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Abstract

Following percutaneous coronary intervention (PCI), an initial course of dual antiplatelet therapy (DAPT) with aspirin and a P2Y12

inhibitor (P2Y12-i) is recommended to minimize the risk of thrombotic complications. After the initial period of DAPT, antiplatelet
monotherapy, usually consisting of aspirin, is administered for long-term secondary prevention. However, over the last few years there
has been accruing evidence on P2Y12-i monotherapy, both in the acute (i.e., post-PCI; after a brief period of DAPT, transitioning to
monotherapy before six or 12 months in patients with chronic or acute coronary syndrome, respectively) and chronic (i.e., long-term
secondary prevention; after completion of six or 12 months of DAPT, in patients with chronic or acute coronary syndrome, respec-
tively) settings. In aggregate, most studies of short DAPT with transition to P2Y12-i monotherapy showed a reduced risk of bleeding
complications, without any significant increase in ischemic events as compared to standard DAPT. On the other hand, the evidence on
long-term P2Y12-i monotherapy is scarce, but results from a randomized trial showed that clopidogrel monotherapy outperformed aspirin
monotherapy in terms of net benefit, ischemic events and bleeding. Antiplatelet therapy is also recommended for patients undergoing
PCI and with an established indication for long-term oral anticoagulation (OAC). In this scenario, a brief period of triple therapy (i.e.,
aspirin, P2Y12-i and OAC) is followed by a course of dual antithrombotic therapy (usually with P2Y12-i and OAC) and ultimately by
lifelong OAC alone. European and American guidelines have been recently updated to provide new recommendations on antithrombotic
therapy, including the endorsement of P2Y12-i monotherapy in different settings. However, some areas of uncertainty still remain and
further randomized investigations are ongoing to fulfil current gaps in knowledge. In this review, we assess the current knowledge and
evidence on P2Y12-i monotherapy for the early and long-term secondary prevention in patients undergoing PCI, and explore upcoming
research and future directions in the field.
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1. Introduction
Initial observations of platelets in the human blood

date back to the 19th century, when Max Schultze and
Giulio Bizzozero [1,2] afterward identified and described
the role of what appeared as unknown blood spherules, both
in vitro and in vivo. Platelets were then found to play a cen-
tral role in thrombosis and hemostasis, adhering to one an-
other and to some threads later recognized as strands of fib-
rin [3]. Platelets became a therapeutical target in the 1960s,
when the effects of aspirin on bleeding time were corre-
lated to impairment in platelet response [4]. Approximately
30 years later it became clear that platelets can be also ac-
tivated by different stimuli, including the P2Y12 receptor
pathway [5].

P2Y12 is a 7-membrane-spanning receptor coupled to
an inhibitory G protein that binds adenosine 5’ diphosphate
(ADP) and is essential for a normal platelet response [6].
Indeed, a rare inherited P2Y12 receptor deficiency is associ-
ated with impaired platelet aggregation and a propensity to
bleed [7]. The P2Y12 receptor also participates to additional

functions, such as stabilization of platelet aggregates me-
diated by thrombin or thromboxane A2 (TXA2), reduction
of cytokines production, mitigation of airway inflammation
in allergic asthma, and antitumoral response [6]. Differ-
ent classes of P2Y12 receptor inhibitors (P2Y12-i) are cur-
rently available, in both oral and intravenous formulations,
and feature different pharmacologic profiles but with the
common clinical indication consisting in the treatment and
secondary prevention of atherosclerotic disease manifesta-
tions [6]. Indeed, percutaneous coronary intervention (PCI)
has represented a key area for the development and clinical
use of oral P2Y12-i. A detailed description of the pharma-
cologic profiles of P2Y12-i goes beyond the scope of this
manuscript. In brief, clopidogrel, prasugrel and ticagrelor
are the three most commonly utilized oral P2Y12-i, which
will be referred to for the purpose of this review.

Following PCI, irrespective of whether in the con-
text of a patients presenting with a chronic coronary syn-
drome (CCS) or acute coronary syndrome (ACS), an ini-
tial course of dual antiplatelet therapy (DAPT) with aspirin
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Fig. 1. Mechanism of action of oral P2Y12-inhibitors. The mechanism of action of oral P2Y12-inhibitors consists of the blockage of
the platelet P2Y12 receptor, which is a 7-membrane-spanning receptor from the P2 family. The P2Y12 receptor is normally activated by
the adenosine 5’ diphosphate (ADP) released from dense granules following platelet activation and is coupled to an inhibitory G protein
that inhibits adenylyl cyclase, translating into the induction of platelet aggregation. The main role of the P2Y12 receptor is to amplify
platelet activation (also supported by signaling via the glycoprotein IIb/IIIa receptor), which however requires the P2Y1 receptor for the
initiation phase. Different drugs can inhibit the P2Y12 receptor: clopidogrel and prasugrel require a two- and one-step, respectively,
hepatic biotransformation to generate active metabolites that irreversibly inhibit the P2Y12 receptor. On the other hand, ticagrelor is
directly active (i.e., does not require hepatic metabolism to exert its pharmacological activity, although 30% of its effects is attributed
to a hepatic-derived metabolite) and reversibly binds to the P2Y12 receptor. Abbreviations: 5-HT, 5-hydroxytryptamine; 5HT2A, 5-
hydroxytryptamine receptor 2A; ADP, adenosine 5’ diphosphate; ATP, adenosine triphosphate; C, clopidogrel; GPIIb/IIIa, glycoprotein
IIb/IIIa; GP VI, platelet glycoprotein VI; P, prasugrel; PAR, proteinase-activated receptor; T, ticagrelor; TXA2, thromboxane A2; vWF,
von Willebrand factor.

and a P2Y12-i (usually six months for CCS and 12 months
for ACS patients) is recommended to minimize the risk of
thrombotic complications [8–10]. However, DAPT con-
veys an unavoidable risk of bleeding. Importantly, bleed-
ing complications have an adverse impact on short- and
long-term prognosis, underscoring the need for bleeding
reduction strategies [11,12]. Shortening the duration of
DAPT represents an important bleeding reduction strategy
[13,14]. Although shortening DAPT duration has tradition-
ally consisted in discontinuing the P2Y12-i while maintain-
ing aspirin monotherapy, most recently there has been ac-
cruing evidence supporting discontinuation of aspirin with
transition to P2Y12-i monotherapy [15–18]. In addition,
P2Y12-i monotherapy is also emerging as a treatment strat-
egy for long-term secondary prevention, a field where as-
pirin monotherapy has for decades represented the standard
of care [17–20].

This article reviews the current evidence on P2Y12-i
monotherapy for early and long-term secondary prevention
of cardiovascular events in patients undergoing PCI.

2. Mechanism of Action
Aspirin and P2Y12-i block different pathways of

platelet activation (Fig. 1).
Three nucleotide receptors (jointly known as P2 recep-

tors), namely P2X1, P2Y1 and P2Y12, can be triggered by
the ADP released following platelet activation from dense
granules, where it is stored at high concentrations; platelet
activation is initiated by the P2Y1 receptor and requires the
P2Y12 for amplification and sustainment of the process; in
case of blockade of the P2Y12 receptor, P2Y1 mediates a
small and rapidly reversible platelet aggregation [21]. Oral
P2Y12-i include reversible (i.e., ticagrelor) or irreversible
(i.e., clopidogrel and prasugrel) agents that block the bind-
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Fig. 2. Randomized clinical trials of P2Y12-inhibitor monotherapy after PCI. Randomized clinical trials of P2Y12-inhibitor
monotherapy after percutaneous coronary intervention are shown in according to their time of publication. Horizontal position of trials
in the graphs reflects the year of publication; in particular, seven already published trials are presented in the lavender box (on the left),
while nine ongoing trials are illustrated in the beige box (on the right). The diameters of the spheres are proportionate with respect to
the study sample size (i.e., very small for study of less than 1000 patients; small for studies of 1000 to 2000 patients; medium for studies
of 2000 to 3000 patients; large for studies of 4000 to 5000 patients; and very large for studies greater than 5000 patients). In addition, a
glance on study sample size can be also appraised by their vertical position in the graph. The color of the spheres refers to the P2Y12-
inhibitor predominant in the investigational arm of each study (i.e., blue for clopidogrel, brown for prasugrel, purple for ticagrelor, green
if similar percentages of multiple P2Y12-inhibitors have been used).

ing of ADP to the P2Y12 receptor (e.g., clopidogrel and
prasugrel) or ADP-induced signal transduction (e.g., tica-
grelor). Clopidogrel and prasugrel are thienopyridines that
are pro-drugs, hence requiring two- and one-step hepatic
conversion into the active metabolite, respectively, to gen-
erate an active metabolite; conversely, ticagrelor is a cy-
clopentyltriazolopyrimidine that is directly active, although
30% of its effects is attributed to a hepatic-derived metabo-
lite [21]. Table 1 summarizes clinically approved and in-
vestigational P2Y12-i.

Conversely, the fundamental mechanism responsible
for the antithrombotic effects of aspirin is the irreversible
inhibition of cyclooxygenase-1 (COX-1), which suppresses
the platelet production of TXA2 [22]. Synergistic inhibitory
effects of aspirin and P2Y12-i on platelet function were ini-
tially demonstrated in studies with clopidogrel [23]. How-
ever, blocking the P2Y12 receptor can also hamper platelet
activation and aggregation mediated by other platelet ac-
tivation pathways, including TXA2 [24,25]. An in-vitro
study in low-shear conditions showed that aspirin provided
only a small additional inhibitory effect in presence of a

potent P2Y12-i blockage with the active metabolite of pra-
sugrel [26]. Conversely, studies conducted in high-shear
conditions (more similar to the in vivo arterial blood flow)
suggested a residual role of aspirin in inhibiting collagen-
induced platelet activation, even when associated with a po-
tent P2Y12-i [27].

Pharmacodynamic Studies
Pharmacodynamic studies have suggested that aspirin

discontinuation is followed by increased platelet reactiv-
ity by the COX-1 pathway, while pathways depending on
other agonists (e.g., ADP, TXA2 and thrombin receptor-
activating peptide 6 [TRAP-6]) remain adequately silenced
with P2Y12-i monotherapy, providing a mechanistic ratio-
nale to reduce bleeding while still ensuring adequate is-
chemic protection [28–30].

The TEMPLATE trial used a panel of platelet function
tests after randomly allocating 110 ACS patients undergo-
ing PCI to receive either ticagrelor monotherapy or DAPT
with aspirin and ticagrelor for four weeks, with both strate-
gies followed by aspirin monotherapy for additional four
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Table 1. Pharmacological profiles of P2Y12 inhibitors.
Ticlopidine Clopidogrel Prasugrel Ticagrelor Cangrelor Vicagrel Selatogrel

Class Thienopyridine Thienopyridine Thienopyridine Cyclopentyltriazolopyrimidine Adenosine triphosphate
analogue

Thienopyridine 2-phenyl-pyrimidine-4-
carboxamide analogue

Binding Irreversible Irreversible Irreversible Reversible Reversible Irreversible Reversible

Type of binding Noncompetitive Competitive Competitive Noncompetitive Competitive Competitive Competitive

Metabolic conversion Yes Yes Yes No No Yes No

Route of administration Oral Oral Oral Oral Intravenous Oral Subcutaneous

Dose 250 mg twice daily
MD

600 mg LD, 75 mg
daily MD

60 mg LD, 10 mg daily
MD

180 mg LD, 90 mg twice daily
MD

30 µg/kg bolus, 4
µg/kg/min infusion (two

to four hours)

20 mg LD, 5 mg daily
MD

16 mg

Onset of action Two hours Two to six hours 0.5 to four hours 0.5 to two hours Two minutes Four hours 15 to 30 minutes

Offset of action Seven to 10 days Seven to 10 days Seven to 10 days Three to five days One to 1.5 hours Five to 10 days Eight hours

Half-life Eight to 13 hours
depending on age

AM 30 minutes AM seven hours AM nine to 12 hours Three to five minutes AM 45 minutes Four to 7 hours

Approved for clinical use  Yes Yes Yes Yes Yes No No
Abbreviations: AM, active metabolite; LD, loading dose; MD, maintenance dose.
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weeks [28]. Platelet aggregation in response to TRAP-6
(primary outcome), TXA2 agonism and ADP was simi-
lar between the study groups; unsurprisingly, the response
to arachidonic acid was reduced only in the DAPT group
due to the effects of aspirin. In the ticagrelor monotherapy
group, platelet aggregation induced by a collagen-related
peptide (specific agonist of the platelet glycoprotein VI re-
ceptor) was higher, suggesting an incomplete suppression
of collagen-mediated platelet activation [28].

