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Emerging evidence suggesting the possibility that interventions able to prevent cardiovascular disease (CVD)
may also be effective in the prevention of cancer have recently stimulated great interest in the medical
community. In particular, data from both experimental and observational studies have demonstrated that
aspirin may play a role in preventing different types of cancer. Although the use of aspirin in the secondary
prevention of CVD is well established, aspirin in primary prevention is not systematically recommended
because the absolute cardiovascular event reduction is similar to the absolute excess in major bleedings.
By adding to its cardiovascular prevention benefits, the potential beneficial effect of aspirin in reducing the
incidence of mortality and cancer could tip the balance between risks and benefits of aspirin therapy in primary
prevention in favor of the latter and broaden the indication for treatment with aspirin in populations at average
risk. Prospective and randomized studies are currently investigating the effect of aspirin in prevention of both
cancer and CVD; however, clinical efforts at the individual level to promote the use of aspirin in global (or total)
primary prevention already could be made on the basis of a balanced evaluation of the benefit/risk ratio.

Introduction

The prevention of cardiovascular disease (CVD) has
profoundly changed over the past 2 decades. It has crossed
the boundaries of epidemiology and mere identification and
impact of risk factors, as well as interventions based on
more or less effective lifestyle modifications, and is steadily
moving toward pharmacological interventions aimed at
lowering high levels of blood pressure, blood glucose,
cholesterol, and atherothrombotic burden.!

Because CVD and cancer are unanimously recognized
as the principal causes of mortality and morbidity in most
geographic areas and largely share the same cluster of
risk factors,? emerging evidence suggesting the possibility
that interventions able to prevent CVD are also effective in
the prevention of cancer have recently stimulated growing
interest in the medical community.?

In particular, similarly to CVD,%> smoking,® unhealthy
diet,” harmful use of alcohol,® physical inactivity,>1? low
socioeconomic status, 12 and air pollution'®!* are reported
as risk factors for many types of cancer. Recently,
Rasmussen-Torvik etal showed that adherence to the
7 ideal health factors defined in the American Heart
Association (AHA) 2020 goals—smoking, physical activity,
obesity, dietary intake, total cholesterol, blood pressure, and
blood sugar—is associated with lower cancer incidence.!®
Therefore, it appears reasonable to postulate that targeted

The authors have no funding, financial relationships, or conflicts
of interest to disclose.

interventions to achieve changes of lifestyle can be effective,
especially when combined, in reducing cardiovascular (CV)
risk as well as the risk of cancer.

In addition to this, numerous recent studies have indicated
that some drugs currently used for the prevention and
treatment of CVD, such as aspirin, angiotensin-converting
enzyme inhibitors (ACEISs), 6 angiotensin receptor blockers
(ARBs), 1718 g-blockers, ' and statins,2%2! may have a role in
preventing cancer development. Thus, the question arises
about whether a possibility does exist about achieving
cancer prevention with the same pharmacological strategies
used to prevent CVD.

Over the last years, several studies demonstrated the
crucial role of inflammation not only in atherogenesis, but
also in cancer development. Inflammation is thought to
be a common and plausible mechanism through which
risk factors may predispose to atherosclerosis and cancer
development, and consequently may represent an important
therapeutic target.22—24

To date, reports on ACEls, ARBs, B-blockers, and
statins in cancer prevention are not uniform and mostly
derived from animal studies. In humans, evidence is often
derived from post-hoc retrospective analysis. Prospective
randomized clinical trials (RCTs) specifically designed to
test cancer chemoprevention as a primary efficacy endpoint
with adequate follow-up would much better define the effects
of these drugs on cancer prevention.

Data on the role of aspirin in cancer prevention are very
encouraging. Hence, we will focus our discussion on the
possible role of aspirin in cancer prevention, analyzing the
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main evidence in the literature, the mechanisms of action,
and the overall balance of benefits and harms.

Aspirin and Cancer Prevention

The suggestion that aspirin could be of benefit against
cancer initially arose from a small case-control study of
700 patients with colorectal cancer (CRC).2> Subsequently,
numerous experimental and epidemiological studies have
described a role of aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs) in preventing CRC, and also
other types of cancer.26:27

Cohort studies in patients with nonmetastatic CRC also
reported a reduction in death from any cause and death
from cancer in patients who began taking aspirin regularly
after the diagnosis.28%

Evidence from prospective, placebo-controlled RCTs is
only available in patients with colon adenoma or previous
CRC undergoing regular endoscopic follow-up, in which
low-dose aspirin was demonstrated to significantly reduce
the recurrence of adenoma.30 =32

Important evidence for the beneficial role of aspirin in
the prevention of cancer came also from the results of
the meta-analyses by Rothwell and colleagues.**~36 This
group of researchers, analyzing patients’ data from RCTs
of daily aspirin vs control, designed originally to evaluate
prevention of vascular events, demonstrated that long-term
use (>b5years) of daily aspirin (75-300mg/d) reduces
incidence and mortality for CRC after a latent period of
about 8 to 10 years.*?

