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Abstract

What is known and Objective: It is well known that high in-stent thrombotic risk due
to the superimposition of a platelet-rich thrombus was considered as the main origin
of major adverse cardiac events after stent implantation. The clinical management of
antiplatelet therapy strategy after percutaneous coronary intervention (PCI) remains
controversial. This study is sought to explore the efficacy and safety of a maintained
P2Y,, inhibitor monotherapy after shorter-duration of dual antiplatelet therapy
(DAPT) in these patients.

Methods: Medline, Google Scholar, Web of Science, and the Cochrane Controlled
Trials Registry were searched online for retrieving eligible citations. A composite of
all-cause death, myocardial infarction (MI) and stroke was defined as major adverse
cardio- and cerebro-vascular events (MACCE), which is analysed as the primary ef-
ficacy endpoint. The risk of bleeding events was chosen as safety endpoint.

Results: Five randomized clinical trials (RCT) with 32,143 patients were finally an-
alysed. A maintained P2Y,, inhibitor monotherapy after shorter-duration of DAPT
cloud not only reduce the incidence of MACCE [odds ratios (OR): 0.89, 95% confi-
dence intervals (Cl): 0.79-0.99, p = 0.037], but also the bleeding risk (OR 0.61, 95%
Cl: 0.44-0.85, p = 0.003). No higher incidence of any ischaemic events, including Ml,
stroke or definite stent thrombosis (ST) was observed with respect to this new anti-
platelet therapy option.

Conclusions: A maintained P2Y,, inhibitor monotherapy after shorter-duration of
DAPT was suggested as a more preferable antiplatelet therapy option in patients un-
dergoing coronary drug-eluting stents (DES) placement. Larger and more powerful
randomized trials with precise sub-analyses are still necessary for further confirming

these relevant benefits.
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1 | WHAT IS KNOWN AND OBJECTIVE

Coronary artery disease (CAD) has been widespread of the world, in
which the acute coronary syndrome (ACS) may be more dangerous
for leading to higher mortality.! Either US or European guidelines
strongly recommend percutaneous coronary intervention (PCl) with
drug-eluting stent (DES) for these high-risk patients.?® Hereafter, a
standard dual antiplatelet therapy (DAPT) consisting of aspirin and
a P2Y, inhibitor (clopidogrel, ticagrelor or prasugrel) should be well
accepted for preventing ischaemic events, which is recommended
for at least 12 months in ACS and for at least 6 months in stable
coronary artery disease (SCAD).*> Although markable benefits have
been demonstrated in decreasing the risk of thrombus with respect
to this routine regimen, the simultaneously increased bleedings were
also observed, which might be considered as a main origin of higher
mortality.®® Therefore, another one approach via shortening the
duration of DAPT followed by a mandatory aspirin monotherapy was
raised and showed feasibility in low-risk patients but underpowered
for preventing ischaemic events.” Besides, the prolonged mandatory
aspirin monotherapy after short-duration of DAPT in these patients
may enhance gastrointestinal haemorrhage and thus can also limit
the usage of this option. Regarding the management of antiplatelet
therapy strategy after PCl is still a debate.

Recently, a new alternative antiplatelet therapy opinion has been
suggested by several large randomized trials (RCT), among which in-
dicated that shorter-duration of DAPT followed by a P2Y, inhibitor
monotherapy is associated with lower risk of bleedings but not at the
expense of increased incidence of ischaemic events in these patients
undergoing PCI.1%! Conversely, another 1 large randomized clinical
trial (RCT)*? reported negative results, showing this new option was
not superior to standard DAPT in prevention of all-cause mortality
or new Q-wave myocardial infarction after PCIl. These conflicting
data will easily confuse the clinical decision-making in selection of
antiplatelet strategy for these patients and restrict the benefits of
this new alternative antiplatelet therapy regimen being well estab-
lished. On the contrary, the TICO trial*? is being published, which is
the latest RCT focusing on this topic may provide more quantitative
assessment of evidence for this option. Therefore, we conducted
this meta-analysis to ulteriorly evaluate the efficacy and safety of

the new alternative antiplatelet therapy regimen.

