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Abstract

At the 2019 International Aspirin Foundation Scientific Conference ‘Benefits and Risks of
Antithrombotic Therapy for Cardiovascular Disease Prevention’, held in Rome, Italy, inter-
national experts sought to discuss and debate the optimal antithrombotic strategy for
the secondary prevention of cardiovascular disease (CVD) and to seek agreement around
dosing and target populations for aspirin use in primary disease prevention. Getting the
best evidence to support real-life decisions in the clinic can be complex, and individual-
ising management in order to balance both the risks and benefits of different disease
prevention strategies appears to be the best approach. It is hoped that future decision-
making tools and biomarkers will help direct treatments at those most likely to benefit.
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The International Aspirin Foundation (IAF) 29th scientific conference programme delivered mechanistic data with clinical implications across
key areas of debate:

(@) Antithrombotic therapy in secondary cardiovascular disease (CVD) prevention
1. Dropping aspirin from dual antithrombotic therapy (DAT) and triple antithrombotic therapy (TAT).
2. Combining antiplatelet and anticoagulant strategies in high-risk patients.
3. Reducing upper gastrointestinal (Gl) bleeding by more extensive use of gastroprotectant agents.

(b) Antithrombotic therapy in primary CVD prevention
1. Optimizing the aspirin dose and dosing regimen
2. Incorporating other benefits of low-dose aspirin in the benefit/risk equation
3. Targeting the right population for primary prevention: the case of diabetes mellitus (DM).

Pippa Hutchison, Executive Director of the IAF paid tribute to the IAF’s founder, the late Nick Henderson and his work which has enabled
scientific debate, research and understanding about aspirin for over four or almost five decades, contributing to many lives saved worldwide.

Prof. Carlo Patrono, (Catholic University Rome, Italy), Chair of the IAF Scientific Advisory Board welcomed the audience to Rome and
set the tone for a very lively, interactive conference in which multidisciplinary, global experts discussed the wealth of data supporting
antithrombotic therapy for CVD prevention.

Prof. Andrew T Chan (Harvard University, Boston, USA) and Peter Rothwell (University of Oxford, UK) co-chaired the first session on the
benefits and risks of antithrombotic therapy in secondary prevention.

Dropping aspirin from DAT or TAT

Prof. Marco Cattaneo (University of Milan, Italy) presented experimental, mechanistic data to see if there is evidence that DAPT with aspirin
and a P2Y_, antagonist and monotherapy with a P2Y_, antagonist alone had a similar inhibitory effect on platelet function. He showed that
whilst pharmacological inhibition of the platelet P2Y_, receptors for adenosine diphosphate (ADP) significantly inhibits platelet aggregation
and the platelet production of thromboxane A, (TxA,) [thromboxaneB, (TxB,)], the data also showed that four patients with severe inherited
defects of P2Y,,had normal serum TxB, levels and one patient with inherited dysfunctional P2Y_,also had normal levels of serum TxB,.

He explored whether the inhibitory effect of P2Y , antagonists on platelet TxA, production that has been demonstrated in other studies was
due to effects such as methodological differences. It is thought that platelet aggregation leads to thromboxane synthesis, which stimulates
the release of ADP from the platelet granules. The ADP interacts with its receptors thus amplifying the platelet response and thromboxane
production. In order to confirm this hypothesis, platelet aggregation induced by collagen in healthy subjects was tested in stirring condi-
tions. Results showed that in the presence of all P2Y_, antagonists, platelet aggregation is reduced compared to the vehicle. TxB, production
was measured in the same samples and found to be reduced with all P2Y,, antagonists compared to the vehicle. However, when no stirring
conditions were used, thromboxane production was not reduced in the presence of the P2Y,, antagonists when compared to the vehicle.
Therefore, it is the inhibition of platelet aggregation in vitro by P2Y_, antagonists that is responsible for the observed partial inhibition of TxA,
production by platelets.

The effects of the platelet aggregation and level of TxB, after stimulation by high concentrations of collagen in the presence of a P2Y_, antag-
onist (cangrelor) and aspirin, both were explored independently and individually. Results showed the combination therapy of cangrelor and
aspirin is better able to inhibit platelet aggregation. The combination therapy produced significant inhibition under experimental conditions.

Prof. Cattaneo explained that P2Y,, antagonists, therefore, do not inhibit the platelet production of TxA, and that DAPT with aspirin and a
P2Y,, antagonist is more effective in inhibiting platelet aggregation than either drug alone, and there is no pharmacological evidence that
aspirin is dispensable in high-risk patients who are generally treated with DAPT.

Having established the need for DAPT, Prof. Cattaneo presented further data to help the audience understand how to dose aspirin in DAPT
and showed that the effect is best with low-dose aspirin. He concluded that this is probably the lowest dose that causes >95% inhibition of
platelet TxA2 production, potentially around 30 mg daily.
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Prof. Marco Valgimigli (University of Bern, Switzerland) presented the clinical data for removing aspirin from DAT orTAT:

A recent meta-analysis of randomised clinical trials (RCTs) examined the safety and efficacy of DAT compared to TAT in patients with
atrial fibrillation (AF) following percutaneous coronary intervention (PCI) [1]. This meta-analysis demonstrated that DAT is better than TAT
when looking at bleeding events and comparable for TAT for efficacy outcomes suggesting DAT is the best regimen for the vast majority
of patients.

Prof. Valgimigli explored if it was the triple therapy itself or its composition and duration that was the true culprit for the excess bleeding
events. He found some issues related to choice of anticoagulant: for instance, warfarin causes more bleeding than a direct oral anticoagulant
(DOAC) making this an unfair comparison. In addition, the duration of TAT was often prolonged for longer than the protocol indicated e.g.
beyond 6 months which again influenced the results.

The Augustus trial [2, 3] gave important clarification around stroke risk and raised new concerns about stent thrombosis risk where aspirin
was dropped from the regimen. The Augustus study showed that dropping aspirin early on was associated with less bleeding but a numerical
increase in stent thrombosis events.

In the Augustus study, only patients who actually received a stent were included in the randomisation which is a better measure as in some
trials around 50% of patients randomised do not actually receive a stent, which means the risk of a stent getting occluded is non-existent.

‘GLOBAL LEADERS’ [4] is a complex study in which low-dose aspirin (75-100 mg/day) taken for 1 month in patients with either acute
coronary syndrome (ACS) or stable angina was followed by 23 months of monotherapy with ticagrelor 90-mg bid. The reference strategy arm
received low-dose aspirin for 24 months and the patients with ACS including unstable angina without the cardiac biomarkers, NSTEMI and
STEMI received ticagrelor during the first 12 months, whereas the patients with stable angina received clopidogrel 70 mg/day for the first 12
months. This trial had an all-comers design and recruited almost 16,000 patients in a 1:1 randomisation ratio in an open-label design in 130
centres worldwide. GLASSY, a sub set study from GLOBAL LEADERS, showed that 1 month of DAPT was non-inferior to 12 months DAPT
when looking at preventing death, myocardial infarction (MI) stroke or urgent target vessel revascularisation.

Data from SMART CHOICE [5] and STOP DAPT-2 [6] were also presented. They showed that dropping aspirin immediately after PCl when
used as part of triple therapy cuts the bleeding risk but increases the risk of stent events and dropping aspirin 1-3 months after PCl in the
context of dual therapy reduces bleeding risk without a higher ischaemic event risk.

Following the presentations, discussion took place around the types of bleeding events included and how having an Ml is often not equiva-
lent to a bleeding event unless this is an intracranial bleed.

Combining antiplatelet and anticoagulant strategies in high-risk patients

Prof. Lina Badimon (Cardiovascular Research Center, Barcelona, Spain) explained the science behind the role of platelet activation and
blood coagulation in atherothrombosis. Prof. Badimon visually explained the mechanisms of the pathogenesis of thrombosis formation
(Figure 1): Platelets released into the bloodstream by bone marrow and circulate for 7-10 days and play an important role in the main-
tenance of the integrity of vascular walls and in haemostasis. The disruption of an atherosclerotic plaque triggers uncontrolled platelet
recruitment, thrombin production and the creation of a thrombus or a clot. In addition, platelets participate in leucocyte and progenitor
cell recruitment and may mediate atherosclerosis progression. Extracellular vesicles, such as microvesicles, have a role in all stages of
atherosclerotic development and may have a potential use as systemic biomarkers of thrombus growth. It is not just platelets that are
involved in the formation of a thrombus; coagulation processes are key to the formation of complex thrombus, as well as white cells and
other proteins, such as tissue factor (TF). Prof. Badimon explored the complexities involved in these processes and the importance of
understanding what happens within the vessel wall.

Prof. Badimon put this science within the context of patients experiencing a CVD event and explained to the audience the many different
parts of the pathway that can be targeted by drug treatment. The delicate balance between CVD risk reduction and bleeding adverse events
was also discussed.
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Figure 1. Pathogenesis of atherothrombosis.

It is important to remember that platelets are not only involved in thrombosis; they have other actions in additional systems and/or processes
such as angiogenesis, inflammation and cancer, and blocking platelets has important effects in many systems throughout the body.

Despite this detailed insight, Prof. Badimon explained that there is still a lot to learn about how these mechanisms work and interact in order
to progress in our understanding of antiplatelet therapy and antithrombotics. It is also important to understand the context in which the clot
formation occurs because different reactions take place in relation to different haemodynamic conditions; in a lesion within a high shear
vessel, platelets will play a major role but the response is different on lesions in areas of low shear with a higher content of fibrin. Depend-
ing upon the haemodynamic conditions, an atherosclerotic lesion may trigger different thrombotic reactions and, therefore, susceptibility to
different antithrombotics. The type of atherosclerotic lesion and the haemodynamis conditions are two characteristics behind inter-patient
variability in response to treatment.

In the Compass trial [7, 8] inhibition of Factor Xa (an anticoagulant) has a beneficial effect on reducing arterial thrombotic complications.
Work is needed to explore other molecules involved including those that block fibrin formation and to increase our understanding on the
reasons why one thrombus can fully occlude a vessel while another is only mural.

We must not forget that the coagulation plays an important role in arterial and venous thrombosis.

One particular target of interest has been to block factor Il and now factor Xl; however, it will be interesting to see if these can show added
clinical benefit. Understanding more about the different types of thrombi may have an impact on clinical management in the future.

The differences in plaque rupture and plaque erosion in the clinical setting were discussed. The evidence indicates a sex difference with more
women experiencing plaque erosion and men having more ruptures in relation to age. As women get older, however, more plaque rupture
can occur. It seems smokers and younger patients have more plaque erosions. Our knowledge of women'’s cardiovascular health, an area of
unmet clinical need, is expanding and the European Society of Cardiology (ESC) is currently aiming to increase our understanding of CVD in
women promoting their participation in the new large clinical trials.

Prof. Badimon concluded that the future will bring a more targeted approach to CVD management and noted that two important areas for
development are: (a) a greater understanding of the variable thrombotic response to atherosclerotic plaque disruption and (b) the decipher
the delicate balance of safety and efficacy by promoting the development of drugs without haemorrhagic risks.
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Prof. Giancarlo Agnelli (University of Perugia, Italy) complimented Prof. Badimon's talk with an analysis of the trial data in which antiplatelet
regimens with low-dose aspirin plus or minus a thienopyridine (selective, irreversible ADP receptor/P2Y_, inhibitor) is combined with the
anticoagulant low-dose rivaroxaban. Two clinical settings for this approach were explored:

(@) recent ACS (1-7 days after a hospital admission for ACS)
(b) stable atherosclerotic vascular disease; coronary artery disease (CAD) and peripheral artery disease (PAD).

ATLAS ACS TIMI 46 [9] is a randomised, double-blind, placebo-controlled, dose-escalating study of 3,491 patients with a primary outcome of
clinically significant bleeding. Different doses of rivaroxaban, 5, 10, 15 and 20 mg (with a twice-daily dose when doses less than 10 mg were
used to ensure 24-hour coverage), were used in combination with aspirin alone or aspirin plus clopidogrel. The study found that while the
addition of rivaroxaban reduced the risk of death, Ml or stroke, there was an increased risk of bleeding events that required medical interven-
tion and in order to reduce the risk of bleeding a lower dose of rivaroxaban is required and the twice-daily dose appeared to be slightly safer.

