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and dual antiplatelet therapy
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whom and how
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Dual antiplatelet therapy (DAPT) for 6-12 months, followed by lifelong aspirin
monotherapy is considered an effective standard therapy for the prevention
of thrombo-ischemic events in patients with acute and chronic coronary
syndrome (ACS, CCS) undergoing percutaneous coronary intervention (PCl)
or after a primarily conservative treatment decision. In ACS patients,
the stronger P2Yi»-inhibitors ticagrelor or prasugrel are recommended in
combination with aspirin unless the individual bleeding risk is high and
shortening of DAPT is warranted or clopidogrel is preferred. However, also
in patients at low individual bleeding risk, DAPT is associated with a higher risk
of bleeding. In recent years, new antithrombotic treatment strategies, such
as shortening DAPT followed by early P2Y1,-inhibitor monotherapy and de-
escalating DAPT from potent P2Y15-inhibitors to clopidogrel by maintaining
DAPT duration time, have been investigated in clinical trials and shown to
reduce bleeding complications in cardiovascular high-risk patients without
negative effects on ischemic events. In this review, we summarize the current
knowledge and discuss its implication on future antithrombotic strategies in
terms of a personalized medicine.

percutaneous coronary intervention (PCI), short dual antiplatelet therapy (short
DAPT), de-escalation, P2Y;;-inhibitor, bleeding

Introduction

Dual antiplatelet therapy (DAPT) is the cornerstone in the prevention of thrombo-
ischemic events in patients with acute and chronic coronary syndrome (ACS, CCS)
after primary percutaneous intervention (PCI). European Society of Cardiology (ESC)
guidelines recommend a combination of aspirin with ticagrelor or with prasugrel for
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a period of 6 (CCS) to 12 (ACS) months, followed by a lifelong
aspirin monotherapy in patients with low bleeding risk (Class
Ta indication) (1, 2). DAPT duration should be adjusted to the
individual patient’s bleeding risk using appropriate risk scores,
such as the DAPT and the PRECISE-DAPT score. In patients
at high bleeding risk (HBR), DAPT can be shortened (< 6
or < 12 months) by early withdrawal of the P2Y,-inhibitor (1,
2). In patients with high ischemic risk and without increased
risk of major bleeding, DAPT can be extended (> 12 months)
after ACS (1). However, standard DAPT has been shown to
effectively reduce major adverse cardiovascular events (MACE)
in patients after PCI but is associated with increased risk of
bleeding (3). Accordingly, safe antiplatelet strategies reducing
bleeding rates but without adverse effects on ischemic outcomes
are mandatory. To address this issue, new antithrombotic
treatment strategies for cardiovascular high-risk patients have
been evolved and investigated in clinical trials in recent years. In
this review, we focus on the current knowledge of short DAPT
followed by early P2Y;,-inhibitor monotherapy and on DAPT
de-escalation from potent P2Y-inhibitors to clopidogrel in
terms of a personalized medicine (Figure 1).

P2Y12-inhibitor monotherapy after
short dual antiplatelet therapy

According to ESC guidelines, short DAPT originally
consists of early P2Y,-inhibitor withdrawal and subsequent
lifelong aspirin monotherapy, as it should be considered
non-ST-elevation (NSTE)-ACS patients with
implantation who are at high risk of bleeding (1). More

for stent
recently, however, short DAPT refers to discontinuation of
aspirin in favor of monotherapy with a strong oral P2Yi;,-
inhibitor after an initial 1-3-month period of DAPT. This
intriguing treatment approach presents a promising option
to reduce bleeding risk in CCS and ACS patients after
PCI and has recently been investigated in several trials
(4-10).
Moreover, three demonstrated that
withdrawal of aspirin in favor of P2Y,-inhibitor monotherapy
after 1-3 months of DAPT significantly reduced the risk
of major bleeding without increasing ischemic endpoints
(11-13). In ACS patients, P2Yjz-inhibitor monotherapy
reduced bleeding risk by 50% (HR 0.50, 95% CI 0.41-0.61,
p < 0.001) with no significant change in MACE rates when
compared with standard DAPT (HR 0.85, 95% CI 0. 70-1.0,
p = 0.09) (12). Current data highlight the large contribution
of aspirin to the bleeding risk of DAPT (13). However, it is
important to note that between trials, patient populations

meta-analyses

differed in terms of their bleeding risk and selection of
P2Y,-inhibitor.
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Trials on P2Y1>-inhibitor monotherapy
after short dual antiplatelet therapy

