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Evidence on aspirin and cancer comes from two main sources: (1) the

effect of aspirin upon biological mechanisms in cancer, and (2) clinical

studies of patients with cancer, some of whom take aspirin. A series

of systematic literature searches identified published reports relevant to

these two sources. The effects of aspirin upon biological mechanisms

involved in cancer initiation and growth appear to generate reasonable

expectations of effects upon the progress and mortality of cancer. Clinical

evidence on aspirin appears overall to be favourable to the use of aspirin,

but evidence from randomized trials is limited, and inconsistent. The main

body of evidence comes from meta-analyses of observational studies of

patients with a wide range of cancers, about 25% of whom were taking

aspirin. Heterogeneity is large but, overall, aspirin is associated with

increases in survival and reductions in metastatic spread and vascular

complications of different cancers. It is important that evaluations of

aspirin used as an adjunct cancer treatment are based upon all the available

relevant evidence, and there appears to be a marked harmony between the

effects of aspirin upon biological mechanisms and upon the clinical progress

of cancer.

1. Introduction
The development of new drugs for the treatment of cancer is costly and time-

consuming, and most of the drugs which pass laboratory testing fail in clinical

trials and are not approved for use in clinical practice [1]. The concept of ‘old

drug, new tricks’ is leading to the testing of many approved drugs in the

hope of extending the range of therapies in oncology [2].

The use of natural products has been a successful strategy in the discovery

of medicines of possible value in the treatment of cancer [3]. Hence our interest

in acetyl salicylic acid (aspirin), the main part of which is widespread and is

highly active within plants. Many years of botanical research has established

salicylates as a potent hormone governing various responses to abiotic and

biotic stress, a major phytohormone influencing defence in plants against a

wide variety of pathogens and a regulator of programmed cell death—activities

which are likely to be of clinical relevance in human patients (L. Mur 2021,

personal communication).

One in every six deaths worldwide is due to cancer [4], giving an estimated

9.6 million in 2018, with around 70% of the deaths in low- and middle-

income countries [5]. The World Health Organization points out that most cancers

in poorer countries are diagnosed at a very late stage, whenmost treatments are no

longer effective, even if treatments were available (which they are not in many

countries) [6].
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In this review, we summarize the findings on mechanisms

by which aspirin can affect the pathogenic pathways of neo-

plastic processes at a cellular level, and the influence of

aspirin on the dynamics of metastatic cancer spread. We

then summarize the evidence on survival in clinical studies

of aspirin taking in randomized trials and in observational

studies, and the effect of aspirin on metastatic cancer

spread and on thromboembolic complications of cancer.

Finally, we address the safety aspects of aspirin use in relation

to the risks of an increase in gastrointestinal and intra-cranial

bleeding attributable to aspirin.

2. Aspirin and biological mechanisms
relevant to cancer

In this section, we summarize the biological mechanisms of

aspirin which are relevant in cancer pathogenesis. Specifi-

cally, the main mechanism of aspirin, its impact on cancer

pathways, on proliferation and on metastasis, thrombosis

and DNA repair.

2.1. Mechanisms and anti-cancer pathways

The primary mechanism of aspirin is disruption of the

cyclooxygenase (COX) enzyme responsible for the formation

of key signalling lipids known as prostanoids. While this is an

important pathway in cancer signalling, recent evidence

highlights additional targets for aspirin in tackling cancer

progression [7,8]. Using human breast and ovarian cancer

cell lines, aspirin has been shown to beneficially interfere

with energy metabolism by targeting key enzymes involved

in the proliferation of cancer cells both directly and through

COX inhibition [9,10]. In addition, using in-vitro enzymatic

assays and human cancer cell line studies, aspirin inhibited

cancer progression through interference with proliferative

pathways [11], cancer-associated inflammation [12] and

platelet-driven pro-carcinogenic activity [13].

2.2. Angiogenesis and aspirin

Moreover, cancers rely on angiogenesis in order to grow and

spread. In studies on human colon cancer and lymphoma cell

lines, aspirin appeared to have a direct impact on angiogen-

esis by both inhibiting the COX enzyme which is frequently

overexpressed in cancer cells, as well as by directly modulat-

ing vascular-endothelial growth factor (VEGF) activity

[14,15]. Other beneficial effects of aspirin include stimulation

of pro-apoptotic pathways [16] and the enhancing of p53

mediated DNA repair [17] as demonstrated in studies using

human breast and colon cancer cell lines.

2.3. Aspirin in metastatic spread

The first evidence of benefit from aspirin in cancer, was the

demonstration almost 60 years ago of a reduction in meta-

static cancer spread in animal models in vivo [18] which

was related to the anti-platelet effect of aspirin. Many authors

have since confirmed the association in a range of cancers

[19,20]. In studies using in vivo animal models of metastasis,

and in vitro models of cell invasion with human cell lines,

platelets were shown to play a significant role in metastasis

via a number of mechanisms [20,21], including secretion of

growth factors which enable metastatic migration [22,23],

association of platelet aggregation with tumour cells promot-

ing early metastatic niche formation, secretion of microDNA

inhibitors of tumour suppressor genes [22,24], and interfering

with phospholipid metabolism leading to the formation of

pro-metastatic signals [25]. It is logical therefore that inhibit-

ing platelet function will serve as an effective anti-metastatic

treatment [21].

2.4. Evidence for aspirin in cancer-related thrombosis

Patients with cancer appear to be in a hypercoagulable state

[26,27]withmarked increases in vascular [28] and thromboem-

bolic disease events [29]. While aspirin is not considered to be

anti-coagulant it has been shown to reduce thromboembolism

[30,31], including in patients with cancer [32], probably by

blocking COX and inhibiting the formation of thromboxane

A2 (TxA2), a potent driver of thrombosis in vascular disease

[33]. TxA2 has in fact been shown to be elevated in some can-

cers and this may contribute to the raised thromboembolic risk

in cancer, as described above [21,34–36].

2.5. Mendelian randomization and benefit of aspirin in

cancer

A completely different approach to the evaluation of aspirin

comes from quasi-randomized studies based upon gene/

environmental interaction, or ‘Mendelian randomization’.

