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Abstract

Antiplatelet therapy is key to reducing local thrombotic complications and systemic ischaemic events

KEYWORDS

« antiplatelet therapy among patients undergoing percutaneous coronary interventions (PCI), but it is inevitably associated with

¢ bleeding

® percutaneous
coronary
intervention

*P2Y,, inhibitors

e thrombosis

increased bleeding. The continuous refinement in stent technologies, together with the high incidence of
ischaemic recurrences after PCI and the understanding of prognostic implications associated with bleed-
ing, have led to a substantial evolution in antiplatelet treatment regimens over the past decades. Numerous
investigations have been conducted to better stratify patients undergoing PCI according to their ischaemic
and bleeding risks and to implement antithrombotic regimens accordingly. Evidence from these investiga-
tions have resulted in a number of antithrombotic treatment options as recommended by recent guidelines.
In this State-of-the-Art review we provide the rationale, summarise the evidence, and discuss current and
future directions of antiplatelet treatment regimens after PCI.
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Introduction

In patients with coronary artery disease (CAD), percutaneous coro-
nary interventions (PCI) are the cornerstone of treatment for those
presenting with an acute coronary syndrome (ACS); PCI has also
been largely adopted in patients with chronic coronary syndromes
(CCS)". Adjunctive pharmacotherapy, in particular antithrombotic
therapy, has a pivotal role in optimising outcomes in patients under-
going PCI**. In fact, patients undergoing PCI may develop both
acute and long-term ischaemic events*. Therefore, antithrombotic
drugs, in particular antiplatelet agents, are key to the treatment
and prevention of both local and systemic thrombotic complica-
tions?3. Over the past four decades there has been an evolution in
antiplatelet treatment regimens being used in patients undergoing
PCI2. This is attributed to a number of factors including refine-
ment in stent technologies, leading to safer (i.e., less thrombo-
genic) stent platforms, the development of new antiplatelet drugs,
as well as an understanding of the prognostic implications associ-
ated with bleeding, the most feared trade-off associated with the
use of antiplatelet therapies®®. Moreover, numerous investigations
have also helped to develop a profile of patients at increased risk
of ischaemic and bleeding complications®. These profiles, paral-
leled with an understanding of how individuals may have variable
reactions to specific antiplatelet agents, have also laid the founda-
tion for personalised treatment regimens with the goal of optimis-
ing efficacy and safety outcomes®. In this State-of-the-Art review,
we provide the rationale, discuss the evidence and summarise the
current and future directions of antiplatelet treatment regimens
after PCI, with a specific focus on oral antiplatelet agents.

Rationale for the use of antiplatelet therapy in
patients undergoing percutaneous coronary
intervention
Arterial thrombus formation is a complex and dynamic pathologi-
cal process that is initiated within an injured blood vessel wall or
by contact activation on a foreign surface’. Platelets play a key role
in thrombus formation and their initial tethering is mediated by the
interaction between the complex glycoprotein (GP) Ib-IX-V and
Von Willebrand factor and by collagen receptors present on the
platelet surface such as GPVI (Figure 1)7°. The crosstalk between
platelets, the haemostatic system and inflammatory pathways are
key to atherosclerotic development and thrombotic complications
occurring after plaque destabilisation'*e. In ACS patients, when
plaque rupture or erosion occurs, the activation of coagulation
cascade and platelets can lead to either subocclusive or occlusive
thrombosis, causing a symptomatic event. Alternatively, a plaque
healing phenomenon occurs when thrombus formation is con-
tained; repeated cycles of this process promote disease progression
among patients with CCS (Figure 1)'#!713, Therefore, the rationale
for using antiplatelet agents in patients with CAD is not only for
the treatment of acute thrombotic events, but also to modulate the
progression of atherosclerotic disease'!"!5.

Antiplatelet therapy reduces thrombotic-related periprocedural
myocardial damage associated with blood vessel wall trauma such

as dissections or plaque ruptures, embolisation or side branch
occlusions. In addition, it decreases the risk of stent thrombo-
sis (ST), which is more frequent in the acute or subacute phase
of PCI (Figure 2)"-2!. Importantly, peri-PCI thrombotic complica-
tions impact long-term prognosis, to the extent that their occurrence
has challenged the long-term clinical benefit of PCI as compared
to medical therapy among patients with CCS*?. Intravenous anti-
platelet agents, including glycoprotein IIb/Illa inhibitors (GPIs)
and cangrelor, reduce the risk of peri-PCI thrombotic complica-
tions?. A detailed description of intravenous antiplatelet agents goes
beyond the scope of this manuscript and is summarised elsewhere®.

Oral antiplatelet agents are essential to both short- and long-
term management after PCI??. Aspirin is an irreversible inhibitor
of platelet cyclooxygenase (COX)-1 and traditionally has been
a backbone treatment for patients with atherosclerotic disease
manifestations®. In patients undergoing PCI, the association of
aspirin plus a P2Y , inhibitor, a strategy known as dual antiplatelet
therapy (DAPT), has represented the cornerstone of treatment for
patients undergoing PCI?. The clinical development of DAPT is
based on investigations showing that the adjunctive use of a P2Y ,
inhibitor with aspirin is associated with synergistic platelet inhib-
itory effects, resulting in improved antithrombotic efficacy in
the setting of ACS and patients undergoing PCI**3!. Ticlopidine,
a first-generation thienopyridine, was characterised by sev-
eral drawbacks (i.e., bone marrow suppression) and replaced by
clopidogrel, a second-generation thienopyridine, due to its more
favourable safety profile*®. Clopidogrel remains the most widely
studied P2Y , inhibitor. The key role of platelet P2Y , signalling
in platelet activation and amplification processes explains why
a blockade of this pathway in patients undergoing PCI results not
only in a reduction of acute, local, thrombotic events (i.e., ST) but
also prevents long-term ischaemic recurrences due to atheroscle-
rotic plaque progression and destabilisation both in the coronary
and extra-coronary vasculature®.

Despite its undisputed benefits, several investigations have
revealed heterogeneity in individual response profiles to clopi-
dogrel, with a considerable number of patients yielding inadequate
platelet inhibitory effects, resulting in increased risk of throm-
botic events post-PCI*¥233. These observations have prompted the
development of newer-generation oral P2Y , inhibitors including
prasugrel, a third-generation thienopyridine, and ticagrelor, a first-
in-class cyclopentyltriazolopyrimidine, characterised by potent
and predictable antiplatelet effects resulting in greater antithrom-
botic efficacy compared to clopidogrel in the setting of ACS,
albeit at the expense of increased bleeding®. The time course of
benefit and risk associated with DAPT in patients undergoing PCI
are summarised in Figure 3.

Indeed, bleeding is the main drawback of antithrombotic thera-
pies, particularly given its association with adverse prognosis®.
Multiple mechanisms can explain the adverse outcomes, including
ischaemic events and mortality, associated with bleeding. These
include, but are not limited to: interruption of antiplatelet treat-
ment as a reaction to the bleeding event, activation of coagulation
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Figure 1. Interplay between platelets, coagulation and inflammation in atherothrombosis and sites of action of antiplatelet agents. The interplay
between platelets, coagulation and inflammation is a key modulator of atherosclerosis and its thrombotic complications. When plaque
destabilisation occurs, due to plaque rupture or erosion, platelets and coagulation factors, as well as subsequent inflammatory processes, it may
lead to either a thrombotic occlusion of the coronary artery (leading to acute coronary syndromes) or plaque healing (favouring plaque
progression with stable coronary artery disease). Initial platelet tethering is mediated by the interaction between the complex glycoprotein (GP)
1b-IX-V and Von Willebrand factor (vWF) and by other collagen receptors present on the platelet surface such as GPVI. Thrombin is a key
linking factor between platelet and coagulation cascade. Sites of action of common antiplatelet agents are reported.: aspirin inhibits
thromboxane A2 (TXA2); clopidogrel, prasugrel, ticagrelor and cangrelor are inhibitors of the ADP P2Y , receptor. Clopidogrel and prasugrel
require hepatic activation. Vorapaxar is a thrombin receptor inhibitor (protease-activated receptor, PAR-1), abciximab, eptifibatide, tirofiban
and RUC-4 are GPIIb/Illa receptor inhibitors. Revacept is a competitive antagonist of the collagen-GPVI signalling. Routes of

administration: Blue=oral; Green=intravenous, Yellow=subcutaneous/intramuscular. ADP: adenosine diphosphate; GP: glycoprotein;

PAR-1: platelet protease-activated receptor-1; TXA2: thromboxane A2; vIWF': von Willebrand factor; SHT2A: serotonine receptor.

and inflammation in case of bleeding, and depletion of 2,3-diphos-
phoglyceric acid and nitric oxide triggered by blood transfusion
which modulates oxygen exchange at the tissue level and favours
vasoconstriction and platelet aggregation®*¥’. The risk of bleed-
ing is proportional to the intensity of antithrombotic treatment.
This explains why bleeding complications are highest in the early
phase post-PCI, given that patients warrant vascular access and
are exposed to adjuvant intraprocedural antithrombotic ther-
apy. Whilst both ischaemic and bleeding risks are highest in the
periprocedural phase, the risk of bleeding tends to be stable over
time while ischaemic risk decreases after 1 to 3 months post-PCI,

albeit with variability according to the clinical presentation of the
patients and complexity of the PCI®. These considerations have
stimulated interest for tailoring antiplatelet regimens according to
the ischaemic and bleeding risk of the individual patient.

Current recommendations on the use of oral
antiplatelet therapy after PCI

DAPT is the standard of care for patients undergoing PCI'#*4,
Aspirin (loading dose of 160-325 mg orally or 250-500 mg intra-
venously, followed by an oral maintenance dose of 75-100 mg once
daily [od]) should be administered in all patients. The DAPT regimen,
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Figure 2. Rationale for the use of antiplatelet therapy during PCI. In patients undergoing PCI in the setting of chronic coronary syndrome

(CCS), antiplatelet therapy reduces the occurrence of intraprocedural or very early stent thrombosis (right), periprocedural damage caused by

iatrogenic dissections, plaque disruption, distal embolisation or side branch occlusion (middle). During acute coronary syndrome, antiplatelet

therapy also plays a role in reducing thrombus burden and flow obstruction (lefi). PCI: percutaneous coronary intervention.

including the choice of P2Y , inhibitor, varies according to the clini-
cal setting (i.e., ACS or CCS) as well as the thrombotic and bleed-
ing risk of the individual patient. Guideline recommendations from
the European Society of Cardiology (ESC) are provided in Figure 4.

