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Abstract

Antiplatelet therapy is a cornerstone in the secondary prophylaxis of adverse cardio-
vascular events such as myocardial infarction and stroke. The cyclooxygenase inhibi-
tor aspirin remains the most frequently prescribed antiplatelet drug, followed by
adenosine diphosphate P2Y, , receptor blockers. Glycoprotein lIb-llla antagonists are
intravenously available antiplatelet agents preventing platelet-to-platelet aggrega-
tion via the fibrinogen receptor. The thrombin receptor inhibitor vorapaxar allows the
targeting of yet a third pathway of platelet activation. Despite the advent of novel
agents and major advances in antiplatelet treatment over the last decade, athero-
thrombotic events still impair the prognosis of many patients with cardiovascular
disease. Consequently, antiplatelet therapy remains a field of intense research and a
large number of studies on its various aspects are published each year. This review
article summarizes recent developments in antiplatelet therapy in cardiovascular dis-
ease focusing particularly on the duration of dual antiplatelet therapy, new treatment
regimens, the role of platelet function testing, and potential future targets of anti-

platelet agents.
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e Two risk scores may be used to individualize the duration of dual antiplatelet therapy.

e Dual antithrombotic therapy is a new treatment option in AF patients undergoing PCI.

e Low-dose rivaroxaban on top of aspirin offers a new strategy to prevent thrombotic events.

e Novel antiplatelet agents have yielded promising results in preclinical trials.

1 | INTRODUCTION

with subsequent end organ damage.l’3 Accordingly, antiplatelet
therapy became a cornerstone in the secondary prophylaxis of ad-

Ischemic events such as myocardial infarction (Ml) and stroke are
the main cause of morbidity and mortality in high income countries,
and account for 15 million deaths per year worldwide. Undesired in-
travascular platelet activation at the site of endothelial injury plays

a key role in the processes ultimately resulting in atherothrombosis

verse cardiovascular outcomes (Figure 1).4

Aspirin is the most popular antiplatelet agent in acute and
long-term secondary prevention of ischemic events (Table 1).° It
exerts its inhibitory effect by irreversible acetylation of a serine
residue of cyclooxygenase-1 and -2, thereby blocking synthesis of
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prostaglandin G2 and H2, and consequently thromboxane A2 gen-
eration (Figure 1).% Large meta-analyses revealed a 20% reduction of
atherothrombotic outcomes by aspirin in high-risk patients.®’ Five
adenosine diphosphate (ADP) P2Y,, receptor antagonists have been
approved for the clinical use in patients (Figure 1)8: ticlopidine, clopi-
dogrel, and prasugrel belong to the thienopyridine family and need to
be metabolized by the hepatic cytochrome P450 enzyme system in
order to become pharmacologically active and inhibit ADP-mediated
platelet aggregation (Table 1).*7 Ticlopidine is not recommended
by the current guidelines due to its many side effects.’®** In con-
trast, clopidogrel plus aspirin is the state-of-the-art dual antiplatelet
therapy (DAPT) following elective percutaneous coronary interven-

tion (PCl) or peripheral angioplasty with stenting,'? and prasugrel

together with aspirin can be prescribed in acute coronary syndrome
(ACS) patients undergoing PCI (Table 1).2%1%*2 The triazolopyrimi-
dine ticagrelor acts as a direct and reversible inhibitor at the ADP
P2Y,, receptor,4 and has been approved in combination with aspi-
rin for ACS patients without and with PCI (Table 1).1°!! Cangrelor,
an adenosine triphosphate analog, is an intravenous P2Y,, antago-
nist directly and reversibly blocking the ADP receptor with a short
half-life of 3 to 5 minutes.*
is approved for PCl patients without prior P2Y,, inhibitor treatment

Its administration together with aspirin

(Table 1).12%1%1% The group of glycoprotein (GP) lIb-Illa antagonists
comprises 3 agents (Figure 1)* abciximab, tirofiban, and eptifi-
batide are given intravenously in the peri-interventional setting to

block platelet-to-platelet aggregation via the fibrinogen receptor



GREMMEL ET AL.