With clopidogrel

Three large scaled randomized controlled trials (RCTs)
provide 1-year data on clopidogrel monotherapy after short
DAPT in patients undergoing PCI (Table 1) (4-6). In a
population of CCS (58%) and ACS (42%) patients at low-
to-moderate bleeding risk, the results of the Effect of P2Y;;
Inhibitor Monotherapy vs. Dual Antiplatelet Therapy on
Cardiovascular Events in Patients Undergoing Percutaneous
Coronary Intervention (SMART-CHOICE) trial showed, that
clopidogrel monotherapy after 3 months of DAPT was non-
inferior to standard DAPT with respect to the primary ischemic
endpoint (all-cause death, MI, or stroke) (95% CI -00-1.3%,
Pron—inferiority = 0.007) (4). In addition, the short DAPT
strategy resulted in significantly lower bleeding rates [Bleeding
Academic Research Consortium (BARC) 2-5] when compared
with standard therapy (2.0% vs. 3.4%, HR 0.58, 95% CI 0.36-
0.92, p = 0.002) (4).

Moreover, the Japanese Results of the Effect of 1-month
Dual Antiplatelet Therapy followed by Clopidogrel vs. 12-
month Dual Antiplatelet Therapy on Cardiovascular and
Bleeding Events in Patients receiving PCI (STOPDAPT-2) trial
indicated that in ACS (38%) and CCS (62%) patients at low-
to-moderate bleeding risk, clopidogrel monotherapy following
an even shorter DAPT period of 1 month reduced bleeding
rates [Thrombolysis in Myocardial Infarction (TIMI) major
or minor bleedings] without causing a significant increase in
primary combined endpoint event rates [cardiovascular (CV)
death, myocardial infarction (MI), stent thrombosis (ST), stroke
or TIMI major or minor bleeding] (HR 0.26, 95% CI 0.11-
0.64, p = 0.004 and HR 0.64, 95% CI 0.42-0.98, p = 0.04,
respectively) (5). While these data have shown safety for very
early clopidogrel monotherapy in predominantly stable patients,
the results of the STOPDAPT-2-ACS trial suggest, that this does
not apply to unstable patients (6). This study, enrolling only
ACS patients (n = 4,169), failed to meet their primary non-
inferiority endpoint (of CV death, MI, ST, stroke or TIMI major
or minor bleeding) at 12 months (HR 1.14, 95% CI 0.80-1.6,
Pron—inferiority = 0.06) (6). Patients in the short DAPT group
further presented a numerically but not significantly higher
incidence of the major secondary cardiovascular endpoints than
patients treated with standard DAPT (2.76% vs. 1.86%, HR 1.50
95% CI 0.99-2.26) (6).

The that
monotherapy after short DAPT presents a safe therapeutic

aforementioned trials show clopidogrel
option to reduce bleeding rates in stable patients at low-to-
moderate bleeding risk and mixed ischemic risk (includes low,
moderate, and high ischemic risk). However, these data do not

extend to patients in high-risk settings. In this regard, the High
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FIGURE 1

ticagrelor or clopidogrel monotherapy

Antithrombotic strategies of Standard DAPT, Short DAPT and DAPT De-escalation. DAPT: dual antiplatelet therapy, T: Ticagrelor, P: Prasugrel,

C: Clopidogrel, ASA: Acetylsalicylic Acid.

