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1  |  INTRODUC TION

Acetylsalicylic acid was marketed as aspirin at the end of the 19th 
century. Its 120 years of life have been characterized by a few turning 
points: (i) aspirin started a new drug class twice, first as a nonsteroidal 
anti- inflammatory drug (NSAID) and then as an antiplatelet drug1,2; 
(ii) it was cannibalized over time by other members of the new class, 

largely based on unsubstantiated superiority claims; (iii) it was rescued 
by the medical/scientific community and repurposed in other thera-
peutic areas on the basis of newly discovered properties (Figure 1).3

In particular, during the past 20 years, we have witnessed the 
following trends in aspirin usage: (i) a “dropping” trend, character-
ized by the early discontinuation of low- dose aspirin from dual an-
tiplatelet therapy (DAPT) or triple antithrombotic therapy (TAT) (ie, 
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Abstract
During the past 20 years, we have witnessed the following trends in aspirin usage: 
(i) a “dropping” trend, characterized by the early discontinuation of low- dose aspirin 
from dual antiplatelet therapy or triple antithrombotic therapy (oral anticoagulation 
plus dual antiplatelet therapy in patients with atrial fibrillation) following an acute 
coronary syndrome or after percutaneous coronary intervention; (ii) a “combinatorial” 
trend, featuring the addition of a lower dose of a P2Y12 inhibitor or direct oral antico-
agulant drug to low- dose aspirin for the long- term treatment of stable patients with 
atherosclerotic cardiovascular disease; and (iii) a “repurposing” trend, characterized by 
growing interest in the oncologic community to assess the chemopreventive effect of 
aspirin against certain types of cancers (particularly of the gastrointestinal tract), both 
as primary prevention and adjuvant therapy.

The aim of this review is to present the mechanistic rationale underlying these 
trends, discuss the design and findings of trials testing novel treatments or new thera-
peutic applications of aspirin, and report on the ISTH Congress results on this topic.
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aspirin, cardiovascular disease, colorectal cancer, nonsteroidal anti- inflammatory drugs, oral 
anticoagulants, P2Y12 inhibitors

Essentials

• Recently, low- dose aspirin use has experienced dropping, combining, or repurposing trends.
• No convincing evidence justifies dropping aspirin rather than a P2Y12 inhibitor from dual or triple antiplatelet therapy.
• An aspirin/factor Xa inhibitor combination represents a valid approach to high- risk secondary prevention.
• There is convincing evidence supporting a chemopreventive effect of aspirin against gastrointestinal cancers.
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oral anticoagulation [OAC])4 plus DAPT in patients with atrial fibril-
lation (AF) following an acute coronary syndrome (ACS) or after per-
cutaneous coronary intervention (PCI); (ii) a “combinatorial” trend, 
featuring the addition of a lower dose of a P2Y12 inhibitor or direct 
oral anticoagulant (DOAC) to low- dose aspirin for the long- term 
treatment of stable patients with atherosclerotic cardiovascular 
disease (ASCVD)5,6; and (iii) a “repurposing” trend, characterized by 
growing interest in the oncologic community to assess the chemo-
preventive effect of aspirin against certain cancers, particularly of 
the gastrointestinal (GI) tract, as both primary prevention and ad-
juvant therapy.7,8

The aim of this review is to present the mechanistic rationale 
underlying these trends and discuss the design and main findings of 
trials testing novel treatment regimens or exploring new therapeutic 
applications of aspirin.

2  |  DROPPING A SPIRIN FROM DAPT AND 
TAT: IS LESS MORE?

2.1  |  Rationale for dropping aspirin from DAPT and 
TAT

To start with the dropping trend, this was nicely articulated by a 
group of interventional cardiologists in a review article9 question-
ing the role of aspirin in secondary prevention and asking the pro-
vocative question: Is less more? A major argument supporting their 
reasoning was a controversial finding suggesting that P2Y12 inhibi-
tors may inhibit thromboxane A2 (TXA2) production to the same ex-
tent as aspirin, making the use of aspirin redundant when combined 
with an effective P2Y12 blocker.10 This finding was reported in a 
letter to the editor published in 2010 and was based on a short- term 
study in healthy volunteers.10 The authors measured the effects of 
a week’s treatment with low- dose aspirin or standard- dose clopi-
dogrel on thromboxane metabolite excretion in 16 healthy volun-
teers and found a similar 60% reduction in this noninvasive index 

of platelet activation.10 They concluded that “If P2Y12 antagonists 
alone can inhibit platelet TXA2 activation pathways, this may ex-
plain why addition of aspirin to P2Y12 antagonists is not necessar-
ily associated with any improvement in efficacy.”10 Accordingly, the 
“less- is- more” concept was proposed in an effort to mitigate the 
bleeding liability of DAPT while preserving antithrombotic efficacy, 
achieved through the concomitant inhibition of multiple platelet ac-
tivation pathways, thereby trying to optimize net clinical benefit.9 
However, the mechanistic rationale underlying this concept was 
subsequently questioned by the contradictory findings of Scavone 
et al,11 who reported that inherited deficiency or pharmacologic in-
hibition of platelet P2Y12 does not affect the platelet capacity to 
synthesize TXA2.

2.2  |  Trials dropping aspirin from DAPT

A major test of the “less- is- more” concept was provided by the 
GLOBAL- LEADERS study.12 This was a randomized controlled trial 
(RCT) of 16 000 patients with either ACS or stable coronary artery 
disease (CAD) undergoing PCI, in whom this hypothesis was tested 
to demonstrate superiority of an experimental treatment strategy 
dropping aspirin after the first month of DAPT, and continuing with 
ticagrelor monotherapy for the next 23 months, over the reference 
treatment strategy of DAPT for the first 12 months, followed by 
aspirin monotherapy for the second year.12 The primary end point 
for superior effectiveness of the experimental strategy was the cu-
mulative 2- year composite of all- cause mortality and new Q- wave 
myocardial	 infarction	 (MI).12 At 2 years, there was no statistically 
significant difference in the rate of the primary end point nor in all- 
cause mortality. As one would expect from two equally effective 
antiplatelet agents, the cumulative incidence of Bleeding Academic 
Research Consortium 3 or 5 bleeding in the two arms was not signifi-
cantly	different,	 and	 their	Kaplan-	Meier	curves	during	 the	second	
year (when one arm was assigned to receive low- dose aspirin alone 
and the other ticagrelor alone) were largely superimposable.12