In the TWILIGHT platelet sub-study (n = 51), tica-
grelor monotherapy and DAPT were compared in terms
of thrombus size (primary endpoint) and platelet reactiv-
ity following different stimuli. Blood thrombogenicity (i.e.,
thrombus size in the ex-vivo Badimon perfusion chamber)
was similar between the two groups as well as platelet re-
activity in response to ADP and thrombin. By contrast,
platelet reactivity after arachidonic acid or collagen was
higher among patients receiving ticagrelor monotherapy,
highlighting the unequivocal role of aspirin in the inhibi-
tion of the COX-1 pathway [29].

The GLOBAL LEADERS platelet sub-study, exclud-
ing patients on DAPT with aspirin and clopidogrel, ex-
plored the restoration of platelet reactivity after withdrawal
of aspirin at one month or ticagrelor at 12 months [30].
Cessation of either component of DAPT led to a substan-
tial increase in platelet reactivity, with differential effects
depending on the specific investigated activation pathway.
After aspirin withdrawal, there was a marked recovery of
platelet aggregation induced by arachidonic acid or colla-
gen; by contrast, cessation of ticagrelor was followed by a
prompt recovery of platelet aggregation in response to ADP
or collagen [30].

Given that most pharmacodynamic studies conducted
thus far have used assays that are specific to appraise the
effects of pathways inhibited by a given antiplatelet agent,
more studies evaluating the diverse effects of the different
antiplatelet regimens (e.g., aspirin monotherapy, P2Y12-i
monotherapy, or DAPT) using assays able to assess the ef-
fects on global thrombogenicity (similar to the Badimon
chamber) are warranted.

3. Evidence on Monotherapy with a P2Y12

Inhibitor
Several randomized clinical trials (RCTs) have inves-

tigated the role of P2Y12-i monotherapy after a shorter or
longer course of DAPT in patients undergoing PCI (Fig. 2).

3.1 Early P2Y12 Inhibitor Monotherapy

RCTs on early P2Y12-i monotherapy include investi-
gations performed with different P2Y12-i (i.e., clopidogrel,
prasugrel, ticagrelor), at different timepoints (i.e., immedi-
ately after PCI, or at one-to-three months) and using DAPT
as a control.

3.1.1 P2Y12 Inhibitor Monotherapy Three Months after
PCI

RCTs investigating short DAPT followed by aspirin
monotherapy showed consistent benefits in terms of bleed-
ingmitigation as compared to standard DAPT (i.e., six to 12
months depending on the clinical setting). Although con-
clusive findings about ischemic protection cannot be drawn
mostly due to the enrolment of low-risk patients and some
lack of statistical power, meta-analyses have warned about
the potential increase in the risks of myocardial infarction
(MI) or stent thrombosis following early DAPT discontin-
uation [31,32]. Evidence of bleeding reduction with clopi-
dogrel monotherapy compared with DAPT in the setting of
cerebrovascular disease prompted the initiation of RCTs in
PCI patients to investigate DAPT shortened to three months
followed by P2Y12-i monotherapy (Table 2) [33,34].

The SMART-CHOICE open-label noninferiority trial
randomized 2993 East Asian patients undergoing PCI to
three-month DAPT followed by clopidogrel monotherapy
or 12-month DAPT [35]. P2Y12-i monotherapy was non-
inferior to DAPT in terms of major adverse cardiac and
cerebrovascular events (MACCEs) at 12 months (2.9% vs.
2.5%; difference 0.4%; one-sided 95% confidence interval
[CI] -∞ to 1.3%; p = 0.07 for noninferiority) and signif-
icantly reduced the incidence of Bleeding Academic Re-
search Consortium (BARC) type 2-5 bleeding (2.0% vs.
3.4%; hazard ratio [HR] 0.58; 95% CI 0.36 to 0.92; p =
0.02). There were no between-group differences in other
endpoints, including stent thrombosis (0.2% vs. 0.1%; HR
1.51; 95% CI 0.25 to 9.02; p = 0.65). However, this trial
enrolled East Asian patients only, mostly treated with clopi-
dogrel, did not have a placebo control, and showed a high
rate of non-adherence to the investigational strategy (ap-
proximately 20%) [35,36]. Notably, the treatment effect
of P2Y12-i monotherapy was consistent regardless of on-
treatment high platelet reactivity or procedural complexity
[37,38].

TWILIGHT was a randomized double-blind RCT ex-
ploring the effect of aspirin discontinuation after three
months of DAPT in patients at high risk of bleeding or is-
chemic events undergoing PCI [39]. After three months,
7119 patients who had not adverse events while on DAPT
were randomized to receive ticagrelor plus placebo or tica-
grelor plus aspirin for additional one year. The primary
endpoint was BARC bleeding type 2, 3 or 5, while tica-
grelor monotherapy was also tested for noninferiority to
DAPT with respect to major adverse cardiovascular events
(MACEs). At 12 months after randomization, ticagrelor
monotherapy significantly reduced the incidence of bleed-
ing (4.0% vs. 7.1%; HR 0.56; 95% CI 0.45 to 0.68; p
< 0.001) and was noninferior for MACEs as compared to
DAPT (3.9% vs. 3.9%; difference –0.06%; 95%CI –0.97 to
0.84; HR 0.99; 95% CI 0.78 to 1.25; p< 0.001 for noninfe-
riority), without any significant difference in stent throm-
bosis (0.4% vs. 0.6%; HR 0.74; 95% CI 0.37 to 1.47).
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Table 2. Early P2Y12-inhibitor monotherapy: three months after PCI.
SMART-CHOICE TWILIGHT TICO

Population East-Asian patients undergoing PCI
(n = 2993)

Patients at high risk of bleeding or
ischemic events undergoing PCI
(n = 7119)

East-Asian patients with ACS undergoing PCI (n
= 3056)

ACS 58% 65% 100%

P2Y12 inhibitor Clopidogrel Ticagrelor Ticagrelor

Randomization timing At the time of PCI Three months after PCI At the time of PCI

Investigational strategy DAPT for three months, followed
by P2Y12-i monotherapy for nine
months

P2Y12-i monotherapy for 12
months

DAPT for three months, followed by P2Y12-i
monotherapy for 12 months

Control strategy DAPT for 12 months DAPT for 12 months DAPT for 12 months

Follow-up Twelve months from randomization Twelve months from randomiza-
tion (i.e., 15 months from PCI)

Twelve months from randomization

Primary outcome(s) Death, MI or stroke (difference
0.4%; one-sided 95%CI -∞ to 1.3%;
p = 0.007 for noninferiority)

BARC type 2, 3 or 5 bleeding (HR
0.56; 95% CI 0.45 to 0.68; p <

0.001)

Death, MI, stent thrombosis, stroke, target-vessel
revascularization or TIMI major bleeding
(difference –1.98%; 95% CI –3.50% to –0.45%;
HR 0.66; 95% CI 0.48 to 0.92; p = 0.01)Death, MI or stroke (difference

–0.06%; 95% CI –0.97 to 0.84;
HR 0.99; 95% CI 0.78 to 1.25; p
<0.001 for noninferiority)

Bleeding outcome BARC type 2-5 bleeding (HR, 0.58;
95% CI, 0.36 to 0.92; p = 0.02)

BARC type 2, 3 or 5 bleeding (HR
0.56; 95% CI 0.45 to 0.68; p <

0.001)

TIMI major bleeding (HR 0.56; 95% CI 0.34 to
0.9; p = 0.02)

Results are presented by reporting the effect of interventional strategy versus reference treatment.
Abbreviations: ACS, acute coronary syndrome; BARC, bleeding academic research consortium; CI, confidence interval; DAPT, dual antiplatelet
therapy; HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; P2Y12-i, P2Y12 inhibitor; TIMI, thrombolysis in
myocardial infarction.

Subgroup analyses showed consistent results irrespective
of age, sex, region of randomization, diabetes, chronic kid-
ney disease, priorMI, high bleeding risk, PCI complexity or
stent type [40–48]; conversely, ticagrelor monotherapy was
more beneficial in ACS patients (p = 0.03 for interaction)
[49].

Similarly, the TICO trial investigated ticagrelor
monotherapy after three-month DAPT in East Asian ACS
patients [50]. Differently from the TWILIGHT trial, pa-
tients (n = 3056) were randomized at the time of PCI to
receive either three-month DAPT followed by ticagrelor
monotherapy or 12-month ticagrelor-based DAPT. Tica-
grelor monotherapy was significantly associated with lower
rates of the primary endpoint of net adverse cardiovascular
events (NACEs) as compared to DAPT (3.9% vs. 5.9%;
difference –1.98%; 95% CI –3.50% to –0.45%; HR 0.66;
95% CI 0.48 to 0.92; p = 0.01), driven by a reduction in
major bleeding (1.7% vs. 3.0%; HR 0.56; 95% CI 0.34 to
0.91; p = 0.02), without a significant difference in the risk of
MACCE (2.3% vs. 3.4%; HR 0.69; 95% CI 0.45 to 1.06; p
= 0.09) or stent thrombosis (0.4% vs. 0.3%; HR 1.51; 95%
CI 0.43 to 5.33; p = 0.53). Results were similar in multi-
ple subgroup analyses and in a landmark analysis between
three and 12 months [50].

Despite limitations and heterogeneity in the design
and conduction of these RCTs, in aggregate they showed
that shortening DAPT to three months by withdrawing as-
pirin is associated with a reduction in bleeding as compared
to standard DAPT, with no overt signals of harm with re-
spect to ischemic or thrombotic protection, both in CCS and
ACS patients.

3.1.2 P2Y12 Inhibitor Monotherapy One Month after PCI

DAPT can be also shortened by withdrawing aspirin
after only one month as investigated by three RCTs (Ta-
ble 3).