|} m
research & practice X
in thrombosis & haemostasis

FIGURE 1 Platelet function and molecular targets of antiplatelet agents. Initial platelet adhesion to damaged vessel walls is mediated

by the binding of exposed collagen to platelet surface glycoprotein (GP) VI and integrin «21 and by the binding of von Willebrand factor
(VWEF) to the platelet surface GPIb-1X-V complex. This complex is also a receptor for other platelet ligands (thrombospondin, collagen

and P-selectin), leukocyte integrin «Mf2, and procoagulant factors (thrombin, kininogen, factor Xl and factor Xll). Thrombin, generated

by the coagulation cascade, is a potent activator of human platelets through two platelet surface receptors: protease-activated receptor
(PAR)-1 and PAR-4. Three groups of platelet surface receptors provide important positive feedback loops for platelet activation: P2Y,

and P2Y,, are stimulated by ADP released from platelet dense granules; 5-hydroxytryptamine 2A receptors (5HT,,) are stimulated by
5-hydroxytryptamine (5-HT; also known as serotonin) released from platelet dense granules; and the thromboxane prostanoid (TP) receptor
is stimulated by thromboxane A, (TXA,) generated by the platelet cyclooxygenase (COX)-1-dependent signaling pathway. Platelet-to-platelet
aggregation is mediated by fibrinogen and, at high shear flow, by VWF binding to activated integrin allbf3. Perpetuation of platelet-to-
platelet aggregation is augmented by other receptors, including junctional adhesion molecule A (JAMA) and JAMC, growth-arrest specific
gene 6 receptor, and ephrin. Platelet-monocyte adhesion is initially mediated by the binding of platelet surface P-selectin to its constitutively
expressed cognate receptor, P-selectin glycoprotein ligand-1 (PSGL-1), on the monocyte surface. Activated platelets, monocytes and
microparticles bind coagulation factors and provide a surface for the generation of a fibrin clot. Approved antiplatelet agents and their
molecular targets are shown in boxes. Indirect inhibitors (unfractionated heparin [UFH], low-molecular-weight heparin [LMWH]) and direct
inhibitors (lepirudin, argatroban, bivalirudin and dabigatran) of thrombin, unlike PAR-1 antagonists, are anticoagulants rather than specific
antiplatelet drugs. However, their inhibition of thrombin results in reduced platelet activation. Investigational strategies for novel antiplatelet
agents are shown by the symbols adjacent to: GPIb-IX-V, GPVI, a2p1, EP,, 5HT,,, PAR-4, P2Y,, P2Y,,, PSGL1, PI3Kp, allbf3 and the TP
receptor. AA, arachidonic acid; EP, prostaglandin E2 receptor EP, subtype; NO, nitric oxide; PDE, phosphodiesterase; PG, prostaglandin;
PI3Kp, phosphoinositide 3-kinase p-isoform. Modified from Michelson AD. Nat Rev Drug Discov. 2010 with permission”

on human platelets,'® eg, in ACS patients with a high thrombotic
burden or in case of a no reflow syndrome after PCI (Table 1).*¢
Finally, the thrombin receptor inhibitor vorapaxar prevents plate-
let activation by thrombin via protease-activated receptor (PAR)-1
on human platelets (Figure 1).# Based on the results of the TRA 2P-
TIMI 50 (Thrombin Receptor Antagonist in Secondary Prevention
of Atherothrombotic Ischemic Events - Thrombolysis in Myocardial
Infarction) trial in patients with stable atherosclerotic disease,”
vorapaxar may be used in addition to standard antiplatelet therapy in
the secondary prophylaxis of ischemic events in patients with a his-
tory of Ml or symptomatic peripheral artery disease (PAD; Table 1).
Despite the advent of novel agents and major advances in anti-
platelet treatment over the last decade, atherothrombotic events still
impair the prognosis of many patients with cardiovascular disease.
Consequently, antiplatelet therapy remains a field of intense research
and a large number of studies on its various aspects are published
each year. This review article summarizes recent developments in an-
tiplatelet therapy in cardiovascular disease focusing particularly on
the duration of DAPT, new treatment regimens, the role of platelet
function testing, and potential future targets of antiplatelet agents.

2 | DURATION OF DAPT

While the need for lifelong therapy with one antiplatelet agent, ie,
aspirin or clopidogrel, is commonly agreed upon in patients who suf-

fered an ischemic cardiovascular event,®’

the optimal duration of
DAPT following an ACS and/or PCI with stent implantation is less
well-established. Current guidelines recommend DAPT with aspirin
and clopidogrel for 6 months following elective PCl with stent im-
plantation, and DAPT with aspirin and prasugrel or ticagrelor for
12 months in ACS patients undergoing PCI and stenting,m’11 In the
latter, clopidogrel should be prescribed instead of prasugrel or tica-