The logical basis of this is that genetic variants avoids con-

founding and yield evidence similar to that of randomized

trial [37]. A polymorphism that changes a nucleotide in

COX-2 leads to effects that mimic some of the biological

effects of aspirin [38,39]. This was observed in case-control

studies in African-Americans with the polymorphism,

suggesting a reduction in colorectal adenomas (odds

ratio, OR 0.56; 95% CI 0.25, 1.27) in 61 patients with the poly-

morphism, and in another study there was a possible

reduction in colorectal cancer in 138 patients (OR 0.67; 0.28,

1.56) [39].

2.6. Lynch syndrome and aspirin

Many of the biological effects that are described above that

are exerted by aspirin suggest that benefit from the use of

this drug in cancer is a reasonable expectation, though to

date the drug appears to be recommended only in the UK

and only for patients with Lynch syndrome [40]—a rare

dominant genetic error associated with a high risk of colon

and other cancers.

Work on Lynch syndrome shows the mismatch repair of

DNA to be mechanism protective against cancer [38,39] and

its failure could occur in any of us. Hence aspirin, through

its enhancement of this mechanism [41] would appear to be

a potential prophylactic within all of us. This last is echoed

in a recent study by Nounu et al. [42] which combined proteo-

mics and Mendelial randomization to highlight a link

between levels of proteins involved in DNA repair which

are affected by aspirin supplementation and cancer incidence.

Specifically, aspirin was observed to reduce the expression of

MCM6 and RRM2, both involved in DNA repair, in human

colon cells. The study followed this observation with a Men-

delian randomization analysis of a large case-control cohort
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which showed that increases in the protein/mRNA

expression of these two proteins was associated with

increased colon cancer risk (OR 1.08; 1.03, 1.13; and OR

3.33; 2.46, 4.50, respectively) [42], concluding that the ben-

eficial effect of aspirin in cancer many be through

enhancement of DNA repair mechanisms.

3. Clinical effects associated with aspirin

3.1. Randomized trials of aspirin and mortality

Systematic literature searches identified four early ad hoc

randomized trials of aspirin and cancer treatment [43–46].

The pooling of the results of these gives a suggestive

reduction of 9% in cancer deaths in the 722 in patients with

cancer who had been randomized to aspirin (HR 0.91; 95%

CI 0.79, 1.04).

During the US Physicians Health Study of aspirin and

cancer prevention, an opportunistic trial was conducted in

502 subjects who having been randomized to take aspirin,

developed cancer of the prostate. These were followed and

a 30% relative reduction was attributable to aspirin (HR

0.68, 95% CI 0.52, 0.90 in cancer deaths and HR 0.72; 0.61,

0.9 in all-cause deaths) [47].

Earlier this year a report of 3021patientswith aHER2-nega-

tive breast cancer who had been randomized to 300 mg aspirin

daily was reported. During a median follow-up of 20 months

191 invasive events had occurred (84 on aspirin 107 on placebo

84: HR 1.27) [48]. Even more recently 95 patients with locally

advanced metastatic gastric cancer were randomized, 45 to

receive 150 mg aspirin daily, 45 to receive no aspirin [49].

After a median follow-up of 29 months the median survival

of patients on aspirin was 10 months compared with

11 months in patients who received no aspirin ( p = 0.90).

During 2007–2012, a series of long-term follow-up studies

were conducted in subjects who had already participated in

earlier British and European randomized trials of aspirin

and vascular disease reduction [19,50]. The development of

cancer in subjects who had been involved in more than 50 ran-

domized vascular trials were followed-up for up to 20 years.

The studies focused mainly upon incident cancer but within

several of the studies there is evidence consistent with a

reduction in cancer mortality. On this last, for example—

OR 0.58 (95% CI 0.44, 0.78) in an overview of six

randomized trials [19], and OR 0.84 (96% CI 0.75, 0.94) for

cancer deaths in an overview of 51 randomized trials [50].

3.2. Observational studies of aspirin and mortality

The bulk of the evidence on aspirin as an adjunct treatment

comes however from observational cohort and case-control

studies of patients with cancer, some of whom (usually

about 25%) were taking aspirin, most often for vascular dis-

ease prevention. These enabled the testing of the hypothesis

that aspirin reduces mortality across a range of different can-

cers. A series of three replicate systematic literature searches

followed by meta-analyses yielded closely similar estimates

of the reduction in cancer mortality associated with aspirin:

in 2016 a pooled hazard ratio (HR) for eight different cancers

(overall HR 0.85; 95% CI 0.77, 0.92) [51], in 2018 based on 10

different cancers (HR 0.74; 0.66, 0.82) [52] and in 2021 based

on 18 different cancers (HR 0.78; 0.67, 0.91) [53].

In the report in 2020 [53], the hypothesis that the benefits of

aspirin in the treatment of cancer are relevant to awide range of

cancers was tested in detail in 118 reports based on 18 different

cancers. An overall pooled reduction in cancer mortality of

about 20% was associated with aspirin taking (HR 0.77; 95%

confidence limits 0.72, 0.83 in 70 papers which reported effects

as HRs, and OR 0.67 (0.45, 1.00 in 11 reports that used this

measure of association). All-cause mortality showed closely

similar reductions: HR 0.79 (0.74, 0.86) in 56 papers that used

hazard ratios, and OR 0.57 (0.36, 0.89) in seven papers that

reported odds ratios.

An important finding in this report [53] is that a meta-

analysis of the results reported for aspirin in 39 publications

focused upon 15 less common cancers (nasopharyngeal, oro-

pharyngeal, oesophagus, gastrointestinal, gastric, rectal, liver,

gallbladder, bladder, pancreas, bladder, endometrium, ovary,

glioma, head and neck, lung, melanoma) reported overall

reductions associated with aspirin (HR 0.79; 0.70, 0.88 in 18

studies, and OR 0.49; 0.26, 0.95 in 5 studies). These reductions

are comparable to the reduction in colon cancer, the cancer in

which the effect of aspirin has been examined most fre-

quently (HR 0.71; 0.62, 0.80 in 24 studies, and OR 0.78;

0.66, 0.93 in one study).