CHRONIC CORONARY SYNDROME

In patients with CCS, initiation of oral P2Y , inhibitors is usually
delayed until the coronary anatomy is defined***. Clopidogrel,
administered as a 600 mg loading dose followed by a 75 mg
maintenance dose, is the P2Y , inhibitor of choice in CCS patients
undergoing PCI*#. After PCI, 6-month DAPT, followed by long-
life aspirin monotherapy is the default recommendation with
the option of shortening DAPT duration to either 1 or 3 months
according to the bleeding risk***.

ACUTE CORONARY SYNDROMES
In patients with ACS, while pre-treatment with an oral P2Y ,
inhibitor has the theoretical advantage of providing greater

antiplatelet protection by the time of PCI, not all patients under-
going coronary angiography undergo PCI. This inevitably may
expose patients unnecessarily to adjunctive antiplatelet treatment
and increase their risk of bleeding*. This also represents a major
drawback for patients requiring surgical revascularisation who
then need to wait a washout period before undergoing their proce-
dure, prolonging hospital stay and costs*. Ultimately, most recent
randomised controlled trials (RCTs) have failed to show any bene-
fit of pre-treatment versus in-lab use of P2Y , inhibitors**’. More
specifically, pre-treatment versus in-lab treatment with prasugrel
in patients with a non-ST-elevation ACS (NSTE-ACS) did not
reduce ischaemic events but increased major bleeding complica-
tions*’. In turn, pre-treatment with prasugrel is contraindicated
in NSTE-ACS*3. Moreover, pre-treatment with ticagrelor com-
pared with in-lab treatment with prasugrel favoured the latter®.
Accordingly, the latest NSTE-ACS guidelines do not recommend
routine pre-treatment with a P2Y , inhibitor, stating that this strat-
egy can only be considered (using ticagrelor 180 mg followed by
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Figure 3. Time course of benefit and risk of antiplatelet therapy after PCI. Antiplatelet agents administered after PCI may 1) reduce the
incidence of stent-related ischaemic events such as stent thrombosis or target vessel revascularisation; 2) reduce the incidence of

cardiovascular ischaemic recurrence and their consequences, such as myocardial infarction and cardiovascular death; 3) prevent

cerebrovascular events in other areas affected by atherosclerotic disease, such as peripheral and carotid arteries, 4) be inevitably associated

with increased risk of bleeding. Importantly, the potential benefit of antiplatelet agents varies over time, with the greatest benefit in terms of

less ischaemic events maximised during the first months after PCI and decreasing over time, while bleeding events remain stable over time.

DAPT: dual antiplatelet therapy; PCI: percutaneous coronary intervention.

90 mg twice daily [bid] or clopidogrel 600 mg followed by 75 mg/
od) for patients at low bleeding risk who are not scheduled to
undergo an early invasive strategy*'. On the contrary, among STE-
ACS patients, the use of a potent P2Y , inhibitor at the time of
diagnosis is encouraged, as primary-PCI is the treatment of choice
in these patients***, It is however important to note that, particu-
larly in the setting of ST-segment elevation myocardial infarction
(STEMI), the onset of action of oral P2Y , inhibitors is signifi-
cantly delayed, requiring up to 4-6 hours to achieve full antiplate-
let effects, underscoring the need for strategies to bridge this gap
in platelet inhibition, such as the use of intravenous antiplatelet
therapies®.

In ACS patients undergoing PCI, the standard recommenda-
tion is 12 months of DAPT including a potent P2Y , inhibitor*'-*.
Prasugrel and ticagrelor are preferred over clopidogrel in patients
with NSTE-ACS in the absence of contraindications, with prasu-
grel (60 mg followed by 10 mg/od) being recently recommended
over ticagrelor***. NSTE-ACS guidelines also introduce the use of
ticagrelor monotherapy 3 months after PCI among patients at low
ischaemic risk*’. Among patients with moderate or high bleeding

risk, clopidogrel should be preferred over more potent P2Y , inhibi-
tors and DAPT can be shortened to either 1 month, when followed
by clopidogrel monotherapy, or to 3 months in NSTE-ACS and to
6 months in STE-ACS when followed by aspirin monotherapy*"#%.
Moreover, guided or unguided de-escalation of P2Y , inhibitors can
also be considered*. Conversely, among patients with high or mod-
erate ischaemic risk and low bleeding risk, prolonged antithrom-
botic regimens can be considered 12 months after PCI for ACS*.
Treatment options are the prolongation of DAPT with either clopi-
dogrel (75 mg/od), prasugrel (10 mg/od), or ticagrelor (60 mg/bid)
in addition to aspirin, or alternatively, to consider a strategy of dual
pathway inhibition (DPI) with the use of a vascular dose of rivar-
oxaban (2.5 mg/bid) in addition to aspirin*'“.

SPECIAL SCENARIOS

Among patients who undergo PCI but who also have an indication
to be treated with oral anticoagulants (OAC), such as those with
atrial fibrillation (AF), recommendations have varied over the
years*. The latest recommendations now indicate that the default
strategy to be used is triple therapy (TT), consisting of aspirin,
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Figure 4. Current Guidelines of the European Society of Cardiology recommendations for oral antiplatelet agents among patients undergoing
PCI. DAPT: dual antiplatelet therapy; DPI: dual pathway inhibition; NSTE-ACS: non-ST-elevation acute coronary syndrome;
PCI: percutaneous coronary intervention; STE-ACS: ST segment-elevation acute coronary syndrome

aP2Y , inhibitor (preferably clopidogrel) and a novel oral anticoag-
ulant (NOAC) up to 1 week post-PCI, followed by dual antithrom-
botic therapy (DAT) with a P2Y , inhibitor and an NOAC (i.e.,
discontinue aspirin)*'*!. The duration of TT could be prolonged up
to 1 month, but not beyond, among patients with high ischaemic
risk but at low risk for bleeding**!. DAT should be maintained for
up to 12 months after which antiplatelet therapy should be discon-
tinued, except in those patients deemed to be at increased risk of
long-term ischaemic recurrences*!. Discontinuation of antiplate-
let therapy and maintaining OAC treatment alone may be consid-
ered sooner (i.e., at 6 months) if patients are at increased risk of
bleeding or at low ischaemic risk*"*!. Although clopidogrel is the
P2Y , inhibitor of choice, potent P2Y , inhibitors may be con-
sidered in patients at high thrombotic risk and low bleeding risk.
However, the use of aspirin should not go beyond one week*!,

Qualitative and quantitative approaches for risk
stratification

A careful stratification at a single patient level represents the foun-
dation of a personalised selection of antiplatelet strategies among
patients undergoing PCI®2. This can be achieved by an integrated
assessment of 3 key factors: bleeding risk, ischaemic risk and
responsiveness to an antiplatelet agent (Figure 5).

BLEEDING AND ISCHAEMIC RISK ASSESSMENT

The assessment of bleeding and ischaemic risks is achieved by
the evaluation of clinical and procedural features which can be
defined qualitatively as well as quantified by means of a scoring

system (Figure 5). Clinical variables, including patient history, fra-
gility and general status as well as comorbidities and laboratory
exams represent the cornerstone for risk assessment.

Nevertheless, in the setting of patients undergoing PCI, proce-
dural and technical features play an important role in determining
ischaemic or bleeding risks and should be taken into considera-
tion**%%. Several clinical, procedural and laboratory factors that
have been found to be associated with increased bleeding or
ischaemic risk in retrospective studies have been included in the
scores and definitions for risk assessment, in the hope of providing
a prognostic stratification and predicting bleeding and/or ischae-
mic events to help guide the choice of antiplatelet therapy after
PCI, as well as to improve the standardisation of the design of
clinical trials and ease their interpretation®>>>%, The most com-
monly adopted ischaemic scores (i.e., GRACE or TIMI) are
mainly used for prognostic stratification. Concerning the use of
scores or definitions for ischaemic risk stratification to guide the
selection of antiplatelet therapy, the recent ESC guidelines pro-
vide a thrombotic risk stratification for intensified antithrombotic
treatment after the standard DAPT duration by defining patients at
high or moderate thrombotic risk (Table 1),

Specific risk scores have been developed aimed at managing
antithrombotic duration after PCI according to both bleeding and
ischaemic risks. Among these, the DAPT and the PRECISE-DAPT
scores are calculated at patient discharge and at one year from
the index event, respectively*’*®. The DAPT score includes clini-
cal and procedural features and supports DAPT extension up to
30 months when the score is >2°7. Similarly, the PRECISE-DAPT
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Figure 5. Risk assessment to guide antiplatelet therapy among percutaneous coronary disease patients. Bleeding and ischaemic risk
assessments are based on clinical variables, procedural features and the use of scores/definitions. Antiplatelet responsiveness can be assessed
by either platelet function or genetic testing. BMI: body mass index; CTO: chronic total occlusion; GP: glycoprotein; MI: myocardial
infarction; PCI: percutaneous coronary intervention, ST: stent thrombosis.

score, which includes clinical and laboratory features, suggests the
shortening of DAPT when the score is >25, as in these patients
a longer DAPT duration was associated with increased bleeding
without reducing ischaemic events®. Of note, both scores were
developed and validated in patients without an indication to oral
anticoagulation, although limited evidence is available in this set-
ting®>%. It is important to note that many patients are at risk of
both increased bleeding and ischaemic events; when these are
concordant, observational data suggest that bleeding, more than
ischaemic risk, should inform the decision-making on the dura-
tion of DAPT®!. Guidelines also recommend that the bleeding risk
of an individual patient be the key determinant in defining DAPT
duration**!. To date however, there are no studies that have pro-
vided definitive evidence of the advantage of bleeding risk strati-
fication as compared to ischaemic risk stratification as a guide for
the intensity and duration of DAPT.