grelor if the patient cannot be treated with one of the two newer ADP

P2Y,, inhibitors. Medically managed ACS patients should receive
DAPT with aspirin and ticagrelor or—in case of an increased bleeding
risk—clopidogrel for 12 months following the acute event.?%*!
However, the duration of DAPT in the above-mentioned pa-
tient populations has recently been challenged by numerous
clinical trials. In the DAPT study, 9961 patients who underwent
PCI with drug-eluting stent implantation and were subsequently
treated with aspirin plus clopidogrel or prasugrel for 12 months
were randomly assigned to continue thienopyridine treatment
or to receive placebo in combination with aspirin for another
18 months.'® The coprimary efficacy end points were stent throm-
bosis and the composite of M, stroke, or death during the period
from 12 to 30 months. The primary safety end point was moderate
or severe bleeding. The authors found that continued thienopyri-
dine treatment significantly reduced both coprimary efficacy end
points at the cost of a higher risk of moderate or severe bleeding
in their patient population.18 The benefits of longer-term DAPT
were more evident in the ACS subgroup.’’ In the PEGASUS-TIMI
(Prevention of Cardiovascular Events in Patients with Prior Heart
Attack Using Ticagrelor Compared to Placebo on a Background
of Aspirin-Thrombolysis in Myocardial Infarction) 54 trial which
was based on the promising subgroups in the prior CHARISMA
(Clopidogrel for High Atherothrombotic Risk and Ischemic
Stabilization, Management and Avoidance) trial of clopidogrel plus
aspirin, 21 162 aspirin-treated patients who had suffered an Ml 1
to 3 years earlier were randomized in a double-blind 1:1:1 fashion
to ticagrelor at a dose of 90 mg twice daily, ticagrelor at a dose
of 60 mg twice daily, or placebo, and followed for a median of
33 months.?° The primary efficacy end point was the composite
of MI, stroke, or cardiovascular death, and the primary safety end
point was TIMI major bleeding. Both ticagrelor regimens signifi-
cantly reduced the primary efficacy end point but increased the
rates of TIMI major bleeding (without increasing the risk of intra-

cranial hemorrhage or fatal bleeding).?°
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TABLE 1 Approved antiplatelet agents in cardiovascular disease

Agent Structure Administration

Aspirin Acetylsalicylic acid Oral

Ticlopidine Thienopyridine Oral

Clopidogrel Thienopyridine Oral

Prasugrel Thienopyridine Oral

Ticagrelor Triazolopyrimidine Oral

Cangrelor Adenosine triphosphate Intravenous
analog

Abciximab F,, fragment of mouse human Intravenous
chimeric antibody 7E3

Tirofiban Non-peptide mimetic based Intravenous
on RGD

Eptifibatide KGD-containing cyclic Intravenous
heptapeptide

Vorapaxar Tricyclic himbacine derivative Oral

Mechanism Indication

COX-1 inhibition CAD, PAD, CVD, CABG, CEA, coronary
and peripheral stents
P2Y,, inhibition

P2Y,, inhibition

CVD, coronary stents

Prior MI, stroke or symptomatic PAD, as
monotherapy; ACS or coronary stenting,
in combination with aspirin

P2Y,, inhibition ACS patients undergoing PCl with
stenting, in combination with aspirin

P2Y,, inhibition

P2Y,, inhibition

ACS patients, in combination with aspirin

P2Y,, inhibitor naive PCl patients

GPlIb-Illa inhibition PCI

GPlIb-llla inhibition ACS, PCI
GPIllb-Illa inhibition ACS, PCI
PAR-1 inhibition Prior MI, PAD

ACS, acute coronary syndrome; CABG, coronary artery bypass graft; CEA, carotid endarterectomy; CAD, coronary artery disease; COX-1, cyclooxyge-
nase-1; CVD, cerebrovascular disease; GPIIb-1lla, glycoprotein Ilb-llla; KGD, Lys-Gly-Asp; MI, myocardial infarction; PAD, peripheral artery disease;
PAR-1, protease-activated receptor-1; PCI, percutaneous coronary intervention; RGD, Arg-Gly-Asp.

In contrast to the DAPT study and the PEGASUS-TIMI 54 trial,
several other studies investigated shorter DAPT regimens yield-
ing promising results regarding the reduction of bleeding compli-
cations.’® Prompted by the results from these previous trials, the
DAPT score and the PRECISE-DAPT score were designed,zm2 and
introduced in the 2017 Update on DAPT by the European Society of
Cardiology (ESC) as risk stratification tools for ischemia and bleed-
ing to determine the optimal duration of DAPT.X® The DAPT score is
calculated 12 months after uneventful DAPT and is comprised of 9
factors (age, heart failure/low left ventricular ejection fraction, vein
graft stenting, Ml at presentation, prior Ml or PCI, diabetes, smok-
ing, stent diameter <3 mm, paclitaxel-eluting stent) resulting in -2 to
+10 points.21 It was developed from patient data in the DAPT study
and validated in 8163 patients from the PROTECT (Patient Related
Outcomes with Endeavor vs Cypher Stenting) trial.*8?123 Within the
DAPT study, patients with a DAPT score 22 experienced fewer isch-
emic outcomes (number needed to treat [NNT] 34) and only a mod-
erate increase in bleeding events (number needed to harm [NNH]
272) when they received 30 months of DAPT.?! On the other hand,
patients with a DAPT score <2 showed no reduction of ischemic
events, but a higher bleeding risk (NNH 64) with prolonged DAPT.