ATLAS ACS 2 TIMI 51 [10], a double-blind, event-driven study in which aspirin at a dose of 75-100 mg per day, with or without thienopyri-
dine plus either placebo, rivaroxaban 2.5 mg twice daily or rivaroxaban 5 mg twice daily was studied in 15,526 patients. The primary efficacy
end point was a composite of death from either a CVD cause or stroke. This study found that the addition of rivaroxaban did reduce the risk
of death from the composite end point of cardiovascular causes, Ml or stroke, and that although rivaroxaban did increase the risk of major
bleeding and intracranial haemorrhage, its addition to the antithrombotic regimen did not increase the risk of fatal bleeding. It was the lower
dose of 2.5 mg of rivaroxaban taken twice daily that showed a survival benefit with a number needed to treat 49.

These two studies clearly showed that very low doses of rivaroxaban, an oral anticoagulant, are a useful addition to anti-platelet, antithrom-
botic regimens aimed at reducing subsequent CVD events in people with ACS.

In stable, atherosclerotic vascular disease, there is a substantial overlap between patients with CAD and PAD [11], and this increased poly-
vascular disease is associated with an increased risk of morbidity and mortality. A residual risk of vascular events despite optimal anti platelet
therapy is present in patients with chronic CAD or PAD [12-16]. Secondary prevention could be tailored to an understanding of the underly-
ing pathophysiology after an arterial thrombus event (Figure 2).

Tailoring secondary prevention strategies to the underlying
pathophysiology following an arterial thrombosis event
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Figure 2. Tailoring secondary prevention strategies to the underlying pathophysiology following an arterial thrombosis event.
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The COMPASS study aimed to explore how patients with multivessel disease are more at risk of CVD morbidity and mortality can be better
protected from a secondary event with antithrombotic therapy [17]. COMPASS showed that in this patient population with stable athero-
sclerotic vascular disease, those given rivaroxaban (2.5 mg twice daily) plus aspirin did have better cardiovascular outcomes [24% lower CVD
death, stroke or Ml (4.1% rivaroxaban 2.5 mg twice daily plus aspirin versus 5.4% rate just aspirin)] than those given aspirin alone but that
this was at the cost of a higher rate of bleeding events [17].

Prof. Agnelli explained that, while there is a benefit in terms of reduced CVD events when adding rivaroxaban to aspirin for secondary pre-
vention, it is important to use clinical judgement to select the right patients. The combination of antiplatelet anticoagulant approach is more
expensive and needs careful prioritisation to those who are most likely to benefit. In practice, Prof. Agnelli suggests those will be who are at
high risk of a cardiovascular event who do not have an increased risk of having a bleed, e.g. a person with multi-vessel involvement but no
risk factors for bleeding with antithrombotic therapy.

Reducing upper Gl bleeding by more extensive use of gastro protectant agents

Prof. Andrew T Chan (Harvard University, Boston, USA) delivered a comprehensive and clear insight into the mechanism behind the upper
Gl complications that are induced by antithrombotic drugs.

Prof. Chan described epidemiological factors influencing aspirin and adverse Gl bleeding events. Most of the bleeding occurs within the first
6 months of regular aspirin use [18] and is strongly associated with higher dose rather than longer duration of treatment [19, 20]. He also
explained that aspirin may be associated with a higher relative bleeding risk when used for primary rather than secondary CVD prevention
but this is balanced by the lower baseline risk within those taking aspirin for primary prevention [21].

As we grow older, our risk of a serious bleed increases with regular aspirin [22]. Helicobacter pylori (H. pylori) infection also increases the
risk of having a gastroduodenal ulcer and gastric bleeding in those taking regular aspirin [23]. It was also noted that H. pylori eradication
can increase compliance with low-dose aspirin as gastric intolerance such as dyspepsia and reflux is reduced. Later in the conference, the
prevalence rate of H. pylori was discussed; this varies from approximately 10%-20% in UK, USA and Sweden to around 70% in some Middle
Eastern countries. In the case of primary prevention, there is time to screen for H. Pylori before treatment commences, whereas in secondary
prevention the H. pylori test may need to carried out after the patients has started treatment. If testing is positive H. pylori can be eradicated
and thus help to reduce the risk of Gl side effects. Other risk factors for upper Gl complications with regular aspirin or other non-steroidal
anti-inflammatory drugs (NSAID) include the following.

a) Previous peptic ulcer or Gl bleed

) Concurrent use of two or more NSAIDs
) Concurrent use of a corticosteroid

d) Concurrent use of an anticoagulant

e) Presence of severe disease [24].
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(

It is hoped that tools to estimate the individualised risk of CVD events to be avoided versus bleeding events caused by aspirin initiation will
be developed. Work has been carried out in New Zealand on the 385,191 individuals who received a CVD risk assessment between 2007
and 2016 and has shown a predicted 5-year bleeding risk of 1% in women and 1.1% in men [25].

Next, Prof. Chan explained how aspirin causes mucosal injury by inhibiting the usual gastro protective mechanisms of prostaglandins (PGs)
and has additional PG-independent local actions which result in direct injury and death of epithelial cells. This occurs as a result of aspirin
changing the acid balance in the gastric mucosa (mostly in the small and large bowel) damaging tight-junctions and exposing the gastric
mucosa to the gut content [26, 27]. Other ways in which aspirin has a topical effect on gastric mucosa include its ability to penetrate cells
and decrease the epithelial surface hydrophobicity making the cells more susceptible to injury [28]; the deacetylation of aspirin to salicylate
is cytotoxic [29] and aspirin can alter the local microcirculation resulting in tissue injury [30]. In this way, the topical PG-independent mecha-
nisms of aspirin have effects throughout the GI system (Figure 3). It has only a minor effect on the stomach/duodenum and enteric-coated
aspirin does not significantly alter the risk of a gastroduodenal ulcer. The more significant topical effect of aspirin on Gl tract bleeding takes
place in the distal small bowel and large bowel [31, 32].
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However, it is the systemic effects of aspirin that are most important for its Gl side effects and these side effects are not reduced when
presentations such as enteric-coated aspirin [32], or different routes of administration of NSAIDS, e.g. IM or IV are used [33, 34].

Aspirin works systemically to inhibit PG synthesis and platelet activation which is why it can also cause bleeding adverse events. Aspirin and
NSAIDS as a group block the cyclo-oxygenase (COX) enzymes that are responsible for PG synthesis thus impacting on the body’s gastro
protective mechanisms. Platelet activation is also vital for clot formation and the production of growth factors that help tissue to heal.

Other non-aspirin, anti-platelet drugs such as the P2Y , inhibitor agents or thienopyridines (clopidogrel, ticagrelor and prasugrel) also cause
Gl bleeding due to reduced growth factor production and increased risk of bleeding due to an impaired clotting mechanism [34]. Some
people with a genetic variation are carriers of the CYP2C19*17 allele and have excessive platelet inhibition when taking thienopyridines.
These individuals are more likely to develop bleeding complications with thienopyridines therapy [35, 36]. Other factors that influence the
bleeding risk with P2Y,, receptor antagonists include: diabetes, age, smoking, weight and drug interactions [37, 38]. In contrast to aspirin
P2Y,, receptor, antagonists are probably not the main cause of peptic ulcer by themselves but they potentiate them by their anti-platelet
activity and altered angiogenesis [34].

The protease-activated receptor-1 (PAR-1) antagonist, vorapaxar which is effective for the secondary prevention of CVD in patients with
impaired renal function when added to aspirin or another anti-platelet agent significantly increases the risk of major bleeding [39, 40].

Therefore, aspirin increases the risk of Gl bleeding by both topical and systemic mechanisms and the newer anti-platelet agents carry a similar
or slightly higher bleeding risk. Combination antiplatelet regimens increase the risk of having a bleed further with aspirin plus clopidogrel
having a higher bleeding risk than aspirin alone and triple/quadruple regimens further exacerbating the overall bleeding risk. Adding a proton
pump inhibitor (PPI) and/or a histamine 2 receptor antagonist (H,RA) can reduce the risk of upper Gl bleeding [32, 22].

Concerns that PPIs may block some of the antithrombotic effect of clopidogrel appear to not be clinically important but are still of enough
concern for the FDA to warn people to consult their clinician before staring a PPI if they are prescribed clopidogrel. The number needed to
treat with a PPl in order to avoid a disabling bleed is over 300 in younger populations but this figure drops to around 25 in older adults. It is
important to carefully consider the likely risk versus benefit of each antiplatelet and how many antiplatelets are required when selecting a
treatment regimen for patients [41]. Platelet function tests may help to facilitate the choice of antiplatelet therapy [42, 43]. De-escalation of
combination antiplatelet regimens will be also considered important [44].

TOPICAL PG-INDEPENDENT MECHANISMS
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Figure 3. Topical PG-independent mechanisms.
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Prof. Angel Lanas (University of Zaragoza, Spain) in a complementary clinical talk presented data from clinical trials of gastroprotectant
agents used with antithrombotic therapy. Despite being the cornerstone for the prevention of CVD, antiplatelet and anticoagulant drugs are
associated with a two- and fourfold increased risk of Gl bleeding, respectively. The newer DOACs also increase the risk of gastric bleeding
[45] the risk increases when antithrombotic therapies are combined and when the patient has other risk factors for a bleeding event. Low-
dose aspirin (75-100 mg daily) is the most widely prescribed antiplatelet drug and endoscopic trials have shown that PPIs are effective in
treating and preventing gastroduodenal ulcers associated with its use. The H,RA famotidine is also effective at reducing gastric bleeds with
aspirin but there is less consistent data to support its use, and studies indicate that PPIs have superior efficacy [46].

Several studies have shown that PPI co-therapy with either 20 or 40 mg of esomeprazole reduce by 71%-85% the occurrence of peptic
ulcers associated with low-dose aspirin use (Figure 4) [47, 48].

To put the risk into context, Prof. Lanas explained that based on a meta-analysis of RCTs published by the Antithrombotic Trialists’ (ATT)
collaboration [12] and on estimations based on epidemiological studies, in primary prevention, aspirin use was associated with three extra Gl
bleeds for each 10,000 patient-years and 19 extra cases per 10,000 patient-years in secondary prevention (Figure 5).

Ulcer incidence in low-dose ASA-treated patients
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Figure 4. Ulcer incidence in low-dose ASA-treated patients.
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Figure 5. Absolute rates of upper gastrointestinal bleeding (UGIB) associated with low-dose ASA use.
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ASA-related upper Gl bleeding:
clinical risk factors
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Figure 6. ASA-related upper Gl bleeding: clinical risk factors.

The ATT [12] meta-analysis of RCTs interestingly showed that it is the well-known CVD risk factors such as age, male gender, diabetes,
smoking, increased blood pressure (BP) or obesity that are also risk factors for Gl bleeding (Figure 6). In high-risk patients with a previous
ulcer, PPIs are effective in reducing a recurrence. Omeprazole (PPI) has been shown to be effective in preventing upper Gl complications for
patients on dual anti-platelet therapy. The benefit of using antisecretory drugs such as a PPl or H,RA to prevent Gl bleeding when anticoagu-
lants are used alone or in combination with antiplatelets is as yet unproven.

However, antisecretory agents have no effect on Gl damage prevention associated with antithrombotic agents in the small bowel. Further
investigation is needed with ‘mucosal protectant’ or other agents. Other future areas of research interest include the gut microbiome and
studies already under way to increase understanding around how the gut microbiome affects bleeding risk, and if there is a role for treatment
here such as probiotics. This will be, especially, useful if ways to protect the small bowel from bleeding risk can be developed.

Misoprostol exhibits moderate efficacy in healing small bowel ulcers associated with a previous bleeding event. Further research is needed.