Subsequently, the same authors investigated the effects
of daily aspirin on long-term risk of death due to all
cancers. They found that aspirin reduces 20-year total cancer
mortality by 20% to 30%; benefits were unrelated to aspirin
dose (75 mg upward), but increased in relation to duration of
treatment.? In 2012, Rothwell and colleagues also examined
the effects of aspirin on all major outcomes with duration
of treatment. They showed that the reduced risk of major
vascular events in patients on aspirin was initially offset by
an increased risk of major bleeding, but effects on both
of these outcomes diminished with increasing follow-up,
such that the reduced risk of cancer (absolute reduction:
3.13, 95% confidence interval [CI]: 1.44-4.82 per 1000 patient-
years) is the only significant effect from 3 years onward.*®
Furthermore, aspirin was shown to reduce the risk of
metastases.*6

Although compelling, the results obtained by Rothwell
et al present some limitations that should be mentioned.?”
Their meta-analyses are based on clinical studies originally
designed to evaluate CV endpoints; thus, the detection of
cancer-related endpoints may be less accurate than what
would be possible in a randomized, controlled prospective
study. Moreover, their meta-analyses do not include data
from 2 large RCTs on aspirin in primary prevention, which
both failed to demonstrate a protective effect of aspirin on
cancer development: the Women’s Health Study (WHS),
of 39786 women treated with aspirin 100mg every other
day or placebo; and the Physicians’ Health Study (PHS),
including 22017 men treated with alternate-day 325mg
aspirin or placebo over 5 years.38%) More recently, however,
analysis of long-term observational follow-up data of the

WHS revealed a reduction in CRC risk in the aspirin group,
emerging after a median follow-up of 18 years (hazard ratio:
0.80, 95% CI: 0.67-0.97) .40

Aspirin use has also been associated with reduced
incidence of other cancers, including prostate,*! breast,*?
esophagus,?® head and neck, and mostly larynx cancer.*
However, benefits of aspirin to other cancer sites are
less consistent than in the CRC studies.*>~%" A recent
meta-analysis of case-control and cohort studies showed
a reduction in the risk of gastric cancer of about 10% in
patients treated with aspirin for >4 years and a reduction of
29% in patients treated for >12years.*8

As previously mentioned, the main evidence of the
beneficial effect of aspirin in cancer prevention derives
from observational studies and post-hoc analysis of previous
RCTs. However, these results may be influenced by the
“healthy-user bias” of patients treated with aspirin, due to a
higher attention to self-care and healthy lifestyles with more
frequent access to medical care and a better predisposition
to follow medical advice, which can explain timeliness in
cancer diagnosis and consequent better outcomes.

For the reason stated above, RCTs are needed to better
clarify the role of aspirin in cancer prevention. Currently
ongoing are the studies Aspirin in Reducing Events in the
Elderly (ASPREE; NCT01038583), a randomized, double-
blind trial that aims to evaluate aspirin effect on the incidence
of CV events, cancer, and bleeding in patients age >65 years;
and the Study to Assess the Efficacy and Safety of Enteric-
Coated Acetylsalicylic Acid in Patients at Moderate Risk of
Cardiovascular Disease (ARRIVE), a randomized, double-
blind trial (NCT00501059) aiming to study the effect of
aspirin in a population with moderate CV risk, related
to CV endpoints and to the development of malignancy
(Table 1). It would be desirable that all future trials in CV
diseases include specific data relating to the occurrence of
malignancies between endpoints.

Postulated Mechanisms of Aspirin Protection Toward
Cancer

When administered at low doses (75-100 mg daily), aspirin
acts primarily by inhibiting the platelet-cyclooxygenase-1
(COX-1) and the production of thromboxane A, (TxA»),
which is a central mechanism for the prevention of
atherothrombosis.*® At higher doses (>325mg daily),
aspirin exerts an efficacious analgesic and anti-inflammatory
action by affecting COX-2-dependent prostanoids in
inflammatory cells.