The GLOBAL LEADERS multicenter open-label su-
periority RCT randomized 15,968 all-comer PCI patients
to either one-month DAPT with aspirin and ticagrelor fol-
lowed by ticagrelor monotherapy for 23 months or standard
12-month DAPT with aspirin and a P2Y12-i (clopidogrel or
ticagrelor for CCS and ACS, respectively) followed by as-
pirin monotherapy for 12 months [51]. This design implied
the theoretical distinction of the GLOBAL LEADERS trial
in three periods: (i) during the first month the trial com-
pared two DAPT regimens; (ii) between one and 12 months
ticagrelor monotherapy and DAPT; (iii) between 12 and 24
months ticagrelor and aspirin monotherapies [52]. There
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Table 3. Early P2Y12-inhibitor monotherapy: one month after PCI.
GLOBAL LEADERS STOPDAPT-2 STOPDAPT-2 ACS

Population Patients undergoing PCI (n =
15,968)

East-Asian patients undergoing PCI (n =
3045)

East-Asian patients with ACS undergo-
ing PCI (n = 4169)

ACS 47% 38% 100%

P2Y12 inhibitor Ticagrelor Clopidogrel Clopidogrel

Randomization timing At the time of PCI At the time of PCI At the time of PCI

Investigational strategy DAPT for one month, followed
by P2Y12-i monotherapy for 23
months

DAPT for one month, followed by
P2Y12-i monotherapy for 11 months

DAPT for one-to-two months, followed
by P2Y12-i monotherapy for 11 months

Control strategy DAPT for 12 months, followed
by aspirin monotherapy for 12
months

DAPT for 12 months DAPT for 12 months

Follow-up Twenty-four months from ran-
domization

Twelve months from randomization Twelve months from randomization

Primary outcome(s) Death or Q-wave MI (rate ratio
0.87; 95% CI 0.75 to 1.01; p =
0.073)

Cardiovascular death, MI, stroke, stent
thrombosis, or TIMI major or minor
bleeding (difference –1.34%; 95% CI –
2.57 to –0.11; HR 0.64; 95% CI 0.42 to
0.98; p < 0.001 for noninferiority; p =
0.04 for superiority)

Cardiovascular death, MI, stroke, stent
thrombosis, or TIMI major or minor
bleeding (HR 1.14; 95% CI 0.80 to 1.62;
p = 0.06 for noninferiority)

Bleeding outcome BARC type 3-5 bleeding (rate ra-
tio 0.97; 95% CI 0.78 to 1.20; p =
0.77)

Major bleeding (absolute difference –
1.13%; 95% CI –1.84% to –0.42%; HR
0.26; 95% CI 0.11 to 0.64; p = 0.004 for
superiority)

TIMI major or minor bleeding (absolute
difference –0.63%; 95% CI –1.20% to –
0.06%; HR 0.46; 95% CI 0.23 to 0.94)

Results are presented by reporting the effect of interventional strategy versus reference treatment.
Abbreviations: ACS, acute coronary syndrome; BARC, Bleeding Academic Research Consortium; CI, confidence interval; DAPT, dual an-
tiplatelet therapy; HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; P2Y12-i, P2Y12 inhibitor; TIMI,
thrombolysis in myocardial infarction.

was no significant between-group difference in terms of the
primary outcome (composite of death or Q-wave MI) at 24
months (3.81% vs. 4.37%; rate ratio [RR] 0.87; 95% CI
0.75 to 1.01; p = 0.073) or stent thrombosis (0.8% vs. 0.8%;
HR 1.00; 95% CI 0.71 to 1.42; p = 0.98) and with respect to
BARC 3 or 5 bleeding (2.04% vs. 2.12%; RR 0.97; 95% CI
0.78 to 1.20; p = 0.77). Interestingly, the treatment effect on
bleeding was affected by the reference treatment (p = 0.007
for interaction), with advantages of ticagrelor monotherapy
over ticagrelor-based DAPT in ACS (1.95% vs. 2.68%;
RR 0.73; 95% CI 0.54 to 0.98; p = 0.037) but not over a
clopidogrel-based regimen in CCS (2.13% vs. 1.62%; RR
1.32; 95% CI 0.97 to 1.81; p = 0.081) [53]. In the land-
mark analysis between 30 days and two years, ticagrelor
monotherapy was not associated with any benefit or harm
as compared to standard therapy with respect to the primary
endpoint (3.40% vs. 3.87%; RR 0.88; 95% CI 0.74 to 1.03;
p = 0.115) and bleeding (1.43% vs. 1.54%; RR 0.93; 95%
CI 0.72 to 1.20; p = 0.576) [51]. In a landmark analysis be-
tween 30 days and one year restricted to ACS patients, tica-
grelor monotherapy numerically decreased the incidence of
the primary endpoint (1.5% vs. 2.0%; HR 0.73; 95% CI
0.51 to 1.03; p = 0.07) and significantly reduced bleeding

(0.8% vs. 1.5%; HR 0.52; 95% CI 0.33 to 0.81; p = 0.004)
[54]. Subgroup analyses showed advantages of the investi-
gational strategy in patients undergoing complex PCI, mul-
tivessel PCI, stenting of proximal left anterior descending
or long stenting [55–58], while no interaction was found
with age, diabetes, or stenting of bifurcation lesions [59–
61]. The GLOBAL LEADERS trial had an open-label de-
sign and was affected by asymmetrical crossover in favor
of the control, potentially diluting the treatment effect, par-
ticularly in intention-to-treat analyses [52]. To address the
lack of central event adjudication of study endpoints, the
GLASSY adjudication sub-study included patients from the
20 top-enrolling sites (n = 7585) for central adjudication of
endpoints by an independent clinical event committee, re-
sulting in noninferiority (but not superiority) of the inves-
tigational strategy to the control group in terms of death or
Q-wave MI (7.14% vs. 8.41%; RR 0.85; 95% CI 0.72 to
0.99; p < 0.001 for noninferiority; p = 0.0465 for superi-
ority, with a one-sided type I error of 2.5%), without any
difference in bleeding (2.48% vs. 2.48; RR 1.00; 95% CI
0.75 to 1.33; p = 0.986) [62]. These results were consistent
regardless of the clinical scenario [63].
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The STOPDAPT-2 noninferiority RCT investigated a
one-month DAPT with aspirin and clopidogrel or prasugrel
followed by clopidogrel monotherapy as compared to stan-
dard DAPT with aspirin and clopidogrel for 12 months in
3045 East Asian patients undergoing PCI [64]. One-month
DAPT was noninferior and also superior to standard DAPT
in terms of NACE at 12 months (2.36% vs. 3.0%; absolute
difference –1.34; 95%CI –2.57% to –0.11%; HR 0.64; 95%
CI 0.42 to 0.98; p < 0.001 for noninferiority; p = 0.04 for
superiority); clopidogrel monotherapy also overcame stan-
dard DAPT with respect to major or minor bleeding (0.41%
vs. 1.54%; HR 0.26; 95% CI 0.11 to 0.64; p= 0.004), while
being noninferior for MACE (1.96% vs. 2.51%; absolute
difference –0.55%; 95% CI –1.62% to 0.52%; HR 0.79;
95% CI 0.49 to 1.29; p = 0.005 for noninferiority; p = 0.34
for superiority); finally, there was no between-group dif-
ference in the rate of stent thrombosis (0.13% vs. 0.07%;
HR 2.02; 95% CI 0.18 to 22.26; p = 0.57) [64]. These re-
sults were confirmed by subgroup analyses in patients un-
dergoing complex PCI, at high bleeding risk, and in car-
riers of CYP2C19 loss-of-function alleles [65–68]. How-
ever, this trial should be interpreted in the light of several
limitations, such as the use of a net benefit endpoint, the
lower-than-anticipated event rates, the low statistical power
for ischemic events and the eventual selective enrolment of
low-risk patients.

Similarly, the STOPDAPT-2 ACS trial enrolled 4136
Japanese patients undergoing PCI due to an ACS (partially
from the STOPDAPT-2 cohort) translating the same de-
sign of the STOPDAPT-2 trial to a different population.
One-month DAPT failed to prove noninferior to 12-month
DAPT for NACE (3.2% vs. 2.8%; absolute difference
0.37%; 95% CI –0.68% to 1.42%; p = 0.06 for noninferior-
ity), with a numerical increase in MACE (2.8% vs. 1.9%;
absolute difference 0.90%; 95% CI –0.02% to 1.82%; HR
1.50; 95% CI 0.99 to 2.26), particularly MI (HR 1.91; 95%
CI 1.06 to 3.44), and a reduction in bleeding (0.5% vs.
1.2%; absolute difference –0.63%; 95% CI –1.20% to –
0.06%; HR 0.46; 95% CI 0.23 to 0.94); there was no differ-
ence in stent thrombosis between the two groups (0.5% vs.
0.2%; HR 2.29; 95% CI 0.70 to 7.42) [69].

In the pooled STOPDAPT-2 total cohort, clopidogrel
monotherapy was noninferior (and not superior) to standard
DAPT in terms of net benefit (2.84% vs. 3.04%; HR 0.94;
95% CI 0.70 to 1.27; p = 0.001 for noninferiority; p = 0.68
for superiority), with a reduction in bleeding (0.50% vs.
1.31%; HR 0.38; 95% CI 0.21 to 0.70; p = 0.002), with-
out a significant increase in the risk of MACE (2.40% vs.
1.97%; HR 1.24; 95% CI 0.88 to 1.75; p = 0.14 for nonin-
feriority; p = 0.23 for superiority) [70].

Results from these trials showed that shortening
DAPT to one month could be a viable option in selected
patients (e.g., high bleeding risk, particularly among CCS
patients), with a note of caution and more data warranted in
patients with ACS.

3.1.3 P2Y12 Inhibitor Monotherapy Immediately after PCI
There is also preliminary evidence about very early

(i.e., immediately after the procedure) aspirin withdrawal
in patients undergoing PCI. The only experience in this set-
ting is represented by the ASET pilot study, which is also
the only investigation of prasugrel monotherapy so far [71].
This multicenter open-label single-arm study enrolled 201
CCS patients with low anatomical complexity (i.e., SYN-
TAX score <23) undergoing PCI. A loading dose of pra-
sugrel was administered immediately after PCI and aspirin
was stopped on the same day; after three months, prasugrel
monotherapy was associated with very low rates of MACE
(0.5%) and BARC 3 or 5 bleeding (0.5%), without stent
thrombosis events. This study opened to the possibility of
an immediate P2Y12-i monotherapy in low-risk CCS pa-
tients. However, the ASET study was not randomized and
its population did not display characteristics justifying an
immediate withdrawal of aspirin (i.e., high bleeding risk
features) nor the use of a potent P2Y12-i (i.e., high throm-
botic risk features, such as ACS or complex PCI), eventu-
ally hindering the benefit or drawbacks of this strategy [71].

3.1.4 Pooled Evidence on Shortening DAPT after PCI
Meta-analyses of the GLOBAL LEADERS, SMART-

CHOICE, STOPDAPT-2, TWILIGHT and TICO trials con-
firmed that shortening DAPT to one or three months by
discontinuing aspirin reduced the incidence of bleeding as
compared with standard DAPT, without any increase in
MACE, both in CCS and ACS patients [72,73]. In addition,
an individual patient-level meta-analysis of six RCTs (also
including the small DACAB trial on ticagrelor monother-
apy after coronary artery bypass grafting [CABG]) con-
firmed that P2Y12-i monotherapy is associated with simi-
lar rates of MACE as compared to standard DAPT (2.95%
vs. 3.27%; HR 0.93; 95% CI 0.79 to 1.09; p = 0.005 for
noninferiority; p = 0.38 for superiority) and reduced BARC
bleeding type 3 or 5 (0.89% vs. 1.83%; HR 0.49; 95% CI
0.39 to 0.63; p< 0.001), particularly when prasugrel or tica-
grelor were part of the reference group (p 0.02 for interac-
tion) [74].

Collectively, the results of these RCTs and meta-
analyses suggest that shortening DAPT to three or one
month and continuing with P2Y12-i monotherapy is an ef-
fective bleeding mitigation strategy that does not seem to
affect thrombotic or ischemic protection. However, again,
a note of caution due to potential withdrawal of protection
should be raised over the early use clopidogrel monother-
apy in ACS.