The PRECISE-DAPT (Predicting Bleeding Complications in
Patients undergoing Stent Implantation and Subsequent Dual
Antiplatelet Therapy) score was generated from data of 14 963
patients with elective, urgent or emergent PCI enrolled in 8 mul-
ticenter randomized clinical trials,?? and validated in 8595 and
6172 patients undergoing PCl from the PLATO (Platelet Inhibition
and Patient Outcomes) study and the BERN PCI registry,?22* re-
spectively. The PRECISE-DAPT score is calculated at the time of

coronary stenting by a 5-item algorithm (age, creatinine clearance,
white blood cell count, hemoglobin, and prior spontaneous bleed-
ing) resulting in 0 to 100 points, and allows an estimate of the
bleeding risk in patients receiving DAPT. In the validation cohorts,
patients with a PRECISE-DAPT score 225 were exposed to a high
bleeding risk by prolonged DAPT (NNH: 38) while gaining no isch-
emic benefit.?? The guidelines therefore suggest limiting DAPT to
3 to 6 months in these patients, while patients with a score of <25
may benefit from 12 months or even further prolongation (up to
24 months) of DAPT.1°

In summary, the DAPT and PRECISE-DAPT risk scores represent a
promising opportunity for a more individualized DAPT strategy to op-
timize protection from ischemia and minimize bleeding risk. However,
both scores need to be evaluated prospectively in large populations
of patients with different clinical manifestations of ischemic heart
disease in order to draw definitive conclusions. As a cautionary note
in ACS patients, the SMART-DATE (Safety of 6-month Duration of
Dual Antiplatelet Therapy After Acute Coronary Syndromes) trial re-
cently found a much higher rate of Ml in ACS patients treated with
6 months of DAPT vs 12 or more months of DAPT.?>%¢

3 | NEW TREATMENT REGIMENS

3.1 | Dual vs triple antithrombotic therapy in
patients with AF undergoing percutaneous coronary
intervention

Oral anticoagulation (OAC) with direct oral anticoagulants (DOACs)

or vitamin K antagonists (VKAs) is the treatment of choice to avoid



GREMMEL ET AL.

stroke and systemic embolism in patients with AF and a CHA,DS,-
VASc score 22.2728 Likewise, DAPT is mandatory in the initial phase
after PCI to prevent stent thrombosis and ischemic outcomes. 101
Thus, until recently patients with AF undergoing coronary stent-
ing have been treated with triple therapy consisting of OAC, aspi-
rin and clopidogrel for up to 6 months, thereby being exposed to a
pronounced risk of bleeding complications. In 2013, the open-label,
randomized, controlled WOEST (What is the Optimal Antiplatelet
and Anticoagulant Therapy in Patients with Oral Anticoagulation
and Coronary Stenting) trial was the first to challenge this para-
digm by randomizing 573 patients on VKAs to aspirin plus clopi-
dogrel vs clopidogrel alone post PCI.?? The primary outcome of
the WOEST trial was any bleeding episode within 1 year after
coronary stenting, which occurred significantly less often in pa-
tients on VKA plus clopidogrel compared with triple therapy while
no increase in thrombotic events was observed. However, the
WOEST trial was not adequately powered to reveal differences of
ischemic events between both treatment groups.29 Recently, two
large randomized clinical trials were published comparing dual- or
low-dose triple antithrombotic therapy with DOACs to standard
triple therapy with VKAs in patients with nonvalvular AF under-
going PCL.3%%! The PIONEER AF-PCI| (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) trial randomly assigned 2124
AF patients in a 1:1:1 ratio to 15 mg rivaroxaban once daily plus a
P2Y,, inhibitor for 12 months (group 1), 2.5 mg rivaroxaban twice
daily plus DAPT for 1, 6, or 12 months (group 2), or standard ther-
apy with dose-adjusted warfarin plus DAPT for 1, 6, or 12 months
(group 3).2° The intended duration of DAPT and the type of P2Y,,
inhibitor (clopidogrel, prasugrel, or ticagrelor) were based on
physician’s choice and had to be prespecified by the investigator
before randomization. At 1 year, the primary end point of clinically
significant bleeding had occurred significantly less frequently in
dual and low-dose triple therapy with rivaroxaban as compared to
conventional triple therapy with warfarin. The rates of cardiovas-
cular death, MI, or stroke were similar in the 3 treatment groups.
However, as with the WOEST trial, PIONEER AF-PCI was under-
powered to detect differences in ischemic outcomes.*° In the RE-
DUAL PCI (Randomized Evaluation of Dual Antithrombotic Therapy
with Dabigatran vs Triple Therapy with Warfarin in Patients with
Nonvalvular Atrial Fibrillation Undergoing Percutaneous Coronary
Intervention) trial, 2725 patients with non-valvular AF who had
undergone PCl were randomized to triple therapy with warfarin
plus a P2Y,, inhibitor (clopidogrel or ticagrelor) and aspirin for 1 to
3 months or dual therapy with dabigatran (110 mg or 150 mg twice
daily) plus a P2Y,, inhibitor (clopidogrel or ticagrelor).3! The dura-
tion of DAPT in the triple therapy group was 1 month in patients
with bare metal stent implantation and 3 months in those receiving
drug eluting stents, and therefore shorter than in PIONEER AF-PCI
in which 22% of patients received 1 year of triple therapy.3°*31 The
primary end point of major or clinically relevant non-major bleeding
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was significantly reduced by both dual antithrombotic regimens
compared with triple therapy over a mean follow-up of 14 months.
Analyzing both doses of dabigatran together, dual therapy with da-
bigatran was non-inferior to triple therapy regarding the compos-
ite efficacy end point of death, MlI, stroke, systemic embolism, or
unplanned revascularization (power of 83.6%).>' However, the RE-
DUAL PCI study was not adequately powered to prove noninferior-
ity regarding the efficacy end point for the higher- or lower-dose
dabigatran regimen alone vs triple therapy. Furthermore, the rate of
stent thrombosis was numerically higher in patients randomized to
dabigatran 110 mg twice daily plus ADP receptor antagonist com-
pared with triple therapy, suggesting that the lower dose of dabi-
gatran may only be used as part of a dual antithrombotic regimen in
patients fulfilling dose reduction criteria and in those at very high
bleeding risk. Of note, in both trials mainly clopidogrel was used as
the ADP receptor antagonist in combined antithrombotic therapy:
in PIONEER AF-PCl only 4% to 7% of the patients in the three treat-
ment groups received prasugrel or ticagrelor as the P2Y,, inhibi-
tor,%° and in RE-DUAL PCl only 12% of patients were treated with
ticagrelor.3! Thus, clopidogrel remains the ADP receptor antagonist
of choice in patients requiring a combination of OAC and antiplate-
let therapy.

