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Abstract
Background and Objectives Dual antiplatelet therapy (DAPT) after percutaneous coronary intervention (PCI) reduces the 
incidence of thrombotic events but increases the risk of bleeding, which is associated with a substantial and durable risk of 
death and could offset the benefits of a reduction in thrombotic events. P2Y12 inhibitor monotherapy after short-term DAPT 
could be an option to reduce the risk of bleeding. We carried out a meta-analysis comparing P2Y12 inhibitor monotherapy 
after short-term DAPT with standard-term DAPT in patients undergoing PCI.
Methods We searched the PubMed and EMBASE databases through 11 April 2020. Two authors independently reviewed 
and selected eligible trials. The DerSimonian–Laird method with the binary random-effects model was used to calculate the 
relative risk (RR) with 95% confidence interval (CI).
Results Five trials involving 23,762 patients were included in the final analyses; four were open-label trials, while the TWI-
LIGHT trial was double-blinded. Ticagrelor was used in three trials, and the other two trials included several P2Y12 inhibi-
tors. P2Y12 inhibitor monotherapy after short-term DAPT significantly reduced the bleeding events, defined as Bleeding 
Academic Research Consortium (BARC) type 3 or 5 bleeding and Thrombolysis in Myocardial Infarction (TIMI) major or 
minor bleeding, by 39% (RR 0.61, 95% CI 0.38–0.99; p = 0.045) and 46% (RR 0.56, 95% CI 0.42–0.73; p < 0.001), respec-
tively. A significant reduction in cardiovascular death was associated with P2Y12 inhibitor monotherapy after short-term 
DAPT (RR 0.75, 95% CI 0.58–0.98; p = 0.037; I2 = 0). No significant difference in all-cause mortality, myocardial infarction, 
stroke, or definite or probable stent thrombosis was observed.
Conclusions This meta-analysis showed a significantly lowered risk of major bleeding and similar benefits of P2Y12 inhibitor 
monotherapy after short-term DAPT compared with standard-term DAPT in patients undergoing PCI.
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Key Points 

Compared with the standard-term dual antiplatelet 
therapy (DAPT), P2Y12 inhibitor monotherapy after 
short-term DAPT significantly reduced the bleeding 
events, defined as Bleeding Academic Research Consor-
tium (BARC) type 3 or 5 bleeding and Thrombolysis in 
Myocardial Infarction (TIMI) major or minor bleeding, 
in patients undergoing PCI.

P2Y12 inhibitor monotherapy after short-term DAPT 
also significantly reduced the incidence of cardiovascular 
death in patients undergoing PCI.

Further large randomized trials are warranted to establish 
this novel approach.

http://orcid.org/0000-0001-8606-6753
http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-020-00947-x&domain=pdf
https://doi.org/10.1007/s40261-020-00947-x
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abbreviated DAPT followed by P2Y12 inhibitor mono-
therapy; (2) patients received PCI; and (3) reported the 
outcomes of interest, including bleeding and cardiovascular 
events. The included articles were restricted to the English 
language.

The primary endpoint was major bleeding events, while 
secondary outcomes included myocardial infarction (MI), 
stroke, cardiovascular death, all-cause death, and definite or 
probable stent thrombosis. Information regarding the study 
design, demographic characteristics, and various outcomes 
were extracted and assessed. The Cochrane Collaboration’s 
tool for assessing the risk of bias was used to evaluate the 
quality of the included trials.

The binary random-effects model with the DerSimo-
nian–Laird method was adopted for the calculation of rela-
tive risk (RR) for each outcome of interest. The I2 statistic 
test was used for assessment of in-between study hetero-
geneity, with values < 25%, 25–50%, 50–75%, and > 75% 
corresponding to no, low, moderate, and high degrees of 
heterogeneity, respectively. We used a confidence interval 
(CI) of 95% and a p value < 0.05 as a reflection of statis-
tically significant results in all our analyses. All analyses 
were conducted using OpenMeta[Analyst] software [4] and 
Review Manager 5.3.