3.2 Long-term P2Y12 Inhibitor Monotherapy
P2Y12-i monotherapy can be an option also for long-

term secondary prevention, where aspirin has been the treat-
ment of choice for many decades and is currently recom-
mended as a first-line treatment [8,75]. However, the rou-
tine use of aspirin in this setting can be questioned based on
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Table 4. Long-term P2Y12-inhibitor monotherapy.
GLOBAL LEADERS landmark analysis HOST EXAM

Population All-comer PCI patients who did not experience any ad-
verse event during the first year and who adhered to the
assigned treatment (n = 11,121)

East-Asian patients undergoing PCI (n = 5530)

ACS 46% 70%

P2Y12 inhibitor Ticagrelor Clopidogrel

Randomization timing At the time of PCI (main trial) Six-to-18 months after PCI

Investigational strategy P2Y12-i monotherapy for 12 months P2Y12-i monotherapy for 24 months

Control strategy Aspirin monotherapy for 12 months Aspirin monotherapy for 24 months

Follow-up Between 12 and 24 months from randomization 24 months from randomization (30–42 months from
PCI)

Primary outcome(s) Death, or Q-wave MI (adjusted HR 0.74; 95% CI 0.58
to 0.96; p = 0.022)

Death, non-fatal MI, stroke, readmission due to ACS
or major bleeding (HR 0.73; 95% CI 0.59 to 0.90; p =
0.0035)

Bleeding outcome BARC type 3–5 bleeding (adjusted HR 1.89; 95% CI
1.03 to 3.45; p = 0.005)

BARC 2–5 bleeding (HR 0.70; 95% CI 0.51 to 0.98; p
= 0.036)

Results are presented by reporting the effect of interventional strategy versus reference treatment.
Abbreviations: ACS, acute coronary syndrome; BARC, Bleeding Academic Research Consortium; CI, confidence interval; HR, hazard ratio;
MI, myocardial infarction; PCI, percutaneous coronary intervention; P2Y12-i, P2Y12 inhibitor.

several considerations: (i) trials establishing the role of as-
pirin in secondary prevention were performed decades ago,
when risk reduction and treatment strategies were not as ef-
fective as current ones (e.g., wide use of statins, availabil-
ity of more potent lipid-lowering agents, advances in PCI
and stent technology) [76]; (ii) efficacy and safety of as-
pirin are not consistent across different settings and could
be questioned considering neutral or very small benefits
and increased risk of bleeding as compared to no-aspirin or
placebo in primary prevention trials [77]; (iii) pharmacody-
namic studies have questioned the added benefit of aspirin
on top of potent P2Y12-i, whichmay also impact other path-
ways of platelet activation [26]; (iv) P2Y12-i, in particular
more potent agents, constitute reliable alternative options
that have already affirmed aspirin-free strategies in other
contexts (e.g., in PCI patients requiring long-term oral an-
ticoagulation [OAC]) [78].

The first randomized comparison between aspirin and
a P2Y12-i was performed in more than 19,000 patients
with atherosclerotic cardiovascular disease (i.e., recent MI,
stroke or symptomatic peripheral artery disease) in the CA-
PRIE trial. Compared to aspirin, clopidogrel reduced the
occurrence of the composite of vascular death, MI, or is-
chemic stroke (5.32% vs. 5.83%; relative risk reduction
8.7%; 95% CI 0.3 to 16.5; p = 0.043) and, despite no differ-
ence in bleeding, was associated with a reduced incidence
of gastrointestinal hemorrhages (1.99% vs. 2.66%; p <

0.002) at a median follow-up of 1.9 years [79]. However,
the population differed from that of more recent PCI trials
and the 325 mg aspirin dose was higher than that adopted
in current practice.

In patients with coronary artery disease, clopidogrel
monotherapy was tested over aspirin in patients with stabi-
lized MI or with CCS, with overall neutral results [80,81].
Similar findingswere obtainedwith ticagrelormonotherapy
compared to aspirin in patients undergoing CABG [82,83].
However, all these trials were small, conducted in hetero-
geneous patient cohorts and did not avail from the use of
current therapeutical standards of care.

A meta-analysis of 42,108 patients with established
atherosclerosis from nine randomized trials showed that,
compared to aspirin, P2Y12-i reduced the risk for MI (odds
ratio [OR] 0.81; 95% CI 0.66 to 0.99), without any differ-
ence in terms of mortality (OR 0.98; 95% CI 0.89 to 1.08)
and major bleeding (OR 0.90; 95% CI 0.74 to 1.10), with
consistent findings regardless of the P2Y12-i [84]. How-
ever, the number needed to treat (NNT) to prevent one MI
with P2Y12-i monotherapy was high (244 patients), ques-
tioning the clinical relevance of these findings.

Some modern day evidence on the use of P2Y12-
i monotherapy for long-term secondary prevention in pa-
tients undergoing PCI with second-generation drug-eluting
stents came from a landmark analysis of the GLOBAL
LEADERS trial, reporting results between 12 and 24
months, when the trial consisted of a net comparison of tica-
grelor and aspirin (Table 4) [19].

This analysis included more than 11,000 patients who
did not experience any adverse event during the first year
and who adhered to the assigned treatment. Ticagrelor
monotherapy significantly reduced the incidence of MACE
with respect to aspirin monotherapy (1.90% vs. 2.60%; ad-
justed HR 0.74; 95% CI 0.58 to 0.96; p = 0.022), but this
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came at the price of a significant increase in BARC bleed-
ing type 3-5 (0.5% vs. 0.3%; adjusted HR 1.89; 95% CI
1.03 to 3.45; p = 0.005) [19].

The only randomized head-to-head comparison be-
tween clopidogrel and aspirin in patients undergoing con-
temporary PCI is represented by the multicenter open-label
HOST-EXAM trial, which enrolled 5530 East Asian pa-
tients who maintained DAPT without adverse events for
six-to-18 months after PCI (Table 4). Patients were ran-
domly allocated to either aspirin monotherapy or clopi-
dogrel monotherapy [20]. At two years, clopidogrel
monotherapywas associated with a significantly lower inci-
dence of NACE (5.70% vs. 7.70%; HR 0.73; 95% CI 0.59
to 0.90; p = 0.0035), reflecting reductions in both MACE
(3.70% vs. 5.50%; HR 0.68; 95% CI 0.52 to 0.87; p =
0.003) and BARC bleeding type 2–5 (2.30% vs. 3.30%;
HR 0.70; 95% CI 0.51 to 0.98; p = 0.036). However, there
was no difference between the two strategies in terms of
all-cause death; from a numerical standpoint, clopidogrel
monotherapy was associated with numerically increased
rates of all-cause death (1.90%vs. 1.30%; HR 1.43; 95%CI
0.93 to 2.19; p = 0.101), driven by noncardiac death (1.20%
vs. 0.80%; HR 1.47; 95% CI 0.85 to 2.52; p = 0.167),
mainly cancer-related [20]. This finding should be inter-
preted with caution due to statistical limitations, in the wait
for the HOST-EXAM Extended study that will follow-up
patients for a median of 10 years.

Recently, a network meta-analysis of 73,126 pa-
tients from 19 studies using DAPT as common comparator
showed a potential net clinical benefit of P2Y12-i monother-
apy over aspirin following DAPT discontinuation in PCI
patients, with aspirin increasing the risk of MI as compared
to P2Y12-i monotherapy (risk ratio 1.32; 95% CI 1.08 to
1.62), without any significant difference in death (risk ratio
1.00; 95% CI 0.80 to 1.26) and major bleeding (risk ratio
1.12; 95% CI 0.82 to 1.53) [85]. Finally, an individual pa-
tient data meta-analysis of 24,325 patients from seven ran-
domized trials compared P2Y12-i monotherapy and aspirin
in patients with established coronary artery disease: com-
pared to aspirin, P2Y12-i monotherapy reduced the risk of
the composite of cardiovascular death, MI or stroke (5.5%
vs. 6.3%; HR 0.88; 95%CI 0.79 to 0.97; p = 0.014), mainly
driven by a reduction in MI (2.3% vs. 3.0%; HR 0.77; 95%
CI 0.66 to 0.90; p < 0.001). A similar decrease was noted
for NACE (6.4% vs. 7.2%; HR 0.89; 95%CI 0.81 to 0.98; p
= 0.020), without any significant difference in major bleed-
ing (1.2% vs. 1.4%; HR 0.87; 95% CI 0.70 to 1.09; p =
0.23) [86].

Collectively, the evidence from these trials and meta-
analyses supports P2Y12-i monotherapy as a viable option
for long-term secondary prevention in patients undergoing
PCI.

4. P2Y12-Inhibitor Monotherapy in Patients
Requiring Oral Anticoagulation

Antiplatelet therapy is also recommended for patients
undergoing PCI requiring long-term OAC, with a brief pe-
riod of triple therapy (i.e., aspirin, P2Y12-i plus OAC) fol-
lowed by a course of dual antithrombotic therapy (DAT),
usually with P2Y12-i and OAC, and ultimately by lifelong
OAC alone [87,88].

4.1 Early Antithrombotic Therapy
In the early phase after PCI, both DAPT and OAC are

required. Two RCTs in the era of vitamin K antagonists
(VKAs) paved the way to the concept of transitioning from
an initial triple antithrombotic therapy to a subsequent DAT
[89,90]. WOEST, a pioneer RCT of aspirin-free strategies,
demonstrated that dual therapy with clopidogrel and VKA
from the time of PCIwas superior to long triple therapywith
DAPT plus VKA (for at least one month and up to one year)
in reducing bleeding without increasing MACE [89]. The
ISAR-TRIPLE trial explored the reduction of triple therapy
duration from six months to six weeks and, differently from
the WOEST trial, stopped the P2Y12-i, concluding with
negative results [90]. Considerations from these RCTs in-
formed the design of subsequent trials of DAT versus triple
therapy as “aspirin-free” investigations.

Four RCTs investigated DAT with clopidogrel and a
direct oral anticoagulant (DOAC; i.e., rivaroxaban, dabiga-
tran, apixaban, edoxaban) following a short course of triple
therapy (randomization time from PCI from zero to 14 days
across trials) [91]. The PIONEER AF-PCI showed a re-
duction in one-year clinically relevant bleeding with DAT
(rivaroxaban 15 mg once daily plus a P2Y12-inhibitor) as
compared to VKA-based triple therapy without a signifi-
cant difference in terms of ischemic outcomes [92]. In the
RE-DUAL PCI trial, DAT with dabigatran 110 mg twice
daily was superior to triple therapy in terms ofmajor or clin-
ically relevant nonmajor bleeding, while DAT with dabiga-
tran 150 mg twice daily resulted to be noninferior to triple
therapy in bleeding reduction, regardless of clinical pre-
sentation [93,94]. The AUGUSTUS trial implemented a
2 × 2 factorial design to evaluate the relative contributions
of DOAC versus VKA and DAT versus TAT: compared to
VKA, apixaban reduced the incidence of major or clinically
relevant nonmajor bleeding and the composite of death or
hospitalization; in addition, dropping aspirin reduced the
rates of bleeding, without any increase in death or hospi-
talization nor in the composite ischemic endpoint [95]. Fi-
nally, the ENTRUST-AF PCI trial showed noninferiority,
but no superiority, of edoxaban-based DAT versus VKA-
based TAT in terms of bleeding, without any significant dif-
ference in terms of ischemic endpoints [96]. Collectively,
these trials showed that DOAC-based DAT outperformed
long-term VKA-based triple therapy in terms of bleeding
reduction without evident drawbacks in ischemic protection
[78].
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Table 5. Ongoing randomized clinical trials of P2Y12-inhibitor monotherapy after PCI.
Trial Population Trial Design Investigational strategy Control strategy Primary outcome

BULK-STEMI
NCT04570345

Patients with ACS undergoing
PCI (n = 1002)

Ticagrelor DAPT (aspirin plus ticagrelor) NACE, MACCE and BARC 3 or
5 bleeding at 12 months from ran-
domization

TARGET-FIRST
NCT04753749

Patients with ACS undergoing
PCI (n = 2246)

Clopidogrel, prasugrel or ticagrelor DAPT (aspirin plus any P2Y12-
inhibitor)

NACCE and BARC 2, 3 or 5
bleeding at 11 months (between
one and 12 months from PCI)

ULTIMATE-DAPT
NCT03971500

Patients with ACS undergoing
PCI (n = 3486)

Ticagrelor plus matching placebo DAPT (aspirin plus ticagrelor) MACCE and BARC 2, 3 or 5
bleeding at 11 months (between
one and 12 months from PCI)

MATE
NCT04937699

Patients with ACS undergoing
PCI (n = 2856)

Low-dose ticagrelor followed by clopido-
grel

DAPT (aspirin plus ticagrelor) NACCE at 11 months (between
one and 12 months from PCI)

OPTIMIZE-APT
NCT05418556

Patients with CCS or ACS un-
dergoing intracoronary imaging-
guided PCI (n = 3944)