Prof. Lanas concluded that preventing gastric bleeding with antithrombotic regimes is an important area of unmet clinical need and will grow
in importance with the current increasingly elderly population needing these agents. PPIs have been shown to be effective at preventing
peptic ulcers and peptic ulcer bleeding in patients taking low-dose aspirin. PPIs are better than famotidine (H,RA) in this effect.

Prof. Michael Gaziano (Harvard University, Boston, USA) and Prof. John Chia (NCCS, Singapore) chaired the afternoon session in which the
benefits and risks of antithrombotic therapy in primary prevention were debated.

Optimising the aspirin dose and dosing regimen

Prof. Bianca Rocca (Catholic University, Rome, Italy) explained inter-individual variability in the extent and duration of platelet thromboxane
inhibition by low-dose aspirin. Understanding interindividual variability of drug responsiveness is important for improving drug effectiveness
and safety in the clinical setting and the key objective for precision medicine. Finding ways to better understand what determines variation
in aspirin response is important for finding new ways to administer an ‘old’ yet effective, cheap drug in the optimal way.

In a world where patients increasingly have co-morbidities and polypharmacy the fact that aspirin is not metabolised via the CYP450 system
is advantageous as this means there is little impact from drug-drug interactions at a pharmacokinetic level on drug responsiveness. Patient
characteristics, however, including other diseases can alter the responsiveness to aspirin. In its pre-systemic availability aspirin, before it
passes the liver, inhibits circulating platelets by irreversibly blocking the COX-1 enzyme. Based on systemic bioavailability, aspirin acts to
inhibit the precursors of platelets in the bone marrow such as megakaryocytes, pro and pre platelets (Figure 7).
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Figure 7. The pharmacokinetics and pharmacodynamics of aspirin in the human body.

Chronic conditions including diabetes, obesity or myeloproliferative neoplasms can influence the extent and/or duration of platelet COX-1
inhibition and TXA, generation through disease-specific pharmacokinetic or pharmacodynamics mechanisms. A twice daily low-dose dose
regimen restores adequate platelet COX-1 inhibition without effecting vasculo-protective endothelial prostacyclin in conditions with
chronically enhanced platelet generation. Serum TXB, ex vivo can act as a pharmacodynamic biomarker surrogate of aspirin efficacy and is
used for the approval of new aspirin formulations.

It is hoped that an in silico model of low-dose aspirin pharmacokinetics and pharmacodynamics will help the design of personalised regi-
mens, the so-called ‘precision dosing’, that can then be tested in adequately sized clinical trials of improved versus conventional antiplatelet
regimens. This will help build information around how to dose aspirin in patients with moderate-to-severe obesity and/or rare diseases such
as essential thrombocythaemia (ET), which are infrequent in or even excluded from traditional randomised controlled trials. It will also help
guide aspirin dosing in complex clinical scenarios such as patients with hepatic or kidney impairment, pregnant women, elderly and frail
subjects, with different CVDs. The model has an ability to learn when challenged with different real-world data and can be built so that it will
be able to advice on aspirin dosing in different individuals, combining different clinical conditions and antropometric features in the future.

Myeloproliferative neoplasms such as ET (where changes within the megakaryocytes lead to an increase in thrombotic events) and
Polycythemia Vera (a blood cancer in which the bone marrow makes too many red blood cells causing the blood to become too thick) are
associated with a 3.5-fold increase in serious vascular events even with standard low-dose aspirin [49]. Prof. Rocca explained how newly
released platelets with unacetylated COX-isozymes released over the traditional dosing interval of once in 24 hours may contribute to the
variable lower aspirin responsiveness in ET and that more frequent dosing may be needed. The aspirin regimens in essential thrombocythae-
mia: (ARES) phase Il trial has been set up to test more frequent dosing strategies for aspirin in ET. Initially, twice daily and three times a day
regimens will be explored with the best regimen taken forward to the second part of the study, when serum TXB, measures will be taken
every 3 months in order to assess the long-term persistence of superior biochemical efficacy and safety of the optimised dosing regimen.

Currently, we rely on consensus expert advice to guide these clinical scenarios, for example, the ESC Working Group on Thrombosis consensus
statement on aspirin and obesity, which advices that while limited data is available on aspirin dosing in people with a body mass index (BMI)
above 40 kg/m?, it is reasonable to double the daily low dose of aspirin or give a twice-daily low dose. Recent work has shown a higher
residual TXB, in moderate-to-severe obese people in contrast to non-obese subjects in their response to once-daily low dose aspirin, and
in fact, increasing residual serum TXB, was found to be exponentially correlated with BMI and body weight in 100 subjects taking standard
low-dose aspirin (100 mg once daily) [50].
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Prof. Rocca concluded that this is just the beginning of the story and that a lot more research and development will be required. Aspirin
resistance does not exist; it is low compliance and inter-individual sources of variability that affect the extent of drug response. At variance
with drug resistance, which implies the loss of drug effectiveness even by increasing dose, variability can be corrected in the context of
precision dosing and medicine

Prof. Peter Rothwell (Centre for the Prevention of Stroke and Dementia, Oxford, UK) then looked at the clinical trial data for different aspirin
doses, dosing regimens and compliance with treatment in order to explain the effects this can have on the effectiveness of treatment in
clinical practice. In particular, he sought to answer how we can estimate the likely effect of aspirin in clinical practice for patients who take
the drug regularly.

Clinical trials of aspirin in the prevention of vascular events are quite heterogeneous and trying to come up with a simple answer to a
complicated question from pooled analyses can be over-simplistic. Trials investigating aspirin’s effect on the prevention of vascular events
have also evolved over time. Secondary prevention trials in the 1980s used high-dose aspirin in a mostly male smoking or ex-smoker popu-
lation; early primary prevention trials were also done in men only, usually at age less than 70 years and mostly with low BMI; more recent
primary prevention trials included women there were fewer smokers and a more mixed BMI profiles and the most recent primary prevention
trials from 2010 onwards have tended to look at special populations with generally higher BMI such as diabetics (ASCEND), patients with a
high vascular risk (ARRIVE) and older patients (ASPREE). Additionally, the wider use of statins and BP-lowering drugs has also changed the
primary care prevention landscape.

The clinical trial setting is also different from clinical practice. The intention-to-treat analysis is important for limiting bias, but results can
mislead due to compliance issues. This makes on-treatment analysis of some interest but this raises issues of bias and loss of randomised
groups. In contrast, time-course analysis can be helpful in understanding the effects of increasing treatment drop-out and drop-in overtime
during follow-up whilst still retaining the intention to treat analysis and randomised groups. Prof. Rothwell reviewed the available data on
time-course analysis of the effects of aspirin in randomised trials. The data suggest that patients who take aspirin for primary prevention of
CVD need to have good compliance rates in order to reap benefits over time.

Ongoing trials of different aspirin doses or dosing regimens were also reviewed. ADAPTABLE is a pragmatic trial of patients at high risk of
ischaemic events. Patients are randomised to receive either 81 or 325 mg of aspirin daily in a non-blinded open-label manner. The study
aims to recruit 15,000 participants with known atherosclerotic CVD enrolled over 36 months with a maximum follow up of 40 months. The
primary outcomes are all-cause death and hospitalisation for Ml or stroke. The primary safety endpoint is hospitalisation for a major bleeding
event with a blood transfusion. The study commenced in April 2016 and aims to complete it by June 2020.

Another new study, ANDAMAN, has been designed to look at aspirin twice daily in patients with diabetes and ACS. The study will compare a
dose of 100 mg enteric-coated aspirin given in the evening with a twice-daily 100 mg AM and PM dose. The primary outcome for this study
is the first serious vascular event occurring within 18 months after randomisation. The study which started in 2016 is due to reach its final
data collection for the primary outcome measure in February 2020.

These trials along with updated data to pre-existing analysis with recent trial data should help to produce the evidence base that dose and
dosing regimen is important in terms of clinical outcomes for the antithrombotic effects of aspirin. It appears that ‘one dose fits all’ approach
may not be appropriate for aspirin in the prevention of vascular events or cancer and factors such as body weight and/or BMI may need to
be taken into account.

Incorporating other benefits of low-dose aspirin in the benefit/risk equation

Prof. Paola Patrignani (‘G. d’Annunzio’ University of Chieti, Italy) explained the mechanisms underlying the non-vascular effects of low-dose
aspirin. The data for a chemopreventive role for low-dose aspirin against colorectal cancer (CRC) and other cancers is growing. This effect
appears to be from the prevention of early neoplastic transformation within the gut and an anti-metastatic action. The antiplatelet activity
of low-dose aspirin can mostly explain both of these effects. Aspirin acts by acetylating platelet COX-1 at a critical serine residue (Ser-529)
close to the catalytic site of this enzyme.
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As a result of in vitro studies, using supratherapeutic concentrations, various mechanisms for aspirin anti-cancer action have been proposed:

(@) Inhibition of nuclear factor kappa B (NF-kB) signalling

(b) Interruption of extracellular signal-regulated kinases (ERK)

(c) Inhibition of Wnt/b-catenin signalling

(d) Capacity of aspirin to acetylate extra-COX proteins, e.g. p53

(e) Activation of adenosine monophosphate-activated protein kinase.

Low-dose aspirin can also partially acetylate rectal mucosal COX-1, associated with the reduction in PG E2 and phosphorylated Sé6 (p-S6)
levels. This effect might interfere with early colorectal carcinogenesis [51, 52].

Platelets sustain cancer cell invasion and metastasis formation by supporting the development of epithelial-mesenchymal transition (EMT),
cancer cell survival in the bloodstream and the enhancement of tumour cell adhesion to the endothelium facilitating arrest and extravasation.
Platelets also contribute to tumour escape from immune elimination.

Aspirin, by inhibiting platelet activation triggered by Gl mucosal lesions, restrains the development of chronic inflammation, which is crucial
in cancer development. Aspirin can also acetylate COX-1 expressed in colorectal mucosa leading to changes in the mucosal phenotype.

The interaction of cancer cells with platelets results in the following molecular and functional consequences:

(@) Induction of COX-2 in CRC cells (a hallmark of cancer)

(b) Induction of EMT in CRC cells promoting migration and metastatic potential

(c) Induction of a prothrombotic phenotype in cancer cells

(d) Enhanced systemic biosynthesis of TXA2 [53, 54].

Evidence is now accumulating to support the hypothesis that activated platelets contribute to CRC development and metastatic spread
by direct cell to cell interactions with stromal cells and cancer cells, together with the release of different lipid and protein mediators and
microvesicles (Figure 8). Platelets can also uptake proteins and genetic material that is present within the bloodstream. Evaluating the pro-
teomics and transcriptomics signature of platelets and platelet-derived microparticles may present a new strategy for developing biomarkers
for early cancer detection and for therapeutic drug monitoring in cancer chemotherapy.
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Figure 8. The role of platelets in cancer cell invasion and metastasis formation.
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Prof. Ruth Langley (University College London, UK) presented an overview of the clinical trial evidence for aspirin's nonvascular, cancer
chemopreventive effect.

The talk was divided into two areas:

(@) Aspirin for the prevention of primary cancers and progression of pre-malignant lesions
(b) Aspirin for the prevention of metastases and recurrence after radical therapy.

The evidence for aspirin’s nonvascular effects comes from pre-clinical work, epidemiological studies and randomised trials including those
that were initially designed to assess the vascular effects of aspirin [55-57].

In terms of primary prevention, recent studies include SeaFOod where mean colorectal adenomas per patient were reduced by aspirin particularly
right-sided, serrated lesions supporting previous data [58] and the AspECT trial which showed that high dose PPls and aspirin compared to low
dose PPI/no aspirin for patients with Barrett’s oesophagus increased time to event defined as high-grade dysplasia, oesophageal adenocarcinoma
and all-cause mortality [59]. The CAPP2 trial [60] has already demonstrated that patients with Lynch syndrome benefit from aspirin and results
are awaited from the CAPPS3 trial which recently completed recruitment and is focussed on the dose of aspirin required for anti-cancer effects.