Publication bias in this studywas examined indetail [53]. The

judgement of the authorswas thatwhile conclusions drawn from

these 118 reports, not having been randomized, have to be

accepted with caution. However, the evidence is strengthened

by the absence of significant bias at p< 0.05 for the data for

colon cancer alone, or all cancer combined. Furthermore, an

exacting test for publication bias—a ‘trim and fill’ analysis on

the data for the 39 less common cancers—reduced, but main-

tained the statistical significance of, the beneficial treatment

effect for both cancer mortality and all-cause mortality.

3.3. Aspirin and duration of cancer survival

A few authors have made estimates of the length of additional

survival associated with aspirin taking. A number of different

summary statistics of survival have been used, and these defy

pooling, but they are listed elsewhere [53] and they range from

about three months up to three years [54]. Using a different

approach, a group in Liverpool extracted extensive baseline

data, including aspirin taking, from the records for 44 000

patients with colon cancer. With these they constructed a for-

mula giving predicted estimates of survival [55]. Entering the

details for a typical non-diabetic subject aged 70 with colon

cancer into the formula, the inclusion of aspirin increases the

estimate of survival by about five years for a man, and for a

woman, about 4 years.

3.4. Aspirin and metastatic cancer spread

The effect of aspirin on mechanisms involved in metastatic

spread is of particular importance because metastases are

responsible for much of the pain and the complications of

cancer, [56] and many of the deaths are attributable to the

metastases rather than to the primary tumour itself [57]. In

trials and observational studies of a range of different cancers

a reduction in metastatic spread associated with aspirin is

shown. Thus, in a review of five randomized trials there

was a 35% reduction in distant metastases associated with

aspirin taking (HR 0.64, 95% CI 0.48 to 0.84) [58]. Another

review reported an RR of 0.48 (0.30, 0.75) in three
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randomized studies and 0.69 (0.57, 0.83) in five observational

studies [19]. Yet another pooled estimate in five reports gave

the reduction in metastatic spread associated with aspirin as

RR 0.77 (0.65, 0.92) [51]. An effect on cancer spread suggests

that the drug has value in the treatment of cancer indepen-

dent of any effect on mortality.

3.5. Aspirin and thromboembolic complications of

cancer

Thromboembolism is a serious complication of cancer, to

which aspirin is known to be of relevance. The Surveillance,

Epidemiology and End Results (SEER) programme on mor-

tality in cancer patients reported that 11% of deaths

amongst 20 cancer types had been certified as due to vascular

disease, most of which (76%) was heart disease [28]. Vascular

mortality was particularly high within the first year after

diagnosis of cancer and remained high thereafter.

A recent report of thromboembolism in UK patients

with cancer was introduced with the comment that the sub-

stantial improvements in cancer survival during the past

few decades has led to increasing concerns about long-term

cardiovascular risks in cancer survivors [29]. The authors

therefore examined relevant records for 108 000 survivors of

a range of cancers. Venous thromboembolism was found to

be substantially elevated in patients with almost all the

cancers (SMR 3.93; 3.89, 3.87) and although the risk fell

over time it remained elevated more than five years after

the diagnosis of cancer. Coronary artery disease and stroke

were increased as well as heart failure, cardiomyopathy and

other vascular disease events.

Venous thromboembolic disease is one of the leading

causes of death in cancer [28] and is reduced by aspirin, [32]

leading the American Society of Clinical Oncology to rec-

ommend that prophylactic anticoagulants be considered for

all hospitalized cancer patients [59,60]. Although aspirin use

has to some extent been superseded by recently developed

drugs for vascular protection, aspirin has been shown to be

effective against vascular and venous thrombosis [31,32].

Putting all the above together, aspirin appears to affect

some of the biological mechanisms relevant to cancer favour-

ably, and, taken together, the clinical evidence appears to be

supportive of an increase in cancer survival, a reduction in

metastatic spread and a reduction in cancer-related vascular

mortality. Questions however arise about the safety, and the

risk-benefit balance of aspirin in cancer.

4. Adverse effects of aspirin
A bleed, either gastrointestinal or intra-cerebral, is a crisis for

a patient and especially for patients who are already seriously

ill. Yet the seriousness of bleeds attributable to aspirin, and

not just their frequency, should be evaluated against the

benefits which may be attributable to its use [61,62].

4.1. Gastrointestinal bleeding and aspirin

Low-dose aspirin is associated with additional gastrointestinal

(GI) bleeds in between 0.8 and 5.0 patients per 1000 person

years aged 50–84 years in the general population. This

represents an increase above spontaneous GI bleeding of

between about 50% [63] and 90% [64]. It is important to note

that these increases imply that only one in every two or every

three bleeds that occur in patients taking low-dose aspirin is

likely to be truly attributable to the aspirin, the other bleeds

being spontaneous and not directly due to aspirin.

4.2. Fatal GI bleeds and aspirin

Almost every published report limits bleeding to events

termed ‘serious’, ‘major’ or ‘hospitalized’—terms which are

based on rather vague value judgements. The most serious

bleeds are those that lead to death—a dichotomy with cer-

tainty! A systematic search identified 11 randomized trials,

comprising a total of over a 100 000 patients, half of whom

had been randomized to aspirin [65]. The table shows that

the expected risk of a ‘major’ bleed for aspirin was confirmed,

but the relative risk of a fatal bleed in patients taking aspirin

was substantially reduced (relative risk compared with spon-

taneous bleeds in subjects randomized to placebo: RR 0.45;

0.25, 0.80; table 1).

Other studies have shown similar reductions for fatal

bleeding and aspirin [66–69], and it is of interest that in the

recent ASPREE trial of almost 20 000 subjects, only two

fatal bleeds occurred—both in patients randomized to pla-

cebo [70]. It has been suggested that aspirin may unmask

existing gastrointestinal pathology and precipitate bleeding

at a relatively early stage of the development of the pathology

responsible for the bleed, when it can be more easily and

more successfully treated. A US Task Force made a similar

interpretation: that the predominant adverse anti-platelet

effect of aspirin is to promote bleeding from established

pathological gastric lesions [71].