3  Results

A total of 1074 records were identified from the PUB-
MED and EMBASE databases (see electronic supplemen-
tary Fig. S1) After removing duplicates, 932 records were 
screened by authors based on titles and abstracts. Full texts 
of seven articles were examined, with two additional articles 
identified through relevant articles (GLASSY and TICO) 
[5, 6]. Ultimately, a total of five studies including 23,762 
patients were included in this meta-analysis (GLASSY, 
TWILIGHT, STOPDAPT-2, SMARTCHOICE, and TICO) 
[5, 7–10]. The results of the TICO trial were recently pre-
sented at the American College of Cardiology’s 69th Annual 
Scientific Session and Expo/World Heart Federation’s World 
Congress of Cardiology; full-text had not been published 
at the time of writing. The GLASSY trial, a prespecified 
ancillary study of the GLOBAL LEADERS trial [11], exam-
ined centrally adjudicated outcomes rather than investigator-
reported events, which may be associated with the detection 
bias. Unlike other included trials, the follow-up period of 
the GLOBAL LEADERS trial was 24 months instead of 
12 months. To reduce the heterogeneity between studies and 
the potential detection bias, our meta-analysis only included 
the data collected from the GLASSY trial at the end of 
12 months. Details of the baseline characteristics and clini-
cal presentations are shown in Tables 1 and 2. The risk of 
bias of the included trials was generally low (see electronic 

1 Introduction

Dual antiplatelet therapy (DAPT) has been widely used in 
patients undergoing percutaneous coronary intervention 
(PCI) to prevent thrombotic events. Although the optimal 
duration of DAPT is still controversial, current guidelines 
recommend the use of DAPT for at least 6  months for 
patients with stable ischemic heart disease and 12 months 
for patients with acute coronary syndrome [1]; however, 
long-term use of DAPT may potentially increase the risk 
of bleeding. Severe bleeding has been reported in patients 
chronically taking DAPT and offset the ischemic benefits of 
DAPT [2, 3]. It is imperative to develop novel antiplatelet 
strategies that maintain efficacy for ischemic events while 
reducing the bleeding risk after PCI. Various approaches 
have been investigated in the past, and, among them, a short 
duration of DAPT followed by P2Y12 inhibitor monotherapy 
has recently been reported to maintain the same therapeutic 
effects but with less risk of bleeding. Several meta-analysis 
studies have been conducted on this topic but they have 
some limitations that will be discussed later. In this study, 
we conducted a contemporary meta-analysis to summarize 
the clinical findings from the trials comparing the use of 
short-term DAPT followed by P2Y12 inhibitor monotherapy 
versus standard-term DAPT.

2  Methods

We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines for reporting the pre-
sent meta-analysis. The PUBMED (1966–) and EMBASE 
(1980–) databases were searched through 11 April 2020 
using web-based search engines for all clinical studies com-
paring P2Y12 inhibitor monotherapy after an abbreviated 
DAPT, with DAPT. The search was conducted using the 
following keywords: ‘P2Y12 inhibitor’, ‘ticagrelor’, ‘clopi-
dogrel’, ‘prasugrel’, ‘percutaneous coronary intervention’, 
‘stent’, ‘stenting’, ‘aspirin’, and ‘dual antiplatelet therapy’ 
(see electronic supplementary Table S1). Relevant stud-
ies were identified through a manual search of secondary 
sources, including references of initially identified articles, 
reviews, and commentaries. The references of any previous 
meta-analyses were reviewed for any articles not included 
in the main database search. The abstracts from major car-
diovascular conferences were screened within the past year. 
Duplications were automatically removed using Endnote and 
Rayyan.

Two authors independently assessed the search results 
for eligibility, by title and/or abstract, using Rayyan. Dif-
ferences were resolved through consensus between authors. 
Studies that met the following criteria were included in the 
meta-analysis: (1) compared standard-term DAPT with 
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supplementary Fig. S2); publication bias was not conducted 
due to the small number of trials included. 

In the included trials, the bleeding outcomes were 
reported as BARC type 3 or 5 bleeding or TIMI major or 
minor bleeding. Compared with standard-term DAPT, short-
term DAPT followed by P2Y12 inhibitor monotherapy 
significantly reduced the risk of BARC type 3 or 5 bleed-
ing and TIMI major or minor bleeding by 39% (RR 0.61, 
95% CI 0.38–0.99; p = 0.045) and 46% (RR 0.56, 95% CI 
0.42–0.73; p < 0.001), respectively (Fig. 1). No significant 
difference was identified between the decline in BARC type 
3 or 5 bleeding and TIMI major or minor bleeding (p = 0.68). 
A non-significant low heterogeneity (p = 0.189; I2 = 40%) 
was observed in the TIMI major or minor bleeding analy-
sis, while a significant moderate heterogeneity (p = 0.016; 
I2 = 71%) was observed in the BARC 3 or 5 bleeding 
analysis. The sensitivity analysis found that the heteroge-
neity became statistically insignificant (p = 0.167) and I2 
decreased to 44% when the GLASSY trial was removed. A 
subgroup analysis based on the P2Y12 inhibitors showed 
no significant difference in the BARC type 3 or 5 bleeding 
or TIMI major or minor bleeding between ticagrelor versus 
mixed P2Y12 inhibitors, with p-values of 0.63 and 0.10, 
respectively.