One-month DAPT (aspirin plus clopido-
grel) followed by 11-month clopidogrel
in CCS; three-month DAPT (aspirin and
ticagrelor or prasugrel) followed by nine-
month ticagrelor or prasugrel in ACS

One-year DAPT (aspirin plus
clopidogrel, prasugrel or tica-
grelor, according to clinical set-
ting)

One-year BARC type 2, 3 or 5;
one-year NACE; one-yearMACE

NEO-MINDSET
NCT04360720

Patients with ACS undergoing
PCI (n = 3400)

Prasugrel or ticagrelor DAPT (aspirin plus prasugrel or
ticagrelor)

MACCE and BARC type 2, 3 or
5 bleeding at 12 months

11

https://www.imrpress.com


Table 5. Continued.
Trial Population Trial Design Investigational strategy Control strategy Primary outcome

STOPDAPT-3
NCT04609111

Patients undergoing PCI with
ACS or at high risk of bleeding (n
= 3110)

Prasugrel before PCI, followed by
clopidogrel one month after PCI

DAPT with aspirin and prasugrel,
followed by aspirin monotherapy
at one month

MACCE and BARC 3 or 5 bleed-
ing at one month

OPT-BIRISK
NCT03431142

Patients with ACS undergoing
PCI at high risk of both bleeding
and thrombosis (n = 7700)

Clopidogrel DAPT (aspirin plus clopidogrel) BARC 2, 3 or 5 bleeding at nine
months from randomization

SMART-CHOICE
3 NCT04418479

Patients undergoing PCI at high
risk of thrombosis (n = 5000)

Clopidogrel Aspirin MACCE at one year after last pa-
tient enrolment

SMART-CHOICE
2 NCT03119012

Patients undergoing PCI with
bioresorbable scaffold implanta-
tion (n = 1520)

Clopidogrel, prasugrel or low-
dose ticagrelor

DAPT (aspirin plus clopidogrel or
low-dose ticagrelor)

MACCE at 36 months from ran-
domization

Abbreviations: ACS, acute coronary syndrome; BARC, bleeding academic research consortium; CCS, chronic coronary syndrome; DAPT, dual antiplatelet therapy; m, months; MACCE, major adverse
cardiac and cerebrovascular event; MACE, major adverse cardiovascular event; NACCE, net adverse cardiac and cerebrovascular event; NACE, net adverse cardiovascular event; NCT, clinicaltrials.gov
number; PCI, percutaneous coronary intervention; S, DAPT shortening timing.
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4.2 Long-term Antithrombotic Therapy
Two RCTs questioned the role of antiplatelet therapy

in patients requiring OAC beyond one year after PCI [97,
98].

In the OAC-ALONE noninferiority trial, prematurely
terminated due to slow enrolment, OAC alone failed in
proving noninferior to DAT in terms of one-year MACE
[97].

The AFIRE trial, comparing rivaroxaban monother-
apy to DAT with rivaroxaban and an antiplatelet agent, was
stopped early because of increased mortality in the DAT
group: at a median follow-up of 24 months, rivaroxaban
monotherapy was noninferior to DAT for ischemic events
and superior for bleeding [98].

The external validity of these RCTs is limited due to
the enrolment of East-Asian patients, the high prevalence
of VKA adoption in the OAC-ALONE, and the use of ri-
varoxaban doses not approved for stroke prevention in the
AFIRE trial.

5. Guidelines
Based on the evidence stemming from RCTs and

meta-analyses, both European and American guidelines
yielded recommendations on antithrombotic therapy for
the early and long-term secondary prevention after PCI
[8,9,75,99,100].

The 2019 guidelines on CCS by the European Society
of Cardiology (ESC) recommended aspirin and clopidogrel
for six months after PCI (class of recommendation [COR]
I, level of evidence [LOE] A). Due to the lack of solid ev-
idence at the time, there were no recommendations about
P2Y12-i monotherapy [75]. ESC guidelines on non-ST-
segment elevationACS (NSTE-ACS) recommendedDAPT
with a P2Y12-i on top of aspirin for 12months (COR I, LOE
A), with DAPT shortening by discontinuing the P2Y12-i
three months after PCI (COR IIa, LOE B) and stopping as-
pirin after three-to-six months (COR IIa, LOEA) being two
viable options for patients at high bleeding risk, based on
the results of the SMART-CHOICE and TWILIGHT trials
[99].

Similarly to European guidelines, the 2021 guidelines
on coronary artery revascularization by the American Col-
lege of Cardiology (ACC), the American Heart Associa-
tion (AHA) and the Society for Cardiovascular Angiog-
raphy & Interventions (SCAI) introduced a recommenda-
tion for short DAPT (one to three months) with subsequent
transition to P2Y12-i monotherapy (i.e., clopidogrel or any
P2Y12-i for CCS and ACS patients, respectively) to reduce
the risk of bleeding (COR 2a, LOE A) [8]. Shortening of
DAPT was recommended at an earlier timepoint than in
ESC guidelines because of the advent of the STOPDAPT-2
trial.

Regarding long-term secondary prevention, ESC
guidelines on CCS recommended lifelong aspirin for pa-
tients with a previous MI or revascularization (COR I, LOE

A). However, clopidogrel was recommended as an alterna-
tive in patients with aspirin allergy or intolerance (COR I,
LOE B) or in preference to aspirin in patients with either
peripheral artery disease or a history of ischemic stroke or
transient ischemic attack (COR IIb, LOE B) [75].

In patients with a concomitant indication for OAC,
ESC guidelines on NSTE-ACS and atrial fibrillation rec-
ommended a very short triple therapy (i.e., one week) fol-
lowed by DAT (clopidogrel plus a DOAC) up to six months
and then OAC alone (COR I, LOE B) [88,99]. Similarly,
a focused update of the AHA/ACC/Heart Rhythm Society
guidelines for the management of atrial fibrillation and an
updated North American expert consensus document rec-
ommended a periprocedural triple therapy followed byDAT
with a P2Y12-i (clopidogrel or ticagrelor) and OAC up
to 12 months, and finally OAC alone [87,101]. Of note,
all these regimens can be personalized according to the
trade-off between the risks of ischemic events and bleed-
ing [87,88,99,101].

6. Future Directions
A number of RCTs on P2Y12-i monotherapy after PCI

are currently ongoing (Table 5 and Fig. 2).
In the setting of ACS, three RCTs are investigat-

ing DAPT shortening to one month, followed by a tran-
sition to a P2Y12-i monotherapy. The TARGET FIRST
(NCT04753749) trial is randomizing ACS patients who un-
derwent complete revascularization by PCI one month be-
fore to P2Y12-i monotherapy (any P2Y12-i) or to continue
standard DAPT (aspirin plus any P2Y12-i) up to 12 months
from index PCI; primary endpoints will be net adverse car-
diac and cerebral events and BARC 2, 3 or 5 bleeding at 11
months from randomization. Similarly, in the ULTIMATE-
DAPT (NCT03971500) trial, patients without adverse is-
chemic or bleeding events while on DAPT during the first
30 days after PCI for ACSwill be randomized to either tica-
grelor plus matching placebo or ticagrelor plus aspirin for
additional 11 months; the primary endpoints will be MACE
and bleeding between one and 12 months [102]. Finally,
MATE (NCT04937699) is a multi-step trial enrolling pa-
tients without adverse events after one-month DAPT fol-
lowing PCI for ACS; patients will be randomized to a se-
quential strategy (ticagrelor and aspirin for one month, fol-
lowed by ticagrelor monotherapy for five months and then
clopidogrel monotherapy afterwards) or standard DAPT
(ticagrelor and aspirin) for 12 months and will be compared
in terms of NACE between one and 12 months.

Transitioning a similar concept to a higher risk set-
ting, the BULK-STEMI (NCT04570345) will randomize
patients who completed threemonths of DAPT after PCI for
STEMI to receive either ticagrelor monotherapy or DAPT
for additional nine months; the primary endpoints will be
NACE, MACCE and major bleeding at one year.
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Interestingly, two RCTs are exploring an even more
precocious “aspirin-free” approach, consisting of an imme-
diate P2Y12-i monotherapy after PCI. TheNEO-MINDSET
(NCT04360720) trial will randomly allocate ACS patients
undergoing PCI to P2Y12-i monotherapy (either prasugrel
or ticagrelor, stopping aspirin at randomization) or standard
DAPT for 12 months, comparing the two groups in terms
of one-year MACE and major bleeding. The STOPDAPT-
3 (NCT04609111) trial will compare upfront (i.e., starting
before the procedure) P2Y12-i monotherapy (prasugrel fol-
lowed by clopidogrel at one month) and one-month DAPT
(aspirin and prasugrel) followed by aspirin monotherapy in
patients undergoing PCI for ACS or at high-bleeding risk,
in terms of both one-monthmajor bleeding andMACE. No-
tably, the STOPDAPT-3 trial will also provide information
on the net comparison of clopidogrel and aspirin monother-
apies when DAPT is stopped early (i.e., at one month after
PCI).

Several trials are also assessing the role of long-
term P2Y12-i monotherapy. The OPT-BIRISK trial
(NCT03431142) will randomize ACS patients with both
bleeding and ischemic risk features who received DAPT
for nine to 12 months to clopidogrel monotherapy or DAPT
with aspirin and clopidogrel for additional nine months; the
primary outcome will be clinically relevant bleeding [103].
As a pure comparison of monotherapies, the SMART-
CHOICE 3 (NCT04418479) trial will randomly compare
patients who completed 12 months of DAPT to clopidogrel
or aspirin monotherapy in terms of MACCE at one year af-
ter last patient enrolment. Similar evidence will come from
the long-term follow-up (five years) of the STOPDAPT-
2 trial that, after the first year, will compare clopidogrel
and aspirin monotherapies. Finally, the SMART-CHOICE
2 (NCT03119012) trial will question the optimal therapy in
patients implanted with bioresorbable scaffold, randomly
assigning those who completed 12 months of DAPT to re-
ceive P2Y12 monotherapy (clopidogrel or ticagrelor 60 mg
twice daily) or DAPT (aspirin plus clopidogrel or ticagrelor
60 mg twice daily) for additional 24 months; the primary
outcome will be MACCE at 36 months after PCI.

7. Conclusions
In patients undergoing PCI, DAPT with aspirin and a

P2Y12-i is the treatment of choice to minimize the risk of
thrombotic complications. After an initial course of DAPT,
the duration of which depends on the clinical setting and the
trade-off between ischemia and bleeding, the antiplatelet
treatment regimen for secondary prevention consists of a
single antiplatelet therapy, traditionally represented by as-
pirin. Although several investigations are still ongoing, ran-
domized trials accruing over the last few years have shown
that shortening DAPT to three or even one month and con-
tinuing with P2Y12-i monotherapy is an effective bleeding
mitigation strategy that does not seem to affect thrombotic
or ischemic protection, with the exception of ACS patients,

in whom an early transition to less potent P2Y12 inhibition
with clopidogrel monotherapy was associated with worse
net benefit outcomes.

Such data has now been integrated into practice
guidelines which now reinforce the evidence on P2Y12-i
monotherapy recommending their use in patients at high
bleeding risk after the shortest possible mandatory period of
DAPT. Current knowledge on this topic enables the admin-
istration of a P2Y12-i monotherapy both in the early phase
(i.e., shortening DAPT at one or three months) and for long-
term secondary prevention (i.e., after completing the initial
DAPT period) in patients undergoing PCI. Ongoing investi-
gations will provide further evidence on timing and specific
patient subsets mostly benefiting from this approach.