Because the COX-2 enzyme is often overexpressed
in CRC cells and is involved in cell proliferation and
tumor promotion,” the inhibition of COX-2 has long been
considered the mechanism by which aspirin and NSAIDs
may reduce cancer incidence. However, because low-dose
aspirin (75-160mg) given once daily has demonstrated to
reduce the risk of cancer,® it has been hypothesized that
the mechanism underlying the prevention of thrombotic
events and cancer may be coincident, being represented by
the permanent inactivation of the platelet-COX-1 activity and
the release of mediators such as TxAs, and also platelet-
derived growth factor, transforming growth factor B, and
prostaglandin E2, that are involved in platelet-dependent
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Figure 1. Possible mechanisms underlying antitumor effect of aspirin and other drugs used in the treatment of CVD. Low-dose aspirin and high-dose aspirin
may affect different steps of colon tumorigenesis. By selectively blocking platelet-COX-1 activity and the release of mediators such as TxA,, PDGF, TGF-B,
and PGE2, low-dose aspirin may inhibit relatively early events in the progression from normal mucosa to adenoma that are involved in platelet-dependent
induction of cell transformation. In particular, low-dose aspirin might counteract the overexpression of COX-2 and subsequent increase of PGE2, induced by
platelets, in stromal and epithelial intestinal cells, thereby inhibiting cell proliferation and angiogenesis. High-dose aspirin might directly inhibit COX-2
activity once it is expressed in intestinal adenomas, reducing the progression of the neoplastic lesion and metastasis. It has also been proposed that
statins, ACEls, ARBs, and f-blockers, acting through different pathways, may reduce angiogenesis, cell proliferation and migration, and inflammation.
Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; Ag I, angiotensin I; Ag Il, angiotensin Il; Ang, angiotensinogen; ARB, angiotensin receptor
blocker; B2-R, B2 receptor; AT1-R, angiotensin Il type | receptor; COX-1, cyclooxygenase-1; CVD, cardiovascular disease; HMG-CoA, HMG-CoA reductase;
ICAM-1, intercellular adhesion molecule-1; MAPK, mitogen-activated protein kinase; NFkB, nuclear factor k B; PDGF, platelet-derived growth factor; PGE2,
prostaglandin E2; RAS, RAS protein superfamily of small GTPases; Rho, rho mainfamily of small GTPases; STAT1, signal transducer and activator of
transcription-1; TGF-B, transforming growth factor f; TXA2, thromboxane A,; VCAM-1, vascular cell adhesion molecule-1; VEGF, vascular endothelial growth

factor.

induction of cell transformation.’! Therefore, it has been
proposed that low-dose aspirin and high-dose aspirin
may affect different steps of the colon neoplastic process
(Figure 1). It is intriguing to note that, acting through
different pathways, other CV drugs (such as ACEIs, ARBs,
and statins) also may reduce angiogenesis, cell proliferation,
and migration.275> This could support the hypothesis
of a beneficial effect of current CV therapy in cancer
prevention and thus the tight link between pharmacological
intervention used for primary CV prevention and cancer
prevention. It is obvious that such a hypothesis would need
to be proven through specific prospective studies.

Aspirin in Primary Prevention: The Need for a Risk Score

Although the use of aspirin in the secondary prevention
of CVD is well established, many aspects of primary
prevention are indeed still debated. In fact, it has been

shown that the absolute CV event reduction is only slightly
greater as compared with the absolute excess in major
bleedings. In a large meta-analysis conducted on 95000
patients, the use of aspirin in primary prevention resulted
in a modest reduction in the absolute risk of CV events
(absolute risk reduction: 0.06% per year), compared with
a marked increase in the incidence of extracranial bleeds,
in particular gastrointestinal (GI).? Therefore, the most
recent European guidelines do not recommend aspirin for
primary prevention of CVD; when no previous history of
CVD is detected, aspirin may be considered instead in
hypertensive patients, those with reduced renal function,
or those at high CV risk (IIb).%” Also, the AHA guidelines
recommend aspirin for patients with diabetes mellitus and
no previous history of vascular disease who are at high risk
of CV events (those with a 10-year risk >10%) and who are
not at increased risk for bleeding (Table 2).%8
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Table 2. Current Recommendations for Aspirin in Primary Prevention of CVD From Different Guidelines

Antithrombotic Therapy and Prevention of Thrombosis, 9th ed.: ACCP
Guidelines (2012)7*

European guidelines on CVD prevention in clinical practice (2012)57

Aspirin for Primary Prevention of Cardiovascular Events in People With
Diabetes: A Position Statement of the ADA, a Scientific Statement of
the AHA, and an Expert Consensus Document of the ACCF (2010)58

USPSTF (2009)5°

NICE (2008)72

For persons age >50 y without symptomatic CVD, we suggest low-dose
aspirin 75—100 mg daily over no aspirin therapy.