Prompt identification of high bleeding risk patients by a stand-
ardised score or definition could play an important role in defining
patients for whom a reduction in intensity of antiplatelet therapy
could be advantageous. Over the years, a number of scores have
been proposed to address this. Recently, the Academic Research
Consortium for High Bleeding Risk (ARC-HBR) proposed a con-
sensus for the definition of high bleeding risk, including 14 major
and 6 minor criteria (Table 1)®2. High bleeding risk is defined by

at least 1 major or 2 minor criteria. Although retrospective stud-
ies have validated this definition, prospective studies using ARC-
HBR criteria to stratify patients to specific antiplatelet regimens
are warranted®. Although risk scores and definitions are useful
for standardisation purposes, their use should always be integrated
with other factors such as clinical and procedural characteristics as
well as antiplatelet drug response®.

ANTIPLATELET DRUG RESPONSE

Compared to prasugrel and ticagrelor, clopidogrel is characterised
by less potent platelet inhibition, slower onset of action and wide
interindividual variability in response profiles. This leads to high
on-treatment platelet reactivity (HPR) in approximately 30% of
patients, although this prevalence may vary based on distribution
of risk factors and patient ethnic background®*. Importantly, HPR
status is associated with an increased risk of thrombotic complica-
tions®*2%, Of note, while HPR is a modifiable marker of throm-
botic risk, low platelet reactivity (LPR), which is more common
with prasugrel and ticagrelor, is associated with increased risk
of bleeding without any reduction of ischaemic events among
patients responding to clopidogrel®’. Individual responsiveness to
P2Y , inhibitors can be assessed through platelet function tests®®.
Although platelet function testing has the advantage of defining the
platelet phenotype which is associated with ischaemic outcomes,
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Table 1. Latest recommendations to guide antiplatelet duration according to ischaemic (European Society of Cardiology Guidelines) and

bleeding (Academic Research Consortium for high bleeding risk definition) risks.

Academic Research Consortium high bleeding risk definition

High thrombotic risk Moderate thrombotic risk

Major criteria

At least 1 criterion

At least 2 criteria

European Society of Cardiology ischaemic risk definition

Complex CAD
and at least 1 criterion

Non-complex CAD
and at least 1 criterion

Risk enhancers

Anticipated use of long-term oral
anticoagulation

Age >75 years

Diabetes mellitus requiring
medication

Diabetes mellitus requiring medication

Severe or end-stage CKD
(eGFR <30 mL/min/1.73 m?)

Moderate CKD (eGFR 30 to
59 mL/min/1.73 m?)

History of recurrent Ml History of recurrent Ml

Haemoglobin <11 g/dL

Haemoglobin 11 to 12.9 g/dL
formenand 11 to 11.9 g/dL
for women

Polyvascular disease (CAD
plus PAD)

Any multivessel CAD

Spontaneous bleeding requiring
hospitalisation or transfusion in
the past 6 months or at any
time, if recurrent

Spontaneous bleeding requiring
hospitalisation or transfusion
within the past 12 months not
meeting the major criterion

CKD with eGFR
15-59 mL/min/1.73 m?

Polyvascular disease (CAD plus PAD)

Moderate or severe baseline
thrombocytopaenia (platelet
count <100x10°/L)

Long-term use of oral NSAIDs
or steroids

Premature (<45 years) or accelerated
(new lesion within a 2-year time frame) -
CAD

Chronic bleeding diathesis

Any ischaemic stroke at any
time not meeting the major
criterion

Concomitant systemic inflammatory
disease (e.g., human immunodeficiency
virus, systemic lupus erythematosus,
chronic arthritis)

Liver cirrhosis with portal
hypertension

CKD with eGFR 15-59 mL/min/1.73 m?

Active malignancy (excluding
non-melanoma skin cancer)
within the past 12 months

Technical aspects

Previous spontaneous ICH (at
any time)

At least 3 stents implanted

Previous traumatic ICH within
the past 12 months

At least 3 lesions treated

Presence of a bAVM

Total stent length >60 mm -

Moderate or severe ischaemic
stroke within the past 6 months

History of complex revascularisation (left
main, bifurcation stenting with >2 stents
implanted, chronic total occlusion,
stenting of last patent vessel)

Non-deferrable major surgery on
DAPT

History of stent thrombosis on
antiplatelet treatment

Recent major surgery or major

trauma within 30 days before PCI

its implementation in clinical practice has inherent challenges

ESC guidelines thrombotic risk definition: in line with guideline recommendations, CAD patients are stratified into 2 different risk groups (high vs
moderately increased thrombotic or ischaemic risk). Stratification of patients towards complex vs non-complex CAD is based on individual clinical
judgement with knowledge of patients’ cardiovascular history and/or coronary anatomy. ARC-HBR: Academic Research Consortium for high bleeding
risk; bAVM: brain arteriovenous malformation; CAD: coronary artery disease; CKD: chronic kidney disease; DAPT: dual antiplatelet therapy;

eGFR: estimated glomerular filtration rate; ESC: European Society of Cardiology; ICH: intracranial haemorrhage; MI: myocardial infarction;

NSAID: non-steroidal anti-inflammatory drug; PAD: peripheral artery disease; PCl: percutaneous coronary intervention

65,66

clopidogrel into its active metabolite, has an important role, with

Indeed, although commercially available “point-of-care” or “near-
patient-based assays”, which are more user-friendly than some
more complex laboratory-based methods, have the advantage of
providing results in a timely fashion, they are still limited by the
variability in the results obtained and by the fact that patients need
to be on clopidogrel to define responsiveness®. Genetic testing
represents an alternative tool to assist with the guidance of anti-
platelet therapy®®’. Indeed, genetic polymorphisms of the hepatic
cytochrome P450 (CYP) 2C19 enzyme required to transform

carriers of loss-of-function (LoF) alleles being characterised by
reduced active metabolite generation, increased HPR rates and
enhanced thrombotic risk, including ST®%%, CYP2C19*2 and *3
are the most common LoF alleles®®. It is important to note that
CYP2C19 genotypes are not the sole contributors to clopidogrel
response and thus may not always identify HPR status. For this
reason, integrating clinical variables with genotypes to predict
HPR status has been suggested to identify clopidogrel-HPR status
more accurately™.



Strategies focused on reducing ischaemic events
Several strategies aimed at reducing the residual burden of ischae-
mic events among patients undergoing PCI, especially among high-
risk cohorts of patients, have been tested over the years and are
discussed below. In the Central illustration we illustrate a detailed
timeline of the RCTs that focused on antiplatelet agents over the
past 40 years. Table 2 summarises the strategies focused on the
reduction of ischaemic events. The major drawback of these strate-
gies is their trade-off in bleeding risk. Strategies that are no longer
recommended by guidelines, such as use of ticlopidine, cilosta-
zol or double-dose clopidogrel will not be discussed. RCTs and
meta-analyses, as opposed to observational or registry studies,

Ticlopidine

Antiplatelet therapy after PCI

will be discussed as they represent the highest level of evidence.
Moreover, it is important to acknowledge that amongst the strate-
gies aimed at reducing ischaemic events in patients with ACS, that
adding a NOAC to standard antiplatelet treatment regimens, includ-
ing DAPT, has also been tested’". Although a detailed descrip-
tion of this topic goes beyond the scope of this manuscript which
is focused on antiplatelet therapies, it is important to acknowledge
that a number of NOACs have been tested in this context, but
only the low-dose rivaroxaban was shown to meet the objectives
of this strategy in the Anti-Xa Therapy to Lower Cardiovascular
Events in Addition to Standard Therapy in Subjects With Acute
Coronary Syndrome ACS 2-Thrombolysis In Myocardial Infarction

L Clopidogrel >
Prasugrel >
Ticagrelor
i Prolonging DAPT duration >
4 Guided escalation >
— PHILO
|— PEGASUS TIMI 54
- ITALIC
' D : —— PRAGUE 18
Strategies ARCTIC-interruption — L OPTIDUAL
focusing on ACCOAST —— —— PHARMCLO
ischaemic events herc — ELDERLY ACS 2
TRILOGY ACS —— (ICAKOREA
—— THEMIS
TRIGGER-PCI | SARREACT'S
ARCTIC —
i PRODIGY — ::’I’:;:' P‘:SE
CURE DISPERSE-II GRAVITAS — PATH-PCI
CLASSICS TRITON-TIMI 38 DES-LATE —— ADAPT
FANS";T;:E CHARISMA CURRENT | ALPHEUS
2R CLARITY:l \ OASISZ — SASSICAIA
ISAR COMMIT PLATO l_ HOST-EXAM '
Timeline -—l 1 1 j + 7 >
1995 2000 2005 2010 2415 2420 TALOS-MI 2025
EXCELLENT —| MASTER-DAPT
RESET — One-month DAPT
OPTIMIZE — STOPDAPT-2-ACS
SECURITY —
|—— HOST-REDUCE-POLYTECH-ACS
ISAR-SAFE — L—TICcO
LEADERS-FREE — —— TWILIGHT
ANTARCTIC —] — STOPDAPT-2
-LOVE-IT 2 — [—— SMART-CHOICE
—— POPular Genetics
Stratedi 2Rl L— REDUCE
focruasi?lggleosn NIPPON—] | —OPTIMA
bleeding events TROPICAL-ACS—  [— DAPT-STEMI
ToPIC — — SMART-DATE

—— GLOBAL-LEADERS

Shortening DAPT
Guided de-escalation
Unguided de-escalation 4

Aspirin-free

Central illustration. Timeline of randomised controlled trials on antiplatelet therapy focusing on strategies aiming at reducing ischaemic

(upper) or bleeding (lower) events. DAPT: dual antiplatelet therapy
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Table 2. Randomised controlled trials testing antiplatelet strategies aiming at reducing ischaemic events among patients undergoing

percutaneous coronary intervention.