4.3. Intra-cerebral bleeding and aspirin

The risk of cerebral bleeding is also increased by aspirin, again

by around 50%, this being equivalent to one or two events per

10 000 subjects per year [63,72]. A number of authors comment

on the probable reduction in cerebral bleeding if blood pressure

is measured before aspirin is started, and hypertension, if pre-

sent, is adequately treated [72]. Evidence which strongly

supports this comes from a randomized trial based on more

Table 1. GI bleeding in a meta-analysis of data from 11 trials in which

aspirin had been randomized [62].

bleeding

risk per

year

relative risk for

aspirin

incidence of a GI bleed

in 54 625 subjects

randomized to aspirin

8 per1000 RR 1.55

in 52 583 subjects

randomized to placebo

5 per

1000

(1.32, 1.83)

proportion of bleeds that were fatal

in subjects on aspirin 4% RR = 0.45

in subjects on placebo 8% (0.25, 0,80)

risk of a fatal bleed in trial participants

randomized to aspirin 3.7/10 000 RR = 0.77

randomized to placebo 4.7/10 000 (0.41, 1.43)
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than 18 000 hypertensive patients, all of whom were receiving

‘optimal’ antihypertensive treatment. Among almost 10 000

patients randomized to aspirin there were seven fatal bleeds,

and in 10 000 patients randomized to placebo there were

eight fatal bleeds [73].

5. Discussion
Evidence of benefit from aspirin comes from many sources:

its effects upon biological mechanisms relevant to cancer;

the results of a few randomized trials and outcome data

from many observational studies. Furthermore, the biological

mechanisms leading to reductions in metastatic spread and in

thromboembolic complications of cancer are a consequence of

biological effects of aspirin different to, and probably inde-

pendent of the mechanisms relevant to mortality. Aspirin

could therefore have value in the treatment and care of

patients, independent of its effects on mortality.

Heterogeneity is to be expected in overviews of such awide

field of clinical activity as this but one is surprised by the degree

of heterogeneity shown in the published studies of aspirin and

survival. Further uncertainties on aspirin arise from major

trials, such as the USWomen’s Health Study [74] and the Aus-

tralian ASPREE trial [75,76], neither of which detected benefit

from aspirin. Onewonders if there are powerful, but as yet uni-

dentified factors confounding relationships with aspirin.

Further work on this should be fruitful.

The lack of adequate ad hoc randomized trials on aspirin

treatment of a wide range of cancers is serious limitation in the

available evidence. Furthermore, almost all the current research

appears to focus upon common cancers: colon [77–79], breast

[77], prostate [77,80] and lung cancer [81]. The three cancers

account for only about 30% of the worldwide cancer burden

and studies focused upon them will add little to the problem

of the less common cancers, including the ‘rare’ cancers (usually

defined as those with an incidence of less than 6 per 1 000 000),

which account forabout 22%of all cancers andhave aworse sur-

vival (47%) than the common cancers (65%) [82].

Clearly, further evidence is needed and it would seem to

be unreasonable to require randomized evidence for every

separate cancer. Furthermore, even if one waits for new ran-

domized evidence, the validity of one or two randomized

trials as a basis for recommendations is limited and will

truly relate to only the cancer or cancers actually trialled.

There is therefore a desperate need for more evidence on

aspirin use in the less frequent cancers.

Findings in ASPREE, a trial of cancer prevention by 100 mg

aspirin daily in older, healthy subjects are a serious challenge to

the use of aspirin [75,76].With an average follow-up of only 4.7

years, cancer-related deaths occurred in 3.1% of the ten thou-

sand participants randomized to aspirin, and in 2.3% of the

10 000 randomized to receive placebo (HR 1.34; 95% CI, 1.10–

1.56). This led the authors to suggest a possible adverse effect

of aspirin on cancer evolution in older adults. Clearly this find-

ing is unique to this prevention study, and further evidence

from a much longer follow-up is urgently required. Further-

more, compliance with tablet taking, which was monitored

throughout ASPREE had fallen by 40% at the time of the

follow-up [75,76].

This last—compliance with treatment—is a major uncer-

tainty in observational studies, many of which are conducted

retrospectively. A group in Dublin monitored compliance in

detail and they detected an influence of approaching death

on aspirin use in patients with breast and with colorectal

cancer. The taking of aspirin declined ‘considerably’ during

the 2 years before death, and at the time of death, rates of

aspirin use had dropped from around 60% to around 20% in

patients with colorectal cancer and from around 80% to

around 45% in patients with breast cancer [83].

On theother hand,discontinuation is of importance, because

the sudden stopping of aspirin has been shown to increase vas-

cular disease events—up to threefold increases in major cardiac

events [84,85] and a similar increase in ischaemic strokes [86].

6. Conclusion
There appears to be an impressive harmony between the bio-

logical effects of aspirin on mechanisms relevant to cancer,

and the effects of aspirin on clinical outcomes in cancer.

Further evidence is needed before the suggestion by the pre-

sent evidence of about a 20% increase in survival of caner is

accepted, as it is to be hoped that research will eventually

explain some of the large heterogeneity in the present evi-

dence. Fortunately, research on aspirin taken by cancer

patients can be conducted with a high degree of confidence

that aspirin is a relatively safe drug.

Data accessibility. This article does not contain any additional data.

Authors’ contributions. P.E.: conceptualization, writing—original draft,
writing—review and editing; M.P.: methodology, writing—original
draft; G.M.: data curation, formal analysis, writing—original draft;
J.P.: formal analysis, writing—original draft; C.D.: formal analysis;
J.W.: conceptualization, writing—original draft.

All authors gave final approval for publication and agreed to be
held accountable for the work performed therein.

Conflict of interest declaration. We declare we have no competing interests.

Funding. We received no funding for this study.

References

1. Regulska K, Regulski M, Karolak B, Murias M,

Stanisz B. 2019 Can cardiovascular drugs support

cancer treatment? The rationale for drug

repurposing. Drug Discov. Today 24, 1059–1065.