The growing evidence of the superior safety profile of dual anti-
thrombotic therapy compared with triple therapy is reflected by the
latest update on DAPT of the ESC. Specifically, the ESC now rec-
ommends dual antithrombotic therapy consisting of OAC and clopi-
dogrel after coronary stenting in AF patients in whom the bleeding
risk outweighs the ischemic risk (class lla, level of evidence A).*° The
2018 European Heart Rhythm Association Practical Guide on the use
of DOACs in patients with AF states that in the absence of random-
ized data on dual therapy with apixaban and edoxaban, dabigatran
150 mg twice daily dual therapy appears to be the preferred choice
over triple therapy for most patients based on the results from RE-LY
(Randomized Evaluation of Long-Term Anticoagulation Therapy) and
RE-DUAL PCI.3¥"% Dual therapy with 110 mg dabigatran twice daily
or rivaroxaban 15 mg once daily (10 mg in patients with moderate
renal impairment) are suggested as viable alternatives for patients
at high bleeding risk.3? Since large clinical trials of combined anti-
thrombotic therapy with the two remaining DOACsS, ie, apixaban and
edoxaban, are currently ongoing, more data on bleeding and isch-
emic outcomes with dual vs triple therapy in AF patients undergoing
PCI will be available in the near future.

3.2 | Combination of aspirin and rivaroxaban in
stable atherosclerosis

The recently published COMPASS (Cardiovascular Outcomes for
People Using Anticoagulation Strategies) trial compared stand-
ard antiplatelet therapy with low-dose aspirin (100 mg/day) vs
rivaroxaban 2.5 mg twice daily plus aspirin or rivaroxaban 5 mg
twice daily in 27 395 patients with stable coronary artery dis-
ease (CAD) and/or PAD.3* Patients with CAD who were younger
than 65 years of age were also required to have documentation
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of atherosclerosis involving at least two vascular beds or at least
two additional risk factors (smoking, diabetes, chronic kidney
disease with an estimated glomerular filtration rate <60 mL/min,
heart failure, or nonlacunar ischemic stroke >1 month earlier).3*
The COMPASS trial was halted early after a mean follow-up of
23 months due to the superiority of the rivaroxaban-plus-aspirin
regimen, including a lower rate of all-cause mortality. The primary
composite outcome of MI, stroke, or cardiovascular death was
significantly reduced by the combination of 2.5 mg rivaroxaban
twice daily with low-dose aspirin compared with aspirin alone.
The end point reduction was mainly driven by a decrease in the
rate of ischemic stroke and stroke of uncertain type as well as car-
diovascular mortality in the overall study population, as well as in
patients with CAD and PAD.?*"%¢ Furthermore, the rate of acute
limb ischemia was significantly lower in both the rivaroxaban plus
aspirin and the rivaroxaban only group in patients with PAD.%> As
with ischemic stroke, acute limb ischemia often has an embolic
cause. Previous studies revealed an increased risk of AF in pa-
tients with atherosclerotic disease, in particular in PAD.?”%8 One
may, therefore, speculate that the beneficial effects of low-dose
rivaroxaban on top of aspirin in the COMPASS trial may—at least
in part—be mediated by the prevention of intracardiac thrombus
formation by rivaroxaban in patients with silent AF. Alternatively,
the combination of submaximal simultaneous inhibition of pri-
mary and secondary hemostasis may account for the superiority
of the rivaroxaban-plus-aspirin regimen compared with platelet
inhibition alone by aspirin. Even dual antiplatelet therapy in high
risk coronary populations has been shown to reduce ischemic
stroke in the CHARISMA and PEGASUS trials.?%3%49 Since the
main safety outcome of major bleeding occurred more frequently
in the rivaroxaban-plus-aspirin group of the COMPASS trial, it re-
mains to be established which patient populations benefit most
from the combination of rivaroxaban with aspirin. Besides patient
selection based on clinical risk stratification, eg, patients with
multiple prior ischemic events or those with more than one af-
fected vascular bed, the development of a new score from the