Abbreviations
ACC, American college of cardiology; ACS, acute

coronary syndrome; ADP, adenosine 5’ diphosphate; AHA,
American heart association; BARC, Bleeding Academic
Research Consortium; CABG, coronary artery bypass
grafting; CCS, chronic coronary syndrome; CI, confi-
dence interval; COR, class of recommendation; COX-1,
cyclooxygenase-1; DAPT, dual antiplatelet therapy; DAT,
dual antithrombotic therapy; DOAC, direct oral anticoag-
ulant; ESC, European society of cardiology; HR, hazard
ratio; LOE, level of evidence; MACCE, major adverse
cardiac and cerebrovascular event; MACE, major adverse
cardiovascular event; MI, myocardial infarction; NACE,
net adverse cardiovascular event; NNT, number needed to
treat; NSTE-ACS, non-ST-segment elevation acute coro-
nary syndrome; OAC, oral anticoagulation; OR, odds ratio;
PCI, percutaneous coronary intervention; P2Y12-i, P2Y12

receptor inhibitor; RCT, randomized clinical trial; RR, rate
ratio; SCAI, society for cardiovascular angiography & in-
terventions; TRAP-6, thrombin receptor-activating peptide
6; TXA2, thromboxane A2; VKA, vitamin K antagonist.

Author Contributions
AG and MSM drafted the manuscript. DC and DJA

revised the manuscript for important intellectual content.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
AG and MSM declare no conflict of interest. DC

declares that he has received consulting fees or honoraria
from Sanofi, Daiichi Sankyo and Terumo. DJA declares

14

https://www.imrpress.com


that he has received consulting fees or honoraria from Ab-
bott, Amgen, AstraZeneca, Bayer, Biosensors, Boehringer
Ingelheim, Bristol-Myers Squibb, Chiesi, Daiichi-Sankyo,
Eli Lilly, Haemonetics, Janssen, Merck, PhaseBio, PLx
Pharma, Pfizer, and Sanofi. D.J.A. also declares that his
institution has received research grants from Amgen, As-
traZeneca, Bayer, Biosensors, CeloNova, CSL Behring,
Daiichi-Sankyo, Eisai, Eli Lilly, Gilead, Janssen, Matsutani
Chemical Industry Co., Merck, Novartis, Osprey Medical,
Renal Guard Solutions and Scott R. MacKenzie Founda-
tion.

References
[1] Brewer DB. Max Schultze (1865), G. Bizzozero (1882) and the

discovery of the platelet. British Journal of Haematology. 2006;
133: 251–258.

[2] Bizzozero J. Ueber einen neuen Formbestandtheil des Blutes
und dessen Rolle bei der Thrombose und der Blutgerinnung. Vir-
chows Archiv fur Pathologische Anatomie und Physiologie und
fur Klinische Medizin. 1882; 90: 261–332.

[3] Ribatti D, Crivellato E. Giulio Bizzozero and the discovery of
platelets. Leukemia Research. 2007; 31: 1339–1341.

[4] Weiss HJ. The discovery of the antiplatelet effect of aspirin: a
personal reminiscence. Journal of Thrombosis and Haemostasis.
2003; 1: 1869–1875.

[5] Daniel JL, Dangelmaier C, Jin J, Ashby B, Smith JB, Kunapuli
SP. Molecular Basis for ADP-induced Platelet Activation. I. Ev-
idence for three distinct ADP receptors on human platelets. Jour-
nal of Biological Chemistry. 1998; 273: 2024–2029.

[6] Cattaneo M. P2Y 12 receptors: structure and function. Journal
of Thrombosis and Haemostasis. 2015; 13: S10–S16.

[7] Cattaneo M, Lecchi A, Randi A, McGregor J, Mannucci P. Iden-
tification of a new congenital defect of platelet function charac-
terized by severe impairment of platelet responses to adenosine
diphosphate. Blood. 1992; 80: 2787–2796.

[8] Writing Committee Members, Lawton JS, Tamis-Holland
JE, Bangalore S, Bates ER, Beckie TM, et al. 2021
ACC/AHA/SCAI Guideline for Coronary Artery Revas-
cularization: A Report of the American College of Cardiol-
ogy/American Heart Association Joint Committee on Clinical
Practice Guidelines. JACC: Journal of the American College of
Cardiology. 2022; 79: e21–e129.

[9] Neumann F, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP,
Benedetto U, et al. 2018 ESC/EACTSGuidelines on myocardial
revascularization. EuroIntervention. 2019; 14: 1435–1534.

[10] Angiolillo DJ, Galli M, Collet JP, Kastrati A, O’Donoghue ML.
Antiplatelet therapy after percutaneous coronary intervention.
EuroIntervention. 2022; 17: e1371–e1396.

[11] Valgimigli M, Costa F, Lokhnygina Y, Clare RM, Wallentin L,
Moliterno DJ, et al. Trade-off of myocardial infarction vs. bleed-
ing types on mortality after acute coronary syndrome: lessons
from the Thrombin Receptor Antagonist for Clinical Event Re-
duction in Acute Coronary Syndrome (TRACER) randomized
trial. European Heart Journal. 2017; 38: 804–810.

[12] Piccolo R, Oliva A, Avvedimento M, Franzone A, Windecker S,
Valgimigli M, et al. Mortality after bleeding versus myocardial
infarction in coronary artery disease: a systematic review and
meta-analysis. EuroIntervention. 2021; 17: 550–560.

[13] Capodanno D, Bhatt DL, Gibson CM, James S, Kimura T,
Mehran R, et al. Bleeding avoidance strategies in percutaneous
coronary intervention. Nature Reviews Cardiology. 2022; 19:
117–132.

[14] Laudani C, GrecoA, Occhipinti G, Ingala S, Calderone D, Scalia
L, et al. Short Duration of DAPT Versus De-Escalation after

Percutaneous Coronary Intervention for Acute Coronary Syn-
dromes. JACC: Cardiovascular Interventions. 2022; 15: 268–
277.

[15] Capodanno D, Mehran R, Valgimigli M, Baber U, Windecker S,
Vranckx P, et al. Aspirin-free strategies in cardiovascular dis-
ease and cardioembolic stroke prevention. Nature Reviews Car-
diology. 2018; 15: 480–496.

[16] Tomaniak M, Storey RF, Serruys PW. Aspirin-free antiplatelet
regimens after PCI: when is it best to stop aspirin and who could
ultimately benefit? EuroIntervention. 2020; 15: 1125–1129.

[17] Capodanno D, Baber U, Bhatt DL, Collet JP, Dangas G, Franchi
F, et al. P2Y12 inhibitor monotherapy in patients undergoing
percutaneous coronary intervention. Nature Reviews Cardiol-
ogy. 2022. (in press)

[18] Galli M, Capodanno D, Andreotti F, Crea F, Angiolillo DJ.
Safety and efficacy of P2Y12 inhibitor monotherapy in patients
undergoing percutaneous coronary interventions. Expert Opin-
ion on Drug Safety. 2021; 20: 9–21.

[19] OnoM, Hara H, Kawashima H, Gao C,Wang R,Wykrzykowska
JJ, et al. Ticagrelor monotherapy versus aspirin monotherapy
at 12 months after percutaneous coronary intervention: a land-
mark analysis of the GLOBAL LEADERS trial. EuroInterven-
tion. 2022; 18: e377–e388.

[20] Koo BK, Kang J, Park KW, Rhee TM, Yang HM,Won KB, et al.
Aspirin versus clopidogrel for chronic maintenance monother-
apy after percutaneous coronary intervention (HOST-EXAM):
an investigator-initiated, prospective, randomised, open-label,
multicentre trial. Lancet. 2021; 397: 2487–2496.

[21] Storey R. Biology and Pharmacology of the Platelet P2Y12 Re-
ceptor. Current Pharmaceutical Design. 2006; 12: 1255–1259.

[22] Patrono C, García Rodríguez LA, Landolfi R, Baigent C. Low-
Dose Aspirin for the Prevention of Atherothrombosis. New Eng-
land Journal of Medicine. 2005; 353: 2373–2383.

[23] Cadroy Y, Bossavy J, Thalamas C, Sagnard L, Sakariassen K,
Boneu B. Early Potent Antithrombotic Effect with Combined
Aspirin and a Loading Dose of Clopidogrel on Experimental
Arterial Thrombogenesis in Humans. Circulation. 2000; 101:
2823–2828.

[24] Shankar H, Garcia A, Prabhakar J, Kim S, Kunapuli SP. P2Y12
receptor-mediated potentiation of thrombin-induced thrombox-
ane a2 generation in platelets occurs through regulation of
Erk1/2 activation. Journal of Thrombosis and Haemostasis.
2006; 4: 638–647.

[25] Kirkby NS, Leadbeater PD, Chan MV, Nylander S, Mitchell
JA, Warner TD. Antiplatelet effects of aspirin vary with level
of P2Y₁₂ receptor blockade supplied by either ticagrelor or pra-
sugrel. Journal of Thrombosis and Haemostasis. 2011; 9: 2103–
2105.

[26] Armstrong PCJ, Leadbeater PD, Chan MV, Kirkby NS,
Jakubowski JA, Mitchell JA, et al. In the presence of strong
P2Y12 receptor blockade, aspirin provides little additional in-
hibition of platelet aggregation. Journal of Thrombosis and
Haemostasis. 2011; 9: 552–561.

[27] Storey RF, Sanderson HM, White AE, May JA, Cameron KE,
Heptinstall S. The central role of the P(2T) receptor in amplifica-
tion of human platelet activation, aggregation, secretion and pro-
coagulant activity. The British Journal of Haematology. 2000;
110: 925–934.

[28] Johnson TW, Baos S, Collett L, Hutchinson JL, Nkau M,
Molina M, et al. Pharmacodynamic Comparison of Ticagrelor
Monotherapy Versus Ticagrelor and Aspirin in Patients after
Percutaneous Coronary Intervention: the TEMPLATE (Tica-
grelor Monotherapy and Platelet Reactivity) Randomized Con-
trolled Trial. Journal of the American Heart Association. 2020;
9: e016495.

[29] Baber U, Zafar MU, Dangas G, Escolar G, Angiolillo DJ,

15

https://www.imrpress.com


Sharma SK, et al. Ticagrelor with or without Aspirin after PCI:
the TWILIGHT Platelet Substudy. Journal of the American Col-
lege of Cardiology. 2020; 75: 578–586.

[30] Hennigan BW, Good R, Adamson C, Parker WAE, Martin L,
Anderson L, et al. Recovery of platelet reactivity following
cessation of either aspirin or ticagrelor in patients treated with
dual antiplatelet therapy following percutaneous coronary inter-
vention: a GLOBAL LEADERS substudy. Platelets. 2022; 33:
141–146.

[31] Palmerini T, Benedetto U, Bacchi-Reggiani L, Riva DD, Biondi-
Zoccai G, Feres F, et al. Mortality in patients treated with ex-
tended duration dual antiplatelet therapy after drug-eluting stent
implantation: a pairwise and Bayesian network meta-analysis of
randomised trials. Lancet. 2015; 385: 2371–2382.

[32] Palmerini T, Benedetto U, Biondi-Zoccai G, Della Riva D,
Bacchi-Reggiani L, Smits PC, et al. Long-Term Safety of Drug-
Eluting and Bare-Metal Stents. Journal of the American College
of Cardiology. 2015; 65: 2496–2507.

[33] Diener H, Bogousslavsky J, Brass LM, Cimminiello C, Csiba L,
Kaste M, et al. Aspirin and clopidogrel compared with clopido-
grel alone after recent ischaemic stroke or transient ischaemic at-
tack in high-risk patients (MATCH): randomised, double-blind,
placebo-controlled trial. Lancet. 2004; 364: 331–337.

[34] Hallas J, Dall M, Andries A, Andersen BS, Aalykke C, Hansen
JM, et al. Use of single and combined antithrombotic therapy
and risk of serious upper gastrointestinal bleeding: population
based case-control study. British Medical Journal. 2006; 333:
726.

[35] Hahn JY, Song YB, Oh JH, Chun WJ, Park YH, Jang WJ, et
al. Effect of P2Y12 Inhibitor Monotherapy vs Dual Antiplatelet
Therapy on Cardiovascular Events in Patients Undergoing Per-
cutaneous Coronary Intervention: The SMART-CHOICE Ran-
domized Clinical Trial. Journal of the American Medical Asso-
ciation. 2019; 321: 2428–2437.