2 | METHODS

2.1 | Literature search

To identify eligible citations, several electronic databases (includ-
ing Medline, Google Scholar, Web of Science and the Cochrane
Controlled Trials Registry) were searched online (the latest search
was at December 2021). Potential eligible trials were also screened
from any other Internet sources, as well as these listed in recently
published review articles or meta-analyses. To make sure all relevant
articles were finally enrolled, a combination of these key words were

used: ‘Clopidogrel or Ticagrelor or Prasugrel’, ‘monotherapy’, ‘dual an-
tiplatelet therapy or DAPT’, ‘coronary artery disease or CAD’, ‘acute
coronary syndrome or ACS’, ‘acute myocardial infarction or AMI’, ‘per-
cutaneous coronary intervention or PCl or drug-eluting stent or DES'".

2.2 | Inclusion and exclusion criteria

For eligible studies, the followed inclusion criteria should be fulfilled:
(1) original full-text randomized articles; (2) enrolling adult patients
undergoing coronary DES implantation successfully (age from 18 to
90 years); (3) comparing shorter-duration of DAPT (<3 months) fol-
lowed by a maintained P2Y,, inhibitor monotherapy versus stand-
ard DAPT as secondary prevention after PCl; (4) performing >1-year
follow-up and (5) reported relevant adverse clinical events. Studies
should be excluded if (1) enrolling patients with cardiogenic shock
or receiving oral anticoagulants (e.g. warfarin, dabigatran and rivar-
oxaban); (2) duplicated studies or different studies using the same
samples; (3) non-English language or non-human population studies

and (4) review articles or meta-analyses.

2.3 | Data extraction, synthesis and
quality assessment

All relevant citations were assessed for eligibility by two independ-
ent investigators (Fan and Tian) with standardized data-abstraction
forms. A third assessor (Zhang) was arranged for resolving disagree-
ments. The data of name or first author of the trial, baseline demo-
graphics, characteristics of medical histories, type of implanted DES
and reported clinical events during the follow-up were extracted
and synthesized. Risk of bias in each included study was assessed

according to the Cochrane Collaboration's tool.**

2.4 | Studyendpoints

The primary efficacy endpoint of this study was a composite of
major adverse cardio- and cerebrovascular events (MACCE), includ-
ing all-cause death, myocardial infarction (M) and stroke. The risk
of definite stent stenosis (ST) defined by the Academic Research
Consortium®® was evaluated as the secondary efficacy endpoint.
Bleeding events classified across Bleeding Academic Research
Consortium (BARC)* were chosen as the safety endpoints. All rel-
evant data were recorded according to the standard definitions and
there only slight difference regarding definitions of clinical end-
points in each included trial.

2.5 | Statistical analysis

The PRISMA (Preferred Reporting Items for Systematic Reviews

t17

and Meta-Analysis) statement™” was followed when performing this



FAN ET AL.

meta-analysis. Pooled odds ratios (OR) with 95% confidence inter-
vals (Cl) were calculated for estimates of efficacy and safety end-
points (recorded as dichotomous variables). Entire statistical analysis
was conducted using the STATA 12.0 (Stata Corp LP), and all p-values
were two-tailed. Statistical significance would be considered if a p-
value was less than 0.05. Significant heterogeneity was indicated
if the p-value of Cochrane's Q test was <0.10 and/or the I? statis-
tic was 250%, a random-effect model should be subsequently se-
lected. Otherwise, the fixed-effect model with the Mantel-Haenszel
method would be used. Publication bias were assessed using Egger's
test, and significant asymmetry should be considered if the p-value
was <0.1.28 Sensitivity analyses was performed to approve the sta-
bility of the treatment effects.

3 | RESULTS

3.1 | Characteristics of the selected studies

After screening 4725 initial records through the electronic data-
bases and another six articles from several other Internet sources,
a total of 5 RCTs'% 1317 with 32,143 patients were finally enrolled in
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this meta-analysis (Figure 1). Among these trials, participants from 3
RCTs 2 were administered ticagrelor as maintained monotherapy
after shorter-duration of DAPT, while 1 RCTY replaced that with
clopidogrel instead. Patients from another 1 RCT° received either
clopidogrel, ticagrelor or prasugrel as maintained monotherapy ap-
propriately. The outcomes of primary efficacy endpoint (a compos-
ite of all-cause death, myocardial infarction and stroke) and safety
endpoint were reported in all included trials except for TICO trial,*®
among which the data of a composite of all-cause death, MI, stroke, ST
and target vessel revascularization were analysed as MACCE instead.
The secondary efficacy endpoint (risk of definite stent thrombosis)
was analysed using definite or probable stent thrombosis instead in
2 RCTs'® due to absence from the relevant data. The main char-
acteristics of selected citations are summarized in Tables 1 and 2.

Assessment for qualities of included trials were described in Table 3.