Study name |publica-

Year of

Number
of
patients

Clinical
presentation

Treatment arms and population

Primary endpoint definition | endpoint

Potent P2Y,, inhibiting therapy

Follow-up
duration

high-risk PCI

Major bleeding

TRITON TIMI | 2007 13,608 | 100 0 Prasugrel versus clopidogrel CV death, MI or stroke Yes 14 months
38 among ACS
PLATO 2009 18,624 | 100 0 Ticagrelor versus clopidogrel CV death, MI or stroke Yes 12 months
among ACS
PHILO 2015 801 100 0 Ticagrelor versus clopidogrel Any major bleeding No 12 months
among ACS CV death, Ml or stroke
PRAGUE-18 2016 1,230 100 O | Ticagrelor versus prasugrel among | All-death, reinfarction, urgent No 12 months
STEMI patients target vessel revascularisa-
tion, stroke and serious
bleeding requiring transfusion
or prolonging hospitalisation
at 7 days
ELDERLY 2018 1,443 100 0 Reduced dose of prasugrel All death, MI, disabling No 12 months
ACS 2 (5 mg die) versus clopidogrel stroke and rehospitalisation
among ACS for CV causes or bleeding
TICAKOREA 2019 800 100 0 Ticagrelor versus clopidogrel Major or minor PLATO Yes 12 months
among ACS bleeding
ISAR-REACT | 2019 4,018 100 0 | Ticagrelor versus prasugrel among CV death, Ml or stroke Yes 12 months
5 ACS
POPular AGE | 2020 1,002 100 0 Ticagrelor versus clopidogrel Major or minor PLATO No 12 months
among elderly (>70 years) ACS bleeding
All-cause death, myocardial
infarction, stroke, major and
minor PLATO bleeding
SASSICAIA 2020 781 0 100 Prasugrel versus clopidogrel All death, any MI, definite/ No 30 days
among patients undergoing probable ST, stroke and
elective PCI urgent vessel
revascularisation
ALPHEUS 2020 1,910 0 100 Ticagrelor versus clopidogrel PCl-related type 4 (a or b) Ml No 48 hours
among patients undergoing or major myocardial injury 30 days

Prolonging DAPT duration

placebo plus aspirin among
stable patients with DM

DES-LATE 2010 2,701 63 37 12 months versus 24 months CV death or Ml No 2 years

DAPT
PRODIGY 2012 2,013 74 26 6 months versus 24 months All death, myocardial No 2 years

DAPT 30 days after PCI infarction or cerebrovascular
accident

DAPT 2014 9,960 46 54 12 months versus 30 months Stent thrombosis Yes 33 months

DAPT All death, MI, or stroke

Moderate and severe bleeding
ARCTIC- 2014 1,259 0 100 12 months versus 18 months All death, myocardial No 17 months
interruption DAPT infarction, stent thrombosis,
stroke and urgent
revascularisation

ITALIC 2015 2,301 23 76 6 months versus 24 months All death, MI, urgent target No 12 months

DAPT vessel revascularisation,

stroke and major bleeding
PEGASUS- 2015 21,162 0 100 Ticagrelor 90 mg or ticagrelor CV death, MI or stroke and Yes 33 months
TIMI 54 60 mg versus placebo 1 to TIMI major bleeding
3 years after Ml

OPTIDUAL 2016 1,799 35 65 12 months versus 48 months All death, M, stroke or major No 33 months

DAPT bleeding
THEMIS 2019 19,220 0 100 Ticagrelor plus aspirin versus CV death, Ml or stroke No 40 months
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Table 2 (cont'd). Randomised controlled trials testing antiplatelet strategies aiming at reducing ischaemic events among patients
undergoing percutaneous coronary intervention.
Number Clinical

of presentation
patients

Primary
endpoint
met?

e Follow-up

Treatment arms and population duration

Primary endpoint definition

Study name |publica-

GRAVITAS 2011 2,214 45 55) High-dose (150 mg) versus CV death, Ml or ST No 6 months
standard-dose clopidogrel (75 mg
daily) among clopidogrel
non-responders defined by PFT
ARCTIC 2012 2,440 0 100 High-dose (150 mg) prasugrel All death, MI, ST, stroke and No 12 months
versus standard-dose clopidogrel urgent revascularisation
(75 mg daily) among clopidogrel
non-responders defined by PFT
TRIGGER-PCI | 2012 423 0 100 Prasugrel versus clopidogrel CV death or MI No 6 months
among clopidogrel non-
responders defined by PFT
PHARMCLO 2018 888 97 3 Prasugrel or ticagrelor among CV death, MI, stroke and Yes 12 months
clopidogrel non-responders BARC bleeding 3-5
defined by genetic testing versus
standard therapy
PATH-PCI 2019 2,285 0 100 Ticagrelor among clopidogrel CV death, M, stroke, ST, Yes 6 months
non-responders defined by PFT | urgent revascularisation and
versus standard therapy BARC bleeding 3-5
TAILOR-PCI 2020 5,302 69 31 Prasugrel or ticagrelor among CV death, M, stroke, ST and No 12 months
clopidogrel non-responders severe recurrent ischaemia
defined by genetic testing versus
standard therapy
ADAPT 2020 504 50 50 Prasugrel or ticagrelor among CV death, M, stroke, urgent No 16 months
clopidogrel non-responders need for revascularisation
defined by genetic testing versus and ST
standard therapy
ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; CRNM: clinically relevant non-major;
CV: cardiovascular; DAPT: dual antiplatelet therapy; ISTH: International Society on Thrombosis and Haemostasis; MI: myocardial infarction; PFT: platelet
function testing; PLATO: Platelet Inhibition and Patient Outcomes; ST: stent thrombosis; TIMI: Thrombolysis in Myocardial Infarction; VKA: vitamin K
antagonists

51 (ATLAS ACS 2-TIMI 51) trial™. In particular, for patients with
a recent ACS (n=15,526), rivaroxaban (twice-daily doses of either
2.5 mg or 5 mg) on top of standard of care antiplatelet therapy, most
commonly aspirin and clopidogrel, reduced the risk of the compos-
ite endpoint of death from cardiovascular (CV) causes, myocardial
infarction (MI), or stroke, at the expense of an increased risk of
major bleeding and intracranial haemorrhage, but not fatal bleeding.
The twice-daily 2.5 mg dose of rivaroxaban was associated with less
bleeding. Despite the ischaemic benefit, this strategy has had limited
uptake in clinical practice due to concerns surrounding the increased
bleeding and the fact that the trial was not reflective of current rec-
ommendations that prefer P2, inhibition with prasugrel and tica-
grelor in patients with ACS. In contrast, a strategy of DPI with the
use of rivaroxaban 2.5 mg/bid, in addition to aspirin, for long-term
secondary prevention in patients with stable atherosclerotic disease,
has received a stronger endorsement from practice guidelines and
has been more broadly adopted*.

POTENT P2Y_, INHIBITING THERAPY

The first strategy proposed to reduce the occurrence of ischaemic
events among patients undergoing PCI, was to use more potent
P2Y , inhibitors as compared to clopidogrel**.

PRASUGREL

In 2007, the pioneering Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition with Prasugrel-
Thrombolysis in Myocardial Infarction 38 (TRITON-TIMI 38) trial
showed prasugrel reduced the incidence of the primary endpoint of
major adverse cardiovascular events (MACE) by 19% at 15 months,
compared to clopidogrel, among 13,608 patients with ACS under-
going PCI™, These differences were driven by a reduction in MI,
prasugrel also reduced rates of stent thrombosis™. However, pras-
ugrel was also associated with a significant 32% increase in non
coronary artery bypass graft (CABG)-related Thrombolysis In
Myocardial Infarction (TIMI) major bleeding, as compared to clopi-
dogrel. Such an increased risk of bleeding offsets the benefits of
prasugrel in certain patient cohorts, resulting in neutral effects in
the elderly (aged >75 years) and low body weight (<60 kg) patients,
and net harm to those with a history of stroke or transient ischaemic
attack’. Although data from pharmacokinetic/pharmacodynamic
(PK/PD) modelling suggested the use of a lower maintenance dose
regimen (i.e., 5 mg/od) in the elderly and low-weight patients’’,
to date there are no studies supporting superior efficacy of this
regimen over clopidogrel”’. The ischaemic benefits of prasugrel in
ACS patients undergoing PCI has been confirmed in meta-analyses
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showing reduced MI and ST but yielding a 25-30% increase in
major bleeding compared to clopidogrel”™. Studies conducted in
patients with medically-managed ACS or high-risk CCS undergoing
PCI have failed to show any benefit of prasugrel”*.

TICAGRELOR

In 2009, the Platelet Inhibition and Patient Outcomes (PLATO)
trial, showed a 16% reduction of the composite primary endpoint
of MACE at 12 months, with ticagrelor compared to clopidogrel
among 18,624 patients with ACS managed either invasively or
non-invasively®!. These differences were driven by a reduction
in MI and CV death®. The efficacy of ticagrelor was consist-
ent among patients undergoing revascularisation; ticagrelor also
reduced rates of stent thrombosis among patients undergoing
PCI®%, Although the overall incidence of PLATO major bleeding
was similar in the 2 groups, ticagrelor treatment was associated
with a significant 25% increase in non-CABG-related TIMI major
bleeding and an increase of fatal intracranial bleeding®'. Moreover,
a common non-bleeding adverse effect of ticagrelor was dyspnoea,
which occurred in 15-22% of patients and was the most common
cause of drug withdrawal®!.

Although in PLATO there weren’t any subgroups in which the
bleeding risk offset the efficacy of ticagrelor, absolute bleeding
rates increased among the elderly treated with ticagrelor®'. In the
Ticagrelor or Prasugrel Versus Clopidogrel in Elderly Patients
With an Acute Coronary Syndrome and a High Bleeding Risk:
Optimization of Antiplatelet Treatment in High-risk Elderly
(POPular AGE) study conducted in NSTE-ACS patients aged
>70 (n=1,002), clopidogrel was associated with fewer bleeding
events compared with ticagrelor and without an increase in the
combined endpoint of all-cause death, MI, stroke, and bleeding®.
Parallel findings were observed in several registry studies of ACS
patients®#¢, The safety and efficacy of ticagrelor compared with
clopidogrel among Asian patients with ACS was tested in 2 rela-
tively small RCTs showing no ischaemic benefit and more bleed-
ing, questioning the effectiveness of ticagrelor in this population
or the potential need for dose adjustments, although neither study
was sufficiently powered to demonstrate efficacy®”®.

Subsequent meta-analyses in ACS patients showed ticagre-
lor to be the only P2Y , inhibitor associated with a reduction in
all-cause and CV death, but yielding a 20-30% increase of major
bleeding compared to clopidogrel”. This finding can potentially
be attributed to the pleiotropic mechanisms of ticagrelor, includ-
ing increased plasma levels of adenosine, and supports the concept
that there may be a mortality benefit independent from a reduction
of ischaemic events®. However, such observations have not been
observed in other studies*#>*9!, Ultimately, in patients with CCS
undergoing high-risk elective PCI, ticagrelor was not superior to

clopidogrel in reducing periprocedural myocardial necrosis®.