[36] Greco A, Capodanno D, Angiolillo D. The Conundrum Sur-
rounding Racial Differences on Ischaemic and Bleeding Risk
with Dual Anti-Platelet Therapy. Thrombosis and Haemostasis.
2019; 119: 009–013.

[37] Lee SH, Lee SY, Chun WJ, Song YB, Choi SH, Jeong JO, et
al. Clopidogrel monotherapy in patients with and without on-
treatment high platelet reactivity: a SMART-CHOICE substudy.
EuroIntervention. 2021; 17: e888–e897.

[38] Roh JW, Hahn JY, Oh JH, Chun WJ, Park YH, Jang WJ, et al.
P2Y12 inhibitor monotherapy in complex percutaneous coro-
nary intervention: A post-hoc analysis of SMART-CHOICE ran-
domized clinical trial. Journal of Cardiology. 2021; 28: 855–
863.

[39] Mehran R, Baber U, Sharma SK, Cohen DJ, Angiolillo DJ,
Briguori C, et al. Ticagrelor with or without Aspirin in High-
Risk Patients after PCI. New England Journal of Medicine.
2019; 381: 2032–2042.

[40] Angiolillo DJ, Cao D, Baber U, Sartori S, Zhang Z, Dangas G,
et al. Impact of Age on the Safety and Efficacy of Ticagrelor
Monotherapy in Patients Undergoing PCI. JACC: Cardiovascu-
lar Interventions. 2021; 14: 1434–1446.

[41] Vogel B, Baber U, Cohen DJ, Sartori S, Sharma SK, Angiolillo
DJ, et al. Sex Differences among Patients with High Risk Re-
ceiving Ticagrelor with or without Aspirin after Percutaneous
Coronary Intervention: A Subgroup Analysis of the TWILIGHT
Randomized Clinical Trial. JAMA Cardiology. 2021; 6: 1032.

[42] Han Y, Claessen BE, Chen S, Chunguang Q, Zhou Y, Xu Y, et
al. Ticagrelor with or without Aspirin in Chinese Patients Under-
going Percutaneous Coronary Intervention: a TWILIGHTChina
Substudy. Circulation: Cardiovascular Interventions. 2022; 15:
e009495.

[43] Angiolillo DJ, Baber U, Sartori S, Briguori C, Dangas G, Co-

hen DJ, et al. Ticagrelor with or without Aspirin in High-Risk
Patients with Diabetes Mellitus Undergoing Percutaneous Coro-
nary Intervention. Journal of the American College of Cardiol-
ogy. 2020; 75: 2403–2413.

[44] Stefanini GG, Briguori C, Cao D, Baber U, Sartori S, Zhang
Z, et al. Ticagrelor monotherapy in patients with chronic kid-
ney disease undergoing percutaneous coronary intervention:
TWILIGHT-CKD. European Heart Journal. 2021; 42: 4683–
4693.

[45] Chiarito M, Baber U, Cao D, Sharma SK, Dangas G, Angio-
lillo DJ, et al. Ticagrelor Monotherapy After PCI in High-Risk
Patients With Prior MI: A Prespecified TWILIGHT Substudy.
JACC: Cardiovascular Interventions. 2022; 15: 282–293.

[46] Escaned J, Cao D, Baber U, Nicolas J, Sartori S, Zhang Z, et al.
Ticagrelor monotherapy in patients at high bleeding risk under-
going percutaneous coronary intervention: TWILIGHT-HBR.
European Heart Journal. 2021; 42: 4624–4634.

[47] Dangas G, Baber U, Sharma S, Giustino G, Mehta S, Cohen
DJ, et al. Ticagrelor with or without Aspirin after Complex PCI.
Journal of the American College of Cardiology. 2020; 75: 2414–
2424.

[48] Dangas G, Baber U, Sharma S, Giustino G, Sartori S, Nicolas
J, et al. Safety and efficacy of ticagrelor monotherapy accord-
ing to drug-eluting stent type: the TWILIGHT-STENT study.
EuroIntervention. 2022; 17: 1330–1339.

[49] Baber U, Dangas G, Angiolillo DJ, CohenDJ, Sharma SK, Nico-
las J, et al. Ticagrelor alone vs. ticagrelor plus aspirin follow-
ing percutaneous coronary intervention in patients with non-
ST-segment elevation acute coronary syndromes: TWILIGHT-
ACS. European Heart Journal. 2020; 41: 3533–3545.

[50] Kim B, Hong S, Cho Y, Yun KH, Kim YH, Suh Y, et al. Effect
of Ticagrelor Monotherapy vs Ticagrelor with Aspirin on Ma-
jor Bleeding and Cardiovascular Events in Patients with Acute
Coronary Syndrome. The Journal of the American Medical As-
sociation. 2020; 323: 2407.

[51] Vranckx P, Valgimigli M, Jüni P, Hamm C, Steg PG, Heg D, et
al. Ticagrelor plus aspirin for 1 month, followed by ticagrelor
monotherapy for 23 months vs aspirin plus clopidogrel or tica-
grelor for 12 months, followed by aspirin monotherapy for 12
months after implantation of a drug-eluting stent: a multicen-
tre, open-label, randomised superiority trial. Lancet. 2018; 392:
940–949.

[52] Greco A, Capodanno D. Long-termmonotherapy with ticagrelor
after coronary stenting: the GLOBAL LEADERS study. Euro-
pean Heart Journal Supplements. 2020; 22: E46–E49.

[53] Vranckx P, Valgimigli M, Odutayo A, Serruys PW, Hamm C,
Steg PG, et al. Efficacy and Safety of Ticagrelor Monother-
apy by Clinical Presentation: Pre‐Specified Analysis of the
GLOBAL LEADERS Trial. Journal of the American Heart As-
sociation. 2021; 10: e015560.

[54] Tomaniak M, Chichareon P, Onuma Y, Deliargyris EN, Taka-
hashi K, Kogame N, et al. Benefit and Risks of Aspirin in Ad-
dition to Ticagrelor in Acute Coronary Syndromes: A Post Hoc
Analysis of the Randomized GLOBAL LEADERS Trial. JAMA
Cardiology. 2019; 4: 1092.

[55] Serruys PW, Takahashi K, Chichareon P, Kogame N, Tomaniak
M,Modolo R, et al. Impact of long-term ticagrelor monotherapy
following 1-month dual antiplatelet therapy in patients who un-
derwent complex percutaneous coronary intervention: insights
from the Global Leaders trial. European Heart Journal. 2019; 40:
2595–2604.

[56] Takahashi K, Serruys PW, Chichareon P, Chang CC, Toma-
niak M, Modolo R, et al. Efficacy and Safety of Ticagrelor
Monotherapy in Patients Undergoing Multivessel PCI. Journal
of the American College of Cardiology. 2019; 74: 2015–2027.

[57] Takahashi K, Wang R, Kawashima H, Tomaniak M, Gao C, Ono

16

https://www.imrpress.com


M, et al. Efficacy and safety of one-month DAPT followed by
23-month ticagrelor monotherapy in patients undergoing proxi-
mal LAD stenting: Insights from the GLOBAL LEADERS trial.
International Journal of Cardiology. 2020; 320: 27–34.

[58] Takahashi K, Chichareon P, Modolo R, Kogame N, Chang CC,
Tomaniak M, et al. Impact of ticagrelor monotherapy on two-
year clinical outcomes in patients with long stenting: a post
hoc analysis of theGLOBALLEADERS trial. EuroIntervention.
2020; 16: 634–644.

[59] TomaniakM, Chichareon P,Modolo R, Takahashi K, Chang CC,
Kogame N, et al. Ticagrelor monotherapy beyond one month af-
ter PCI in ACS or stable CAD in elderly patients: a pre-specified
analysis of the GLOBAL LEADERS trial. EuroIntervention.
2020; 15: e1605–e1614.

[60] Chichareon P, Modolo R, Kogame N, Takahashi K, Chang C,
Tomaniak M, et al. Association of diabetes with outcomes in
patients undergoing contemporary percutaneous coronary inter-
vention: Pre-specified subgroup analysis from the randomized
GLOBAL LEADERS study. Atherosclerosis. 2020; 295: 45–
53.

[61] Kogame N, Chichareon P, De Wilder K, Takahashi K, Modolo
R, Chang CC, et al. Clinical relevance of ticagrelor monother-
apy following 1‐month dual antiplatelet therapy after bifurca-
tion percutaneous coronary intervention: Insight fromGLOBAL
LEADERS trial. Catheterization and Cardiovascular Interven-
tions. 2020; 96: 100–111.

[62] Franzone A, McFadden E, Leonardi S, Piccolo R, Vranckx P,
Serruys PW, et al. Ticagrelor alone Versus Dual Antiplatelet
Therapy from 1 Month after Drug-Eluting Coronary Stenting.
Journal of the American College of Cardiology. 2019; 74: 2223–
2234.

[63] Franzone A, McFadden EP, Leonardi S, Piccolo R, Vranckx P,
Serruys PW, et al. Ticagrelor alone or conventional dual an-
tiplatelet therapy in patients with stable or acute coronary syn-
dromes. EuroIntervention. 2020; 16: 627–633.

[64] Watanabe H, Domei T, Morimoto T, Natsuaki M, Shiomi H,
Toyota T, et al. Effect of 1-Month Dual Antiplatelet Therapy
Followed by Clopidogrel vs 12-Month Dual Antiplatelet Ther-
apy on Cardiovascular and Bleeding Events in Patients Receiv-
ing PCI: The STOPDAPT-2 Randomized Clinical Trial. Journal
of the American Medical Association. 2019; 321: 2414–2427.

[65] Yamamoto K, Watanabe H, Morimoto T, Domei T, Ohya M,
Ogita M, et al. Very Short Dual Antiplatelet Therapy after
Drug-Eluting Stent Implantation in Patients who Underwent
Complex Percutaneous Coronary Intervention: Insight from the
STOPDAPT-2 Trial. Circulation: Cardiovascular Interventions.
2021; 14: e010384.

[66] Watanabe H, Domei T, Morimoto T, Natsuaki M, Shiomi H,
Toyota T, et al. Very Short Dual Antiplatelet Therapy after Drug-
Eluting Stent Implantation in Patients with High Bleeding Risk.
Circulation. 2019; 140: 1957–1959.

[67] Watanabe H, Domei T, Morimoto T, Natsuaki M, Shiomi H,
Toyota T, et al. Details on the effect of very short dual an-
tiplatelet therapy after drug-eluting stent implantation in patients
with high bleeding risk: insight from the STOPDAPT-2 trial.
Cardiovascular Intervention and Therapeutics. 2021; 36: 91–
103.

[68] Watanabe H, Morimoto T, Ogita M, Suwa S, Natsuaki M, Sue-
matsu N, et al. Influence of CYP2C19 genotypes for the ef-
fect of 1-month dual antiplatelet therapy followed by clopido-
grel monotherapy relative to 12-month dual antiplatelet therapy
on clinical outcomes after percutaneous coronary intervention:
a genetic substudy from the STOPDAPT-2. Cardiovascular In-
tervention and Therapeutics. 2021; 36: 403–415.

[69] Watanabe H, Morimoto T, Natsuaki M, Yamamoto K, Obayashi
Y, Ogita M, et al. Comparison of Clopidogrel Monotherapy Af-

ter 1 to 2 Months of Dual Antiplatelet Therapy With 12 Months
of Dual Antiplatelet Therapy in Patients With Acute Coronary
Syndrome: The STOPDAPT-2 ACS Randomized Clinical Trial.
JAMA Cardiology. 2022; 7: 407–417.