Bleeding Risk Patients Post Bioresorbable Polymer Coated Stent
Implantation with an Abbreviated vs. Standard DAPT Regimen
(MASTER-DAPT) trial was the first to selectively include
patients at high bleeding risk, demonstrating that even in these
patients, short DAPT followed by single antiplatelet therapy
is a safe strategy to prevent bleeding after PCI (Table 1) (7).
Specifically, 1-month DAPT proved non-inferior to standard
DAPT in terms of the primary combined endpoint (all-cause
death, MI, stroke, BARC type 3, or 5) and was associated
(95% CL:-1.80 to 33, prnon—inferiority < 0.001) with a lower
incidence of major or clinically relevant non-major bleedings
(BARC type 2, 3, or 5) (6.5% vs. 9.11%, 95% CI:-4.40 to 1.24,
Pron—inferiority < 0.001) at 11 months (7).

With ticagrelor

The GLOBAL LEADERS (Ticagrelor plus aspirin for 1
month, followed by ticagrelor monotherapy for 23 months vs.
aspirin plus clopidogrel or ticagrelor for 12 months, followed
by aspirin monotherapy for 12 months after implantation of
a drug-eluting stent) trial compared 1-month DAPT followed
by ticagrelor monotherapy with 12 months of DAPT after PCL
In this trial, patients at low bleeding risk and mixed ischemic
risk were included (Table 2) (8). The trial failed to show
that 23-month ticagrelor monotherapy after short DAPT was
associated with lower primary endpoint events (all-cause death,
MI) (RR 0.87, 95% CI 0.75-1.01, p = 0.073). However, non-
inferiority was met and bleeding rates (BARC type 3, or 5)
were similar between groups (2.04% vs. 2.12%, RR 0.97, 95%
CI 0.78-1.20, p = 0.77) (8). Consistent findings with respect to
the primary efficacy and safety endpoints were demonstrated
in the prespecified GLOBAL LEADERS Adjudication Sub-Study
(GLASSY) (9). Moreover, a 31% relative risk reduction in urgent
target vessel revascularization (TVR) (1.87% vs. 2.72%, RR
0.69, 95% CI 0.51-0.93) was found in the experimental arm
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and shown to increase consistently over time (9). Short DAPT
was further associated with lower rates of MI (RR 0.54, 95%
CI 0.33-0.88, pinteraction = 0.062) and ST (RR 0.14, 95% CI
0.03-0.63; pinteraction = 0.007) at 12-month follow-up, indicating
that ticagrelor monotherapy may have beneficial effects on the
occurrence of MI and ST when compared with aspirin alone (9).

In The Ticagrelor with or without Aspirin in High-Risk
Patients after PCI (TWILIGHT) trial, 7,119 patients (64% ACS,
36% CCS) at low bleeding and mixed ischemic risk were enrolled
(10). Ticagrelor monotherapy after DAPT of 3 months was
associated with a 44% lower risk of bleeding (BARC type 2,3, or
5) than standard DAPT (HR 0.56, 95% CI 0.45-0.68, p < 0.001)
with no significant increase in MACE (death, MI, stroke) (HR
0.99, 95% CI 0.78-1.25, pnon—inferiority < 0-001) over 15 months
after PCI (10). Several prespecified subgroup-analyses (patients
at HBR, ACS, complex PCI, diabetes, gender) demonstrated
comparable outcomes (11-15).

Further, the Ticagrelor Monotherapy vs. Dual-Antiplatelet
Therapy After PCI (SIDNEY) meta-analysis, including data
from GLASSY and TWILIGHT, provides strong evidence for the
reduction of bleeding rates with ticagrelor monotherapy (16).

Focusing on unstable patients after PCI, Franzone et al.
demonstrated that safety effects of ticagrelor monotherapy
after 1-month DAPT on ischemic endpoints were consistent
in patients with or without ACS, but only ACS patients had
a net clinical benefit in regards of a composite endpoint of
both co-primary study endpoints from GLASSY (17). The
South Korean Effect of Ticagrelor Monotherapy vs. Ticagrelor
With Aspirin on Major Bleeding and Cardiovascular Events in
Patients With Acute Coronary Syndrome (TICO) trial was the
only trial to prospectively investigate ticagrelor monotherapy
exclusively in ACS patients (18, 19). Switching to ticagrelor
monotherapy after 3 months of DAPT significantly reduced
primary adverse clinical events (TIMI major bleeding, all-cause
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bleeding