(doi:10.1016/j.drudis.2019.03.010)

2. Beijersbergen R. 2020 Old drugs with new tricks.

Nat. Cancer 1, 153–155. (doi:10.1038/s43018-020-

0024-8)

3. Tulp M, Bohin L. 2002 Functional versus chemical

diversity: is biodiversity important for drug

discovery? Trends Pharmacol. Sci. 23, 225–231.

(doi:10.1016/S0165-6147(02)02007-2)

4. Global Burden of Disease Collaborative Network.

2017 Global Burden of Disease Study 2017 (GBD

2017) results. Seattle, WA: United States Institute

for Health Metrics and Evaluation (IHME).

5. IARC. 2020. Cancer today. See https://gco.iarc.fr/

today/home.

6. Chan M. 2010 Cancer in developing countries:

facing the challenge. See https://www.

who.int/dg/speeches/2010/iaea_forum_

20100921/en/.

7. Zhang X, Feng Y, Liu X, Ma J, Li Y, Wang T,

Li X. 2019 Beyond a chemopreventive reagent,

aspirin is a master regulator of the hallmarks of

cancer. J. Cancer Res. Clin. Oncol. 145, 1387–1403.

(doi: 10.1007/s00432-019-02902-6)

8. Patrignani P, Patrono C. 2016 Aspirin and cancer.

J. Am. Coll. Cardiol. 68, 967–976. (doi:10.1016/j.

jacc.2016.05.083)

royalsocietypublishing.org/journal/rsob
Open

Biol.12:220124

5



9. Henry WS, Laszewski T, Tsang T, Beca F, Beck AH,

Mcallister SS, Toker A. 2017 Aspirin suppresses growth

in PI3 K-mutant breast cancer by activating AMPK

and inhibiting mTORC1 signalling. Cancer Res. 77,

790–801. (doi:10.1158/0008-5472.CAN-16-2400)

10. Uddin S, Ahmed M, Hussain A, Assad L, Al-Dayel F,

Bavi P, Al-Kuraya KS, Munkarah A. 2019

Cycloxygenase-2 inhibits P13 K/AKT innase activity

in epithelial ovarian cancer. Int. J. Cancer 162,

382–394. (doi:10.1002/ijc.24757)

11. Pan M-R, Chang H-C, Hung W. 2008 Non-

steroidal anti-inflammatory drugs suppress the ERK

signaling pathway via block of Ras/c-Raf interaction

and activation of MAP kinase phosphatases. Cell.

Signal. 20, 1134–1141. (doi:10.1016/j.cellsig.2008.

02.004)

12. Markowitz S. 2007 Aspirin and colon cancer–

targeting prevention? New Engl. J. Med. 356,

2195–2198. (doi:10.1056/NEJMe078044)

13. Lichtenberger L, Vijayan K. 2019 Are platelets the

primary target of aspirin’s remarkable anticancer

activity? Cancer Res. 79, 3820–3823. (doi:10.1158/

0008-5472.CAN-19-0762)

14. Tsuji M, Kawano S, Tsuji S, Sawaoka H, Hori M,

Dubois RN. 1998 Cyclooxygenase regulates

angiogenesis induced by colon cancer cells.

Cell 93, 705–716. (doi:10.1016/S0092-

8674(00)81433-6)

15. Zang H et al. 2019 Aspirin inhibits natural killer/T-

cell lymphoma by modulation of VEGF expression

and mitochondrial function. Front. Oncol. 8, 679.

(doi:10.3389/fonc.2018.00679)

16. Choi B-H, Chakraborty G, Baek K, Yoon HS. 2013

Aspirin-induced translocation and its

phosphorylation in the nucleus trigger apoptosis in

breast cancer cells. Exp. Mol. Med. 45, e47. (doi:10.

1038/emm.2013.91)

17. Ai G, Dachineni R, Kumar R, Marimuthu S, Alfonso LF,

Bhat GJ. 2016 Aspirin acetylates wild type and mutant

p53 in.colon cancer cells: identification of aspirin

acetylated sites on recombinant p5. Tumor Biol. 37,

6007–6016. (doi:10.1007/s13277-015-4438-3)

18. Gasic G, Gasic T, Stewart C. 1968 Anti-metastatic

effects associated with platelet reduction. Proc. Natl

Acad. Sci. USA 61, 46–52. (doi:10.1073/pnas.61.1.46)

19. Algra A, Rothwell P. 2012 Effects of regular aspirin

on long-term cancer incidence and metastases: a

systematic comparison of evidence from

observational studies versus randomised trials.

Lancet Oncol. 13, 518–527. (doi:10.1016/S1470-

2045(12)70112-2)

20. Gay L, Felding-Habermann B. 2011 Contribution of

platelets to tumour metastasis. Nat. Rev. Cancer 11,

123–134. (doi:10.1038/nrc3004)

21. Dovizio M, Alberti S, Guillem-Llobat P. 2014 Role of

platelets in inflammation and cancer: novel

therapeutic strategies. Basic Clin. Pharmacol. Toxicol.

114, 118–127. (doi:10.1111/bcpt.12156)

22. Labelle M, Begum S, Hynes R. 2011 Direct

signalling between platelets and cancer cells

induces an epithelial-mesenchymal-like transition

and promotes metastasis. Cancer Cell 20, 576–590.

(doi:10.1016/j.ccr.2011.09.009)

23. Jia Y, Zhang S, Miao L. 2015 Activation of platelet

protease-activated receptor-1 induces epithelial-

mesenchymal transition and chemotaxis of colon

cancer cell line SW620. Oncol. Rep. 33, 2681–2841.

(doi:10.3892/or.2015.3897)

24. Liang H et al. 2015 MicroRNA-223 delivered by

platelet-derived microvesicles promotes lung cancer

cell invasion via targeting tumor suppressor

EPB41L3. Mol. Cancer 14, 58. (doi:10.1186/s12943-

015-0327-z)

25. Leblanc R et al. 2014 Interaction of platelet-derived

autotaxin with tumor integrin αVβ3 controls

metastasis of breast cancer cells to bone. Blood 124,

3141–3150. (doi:10.1182/blood-2014-04-568683)

26. Liebman H, O’Connell C. 2016 Incidental venous

thromboembolism events in cancer patients; what

do we know in 2016? Thromb. Res. 140, S18–S20.