Antiplatelet therapy may be considered in hypertensive patients without
a history of CVD but with reduced renal function or at high CV risk (level
of evidence IIb).

Low-dose (75-162 mg/d) aspirin use for prevention:

Is reasonable for adults with DM and no previous history of vascular
disease who are at increased CVD risk (10-year risk of CVD events
>10%) and who are not at increased risk for bleeding (based on a
history of previous Gl bleeding or peptic-ulcer disease or concurrent
use of other medications that increase bleeding risk, such as NSAIDs or
warfarin). Those adults with DM at increased CVD risk include most
men age >50y and women age >60 y who have >1 of the following
additional major risk factors: smoking, hypertension, dyslipidemia,
family history of premature CVD, and albuminuria. (ACCF/AHA class Ila,
level of evidence B; ADA level of evidence C)

Might be considered for those with DM at intermediate CVD risk (younger
patients with >1 risk factors, or older patients with no risk factors, or
patients with 10-year CVD risk of 5%—-10%) until further research is
available. (ACCF/AHA class IIb, level of evidence C; ADA level of
evidence E)

The USPSTF recommends the use of aspirin for:

Men age 45-79 y when the potential benefit due to a reduction in MIs
outweighs the potential harm due to an increase in Gl hemorrhage.

Women age 55-79 y when the potential benefit of a reduction in ischemic
strokes outweighs the potential harm of an increase in Gl hemorrhage.

Offer low-dose aspirin, 75 mg daily:
To patients with DM age >50y if BP is <145/90 mm Hg.

To patients with DM age <50 y with significant other CV risk factors
(features of the metabolic syndrome, strong early family history of
CVD, smoking, hypertension, extant CVD, microalbuminuria).

Abbreviations: ACCF, American College of Cardiology Foundation; ACCP, American College of Chest Physicians; ADA, American Diabetes Association;
AHA; American Heart Association; BP, blood pressure; CV, cardiovascular; CVD, cardiovascular disease; DM, diabetes mellitus; Gl, gastrointestinal; MI,
myocardial infarction; NICE, National Institute for Health and Clinical Excellence; NSAIDs, nonsteroidal anti-inflammatory drugs; USPSTF, US Preventive

Services Task Force.

With regard to cancer prevention, in 2007 the US
Preventive Services Task Force (USPSTF) recommended
against the routine use of aspirin and NSAIDs to prevent
colorectal cancer in individuals at average risk (adults
age 50-70 years, including those with a family history
of colorectal cancer, and not individuals with specific
inherited syndromes such as Lynch syndrome or familial
adenomatous polyposis, or those with inflammatory bowel
disease), and yet currently no guidelines recommend
routine use of aspirin for primary prevention of either cancer
or CVD,% although expert documents are supporting an
individualized decision.5%:6

In fact, a reduction of the overall incidence and mortality
of cancer, by adding benefits to CV prevention, could tip
the balance between risks and benefits of aspirin therapy
in the primary prevention in favor of the latter, thereby
broadening the indication for treatment with aspirin in
people at average risk.’!

The time elapsed from now to the end of the ongoing
prospective studies with aspirin in the prevention of cancer
will not be short, and this may turn out to be a disadvantage
for patients who could benefit from the treatment. In the
meantime, therefore, clinical efforts at the individual level to
promote the use of aspirin in global (or total) primary
prevention could be made on the basis of a balanced
evaluation of the risk/benefit ratio. Although the use of
a risk/benefit chart or score would be highly desirable, this
is made difficult by the different time course of the potential
benefits of aspirin on the risk of bleeding, atherothrombotic
events, and cancer. Nonetheless, this clinical strategy may
prove useful and contribute to saving lives, provided that it
is applied with caution and with a conservative approach to
the individual patient.

Accordingly, a key question arises regarding the ideal
patient to whom to prescribe aspirin in primary prevention.
To answer that question, the CV risk, the risk of cancer, and
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the risk of bleeding should be considered, possibly at the
time of clinical decision.