Results from the ASPREE trial [61] (aspirin in an elderly population) were unexpected. The primary outcome measure was a composite of
death, dementia and permanent physical disability, with a follow up of 4.5 years 21.5 versus 21.2 events per 1,000 person-years were seen
with aspirin compared to placebo (HR 1.01, 95% CI 0.92-1.11). However, an increase in mortality with aspirin was noted which has been
attributed to an increase in the risk of metastatic cancer but not incident cancers overall. This might be accounted for by aspirin unmasking
malignant disease through an increased risk of bleeding particularly as the incidence and severity of bleeding with aspirin increase with age.

A number of clinical trials are also underway to evaluate the role of aspirin as an adjunct therapy for colorectal, breast and other cancers (ASCOLT,
ASPIRIN, US Aspirin Breast Cancer (ABC) trial, PIK3CA based trials and the Add-Aspirin trial). The PIK3CA mutation trials are based on epide-
miological data that aspirin after a diagnosis of CRC is most effective if the cancer has a PIK3CA mutation [62]. The Add-Aspirin trial is recruiting
patients from the UK and India and aims to assess the addition of either 100 or 300 mg of aspirin after standard primary therapy for early-stage
breast, colorectal, gastro-oesophageal and prostate tumours. Over 7,000 patients have been recruited to this trial and will be followed for at least
5 years with long-term passive follow-up via the National Cancer Intelligence Network (NCIN) in the UK [63]. Adherence in this study has been
good with 95% of participants taking six to seven of the tablets per week. Data from the run-in period of the trial (aspirin 100 mg open-label for
8 weeks) from over 2,000 patients has shown a low toxicity rate with only 13/2,253 (0.6%) of the participants having had a grade 3+ toxicity.

Prof. Langley concluded by stressing the importance of long-term follow-up in both primary and adjuvant aspirin cancer trials and noted the impor-
tance of electronic health records for this work. She also commented that the benefit/risk ratio for aspirin in terms of cancer prevention is likely to
favour aspirin use in a ‘younger’ (middle-aged rather than elderly) population. Cancer Research UK (CRUK) recently funded an international col-
laboration to further explore the role of aspirin in cancer prevention with the aim of understanding the mechanism of action. Finally, the concept
of cancer chemoprevention in primary, secondary and tertiary approaches needs wider promotion and greater public awareness.

More details of the lecture and trials are available on the Aspirin Foundation website (https://www.aspirin-foundation.com/conferences-2/
scientific-conference-2019-2/).

Targeting the right patient population for primary prevention: the case of diabetes mellitus

In the final paired session of the day, Dr. Gemma Vilahur (Cardiovascular Program ICCC - Research Institute Hospital Santa Creu i Sant Pau,
Barcelona, Spain) explored the mechanisms of atherothrombosis in DM (Figure 9). DM is a global emergency and represents a major cause of
cardiovascular morbidity and mortality in developed countries with atherothrombosis being the most common cause of death. It is estimated
that 8/10 individuals with DM will die from a cardiovascular event. Multiple pathophysiological mechanisms are thought to account for the
pro-atherosclerotic and pro-thrombotic status associated with diabetes, such as obesity, dyslipidemia, and low-grade inflammation.
Diabetic patients display a less thromboresistant vasculature mainly because of impaired endothelial function and a consequent decline in the
production of key protective molecules, including nitric oxide (NO) and prostacyclin. In addition, the platelets of diabetic patients have an
enhanced turnover, they have over-production of thromboxane and exhibit a hyper-reactivity phenotype derived from a dysregulation at
both the receptor and the intracellular signal transduction levels. On top of this, quantitative and qualitative changes of haemostatic factors
account for the diabetic hypercoagulable state which, in concurrence with impaired endogenous fibrinolysis, leads to denser clot structures
and delayed spontaneous clot lysis.
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Figure 9. Mechanisms for increased atherothrombotic risk in diabetes.

Preliminary studies using intracoronary angioscopy have demonstrated that patients with T2DM not only had an increased incidence of
ruptured atherosclerotic plaques in their coronary circulation, but there was virtually a doubling of intravascular thrombi in these patients,
suggesting an abnormal tendency towards thrombus formation or clot dissolution [64].

The endothelium, a single layer of cells in the interior of blood vessels, provides a physical barrier. Its main purpose is to maintain vascular
homeostasis regulate vascular tone and smooth muscle cell proliferation, reduce inflammation and prevent thrombosis [65]. Endothelial
dysfunction canthusbe used asacritical surrogate endpoint for CVD [66-68]. Insulin resistance and sustained hyperglycemic levels experienced
with DM directly affect endothelial activity, inhibiting insulin-mediated protective mechanisms, and stimulating maladaptive responses. In
its normal protective and physiological state, insulin interacts with insulin receptors leading to the synthesis of two important vasodilators
and antithrombotic agents, NO and prostacyclin (PGI2) [69-71]. Insulin resistance with DM diminishes these key protective mechanisms
resulting in reduced vasodilation and the loss of antiplatelet effects. In addition, hyperglycaemia leads to an increase in systemic oxidative
stress (reactive oxygen species (ROS) production) [72]. This enhanced ROS production compromises NO synthesis and stimulates endothelial
inflammation via several cellular mechanisms, including promoting activation of PKC and NF-kB signalling. NF-kB, in turn, induces the tran-
scription of inflammatory response-associated genes [73] and vascular adhesion molecules further stimulating leukocyte recruitment, thereby
aggravating the inflammatory process [74]. ROS also reduces NO levels by eNOS downregulation and induces the formation of highly oxidant
peroxynitrite ion and asymmetric dimethylarginine (ADMA), an endogenous competitive inhibitor of eNOS activity. Diabetic patients not only
produce an excess of ROS but their antioxidant mechanisms are also impaired (e.g. reduced superoxide dismutase) [73, 75]. The prolonged
oxidative response that occurs during hyperglycaemic states results in the formation of advanced glycation end products (AGEs) by glycosida-
tion of proteins and fatty acids [74]. AGE interaction with its receptors (RAGE) maintains endothelial dysfunction by promoting the release of
pro-inflammatory cytokines and cell adhesion molecules, compromising the endothelial barrier function and leading to increased vascular
leukocyte infiltration. Finally, recent data have suggested that red blood cells also contribute to DM-related endothelial dysfunction by
increasing endothelial arginase-1 activity, an eNOS competitor for L-arginine substrate [76, 77].

Multiple factors are involved in the increased platelet reactivity observed in DM patients [78]. Hyperglycaemia increases Ca?* mobilisation
from intraplatelet storage pools leading to an increased intracellular Ca?*'**¢' and the consequently enhanced sensitivity to aggregating agents.
People with DM have impaired insulin receptors [71] and the altered signalling of these platelet insulin receptors promotes the expression of
adhesion molecules (Gpllb/Illa, P-selectin) and prothrombotic agonists (thrombin, ADP, TxA,). Platelets from people with DM synthesise more
TxA, than normal platelets in response to a variety of agonists that induce deacylation of arachidonate from membrane phospholipids and
show hyper-responsiveness of proteinase-activated receptor (PAR) to thrombin and of the P2Y12 receptor to ADP [71, 78]. In addition, DM
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patients have an enhanced platelet turnover and this increases the proportion of highly reactive, newly formed platelets with lower platelet
fluidity due to changes in membrane lipid structure or glycation of membrane proteins and with alteration in its intracellular components [79].

Dr. Vilahur described an experimental animal model in which crossed-bone marrow transplants were performed between Zucker lean and
Zucker Fatty/insulin-resistant rats. This study showed that alterations in platelets produced by diabetic bone marrow megakaryocytes
contribute to the enhanced thrombotic risk observed in DM [80]. Interestingly, the presence of insulin resistance was already capable of
modulating bone marrow released platelets enhancing their susceptibility to form thrombi [81-82]. The work also proved that the bone
marrow from diabetic donors induces pro-atherogenic modifications in healthy recipients, increasing their risk of developing atherosclerosis
lesions [83].

The low-grade inflammation and oxidative stress seen in DM patients contribute to platelet reactivity through endothelial dysfunction
(reduction in eNOS activity) and increased lipid peroxidation to generate F2-isoprostanes which are thought to amplify platelet activation
by low concentrations of other agonists. The low-grade inflammatory state triggers IL-6, fibrinogen, and C-reactive protein (CRP) secretion.

Elevated CRP levels constitute an independent risk factor associated with increased cardiovascular mortality in DM [84]. CRP has been shown
to enhance the expression of endothelial adhesion molecules, stimulate macrophages to synthesise cytokines, and induce TF expression in
monocytes. Additionally, CRP has been reported to modify the fibrinolytic balance of endothelial cells and thus promote fibrin formation,
to enhance the expression of PAI-1 in human endothelial cells and inhibit tPA activity. A modified form (monomeric form) of CRP has the
ability to contribute to thrombus progression and growth [85-86]. Platelet-derived microparticles (small membrane vesicles released from
the surface or plasma membrane of cells upon activation or death) are found at higher levels in people with DM [87] and can exert both
pro-inflammatory and pro-thrombotic effects which may contribute to the atherothrombotic response [88-89].

As well as reduced endothelial thrombo-resistance and enhanced platelet activation people with DM often have hypercoagulable blood [90].
Hyperglycaemic states can exert direct effects on the gene transcription of coagulation factors [91] and DM is associated with increased
plasma levels and activity of various coagulation factors (TF, factor VII, TF-coagulation factor Vlla complex activity, and factor XlI) result-
ing in enhanced thrombin production. Also, plasma levels of fibrinogen (the soluble precursor of solid fibrin) are increased in diabetes, as
part of the ongoing low-grade inflammation. In counterpart, natural anticoagulants such as thrombomodulin, protein C and antithrombin IlI
are found to be reduced in diabetes further developing the prothrombotic environment. Altogether, these changes culminate in increased
thrombin generation and fibrin network formation, which is characterised by increased density and improved resistance to fibrinolysis. DM
also contributes to thrombotic complications by altering the fibrinolytic mechanisms. As such, diabetic patients have decreased tissue plas-
minogen activator (t-PA) and enhanced anti-fibrinolytic activity explained through an increase in plasminogen activator inhibitor-1 (PAI-1)
and carboxypeptidase B2 (also known as thrombin-activable fibrinolysis inhibitor), thus hampering the conversion of plasminogen to plasmin
[92]. Increased levels of PAI-1 are mostly associated with insulin resistance since they are predominantly observed in T2DM patients, but
not in other hyperglycaemic situations. Hyperglycaemia can also directly affect the fibrinolytic system by increasing plasminogen glycation
(posttranslational modification), thereby adversely affecting its conversion to plasmin [93].

In conclusion, DM is a chronic metabolic disorder in which a hyperglycaemic state and insulin resistance promote a low-grade inflammatory
background and systemic oxidative stress which leads to accelerated atherosclerotic progression and an increased risk of thrombosis. Other
co-morbidities associated with DM such as obesity, hypertension, and dyslipidaemia further contribute to atherothrombotic complications.
The reasons for this adverse cardiovascular profile in people with DM are due to several molecular and cellular pathways that combine to
enhance atherosclerosis progression and thrombus formation

Prof. Francesco Cosentino (Karolinska Institutet, Stockholm) gave the final talk of the day providing a very logical journey through primary
prevention trials and aspirin in which he looked at the translation of clinical trial evidence into treatment recommendations for aspirin use in
diabetes management (Figure 10).

By reducing platelet activity aspirin reduces atherothrombotic events but increases the risk of bleeding events such as Gl and intracranial
bleeding. In a cohort study of 1.9 million people, 17.9% of people with DMT2 experienced a cardiovascular event over a 5.5-year period [94].

Primary prevention with aspirin is controversial due to the risk-benefit debate. This is of particular concern where the risk of a cardiovascular
event is low. There is a high degree of heterogeneity within the trials designed to study the impact of aspirin for primary prevention in general
and this has resulted in heterogenicity within the results.
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The ASCEND trial [95] showed that, while aspirin did prevent vascular events, it also caused major bleedings. Within ASCEND, one in four of
the patients took a PPl and increasing this ratio may reduce bleeding complications.