(doi:10.1016/S0049-3848(16)30093-7)

27. Merge D, Aubert M, Lacroix R, Dignat-George F,

Panicot-Dubois L, Dubois C. 2019 Involvement of

platelets in cancers. Semin. Thromb. Hemost. 45,

569–575. (doi:10.1055/s-0039-1693475)

28. Sturgeon K, Deng L, Bluethmann S, Zhou S, Trifiletti

DM, Jiang C, Kelly SP, Zaorsky NG. 2019 A

population based study of cardiovascular disease

mortality in US cancer patients. Eur. Heart J. 40,

3889–3897. (doi:10.1093/eurheartj/ehz766)

29. Strongman H, Gadd S, Matthews A, Mansfield KE,

Stanway S, Lyon AR, Dos-Santos-Silva I, Smeeth L,

Bhaskaran K. 2019 Medium and long-term risks of

specific cardiovascular diseases in survivors of 20

adult cancers: a population-based cohort study

using multiple linked electronic health records data

bases. Lancet 394, 1041–1054. (doi:10.1016/S0140-

6736(19)31674-5)

30. Brighton T et al. 2012 Low-dose aspirin for

preventing recurrent venous thromboembolism. N

Engl. J. Med. 367, 1979–1987. (doi:10.1056/

NEJMoa1210384)

31. Antithrombotic Trialists’ Collaboration. 2019 Aspirin

in the primary and secondary prevention of vascular

disease: collaborative meta-analysis of individual

participant data from randomised trials. Lancet 373,

1849–1860.

32. Li P et al. 2020 Aspirin is associated with reduced

rates of venous thromboembolism in older patients

with cancer. J. Cardiovasc. Pharmacol. Ther. 25,

456–465. (doi:10.1177/1074248420925021)

33. Serhan K, Gartung A, Panigraphy D. 2018 Drawing a

link between the thromboxane A2 pathway and the

role of platelets and tumor cells in ovarian cancer.

Prostaglandins Other Lipid Mediat. 37, 40–45.

(doi:10.1016/j.prostaglandins.2018.06.001)

34. Sakai H et al. 2006 Up regulation of thromboxane

synthase in human colorectal carcinoma and the cancer

cell proliferation by thromboxane A2. FEBS Lett. 14,

3368–3374. (doi:10.1016/j.febslet.2006.05.007)

35. Nie D et al. 2004 Differential expression of

thromboxane synthase in prostate carcinoma: role in

tumor cell motility. Am. J. Pathol. 164, 429–439.

(doi:10.1016/S0002-9440(10)63133-1)

36. Moussa O, Yordy J, Abol-Enein H, Sinha D, Bissada

NK, Halushka PV, Ghoneim MA, Watson DK. 2005

Prognostic and functional significance of

thromboxane synthase gene overexpression in

invasive bladder cancer. Cancer Res. 24, 11581–7.

(doi:10.1158/0008-5472.CAN-05-1622)

37. Smith G, Ebrahim S. 2004 Mendelian randomisation:

prospects, potential and limitations. Int. J. Epidemiol.

33, 30–42. (doi:10.1093/ije/dyh132)

38. Lin HJ et al. 2002 Prostaglandin H synthase 2

variant (Val511Ala) in African Americans may

reduce the risk for colorectal neoplasia. Cancer

Epidemiol. Biomarkers Prev. 11, 1305–1313.

39. Powles TJ, Dowsett M, Easty GC, Easty DM, Neville

AM. 1976 Breast-cancer osteolysis, bone metastases,

and anti-osteolytic effect of aspirin. Lancet 307,

608–610. (doi:10.1016/S0140-6736(76)90416-5)

40. NICE. 2020 Results for aspirin and the Lynch

syndrome. See https://www.nice.org.uk/search?q=

Aspirin+and+the+Lynch+syndrome.

41. Burn J et al. 2020 Cancer prevention with aspirin in

hereditary colorectal cancer (Lynch syndrome) 10-

year follow up and registry-based 20 year data in

the CAP2 study: a double-blind randomised placebo

controlled trial. Lancet 395, 1855–1863. (doi:10.

1016/S0140-6736(20)30366-4)

42. Nounu A et al. 2021 A combined proteomics and

Mendelian randomisation approach to investigate

the effects of aspirin-targeted proteins on colorectal

cancer. Cancer Epidemiol. Biomarkers Prev. 30,

564–575. (doi:10.1158/1055-9965.EPI-20-1176)

43. Lipton A et al. 1982 Adjuvant antiplatelet therapy

with aspirin in colorectal cancer. J. Med. 13, 419–429.

44. Lebeau B, Chastang C, Muir JF, Vincent J, Massin F,

Fabre C. 1993 No effect of an antiaggregant

treatment with aspirin in small cell lung cancer

treated with CCAVP16 chemotherapy. Results from a

randomised clinical trial of 303 patients. Cancer 71,

1741–1745. (doi:10.1002/1097-

0142(19930301)71:5<1741::AID-CNCR2820710507>

3.0.CO;2-Q)

45. Cregan E et al. 1991 A randomised prospective

assessment of recombinant leukocyte A interferon

with or without aspirin in advanced renal

adenocarcinoma. J. Clin. Oncol. 9, 2104–2109.

(doi:10.1200/JCO.1991.9.12.2104)

46. Liu J-F, Jamieson G, Wu T-C, Zhu G-J, Drew PA.

2009 A preliminary study on the postoperative

survival of patients given aspirin after resection for

squamous cell carcinoma of the esophagus or

adenocarcinoma of the cardia. Ann. Surg. Oncol. 16,

1397–1402. (doi:10.1245/s10434-009-0382-z)

47. Downer M, Allard C, Preston M, Gaziano JM,

Stampfer MJ, Mucci LA, Batista JL. 2017 Regular

aspirin use and the risk of lethal prostate cancer in

the Physicians Health Study. Eur. Urol. 72,

821–827. (doi:10.1016/j.eururo.2017.01.044)

48. Chen WY et al. 2022 A randomised Phase III

double-blinded placebo-controlled trial of aspirin as

adjuvant therapy for breast cancer (A011502).