Concerning the CV risk stratification, different algo-
rithms, mainly based on the presence or the absence of
traditional modifiable and nonmodifiable CV risk factors,
have been developed. The Systemic Coronary Risk Estima-
tion (SCORE) projects,®* which estimate the 10-year risk of
a fatal atherosclerotic event, and the more recent Pooled
Cohort Equations, developed by the ACC/AHA Risk Assess-
ment Work Group to estimate 10-year atherosclerotic CVD
risk (also including the risk for fatal and nonfatal stroke),5?
have been thoroughly validated and largely used in clinical
practice. Similarly, various bleeding risk scores have been
validated for bleeding risk in anticoagulated patients. As an
example, the HAS-BLED score considers the presence of
hypertension, abnormal renal/liver function, stroke, bleed-
ing history or predisposition, labile international normalized
ratio, elderly age, and use of drugs or alcohol. Although this
is currently used in patients with atrial fibrillation with the
indication for anticoagulant therapy, and it is not appropriate
for the primary-prevention population,5* it might represent
a suggestive example of how practical, simple tools can be
conceived and specifically designed to stratify hemorrhagic
susceptibility in aspirin users.

Regarding the risk of cancer, over the years the
understanding of the factors involved in the development
of cancer has grown, and subsequently an increase in
published risk-prediction models for various types of cancer,
such as esophageal, lung, and breast cancer, has been
observed.5=67 Also, for CRC, several risk-prediction models
have been developed. Freedman et al proposed a model that
estimates the probability of developing CRC given a specific
age, risk-factor profile (including sigmoidoscopy and/or
colonoscopy and adenoma history in the last 10 years,
number of relatives with CRC, current leisure and time of
activity, regular use of aspirin/NSAIDs, smoking, vegetable
intake, body mass index, and, for women, estrogen status
within the last 2 years) and time period (eg, 10 years) in
white men and women age >50years.® More recently, an
easy-to-use risk calculator was created from Wells et al and
validated on >180 000 patients followed up for 11.5years
(Figure 2).99

In view of the fact that, to date, benefits of aspirin are
more trustworthy for CRC than for other types of cancer,
it could be reasonable to assume that the decision to
prescribe aspirin in primary prevention may be guided
by the estimation, through the appropriate risk-prediction
model, of the risk of CRC and CVD, on one hand, and, on
the other hand, of the risk of bleeding. The development of
a composite risk-prediction model may help physicians in
making a more objective selection of the primary prevention
strategy (aspirin use or not) in the individual patient.
Figure 3 schematically represents a simplified approach to
use in clinical practice to evaluate the use of aspirin in global
primary prevention.

Recently, data of the WHS were used to develop
models for treatment-effect prediction of alternate-day
aspirin on the combination of CVD, cancer, and major
GI bleeding in initially healthy women. Although aspirin
was associated with a modestly decreased 15-year risk
of CVD and CRC, aspirin treatment resulted in small
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Figure 2. Model for predicting CRC risk in men. Instructions: Draw a
perpendicular line from the patient’s age to the “points’ axis and record
the value. Repeat this process for the remaining variables and tally. The
10-year risk of CRC is identified where a line drawn straight down from the
“total points” axis intersects the “10-year risk of CRC (%).” From Wells

et al.®9 Abbreviations: CRC, colorectal cancer.

178 11t ti1

CV  Cancer Bleeding CV  Cancer Bleeding CV Cancer Bleeding
risk  risk risk risk  risk risk risk risk risk
YES ASA Clinical NO ASA
Judgement

Figure 3. When to prescribe aspirin in primary prevention: 3 different
clinical settings. The setting of low-risk CVD is not shown because in this
case aspirin is not indicated, whatever the risk of cancer. Abbreviations:
ASA, acetylsalicylic acid (aspirin); CVD, cardiovascular disease.

benefit or even harm in the majority of women if GI
bleeding were also taken into account. However, treating
only women age >65years resulted in a higher net
benefit with regard to the combined outcomes compared
with other treatment strategies, including prediction-based
treatment.” However, the importance of age in the
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estimation of “global” risk (including risk of CVD, cancer,
and bleeding) must also be confirmed in men.

Conclusion

Cancer and CVD share numerous risk factors, and the
interventions aimed to prevent CVD have proven to be
effective in the prevention of cancer. Also, many of the drugs
used for the prevention and treatment of CVD are thought
to prevent the development and progression of certain types
of tumors. In particular, several studies demonstrated that
long-term treatment with aspirin can reduce incidence of
and mortality from CRC and also other types of tumors.
Accordingly, in evaluating the risk/benefit ratio of aspirin
in primary prevention of CVD, convincing prospective data
in cancer prevention would lead to a wider and safer use.
The development of a risk score to evaluate the individual
risk-benefit ratio of the individual patient may help the
clinician in making a personalized choice after considering
the different components of a complex equation.

Hopefully, ad hoc prospective studies currently underway
will clarify in the future the role of aspirin in the prevention
of CVD and neoplastic disease.
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