PRASUGREL VERSUS TICAGRELOR
Whether 1 of the potent P2Y,, inhibitors is superior to the oth-
ers has been a topic of debate for years®™. Although earlier

investigations were inconclusive®®, The Intracoronary Stenting
and Antithrombotic Regimen: Rapid Early Action for Coronary
Treatment (ISAR-REACT 5) trial, conducted in 4,018 ACS
patients, showed that prasugrel administered at the time of PCI
after defining coronary anatomy, compared with pre-treatment
with ticagrelor before defining coronary anatomy, was associ-
ated with a significant 36% reduction of the primary endpoint of
MACE at | year without any increase in bleeding®. These find-
ings were consistent, irrespective of clinical presentation (NSTE-
ACS and STEMI)***¢. Mechanisms that can explain these findings
include the more potent platelet inhibitory effects of prasugrel
over ticagrelor as confirmed in the pharmacodynamic substudy of
the trial, as well as better compliance to treatment given that tica-
grelor is more commonly associated with treatment discontinua-
tion due to dyspnoea”. A network meta-analysis including both
direct and indirect comparisons of oral P2Y , inhibitors in ACS
showed no significant differences between prasugrel and ticagre-
lor, but when compared to clopidogrel, only prasugrel reduced MI,
while only ticagrelor reduced all-cause and CV death’.

GUIDED ESCALATION OF P2Y , INHIBITORS

The use of tools to guide the selection of antiplatelet therapy can
lead to an escalation of P2Y, inhibiting potency (i.e., prasugrel
or ticagrelor) among patients identified to have clopidogrel-HPR
(i.e., using platelet function tests) or CYP2C19 LoF alleles (i.e.,
using genetic testing)®>*’. From a clinical standpoint, an escalation
strategy is aimed at reducing ischaemic events without a trade-off
in bleeding®. Two lines of research have investigated the impact of
a guided escalation among patients undergoing PCI: in the first,
escalation was compared to standard therapy selectively among
patients with clopidogrel-HPR or carriers of the CYP2CI19 LoF
allele, and in the second, this was tested as a strategy (i.e., to
assess the clinical benefit of testing versus no-testing in all-comers
PCI). In the first line of research, several trials were performed but
failed to demonstrate any benefit’*!?®, However, these trials were
characterised by design limitations including poor definition of
clopidogrel-HPR, implementation of strategies inadequate to over-
come clopidogrel-HPR, and inclusion of low-risk patients. These
observations have allowed for subsequent studies with ameliorated
designs that support the clinical benefit of the use of guided esca-
lation as a strategy (Tahle 2)!01-103,

The second line of research tested the use of platelet function
or genetic testing as a strategy among the entire population of
patients undergoing PCI. These latter studies are of clinical inter-
est since they tested the effectiveness of implementing a guided
selection of antiplatelet therapy in clinical practice'*'™. Tailored
Antiplatelet Therapy Following PCI (TAILOR-PCI) randomised
5,302 patients undergoing PCI to either a guided or a standard
selection of antiplatelet therapy'®. The primary analysis was in
patients with CYP2C19 LoF variants, and the secondary analysis
included all randomised patients. This trial thus provided evidence
on both the first and the second line of research. Nevertheless,
despite a 34% reduction of MACE at 12 months found in both set-
tings, but favouring the guided selection over the standard selection



of antiplatelet therapy, this was not statistically significant given
the choice of a very ambitious 85% power to show a 50% reduc-
tion of the primary endpoint with guided therapy'®. Collectively,
the negative results of RCTs in this setting were largely driven
by their limited sample sizes. A recent meta-analysis overcoming
such limitations found a strategy of a guided escalation of anti-
platelet therapy to be associated with a 26% reduction of compos-
ite ischaemic events and no difference in bleeding as compared to
standard selection of antiplatelet therapy among patients undergo-
ing PCI®.

PROLONGING DAPT DURATION

The observation that patients with CAD, particularly those with
prior MI, remain at risk for long-term, even beyond one year,
ischaemic recurrences has laid the foundation for investigations
evaluating the safety and efficacy of prolonging DAPT (Table 2).
Although earlier investigations were designed based on concerns
surrounding the long-term safety (i.e., ST) of earlier-generation
drug-eluting stents (DES), these concerns have been largely over-
come with newer-generation DES platforms®. Hence, the focus
of studies evaluating prolonged antithrombotic regimens shifted
from being centred on “stent” outcomes to “patient” outcomes.
Indeed, a number of earlier studies, relatively small in sample size,
failed to demonstrate any benefit of prolonging DAPT!%-1%, This
prompted the design of the larger-scale Dual Antiplatelet Therapy
(DAPT) study which enrolled 9,961 patients and found that, com-
pared to 12-month DAPT, an additional 18 months of DAPT (with
either clopidogrel 75 mg/od or prasugrel 10 mg/od) significantly
reduced the primary endpoint of MACE by 29%. ST rates were
also significantly reduced. However, this benefit occurred at the
expense of a significant increase in moderate and severe bleed-
ing'?. Of note, the reduction of major adverse cardiac and cerebro-
vascular events (MACCE) with prolonged DAPT was enhanced
among patients with a prior history of MI compared with those
without (p-interaction=0.03)""". Subsequent meta-analyses showed
an overall reduction of MI and ST with prolonged, as compared to
standard, DAPT but at the cost of increased bleeding!'>!',

The available evidence from post hoc analyses of larger stud-
ies that suggested that patients with prior MI potentially benefit
from prolongation of intensified antiplatelet regimens, prompted
a selective investigation in patients with prior MI''!!6, In par-
ticular, the 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 (PEGASUS-TIMI 54) trial tested a P2Y , inhibiting therapy
with either ticagrelor 90 mg/bid or 60 mg/bid on top of aspi-
rin versus a placebo. The trial included 21,162 patients with MI
1 to 3 years earlier who were at least 50 years of age, and had
1 of the following additional high-risk features: age >65, diabe-
tes mellitus requiring medication, a second prior MI, multivessel
CAD, or chronic renal dysfunction®. At 33 months, both ticagrelor
doses significantly reduced the incidence of the primary endpoint
of MACE by 15%. However, this occurred at the expense of an
increase in major bleeding with both ticagrelor regimens. Results

Antiplatelet therapy after PCI

were consistent irrespective of prior PCI, which represented 83%
of the study population!’. However, the safety profile, both in
terms of bleeding and non-bleeding side effects (i.e., dyspnoea)
was more favourable with the 60 mg/bid dose, and is the reason for
which this dosing regimen is recommended for long-term, beyond
1 year, secondary prevention in practice guidelines**’. The ben-
efits of intensified antiplatelet therapy among high-risk patients
without any prior history of an acute ischaemic event (prior MI or
cerebrovascular event) was tested in The Effect of Ticagrelor on
Health Outcomes in Diabetes Mellitus Patients Intervention Study
(THEMIS) study which was selectively conducted in patients
with type 2 diabetes mellitus and stable coronary artery disease
(58% of total population had undergone prior PCI)’". The study
randomised 19,220 patients and showed that ticagrelor 60 mg/bid
plus aspirin 75-150 mg/od, as compared with aspirin plus placebo,
reduced MACE by 10%, but significantly increased major bleed-
ing at 40 months®. The net clinical benefit was more favourable
among patients with a history of PCI compared to those without!'s.
A relevant aspect in both the PEGASUS-TIMI 54 and THEMIS
studies is the consistent efficacy of low-dose ticagrelor over time,
as the benefit was present irrespective of time from most recent
MI and PCI'"8!1,

Finally, the Cardiovascular Outcomes for People Using
Anticoagulation Strategies (COMPASS) trial was the first study
to assess whether adding a vascular dose regimen of rivaroxaban
(2.5 mg/bid) to low-dose aspirin, a strategy known as DPI, could
reduce ischaemic events in patients with stable atherosclerotic dis-
ease at risk for recurrences'?. The trial randomised 27,395 patients
to receive either rivaroxaban (2.5 mg twice daily) plus aspirin
(100 mg once daily), rivaroxaban (5 mg twice daily), or aspirin
(100 mg once daily). Rivaroxaban 2.5 mg plus aspirin, but not
rivaroxaban 5 mg twice daily, reduced MACE by 24% compared
to aspirin alone'?. This occurred at the expense of a significant
increase in major bleeding.

Overall, these above-mentioned trials led to the most recent
changes in guideline recommendations for long-term intensified
antithrombotic regimens by means of DAPT or DPI among high
and moderate ischaemic risk patients in the absence of high bleed-
ing risk**4!. The guidelines, however, do not provide recommenda-
tions for choosing between the 2 strategies (DAPT vs DPI) nor as
to which P2Y , inhibitor to consider if a DAPT strategy is chosen.

Strategies focused on reducing bleeding events

The introduction of stent platforms with low thrombogenicity,
together with the fact that thrombotic risk is highest during the
first months after PCI and decreases thereafter, while bleeding
risk remains stable over time (Figure 3), has prompted investiga-
tions focused on the reduction of bleeding events®. Importantly,
both major and minor bleeding have important prognostic impli-
cations. In particular, major bleeding has shown to have prog-
nostic relevance (i.e., mortality) similar to or greater than that of
a major ischaemic event; minor bleeding can result in an abrupt

suspension of antiplatelet treatment, potentially resulting in higher
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ischaemic events®*. We next discuss the major strategies tested in
RCTs proposed to reduce bleeding, in hopes of providing a more
favourable trade-off between bleeding and ischaemic risk over
time. These strategies include shortening DAPT, the use of P2Y ,
monotherapy and de-escalation of P2Y , inhibitors (Central illus-
tration). The vast majority of them were not designed to reduce
MACE (Table 3). Thus, meta-analyses play an important role in
increasing statistical power with respect to defining the impact on
hard ischaemic endpoints in this setting.