F I G U R E  1 One	hundred	twenty	
years of aspirin- inspired research and 
development. The figure schematically 
summarizes the three phases of aspirin 
development: (A) as an analgesic, 
antipyretic, and anti- inflammatory agent; 
(B) as an antiplatelet drug; and (C) as 
a chemopreventive agent. Aspirin has 
inspired research throughout its 120- year 
life, by providing a tool for mechanistic 
understanding and a template for new 
drug development. DAPT, dual antiplatelet 
therapy; GI, gastrointestinal; NSAID, 
nonsteroidal anti- inflammatory drug; 
R&D, research and development
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A recent systematic review and meta- analysis of 5 RCTs (includ-
ing GLOBAL- LEADERS) assessing the safety and efficacy of discon-
tinuing aspirin 1 to 3 months after PCI with continued P2Y12 inhibitor 
monotherapy compared with traditional DAPT, involving 32 145 pa-
tients with either stable CAD or ACS, found that early discontin-
uation of aspirin therapy reduced the risk of major bleeding (using 
heterogeneous outcome definitions as used in each trial) by 40% 
compared with DAPT (2.0% vs 3.1%; hazard ratio [HR], 0.60; 95% 
confidence interval [CI], 0.45- 0.79).13 There was no apparent in-
crease	 in	 the	 risk	of	major	adverse	cardiovascular	events	 (MACEs)	
(2.7% vs 3.1%; HR, 0.88; 95% CI, 0.77- 1.02).13

It is interesting to note that among the recommendations 
of the 2015 European Society of Cardiology Guidelines for the 
Management	of	ACS	 in	Patients	Presenting	Without	Persistent	ST-	
Segment Elevation (NSTE- ACS), “P2Y12 inhibitor administration for 
a shorter duration of 3- 6 months after DES [drug- eluting stent] im-
plantation may be considered in patients deemed at high bleeding 
risk,” that is, a strategy of dropping clopidogrel or other P2Y12 blocker 
after 3– 6 months (instead of 12 months) and continuing with aspirin 
monotherapy.14 This recommendation was based on meta- analysis of 
seven RCTs in approximately 16 000 patients that showed a roughly 
40% reduction in major bleeding and no significant difference in isch-
emic events with early discontinuation of P2Y12 inhibitor therapy.14

Within the limitations of indirect comparisons, the results of 
these meta- analyses13,15 suggest that following PCI, early discontin-
uation of low- dose aspirin has a similar effect on bleeding liability as 
a shorter duration of P2Y12 inhibitor therapy, as would be expected 
from reduced interference with two equally important mechanisms 
of platelet activation, that is, TXA2 and ADP, respectively.16

2.3  |  Trials dropping aspirin from TAT

A second aspect of the “less- is- more” paradigm is represented by the 
withholding of aspirin among patients with chronic coronary syn-
dromes or ACS and AF who require OAC therapy and may undergo 
PCI with TAT.17 A justification for reconsidering the role of aspirin in 
this setting is related to the fact that “the benefit of a given therapy 
can change over time, as contemporary treatments develop and dis-
ease demographics evolve.”17 This obvious statement implies that, 
under the present circumstances, the control event rate is appreci-
ably lower than in earlier trials, and therefore the absolute benefit of 
adding aspirin would be diminished as compared to trials performed 
in the past. However, it does not necessarily follow that there would 
be a qualitative change in the added benefit of aspirin therapy, as re-
flected by the relative risk reduction in serious vascular events (SVEs) 
in any given clinical setting. An example to make this point is repre-
sented by A Study of Cardiovascular Events iN Diabetes (ASCEND), 
a contemporary, United Kingdom– based, placebo- controlled, pri-
mary prevention trial in over 15 000 optimally treated (includ-
ing statin therapy in 75%) participants with diabetes mellitus.18 As 
compared to placebo, low- dose aspirin reduced SVEs by 12% (9.6% 
vs 8.5% in placebo vs aspirin arm, respectively; HR, 0.88; 95% CI, 

0.79- 0.97; P = .01), a figure remarkably similar to the benefit previ-
ously reported by a meta- analysis of the six largest primary preven-
tion trials in mostly nondiabetic subjects performed in the 1980s and 
1990s (HR, 0.88; 95% CI, 0.82– 0.94; P < .0001).19 This estimate was 
based on roughly 1400 SVEs, giving ASCEND adequate statistical 
power to detect a moderate treatment effect, as calculated by the 
Antithrombotic Trialists Collaboration based on 3554 SVEs.19

A second line of evidence questioning the validity of the as-
sumption that aspirin may be less effective for secondary pre-
vention. in the context of other contemporary cardiovascular 
(CV) treatments, than estimated some 30 to 40 years ago, comes 
from a number of RCTs designed to assess the superiority of other 
antithrombotic agents in head- to- head comparisons versus low- 
dose aspirin. If aspirin were indeed less effective than previously 
estimated, then either newer antiplatelet agents, like ticagrelor, 
or a DOAC, like rivaroxaban, would be easily shown more effec-
tive than aspirin in patients at high CV risk. However, as shown 
in Table 1, three contemporary RCTs in over 56 000 high- risk pa-
tients, that is, Acute Stroke or Transient Ischemic Attack Treated 
With Aspirin or Ticagrelor and Patient Outcomes (SOCRATES),20 
GLOBAL- LEADERS,12 and Cardiovascular Outcomes for People 
Using	 Anticoagulation	 Strategies	 (COMPASS)6 failed to demon-
strate superiority of these antithrombotic agents over low- dose 
aspirin, consistent with undiminished efficacy of aspirin in diverse 
and contemporary secondary prevention settings.