COMPASS trial or the application of already existing risk predic-
tion models may allow the identification of patients with an op-
timal benefit/risk ratio for the combined rivaroxaban-plus-aspirin
regimen out of the large number of potentially eligible patients
with stable atherosclerosis. An analysis from the REACH reg-
istry suggests that at least half to two-thirds of patients with
stable CAD or PAD might have been eligible for enrollment in
COMPASS.*! Moreover, strategies to minimize bleeding risk with
the combined treatment approach need to be evaluated. Since
the main safety end point in the COMPASS trial was driven by
gastrointestinal bleeding events, the concomitant prescription of
proton pump inhibitors could be a promising option to prevent
upper gastrointestinal bleeding. Furthermore, it is possible that
the combination of low-dose rivaroxaban with clopidogrel instead
of aspirin may be safer with regard to gastrointestinal bleeding
events. However, details on the exact location of gastrointestinal
bleeding in the COMPASS trial and on the effect of proton pump

inhibitors on the occurrence of bleeding events have not been
published to date.

4 | ROLE OF PLATELET FUNCTION
TESTING

The response to antiplatelet therapy differs from one patient

to the next,*?*3

and in particular clopidogrel-mediated plate-
let inhibition is subject to considerable interindividual varia-
tions.***> Moreover, patients with high on-treatment residual
platelet reactivity (HRPR) as assessed by platelet function tests
are at an increased risk of ischemic outcomes post pCl.4647
Increasing clopidogrel dosage as well as switching to prasug-
rel or ticagrelor decreases on-treatment platelet reactivity in
patients with poor response to clopidogrel.*®->! However, the
intensification of antiplatelet therapy based on platelet func-
tion testing did not result in improved outcomes in patients
with insufficient clopidogrel-mediated platelet inhibition in
large clinical trials.”>* Accordingly, routine laboratory monitor-
ing of antiplatelet therapy is not recommended by the current
guidelines on DAPT of the ESC and the American College of
Cardiology/American Heart Association (ACC/AHA).1%1 While
HRPR enhances the risk of ischemic events, low-on treatment
residual platelet reactivity (LRPR), which is predominantly seen

in patients receiving prasugrel or ticagrelor,®>™’

may increase
bleeding complications following PCI.47:55:3¢:58-¢0 Therefore, two
recent studies investigated the feasibility and outcomes of de-
escalating P2Y,, inhibition based on the results of platelet func-
tion testing. TROPICAL-ACS (Testing Responsiveness to Platelet
Inhibition on Chronic Antiplatelet Treatment for Acute Coronary
Syndromes) was a randomized, open-label trial investigating a
monitoring-guided de-escalation strategy of thienopyridine
therapy in 2610 ACS patients following PCI.°! Patients were as-
signed to two treatment groups: the guided de-escalation group
(n = 1304) received 10 mg or 5 mg prasugrel per day (accord-
ing to the label and the current guideline recommendation) for
1 week followed by 1 week of 75 mg clopidogrel daily. At day
14, on-treatment platelet reactivity was measured by multiple
electrode aggregometry. Patients with HRPR were immediately
switched back to prasugrel, while those without HRPR contin-
ued on clopidogrel. In contrast, the control group (n = 1306)
received standard antiplatelet treatment with prasugrel for
1 year. The composite primary end point comprised cardiovas-
cular death, M, stroke, or bleeding grade 2 or higher according
to BARC criteria at 12 months after randomization, and oc-
curred in 7% and 9% of the patients in the guided de-escalation
group and control group, respectively.® The authors concluded
that guided de-escalation of antiplatelet therapy based on the
results of multiple electrode aggregometry was noninferior to
standard treatment with prasugrel at 1 year after PCI.%% In an-
other study, Cuisset et al. randomized 645 ACS patients receiv-

ing DAPT with aspirin plus prasugrel or ticagrelor 1 month after
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TABLE 2 Potential future antiplatelet agents in cardiovascular disease