ischemic risk

NO

CV death, M1, ST, stroke, or
TIMI major or minor

12

1 vs. 12 months

4,169 Low-to-moderate bleeding East Asian 100

STOPDAPT-2-ACS

risk, mixed ischemic risk*

bleeding

Yes

All-cause death, MI, stroke,
or BARC type 3,0r 5

11

1 vs. >3 months

4,434 HBR, mixed ischemic risk* Caucasian 49 51

MASTER-DAPT

n, number of patients; ACS, acute coronary syndrome; CCS, chronic coronary syndrome; DAPT, dual antiplatelet therapy; HBR, high bleeding risk; MI, myocardial infarction; CV, cardiovascular; ST, stent thrombosis; TIMI, Thrombolysis in Myocardial

Infarction; BARC, Bleeding Academic Research Consortium. *Mixed ischemic risk includes low, moderate and high ischemic risk.
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death, MI, ST, stroke, TVR) (HR 0.66, 95% CI 0.48-0.92,
p = 0.01) and was associated with lower risk of major bleeding
(HR 0.56, 95% CI 0.34-0.91, p = 0.02) (18). Importantly, only
patients at low bleeding risk were included in this trial. The
results from the STOPDAPT-2-ACS and TICO trials suggest
that ticagrelor but not clopidogrel monotherapy presents a
safe antiplatelet treatment regimen for ACS patients after short
DAPT. Therefore, it has been discussed whether clopidogrel
monotherapy initiated 1 month after DAPT is less effective in
ACS patients due to the increased ischemic risk up to 3 months
post ACS and the lower P2Y;,-inhibiting capacity of the agent.

With prasugrel

The clinical benefit of prasugrel monotherapy in patients
after PCI has not been sufficiently investigated to date.
The Aspirin-free Prasugrel Monotherapy Following Coronary
Artery Stenting in Patients with Stable CAD (ASET) study
assessed prasugrel monotherapy (60 mg loading dose followed
by 10 mg/day) after PCI in 202 CCS patients at low ischemic
risk. Until PCI, patients received clopidogrel-based DAPT. At
3 months of follow-up, there was no primary endpoint event and
only one fatal intracranial hemorrhage 6 h after PCI (20).

Ongoing trials on P2Y1>-inhibitor
monotherapy and short dual
antiplatelet therapy

Several ongoing trials are addressing the above-mentioned
issues through different approaches.

The Ticagrelor Monotherapy in Patients Treated With
New-generation Drug-eluting Stents for Acute Coronary
Syndrome (T-PASS) (NCT03797651) trial evaluates ticagrelor
monotherapy following very-short DAPT less than 1 month
after PCI in ACS patients.

Results from the A Randomized Comparison of Clopidogrel
Monotherapy vs. Extended Dual-antiplatelet Therapy Beyond
12 Months After Implantation of Drug-eluting Stents in
High-risk Lesions or Patients trial (A-CLOSE) (NCT03947229)
are expected at the end of 2023, investigating clopidogrel
monotherapy vs. extended clopidogrel-based DAPT from 12 to
36 months after PCI in patients at high risk for either ischemic
or bleeding complications.

The P2Y;,-Inhibitor Monotherapy vs. Extended DAPT in
Patients Treated With Bioresorbable Scaffold trial (SMART-
CHOICE 1II) (NCT03119012) currently compares clopidogrel
or ticagrelor monotherapy from 12 to 36 months after PCI
with extended ticagrelor-based DAPT for 36 months after PCI.
Long-term clopidogrel monotherapy vs. aspirin monotherapy
after 12 months of DAPT is currently being investigated in
patients at high risk for recurrent ischemic events in The Choice
of Optimal Anti-Thrombotic Strategy in Patients Undergoing
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Yes

