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Abstract
Background  In the United States, cancer is the second leading cause of mortality, and millions more battle cancer world-
wide. As such, primary prevention of cancer is a major interest globally. Aspirin has been studied as a primary prevention 
method for multiple diseases, mainly cardiovascular disease and various forms of cancer. The role of aspirin as a primary 
prevention of cancer is still controversial and may be more beneficial in certain cancers over others. With rapidly surfacing 
large randomized controlled trials (RCTs) studying this subject, we aimed to evaluate the efficacy and safety of aspirin as a 
primary prophylaxis for cancer.
Methods  A comprehensive electronic database search was conducted for all RCTs that compared aspirin versus placebo 
for the prevention of any type of disease, and where cancer incidence or mortality was reported. The primary outcome was 
cancerrelated mortality. Secondary outcomes were cancer incidence, all-cause mortality, major bleeding, any bleeding and 
gastrointestinal (GI) bleeding. We calculated risk ratios (RRs) and 95% confidence intervals (CIs) using a random-effects 
model at the longest follow-up period.
Results  We included 16 RCTs with 104,018 total patients, mean age of 60.51 years, mean follow-up of 5.48 years, and a 
male percentage of 38.72%. We found that aspirin was not associated with a significant reduction of cancer-related mortality 
compared with placebo (RR 0.99; 95% CI: 0.87–1.12; P = 0.85: I2 = 41%). Compared with placebo, aspirin was not associ-
ated with significant reduction of all-cause mortality (RR 0.97; 95% CI: 0.92–1.02; P = 0.19; I2 = 13%) or cancer incidence 
(RR: 0.98; 95% CI: 0.92–1.04; P = 0.43; I2 = 16%). However, aspirin treatment was associated with significantly increased 
risks of any bleeding (RR 1.63; 95% CI: 1.31–2.03; P < 0.01), major bleeding (RR 1.41; 95% CI: 1.26–1.57; P < 0.01), and 
GI bleeding (RR 1.85; 95% CI: 1.38–2.48; P < 0.01) compared with placebo.
Conclusion  Our study did not find any significant reductions in cancer-related mortality or cancer incidence when compared 
aspirin use with placebo or no aspirin. Our study also highlights that the use of aspirin for primary prevention of cancer was 
found to cause higher rates of bleeding (any bleeding, major bleeding, and GI bleeding) compared to placebo or no aspirin 
at the longest follow-up period with no significant benefit in cancer primary prevention.

Keywords  Aspirin · Cancer · Primary prevention · Bleeding

Introduction

Cancer is the second leading cause of mortality in the United 
States, and millions more battle cancer worldwide (Chu-
bak et al. 2016). In 2015, there were 17.5 million cancer 
cases globally, and 8.7 million cancer-related deaths (Fitz-
maurice et al. 2017). From 2005 to 2015, the incidence of 
cancer increased by 33% internationally (Fitzmaurice et al. 
2017). As such, the global interest in primary prevention 
of cancer remains profound (Ilbawi and Anderson 2015). 
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Chemoprevention, the use of a molecule or drug to delay, 
reverse or prevent a carcinogenesis process, is only one of 
many strategies to be adopted for primary prevention (Krstic 
et al. 2019). Several major challenges exist regarding chemo-
prevention, including the challenge of maintaining the bal-
ance between risks and benefits (Krstic et al. 2019). Aspirin 
has been studied as a primary prevention method for mul-
tiple diseases, especially cardiovascular disease, diabetes 
mellitus, and various forms of cancer (Ma and Yu 2006). 
The role of aspirin as a primary prevention of cancer is still 
controversial and may be more beneficial in certain cancers 
over others (Ma and Yu 2006). With rapidly surfacing large 
randomized controlled trials (RCTs) studying this subject 
(McNeil et al. 2018; Moher et al. 2015; Okada et al. 2018), 
we aimed to evaluate the efficacy and safety of aspirin as a 
means of primary prevention of cancer.

Methods

Data sources

The study was performed using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses Protocols 
(PRISMA-P) Statement 2015 (Rothwell et al. 2011). A com-
prehensive search of literature using PubMed, Embase, and 
the Cochrane Collaboration Central Register of Controlled 
Trials from inception to December 2018 was performed by 
TH, BK and YZ. Any disagreements were resolved via con-
sensus. The search terms used were: aspirin, primary preven-
tion, mortality, and cancer.

Selection criteria and data extraction

The study inclusion criteria were: (1) all studies are RCTs; 
(2) aspirin should be used for primary prevention; (3) aspi-
rin should be compared to placebo or no aspirin control; 
(4) cancer mortality or cancer incidence should be reported. 
From each eligible study, two authors, TH and MB, extracted 
the data and a third author, BK, resolved any discrepancies.