Possible field of
Agent Structure Administration Mechanism application
GLS-409 Diadenosine tetraphosphate derivative Intravenous Synergistic inhibition of P2Y, ACS, PCI
and P2Y,,
PZ-128 Cell-penetrating lipopeptide Intravenous PAR-1 inhibition ACS, PCI
BMS-986120 2-methoxy-6-[6-methoxy-4-[[5-methyl-2- Oral PAR-4 inhibition CAD, PAD, CVD
(4-morpholinyl)-4-thiazolyl]
methoxy]-2-benzofuranyl]-imidazo[2,1-
b]-1,3,4-thiadiazole
Troa6, Troal0 Hexa- and deca-peptides derived from the  Intravenous Glycoprotein VI inhibition ACS, PCI
C-terminal region of trowaglerix
B11002494 (R)-4-{(R)-1-[7-(3,4,5-trimethoxy- Oral Spleen tyrosine kinase CAD, PAD, CVD
phenyl)-[1,6]naphthyridin-5-yloxy]-ethyl} inhibition
pyrrolidin-2-one
ML-355 N-(benzo[d]thiazol-2-yl)-4-((2-hydroxy-3- Oral 12-lipoxygenase inhibition CAD, PAD, CVD

methoxybenzyl)amino)
benzenesulfonamide

ACS, acute coronary syndrome; CAD, coronary artery disease; CVD, cerebrovascular disease; PAD, peripheral artery disease; PAR, protease-activated

receptor; PCl, percutaneous coronary intervention.

PClI to unchanged DAPT (n = 323) vs switched DAPT with aspirin
plus 75 mg clopidogrel (n = 322).°2 Over 12 months, they found
a significant reduction of BARC 22 bleeding complications in the
switched DAPT group compared with patients on unchanged
DAPT (4% vs 14.9%), whereas no significant differences regard-
ing the occurrence of ischemic end points were observed. In a
subsequent analysis, the same group of authors revealed that
the switched DAPT regimen was particularly beneficial with re-
spect to the reduction of bleeding events in patients with LRPR
at 1 month.®3

In summary, guided early de-escalation of P2Y,, inhibition may
become an alternative treatment strategy in ACS patients managed
with PCI, especially in those at a high risk of bleeding. First, how-
ever, more clinical data reinforcing the noninferiority of de-escalated
P2Y,, inhibition regarding the occurrence of ischemic events, and
its superiority regarding the prevention of bleeding complications,

are needed.

5 | FUTURE TARGETS OF ANTIPLATELET
AGENTS

5.1 | P2Y, receptor

Currently available ADP receptor antagonists target only P2Y,,, but
not the second ADP receptor on human platelets, P2Y, (Figure 1).#%*
Activation of P2Y/ initiates ADP-induced platelet aggregation, and is
responsible for platelet shape change,65 while P2Y,, activation leads
to amplification and stabilization of the aggregation response.®® A
complex interplay between P2Y, and P2Y,, has been described pre-
viously,67 and coactivation of both seems essential for full platelet
aggregation.®%® However, ADP may activate platelets of patients
receiving P2Y,, inhibitors via P2Y, to some extent, resulting in HRPR

and an increased risk of ischemic outcomes despite antiplatelet
therapy.*®*” Recently, we synthesized a series of new diadenosine
tetraphosphate (Ap,A) analogs and evaluated these Ap4A deriva-
tives as platelet aggregation inhibitors, and with respect to their ef-
fects on platelet P2Y,, P2Y,,, and P2X1 receptors.“’éc} Based on the
results of these experiments, 1 compound (GLS-409) that synergisti-
cally inhibited P2Y, and P2Y,, without affecting P2X1 was selected
for studies on antiplatelet efficacy (Table 2).4® GLS-409 significantly
inhibited ADP- and collagen-induced platelet aggregation in rats
and immediately attenuated platelet-mediated thrombosis in a ca-
nine model of ACS without affecting rat or canine hemodynamics.®
Finally, GLS-409 effectively blocked agonist-stimulated platelet ag-
gregation irrespective of concomitant aspirin therapy.®® Thus, the
dual antagonist of P2Y, and P2Y,, (Figure 1) may be a promising an-
tiplatelet drug candidate, in particular for the initial phase of ACS.%°

5.2 | Protease-activated receptors

The long half-life and slow off-rate are downsides of the approved
PAR-1 antagonist vorapaxar.”® Despite promising Phase Il data, de-
velopment of the PAR-1 antagonist atopaxar was halted.”*”? P7-128
is a new cell-penetrating peptide-based inhibitor of PAR-1 which may
overcome these limitations (Table 2).”% PZ-128 targets the receptor-
G-protein interface on the inside surface of platelets thereby block-
ing downstream G protein signaling. PZ-128 has recently been shown
to inhibit platelet activation rapidly and reversibly in animal models
and in patients with CAD or with multiple risk factors for CAD,”37#
and may become useful for short-term inhibition of platelet aggrega-
tion, in particular in patients undergoing PCI.