Among the secondary outcomes (Fig. 2), a significant 
reduction in cardiovascular death was associated with short 
DAPT followed by P2Y12 inhibitor monotherapy (RR 0.75, 
95% CI 0.58–0.98; p = 0.037; I2 = 0). This significant reduc-
tion in cardiovascular death was not observed in the included 
individual trials. No other significant differences in all-cause 
mortality (RR 0.84, 95% CI 0.67–1.04; p = 0.109), MI (RR 
0.94, 95% CI 0.78–1.13; p = 0.490), stroke (RR 0.96, 95% 
CI 0.56–1.64; p = 0.885), or definite or probable stent throm-
bosis (RR 0.99, 95% CI 0.68–1.43; p = 0.942) was identi-
fied. Overall, no significant heterogeneity was found in the 
analysis of the secondary outcomes.

4  Discussion

Our meta-analysis included five clinical trials with 23,762 
patients and was the most comprehensive meta-analysis in 
this area at the time of writing. The results of our study 
favored short-term DAPT followed by P2Y12 inhibi-
tor monotherapy versus standard-term DAPT for patients 
undergoing PCI. Furthermore, the major bleeding events 
analyzed in our meta-analysis included not only BARC type 
3 or 5 bleeding but also TIMI major or minor bleeding. No 
significant differences in the major bleeding events were 
identified between P2Y12 inhibitors. There was no statis-
tically significant difference in most secondary outcomes 
analyzed, including all-cause mortality, MI, stroke, and 
definite or probable stent thrombosis; however, a significant 

reduction in cardiovascular death, which has not been previ-
ously reported, was found in the patients receiving P2Y12 
inhibitor monotherapy after short-term DAPT. Overall, the 
short-term DAPT followed by P2Y12 inhibitor monother-
apy resulted in a lowered risk of bleeding while preserving 
ischemic benefits that were as good, if not better.

To the best of our knowledge, our meta-analysis was the 
first to report a significant decline in cardiovascular death 
in a cohort receiving P2Y12 inhibitor monotherapy after 
short-term DAPT compared with standard-term DAPT. Of 
note, the changes in cardiovascular death were not statisti-
cally significant among the included trials, perhaps due to 
insufficient power. The heterogeneity analysis showed a low 
risk of heterogeneity (p = 0.97; I2 = 0), indicating a consist-
ent trend among all included trials. Cardiovascular death 
generally includes deaths that result from an acute MI, sud-
den cardiac death, heart failure, stroke, cardiovascular pro-
cedures, cardiovascular hemorrhage, and death due to other 
cardiovascular causes. Although it is difficult to differentiate 
the cause of the decline in cardiovascular death with limited 
information, we suspect that the decline in cardiovascular 
death may be driven by the reduction in the major bleed-
ing events, in light of no significant changes in MI, stroke, 
or definite or probable stent thrombosis. Post-PCI bleeding 
was reported to be significantly associated with an increased 
mortality rate [12]. In our meta-analysis, major bleeding 
events were significantly reduced by the novel antiplatelet 
strategy; however, whether the reduction in the major bleed-
ing events causes the decline in cardiovascular death needs 
further investigation.