Four company- funded, open- label RCTs have addressed the 
question of what is the most appropriate antithrombotic regimen to 
manage patients with AF experiencing ACS and/or PCI, in view of the 
competing ischemic and bleeding risks, that is: i) What Is the Optimal 
Antiplatelet and Anticoagulant Therapy in Patients With Oral 
Anticoagulation and Coronary Stenting (WOEST)21; ii) Open- Label, 
Randomized,	Controlled,	Multicenter	Study	Exploring	Two	Treatment	
Strategies of Rivaroxaban and a Dose- Adjusted Oral Vitamin K 
Antagonist Treatment Strategy in Subjects With Atrial Fibrillation 
Who Undergo Percutaneous Coronary Intervention (PIONEER AF- 
PCI)22; iii) Randomized Evaluation of Dual Antithrombotic Therapy 
with Dabigatran Versus Triple Therapy With Warfarin in Patients 
With Nonvalvular Atrial Fibrillation Undergoing Percutaneous 
Coronary Intervention (RE- DUAL PCI)23; and iv) the Open- Label, 
2 × 2 Factorial, Randomized, Controlled Clinical Trial to Evaluate 
the Safety of Apixaban Versus Vitamin K Antagonist and Aspirin 
Versus Aspirin Placebo in Patients With Atrial Fibrillation and Acute 
Coronary Syndrome and/or Percutaneous Coronary Intervention 
(AUGUSTUS).24 They ranged in size from 563 to 4614 patients, with 
a follow- up ranging from 6 to 14 months. They varied in trial design 
(two to four treatment arms), patient population, and definition of 
safety and efficacy outcomes. All four trials used varying bleeding 
definitions as the primary outcome, but none had major bleeding as 
the primary end point of the intervention, because of inadequate sta-
tistical	power	(the	number	of	Thrombolysis	in	Myocardial	Infarction	
[TIMI]	major	bleedings	ranged	between	25	and	85,	 in	the	smallest	
and largest trials, respectively).21– 24 Furthermore, even the largest 
of these four trials (ie, AUGUSTUS24) was not large enough to detect 
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a moderately increased risk in less common but clinically important 
ischemic outcomes that would be logically expected to result from 
aspirin-	free	antiplatelet	 therapy	as	compared	 to	DAPT.	 In	 fact,	MI	
(HR, 0.81; 95% CI, 0.59- 1.12), Academic Research Consortium defi-
nite or probable stent thrombosis (HR, 0.52; 95% CI, 0.25- 1.08), 
urgent revascularization (HR, 0.79; 95% CI, 0.51- 1.21), and death 
from cardiovascular causes (HR, 0.92; 95% CI, 0.63- 1.33) were all 
numerically lower in the aspirin versus placebo comparison.24 As 
acknowledged by the AUGUSTUS Investigators, “avoiding aspirin 
resulted in a 47% lower risk of bleeding than using aspirin and in a 
nonsignificantly higher incidence of coronary ischemic events. This 
finding suggests that the price for a significantly lower incidence of 
bleeding events without aspirin may be a modestly higher risk of 
coronary ischemic events.”24 Given the uncertain prognostic signif-
icance of the varying bleeding definitions used in these trials, it is 
questionable that paying the price of a higher risk of coronary isch-
emic events would be in the best interest of the patients.

As could be easily predicted from established pathophysio-
logic and pharmacologic knowledge, these four trials consistently 
showed reduced bleeding outcomes when comparing OAC plus a 
P2Y12 inhibitor versus OAC plus DAPT.21– 24 However, given com-
parable efficacy and safety of P2Y12 inhibitors (both clopidogrel 
and ticagrelor) and low- dose aspirin,25 the clinically relevant ques-
tion is not “what happens if I drop aspirin and look at bleeding,” but 
rather “what is the difference in efficacy and safety between an 
aspirin- free versus a P2Y12 inhibitor- free regimen versus DAPT?” 
Clearly, none of the four RCTs was designed to address this more 
important question that would have required an additional arm 
and a much larger sample size. From a mechanistic point of view, 
the assumption of trials testing the hypothesis that omitting as-
pirin from the antithrombotic regimen would be associated with 
less bleeding and no increase in SVEs, implies that platelet TXA2 
biosynthesis continues to have an important role in primary hemo-
stasis but is no longer relevant to atherothrombosis. The biological 
plausibility of this assumption seems highly questionable. While a 
recent meta- analysis of the four trials concluded that “strategies 
omitting aspirin caused less bleeding, including intracranial bleed-
ing,	without	significant	difference	in	MACE,	compared	with	strat-
egies including aspirin,”26 this conclusion is biased by the major 
design flaws outlined above.

3  |  COMBINING A SPIRIN WITH OTHER 
ANTITHROMBOTIC AGENTS

3.1  |  Rationale for combining aspirin with other 
antithrombotic agents

In	the	early	trials	of	aspirin	for	prevention	of	death,	MI,	and	stroke	
in high- risk patients, aspirin alone (at any dose) achieved 23% pro-
portional SVE reduction versus placebo.27 In particular, aspirin ap-
proximately halved the risk of SVE in patients with unstable angina 
in several placebo- controlled trials carried out in the 1980s and early 
1990s.27 However, in more recent trials, the rate of SVE in aspirin- 
treated patients following ACS was still >10% at 12 months follow-
ing the acute event.28 In aspirin- treated patients with stable ASCVD 
(previous	MI	or	stroke),	in	spite	of	a	proportional	SVE	reduction	of	
approximately 25% versus placebo, the recurrence rate of SVE is ap-
proximately 3% per year.6

Since aspirin targets only one mechanism of platelet activation,29 
combining drugs that target different platelet activation pathways 
has been hypothesized to produce additive benefit, possibly over-
coming the increase in bleeding complications, which is intrinsically 
associated	with	an	intensified	antiplatelet	regimen.	Moreover,	since	
arterial thrombosis involves primary (platelets, von Willebrand fac-
tor) as well as secondary (coagulation cascade) haemostasis,30 an-
other tested strategy consists of combining platelet inhibition with 
low- dose aspirin together with the inhibition of coagulation factor(s).

