to zero with GLST. Sensitivity analysis was performed to investigate the effect 

of each study on the overall analysis. Funnel plots, as well as Begg's and Egger's asymmetry tests were all 

used in order to detect any publication bias which may have existed. All statistical analyses were conducted 

by STATA 14.0 software and a p value <0.05 was considered significant. 

3. Results 

3.1.  Literature search 

The flow diagram of the search strategy is provided in Figure 1. After removing duplicate studies from the 

systematic search, 392 articles remained for screening. During title and abstract screening 346 irrelevant 

studies were excluded and 46 studies included in the full text screening.  From these, 38 studies were 

excluded as they did not meet the predefined inclusion criteria (Supplemental Table 2) and eight studies 

with 2,604,319 participants were ultimately included (21-28). 

3.2. Study characteristics and quality assessment 
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Included studies were published between 2012 to 2019 (Table 1). All studies were conducted in both males 

and females, and the mean length of follow-up was 8.9 years. Out of the eight studies, five were conducted 

in the general population (21, 23, 24, 27, 28), while the remaining three were focused on patients with liver 

disease(22, 25, 26). One study was conducted in Hong Kong (21), one in Taiwan (22), three in US (23, 27, 

28), and the remaining three in South Korea (24-26). Quality assessment of the included articles was 

performed using NOS scores, in which most articles scored as having high quality (Supplemental Table 3). 

Three studies achieved a score of eight, while the remainder scored nine. The most commonly detected 

weakness of the included studies was in adjustment for perceived cofounders. 

3.3. Main results of the analysis 

Eight studies with 2,604,319 participants included in this dose-response analysis (21-28), the results of 

which were combined by DerSimonian and Laird random effects model. The combined results suggested a 

significant reduction in the risk of liver cancer in participants who used aspirin (HR 0.59, 95% CI 0.47-

0.75, Pheterogeneity=0.001, I2=90%) (Fig. 2). There was a significant heterogeneity between results of included 

studies, but this heterogeneity refers to amount of effect size and all studies show reverse relation. In 

addition to that, all studies independently demonstrated a reduction in the risk of liver cancer. Four studies 

with total of 2,168,012 participants were included in the dose-response analysis (21, 22, 24, 27). The linear 

dose-response model showed a significant inverse association between aspirin dose and risk of liver cancer 

(exp (b) = 0.994, p<0.001) (Fig. 3). Furthermore, the non-linear dose-response analysis revealed a 

comparable association (Coef1=-0.008, p1=0.04, Coef2=0.033, p2=0.13) (Fig. 4). Non-linear graph shows 

aspirin to have effective at doses up to around 100 mg per day, after which higher doses do not confer a 

further significant effect on HCC incidence. 

3.4. Sub-grouped analysis and meta-regression 

Results of the subgroup analyses and meta-regression are summarized in Supplemental Figure 1. We 

stratified studies based on type of population (i.e., general population or population with liver disease, such 
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as hepatitis or cirrhosis). Subgroup analyses did not show a significant difference in risk of liver cancer 

(heterogeneity between groups p=0.29) between general populations (HR 0.60, 95% CI 0.56-0.63) and 

populations with liver disease (HR 0.66, 95% CI 0.55-0.80). Additionally, meta-regression based on the 

duration of follow-up was not significant for HCC either (coef = -0.0120072, p=0.51). 

3.5. Publication bias and Sensitivity analysis 

Funnel plot, Begg's rank correlation test, and Egger's regression asymmetry test were used to detect 

publication bias; however, the funnel plots did not reveal any asymmetry between the studies (Fig 5). 

Furthermore, Begg’s and Egger’s regression tests were not found to be significant either (p=0.21 and 

p=0.99, respectively). Finally, sensitivity analysis did not show any significant differences beyond the 

limits of 95% CI between calculated combined results (Supplemental Fig 2). 