3.2 | Efficacy outcomes

Dramatically, a maintained P2Y,, inhibitor monotherapy after
shorter-duration of DAPT was associated with lower risk of MACCE
(OR 0.89, 95% Cl: 0.79-0.99, p = 0.037; I> = 0.5%, p = 0.403,

Records identified after

screening electronic database
(n=4725)

Additional records identified
from other sources
(n=6)+

l

l

Records after duplicates removed

(n=3526)

FIGURE 1 Flow chart of depicting the
selection of the studies included in this
meta-analysis

3447 excluded for:
Non pertinent (screened titles
and/or abstracts)

e —

74 records excluded for reasons: «

o 13 from same sample origin; «
Full-text articles screened 38 non clinical trials
(n=79)+« 11 without control group
5 not English~

7 maintained aspirin monotherapy «

5 trials finally analyzed in meta-analysis »
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fixed-effect model; Figure 2) and did not increase either the inci-
dence of all-cause death (OR 0.88, 95% Cl: 0.76-1.03, p = 0.114;
? = 0.0%, p = 0.633, fixed-effect model; Figure 3A), Ml (OR 0.97,
95% Cl: 0.84-1.12, p = 0.701; I? = 0.0%, p = 0.601, fixed-effect
model; Figure 3B), stroke (OR 1.01, 95% ClI: 0.79-1.30, p = 0.938;
I? = 48.6%, p = 0.100, fixed-effect model; Figure 3C) and cardio-
vascular death (OR 0.73, 95% Cl: 0.51-1.04, p = 0.077; ? = 0.0%,
p = 0.930, fixed-effect model; Figure 3D). Besides, the new alterna-
tive antiplatelet therapy regimen was not inferior to standard DAPT
in reducing the risk of definite ST (OR 0.98, 95% Cl: 0.73-1.31,
p =0.889; I = 0.0%, p = 0.854, fixed-effect model; Figure 4A).

3.3 | Safety endpoints

Shorter-duration of DAPT followed by a maintained P2Y,, inhibitor
monotherapy significantly decreased the risk of bleeding events (OR
0.61, 95% Cl: 0.44-0.85, p = 0.003; I? = 79.0%, p = 0.001, random-
effect model; Figure 4B), regardless of major (OR 0.60, 95% CI: 0.47-
0.78,p <0.001; ?=4.6%, p=0.381, fixed-effect model; Figure 4C) or
minor bleedings (OR 0.62, 95% Cl: 0.44-0.87, p = 0.006; I? = 73.8%,
p = 0.004, random-effect model; Figure 4D).

3.4 | Sensitivity analysis and publication bias
Sensitivity analysis demonstrated the stability of these treatment
effects (Figures SS1-SS9) and Egger's test indicated no publication
bias (Figures SP1-SP9).

4 | DISCUSSION

The major finding in this present meta-analysis indicated that
shorter-duration of DAPT followed by a maintained P2Y,, inhibitor
monotherapy could not only reduce the risk of bleeding events, but

MACCE
Study ID

!
GLOBAL LEADERS (2018) —_—

'

i
STOPDAPT-2 (2019) < .

|

i
SMART-CHOICE (2019) -

'

i
TWILIGHT (2019) —

1

i

]
TICO (2020) ( .

|
Overall (I-squared = 0.5%, p = 0.403) @

"

1

I

|

]

|

I

; :

also the incidence of MACCE in patients undergoing coronary DES
placement successfully. Non-inferior effects in decreasing the risk
of all-cause death, stroke, Ml, definite ST and cardiovascular death
were also observed when compared versus standard DAPT.

Among these patients receiving coronary DES implanta-
tion, high in-stent thrombotic risk due to the superimposition
of a platelet-rich thrombus was considered as the main origin of
major adverse cardiac events.?® To prevent these secondary isch-
aemic complications, longer duration of DAPT, high maintenance
of clopidogrel or replacing clopidogrel by another potent P2Y,,
inhibitors (ticagrelor or prasugrel) was recommended as appro-
priate.,2t2% Instead when patients were at high bleeding risk,
de-escalation of DAPT intensity was cautiously tried for above-
mentioned reasons. In prior meta-analyses, longer DAPT was re-
ported to result in higher risk for bleedings, making these patients
get free from lower rates of death.®2* As a result, another one al-
ternative approach via shortening the duration of DAPT was tried
and had shown non-inferiority in preventing ischaemic events.”?°
Unfortunately, another two meta-analyses indicated a significant
increase of Ml and stent thrombosis associated with this approach
when the most of enrolled patient populations were with high-risk
ACS.%?¢ Besides, the given increased risk of gastrointestinal hae-
morrhage regarding prolonged mandatory aspirin monotherapy
because of early withdraw of DAPT in these patients could not
be ignored yet. Based on these data, reconciling balance between
thrombotic and bleeding risk for these patients was still seemed
to be difficult.