[70] Obayashi Y, Watanabe H, Morimoto T, Yamamoto K, Natsuaki
M, Domei T, et al. Clopidogrel Monotherapy after 1-Month
Dual Antiplatelet Therapy in Percutaneous Coronary Interven-
tion: from the STOPDAPT-2 Total Cohort. Circulation: Cardio-
vascular Interventions. 2022; 15: e012004.

[71] Kogame N, Guimarães PO, Modolo R, De Martino F, Tinoco J,
Ribeiro EE, et al. Aspirin-Free Prasugrel Monotherapy Follow-
ing Coronary Artery Stenting in Patients with Stable CAD: The
ASET Pilot Study. JACC: Cardiovascular Interventions. 2020;
13: 2251–2262.

[72] McClure JD, Ramsay JC, Berry C. Pooled Analysis of Bleed-
ing, Major Adverse Cardiovascular Events, and all‐Cause Mor-
tality in Clinical Trials of Time‐Constrained Dual‐Antiplatelet
Therapy after Percutaneous Coronary Intervention. Journal of
the American Heart Association. 2020; 9: e017109.

[73] O’DonoghueML,Murphy SA, SabatineMS. The Safety and Ef-
ficacy of Aspirin Discontinuation on a Background of a P2Y12
Inhibitor in Patients After Percutaneous Coronary Intervention:
A Systematic Review and Meta-Analysis. Circulation. 2020;
142: 538–545.

[74] Valgimigli M, Gragnano F, Branca M, Franzone A, Baber U,
Jang Y, et al. P2Y12 inhibitor monotherapy or dual antiplatelet
therapy after coronary revascularisation: individual patient level
meta-analysis of randomised controlled trials. British Medical
Journal. 2021; 373: n1332.

[75] Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, et al. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes. European Heart
Journal. 2020; 41: 407–477.

[76] Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto
R, et al. Aspirin in the primary and secondary prevention of vas-
cular disease: collaborative meta-analysis of individual partic-
ipant data from randomised trials. Lancet. 2009; 373: 1849–
1860.

[77] Calderone D, Greco A, Ingala S, Agnello F, Franchina G, Scalia
L, et al. Efficacy and Safety of Aspirin for Primary Cardiovascu-
lar Risk Prevention in Younger and Older Age: AnUpdated Sys-
tematic Review and Meta-analysis of 173,810 Subjects from 21
Randomized Studies. Thrombosis and Haemostasis. 2022; 122:
445–455.

[78] Capodanno D, Di Maio M, Greco A, Bhatt DL, Gibson CM,
Goette A, et al. Safety and Efficacy of Double Antithrom-
botic Therapy with Non–Vitamin K Antagonist Oral Antico-
agulants in Patients with Atrial Fibrillation Undergoing Per-
cutaneous Coronary Intervention: a Systematic Review and
Meta‐Analysis. Journal of the American Heart Association.
2020; 9: e017212.

[79] CAPRIE Steering Committee. A randomised, blinded, trial of
clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE). CAPRIE Steering Committee. Lancet. 1996; 348:
1329–1339.

[80] Woodward M, Lowe GDO, Francis LMA, Rumley A, Cobbe
SM. A randomized comparison of the effects of aspirin and
clopidogrel on thrombotic risk factors and C-reactive protein
following myocardial infarction: the CADET trial. Journal of
Thrombosis and Haemostasis. 2004; 2: 1934–1940.

[81] Pettersen AR, Seljeflot I, Abdelnoor M, Arnesen H. High
on‐Aspirin Platelet Reactivity and Clinical Outcome in Patients
with Stable CoronaryArtery Disease: Results fromASCET (As-
pirin Nonresponsiveness and Clopidogrel Endpoint Trial). Jour-
nal of the American Heart Association. 2012; 1: e000703.

[82] Zhao Q, Zhu Y, Xu Z, Cheng Z, Mei J, Chen X, et al. Effect

17

https://www.imrpress.com


of Ticagrelor Plus Aspirin, Ticagrelor alone, or Aspirin alone
on Saphenous Vein Graft Patency 1 Year after Coronary Artery
Bypass Grafting. Journal of the American Medical Association.
2018; 319: 1677.

[83] Schunkert H, Boening A, von Scheidt M, Lanig C, Gusmini F,
de Waha A, et al. Randomized trial of ticagrelor vs. aspirin in
patients after coronary artery bypass grafting: the TiCAB trial.
European Heart Journal. 2019; 40: 2432–2440.

[84] Chiarito M, Sanz-Sánchez J, Cannata F, Cao D, Sturla M, Pan-
ico C, et al. Monotherapy with a P2Y12 inhibitor or aspirin for
secondary prevention in patients with established atherosclero-
sis: a systematic review and meta-analysis. Lancet. 2020; 395:
1487–1495.

[85] Andò G, De Santis G, Greco A, Pistelli L, Francaviglia B,
Capodanno D, et al. P2Y12 inhibitor or aspirin following dual
antiplatelet therapy after percutaneous coronary intervention:
a network meta-analysis. JACC: Cardiovascular Interventions.
2022. (in press)

[86] Valgimigli M. PANTHER - P2Y12 inhibitor versus aspirin
monotherapy in patients with coronary artery disease. European
Society of Cardiology. 2022.

[87] January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleve-
land JC Jr, et al. 2019 AHA/ACC/HRS Focused Update of the
2014 AHA/ACC/HRS Guideline for the Management of Pa-
tients With Atrial Fibrillation: A Report of the American Col-
lege of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines and the Heart Rhythm Society in
Collaboration With the Society of Thoracic Surgeons. Circula-
tion. 2019; 140: e125–e151.

[88] Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ,
Blomström-Lundqvist C, et al. 2020 ESC Guidelines for the di-
agnosis and management of atrial fibrillation developed in col-
laboration with the European Association for Cardio-Thoracic
Surgery (EACTS): The Task Force for the diagnosis and man-
agement of atrial fibrillation of the European Society of Cardiol-
ogy (ESC) Developed with the special contribution of the Euro-
pean Heart Rhythm Association (EHRA) of the ESC. European
Heart Journal. 2021; 42: 373–498.

[89] Dewilde WJ, Oirbans T, Verheugt FW, Kelder JC, De Smet BJ,
Herrman J, et al. Use of clopidogrel with or without aspirin in
patients taking oral anticoagulant therapy and undergoing percu-
taneous coronary intervention: an open-label, randomised, con-
trolled trial. Lancet. 2013; 381: 1107–1115.

[90] Fiedler KA, Maeng M, Mehilli J, Schulz-Schüpke S, Byrne RA,
Sibbing D, et al. Duration of Triple Therapy in Patients Requir-
ing Oral Anticoagulation after Drug-Eluting Stent Implantation:
The ISAR-TRIPLE trial. Journal of the American College of
Cardiology. 2015; 65: 1619–1629.

[91] Greco A, Laudani C, Rochira C, Capodanno D. Antithrombotic
Management in AF Patients Following Percutaneous Coronary
Intervention: A European Perspective. Interventional Cardiol-
ogy Review. 2022. (in press)

[92] Gibson CM,Mehran R, Bode C, Halperin J, Verheugt FW,Wild-
goose P, et al. Prevention of Bleeding in Patients with Atrial
Fibrillation Undergoing PCI. New England Journal ofMedicine.
2016; 375: 2423–2434.

[93] Cannon CP, Bhatt DL, Oldgren J, Lip GYH, Ellis SG, Kimura
T, et al. Dual Antithrombotic Therapy with Dabigatran after PCI
in Atrial Fibrillation. New England Journal of Medicine. 2017;

377: 1513–1524.
[94] Zeymer U, Leiva O, Hohnloser SH, Steg PG, Oldgren J, Nick-

enig G, et al. Dual antithrombotic therapy with dabigatran in
patients with atrial fibrillation after percutaneous coronary inter-
vention for ST-segment elevation myocardial infarction: a post
hoc analysis of the randomised re-DUAL PCI trial. EuroInter-
vention. 2021; 17: 474–480.

[95] Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran
R, et al. Antithrombotic Therapy after Acute Coronary Syn-
drome or PCI in Atrial Fibrillation. New England Journal of
Medicine. 2019; 380: 1509–1524.

[96] Vranckx P, Valgimigli M, Eckardt L, Tijssen J, Lewalter T,
Gargiulo G, et al. Edoxaban-based versus vitamin K antagonist-
based antithrombotic regimen after successful coronary stenting
in patients with atrial fibrillation (ENTRUST-AF PCI): a ran-
domised, open-label, phase 3b trial. Lancet. 2019; 394: 1335–
1343.

[97] Matsumura-Nakano Y, Shizuta S, Komasa A, Morimoto T, Ma-
suda H, Shiomi H, et al. Open-Label Randomized Trial Compar-
ing Oral Anticoagulation with and without Single Antiplatelet
Therapy in Patients with Atrial Fibrillation and Stable Coronary
ArteryDisease beyond 1Year after Coronary Stent Implantation.
Circulation. 2019; 139: 604–616.

[98] Yasuda S, Kaikita K, Akao M, Ako J, Matoba T, Nakamura M,
et al. Antithrombotic Therapy for Atrial Fibrillation with Sta-
ble Coronary Disease. New England Journal of Medicine. 2019;
381: 1103–1113.

[99] Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J,
Bhatt DL, et al. 2020 ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persis-
tent ST-segment elevation. European Heart Journal. 2021; 42:
1289–1367.

[100] Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA,
Cercek B, et al. 2015 ACC/AHA/SCAI Focused Update on
Primary Percutaneous Coronary Intervention for Patients With
ST-Elevation Myocardial Infarction: An Update of the 2011
ACCF/AHA/SCAI Guideline for Percutaneous Coronary In-
tervention and the 2013 ACCF/AHA Guideline for the Man-
agement of ST-Elevation Myocardial Infarction. Journal of the
American College of Cardiology. 2016; 67: 1235–1250.

[101] Angiolillo DJ, Bhatt DL, Cannon CP, Eikelboom JW, Gib-
son CM, Goodman SG, et al. Antithrombotic Therapy in Pa-
tients with Atrial Fibrillation Treated with Oral Anticoagulation
Undergoing Percutaneous Coronary Intervention. Circulation.
2021; 143: 583–596.

[102] Ge Z, Gao XF, Kan J, Kong XQ, Zuo GF, Ye F, et al. Compar-
ison of one-month versus twelve-month dual antiplatelet ther-
apy after implantation of drug-eluting stents guided by either
intravascular ultrasound or angiography in patients with acute
coronary syndrome: rationale and design of prospective, mul-
ticenter, randomized, controlled IVUS-ACS and ULTIMATE-
DAPT trial. American Heart Journal. 2021; 236: 49–58.

[103] Li Y, Jing Q,Wang B,Wang X, Li J, Qiao S, et al. Extended an-
tiplatelet therapy with clopidogrel alone versus clopidogrel plus
aspirin after completion of 9- to 12-month dual antiplatelet ther-
apy for acute coronary syndrome patients with both high bleed-
ing and ischemic risk. Rationale and design of the OPT-BIRISK
double-blinded, placebo-controlled randomized trial. American
Heart Journal. 2020; 228: 1–7.

18

https://www.imrpress.com

	1. Introduction
	2. Mechanism of Action
	Pharmacodynamic Studies

	3. Evidence on Monotherapy with a P2Y12 Inhibitor
	3.1 Early P2Y12 Inhibitor Monotherapy
	3.1.1 P2Y12 Inhibitor Monotherapy Three Months after PCI
	3.1.2 P2Y12 Inhibitor Monotherapy One Month after PCI
	3.1.3 P2Y12 Inhibitor Monotherapy Immediately after PCI
	3.1.4 Pooled Evidence on Shortening DAPT after PCI

	3.2 Long-term P2Y12 Inhibitor Monotherapy

	4. P2Y12-Inhibitor Monotherapy in Patients Requiring Oral Anticoagulation
	4.1 Early Antithrombotic Therapy
	4.2 Long-term Antithrombotic Therapy

	5. Guidelines
	6. Future Directions
	7. Conclusions
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