64 36 3 vs. 12 months 15 BARC type 2,3, 0r 5

Caucasian

Low bleeding risk, mixed

7,119

TWILIGHT

East Asian

ischemic risk

Yes

TIMI major bleeding,

12

3 vs. 12 months

100

East Asian

3,056 Low bleeding risk, mixed

TICO

ischemic risk

all-cause death, M1, ST,

stroke, or TVR

n, number of patients; ACS, acute coronary syndrome; CCS, chronic coronary syndrome; DAPT, dual antiplatelet therapy; MI, Myocardial infarction; BARC, Bleeding Academic Research Consortium; TIMI, Thrombolysis in Myocardial Infarction; ST,

stent thrombosis; TVR, target vessel revascularization. *Mixed ischemic risk includes low, moderate and high ischemic risk.
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Implantation of Coronary Drug-Eluting Stents 3 trial (SMART-
CHOICE I1I) (NCT04418479).

Further data on prasugrel monotherapy in CCS and non-
STE elevation ACS (NSTE-ACS) patients are expected from the
still ongoing Acetyl Salicylic Elimination Trial JAPAN (ASET-
JAPAN pilot study) (NCT 05117866) in 2024.

Dual antiplatelet therapy
de-escalation strategies

The benefit of potent P2Y,-inhibitors regarding ischemic
risk reduction is greatest during the acute and sub-acute
phase after the index event whilst bleeding risk persists during
maintenance therapy (21, 22). Hence, in a significant amount
(up to 28%) of ACS patients, physicians tend to switch from
standard DAPT by using ticagrelor or prasugrel in association
with aspirin to clopidogrel and aspirin within 1 year after PCI
(23). Besides economic factors, bleeding complications are the
most common reason for a so-called DAPT de-escalation (24).
Clinical data justifying this strategy have long been limited.
However, in recent years, different studies have provided data on
the safety and efficacy of switching to clopidogrel after a short
period of DAPT with potent P2Y1,-inhibitors in ACS patients
(Table 3) (25-28).

The monocentric, randomized, open-label Timing of
Platelet Inhibition After Acute Coronary Syndrome (TOPIC)
trial investigated DAPT de-escalation in 646 ST-elevation
myocardial infarction (STEMI) and non-ST-elevation
myocardial infarction (NSTEMI) patients at low-to-moderate
bleeding risk (26). At 1 month after PCI, patients in the
experimental group were switched to clopidogrel-based DAPT
while standard DAPT was maintained in the control group.
At 12 months after the index event, the de-escalation strategy
was superior to standard DAPT in terms of the primary
combined endpoint (CV death, urgent revascularization,
stroke, BARC type > 2) (HR 0.48 95% CI 0.34-0.68,
p < 0.01) and was further associated with a lower risk of
bleeding (BARC type > 2) (HR 0.30, 95% CI 0.18-0.50,
p < 0.01) (26).

Similarly, results of the multicentric, randomized Ticagrelor
vs. Clopidogrel in Stabilized Patients with Acute Myocardial
Infarction (TALOS-AMI) study have shown that unguided
DAPT de-escalation was associated with a 45% lower risk
of net clinical events (CV death, MI, stroke, BARC type
2,3,5) (HR 0.55, 95% CI 0.40-0.76, Pron-inferiority < 0.001)
and with reduced risk of bleeding complications (BARC
type 2,3, or 5) (HR 0.52, 95% CI 0.35-0.77, p = 0.0012)
when compared with ticagrelor-based DAPT at 12 months
after PCI (27). However, only South Korean STEMI and
NSTEMI patients at low-to-moderate bleeding risk were
included. The validity of these data must therefore be
qualified for Caucasian populations due to the higher
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prevalence of CYP2CI9 loss-of-function alleles in the East
Asian population (29).