SHORTENING DAPT

Shortening the duration of DAPT as a strategy to reduce bleed-
ing events has been the most broadly explored approach in 13
published RCTs (Tahle 3). The shortening of DAPT traditionally
consists of the withdrawal of the P2Y , inhibitor before the rec-
ommended standard period of DAPT, usually 3 or 6 months after
PCI. Alternatively, shortened DAPT can also occur due to the dis-
continuation of aspirin while maintaining P2Y , inhibitor mono-
therapy, described in greater detail in the aspirin-free approach
section below. Seven trials included shortened DAPT, the dis-
continuation of a P2Y , inhibitor while maintaining aspirin, and
compared 6-month versus 12-month DAPT. Four trials included
3-month versus 12-month DAPT and 2 trials a 1-month versus

6- and 12-month DAPT!?!"13!_ Although a number of registries with
different stent platforms conducted in high bleeding risk (HBR)
patients have evaluated the safety and efficacy of short DAPT, the
Management of High Bleeding Risk Patients Post Bioresorbable
Polymer Coated Stent Implantation with an Abbreviated versus
Standard DAPT Regimen (MASTER-DAPT) was the first RCT
to selectively enrol HBR patients'**!32133 Overall, results of the
individual studies, as well as pooled analyses of RCTs, showed
the early withdrawal of P2Y , inhibitor reduced bleeding, includ-
ing major bleeding without any significant increase of throm-
botic events''>13. However, it has been argued that many of the
studies enrolled patients at low ischaemic risk or that the studies
were not powered for hard ischaemic endpoints; whether a trade-
off in thrombotic complication can be ruled out in high-risk set-
tings remains to be fully defined. The recent ARC-HBR trade-off
model may represent a useful tool to balance bleeding and ischae-
mic risks'. In fact, patients with ACS had an increase in MI with
6 months compared with 12 months of DAPT'?. Overall, these
considerations are the reason for which shortened DAPT durations
should be reserved for HBR patients for whom the benefits are
more likely to outweigh the risks. Further studies are warranted
to support shortened DAPT among high-risk populations for both
bleeding and thrombotic events.

Table 3. Randomised controlled trials testing antiplatelet strategies aiming at reducing bleeding events among patients undergoing

percutaneous coronary intervention.

Clinical
presentation

Treatment arms and
population

Primary | Follow-up
endpoint | duration
met? (months)

Primary endpoint definition

Shortening DAPT

EXCELLENT 2012 1,443 51 49

6 versus 12 months DAPT

CV death, MI and ischaemia- Yes 12
driven target vessel
revascularisation

RESET 2012 2,148 54 46 3 versus 12 months DAPT CV death, MI, ST, target vessel Yes 12
revascularisation and bleeding

OPTIMIZE 2013 3,211 32 68 3 versus 12 months DAPT All death, MI, stroke and major Yes 12

bleeding

SECURITY 2014 1,404 39 61 6 versus 12 months DAPT CV death, M, stroke, definite or Yes 12

probable ST and BARC bleeding
3-5
ISAR-SAFE 2015 4,005 39 61 6 versus 12 months DAPT  |All death, MI, ST, stroke and TIMI Yes 9

major bleeding

[-LOVE-IT 2 2016 1,829 85 15

3 versus 12 months DAPT

CV death, target vessel Ml or Yes 18
clinically-indicated target lesion
revascularisation

NIPPON 2017 3,773 32 68 6 versus 12 months DAPT All death, MI, stroke and major Yes 36
bleeding
DAPT-STEMI 2018 1,100 100 0 6 versus 12 months DAPT All death, MI, any Yes 18

revascularisation, stroke, and
TIMI major bleeding

SMART-DATE | 2018 2,712 100 0

6 versus 12 months DAPT

All death, MI or stroke Yes 18

OPTIMA-C 2018 1,368 51 49

6 versus 12 months DAPT

All death, MI or ischaemia-driven Yes 12
target lesion revascularisation
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Table 3 (cont'd). Randomised controlled trials testing antiplatelet strategies aiming at reducing bleeding events among patients
undergoing percutaneous coronary intervention.

Number | Clinical
of | presentation Treatment arms and
patients population

Primary | Follow-up
Primary endpoint definition | endpoint | duration
met? (months)

Year of
Study name |publica-

Shortening DAPT

m
=
S
S
=
=
(1]
2
<
(1]
=
=
o
=
N
o
)
>
i
)
()
A
)
i
=
:
()
w
©
o

One-Month 2021 3,020 39 61 |1 versus 6-12 months DAPT in CV death, MI, target vessel Yes 12
DAPT non-complex PCI revascularisation, stroke and

major bleeding
MASTER 2021 4,434 49 Bil 1 versus 5 months DAPT All death, MI, stroke, Yes 11
DAPT among HBR patients or major bleeding

All death, MI, stroke
Major or clinically relevant
non-major bleeding

P2Y,, monotherapy

GLOBAL- 2018 15,968 47 53 Ticagrelor monotherapy for All death or MI Yes 24
LEADERS 23 months versus DAPT with
ticagrelor for 12 months
TWILIGHT 2019 7,119 64 36 Ticagrelor monotherapy after BARC bleeding type 2, 3, or 5 Yes 15
3 months of DAPT versus and all-cause death or Ml and
standard DAPT in uneventful stroke
patients with high-risk PCI
SMART- 2019 2,993 58 42 P2Y,, inhibitor monotherapy All death, MI or stroke Yes 12
CHOICE after 3 months of DAPT versus
standard DAPT
STOPDAPT-2 | 2019 3,045 38 62 | Clopidogrel monotherapy after | CV death, M, stroke, ST and Yes 12
1 month of DAPT versus TIMI major or minor bleeding
standard DAPT
TICO 2020 3,056 100 0 Ticagrelor monotherapy after | TIMI major bleeding, all-cause Yes 12
3 months of DAPT versus death, MI, ST, stroke and target
standard DAPT vessel revascularisation
STOPDAPT-2- | 2021 4,169 100 0 Clopidogrel monotherapy after | CV death, M, stroke, ST and No 12
ACS 1 month of DAPT versus TIMI major or minor bleeding

standard DAPT among ACS
Guided de-escalation

ANTARTIC 2016 877 100 0 PFT-guided de-escalation CV death, MI, stroke, ST, urgent No 12
versus standard DAPT revascularisation and BARC 2-5
bleeding
TROPICAL- 2017 2,610 100 0 PFT-guided de-escalation CV death, MI, stroke and BARC Yes 12
ACS versus standard DAPT 2-5 bleeding
POPular 2019 2,488 100 0 | Genotype-guided de-escalation | All death, MI, definite ST, stroke, Yes 12
Genetics versus standard DAPT or PLATO major bleeding and

PLATO major or minor bleeding

Unguided de-escalation

TOPIC 2017 646 100 0 |Clopidogrel-based DAPT versus CV death, urgent Yes 12
standard DAPT revascularisation, stroke and
BARC 2-5 bleeding
HOST- 2020 3,429 100 0 Prasugrel 5 mg-based DAPT All death, MI, ST, repeat Yes 12
REDUCE- versus prasugrel 10 mg-based revascularisation, stroke and
POLYTHEC- DAPT BARC 2-5 bleeding
ACS
TALOS-MI 2021 2,697 100 0 |Clopidogrel-based DAPT versus| CV death, Ml, stroke and BARC Yes 12
ticagrelor-based DAPT 2-5 bleeding

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; CRNM: clinically relevant non-major;
CV: cardiovascular; DAPT: dual antiplatelet therapy; HBR: high bleeding risk; ISTH: International Society on Thrombosis and Haemostasis;

MI: myocardial infarction; PFT: platelet function test; PLATO: Platelet Inhibition and Patient Outcomes; ST: stent thrombosis; TIMI: Thrombolysis in
Myocardial Infarction; VKA: vitamin K antagonists

P2Y,, MONOTHERAPY of new drugs has remained elusive given that treatment regimens
For decades, aspirin has represented the backbone therapy for all ~ were developed with aspirin as an integral component. Hence,
novel antithrombotic regimens®. Accordingly, the relative benefit ~ with the development of new therapies, often with enhanced
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antithrombotic efficacy, the stacking on of treatment consistently
showed an increase in bleeding, offsetting any ischaemic bene-
fit'3+13¢ These considerations in conjunction with the established
gastrointestinal toxicity associated with aspirin have prompted
investigations evaluating the safety and efficacy of P2Y,, mono-
therapy regimens'’.

The first therapeutic area exploring this concept was in patients
requiring OAC, such as those with atrial fibrillation, undergoing
PCT*. These patients have the theoretical need for triple antithrom-
botic therapy (TAT, defined as DAPT+OAC), which, however, is
associated with prohibitively high rates of bleeding. In light of the
pivotal role of P2Y , mediated signalling on arterial thrombotic
complications in patients undergoing PCI, a strategy of dropping
aspirin as an attempt to reduce (mostly gastrointestinal) bleed-
ing, and maintaining DAPT with a P2Y , inhibitor and an OAC,
was explored. Importantly, pharmacodynamic studies have shown
a synergism in antithrombotic effects with treatment with an OAC
and a P2Y , inhibitor'**'*, A seminal investigation demonstrating
that stented patients who were also treated with a vitamin K antag-
onist had a significant reduction in bleeding without any increase
in thrombotic complications by discontinuing aspirin and main-
taining a P2Y , inhibitor'*', prompted subsequent RCTs to test all
4 commercially available agents (dabigatran, rivaroxaban, apixa-
ban, and edoxoban)'*>'%, The results of these trials support overall
the concept that after a brief period of DAPT, aspirin can be safely
discontinued without any trade-off in ischaemic complications in
most patients. While the optimal timing of aspirin discontinuation
for patients on an OAC is a topic of controversy (between hospi-
tal discharge up to 1 week versus 1 month), it is now commonly
accepted that this should not be prolonged beyond 30 days*'.
It is, however, important to note that these studies are of limited
scope, due to their sample size, to rule out any increase in hard
ischaemic events. To this extent, several meta-analyses have been
performed'*. Some, but not all, showed early discontinuation
of aspirin to be associated with a significant increase in risk of
thrombotic complications, suggesting that aspirin be maintained
for at least 30 days in high-risk subjects!-'>!. Moreover, given that
the recommended antiplatelet agent to be used in these patients
is clopidogrel, the potential risk deriving from aspirin withdrawal
among patients non-responsive to clopidogrel, as well as the
impact of potent P2Y , inhibitors in this setting, requires further
investigations3233103,