Prof. Cosentino discussed the issues around whether a cardiovascular event is a worse event than a major bleed. With the exception of intra-
cranial bleeding as long as you do not die of a Gl bleed on the whole the experience probably has less impact on a person than having a CVD
event. The other complication to using aspirin for primary prevention is that a person’s risk is not static but changes over time; for example,
if they adopt a healthier lifestyle their CVD risk reduces. Starting medication to reduce BP or cholesterol will also reduce a person’s overall
CVD risk thus impacting the primary prevention risk benefit ratio for aspirin use. Risk is not static.

What has been learnt?

e ‘It is not enough to simply count up cardiovascular events prevented versus bleeding events (most of which are Gl ) that have been
caused as they do not have the same immediate or eventual health effect’

e ‘Cost-effectiveness analyses can be helpful provided that we agree with the assumptions used to build the models’

e ‘The greatest potential net benefit occurs in patients with increased cardiovascular risk who are not at increased risk for bleedings
(50-59-year-old subjects with a 10-year cardiovascular risk over 10%)’

e ‘Appropriate decision model estimating the ischaemic versus bleeding risk threshold is lacking. ‘Perhaps new genetic markers and risk
estimators derived from artificial intelligence (Al) may help to refine risk assessment.

The 2016 European guidelines [96] on CVD prevention in clinical practice with a class 3, level B rating do not recommend antiplatelet therapy
for individuals without CVD due to the increased risk of a major bleed.

In his concluding remarks to draw this highly interactive and insightful meeting to a close, Prof. Carlo Patrono (Catholic University, Rome
Italy) summarised 120 years of aspirin inspired research (Figure 11). As newer agents have joined the antithrombotic field some of the
research regarding long term disease prevention with aspirin has been passed forward to the oncology community. Aspirin remains a versa-
tile, highly useful drug and it will be interesting to see how its role develops in the future.

Primary prevention with Aspirin
Opportunities and Threats

Pros Cons

* Small reduction in serious * |ntracranial and extracranial
ischemic events and nonfatal Ml bleeding, principally
gastrointestinal

* With the exception of intracranial
bleeding, a nonfatal major bleed is |+ 1o identify the population that
likely preferable to a nonfatal Mi would benefit from aspirin remains
or stroke. a clinical dilemma
The decision to use aspirin should
be tailored to the individual patient
based on estimated ASCVD risk
and perceived bleeding risk

* |n real-world the use of CV risk
scores tends to overestimate an
individual's true risk

Beneficial noncardiovascular The use of PPIs was inconsistently
effects? reporied in the recent studies and
has not been tested in RCTs

Figure 10. Primary prevention with aspirin: opportunities and threats.
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Figure 11. 120 years of aspirin- inspired research.

Summary

¢ In high-risk patients for the secondary prevention of CVD, DAPT with aspirin and a P2Y12 antagonist is more effective in inhibiting
platelet aggregation than either drug alone and this is best achieved with the lowest dose of aspirin needed to inhibit more than 95%
of platelet TxA2 production; potentially around 30 mg daily.

e Dropping aspirin early on from dual or triple therapy in high-risk patients following a PCl resulted in less bleeding events but more
stent thrombosis events.

e In the future, we will have a more targeted approach to CVD management with a better understanding of the variable thrombotic
response to atherosclerotic plaque disruption and improved safety/efficacy ratios.

e Clinical judgment is needed to select the patients who have a high CVD risk but a low bleeding risk to benefit most from intensive
antithrombotic regimens.

e Aspirin increases the risk of having a Gl bleed by both topical and systemic mechanisms and newer antiplatelet drugs carry a similar or
slightly higher bleeding risk.

e Adding a PPl or H2RA can reduce the risk of upper Gl bleeding. PPIs work better than famotidine (H2RA).

e Aspirin resistance does not exist: it is low compliance and inter-individual variability that affects the response. This variability can be
managed with precision dosing.

e A‘one dose fits all' approach may not be appropriate for aspirin in the prevention of vascular events or cancer and factors such as body
weight and/or BMI may need to be considered.

e Evidence is growing to support the hypothesis that activated platelets contribute to CRC development and metastatic spread. Further
research with platelets will be helpful in developing biomarkers for early cancer detection and therapeutic anticancer drug monitoring.

e Long-term follow-up is important in both primary and adjuvant aspirin cancer trials and cancer chemoprevention approaches need
wider promotion and greater public awareness.

e DM is a chronic metabolic disorder in which a hyperglycaemic state and insulin resistance promote a low-grade inflammatory back-
ground and oxidative stress. This leads to an accelerated atherosclerotic progression and an increased risk of thrombosis.

e The greatest potential net benefit for aspirin primary prevention in CVD exists in those with increased cardiovascular risk who are not
at increased risk for bleeding e.g. 50-59-year-old subjects with a cardiovascular risk over 10%.

e A decision-making model that can estimate ischaemic versus bleeding risk is needed.

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 17


https://doi.org/10.3332/ecancer.2020.998

Funding declaration

Jaqui Walker was funded by the IAF to attend this event in Rome and received funding for the time required to write the meeting report.

Conflicts of interest

Professor Marco Cattaneo: Research support/P.I: Eli Lilly, Daiichi Sankyo, Astra Zeneca, Evolva. Honoraria: Eli Lilly, Daiichi Sankyo, Astra
Zeneca, MSD, Evolva. Scientific Advisory Board: Eli Lilly, Daiichi Sankyo, Astra Zeneca, Evolva, The Medicines Company, MSD.

Professor Lina Badimon: Consultant and speaker fees from Sanofi, AstraZeneca, Amgem. Grant support for investigator-initiated
research from: European Commis-sion, FP6 and FP7 programmes, National FundingAgencies, AstraZeneca.

Professor Giancarlo Agnelli: Speaker bureaux: Bristol-Myers Squibb/Pfizer, Bayer Healthcare. Advisory boards: Bristol-Myers Squibb/
Pfizer, Daiichi Sankyo, Bayer Healthcare.

Professor Andrew Chan: Consultant for Pfizer Inc, Bayer Pharma AG, Janssen. Grants for investigator-initiated research National Institute
of Health, National Cancer Institute, Crohn’s and Colitis Foundation, Bayer AG. 2019 American Association for Cancer Research AACR-
Waun Ki Hong Award.

Professor Angel Lanas: none.

Professor Bianca Rocca: Institutional research grants, research grants from the Italian Medicines Agency (AIFA), consultancy from Bayer
AG.

Professor Peter Rothwell: Consultant and speaker fees from Bayer AG.

Professor Paola Patrignani: Grant Associazione Italiana per la Ricerca sul Cancro (AIRC, 1G-12111), Aspirin for Cancer Prevention Group
(AsCaP), Bayer for the PK/PD studies with EC-ASA, Fellowship to Dr Angela Sacco by SIF-Merck 2017.

Professor Ruth Langley: Honorarium Bayer, clinical trial drug supplies for an academic study.

Dr Gemma Vilahur: Speaker fees from AstraZeneca, research grants from National Funding Agencies.

Professor Francesco Consentino: Research grants: Swedish Research Council, Swedish Heart and Lung foundation, Karolinska Institutet,
European Foundation for the Study of Diabetes, Swedish Diabetes Foundation, King Gustav V and Queen Victoria Foundation. Advisory
board/speaker: AstraZeneca, Boehringer Ingelheim, Bristol Myers Squibb, Eli Lilly, Merck Sharp and Dohme, Mundipharma, Novo Nordisk,
Pfizer.

References

1. Golwala HB, Cannon CP, and Seg PG, et al (2018) Safety and efficacy of dual vs. triple antithrombotic therapy in patients with atrial
fibrillation following percutaneous coronary intervention: a systematic review and meta-analysis of randomized clinical trials Eur Heart
J39(19) 1726-1735a https://doi.org/10.1093/eurheartj/ehy162 PMID: 29668889 PMCID: 5951099

2. Lopes RD, Heizer G, and Aronson R, et al (2019) Antithrombotic therapy after acute coronary sindrome or PCl in atrial fibrillation N Engl
J Med 380 1509-1524 https://doi.org/10.1056/NEJM0al1817083 PMID: 30883055

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 18


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1093/eurheartj/ehy162 
http://www.ncbi.nlm.nih.gov/pubmed/29668889
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5951099
https://doi.org/10.1056/NEJMoa1817083 
http://www.ncbi.nlm.nih.gov/pubmed/30883055

10.

11.

12.

13.

14.

15.

16.

17.

18.

Lopes RD, Vora AN, and Liaw D, et al (2018) An open-Label, 2 x 2 factorial, randomized controlled trial to evaluate the safety of apixaban vs.
vitamin K antagonist and aspirin vs placebo in patients with atrial fibrillation and acute coronary syndrome and/or percutaneous coronary
intervention: rationale and design of the Augustus trial Am Heart J 200 17-23 https://doi.org/10.1016/j.ahj.2018.03.001 PMID: 29898844

Vranckx P, Valgimigli M, and Juni P, et al (2018) Tricagrelor plus aspirin for 1 month, followed by ticagrelor monotherapy for 23 months
vs aspirin plus clopidogrel or ticagrelor for 12 months, followed by aspirin monotherapy for 12 months after implementation of a
drug-eluting stent: a multicentre, open-label, randomised superiority trial Lancet 392 940-949 https://doi.org/10.1016/5S0140-
6736(18)31858-0 PMID: 30166073

. Hahn JY, Song YB, and Oh JH, et al (2019) Effects of P2Y12 inhibitor monotherapy versus dual antiplatelet therapy on cardiovascular

events in patients undergoing percutaneous coronary intervention: the SMART-CHOICE randomized clinical trial JAMA 321(24)
2428-2437 https://doi.org/10.1001/jama.2019.8146 PMID: 31237645 PMCID: 6593635

Watanabe H, Domei T, and Morimoto T, et al (2019) Effect of 1-month dual antiplatelet therapy followed by clopidogrel versus 12-month
dual antiplatelet therapy on cardiovascular and bleeding events in patients receiving PCl: The STOPDAPT-2 randomised clinical trial
JAMA 321(24) 2414-2427 https://doi.org/10.1001/jama.2019.8145 PMID: 31237644 PMCID: 6593641

Anand SS, Bosch J, and Eikelboom JW, et al (2017) Rivaroxaban with or without aspirin in patients with stable peripheral or carotid artery
disease: an international, randomised, double-blind, placebo-controlled trial Lancet 391(10117) 219-229 https:/doi.org/10.1016/
50140-6736(17)32409-1 PMID: 29132880

. Connolly SJ, Eikelboom JW, and Bosch J, et al (2018) Rivaroxaban with or without aspirin in patients with stable coronary artery

disease: an international, randomised, double-blind, placebo-controlled trial Lancet 391 (10117) 205-218 https://doi.org/10.1016/
S0140-6736(17)32458-3

Mega JL, Brauwald E, and Mohanavelu S, et al (2009) Rivaroxaban versus placebo in patients with acute coronary syndromes (ATLAS
ACS-TIMI 46): a randomised, double-blind, phase Il trial Lancet 374(9683) 29-38 https://doi.org/10.1016/50140-6736(09)60738-8
PMID: 19539361

Mega JL, Brauwald E, and Wiviott SD, et al (2012) Rivaroxaban in patients with a recent acute coronary syndrome N Engl J Med 366
9-19 https://doi.org/10.1056/NEJMo0a1112277

Bhatt DL, Steg PG, and Ohman EM, et al (2006) International prevalence, recognition, and treatment of cardiovascular risk factors in
outpatients with atherothrombosis JAMA 295(2) 180-189 https:/doi.org/10.1001/jama.295.2.180 PMID: 16403930

ATT Collaboration, Baigent C, and Blackwell L, et al (2009) Aspirin in the primary and secondary prevention of vascular disease:
collaborative meta-analysis of individual participant data from randomized trials Lancet 373(9678) 1849-1860 https://doi.org/10.1016/
S0140-6736(09)60503-1 PMID: 19482214 PMCID: 2715005

CAPRIE Steering Committee (1996) A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE) Lancet 348(9038) 1329-1339 https:/doi.org/10.1016/50140-6736(96)09457-3 PMID: 8918275