Recently, two large-scaled RCTs provided data on
clopidogrel-based DAPT in Caucasian ACS patients (25, 28).
Both trials performed platelet function- and genetic-directed
de-escalation, respectively. In the Testing Responsiveness to
Platelet Inhibition On Chronic Antiplatelet Treatment For
Acute Coronary Syndromes (TROPICAL-ACS) trial, 2,610
STEMI and NSTEMI patients after PCI were treated with
standard therapy consisting of prasugrel and aspirin (25). Seven
days after discharge, patients randomized to the de-escalation
group were switched to clopidogrel for another 7 days whereas
standard DAPT was maintained in the control group. Platelet
Function Testing (PFT) was performed on day 14 to identify
clopidogrel non- or low-responder patients and readjust them
to prasugrel. At 12 months follow-up, clopidogrel-based DAPT
was not inferior to standard DAPT in terms of the primary
combined endpoint (CV death, MI, stroke, BARC type > 2)
(HR 0.81, 95% CI 0.62-1.06, pron—inferiority = 0.0004) (25).
Despite a trend toward lower bleeding risk in the de-escalation
group, bleeding rates (BARC type > 2) did not significantly
differ between groups (5% vs. 6%, HR 0.82, 95% CI 0.59-1.13,
p=0.23) (25).

In the Genotype-Guided Strategy for Oral P2Y;; Inhibitors
in Primary PCI (POPULAR GENETICS) trial CYP2CI9-
directed genetic testing was used as safety tool in 2488 STEMI
patients (28). Within 3 days after PCI, non-carriers received
clopidogrel-based DAPT whereas carriers of CYP2CI19*2
or CYP2C19*3 LOF-alleles received standard DAPT with
prasugrel or ticagrelor (28). The results demonstrated non-
inferiority of guided de-escalation in terms of net clinical
events (all-cause death, MI, ST, stroke, Platelet Inhibition and
Patient Outcomes (PLATO) major bleeding) (95% CI 2.0-0.7,
Pron—inferiority < 0.001) as well as significantly lower bleeding
rates (PLATO major or minor bleeding) compared to standard
DAPT at 12-month follow-up (HR 0.78, 95% CI 0.61-0.98,
p =0.04) (28). However, it should be noted that patients enrolled
in the TROPICAL-ACS and POPULAR GENETICS trials only
had low-to-moderate bleeding and mixed ischemic risk.

Finally, two recent meta-analyses demonstrated overall
efficacy and safety of DAPT de-escalation (30, 31). In one study,
guided selection of antiplatelet therapy after PCI was shown to
reduce the risk of MACE (RR 0.78, 95% CI 0.63-0.95, p = 0.015)
without any trade-off in bleeding rates when compared with
standard DAPT (RR 0.88, 95% CI 0.77-1.01, p = 0.069) (30).
Importantly, this analysis included studies that investigated both
de-escalation and escalation strategies in ACS and CCS patients.
The other meta-analysis by Tavenier et al. exclusively focused
on RCTs that studied DAPT de-escalation in ACS patients
(31). The results demonstrated that a strategy of de-escalation
vs. standard DAPT reduces both clinically relevant bleedings
(BARC type > 2) (HR 0.57, 95% CI 0.42-0.78) and MACE rates
(HR 0.77, 95% CI 0.62-0.96) (31).
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TABLE 4 Advantages and disadvantages of platelet function vs.
CYP2C19-directed genetic testing, modified after Sibbing et al. (34).

PFT Genetic testing
Availability of different assays Yes Yes
Absence of interassay variability No Yes
No need to perform on-treatment No Yes
Assessment of non-genetic factors Yes No
Direct measurement of treatment response Yes No
Absence of temporal variability No Yes

PFT, platelet function testing.

Antiplatelet responsiveness of
clopidogrel

When wusing clopidogrel, interpatient variability in
antithrombotic efficacy must be considered (32, 33). Genetic
and metabolic factors influence pharmacologic response to
clopidogrel resulting in increased ischemic risk in certain
patients (32). In the TROPICAL-ACS and POPULAR
GENETICS trials, PFT and genetic testing were used as
safety tools, whereas unguided de-escalation was performed
in the TOPIC and TALOS-AMI trials. According to ESC
guidelines, routine use of PFT or genetic testing in the selection
of antiplatelet therapy is not recommended. When de-escalation
to clopidogrel is performed, the strategy (guided vs. unguided)
should be determined based on the patients risk profile and
the availability of respective assays (1). However, guidelines
do not specify in which patients a guided approach should
be considered, leaving this decision to the treating physician.
In this regard, an expert consensus from 2019 provides more
detailed recommendations (34). Unfortunately results from
the POPULAR GENETICS trial and from more recent meta-
analyses were not included at this time but are considered in
the present work.