Outcomes

Our primary outcome was cancer-related mortality. Second-
ary outcomes were all-cause mortality, incidence of cancer, 
any bleeding events, major bleeding, and gastro-intestinal 
(GI) bleeding.

Quality assessment

The quality of the included studies was assessed indepen-
dently by two authors, TH and VS, based on the Jadad scor-
ing system (Table 1).

Statistical analysis

We calculated summary risk ratios (RRs) and 95% confi-
dence intervals (CIs) using the Mantel–Haenszel method 
for dichotomous data. We used a random-effects model to 
account for the between-study heterogeneity. Heterogeneity 
was measured by the Cochrane’s Q statistic and I2 statistic 
test. Publication bias was assessed by visual inspection of 
the funnel plot. Furthermore, we explained any heterogene-
ity (≥ 20%) by performing sensitivity and meta-regression 

Table 1   Jadad scoring of 
included studies

Studies Jadad score

The ASCEND study collaborative group (2018) 4
McNeil et al. (2018) 4
Okada et al. (2018) 4
Cook et al. (2013) 4
Brighton et al. (2012) 4
Belch et al. (2008) 5
Ogawa et al. (2008) 4
Collaborative Group of the Primary Prevention Project (2001) 3
Medical Research Council’s General Practice Research Framework (1998) 5
Vane and Meade (1997) 5
Juul-Möller et al. (1992) 4
ETDRS Investigators (1992) 4
The SALT Collaborative Group (1991) 5
Farrell et al. (1991) 5
The DAMAD Study Group (1989) 4
The Persantine-Aspirin Reinfarction Study Research Group (1980) 3
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analyses. Sensitivity analyses were performed by removing 
trials sequentially and by removing trials that compared 
aspirin with other agents (i.e., not placebo). Meta-regression 
analyses were conducted based on the study-level covariates 
(total aspirin dose, age, hypertension, and follow-up dura-
tion). Analysis was performed using RevMan v5.3 Windows 
and Comprehensive Meta-Analysis software v3.

Results

Study selection and trial characteristics

Figure  1 illustrates the study selection process. We 
included 16 RCTs with 104,018 total patients, mean age 
of 60.51 years old, mean follow-up period of 5.48 years, 
and a male percentage of 38.72%. Tables 2 and 3 illustrate 

the characteristics of the included trials and patient demo-
graphics, respectively.  

In the 16 included studies, 5 studies explored the role 
of aspirin as primary prevention for patients with dia-
betes, 8 assessed aspirin for primary prevention of car-
diovascular disease, 1 study assessed aspirin for use in 
recurrent venous thromboembolism, and 2 studies pri-
marily assessed the role of aspirin for cancer prevention. 
All studies were randomized controlled trials. Almost all 
studies were assessed to be of moderate to high quality 
(Table 1). Aspirin dosing varied from 81 milligrams (mg) 
daily to 1200 mg, with reported regimens either daily or 
every other day. Follow-up duration ranged from 2 years 
to 10.7 years. All studies compared aspirin to placebo or 
no aspirin with a preventative substance like dipyridamole, 
or vitamin E.
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Fig. 1   The preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram
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Primary outcome

Aspirin was not associated with a significant reduction 
of cancer-related mortality compared with placebo or no 
aspirin (RR 0.99; 95% CI: 0.87–1.12; P = 0.85: I2 = 41%) 
(Fig. 2). Examination of the funnel plot did not suggest 
any publication bias (Fig.  3). Sensitivity analysis by 
removing each trial sequentially demonstrated consistent 
results.

Meta-regression analysis showed a non-significant 
trend towards more cancer-related survivals with higher 
aspirin doses (b < − 0.001; SE< 0.001; P = 0.07) and 
explained 32% of the heterogeneity (R2 = 0.32; I2 = 33.7%) 
(Fig. 4). Meta-regression analysis based on age, BMI, 
and follow-up duration showed non-significant modifier 
effects on cancer-related mortality.

Secondary outcomes

Compared with placebo, aspirin was not associated with 
significant reduction in all-cause mortality (RR 0.97; 
95% CI: 0.92–1.02; P = 0.19; I2 = 13%) or cancer inci-
dence (RR: 0.98; 95% CI: 0.92–1.04; P = 0.43; I2 = 16%) 
(Figs. 5, 6). However, aspirin treatment was associated 
with significantly increased risks of any bleeding (RR 
1.63; 95% CI: 1.31–2.03; P < 0.01), major bleeding (RR 
1.41; 95% CI: 1.26–1.57; P < 0.01), and GI bleeding (RR 
1.85; 95% CI: 1.38–2.48; P < 0.01) compared with pla-
cebo or non-aspirin (Figs. 7, 8, 9).