The included trials shared a similar study design, 
although some slight differences existed in the duration 
of short-term DAPT, study populations, locations, DAPT 
regimens, follow-up terms, and the levels of blinding. Past 
medical history varied among the included trials, with the 
TWILIGHT trial having the most number of patients with 
previous MI and PCI, and the TICO trial having the least 
number of patients with previous MI and PCI. Most clini-
cal presentations among participants in the included trials 
were comparable, including the percentage of second-gen-
eration drug-eluting stents, the location of lesions, radial 
artery access, and stent length per patient; however, indi-
cations for PCI were clinically different among trials. For 
example, the TWILIGHT trial excluded patients with ST-
elevation myocardial infarction (STEMI); the TICO trial 
included 36% of patients with STEMI but excluded patients 
with stable coronary artery disease; and the STOPDAPT-2 
trial included 62% of patients with stable coronary artery 
disease. Nevertheless, the primary and secondary clini-
cal outcomes of these three trials showed similar trends 
in favoring the novel antiplatelet strategy; therefore, it is 
unclear how various clinical characteristics affected clini-
cal outcomes.
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A sensitivity analysis of the primary endpoint revealed 
that the heterogeneity in the meta-analysis of BARC 3 
or 5 bleeding was majorly introduced by the GLASSY 
trial, in which the rate of BARC 3 or 5 bleeding in the 
intervention group was slightly higher than the control 
group at 30 days (37 vs. 24; RR 1.54, 95% CI 0.92–2.58; 
p = 0.095). Both groups received DAPT but with different 
regimens during the first 30 days after PCI. Specifically, 
patients in the intervention group received low-dose aspi-
rin plus 90 mg ticagrelor twice daily, while, in the con-
trol group, patients with coronary artery disease received 
low-dose aspirin plus clopidogrel, and patients with acute 
coronary syndrome received low-dose aspirin plus 90 mg 
ticagrelor twice daily. It is unknown if the increased risk 
of BARC 3 or 5 bleeding was attributed to the different 
DAPT regimens, but ticagrelor was reported to be asso-
ciated with a higher rate of major bleeding, including 
more instances of fatal intracranial bleeding compared 
with clopidogrel [13]. The elevated risk of intracranial 
bleeding associated with ticagrelor compared with clopi-
dogrel may offset the benefits provided by the P2Y12 
inhibitor monotherapy in reducing the bleeding events. 
Thus, the non-significance in BARC 3 or 5 bleeding could 
be explained by the different DAPT regimens carrying 
distinct bleeding risks.

Three meta-analysis studies have been conducted in this 
field, however they all have some limitations. The study by 
Wernly et al. was outdated, with only three trials included 
[14]; the study by Luo et al. did not include the TICO trial, 
and their meta-analysis of bleeding risk was conducted using 
mixed data from BARC type 3 or 5 bleeding and TIMI major 
or minor bleeding, raising some concerns about the validity 
of the statistical method [15]; and the study by Kumar et al. 
also did not include the TICO trial, and the study endpoints 
did not include the change of cardiovascular death, which 
was significant in our meta-analysis [16]. All three meta-
analysis studies used data from the GLOBAL LEADERS 
trial, which had a considerably different trial design com-
pared with other included trials. In light of these limitations, 
there is a need for a contemporary meta-analysis on this 
topic, performed with sound methodology and procedures. 
Meanwhile, a strength of our study was that we summarized 
baseline characteristics as well as clinical presentations for 
all included trials.

5  Limitations

There are several limitations to our study. First, there were 
some variations in the length of the initial DAPT therapy 
before the P2Y12 inhibitor monotherapy in the intervention 
group of these studies, and in the total length of the study. 
For TWILIGHT and SMART-CHOICE, the initial DAPT eG
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therapy was for 3 months, before switching to P2Y12 inhib-
itor monotherapy, whereas in STOPDAPT-2 and GLASSY, 
the initial DAPT therapy was for 1 month only. Although 
we only included the 12-month data from GLASSY instead 
of analyzing the full 24 months of data to give consistency 
in the time frame analyzed, the duration of TWILIGHT 
was 15 months as there was an initial 3-month period of 
DAPT treatment to ensure no major bleeding or ischemic 
events occurred before randomization into the 12-month 
treatment period. Second, as previously mentioned, varia-
tions exist in the selected P2Y12 inhibitors in the different 
studies,and even among the intervention and control groups 
of the studies. Third, the results of this study may not be 
generalizable to patients with complicated and high-risk 
PCI as only the TWILIGHT study included such a patient 
population, where there were lower major bleeding rates 
and no differences in death, MI, or stroke in the P2Y12 
inhibitor monotherapy after 3 months of DAPT group. In 
contrast to TWILIGHT, Subhaharan et al. performed a sys-
tematic review and meta-analysis of patients with complex 
PCI and found that prolonged DAPT therapy (> 12 months) 
reduced cardiac mortality and major cardiovascular adverse 
events, with an increased major bleeding rate in compari-
son to a shorter duration of DAPT (3–12 months) [17]. 
Although this was a conflicting result, the authors’ defini-
tion of complex PCIs or high risk is not consistent and 
there is currently no guideline-directed definition of such 
groups of patients.