Tavenier et al. demonstrated that significant bleeding risk
reduction was consistent in both guided (HR 0.79, 95% CI 0.66—
0.94) and unguided (HR 0.44, 95% CI 0.32-0.59) de-escalation
(31). Interestingly, unguided de-escalation was associated with
a greater reduction of bleeding risk (pinteraction = 0.037) when
compared with guided de-escalation (31). However, the authors
noted that the bleeding benefit may be explained by the fact that
the proportion of patients who received clopidogrel was higher
in the unguided than in the guided de-escalation group (31).

If PFT or genetic testing is considered, limitations of
the respective test methods must be taken into account
(Table 4). PFT results vary significantly depending on the
different assays available (VerifyNow, Multiplate, VASP,
TEG platelet mapping), which not only makes it difficult
to compare data from different studies but may also
influence clinical decisions (35). Conversely, there are no
relevant discrepancies between validated genetic assays
(32). Since PFT can only be performed on-treatment, initial
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clopidogrel therapy and, if needed, subsequent medication
adjustment is required (28). This could affect patient
compliance.

In the TROPICAL-ACS trial, patients received clopidogrel
treatment from days 7 to 14 after hospital discharge (25). Given
the increased ischemic risk in the acute and subacute phase after
the index event, early clopidogrel therapy may not guarantee
adequate platelet inhibition in patients on high on-treatment
platelet reactivity (HPR) (24, 36).

CYP2CI9 genetic testing, as performed in the POPULAR
GENETICS trial, does not require clopidogrel treatment.
However, it does not directly reflect treatment response as
various intrinsic and extrinsic factors that influence clopidogrel
efficacy (BMI > 30 kg/m?, diabetes mellitus, gastrointestinal
absorption, drug interactions, patient adherence) are not taken
into account (37, 38). It should also be noted that a single
platelet function test only reflects the current status of response
to treatment, and the optimal timing of measurement is
unknown (34).

In this regard, a pre-specified TROPICAL-ACS sub-
study showed that platelet reactivity during clopidogrel
therapy is subject to diurnal variability, with a peak in
platelet reactivity at the end of the dosing interval (39).
However, clinical outcomes of these findings have not
been investigated. Since these epigenetic factors vary over
time, it could be questioned whether a single measurement
is sufficient or whether PFT should be repeated during
maintenance therapy.

To summarize, one meta-analysis provides data suggesting
a greater reduction in bleeding risk with unguided vs. guided
de-escalation and similar ischemic risk reduction with both
strategies (31). Current knowledge does not show superiority of
specific assays (PFT vs. CYP2CI9 genetic testing) and therefore
respective limitations should be considered when de-escalation
to clopidogrel is performed.

Implications of short dual
antiplatelet therapy and
P2Y1>-inhibitor de-escalation
strategies for future antiplatelet
therapy

Both withdrawal of aspirin 1-3 months after PCI with
continued use of P2Yj,-inhibitor monotherapy and de-
escalation of P2Y,-inhibitor therapy by switching from more
potent inhibitors to clopidogrel reduce bleeding risk without any
trade-off in MACE when compared with standard DAPT. These
findings now raise the question of which patient populations
may benefit from a personalized antiplatelet strategy and how
early aspirin should be discontinued or ticagrelor or prasugrel
replaced with clopidogrel.
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Dual antiplatelet therapy de-escalation