Accordingly, the efficacy and safety of a new alternative an-
tiplatelet therapy option (shorter-duration of DAPT followed by
a maintained P2Y,, inhibitor monotherapy) was initially explored
in the GLOBAL LEADERS trial, in which a total of 15,968 patients
were included and then randomly divided into two groups at 1:1
ratio. The participants in experimental group received 1 month of
DAPT followed by ticagrelor monotherapy for up to 24 months
while whom in control group received standard 12 months of
DAPT followed by aspirin monotherapy for up to 24 months

OR (95% Cl) Weight%

0.86 (0.75, 1.00) 61.11

0.78 (0.48, 1.28) 557

1.17 (0.75, 1.84) 5.38

0.99 (0.77, 1.26) 20.27

0.68 (0.4, 1.05) 7.67

0.89 (0.79, 0.99) 100.00 FIGURE 2 Forest plots of the primary

efficacy endpoints of the included trials.
The odds ratios of MACCE with regarding
to shorter-duration of DAPT followed by

L]
Favors monotherapy

2
Favors DAPT

a P2Y,, inhibitor monotherapy versus
standard DAPT
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(7980 vs. 7988). The overall result indicated no better effects
of experimental regimen in regardless of preventing the primary
endpoint (all-cause mortality or new Q-wave MI) 2 years after
PCl or decreasing bleeding events, but the post hoc analysis
within 12 months demonstrated the superiority of this antiplate-
let therapy option in preventing the risk of all-cause death and
new Q-wave MI.'2 In contrast, the STOPDAPT-2 trial indicated
that 1 month of DAPT (aspirin plus clopidogrel) followed by clopi-
dogrel monotherapy could significantly decrease the composite
of cardiac death, Ml and stroke (1.96% vs. 2.51%, p = 0.005), as
well as the risk of bleeding events (BRAC 3 or 5: 0.54% vs. 1.81%,
p = 0.003) when compared with 12 months of DAPT.Y? In gen-
eral, ticagrelor was well-known as a potent oral P2Y,, inhibitor
for its faster and greater inhibiting effects on platelet aggrega-
tion than cIopidogreI.27 Thus, there might be several interfering
factors involved to sway the final results. The most possible ex-
planations were mainly due to these participants from this trial
were with stable CAD and the implanted DES were with higher
thromboresistance to reduce stent thrombosis.2® The DAPT score
had been developed as predict for both ischaemic and bleeding
risk in order to guide clinical decision-making in the duration of
DAPT,? buta sub-analysis from GLOBAL LEADERS trial indicated

7
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the score did not provide additional value for selection of an-
tiplatelet strategy beyond the first year in a contemporary PCI
population‘30 The negative results would partly limit the further
usage of the bleeding risk score in clinic. In fact, the exploration
for efficacy and safety regarding this new option seemed to be

1*® because

more powerful was performed in SMART-CHOICE tria
the participants were administered clopidogrel, ticagrelor or pra-
sugrel as maintained monotherapy appropriately, which indicated
significant superiority of this new option in reducing the risk of
bleeding events (2.0% vs. 3.4%, p = 0.02) and did not increase
ischaemic risk either.

In this present meta-analysis, a ~32% reduction in the risk of
bleeding events was associated with shorter-duration of DAPT
followed by a maintained P2Y,, inhibitor monotherapy after cor-
onary DES implantation, regardless of major or minor bleedings.
The positive results were in line with that from the TWLIGHT trial,
which is the most powerful RCT focusing on this topic in high-risk
ACS patients. After analysing the data of 7,119 participants, a 40%
reduction in the risk of bleeding events (classified as BRAC 2, 3 or
5) was found with respect to this new alternative antiplatelet ther-
apy strategy and no higher risk of death, MI, or stroke observed
when compared to standard DAPT.!! Furthermore, this current