Steg G, Bhatt DL, and Wilson PWF, et al (2007) One-year cardiovascular event rates in out-patients with atherothrombosis JAMA
297(11) 1197-1206 https:/doi.org/10.1001/jama.297.11.1197 PMID: 17374814

Bonaca MP, Bhatt DL, and Cohen M, et al (2015) Long-term use of ticagrelor in patients with prior myocardial infarction N Engl J Med
372 1791-1800 https://doi.org/10.1056/NEJMo0al1500857 PMID: 25773268

Morrow DA, Braunwald E, and Bonaca MP, et al (2012) Vorapaxar in the secondary prevention of atherothrombotic events N Engl J Med
366 1404-1413 https:/doi.org/10.1056/NEJM0a1200933 PMID: 22443427

Eikelboom JW, Connolly SJ, and Bosch J, et al (2017) Rivaroxaban with or without aspirin in stable cardiovascular disease N Engl J Med
377 1319-1330 https:/doi.org/10.1056/NEJM0a1709118 PMID: 28844192

Slattery J, Warlow CP, and Shorrock CJ, et al (1995) Risks of gastrointestinal bleeding during secondary prevention of vascular events
with aspirin-analysis of gastrointestinal bleeding during the UK-TIA trial Gut 37 509-511 https://doi.org/10.1136/gut.37.4.509
PMID: 7489937 PMCID: 1382902

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 19


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1016/j.ahj.2018.03.001 
http://www.ncbi.nlm.nih.gov/pubmed/29898844
https://doi.org/10.1016/S0140-6736(18)31858-0 
https://doi.org/10.1016/S0140-6736(18)31858-0 
http://www.ncbi.nlm.nih.gov/pubmed/30166073
https://doi.org/10.1001/jama.2019.8146 
http://www.ncbi.nlm.nih.gov/pubmed/31237645
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6593635
https://doi.org/10.1001/jama.2019.8145 
http://www.ncbi.nlm.nih.gov/pubmed/31237644
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6593641
https://doi.org/10.1016/S0140-6736(17)32409-1 
https://doi.org/10.1016/S0140-6736(17)32409-1 
http://www.ncbi.nlm.nih.gov/pubmed/29132880
https://doi.org/10.1016/S0140-6736(17)32458-3 
https://doi.org/10.1016/S0140-6736(17)32458-3 
https://doi.org/10.1016/S0140-6736(09)60738-8 
http://www.ncbi.nlm.nih.gov/pubmed/19539361
https://doi.org/10.1056/NEJMoa1112277 
https://doi.org/10.1001/jama.295.2.180 
http://www.ncbi.nlm.nih.gov/pubmed/16403930
https://doi.org/10.1016/S0140-6736(09)60503-1 
https://doi.org/10.1016/S0140-6736(09)60503-1 
http://www.ncbi.nlm.nih.gov/pubmed/19482214
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2715005
https://doi.org/10.1016/S0140-6736(96)09457-3 
http://www.ncbi.nlm.nih.gov/pubmed/8918275
https://doi.org/10.1001/jama.297.11.1197 
http://www.ncbi.nlm.nih.gov/pubmed/17374814
https://doi.org/10.1056/NEJMoa1500857 
http://www.ncbi.nlm.nih.gov/pubmed/25773268
https://doi.org/10.1056/NEJMoa1200933 
http://www.ncbi.nlm.nih.gov/pubmed/22443427
https://doi.org/10.1056/NEJMoa1709118 
http://www.ncbi.nlm.nih.gov/pubmed/28844192
https://doi.org/10.1136/gut.37.4.509 
http://www.ncbi.nlm.nih.gov/pubmed/7489937
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1382902

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Huang ES, Strate LL, and Ho WW, et al (2011) Long-term use of aspirin and the risk of gastrointestinal bleeding Am J Med 124 426-433
https://doi.org/10.1016/j.amjmed.2010.12.022 PMID: 21531232 PMCID: 3086018

Serebruany VL, Steinhubl SR, and Berger PB, et al (2005) Analysis of risk of bleeding complications after different doses of aspirin in
192,036 patients enrolled in 31 randomized controlled trials Am J Cardiol 95 1218-1222 https://doi.org/10.1016/j.amjcard.2005.01.049
PMID: 15877994

Lin KJ, De Caterina R, and Garcia Rodriguez LA (2014) Low-dose aspirin and upper gastrointestinal bleeding in primary versus
secondary cardiovascular prevention: a population-based, nested case-control study Circ Cardiovasc Qual Outcomes 7 70-77 https://
doi.org/10.1161/CIRCOUTCOMES.113.000494

Li L, Geraghty OC, and Mehta Z, et al (2017) Age-specific risks, severity, time course, and outcome of bleeding on long-term
antiplatelet treatment after vascular events: a population-based cohort study Lancet 390 490-499 https:/doi.org/10.1016/5S0140-
6736(17)30770-5 PMID: 28622955 PMCID: 5537194

Lanas A, Fuentes J, and Benito R, et al (2002) Helicobacter pylori increases the risk of upper gastrointestinal bleeding in patients taking
low-dose aspirin Aliment Pharmacol Ther 16 779-786 https://doi.org/10.1046/j.1365-2036.2002.01230.x PMID: 11929396

Laine L (2001) Approaches to nonsteroidal anti-inflammatory drug use in the high-risk patient Gastroenterology 120 594-606 https://
doi.org/10.1053/gast.2001.21907 PMID: 11179238

Selak V, Jackson R, and Poppe K, et al (2019) Predicting bleeding risk to guide aspirin use for the primary prevention of cardiovascular
disease: a cohort study Ann Intern Med 170(6) 357-368 https:/doi.org/10.7326/M18-2808 PMID: 30802900

Flower RJ (2003) The development of COX2 inhibitors Nat Rev Drug Discov 2 179-191 https:/doi.org/10.1038/nrd1034
PMID: 12612644

Reuter BK, Davies NM, and Wallace JL (1997) Nonsteroidal anti-inflammatory drug enteropathy in rats: role of permeability, bacteria,
and enterohepatic circulation Gastroenterology 112 109-117 https://doi.org/10.1016/50016-5085(97)70225-7 PMID: 8978349

Darling RL, RomeroJJ, and Dial EJ, et al (2004) The effects of aspirin on gastric mucosal integrity, surface hydrophobicity, and prostaglandin
metabolism in cyclooxygenase knockout mice Gastroenterology 127 94-104 https://doi.org/10.1053/j.gastro.2004.04.003 PMID:
15236176

Oh KW, Qian T, and Brenner DA, et al (2003) Salicylate enhances necrosis and apoptosis mediated by the mitochondrial permeability
transition Toxicol Sci Off J Soc Toxicol 73 44-52 https://doi.org/10.1093/toxsci/kfg045

Odashima M, Otaka M, and Ohba R, et al (2007) Attenuation of gastric mucosal inflammation induced by aspirin through inhibition of
selective type lll phospshodiesterase in rats Dig Dis Sci 52 1355-1359 https:/doi.org/10.1007/s10620-006-9553-y PMID: 17372821

Maiden L, Thjodleifsson B, and Theodors A, et al (2005) A quantitative analysis of NSAID-induced small bowel pathlogy by capsule
enteroscopy Gastroenterology 128 1172-1178 https://doi.org/10.1053/j.gastro.2005.03.020 PMID: 15887101

Sostres C and Lanas A (2011) Gastrointestinal effects of aspirin Nat Rev Gastroenterol Hepatol 8 385-394 https:/doi.org/10.1038/
nrgastro.2011.97 PMID: 21647198

van Oijen MGH, Dieleman JP, and Laheij RJ, et al (2008) Peptic ulcerations are related to systemic rather than local effects of low-dose
aspirin Clin Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol Assoc 6 309-313

Ma L, Elliott SN, and Cirino G, et al (2001) Platelets modulate gastric ulcer healing: role of endostatin and vascular endothelial growth
factor release Proc Natl Acad Sci U S A 98 6470-6475 https://doi.org/10.1073/pnas.111150798 PMID: 11353854 PMCID: 33492

Grosdidier C, Quilici J, and Loosveld M, et al (2013) Effect of CYP2C19*2 and *17 genetic variants on platelet response to clopidogrel
and prasugrel maintenance dose and relation to bleeding complications Am J Cardiol 111 985-990 https:/doi.org/10.1016/j.amj-
card.2012.12.013 PMID: 23340030

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 20


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1016/j.amjmed.2010.12.022 
http://www.ncbi.nlm.nih.gov/pubmed/21531232
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3086018
https://doi.org/10.1016/j.amjcard.2005.01.049 
http://www.ncbi.nlm.nih.gov/pubmed/15877994
https://doi.org/10.1161/CIRCOUTCOMES.113.000494 
https://doi.org/10.1161/CIRCOUTCOMES.113.000494 
https://doi.org/10.1016/S0140-6736(17)30770-5 
https://doi.org/10.1016/S0140-6736(17)30770-5 
http://www.ncbi.nlm.nih.gov/pubmed/28622955
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5537194
https://doi.org/10.1046/j.1365-2036.2002.01230.x 
http://www.ncbi.nlm.nih.gov/pubmed/11929396
https://doi.org/10.1053/gast.2001.21907 
https://doi.org/10.1053/gast.2001.21907 
http://www.ncbi.nlm.nih.gov/pubmed/11179238
https://doi.org/10.7326/M18-2808 
http://www.ncbi.nlm.nih.gov/pubmed/30802900
https://doi.org/10.1038/nrd1034 
http://www.ncbi.nlm.nih.gov/pubmed/12612644
https://doi.org/10.1016/S0016-5085(97)70225-7 
http://www.ncbi.nlm.nih.gov/pubmed/8978349
https://doi.org/10.1053/j.gastro.2004.04.003 
http://www.ncbi.nlm.nih.gov/pubmed/15236176
https://doi.org/10.1093/toxsci/kfg045 
https://doi.org/10.1007/s10620-006-9553-y 
http://www.ncbi.nlm.nih.gov/pubmed/17372821
https://doi.org/10.1053/j.gastro.2005.03.020 
http://www.ncbi.nlm.nih.gov/pubmed/15887101
https://doi.org/10.1038/nrgastro.2011.97 
https://doi.org/10.1038/nrgastro.2011.97 
http://www.ncbi.nlm.nih.gov/pubmed/21647198
https://doi.org/10.1073/pnas.111150798 
http://www.ncbi.nlm.nih.gov/pubmed/11353854
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC33492
https://doi.org/10.1016/j.amjcard.2012.12.013 
https://doi.org/10.1016/j.amjcard.2012.12.013 
http://www.ncbi.nlm.nih.gov/pubmed/23340030

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Cuisset T, Loosveld M, and Morange PE, et al (2012) CYP"C19*2 and *17 alleles have a significant impact on platelet response and
bleeding risk in patients treated with prasugrel after acute coronary syndrome JACC Cardiovasc Interv 5(12) 1280-1287 https://doi.
org/10.1016/].jcin.2012.07.015 PMID: 23257377

Nguyen TA, Diodati JG, and Pharand C (2005) Resistance to clopidogrel: a review of the evidence J Am Coll Cardiol 45 1157-1164
https://doi.org/10.1016/j.jacc.2005.01.034 PMID: 15837243

Pankert M, Quilici J, and Loundou AD, et al (2014) Impact of obesity and the metabolic syndrome on response to clopidogrel or prasug-
rel and bleeding risk in patients treated after coronary stenting Am J Cardiol 113 54-59 https://doi.org/10.1016/j.amjcard.2013.09.011

Tricoci P, Huang Z, and Held C, et al (2012) Thrombin-receptor antagonist vorapaxar in acute coronary syndromes N Engl J Med 366
20-33 https://doi.org/10.1056/NEJM0al1109719

Morrow DA, Braunwald E, and Bonaca MP, et al (2012) Vorapaxar in the secondary prevention of atherothrombotic events N Engl J Med
366 1404-1413 https://doi.org/10.1056/NEJM0a1200933 PMID: 22443427