The favourable safety findings observed with aspirin discontin-
uation in patients undergoing PCI who also require treatment with
an OAC has stimulated interest in investigations evaluating drop-
ping aspirin even among patients not requiring OAC in the pres-
ence of effective P2Y , inhibition. Of note, in vitro and ex vivo
PD investigations have suggested that aspirin provides limited
antithrombotic effects in addition to potent P2Y , blockade, and
have represented the rationale for the use of P2Y, monotherapy
approaches!3$15>1%  GLOBAL-LEADERS was the first study to
clinically test this strategy, comparing 1-month DAPT followed by
23 months of ticagrelor 90 mg/bid monotherapy versus standard

DAPT for 12 months followed by aspirin among 15,968 patients
undergoing PCI. Although at a follow-up of 24 months, there was
no significant difference in the primary ischaemic endpoint of
all-cause death and MI between arms, there were no safety (i.e.,
bleeding) concerns that emerged from this study’. GLOBAL-
LEADERS was however followed by a number of RCTs that
consistently showed that discontinuing aspirin after 1-3 months
and maintaining P2Y, inhibitor monotherapy markedly reduced
bleeding without any increase in thrombotic events!#138-160,

The Ticagrelor With Aspirin or Alone in High-Risk Patients
After Coronary Intervention (TWILIGHT) trial was a double-
blind, placebo-controlled design trial including 7,119 patients
with at least 1 clinical and 1 angiographic feature associated with
a high risk of ischaemic or bleeding events, who were randomised
after 3 months of uneventful DAPT with ticagrelor plus aspirin
to take ticagrelor and receive aspirin or a placebo for 1 year'*.
There was a significant 44% reduction of the primary endpoint
of Bleeding Academic Research Consortium (BARC) 2-5 bleed-
ing, favouring ticagrelor monotherapy and no difference in MACE
between groups'*. Importantly, MACE results were consistent
among subgroups of high-risk patients such as those with diabe-
tes mellitus and ACS and those undergoing complex PCI'!-163,
The use of prasugrel monotherapy in the setting of P2Y , mono-
therapy strategies is limited, and thus far has only been tested in
a pilot study including 201 patients with CCS undergoing low-risk
PCI'*. Overall, pooled analyses showed a very short DAPT fol-
lowed by a P2Y , inhibitor monotherapy reduced bleeding, includ-
ing major bleeding, without a trade-off in ischaemic events'*'*.

It is important to note that while some of the above-mentioned
studies were conducted with clopidogrel, these were in low-risk
patients and thus question whether the lack of increase of throm-
botic complications would be preserved in ACS patients. The
ShorT and OPtimal Duration of Dual AntiPlatelet Therapy-2 ACS
study (STOPDAPT-2 ACS), including a total of 4,169 patients,
failed to meet non-inferiority for the primary endpoint of net
adverse clinical events (NACE) with clopidogrel monotherapy
after a 1-month DAPT versus the standard 12-month DAPT,
mainly driven by an increase of MI (H W. STOPDAPT-2 ACS:
1-month dual antiplatelet therapy followed by clopidogrel mono-
therapy in acute coronary syndrome. ESC Congress 2021). These
findings call for caution on dropping aspirin too early among
high-risk patients, such as those with ACS, when a non-potent
P2Y , inhibitor is used as monotherapy.

DE-ESCALATION OF P2Y , INHIBITORS

De-escalation of P2Y , inhibiting therapy consists in switching
from more potent (i.e., prasugrel or ticagrelor) to less potent (i.e.,
clopidogrel) agents, and aims at reducing bleeding without any
trade-off in ischaemic events'®. Accordingly, the strategy of de-
escalation typically applies to the setting of ACS, in which more
potent P2Y , inhibitors are recommended as the standard of care.
De-escalation can be guided or un-guided (Table 3). A guided
approach implies the use of platelet function or genetic tests that
rule out clopidogrel-HPR or the presence of CYP2C19 LoF alleles



which are known to be associated with an increased risk of throm-
botic complications post-PCI. An unguided approach consists in
de-escalation without the aid of platelet function or genetic test-
ing. A guided approach allows for de-escalation early after PCI.
On the contrary, an unguided de-escalation early after PCI has
been associated with an increase in thrombotic complications'®®.
Accordingly, waiting for the highest risk period of thrombotic
complications post-PCI to elapse (e.g., 1 month) prior to de-esca-
lation, represents a safer time frame for considering unguided de-
escalation (Figure 3).

GUIDED DE-ESCALATION

A guided de-escalation approach has been tested in 3 RCTs, all
in patients with ACS, using either platelet function testing (n=2)
or genetic testing (n=1) (Table 3)'¢"1%. Testing Responsiveness to
Platelet Inhibition on Chronic Antiplatelet Treatment For Acute
Coronary Syndromes Trial (TROPICAL-ACS) is the largest of
the studies using platelet function testing, the results of which had
an impact on guideline recommendations'®’. In particular, among
2,610 ACS patients undergoing PCI, guided de-escalation was
non-inferior for the primary composite endpoint of NACE as com-
pared to standard of care, with a trend towards reduced bleeding at
12 months compared to the standard group'®’.

The Cost-effectiveness of Genotype Guided Treatment With
Antiplatelet Drugs in ST-segment elevation MI (STEMI) Patients:
Optimization of Treatment (POPular Genetics) used genetic testing
to guide de-escalation and was conducted in 2,488 STEMI patients
undergoing primary PCI who were randomised to either a geno-
type-guided de-escalation or a standard of care selection (mostly
ticagrelor, 91%) of oral P2Y , inhibitors'®. The genotype-guided
strategy was found to be non-inferior for NACE and superior in
terms of PLATO major or minor bleeding, as compared to stand-
ard of care at 12-month follow-up'®’. The observation that plate-
let function testing-guided de-escalation was not associated with
significantly reduced bleeding as compared to standard therapy
can be explained by the fact that some patients who de-escalate to
clopidogrel are found to have HPR and need to escalate to more
potent P2Y , inhibition, which enhances the risk of bleeding. It
is also important to note that 7-14 days of maintenance treatment
with clopidogrel is needed after de-escalation before assessing
platelet responsiveness, a time frame during which patients who
have HPR are at increased risk of thrombotic events®®!%, Overall,
it may be argued that the individual RCTs were of limited power
to assess with granularity the ischaemic and bleeding endpoints.
A recent meta-analysis overcoming such limitations found that
a strategy of guided de-escalation of antiplatelet therapy is associ-
ated with a 19% reduction of any bleeding, driven by a reduction
of minor bleeding, without any trade-off in efficacy, as compared
to standard selection of antiplatelet therapy among patients under-
going PCI®. Moreover, there were no differences between the
use of genetic or platelet tests®. Finally, a network meta-analysis
focusing on ACS has shown that, compared with routine selec-
tion of potent P2Y , inhibiting therapy (prasugrel or ticagrelor),

Antiplatelet therapy after PCI

a guided selection of P2Y , inhibiting therapy is associated with
the most favourable balance between safety and efficacy!”’.

UNGUIDED DE-ESCALATION

The Timing of Platelet Inhibition After Acute Coronary Syndrome
(TOPIC) was a single-centre RCT with 646 patients comparing
standard versus unguided de-escalation from a potent platelet
inhibitor to clopidogrel 1 month after ACS'”!. There was a signifi-
cant reduction of both the primary endpoint of NACE and bleed-
ing'”!. However, it should be noted that MI was not included in the
primary composite endpoint (CV death, urgent revascularisation,
stroke and BARC bleeding 2-5) and this population was mostly
composed of patients undergoing non-complex PCI. Prasugrel-
based de-escalation of DAPT after PCI in patients with ACS
(HOST-REDUCE-POLYTECH-ACS), compared standard versus
unguided de-escalation of antiplatelet therapy by reducing prasu-
grel dosage (from 10 mg to 5 mg daily) versus standard prasugrel
dosing (10 mg daily) 1 month after ACS among East Asian patients
undergoing PCI (n=2,338) and showed that de-escalation was non-
inferior to standard therapy for the primary endpoint of MACE'"%.
Finally, the TicAgrelor Versus CLOpidogrel in Stabilized Patients
With Acute Myocardial Infarction (TALOS-MI), comparing de-
escalation from ticagrelor- to clopidogrel 1 month after PCI ver-
sus standard ticagrelor-based DAPT among 2,697 East Asian ACS
patients, showed that the primary endpoint of NACE, as well of
BARC bleeding 2-5, was significantly reduced in the de-escala-
tion arm'”. It is important to note that in these trials the de-esca-
lation of P2Y , inhibitors was performed 1 month after PCI —the
period in which the risk of ischaemic events is highest— while
among trials using a guided de-escalation this was performed ear-
lier (0-14 days) after PCI. A recent meta-analysis has shown that
both guided and unguided de-escalation reduce bleeding without

any trade-off in ischaemic events!’.

Future perspectives

Future directions in the field of antiplatelet therapy among PCI
patients include the development of new antiplatelet agents, the
implementation of new antiplatelet strategies with available agents
and the conduct of further studies in support of current antiplatelet
strategies (Table 4). Several new antiplatelet agents intended for
use among patients undergoing PCI are under clinical develop-
ment. Agents include selatogrel (a reversible non-thienopyridine
P2Y , receptor antagonist administered subcutaneously), RUC-4
(a GPIIb/Il1a inhibitor with a novel mechanism of action for intra-
muscular administration) and revacept (an inhibitor of GPVI,
the major platelet collagen receptor, administered intravenously)
(Figure 1)!7>177_ A detailed description of these agents intended for
acute use goes beyond the scope of this manuscript.

Although prolonging intensified antithrombotic therapy by add-
ing a P2Y , inhibitor (i.e., DAPT) or rivaroxaban 2.5 mg bid (i.e.,
DPI) to aspirin reduces the risk of ischaemic recurrences in high-
risk patients with CCS compared to aspirin alone, the concerns
surrounding the increased risk of bleeding has stimulated research
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Table 4. Ongoing studies on antiplatelet therapy among patients who underwent percutaneous coronary intervention.