Besides PAR-1, PAR-4 as second thrombin receptor on human
platelets (Figure 1) may serve as a target of new antiplatelet
agents.*”% Indeed, an orally active, selective, and reversible PAR-4
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inhibitor named BMS-986120 yielded promising results in a nonhu-
man primate model as it exerted pronounced antithrombotic activ-
ity with only a minor prolongation of bleeding time (Table 2).7% In
a subsequent phase | trial, Wilson et al. found BMS-986120 to be
well-tolerated and to reduce substantially platelet-rich thrombus

formation ex vivo.”®

5.3 | Glycoprotein VI

Glycoprotein VI (Figure 1) is the major signaling receptor for colla-
gen on human platelets with important functions in thrombosis and
other platelet-mediated processes.? GPVI inhibitors that have pre-
viously been developed as potential antiplatelet drugs include the
soluble GPVI-Fc fusion protein Revacept and inhibitory anti-GPVI
antibodies.”®”?78 More recently, hexa- and deca-peptides (Troaé and
Troa10) derived from the C-terminal region of the GPVI-specific ago-
nist Tro (trowaglerix), which was purified from Tropidolaemus wagleri

venom,”’

were shown to potently inhibit collagen-induced platelet
aggregation without prolonging the bleeding time (Table 2).7°8° The
antiplatelet effect may be achieved by targeting of immunoglobulin-
like domains of GPVI by Troa6 and Troa10. These small-mass hexa-/
deca-peptide GPVI antagonists have therapeutic potential in pa-
tients with cardiovascular disease.®°

Since activation of spleen tyrosine kinase (Syk) downstream
of GPVI is crucial for platelet activation,”® Syk inhibitors have also
been investigated as possible antiplatelet agents. Van Eeuwijk et al.
reported that the orally available selective Syk inhibitor BI1002494
prevented arterial thrombosis and resulted in smaller infarct sizes
and a significantly better neurological outcome 24 hours after tran-

sient middle cerebral artery occlusion in a mouse model (Table 2).81

5.4 | Platelet oxidases

Lipoxygenases (LOXs) are enzymes catalyzing the oxygenation of
polyunsaturated fatty acids which leads to the synthesis of vari-
ous signaling molecules.”® 12-LOX is expressed in megakaryocytes
and platelets, and oxidizes arachidonic acid at carbon 12.82 Growing
evidence suggests that 12-LOX is involved in platelet activation.83-8¢
Recently, Adili et al. studied the impact of the selective 12-LOX inhib-
itor ML355 on thrombosis and hemostasis (Table 2).%” They found a
dose-dependent decrease of human platelet aggregation by ML355,
an effect that was reversed after exposure to high concentrations of
thrombin in vitro. Moreover, oral administration of ML355 in mice
reduced thrombus formation and vessel occlusion in FeCl,-induced
mesenteric and laser-induced cremaster arteriole thrombosis mod-

els with only minimal effects on hemostasis.®’

6 | CONCLUSIONS

Recent data on abbreviated and prolonged DAPT challenged the

current dogma on the optimal duration of combined therapy with

18,20

aspirin and a P2Y,, inhibitor after coronary stenting, and

resulted in two new risk scores which may be used to individualize
the duration of DAPT post PCI in patients at high risk of bleeding
and ischemic events, respectively.lo'm’22 Dual antithrombotic ther-
apy with OAC and clopidogrel can be prescribed instead of triple
therapy to minimize bleeding complications in AF patients undergo-
ing PC1,1030-32 \while low-dose rivaroxaban on top of aspirin offers a
new strategy to prevent thrombotic events more effectively in pa-
tients with stable atherosclerosis.>* Routine laboratory monitoring
of antiplatelet therapy is not currently recommended.®'* However,
early switching from prasugrel or ticagrelor to clopidogrel based on
the results of platelet function testing may become an alternative
option to reduce bleeding risk while maintaining adequate platelet
inhibition following ACS, though more study is needed.®! Finally,
new antiplatelet agents have yielded promising results in preclini-
cal trials and may in the future become meaningful additions to
the current pharmacological armamentarium in cardiovascular

disease 66,73-76,80,81,87
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