Alexopoulos D, Katogiannis K, and Sfantou D, et al (2018) Combination antiplatelet treatment in coronary artery disease patients: a
necessary evil or an overzealous practice? Platelets 29 228-237 https://doi.org/10.1080/09537104.2017.1353685

Tantry US, Bonello L, and Aradi D, et al (2013) Consensus and update on the definition of on-treatment platelet reactivity to adenos-
ine diphosphate associated with ischemia and bleeding J Am Coll Cardiol 62 2261-2273 https://doi.org/10.1016/j.jacc.2013.07.101
PMID: 24076493

Aradi D, Kirtane A, and Bonello L, et al (2015) Bleeding and stent thrombosis on P2Y12-inhibitors: collaborative analysis on the role of
platelet reactivity for risk stratification after percutaneous coronary intervention Eur Heart J 36 1762-1771 https://doi.org/10.1093/
eurheartj/ehv104 PMID: 25896078

Deharo P and Cuisset T (2018) Monitoring platelet function: what have we learned from randomized clinical trials? Cardiovasc Diagn
Ther 8 621-629 https://doi.org/10.21037/cdt.2018.10.10 PMID: 30498686 PMCID: 6232346

Ruff CT, Guigliano RP, and Braunwald E, et al (2014) Comparison of the efficacy and safety of new oral anticoagulants with warfarin
in patients with atrial fibrillation: a meta-analysis of randomized trials Lancet 383 955-962 https:/doi.org/10.1016/50140-
6736(13)62343-0

Lavie CJ, Howden CW, and Scheiman, et al (2017) Upper gastrointestinal toxicity associated with long-term aspirin therapy:
consequences and prevention Curr Probl Cardiol 42(5) 146-164 https://doi.org/10.1016/j.cpcardiol.2017.01.006 PMID: 28363584

Yeomans N, Lanas A, and Labenz J, et al (2008) Efficacy of esomeprazole (20mg) once daily for reducing the risk of gastroduodenal
ulcers associated with continuous use of low-dose aspirin Am J Gastroenterol 103(10) 2465-2473 https://doi.org/10.1111/j.1572-
0241.2008.01995.x PMID: 18637091

Scheiman JM, Devereaux PJ, and Herlitz J, et al (2011) Prevention of peptic ulcers with esomeprazole in patients at risk of ulcer
development treated with low-dose acetylsalicylic acid: a randomized controlled trial (OBERON) Heart 97(10) 797-802 https://doi.
org/10.1136/hrt.2010.217547 PMID: 21415072 PMCID: 3088470

Hultcrantz M, Bjérkholm M, and Dickman PW, et al (2018) Arterial and venous thrombosis in patients with myeloproliferative neo-
plasms Ann Int Med 168(5) 317-325 https://doi.org/10.7326/M17-0028 PMID: 29335713

Petrucci G, Zaccardi F, and Giaretta A, et al (2019) Obesity is associated with impaired responsiveness to once-daily low-dose aspirin
and in vivo platelet activation J Thromb Haemost 17(6) 885-895 https://doi.org/10.1111/jth.14445 PMID: 30933424

Patrignani P, Sacco A, and Sostres C, et al (2017) Low-dose aspirin acetylates cyclooxgenase-1 in human colorectal mucosa: implications
for the chemoprevention of colorectal cancer Clin Pharm Ther 102(1) 52-61 https:/doi.org/10.1002/cpt.639

Dovizio M, Sacco A, and Patrignami P (2017) Curbing tumorigenesis and malignant progression through the pharmacological control of
the wound healing process Vasc Pharmacol 89 1-11 https:/doi.org/10.1016/j.vph.2017.01.003

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 21


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1016/j.jcin.2012.07.015 
https://doi.org/10.1016/j.jcin.2012.07.015 
http://www.ncbi.nlm.nih.gov/pubmed/23257377
https://doi.org/10.1016/j.jacc.2005.01.034 
http://www.ncbi.nlm.nih.gov/pubmed/15837243
https://doi.org/10.1016/j.amjcard.2013.09.011 
https://doi.org/10.1056/NEJMoa1109719 
https://doi.org/10.1056/NEJMoa1200933 
http://www.ncbi.nlm.nih.gov/pubmed/22443427
https://doi.org/10.1080/09537104.2017.1353685 
https://doi.org/10.1016/j.jacc.2013.07.101 
http://www.ncbi.nlm.nih.gov/pubmed/24076493
https://doi.org/10.1093/eurheartj/ehv104 
https://doi.org/10.1093/eurheartj/ehv104 
http://www.ncbi.nlm.nih.gov/pubmed/25896078
https://doi.org/10.21037/cdt.2018.10.10 
http://www.ncbi.nlm.nih.gov/pubmed/30498686
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6232346
https://doi.org/10.1016/S0140-6736(13)62343-0 
https://doi.org/10.1016/S0140-6736(13)62343-0 
https://doi.org/10.1016/j.cpcardiol.2017.01.006 
http://www.ncbi.nlm.nih.gov/pubmed/28363584
https://doi.org/10.1111/j.1572-0241.2008.01995.x 
https://doi.org/10.1111/j.1572-0241.2008.01995.x 
http://www.ncbi.nlm.nih.gov/pubmed/18637091
https://doi.org/10.1136/hrt.2010.217547 
https://doi.org/10.1136/hrt.2010.217547 
http://www.ncbi.nlm.nih.gov/pubmed/21415072
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3088470
https://doi.org/10.7326/M17-0028 
http://www.ncbi.nlm.nih.gov/pubmed/29335713
https://doi.org/10.1111/jth.14445 
http://www.ncbi.nlm.nih.gov/pubmed/30933424
https://doi.org/10.1002/cpt.639 
https://doi.org/10.1016/j.vph.2017.01.003 

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Dovizio M, Maier TJ, and Alberti S, et al (2013) Pharmacological inhibition of platelet-tumor cell cross-talk prevents platelet-induced
overexpression of cyclooxygenase-2 in HT,, human colon carcinoma cells Mol Pharmacol 84 25-40 https:/doi.org/10.1124/
mol.113.084988 PMID: 23580446

Guillem-Llobat P, Dovizio M, and Bruno A, et al (2016) Aspirin prevents colorectal cancer metastasis in mice by splitting the crosstalk
between platelets and tumor cells Oncotarget 7 32462-32477 https://doi.org/10.18632/oncotarget.8655 PMID: 27074574
PMCID: 5078026

Rothwell PM, Fowkes FGR, and Belch JFF, et al (2011) Effect of daily aspirin on long-term risk of death due to cancer: analysis of indi-
vidual patient data from randomised trials Lancet 377(9759) 31-41 https://doi.org/10.1016/50140-6736(10)62110-1

Rothwell PM, Wilson M, and Price JF, et al (2012) Effect of daily aspirin on risk of cancer metastasis: a study of incident cancers during
randomised controlled trials Lancet 379(9826) 1591-1601 https:/doi.org/10.1016/50140-6736(12)60209-8 PMID: 22440947

Rothwell PM, Price JF, and Fowkes FGR, 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 controlled trials Lancet 379(9826) 1602-1612 https://doi.
org/10.1016/50140-6736(11)61720-0 PMID: 22440946

Hull MA, Sprange K, and Hepburn T, et al (2018) Eicosapentaenoic acid and aspirin, alone and in combination, for the prevention of
colorectal adenomas (seafood Polyp Prevention trial): a multicentre randomised, double-blind, placebo-controlled, 2 x 2 factorial trial
Lancet 392(10164) 2583-2594 https:/doi.org/10.1016/5S0140-6736(18)31775-6 PMID: 30466866 PMCID: 6294731

Jankowski JAZ, de Caestecker J, and Love SB, et al (2018) Esomeprazole and aspirin in Barrett’s oesophagus (AspECT): a randomised
factorial trial Lancet 392(10145) 400-408 https://doi.org/10.1016/50140-6736(18)31388-6 PMID: 30057104 PMCID: 6083438

Burn J, Gerdes AM, and Macrae F, et al (2011) Long-term effect of aspirin on cancer risks in carriers of hereditary colorectal cancer:
an analysis from CAPP2 randomised controlled trial Lancet 378(9809) 2081-2087 https://doi.org/10.1016/50140-6736(11)61049-0
PMID: 22036019 PMCID: 3243929

McNeill JJ, Nelson MR, and Woods RL, et al (2018) Effect of aspirin on all-cause mortality in the healthy elderly N Engl J Med 379
1519-1528 https://doi.org/10.1056/NEJM0al1803955

Liao X, Lochhead P, and Nishihara R, et al (2012) Aspirin use, tumor PIK3CA mutation, and colorectal-cancer survival N Engl J Med
367(17) 1596-1606 https:/doi.org/10.1056/NEJM0a1207756 PMID: 23094721 PMCID: 3532946

Coyle C, Cafferty FH, and Rowley S, et al (2016) ADD-ASPIRIN: a phase lll, 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 https://doi.org/10.1016/j.cct.2016.10.004 PMID: 27777129 PMCID: 5127874

Silva JA, Escobar A, and Collins TJ, et al (1995) Unstable angina. A comparison of angioscopic findings between diabetic and nondiabetic
patients Circulation 92(7) 1731-1736 https://doi.org/10.1161/01.CIR.92.7.1731 PMID: 7671354

Badimon L and Vilahur G (2014) Thrombosis formation on atherosclerotic lesions and plaque rupture J Intern Med 276(6) 618-632
https:/doi.org/10.1111/joim.12296 PMID: 25156650

Heitzer T, Baldus S, and von Kodolitsch Y, et al (2005) Systemic endothelial dysfunction as an early predictor of adverse outcome in
heart failure Arterioscler Thromb Vasc Biol 25(6) 1174-1179 https://doi.org/10.1161/01.ATV.0000166516.52477.81 PMID: 15831810

Heitzer T, Schlinzig T, and Krohn K, et al (2001) Endothelial dysfunction, oxidative stress, and risk of cardiovascular events in patients
with coronary artery disease Circulation 104(22) 2673-2678 https://doi.org/10.1161/hc4601.099485 PMID: 11723017

Kaur R, Kaur M, and Singh J (2018) Endothelial dysfunction and platelet hyperactivity in type 2 diabetes mellitus: molecular
insights and therapeutic strategies Cardiovasc Diabetol 17(1) 121 https:/doi.org/10.1186/s12933-018-0763-3 PMID: 30170601
PMCID: 6117983

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 22


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1124/mol.113.084988 
https://doi.org/10.1124/mol.113.084988 
http://www.ncbi.nlm.nih.gov/pubmed/23580446
https://doi.org/10.18632/oncotarget.8655 
http://www.ncbi.nlm.nih.gov/pubmed/27074574
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5078026
https://doi.org/10.1016/S0140-6736(10)62110-1 
https://doi.org/10.1016/S0140-6736(12)60209-8 
http://www.ncbi.nlm.nih.gov/pubmed/22440947
https://doi.org/10.1016/S0140-6736(11)61720-0 
https://doi.org/10.1016/S0140-6736(11)61720-0 
http://www.ncbi.nlm.nih.gov/pubmed/22440946
https://doi.org/10.1016/S0140-6736(18)31775-6 
http://www.ncbi.nlm.nih.gov/pubmed/30466866
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6294731
https://doi.org/10.1016/S0140-6736(18)31388-6 
http://www.ncbi.nlm.nih.gov/pubmed/30057104
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6083438
https://doi.org/10.1016/S0140-6736(11)61049-0 
http://www.ncbi.nlm.nih.gov/pubmed/22036019
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3243929
https://doi.org/10.1056/NEJMoa1803955 
https://doi.org/10.1056/NEJMoa1207756 
http://www.ncbi.nlm.nih.gov/pubmed/23094721
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3532946
https://doi.org/10.1016/j.cct.2016.10.004 
http://www.ncbi.nlm.nih.gov/pubmed/27777129
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5127874
https://doi.org/10.1161/01.CIR.92.7.1731 
http://www.ncbi.nlm.nih.gov/pubmed/7671354
https://doi.org/10.1111/joim.12296 
http://www.ncbi.nlm.nih.gov/pubmed/25156650
https://doi.org/10.1161/01.ATV.0000166516.52477.81 
http://www.ncbi.nlm.nih.gov/pubmed/15831810
https://doi.org/10.1161/hc4601.099485 
http://www.ncbi.nlm.nih.gov/pubmed/11723017
https://doi.org/10.1186/s12933-018-0763-3 
http://www.ncbi.nlm.nih.gov/pubmed/30170601
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6117983