3.2  |  With an anticoagulant

Early attempts adding an oral anticoagulant to low- dose aspirin 
used	 warfarin	 (vitamin	 K	 antagonist	 [VKA])	 in	 patients	 with	 MI.	
The full- dose warfarin and low- dose aspirin combination was asso-
ciated	with	 a	 reduction	 in	 death,	 nonfatal	MI,	 or	 thromboembolic	
stroke, as compared to aspirin alone.31,32 However, a significant in-
crease in major bleeding was consistently observed across differ-
ent	studies.	Moreover,	major	drawbacks	of	warfarin	are	the	need	for	
international normalized ratio monitoring, clinically relevant drug- 
drug interactions (DDIs), and low drug adherence.33 The develop-
ment of DOACs, especially those targeting factor Xa (FXa), allowed 

Trial (n) Clinical setting Comparator HR (95% CI)
P 
value

SOCRATES20

(13 199)
Acute stroke or 

TIA
Ticagrelor 0.89 (0.78– 1.01) .07

GLOBAL LEADERSa 12

(15 968)
Post- PCI Ticagrelor 0.97 (0.77– 1.22) .79

COMPASS6

(27 395)
Stable CVD Rivaroxaban 0.90 (0.79– 1.03) .12

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; PCI, 
percutaneous coronary intervention; TIA, transient ischemic attack.
aData from the landmark analysis from 1 to 2 years.

TA B L E  1 Randomized	comparisons	of	
other antithrombotic agents versus low- 
dose aspirin in high- risk patients
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modulation of the degree of inhibition of a single coagulation fac-
tor,34 associated with better patient compliance over chronic usage 
due to lack of monitoring and reduced DDIs. Thus, various degrees 
of FXa inhibition were tested in association with low- dose aspirin 
alone or with DAPT.

The Apixaban for Prevention of Acute Ischemic Events 2 
(APPRAISE- 2) trial combined a full dose of the anti- FXa apixaban 
with aspirin alone or with DAPT following ACS.35 The trial was in-
terrupted prematurely for an excess in major bleeding (2.7% vs 1.1% 
in apixaban vs placebo, respectively; HR, 2.59; 95% CI, 1.50– 4.46; 
P = .001), without any detectable benefit. The phase II Anti- Xa 
Therapy to Lower Cardiovascular Events in Addition to Standard 
Therapy in Subjects with Acute Coronary Syndrome– Thrombolysis 
in	Myocardial	 Infarction	46	 (ATLAS-	ACS	TIMI	46)	study	showed	a	
dose- dependent increase in bleeding requiring medical attention 
for rivaroxaban doses between 5 and 20 mg, either given as a sin-
gle or divided daily doses in patients following ACS.36 This clinical 
outcome paralleled the increasing degree of anti- FXa activity mea-
sured across the same dose range.34,37 Based on these findings, the 
ATLAS-	ACS	 TIMI	 51	 trial	 tested	 the	 addition	 of	 the	 lowest	 doses	
(2.5 and 5 mg twice daily) of rivaroxaban to DAPT with aspirin and 
clopidogrel in patients following ACS.38 The 2.5- mg twice- daily dose 
was associated with a significant SVE reduction versus placebo (9.1% 
vs 10.7%, respectively; HR, 0.84; 95% CI, 0.72- 0.97; P = .008; num-
ber	needed	to	treat	[NNT]	=	63)	with	a	significant	increase	in	TIMI	
major bleeding (1.8% vs 0.6%; HR, 3.46; 95% CI, 2.08- 5.77; P < .001; 
number needed to harm [NNH] = 83).38 There was also a significant 
increase in major bleeding with the 5- mg twice- daily dose versus 
2.5 mg twice daily.

The	COMPASS	 trial	 tested	 the	 combination	of	 low-	dose	 rivar-
oxaban (2.5 mg twice daily) with low- dose aspirin in stable patients 
with	ASCVD	 (after	MI	 or	with	 symptomatic	 peripheral	 artery	 dis-
ease [PAD]).6 SVE occurred in 4.1% versus 5.4% in the aspirin/rivar-
oxaban versus aspirin arms (HR, 0.76; 95% CI, 0.66- 0.86; P < .001; 
NNT = 77), respectively, with a reduction in CV mortality (1.7% 
vs 2.2%, respectively; HR, 0.82; 95% CI, 0.71- 0.96; P	=	 .01).	Major	
bleeding was significantly increased in the combination arm (3.1% 
vs 1.9%; HR, 1.70; 95% CI, 1.40- 2.05; P < .001; NNH = 83) (Table 2), 
without significant differences in fatal bleeding, intracranial hemor-
rhage, or critical organ bleeding.6 Based on the encouraging results 
in the subgroup of patients with symptomatic PAD, the Vascular 
Outcomes Study of ASA Along With Rivaroxaban in Endovascular 
or Surgical Limb Revascularization for PAD (VOYAGER PAD) tested 
the combination aspirin/low- dose rivaroxaban against aspirin alone 
in patients with symptomatic PAD enrolled within 10 days from 
revascularization.39 The primary composite outcome of acute limb 
ischemia,	major	amputation	for	vascular	causes,	MI,	ischemic	stroke,	
or CV death at 3 years occurred in 15.5% and 17.8% of the rivar-
oxaban and placebo groups (HR, 0.85; 95% CI, 0.76- 0.96; P = .009; 
NNT = 44), respectively, while ISTH- defined major bleeding oc-
curred in 5.9% versus 4.1%, respectively (HR, 1.42; 95% CI, 1.10- 
1.84; P = .007; NNH = 53).

The combination of aspirin with a higher dose of rivaroxaban 
(10 mg daily) was tested in elderly patients (median age, 80 years) 
undergoing transcatheter aortic valve replacement on a background 
of DAPT for the first 3 months following transcatheter aortic valve 
replacement, followed by aspirin/placebo or aspirin/rivaroxaban,40 
with the aim of reducing strokes (mostly cardioembolic) associated 
with valve replacement. This trial was interrupted prematurely for 
an excess of mortality (mostly non- CV) and major bleeding in the 
rivaroxaban group.

Thus, full inhibition of one (FXa) or more (with VKA) coagulation 
factors combined with aspirin alone or DAPT was associated with 
major	 safety	 concerns.	Modulating	 the	 inhibition	 of	 FXa	 to	 lower	
degrees produced an additional 15% to 24% SVE reduction with an 
acceptable increase in bleeding complications. It seems likely that, 
in aspirin- treated patients, cyclooxygenase (COX)- 1 inhibition may 
downsize the platelet surface available for coagulation factor assem-
bly, thereby reducing the level of FXa inhibition required for effec-
tive antithrombotic activity.