J. Clin. Oncol. 40, 360922. (doi:10.1200/JCO.2022.40.

36_suppl.360922)

49. Jafa E, Charles J, Nisha Y et al. In press. Comparison

of efficacy of aspirin plus EOX vs. EOX alone in

patients with locally advanced and metastatic

royalsocietypublishing.org/journal/rsob
Open

Biol.12:220124

6



gastric cancer: a randomised clinical trial. J. Clin.

Oncol. 38. (doi:10.1007/s12029-022-00845-9)

50. Rothwell P et al. 2012 Short-term effects of daily

aspirin on cancer incidence, mortality and non-

vascular death: analysis of the time course of risks

and benefits in 51 randomised trials. Lancet 379,

1602–1612. (doi:10.1016/S0140-6736(11)61720-0)

51. Elwood PC, Morgan G, Pickering JE, Galante J,

Weightman AL, Morris D, Kelson M, Dolwani S. 2016

Aspirin in the treatment of cancer: reductions in

metastatic spread and in mortality: a systematic review

and meta-analysis of published studies. PLoS ONE 11,

e0152402. (doi:10.1371/journal.pone.0152402)

52. Elwood PC et al. 2018 Systematic review update of

observational studies further supports aspirin role in

cancer treatment: time to share evidence and

decision-making with patients. PLoS ONE 13,

e0203057. (doi:10.1371/journal.pone.0203957)

53. Elwood P, Morgan G, Delon C, Protty M, Galante J,

Pickering J, Watkins J, Weightman A, Morris D. 2020

Aspirin and cancer survival I: a systematic review

and meta-analyses of 118 observational studies of

aspirin and 18 cancers. Ecancer 15, 1258. (doi:10.

3332/ecancer.2021.1258)

54. Boas FE, Brown KT, Ziv E, Yarmohammadi H,

Sofocleous CT, Erinjeri JP, Harding JJ, Solomon SB.

2019 Aspirin is associated with improved liver

function after embolization of hepatocellular

carcinoma. Amer. J. Roentgenol. 213, 1–7. (doi:10.

2214/AJR.18.20846)

55. Hippisley-Cox J, Coupland C. 2017 Development and

validation of risk prediction equations to estimate

survival in patients with colorectal cancer: cohort study.

Brit. Med. J. 357, 2497. (doi:10.1136/bmj.j2497)

56. Talmadge J, Fidler I. 2010 The biology of cancer

metastasis: historical perspective. Cancer Res. 70,

5649–5669. (doi:10.1158/0008-5472.CAN-10-1040)

57. Mehlen P, Puisieux A. 2006 Metastasis: a question

of life or death. Nat. Rev. Cancer 6, 449–458.

(doi:10.1038/nrc1886)

58. Rothwell PM et al. 2012 Effect of daily aspirin on

long-term risk of death due to cancer: analysis of

individual patient data from randomised trials.

Lancet 379, 1591–1601.

59. Lyman G. 2011 Venous thromboembolism in the

patient with cancer: focus on burden of disease and

benefits of thromboprophylaxis. Cancer 117,

1334–1349. (doi:10.1002/cncr.25714)

60. Lyman G et al. 2007 American Society of Clinical

Oncology guideline: recommendations for venous

thromboembolism prophylaxis and treatment in

patients with cancer. J. Clin. Oncol. 25, 5490–5505.

(doi:10.1200/JCO.2007.14.1283)

61. Morgan G. 2009 Aspirin for primary prevention of

vascular events. Public Health 123, 787–788.

(doi:10.1016/j.puhe.2009.10.007)

62. Elwood PC. 2014 Aspirin Prophylaxis: putting gut

bleeds into perspective. Gastroenterol. Hepatol. 10,

61–62.

63. Patrono C, Garcia Rodriguez L, Landolfi R, Baigent C.

2008 Low-dose aspirin for the prevention of

atherosclerosis. N Engl. J. Med. 353, 2373–2383.

(doi:10.1056/NEJMra052717)

64. Thorat M, Cuzick J. 2013 Prophylactic use of aspirin:

systematic review of harms and approaches to

mitigation in the general population.

Eur. J. Epidemiol. 30, 5–18. (doi:10.1007/s10654-

014-9971-7)

65. Elwood P et al. 2016 Systematic review and meta-

analysis of randomised trials to ascertain fatal

gastrointestinal bleeding events attributable to

preventive low-dose aspirin: no evidence of

increased risk. PLoS ONE 15, e0166166. (doi:10.

1371/journal.pone.0166166)

66. Chubak J, Kamineni A, Buist D, Anderson ML,

Whitlock EP. 2015 Aspirin use for the prevention of

colorectal cancer: an updated systematic evidence

review for the US Preventive Services Task Force.

Rockville, MD: Agency for Healthcare Research and

Quality.

67. Lanas A, Wu P, Medin J, Mills E. 2011 Low doses of

acetylsalicylic acid increase risk of gastrointestinal

bleeding in a meta-analysis. Clin. Gastroenterol.

Hepatol. 9, 762–768. (doi:10.1016/j.cgh.2011.05.

020)

68. McQuaid K, Laine L. 2006 Systematic review and

meta-analysis of adverse events of low-dose aspirin

and clopidogrel in randomised controlled trials.

Amer. J. Med. 119, 624–638. (doi:10.1016/j.

amjmed.2005.10.039)

69. Wu C, Alotaibi G, Alsaleh K, Linkins L, McMurtry M.

2015 Case-fatality of recurrent venous

thromboenbolism and major bleeding associated with

aspirin, warfarin, and direct oral anticoagulants for

secondary prevention. Thromb. Res. 135, 243–248.