Discussion

In this meta-analysis of 16 RCTs, aspirin was compared 
to placebo or non-aspirin with other various preventative 
methods including dipyridamole or Vitamin E. Despite 
the addition of the three most recent large RCTs studying 
aspirin in primary prevention (McNeil et al. 2018; Moher 
et al. 2015; Okada et al. 2018), aspirin did not prove to have 
a significant reduction in cancer-related mortality, cancer 
incidence, or all-cause mortality in this large population of 
studied patients. However, aspirin was associated with sig-
nificant risks, showing significantly increased risks of any 
bleeding, major bleeding, and GI bleeding.

Several retrospective studies, large RCTs and meta-anal-
yses have evaluated the role of aspirin in cancer primary 

Fig. 2   Forest plot of primary outcome (cancer-related mortality)

Fig. 3   Funnel plot for primary outcome (cancer-related mortality)
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Fig. 4   Meta-regression for cancer-related mortality

Fig. 5   Forest plot of all-cause mortality
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prevention. In 2011, Rothwell et al., found that low-dose 
aspirin use for ≥ 4 years demonstrated a reduced rate of can-
cer deaths. These findings were based on a meta-analysis 
that included trials that used aspirin for at least 4 years. The 
study did not, however, focus on the risks of aspirin use 
(Seshasai et al. 2012).

According to a recent systematic evidence review done 
for the United States Preventive Services Task Force (USP-
STF), low-dose aspirin may hold modest cancer mortality 
benefits, but effects are not established clearly since esti-
mates may be imprecise and relatively unstable (Stegeman 
et al. 2015). The review also found that the percentage of 

Fig. 6   Forest plot for cancer incidence

Fig. 7   Forest plot of any bleeding events

Fig. 8   Forest plot of major bleeding events
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serious bleeding events is higher than suggested by previous 
clinical trials, and is a critical consideration when assess-
ing benefit of low-dose aspirin use, whether used for cancer 
prevention or otherwise (Stegeman et al. 2015).

In their last updated 2016 report, the USPSTF found that 
aspirin use reduced 20-year colorectal cancer mortality rates 
by 33%, however, aspirin had no effect on all-cause mortal-
ity. In addition, aspirin increased the risk of major gastro-
intestinal bleeding by 58%, and risk of hemorrhagic stroke 
by 27% (The ASCEND study collaborative group 2018). 
The data also suggested that the cardiovascular benefits of 
aspirin started within the first 5 years of aspirin use, whereas 
the decrease in colorectal cancer mortality was not seen until 
after 10 years of therapy. Based on these findings, the USP-
STF suggested a class B recommendation about “aspirin use 
for primary prevention of cardiovascular disease and colo-
rectal cancer in adults aged 50–59 years who have a 10% or 
greater 10-year CVD risk, are at very low risk for bleeding, 
have a life expectancy of at least 10 years, and are willing 
to take low-dose aspirin daily for at least 10 years” (The 
ASCEND study collaborative group 2018).

In 2012, Seshasai et al. mentioned in their review that 
aspirin did show increased bleeding risk when used for pri-
mary or secondary prevention of cardiovascular disease, 
however, it was referred to as trivial bleeding (Tsoi et al. 
2019).

In a recent large cohort population study in Hong Kong, it 
was found that long-term use of low-dose aspirin was asso-
ciated with the reduction in risk of various cancers, but not 
breast cancer. No real comments on the risks of aspirin use 
or its bleeding risks were made in that population (Whitlock 
EP, Williams SB, Burda BU, Feightner A, Beil T. Aspi-
rin use in adults: cancer, all-cause mortality, and harms. A 

Systematic Evidence Review for the U.S. Preventive Ser-
vices Task Force. Evidence Synthesis No. 132. AHRQ 
Publication No. 13-05193-EF-1. Rockville, MD: Agency 
for Healthcare Research and Quality and September 2015).

The strengths of our meta-analysis include an extensive 
search of the available literature. Furthermore, we included 
only RCTs, which help eliminate the likelihood of con-
founding bias from nonrandomized studies. However, there 
are several limitations in the included clinical trials. First, 
almost all included trials were not primarily studying aspirin 
in the intent of preventing cancer and rather all the results 
were obtained by examining other reported primary out-
comes. Second, due to various trial designs and protocols, 
there were major differences in the aspirin dosing and the 
different control methods used. Third, only a few clinical 
trials reported all the predetermined outcomes of our study, 
and some trials reported only one or two of these primary or 
secondary outcomes either directly or indirectly.

Conclusion

Among patients with cancer, aspirin was not associated 
with reduced cancer-related mortality, all-cause mortality, 
or cancer incidence. However, aspirin was associated with 
increased risk of bleeding events.

This meta-analysis showed that the use of aspirin for pri-
mary prevention of cancer was found to cause more bleeding 
(any bleeding, major bleeding, and GI bleeding) compared 
to no aspirin at the longest follow-up period, and had no 
significant benefit with regard to cancer primary prevention 
(cancer-related mortality and cancer incidence).

Fig. 9   Forest plot of gastro-intestinal bleeding events
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