3.3  |  With a P2Y12 inhibitor

The combination of ADP receptor (P2Y12) blockade by clopidogrel, 
prasugrel, or ticagrelor, with low- dose aspirin has been successfully 
tested in clinical settings considered suitable for intensifying platelet 
inhibition, that is, in patients following ACS with or without coronary 
revascularization.28,41,42 The inhibition of a third platelet- activating 
pathway by the thrombin receptor protease- activated receptor- 1 an-
tagonist, vorapaxar, in the same clinical setting was associated with 
a trend toward a reduction in the primary efficacy end point (15.9% 
vs. 17.0% in vorapaxar vs placebo, respectively; HR, 0.92; 95% CI, 
0.85- 1.01; P = .07), with a major bleeding excess offsetting the po-
tential benefit (2.2% vs 1.4% in vorapaxar vs placebo, respectively; 
HR, 1.35; 95% CI, 1.16- 1.58; P < .001),43 suggesting the achievement 
of a ceiling benefit/harm balance with DAPT (Figure 2).

In patients with acute mild to moderate, noncardioembolic stroke 
or transient ischemic attack, early P2Y12 blockade by clopidogrel44,45 
or ticagrelor46 in addition to aspirin has been consistently associated 
with a significant reduction of ischemic stroke recurrence within the 
first 3 months in three different trials, with a favorable benefit/harm 

TA B L E  2 Benefit/risk	ratio	in	recent	randomized	controlled	trials	
of antithrombotic therapy for primary and secondary prevention

Trial NNT NNH
NNH/
NNT

ASCEND18 91 112 1.2

COMPASS6 77 83 1.1

PEGASUS5 79 81 1.0

THEMIS49 125 83 0.7

Abbreviations: NNH, number needed to harm; NNT, number needed to 
treat.
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balance (NNH/NNT ratio of 3.0 for clopidogrel45 and 2.7 for tica-
grelor46). A fourth trial compared the inhibition of three versus two 
platelet-	activating	pathways	by	adding	dipyridamole,	a	cyclic	AMP-	
phosphodiesterase inhibitor, to aspirin and clopidogrel.47 Similarly to 
the disappointing results obtained with triple antiplatelet therapy in 
ACS,43 the inhibition of three platelet pathways in patients with mild 
to moderate stroke showed no further benefit but a substantially in-
creased bleeding risk that caused the early termination of the trial.47

The Prevention of Cardiovascular Events in Patients with 
Prior Heart Attack Using Ticagrelor Compared to Placebo on a 
Background	of	Aspirin	(PEGASUS)	TIMI	54	trial	tested	the	addition	
of two different doses (60 and 90 mg twice daily) of ticagrelor on top 
of	low-	dose	aspirin,	in	stable	patients	with	a	MI	in	the	previous	1	to	
3 years and at least one additional CV risk factor.5 The lower dose 
of ticagrelor reduced the 3- year SVE rate by 16%, from 9.04% in 
the placebo group to 7.77% (HR, 0.84; 95% CI, 0.74- 0.95; P = .004; 
NNT = 79) with no statistically significant reduction in mortality.5 
Rates	of	TIMI	major	bleeding	were	significantly	higher	with	ticagre-
lor (2.30% with 60 mg) than with placebo (1.06%) (HR, 2.32; 95% CI, 
1.68- 3.21; P < .001; NNH = 81) (Table 2), but the rates of fatal bleed-
ing or nonfatal intracranial hemorrhage did not differ significantly 
between either ticagrelor dose and placebo.5

Patients with diabetes and stable CAD are also considered at 
higher risk among the diabetes population without a prior SVE.48 In 
the	Effect	of	Ticagrelor	on	Health	Outcomes	 in	Diabetes	Mellitus	
Patients	 Intervention	Study	 (THEMIS),	 intensifying	the	antiplatelet	
regimen by adding ticagrelor (60 mg twice daily) to low- dose aspirin 
in this clinical setting was associated with a modest SVE reduction 
(from 8.5% to 7.7%; HR, 0.90; 95% CI, 0.81- 0.99; P = .04), and a dis-
proportionate	increase	in	TIMI	major	bleeding	(from	1%	to	2.2%;	HR,	
2.32; 95% CI, 1.82- 2.94; P < .001) resulting in a NNH/NNT ratio <1 
(Table 2).49

While combining platelet COX- 1 inhibition with low- intensity 
FXa inhibition appears to achieve a proportionally larger benefit in 
preventing SVE in stable patients with ASCVD than the combination 
of platelet COX- 1 and P2Y12 inhibition, with a comparable increase 
in bleeding risk, the actual superiority of one approach versus the 

other would require a very large randomized comparison between 
the two in order to be reliably assessed.

4  |  REPURPOSING A SPIRIN

4.1  |  Rationale for repurposing aspirin

Another trend opening the prospect of a third life of aspirin is rep-
resented by its repurposing in other areas of medicine. A clear new 
avenue is represented by its potential role in oncology, primarily 
for the prevention of colorectal cancer (CRC) and perhaps other 
tumors.50 During the past 20 years, a large body of observational 
and randomized evidence has accumulated consistently suggesting 
that aspirin can reduce the risk of recurrence of a sporadic colorectal 
adenoma, prevent the development of CRC, and reduce associated 
metastases.7 Given that these clinical findings were reported in as-
sociation with the use of an antiplatelet regimen of low- dose aspirin, 
they have been interpreted as reflecting an important role of local 
platelet activation at different stages of colorectal carcinogenesis, as 
supported by experimental studies in murine models of the disease 
and depicted in Figure 3.3,8

Moreover,	 the	 role	 of	 aspirin	 in	 the	 treatment	 of	 osteoarthri-
tis (OA) and rheumatoid arthritis (RA), largely dwarfed by the ad-
vent of a large family of NSAIDs,2 should be reassessed in light of 
new scientific evidence and regulatory constraints on the use of 
NSAIDs, whereby aspirin is the only NSAID without a Food and Drug 
Administration black- box warning on untoward CV effects (Table 3).