4. Discussion 

Liver cancer is the sixth most prevalent cancer globally and the third most common cause of cancer-related 

death (3), with incidence and mortality rates ever-increasing (29). In vitro studies suggest that NSAIDs, 

such as aspirin, have preventive and therapeutic benefits for liver cancer (30, 31). Furthermore, human 

studies have yielded promising associations with aspirin use and the risk of liver cancer (32, 33). However, 

as of yet, no systematic compilation and dose-response analysis of available evidence has been performed. 

The principal findings of this study were that a significant reduction in risk of liver cancer was evident in 

participants who consumed aspirin. Moreover, linear and non-linear dose-response models showed a 

significant inverse association between aspirin dose and risk of liver cancer, with largely diminished returns 

at doses greater than 100 mg per day. 

The chemoprotective influence of aspirin has been documented in epidemiological evidence since 

the early 1980’s, with more contemporary evidence from the Physician’s Health Study (34), the Women’s 

Health Study (10), the UK Transient Ischaemic Attack Aspirin Trial (11), the British Doctors Aspirin Trial 

(11), and the Colorectal Adenoma/carcinoma Prevention Programme (35). In a recent benefit-harm 
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investigation which documented the impact of taking aspirin for 10 years, the authors reported absolute 

reductions in incidence of cancer from 0.76% in women to 2.51% in men (36). In the present study, included 

articles were contemporary, all being published between 2012 to 2019, and utilized an equitable split of 

both genders with an appropriately long mean follow-up (~9 years). Five out of eight studies were 

conducted in the general population (21, 23, 24, 27, 28) while the others included patients with liver disease 

(22, 25, 26). One study was conducted in Hong Kong (21), one in Taiwan (22), three in US (23, 27, 28), 

and three in South Korea (24-26).  

Eight studies with a sum total of 2,604,319 participants were included in this dose-response analysis 

(21-28). Five studies with 2,547,188 participants reported risk of liver cancer based on waist circumference 

(37-41). Results of the included studies were combined by DerSimonian and Laird random effects model 

and the combined results suggested a significant reduction in the risk of liver cancer in participants who 

used aspirin (HR 0.59, 95% CI 0.47-0.75, I2=90%) (Fig. 2). All studies also showed reduction in the risk of 

liver cancer independently. A clear inverse dose-response association was uncovered between aspirin 

dosing and development of liver cancer in both linear and non-linear models. Interestingly, we noted a 

substantially diminishment in this association once dosage exceeded 100 mg per day, suggesting that higher 

doses of the drug offered little in the way of additional chemoprotective benefits. Indeed, the analysis 

suggests that even daily consumption of the low-dose formulation aspirin (81 mg), which is typically 

prescribed prophylactically to those at risk of occlusive cardiovascular or cerebrovascular events, may 

achieve the majority of the desired beneficial effects. In addition, although not assessed within this analysis, 

use of such a dose may maintain a desired degree of safety, at least in those who do not represent a 

significant hemorrhagic risk. 

While there are a range of potential extrahepatic health benefits associated with low-dose aspirin 

ingestion, we now recognise that such regimens also carry with them a considerable potential for harm, 

particularly in certain at-risk populations. An important risk associated with sustained use of aspirin is 

gastrointestinal bleeding, which is of clinical importance in patients with chronic liver disease, where 
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gastrointestinal bleeding from esophageal varices or portal hypertensive gastropathy are prevalent clinical 

complications (42). Aspirin-induced bleeding can lead to catastrophic intracranial haemorrhage and therein 

also increase the risk of suffering from gastric ulceration and bleeding. Furthermore, high doses of the coxib 

NSAIDs is known to increase the thrombotic cardiovascular risk in a manner which is directly related to 

dose and age (43). 

Strength and limitations 

The main strength of this study is the incorporation of an extremely large sample size, consisting of over 

2.5 million participants. This provided findings that are generalizable and afforded the opportunity for 

subsequent dose-response analysis. The current study was found to be free of significant publication bias 

and is therefore unlikely to be substantially impacted by unpublished studies that returned negative results. 