Study name

Number of
patients

Treatment arms and population

New drugs

Primary endpoint

0.110 mg/kg or 0.130 mg/kg versus placebo in the
ambulance after diagnosis of STEMI and before
hospital arrival

New strategies

SOS-AMI NCT04957719 1,400 Self-administration of selatogrel 16 mg versus Status as assessed by
placebo subcutaneously with the autoinjector upon a 6-point ordinal scale
occurrence of symptoms suggestive of an acute Ml BARC bleeding 3-5

CELEBRATE NCT04825743 1,668 Subcutaneous injection or RUC-4 at the dose of | Restoration of the coronary

artery blood flow
Resolution of ST segment
deviation
BARC 3-5 and GUSTO
severe bleeding

GUARANTEE

ATTEMPT

NCT03783351

NCT04014803

clopidogrel monotherapy versus 1-month DAPT with
prasugrel followed by aspirin monotherapy after PCI
with everolimus-eluting cobalt-chromium

Guided escalation of P2Y,, inhibitors

3,780

Genotype-guided versus standard antiplatelet therapy
among PCI patients

Potent P2Y,, inhibiting therapy

3,500

12-month DAPT with prasugrel versus 12-month
DAPT with clopidogrel among patients undergoing
elective complex PClI

Shortening DAPT

TAILORED-CHIP NCT03465644 2,000 6-month DAPT with ticagrelor 60 mg/bid followed by NACE
6-month clopidogrel monotherapy versus 12-month
DAPT with clopidogrel among high-risk patients
undergoing complex PCl
Optimized-APT NCT04338919 2,020 DAPT with ticagrelor 90 mg/bid for the first month, MACE
followed by ticagrelor 90 mg/bid monotherapy from NACE
the second to the sixth month and ticagrelor 45 mg/ BARC 2-5 bleeding
bid monotherapy from the seventh to the twelfth
month versus DAPT with ticagrelor
90 mg/bid for 12 months among ACS
OPT-PEACE NCT03198741 593 Aspirin monotherapy versus clopidogrel monotherapy | Gastrointestinal mucosal
versus DAPT after 6 months of DAPT among PCI injury
patients
E5TION NCT04734353 492 Prasugrel 5 mg/day for 12 months versus ticagrelor BARC 2-5 bleeding
60 mg/bid for 12 months among high-risk PCI with
PCI with the Firehawk stent
ELECTRA-SIRIO NCT04718025 4,500 DAPT with ticagrelor 90 mg/bid for 1 month followed MACE
by DAPT with ticagrelor 60 up to 12 months versus BARC 3-5 bleeding
discontinuation of ticagrelor 60 mg/bid at 3 months
versus placebo among ACS
CAGEFREEII NCT04971356 1,908 Aspirin plus ticagrelor for 1 month followed by NACE
5 months ticagrelor monotherapy versus aspirin plus
ticagrelor for 12 months in ACS patients with
drug-coated balloon
LD-ASPIRIN NCT04240834 1,220 Aspirin (50 mg od) plus ticagrelor (90 mg bid) for MACCE
12 months versus aspirin (75 mg od) plus ticagrelor
(90 mg bid) for 12 months among ACS
STOPDAPT-3 NCT04609111 3,110 1-month prasugrel monotherapy followed by MACE

BARC 3-5 bleeding

MACCE

MACE

undergoing PCI with the Firehawk stent

DUAL-ACS2 NCT03252249 19,519 3-month versus 12-month DAPT among ACS All-death
patients
PARTHENOPE NCT04135989 2,106 Personalised (3-, 6- or 24-month) DAPT versus NACE
standard (12-month) DAPT among PCI patients
TARGET SAFE NCT03287167 1,720 1-month versus 6-month DAPT among HBR patients NACE
undergoing PCI with the Firehawk stent
TARGET DAPT NCT03008083 2,446 3-month versus 12-month DAPT among patients NACCE
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Table 4 (cont'd). Ongoing studies on antiplatelet therapy among patients who underwent percutaneous coronary intervention.

Number of

patients Primary endpoint

Study name Treatment arms and population

Long term P2Y,, inhibiting therapy
NCT03431142 7,700

OPT-BIRISK 9 months of clopidogrel monotherapy versus BARC bleeding 2-5
additional 9 months of DAPT after initial

9-12 months of DAPT among ACS patients with high
ischaemic and bleeding risk with prior PCI

(=12 months)

P2Y,, inhibitor monotherapy with clopidogrel or
ticagrelor 60 mg/bid from 12 to 36 months versus
extended DAPT with ticagrelor 60 mg/bid for
36 months among patients with prior uneventful PCI
(=12 months)

Clopidogrel monotherapy versus aspirin monotherapy
among patients at high ischaemic risk with prior PCI

SMART-CHOICE 2 NCT03119012 1,520 MACCE
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SMART-CHOICE 3 NCT04418479 5,000 MACCE

(=12 months)

A-CLOSE NCT03947229 3,200

DAPT-MVD NCT04624854 8,250

NEOMINDSET NCT04360720 3,400

Clopidogrel monotherapy from 12 to 36 months NACE
versus extended DAPT for 36 months among
patients at high ischaemic risk and event free for
12 months after DES implantation

Prolonging DAPT duration

Aspirin alone versus DAPT with clopidogrel among
patients with multivessel disease who underwent
DES implantation for 12 months

Prasugrel monotherapy for 12 months versus
12-month DAPT among non-HBR and ticagrelor
monotherapy for 12 months versus 6 months DAPT
among HBR ACS patients undergoing PCI

Aspirin-free

MACCE

MACCE and
BARC bleeding 2-5

ULTIMATE-DAPT NCT03971500 3,486 Ticagrelor monotherapy versus standard DAPT in MACCE and
ACS patients undergoing PCI BARC bleeding 2-5

Short-term Dual NCT03447379 1,452 Clopidogrel or ticagrelor monotherapy after 3 months MACCE

Antiplatelet Therapy After of DAPT versus 12 months of DAPT among patients

Deployment of undergoing PCI with everolimus-eluting stent

Bioabsorbable Polymer

Everolimus-eluting Stent

BULK-STEMI NCT04570345 1,002 3-month DAPT followed by ticagrelor monotherapy NACE

versus 12-month DAPT after second-generation

sirolimus stent

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CCS: chronic coronary syndrome; CRNM: clinically relevant non-major;
CV: cardiovascular; DAPT: dual antiplatelet therapy; DES: drug-eluting stent; HBR: high bleeding risk; ISTH: International Society on Thrombosis and
Haemostasis; MACCE: major adverse cardiovascular and cerebrovascular events; MI: myocardial infarction; PFT: platelet function test; PLATO: Platelet
Inhibition and Patient Outcomes; NACE: net adverse clinical events; NACCE: Net Adverse Clinical and Cerebral Events; PCl: percutaneous coronary
intervention; TIMI: Thrombolysis in Myocardial Infarction; VKA: vitamin K antagonists

on identified treatments with a better trade-off between ischaemic
and bleeding events. Compared with aspirin, rivaroxaban 5 mg/
bid did not significantly reduce ischaemic events in patients with
stable vascular disease, underscoring the importance of antiplatelet
therapy for patients with CAD'. Although the strategy of P2Y ,
inhibitor monotherapy and discontinuing aspirin after a brief
period of DAPT has shown to reduce bleeding complications
without any trade-off in ischaemic events, the available evidence
is limited to up to 12 months of therapy after which most patients
resumed aspirin monotherapy. Whether P2Y , inhibitor monother-
apy is superior to aspirin monotherapy in patients who have com-
pleted required DAPT after DES implantation was tested in the
Harmonizing Optimal Strategy for Treatment of Coronary Artery
Stenosis- EXtended Antiplatelet Monotherapy (HOST-EXAM)
trial'’®. The trial randomised 5,530 patients from South Korea

without clinical events for 6-18 months after PCI to either aspirin
100 mg/od or clopidogrel 75 mg/od monotherapy. At 24 months,
the primary endpoint of MACE as well as BARC bleeding type
3-5 were reduced with clopidogrel compared to aspirin'”®. These
results are consistent with those from the CAPRIE trial, published
20 years earlier, which enrolled 19,185 patients with atheroscle-
rotic disease, showing clopidogrel to be associated with a reduc-
tion, albeit of marginal statistical significance, of ischaemic events
with better gastrointestinal tolerability. It is important to note that
in CAPRIE, a 325 mg dose regimen of aspirin was used!”.
Ultimately, new formulations of aspirin designed to reduce gas-
trointestinal toxicity while maintaining adequate absorption and
antiplatelet effects are currently being designed. Among these,
a liquid formulation of a novel pharmaceutical lipid-aspirin com-
plex (PL-ASA) has been approved. In particular, PL-ASA has
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pharmacokinetic and pharmacodynamic profiles similar to imme-
diate-release aspirin and provides more reliable drug absorption
than enteric-coated aspirin formulations known to be more delayed
and erratic'®¥!. Moreover, its formulation and release proper-
ties mitigate disruption of the protective phospholipid bilayer of
the gastrointestinal mucosa, resulting in less acute gastric injury
(erosions and/or ulcers)'®>. How PL-ASA compares with stand-
ard enteric-coated aspirin and its long-term gastrointestinal safety

remain unknown.

Conclusions

Antiplatelet therapy represents the cornerstone of treatment for
the prevention of local and systemic ischaemic complications in
patients with CAD undergoing PCI. Over the past decades dif-
ferent antiplatelet regimens using aspirin and P2Y, inhibitors
have been developed and implemented in clinical practice. A bet-
ter understanding of the ischaemic and bleeding risk profile, as
well as individual responsiveness to antiplatelet agents, has been
instrumental in defining the optimal regimen for the individual
patient. In particular, the intensity and the duration of aspirin and
P2Y , inhibiting therapy should be adjusted to reduce the risk of
ischaemic complications while minimising the risk of bleeding.
Strategies developed to mitigate the risk of bleeding include short-
ening DAPT duration, P2Y , inhibitor monotherapy and de-esca-
lation. In the absence of high bleeding risk, patients at increased
ischaemic risk may consider prolonging intensified antithrombotic
therapy either by means of DAPT or DPI. The use of platelet func-
tion and genetic testing can indeed be of aid in the selection of
P2Y , inhibitor therapy. An integrated approach, including scores/
definitions to define ischaemic and bleeding risk, procedural char-
acteristics, and tools to help assess drug response, represents the
most promising approach for a personalised selection of antiplate-
let agents among patients undergoing PCI.
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