4.2  |  In cancer prevention and treatment

The observation of lower rates of CRC in populations exposed to reg-
ular use of aspirin and other NSAIDs triggered interest in assessing 
whether long- term administration of these drugs may be chemopre-
ventive against CRC and other cancers.7,8,50,51 The race began some 
20 years ago, with simultaneous initiation of placebo- controlled 

F I G U R E  2 Number	needed	to	treat	
(NNT) and number needed to harm (NNH) 
in trials adding one or two antithrombotic 
drugs to low- dose aspirin. The figure 
depicts the NNT and NNH values for 
12 months of therapy in patients with 
acute coronary syndromes treated 
with aspirin alone (SAPT), aspirin plus 
clopidogrel (DAPT- C), aspirin plus 
prasugrel (DAPT- P), aspirin plus ticagrelor 
(DAPT- T), aspirin plus clopidogrel and 
low- dose rivaroxaban (TAT- R), aspirin plus 
clopidogrel and vorapaxar (TAT- V); aspirin 
plus clopidogrel and full- dose apixaban 
(TAT- A)
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RCTs of coxibs, a new class of selective COX- 2 inhibitors,52 and as-
pirin (mostly low- dose) in subjects with sporadic colorectal adeno-
mas for the prevention of adenoma recurrence. A highly selective 
coxib (eg, rofecoxib) offered the prospect of improved GI safety 
over traditional NSAIDs for long- term treatment. Unfortunately, this 
promising line of research was abruptly discontinued because of the 
emergence of a COX- 2– dependent CV hazard of coxibs (and other 
NSAIDs).53 However, the interest in using aspirin as a pharmacologic 
tool to probe the chemoprevention hypothesis was reinforced by 
the results of several placebo- controlled aspirin RCTs demonstrating 
a comparable effect in reducing colorectal adenoma recurrence as 
reported by coxib trials in the same setting.7 These early promising 

findings prompted additional multidisciplinary studies with largely 
different methodologies. Based on their results, several lines of 
evidence strongly suggest an association between aspirin treat-
ment and reduced risk of GI cancers, with just a few establishing 
causality between the two.7,8 These heterogeneous but remarkably 
consistent pieces of evidence include (i) >50 observational case- 
control studies and a meta- analysis confirming the original observa-
tion reported by Kune et al, with a meta- analytic estimate of 38% 
lower risk of CRC associated with regular use of aspirin51,54; (ii) four 
placebo- controlled aspirin RCTs in subjects with sporadic colorec-
tal adenomas, and their meta- analysis demonstrating a 20% to 30% 
reduced risk of recurrence55; (iii) a placebo- controlled aspirin RCT 

F I G U R E  3 The	platelet	contribution	to	colorectal	cancer	development:	early	versus	late	phases.	In	the	first	stages	of	intestinal	
tumorigenesis, platelets may play a key role, since they are activated in response to mucosal injury, and release various soluble mediators, 
for example, thromboxane A2 (TXA2), prostaglandin E2 (PGE2), and various growth factors, that may contribute to the induction of several 
signaling pathways associated with a phenotypic switch of the stromal cells. In this scenario, the activation of stromal cells, in turn, can lead 
to abnormal expression of cyclooxygenase (COX)- 2 in epithelial cells. These molecular events lead to enhanced biosynthesis of the pro- 
tumorigenic prostanoid, PGE2, which is generated mainly by COX- 1 in the normal mucosa and by COX- 1/COX- 2 and COX- 2 in the adenoma 
and adenocarcinoma, respectively. In addition, in the late phase of tumorigenesis, tumor cells may enter into the circulation and interact with 
platelets. The adhesion of platelets to tumor cells leads to platelet activation and their release of mediators that induce phenotypic changes 
in tumor cells thereby facilitating their extravasation and colonization of distal organs. The anticancer effect of low- dose aspirin may also 
be explained by the fact that the drug, in addition to platelet COX- 1, is able to acetylate and inhibit COX- 1 in intestinal epithelial cells, thus 
preventing both the early and late phases of intestinal tumorigenesis. Reproduced from Patrignani and Patrono,8 with permission
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TA B L E  3 Safety	and	regulatory	issues	with	the	use	of	aspirin,	traditional	nonsteroidal	anti-	inflammatory	drugs,	and	coxibs	in	the	
treatment of osteoarthritis

Variable Aspirin tNSAIDs Coxibs

RR of serious vascular events 0.81– 0.88a  1.4b  1.4b 

Interference with the antiplatelet effect of aspirin No Yes No

RR of upper GI complications 4.0– 7.6c  1.9– 4.2b  1.8b 

Contraindication for use in patients at high CV risk No Yes Yes

Abbreviations: CV, cardiovascular; GI, gastrointestinal; RR, relative risk; tNSAIDs, traditional nonsteroidal anti- inflammatory drugs.
aAntithrombotic Trialists Collaboration, Lancet 2009.19

bCoxib Traditional NSAIDA Trialists Collaboration, Lancet 2013.68

cGarcía Rodríguez, 1998.67
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in patients with Lynch syndrome demonstrating 35% lower risk of 
developing CRC during 10- year follow- up (HR, 0.65; 95% CI, 0.43- 
0.97; P = .035)56,57; (iv) long- term (up to 20 years), prospective fol-
low- up of the Women’s Health Study, a placebo- controlled RCT of 
aspirin 100 mg every other day for primary CV prevention, showing 
a 20% lower risk of CRC58; (v) a post hoc, individual patient data 
(IPD)	meta-	analysis	of	51	RCTs	with	≈77	000	participants	recruited	
into aspirin trials for both primary and secondary prevention of vas-
cular events, suggesting short- term reductions in cancer incidence 
and mortality59; (vi) a post hoc IPD meta- analysis of seven aspirin CV 
prevention RCTs with mean duration of scheduled trial treatment 
of 4 years or longer in 23 535 patients, suggesting that benefit in 
reducing cancer mortality was apparent only after 5 years’ follow- up 
and increased with scheduled duration of trial treatment60; and (vii) 
a	post	hoc	analysis	of	five	large	RCTs	of	daily	aspirin	(≥75	mg	daily)	
versus control for the prevention of vascular events in the United 
Kingdom (17 285 trial participants) suggesting that allocation to as-
pirin reduced risk of cancer with distant metastasis.61