(doi:10.1016/j.thromres.2014.10.033)

70. Mahady S et al. 2020 Major gastrointestinal

bleeding in older persons using aspirin: incidence

and risk factors in the ASPREE randomised

controlled trial. Gut 70, 717–724. (doi:10.1136/

gutjnl-2020-321585)

71. Blatt D et al. 2008 ACCF/ACG/AHA 2008 Expert

consensus document on reducing the

gastrointestingal risks of antiplatelet therapy and

NSAID use: a report of the American College of

Cardiology Foundation Task Force on Clinical Expert

Consensus Documents. J. Am. Coll. Cardiol. 52,

1502–1517. (doi:10.1016/j.jacc.2008.04.051)

72. Gorlick P, Weisman S. 2005 Risk of hemorrhagic

stroke with aspirin use: an update. Stroke 6,

1801–1807. (doi:10.1161/01.STR.0000174189.

81153.85)

73. Hansson L, Zanchetti A, Carruthers S, Daglof B,

Elmfeldt D, Julius S. 1998 Effects of intensive blood-

pressure lowering and low-dose aspirin in patients

with hypertension: principal results of the

Hypertension Optimal Treatment (HOT) trial. HOT

study group. Lancet 351, 1755–1762. (doi:10.1016/

S0140-6736(98)04311-6)

74. Cook NR, Lee I-M, Gaziano JM, Gordon D, Ridker

PM, Manson JAE, Hennekens CH, Buring JE. 2005

Low-dose aspirin in the primary prevention of

cancer: the Women’s Health Study: a randomised

controlled trial. JAMA 294, 47–55. (doi:10.1001/

jama.294.1.47)

75. O’Neil JJ et al. 2018 Effect of aspirin on all-cause

mortality in the healthy elderly. N. Eng. J. Med.

379, 1519–1528. (doi:10.1056/NEJMoa1803955)

76. O’Neil JJ et al. 2021 Effect of aspirin on cancer

incidence and mortality in older adults. J. Natl.

Cancer Inst. 113, 258–265. (doi:10.1093/jnci/

djaa114)

77. Coyle C et al. 2016 Add-aspirin: a phase III, double-

blind, placebo controlled, randomised trial assessing

the effects of aspirin on disease recurrence and

survival after primary therapy in common non-

metastatic solid tumours. Contemp. Clin. Trials 51,

56–64. (doi:10.1016/j.cct.2016.10.004)

78. Ali R, Toh H, Chia W. 2011 The utility of aspirin in

Dukes C and high risk Dukes B colorectal cancer—the

ASCOLT study: study protocol for a randomised

controlled trial. Trials 1412, 261. (doi:10.1186/1745-

6215-12-261)

79. Michael P et al. 2018 Aspirin versus placebo in

stage III or high-risk stage II colon cancer with

PIK3CA mutation: a French randomised double-

blind phase III trial (PRODIGE 50-ASPIK). Dig

Liver Dis. 50, 305–307. (doi:10.1016/j.dld.2017.

12.023)

80. 2018 PROVENT: a randomised double blind feasibility

trial randomised trial to examine the clinical

effectiveness of aspirin and/or vitamin D3 to prevent

disease progression in men on active surveillance for

prostate cancer. Eur. J. Surg. Oncol. 44, S13.

81. Veronesi G. 2016 Acetylsalicylic acid compared to

placebo in treating high-risk patients with subsolid

lung nodules. See https://clinicaltrials.gov/ct2/

show/NCT02169271.

82. Gatta G et al. 2011 Rare cancers are not so rare: the

rare cancer burden in Europe. Eur. J. Cancer 47,

2493–2511. (doi:10.1016/j.ejca.2011.08.008)

83. Murphy L, Brown C, Smith A, Cranfield F, Sharp L,

Visvanathan K, Bennett K, Barron TI. 2019 End-of-

life prescribing of aspirin in patients with breast or

colorectal cancer. BMJ Support Palliat Care 9, e6.

(doi:10.1136/bmjspcare-2017-001370)

84. Bondi-Zoccail GGL, Loyrionte M, Agostoni P, Abbate

A, Fusaro M, Burzotta F, Testa L, Sheiban I,

Sangiorgi G. 2016 A systematic review and meta-

analysis on the hazards of discontinuing or not

adhering to aspirin among 50.279 patients at risk

for coronary artery disease. Eur. Heart J. 27,

2667–2674. (doi:10.1093/eurheartj/ehl334)

85. Sundstrom J, Hedberg J, Thuresson M, Aarskog P,

Johannesen KM, Oldgren J. 2017 Low-dose aspirin

discontinuation and risk of cardiovascular events: a

Swedish nationwide, population-based cohort study.

Circulation 136, 1183–1192. (doi:10.1161/

CIRCULATIONAHA.117.028321)

86. Maulaz AB, Bezerra DC, Michel P, Bogousslavsky J.

2005 Effect of discontinuing aspirin therapy on the

risk of brain ischemic stroke. Arch. Neurol. 62,

1217–1220. (doi:10.1001/archneur.62.8.1217)

royalsocietypublishing.org/journal/rsob
Open

Biol.12:220124

7


	Aspirin and cancer: biological mechanisms and clinical outcomes
	Introduction
	Aspirin and biological mechanisms relevant to cancer
	Mechanisms and anti-cancer pathways
	Angiogenesis and aspirin
	Aspirin in metastatic spread
	Evidence for aspirin in cancer-related thrombosis
	Mendelian randomization and benefit of aspirin in cancer
	Lynch syndrome and aspirin

	Clinical effects associated with aspirin
	Randomized trials of aspirin and mortality
	Observational studies of aspirin and mortality
	Aspirin and duration of cancer survival
	Aspirin and metastatic cancer spread
	Aspirin and thromboembolic complications of cancer

	Adverse effects of aspirin
	Gastrointestinal bleeding and aspirin
	Fatal GI bleeds and aspirin
	Intra-cerebral bleeding and aspirin

	Discussion
	Conclusion
	Data accessibility
	Authors' contributions
	Conflict of interest declaration
	Funding
	References