Based on the positive results of the TROPICAL-ACS trial,
ESC Guidelines recommend guided or unguided de-escalation
as an alternative treatment regimen in ACS patients who are
not suitable for 12 months potent platelet inhibition (Class ITb
indication) (25). However, guidelines do not comment on the
timing of DAPT de-escalation. Trials investigating guided de-
escalation (TROPICAL-ACS, POPULAR GENETICS) switched
to clopidogrel maintenance therapy within 14 days after PCI (25,
28). Unguided de-escalation was performed at 1 month after PCI
in the TOPIC and TALOS-AMI trials (26, 27). Given the highest
ischemic risk in the first month after the index event, the timing
of unguided de-escalation seems to be appropriate to prevent
recurrence of ischemic events (24, 36). A guided approach, in
turn, allows the identification of non- or low-responder patients
at high ischemic risk at an early stage and seems to justify the
timing of de-escalation. The above-mentioned trials have shown
short-term safety of DAPT de-escalation for ACS patients at
low-to-moderate bleeding risk but clinical outcomes beyond 1
year have not been investigated yet. Further, the studies were not
adequately powered with respect to primary ischemic endpoints.
Finally, it must be noted that patients at high thrombotic risk
(HTR) may not have been adequately enrolled and the results
may apply only to populations with balanced ischemic risk.
To the best of our knowledge, no ongoing trials are currently
addressing these issues.

P2Y1>-inhibitor monotherapy after
short dual antiplatelet therapy

Results on short DAPT had already an impact on recent
guidelines recommending early P2Y;-inhibitor monotherapy
in certain patient populations (40).

The MASTER-DAPT trial has shown that also patients at
high bleeding risk are suitable for clopidogrel monotherapy after
short DAPT. However, certain patient populations, like elderly
patients, were underrepresented in the above-mentioned trials.
This population, which bears an increased bleeding risk in itself,
might be suitable for short DAPT or de-escalation as recently
discussed in an editorial of the European Heart Journal (41).

While trials have provided evidence on patients with low-
to-moderate and high bleeding risk, no clear conclusion can
be drawn from existing data for the treatment of patients at
high thrombotic risk. This could be due to inclusion bias in
the existing studies, as HTR patients are not represented in
sufficient numbers.

Ticagrelor but not clopidogrel monotherapy after very short
DAPT has been shown to be a safe strategy to treat ACS
patients. Therefore, it has been discussed whether clopidogrel
monotherapy initiated 1 month after DAPT is less effective due
to the increased ischemic risk in the early phase after ACS and
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the lower P2Y,-inhibitory capacity of the agent. Here, DAPT
of up to 3 months, measurement of response to clopidogrel,
or switching to a more potent P2Y,-inhibitor as monotherapy
(theoretically, as not yet tested) might be useful to keep the rate
of ischemic events low. Nevertheless, existing data only apply
for ACS patients at low-to-moderate bleeding risk since ACS
patients at HBR were not included in previous trials.

It is whether  P2Yj,_inhibitor
monotherapy should be prolonged (which was done for
24 months in the GLOBAL LEADERS trial), switched back
to aspirin lifelong after 12 months (as done in TWILIGHT
and TICO), or switched to clopidogrel lifelong, as shown in a

currently  unclear

recent study (42). In the Aspirin vs. Clopidogrel for Chronic
Maintenance Monotherapy after Percutaneous Coronary
Intervention (HOST-EXAM) trial, more than 5,000 patients
after PCI, who received 6-18 months of DAPT, were investigated
(42). Subsequent clopidogrel monotherapy resulted in a
significant reduction in the net clinical endpoint (death, MI,
insult, ACS, BARC type 3, or 5) when compared with aspirin
monotherapy at 24 months (HR = 0.73, 95% CI: 0.59-0.90,
p=0.0035) (42).

Summary

The use of short DAPT and DAPT de-escalation is currently
limited to HBR patients, while patients at normal-to-low
bleeding risk usually continue to be treated with standard
DAPT. To determine a tailored antiplatelet regimen that strikes
the balance between bleeding risk reduction and prevention of
recurrent ischemic events, several trials have shown efficacy and
safety of DAPT de-escalation and P2Y,-inhibitor monotherapy
after short DAPT. However, based on inclusion bias, patients
at very high thrombotic risk only represent a low percentage
in the aforementioned trials and elderly patients have not been
included in sufficient numbers. Especially, for elderly with no
additional risk factors other than their age, the new antiplatelet
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