Different explanations have been put forward to explain the 
apparent chemopreventive effect of aspirin.7,8,61 These include 
mechanisms related to its anti- inflammatory effect, platelet inhi-
bition at sites of GI mucosal injury, and others. Uncertainty con-
cerning aspirin’s mechanism of action in protecting against CRC 
has resulted in a wide range of daily doses being used in newly 
designed trials to test its chemopreventive effect, from as low as 
81 mg used in one of the adenoma recurrence prevention trials55 to 
as high as 600 mg used in the the Colorectal Adenoma/Carcinoma 
Prevention Programme (CAPP)- 2 trial of patients with Lynch syn-
drome.56 Similarly, aspirin doses used in the CV prevention trials 
ranged between 75 mg and 1200 mg daily.59,60,62 Interestingly, the 
analyses of both chemopreventive and CV RCTs did not disclose 
any apparent dose dependence of the protective effect of aspi-
rin against adenoma recurrence or CRC prevention. Consistently 
with similar results of observational studies, these findings clearly 
indicate saturability of the chemopreventive effect of aspirin at 
low doses taken once daily, that is, the same requirements for its 
antiplatelet effect.1,3

This very large body of evidence has resulted in at least three 
important consequences during the past 5 years. First, in 2016, 
the United States Preventive Services Task Force (USPSTF), an in-
dependent organization funded by the US Department of Health, 
issued a grade B recommendation for the use of low- dose aspirin 
(75- 100 mg/day) “for the primary prevention of CVD and CRC in 
adults 50- 59 years of age who have a 10% or greater 10- year CVD 
risk, are not at increased risk for bleeding, have a life expectancy 
of at least 10 years, and are willing to take low- dose aspirin daily 
for at least 10 years.”63 Furthermore, the USPSTF recommended 
that “the decision to initiate low- dose aspirin use for the primary 
prevention of CVD and CRC in adults age 60- 69 years who have a 
10% or greater 10- year CVD risk should be an individual one” (grade 
C).63 The USPSTF found no adequate evidence to recommend in 
favor	or	against	the	use	of	aspirin	in	people	aged	≥70.63 When con-
sidering the wording of the USPSTF recommendation, it should be 

emphasized that it does not represent an endorsement of low- dose 
aspirin for the chemoprevention of CRC, but rather an acknowledg-
ment that lowering the long- term risk of CRC may represent an addi-
tional benefit of antiplatelet prophylaxis for primary CV prevention.7

Second, the evidence supporting a chemopreventive effect 
of aspirin provided the rationale and motivation for the design of 
new RCTs testing the efficacy and safety of aspirin in the adju-
vant setting. A number of RCTs evaluating aspirin use after primary 
radical therapy are ongoing. The Add- Aspirin study includes four 
phase- 3 RCTs evaluating the effect of daily aspirin on recurrence 
and survival after radical cancer therapy in four tumor cohorts: 
gastroesophageal, colorectal, breast, and prostate cancer, with 
each cohort planning to recruit approximately 2500 patients.64 An 
open- label run- in phase (aspirin 100 mg daily for 8 weeks) precedes 
double- blind randomization (for participants aged <75 years, aspi-
rin 300 mg, aspirin 100 mg, or matched placebo in a 1:1:1 ratio; for 
patients	aged	≥75	years,	aspirin	100	mg	or	matched	placebo	in	a	2:1	
ratio).64 A preplanned analysis of feasibility, including recruitment 
rate, adherence, and toxicity, was recently performed.64 This anal-
ysis found that aspirin is well tolerated after radical cancer therapy. 
Toxicity has been low and there was no evidence of a difference in 
adherence, acceptance of randomization, or toxicity between the 
different cancer cohorts.64 Recruitment is ongoing, with over 7000 
patients already randomized and study completion of the different 
cohorts expected between 2025 and 2027 (R. Langley, personal 
communication).

Third, on January 29, 2020, the UK National Institute for Health 
and Care Excellence (NICE) published an update of its CRC Guideline 
(NG151), which under the heading “Prevention of Colorectal Cancer 
in People With Lynch syndrome” contains the following recommen-
dation: “Consider daily aspirin, to be taken for more than 2 years, to 
prevent colorectal cancer in people with Lynch syndrome” (available 
at nice.org.uk). Although the CAPP- 2 study used aspirin at a daily dose 
of 600 mg, the NICE CRC Guideline indicates that “commonly used 
aspirin doses in current practice are 150 mg or 300 mg.” The CAPP- 3 
trial will focus on finding the right dose of aspirin for people with a mis-
match repair gene defect, the underlying cause of Lynch syndrome. 
Three thousand people who have Lynch syndrome will be invited to 
take part in a dose noninferiority trial testing 100 mg, 300 mg, or 
600 mg of aspirin per day (further details are available at capp3.org). 
Furthermore, the Effect of Chemoprevention by Low- Dose Aspirin 
on New or Recurrent Colorectal Adenomas in Patients With Lynch 
Syndrome (AAS- Lynch) trial, a prospective, multicenter, double- blind, 
placebo- controlled RCT, is currently investigating whether daily aspi-
rin therapy, at a dose of 100 or 300 mg, may decrease the occurrence 
or recurrence of colorectal adenomas in 852 patients aged <75 years 
with Lynch syndrome, compared with placebo.65

4.3  |  In treating inflammation

Historically, aspirin was the leading NSAID for the first 70 years 
of the 20th century. Then, the introduction of newer NSAIDs in 
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the 1960s (indomethacin) and 1970s (ibuprofen and naproxen) led 
to a progressive displacement of aspirin from the NSAID market.2 
Although synthesized and developed to reproduce the spectrum 
of aspirin’s pharmacologic activities, ibuprofen and then naproxen 
were easier to use (no need for monitoring serum salicylate), re-
quired fewer tablets per day and less frequent dosing, and displayed 
an improved GI safety profile based on endoscopic studies.2 These 
findings, together with asymmetrical marketing pressures behind 
novel NSAIDs versus aspirin, led to a progressive decline of high- 
dose aspirin as a first- line therapeutic option for patients with OA/
RA in the 1980s. This decline coincided with the rising interest in 
low- dose aspirin as an antiplatelet agent,1 culminating in the pub-
lication of Second International Study of Infarct Survival (ISIS- 2) in 
1988, that characterized low- dose aspirin as a lifesaving drug in the 
setting	of	 a	 suspected	 acute	MI.66 Today, aspirin as an analgesic/
anti- inflammatory agent might have a role in patients at high CV risk 
(including RA patients), for whom other NSAIDs are largely contrain-
dicated or discouraged, because of their proven cardiac toxicity or 
pharmacodynamic interaction with low- dose aspirin (Table 3).67,68

5  |  A SPIRIN IN THE 2020 ISTH CONGRESS 
REPORT: FUTURE CHALLENGES

Over 100 abstracts presented at the ISTH 2020 Congress dealt with 
aspirin either in the title or in the text, in a context of future ways of 
“repurposing” and “recombining” rather than “retiring.”