The sample size used to generate the evidence reported in this systematic review is large; however, the 

results do not necessarily provide definitive findings of a causal inference due to the non-randomized 

design. In fact, as the studies contributing to this meta-analysis were all observational in design, we must 

consider the possibility of reverse causality and the healthy-person bias; that is to say, could individuals 

who are innately less prone to liver cancer, or those who are more cognizant of their overall health, be more 

likely to take aspirin as prophylaxis for other diseases?  

In a similar manner, it is indeed worth considering whether significant confounding factors may 

exist within the compiled studies. For instance, aspirin is commonly prescribed in conjunction with a 

hypocholesterolemic agent such as a statin, which in itself may reduce the risk of liver cancer in an 

individual (44). Unfortunately, although the consumption of other potentially chemoprotective agents 

(including other NSAIDs, statins, and metformin) was recorded and adjusted for in a number of the studies 

analyzed, several others explicitly outline that concomitant medications could not be assessed or excluded. 

Therefore, it is recommended that such studies be conducted in order to confirm the veracity of the findings 

highlighted in this analysis and to control for potential confounders. Furthermore, although the literature 
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was searched extensively, grey or unpublished literature was not explored to limit the possibility of 

publication bias. 

As aspirin is readily available in over-the-counter formulations, it is possible that the recorded 

consumption of the medication may have been an underestimated in the included studies. However, as self-

reporting was a prominent data collection method utilized in these studies rather than prescription records, 

it is less likely that underestimation occurred as a result of unrecorded over-the-counter doses. Although 

this method carries with it a degree of unavoidable recall bias. 

Regarding the potential for misclassification bias, the majority of studies included in this analysis 

utilized the International Classification of Diseases (ICD) 9 or 10, which brings consistency to the 

classification; although the means of diagnosis was not assessed and potentially differed between cohorts. 

Finally, as the populations assessed in these studies generally reported a mean age of greater than 60 years, 

a cohort which may suffer from an array of additional comorbidities, it is important to consider the impact 

of mortality as a competing risk. Indeed, just one of the eight studies included in this meta-analysis 

explicitly adjusted for such factors (13), suggesting that this may have impacted somewhat upon the 

cumulative result. 

 

5. Conclusion 

In the present meta-analysis, a significant reduction in risk of liver cancer was evident in participants who 

consumed aspirin. In addition, a significant inverse association between aspirin dose and risk of liver cancer 

was demonstrated, which displayed diminishing benefits at doses greater than 100 mg per day in non-linear 

analyses. This may have important clinical ramifications and adds support for the use of daily aspirin as a 

primary preventive strategy for liver cancer. However, as the studies included in this meta-analysis were 

all observational in nature, it is now essential that high-quality, large scale RCTs are conducted in order to 

prove the efficacy of such a regimen in a highly controlled context. Finally, given the potentially injurious 

side effects of prolonged aspirin use or use in bleed-risk populations, careful monitoring and supervision 

by clinicians is warranted. 
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Fig. 1. Flow chart of included studies, including identification, screening, eligibility and the final included 

sample. 

 
 

Fig 2. Forest plot of Aspirin usage and risk of Liver Cancer, including eight individual studies and 2,604,319 

participants and overall hazard ratios, with respective weightings. Pooled results of included studies showed 

a significant reduction in risk of HCC in participants who used aspirin (HR 0.59, 95% CI 0.47-0.75, 

I2=90%). 

 

Fig 3. Linear dose-response relationship between Aspirin usage, in mg/day, and risk of Liver Cancer, 

presented as hazard ratio, with the associated exponential and p-value. The linear dose-response model 

showed a significant inverse association between aspirin dose and risk of liver cancer (exp (b) = 0.994, 

p<0.001). 

 

Fig 4. Non- linear dose-response relationship between Aspirin usage, in mg/day, and risk of Liver Cancer, 

presented as hazard ratio, with the resultant coefficient and p-value. The non-linear dose-response analysis 

revealed an inverse significant association (Coef=-0.008, p=0.04). 

 

Fig 5. Funnel plots, with pseudo 95% confidence intervals, of Aspirin usage and risk of Liver Cancer, 

presented with Egger’s and Begg’s test statistics, respectively  
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