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Kim JA, Montagnani M, and Koh K, et al (2006) Reciprocal relationships between insulin resistance and endothelial dys-
function: molecular and pathophysiological mechanisms Circulation 113(15) 1888-1904 https://doi.org/10.1161/CIRCULA-
TIONAHA.105.563213 PMID: 16618833

Stitham J and Hwa J (2016) Prostacyclin, atherothrombosis and diabetes mellitus: physiologic and clinical considerations Curr Mol Med
16(4) 328-342 https:/doi.org/10.2174/1566524016666160316150728 PMID: 26980701

Vilahur G, Ben-Aicha S, and Badimon L (2017) New insights into the role of adipose tissue in thrombosis Cardiovasc Res 113(9)
1046-1054 https://doi.org/10.1093/cvr/cvx086 PMID: 28472252

Severino P, D'Amato A, and Netti L, et al (2019) Myocardial ischemia and diabetes mellitus: role of oxidative stress in the connection
between cardiac metabolism and coronary blood flow J Diabetes Res 2019 9489826 https://doi.org/10.1155/2019/9489826
PMID: 31089475 PMCID: 6476021

Nishikawa T, Edelstein D, and Du XL, et al (2000) Normalizing mitochondrial superoxide production blocks three pathways of
hyperglycaemic damage Nature 404(6779) 787-790 https://doi.org/10.1038/35008121 PMID: 10783895

Giacco F and Brownlee M (2010) Oxidative stress and diabetic complications Circ Res 107(9) 1058-1070 https:/doi.org/10.1161/
CIRCRESAHA.110.223545 PMID: 21030723 PMCID: 2996922

Jha JC, Ho F, and Dan C, et al (2018) A causal link between oxidative stress and inflammation in cardiovascular and renal complications
of diabetes Clin Sci 132(16) 1811-1836 https://doi.org/10.1042/CS20171459 PMID: 30166499

Vilahur G (2018) Red blood cells deserve attention in patients with type 2 diabetes J Am Coll Cardiol 72(7) 781-783 https://doi.
org/10.1016/j.jacc.2018.05.053 PMID: 30092955

Zhou Z, Mahdi A, and Tratsiakovich Y, et al (2018) Erythrocytes from patients with type 2 diabetes induce endothelial dysfunction via
arginase | J Am Coll Cardiol 72(7) 769-780 https://doi.org/10.1016/j.jacc.2018.05.052 PMID: 30092954

Patti G, Cavallari I, and Andreotti F, et al (2019) Prevention of atherothrombotic events in patients with diabetes mellitus: from
antithrombotic therapies to new-generation glucose-lowering drugs Nat Rev Cardiol 16(2) 113-130 https:/doi.org/10.1038/s41569-
018-0080-2

Ferreiro JL and Angiolillo DJ (2011) Diabetes and antiplatelet therapy in acute coronary syndrome Circulation 123(7) 798-813 https:/
doi.org/10.1161/CIRCULATIONAHA.109.913376 PMID: 21343595

Hernandez Vera R, Vilahur G, and Ferrer-Lorente R, et al (2012) Platelets derived from the bone marrow of diabetic animals show dys-
regulated endoplasmic reticulum stress proteins that contribute to increased thrombosis Arterioscler Thromb Vasc Biol 32(9) 2141-2148
https:/doi.org/10.1161/ATVBAHA.112.255281 PMID: 22837468

Hernandez Vera R, Vilahur G, and Badimon L (2013) Obesity with insulin resistance increase thrombosis in wild-type and bone marrow-
transplanted Zucker Fatty rats Thromb Haemost 109(2) 319-327 https:/doi.org/10.1160/TH12-09-0696

Badimon L, Hernandez Vera R, and Padro T, et al (2013) Antithrombotic therapy in obesity Thromb Haemost 110(4) 681-688 https:/doi.
org/10.1160/TH12-12-0928 PMID: 23571816

Bejar MT, Hernandez-Vera R, and Vilahur G, et al (2016) Bone marrow cell transplant from donors with cardiovascular risk factors
increases the pro-atherosclerotic phenotype in the recipients Am J Transplant 16(12) 3392-3403 https:/doi.org/10.1111/ajt.13962
PMID: 27421708

Bruno G, Fornengo P, and Novelli G, et al (2009) C-reactive protein and 5-year survival in type 2 diabetes: the Casale Monferrato Study
Diabetes 58(4) 926-933 https://doi.org/10.2337/db08-0900 PMCID: 2661603

Molins B, Pena E, and Vilahur G, et al (2008) C-reactive protein isoforms differ in their effects on thrombus growth Arterioscler Thromb
Vasc Biol 28(12) 2239-2246 https://doi.org/10.1161/ATVBAHA.108.174359 PMID: 18787187

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 23


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1161/CIRCULATIONAHA.105.563213 
https://doi.org/10.1161/CIRCULATIONAHA.105.563213 
http://www.ncbi.nlm.nih.gov/pubmed/16618833
https://doi.org/10.2174/1566524016666160316150728 
http://www.ncbi.nlm.nih.gov/pubmed/26980701
https://doi.org/10.1093/cvr/cvx086 
http://www.ncbi.nlm.nih.gov/pubmed/28472252
https://doi.org/10.1155/2019/9489826 
http://www.ncbi.nlm.nih.gov/pubmed/31089475
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6476021
https://doi.org/10.1038/35008121 
http://www.ncbi.nlm.nih.gov/pubmed/10783895
https://doi.org/10.1161/CIRCRESAHA.110.223545 
https://doi.org/10.1161/CIRCRESAHA.110.223545 
http://www.ncbi.nlm.nih.gov/pubmed/21030723
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996922
https://doi.org/10.1042/CS20171459 
http://www.ncbi.nlm.nih.gov/pubmed/30166499
https://doi.org/10.1016/j.jacc.2018.05.053 
https://doi.org/10.1016/j.jacc.2018.05.053 
http://www.ncbi.nlm.nih.gov/pubmed/30092955
https://doi.org/10.1016/j.jacc.2018.05.052 
http://www.ncbi.nlm.nih.gov/pubmed/30092954
https://doi.org/10.1038/s41569-018-0080-2 
https://doi.org/10.1038/s41569-018-0080-2 
https://doi.org/10.1161/CIRCULATIONAHA.109.913376 
https://doi.org/10.1161/CIRCULATIONAHA.109.913376 
http://www.ncbi.nlm.nih.gov/pubmed/21343595
https://doi.org/10.1161/ATVBAHA.112.255281 
http://www.ncbi.nlm.nih.gov/pubmed/22837468
https://doi.org/10.1160/TH12-09-0696 
https://doi.org/10.1160/TH12-12-0928 
https://doi.org/10.1160/TH12-12-0928 
http://www.ncbi.nlm.nih.gov/pubmed/23571816
https://doi.org/10.1111/ajt.13962 
http://www.ncbi.nlm.nih.gov/pubmed/27421708
https://doi.org/10.2337/db08-0900 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2661603
https://doi.org/10.1161/ATVBAHA.108.174359 
http://www.ncbi.nlm.nih.gov/pubmed/18787187

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Molins B, Pena E, and de la Torre R, et al (2011) Monomeric C-reactive protein is prothrombotic and dissociates from circulating
pentameric C-reactive protein on adhered activated platelets under flow Cardiovasc Res 92(2) 328-337 https://doi.org/10.1093/cvr/
cvr226 PMID: 21859817

Zhang X, McGeoch SC, and Johnstone AM, et al (2014) Platelet-derived microparticle count and surface molecule expression differ
between subjects with and without type 2 diabetes, independently of obesity status J Thromb Thrombolys 37(4) 455-463 https://doi.
org/10.1007/s11239-013-1000-2

Suades R, Padro T, and Vilahur G, et al (2012) Circulating and platelet-derived microparticles in human blood enhance thrombosis on
atherosclerotic plaques J Thromb Haemost 108(6) 1208-1219 https:/doi.org/10.1160/TH12-07-0486

Badimon L, Storey RF, and Vilahur G (2011) Update on lipids, inflammation and atherothrombosis Thromb Haemost 105(Suppl 1)
5$34-542 https://doi.org/10.1160/THS10-11-0717 PMID: 21479344

Antovic JP, Yngen M, and Ostenson CG, et al (2003) Thrombin activatable fibrinolysis inhibitor and hemostatic changes in patients
with type | diabetes mellitus with and without microvascular complications Blood Coagul Fibrinolysis 14(6) 551-556 https:/doi.
org/10.1097/00001721-200309000-00006 PMID: 12960608

Yudkin JS (1999) Abnormalities of coagulation and fibrinolysis in insulin resistance. Evidence for a common antecedent? Diabetes Care
22(Suppl 3) C25-C30 PMID: 10189559

Alzahrani SH and Ajjan RA (2010) Coagulation and fibrinolysis in diabetes Diab Vasc Dis Res 7(4) 260-273 https:/doi.
org/10.1177/1479164110383723 PMID: 20847109

Ajjan RA, Gamlen T, and Standeven KF, et al (2013) Diabetes is associated with posttranslational modifications in plasminogen resulting
in reduced plasmin generation and enzyme-specific activity Blood 122(1) 134-142 https://doi.org/10.1182/blood-2013-04-494641
PMID: 23699598

Shah AD, Langenberg C, and Rapsomaniki E, et al (2015) Type 2 diabetes and incidence of cardiovascular diseases: a cohort study 1.9
million people Lancet Diabetes Endocrinol 3(2) 105-113 https:/doi.org/10.1016/52213-8587(14)70219-0 PMCID: 4303913

ASCEND study collaborative group, Bowman L, Mafham M, et al (2018) Effects of aspirin for primary prevention in persons with
diabetes mellitus N Engl J Med 379 1529-1539 https://doi.org/10.1056/NEJM0a1804988 PMID: 30146931

Piepoli MF, Hoes AW, and Agewall S, et al (2016) 2016 European guidelines on cardiovascular disease prevention in clinical practice
Eur Heart J 37 2315-2381 https://doi.org/10.1093/eurheartj/ehw106 PMID: 27222591 PMCID: 4986030

ecancer 2020, 14:998; www.ecancer.org; DOI: https:/doi.org/10.3332/ecancer.2020.998 24


https://doi.org/10.3332/ecancer.2020.998
https://doi.org/10.1093/cvr/cvr226 
https://doi.org/10.1093/cvr/cvr226 
http://www.ncbi.nlm.nih.gov/pubmed/21859817
https://doi.org/10.1007/s11239-013-1000-2 
https://doi.org/10.1007/s11239-013-1000-2 
https://doi.org/10.1160/TH12-07-0486 
https://doi.org/10.1160/THS10-11-0717 
http://www.ncbi.nlm.nih.gov/pubmed/21479344
https://doi.org/10.1097/00001721-200309000-00006 
https://doi.org/10.1097/00001721-200309000-00006 
http://www.ncbi.nlm.nih.gov/pubmed/12960608
http://www.ncbi.nlm.nih.gov/pubmed/10189559
https://doi.org/10.1177/1479164110383723 
https://doi.org/10.1177/1479164110383723 
http://www.ncbi.nlm.nih.gov/pubmed/20847109
https://doi.org/10.1182/blood-2013-04-494641 
http://www.ncbi.nlm.nih.gov/pubmed/23699598
https://doi.org/10.1016/S2213-8587(14)70219-0 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4303913
https://doi.org/10.1056/NEJMoa1804988 
http://www.ncbi.nlm.nih.gov/pubmed/30146931
https://doi.org/10.1093/eurheartj/ehw106 
http://www.ncbi.nlm.nih.gov/pubmed/27222591
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4986030