Within the repurposing setting, aspirin appears to be the ref-
erence antithrombotic drug in the primary CV prevention of rare 
acquired or inborn diseases of red blood cells, such as polycythemia 
vera69 and thalassemia,70 respectively. Even in young people with 
thalassemia, aspirin may protect their brain from any type of isch-
emia (arterial, embolic, micro-  and macrovascular, silent and overt).71 
The still- ongoing coronavirus disease 2019 (COVID- 19) pandemics 
has renewed the attention on the well- known liaison between in-
fection and haemostasis. Consistently, platelet and endothelial ac-
tivation documented in patients with COVID- 1972 reinforces the 

rationale for two ongoing trials testing the efficacy of aspirin in mit-
igating the prothrombotic state, reducing hospitalization and fatal 
complications of this disease.73,74 Aspirin, and possibly other anti-
platelet drugs, may face relevant pharmacologic challenges in the 
near future, which should be addressed to maintain an optimal anti-
thrombotic protection. While in the early trials of aspirin (for either 
primary or secondary prevention) body size was within the normal- 
low weight range,19 obesity will increasingly characterize the ma-
jority of patients with CV disease in the near future. Obesity by 
itself is a condition that may affect aspirin pharmacology,75 possibly 
through higher degradation rate by plasma esterases.76	Moreover,	
increased platelet turnover has been associated with a reduced re-
sponsiveness to standard once- daily low- dose aspirin in primary77 
or transiently acquired78 platelet disorders. A high platelet regen-
eration rate seems also to modify the pharmacodynamics of the 
P2Y12 inhibitor clopidogrel in patients on DAPT.79 Interestingly, 
BRAFV600E mutated mice develop hepatocarcinogenesis similarly 
to humans with the same mutation, with an associated increase in 
thrombopoietin, megakaryopoiesis, and platelet deposition in he-
patic sinusoids.80 These mice were protected from hepatic carcino-
genesis by low- dose aspirin in association with a parallel reduction 
of platelet deposition in liver sinusoids.80

Within the recombining setting, Wong et al81 showed that aspi-
rin combined with a novel factor XIa (FXIa) inhibitor did not increase 
bleeding time in animal models. Since FXIa inhibitors are in phase II/
III clinical trials for venous thromboembolism, the association with 
aspirin may also be of relevance to ASCVD.

6  |  CONCLUSIONS

Despite being 120 years old, aspirin continues to be considered 
a cornerstone of antithrombotic therapy in ASCVD. It is, in fact, 
the only antiplatelet agent with current recommendations for its 
use throughout the CV risk continuum, from primary prevention 
in people with high- risk diabetes mellitus to treatment of ACS 
(Table 4).48,82,83

TA B L E  4 The	European	Society	of	Cardiology	recommendations	on	the	use	of	aspirin	for	cardiovascular	disease	prevention	throughout	
the cardiovascular risk continuum

Variable
Diabetes mellitus at 
high/very high risk

Definitive evidence 
of CAD on imaging

Symptomatic 
CHD Prior MI NSTE- ACS

Annual rate of SVEs ≈2.0–	3.0% ? ≈2.0–	4.0% ≈4.0–	8.0% ≈10%

Pivotal trial ASCEND NA SAPAT ATT meta- analysis RISC,	ATT	Meta-	analysis

Strength of ESC 
recommendation

IIb/Aa  IIb/Cb  I/Bb  I/Ab  I/Ac 

Abbreviations: ASCEND, A Study of Cardiovascular Events in Diabetes; ATT, Antithrombotic Trialist's Collaboration; CAD, coronary artery disease; 
CHD,	coronary	heart	disease;	ESC,	European	Society	of	Cardiology;	MI,	myocardial	infarction;	NA,	not	available;	NSTE-	ACS,	acute	coronary	
syndromes without persistent ST- segment elevation; RISC, Research Group on Instability in Coronary Artery Disease; SAPAT, Swedish Angina 
Pectoris Aspirin Trial; SVEs, serious vascular events.
a2019 ESC/EASD Diabetes Guidelines.48

b2019 ESC Chronic Coronary Syndromes Guidelines.83

c2020 ESC Acute Coronary Syndromes Guidelines.82
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We have critically reviewed a current trend for considering 
aspirin- free antithrombotic regimens in patients undergoing PCI, 
and conclude that there is no valid mechanistic rationale nor con-
vincing evidence from RCTs for withdrawing low- dose aspirin rather 
than a P2Y12 inhibitor from DAPT or TAT in this setting. Under clin-
ical circumstances in which DAPT (or TAT) is the standard of care, 
studies comparing an aspirin- free regimen to DAPT are as flawed 
as those comparing clopidogrel- free regiment to DAPT, and their 
results cannot provide unbiased guidance to clinical practice.84,85 
Furthermore, the results of the GLOBAL- LEADERS trial do not sup-
port the “less- is- more” paradigm.9

The combined use of low- dose aspirin with a low- dose FXa in-
hibitor6 or with an effective P2Y12 inhibitor represents a rational 
approach to reduce residual CV risk of patients with ASCVD, in 
light of the multifactorial nature of atherothrombosis.16 However, 
we should be aware of the exponential rise in NNT values to obtain 
an additional reduction in SVE, in view of the relatively low annual 
event rate and moderate effect size of these interventions in stable 
patients.

The evidence supporting a chemopreventive effect of low- dose 
aspirin against CRC3,7,8 was considered sufficiently strong to con-
vince the USPSTF to issue a new recommendation for its use in pri-
mary CVD prevention with the additional long- term benefit of CRC 
prevention63 and to stimulate several oncology networks to initiate 
new aspirin trials in the adjuvant setting.64

Finally, we believe that the role of aspirin in the treatment of OA 
should be reassessed in light of new scientific evidence and regula-
tory constraints on the use of currently available NSAIDs.67,68
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