Study ID A”-Cause death OR (95% Cl) Weight% Study ID Myocard]al |nfarCtl0n OR (95% CI) Weight%
: |
GLOBAL LEADERS (2018) —_— 0.88(0.74, 1.06) 7053 GLOBAL LEADERS (2018) —— 0.99(0.83, 1.19) 64.89
H i
STOPDAPT-2 (2019) 1.18(062,2.22) 5.08 STOPDAPT-2 (2019) —_— 1.19 (0.53, 2.67) 291
SMART-CHOICE (2019) 117(062,221) 509 SMART-CHOICE (2019) _— 065(030,138) 452
j i
TWILIGHT (2019) _— 0.76 (0.48, 1.18) 1217 TWILIGHT (2019) —E= 1,00 (0.75, 1.34) 2475
TICO (2020) 069(03,132) 653 TICO (2020) 054(020,148) 293
Overall (I-squared = 0.0%, p = 0.633) @ 088(076,103) 10000 Overall (I-squared = 0.0%, p = 0.601) < 097(084,1.12)  100.00
i y
1 i
1 i
i i
1 i
1 |
T T T T
. | 2 : ; :
Favors monotherapy Favors DAPT Favors monotherapy Favors DAPT
— Stroke oG o Cardiovascular death
Study ID OR (95% CI) Weight%
l ;
GLOBAL LEADERS (2018) = 0.98(0.72, 1.33) 67.14 i
STOPDAPT-2 (2019) —_— 082(034,1.99) 1505
j
STOPDAPT-2 (2019) —_— 050 (021, 1.17) 13.13 i
|
SMART-CHOICE (2019) —:—0—— 0.85(0.38, 1.90) 17.80
SMART-CHOICE (2019) — 221(077,639) 410 :
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FIGURE 3 Forest plots of other efficacy and safety endpoints of the included trials. (A) The odds ratios of all-cause death, (B) myocardial

infarction, (C) stroke, (D) cardiovascular death
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FIGURE 4 Forest plots of other efficacy and safety endpoints of the included trials. (A) Definite stent thrombosis, (B) bleeding events, (C)
major bleeding, (D) minor bleeding, associated with shorter-duration of DAPT followed by a P2Y,, inhibitor monotherapy versus standard

DAPT

updated meta-analysis also indicated decreased risk of MACCE
(OR 0.89, 95% Cl: 0.79-0.99, p = 0.037), while the occurrence of
any ischaemic events showed no significant difference between
the two antiplatelet therapy regimens (MI: OR 0.97, 95% Cl: 0.84-
1.12, p = 0.701; Stroke: OR 1.01, 95% Cl: 0.79-1.30, p = 0.938;
definite ST: OR 0.98, 95% Cl: 0.73-1.31, p = 0.889). Therefore, the
significant reduction in MACCE was thought mainly resulted from
the tendency towards decreased risk of bleeding-cause death,
as the early withdraw of aspirin might reduce its gastrointestinal
toxicity-related bleeding events.?! In a recent systematic review,
these authors also indicated that shorter-duration of DAPT (six
months) was non-inferior to long-term DAPT (12 months) in pre-
venting the secondary ischaemic events after DES implantation,
and it could also significantly decrease the bleeding risk, leading to
better clinical outcomes.®? These positive results were also in line
with that from the TICO trial, in which the significantly reduced
risk of net adverse clinical events was also thought to be related
with decreased major bleeding.'® Of course, these positive results
might suggest this new alternative option as a more preferable an-
tiplatelet therapy regimen after coronary DES implantation, but
larger and more powerful randomized trials are still warranted to

guide clinical decision-making.

4.1 | Limitations

Several limitations should be acknowledged in the current meta-
analysis. First, no individual patient data were analysed, especially
for these with different stratification of ischaemic risk. Second,
implanted DES were with no uniform types and the most were
Biodegradable polymer-based DES, which had been reported with
lower thrombotic risk. Other accurate details of PCl procedure
might also have influence on final results. Third, no uniform shorter-
duration of DAPT and period of follow-up, most of the included tri-
als perform a 12-month follow-up which might restrict exploring the
long-term benefits of this new antiplatelet therapy regimen. At last
but not least, possible occurred drug adverse reactions (e.g. dysp-
noea for ticagrelor) reduced adherence and then induced earlier dis-

continuation of DAPT would also sway the final results.

5 | WHAT IS NEW AND CONCLUSION

This comprehensive meta-analysis provides a clear demonstra-
tion that shorter-duration of DAPT followed by a maintained
P2Y,, inhibitor monotherapy could significantly decrease both the
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incidence of MACCE and bleeding events in patients undergoing

coronary DES placement with no increased risk of cardiovascu-

lar death, M, stroke or definite ST. More powerful relevant rand-

omized trials with precise sub-analyses are still warranted to guide

its clinical decision-making.
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