6  Conclusions

Our study showed that short-term DAPT followed by P2Y12 
inhibitor monotherapy for 12 months was associated with a 
lower risk of major bleeding without sacrifice of ischemic 
benefits in patients undergoing PCI compared with standard-
term DAPT. An additional benefit in reducing cardiovascular 
death was also observed for the first time. No difference 
in all-cause mortality, MI, stroke, and definite or probable 
stent thrombosis was identified in our meta-analysis, sug-
gesting the preserved ischemic benefits of this novel anti-
platelet strategy. The positive results of our meta-analysis 
add insight to the role of P2Y12 inhibitor monotherapy after 
short-term DAPT, although further large randomized trials 
are required to establish this novel approach. The ongoing 
STOPDAPT-2 ACS trial (NCT03462498) is designed to 
evaluate the efficacy and safety of reducing the duration of 
DAPT to 1 month after implantation of the everolimus-elut-
ing cobalt-chromium stent in the setting of acute coronary 
syndrome [18]. The trial is estimated to be completed in 
March 2026 and the results will provide more evidence for 
the role of P2Y12 inhibitor monotherapy after short-term 
DAPT.ST

EM
I S

T-
el

ev
at

io
n 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
 N

ST
EM

I n
on

-S
T-

el
ev

at
io

n 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 U
A 

un
st

ab
le

 a
ng

in
a,

 C
AD

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

, D
ES

 d
ru

g-
el

ut
in

g 
ste

nt
, S

D
 s

ta
nd

ar
d 

de
vi

at
io

n,
 

LA
D

 le
ft 

an
te

rio
r d

es
ce

nd
in

g 
ar

te
ry

, R
CA

  ri
gh

t c
or

on
ar

y 
ar

te
ry

, L
C

X 
le

ft 
ci

rc
um

fle
x 

ar
te

ry
, N

A 
no

t a
va

ila
bl

e,
 E

ES
 e

ve
ro

lim
us

-e
lu

tin
g 

ste
nt

a   T
he

 fo
llo

w
in

g 
ste

nt
 p

la
tfo

rm
s 

w
er

e 
co

ns
id

er
ed

 s
ec

on
d-

ge
ne

ra
tio

n 
D

ES
s:

 c
ob

al
t c

hr
om

iu
m

 E
ES

, p
la

tin
um

 c
hr

om
iu

m
 E

ES
, z

ot
ar

ol
im

us
-e

lu
tin

g 
ste

nt
, c

ob
al

t c
hr

om
iu

m
 s

iro
lim

us
-e

lu
tin

g 
ste

nt
, 

bi
od

eg
ra

da
bl

e 
po

ly
m

er
 D

ES
, p

ol
ym

er
-f

re
e 

D
ES

, b
io

re
so

rb
ab

le
 v

as
cu

la
r s

ca
ffo

ld
, s

iro
lim

us
-e

lu
tin

g 
se

lf-
ap

po
si

ng
 st

en
t, 

ta
cr

ol
im

us
-e

lu
tin

g 
ca

rb
os

te
nt

Ta
bl

e 
2 

 (c
on

tin
ue

d) G
LA

SS
Y

[5
]

TW
IL

IG
H

T[
7]

ST
O

PD
A

PT
-2

[8
]

SM
A

RT
 C

H
O

IC
E[

9]
TI

CO
[1

0]

In
te

rv
en

tio
n 

gr
ou

p
C

on
tro

l g
ro

up
In

te
rv

en
tio

n 
gr

ou
p

C
on

tro
l g

ro
up

In
te

rv
en

tio
n 

gr
ou

p
C

on
tro

l g
ro

up
In

te
rv

en
tio

n 
gr

ou
p

C
on

tro
l g

ro
up

In
te

rv
en

tio
n 

gr
ou

C
on

tro
l g

ro
up

St
en

t l
en

gt
h 

pe
r 

pa
tie

nt
, m

m
 

[m
ea

n 
(S

D
)]

24
.3

 (1
3.

5)
24

.3
 (1

3.
6)

40
.1

 (2
4.

2)
39

.7
 (2

4.
3)

30
.3

 (1
6.

7)
30

.5
 (1

6.
8)

38
.0

 (2
2.

5)
37

.8
 (2

2.
9)

35
 (2

0)
35

 (2
1)



806 A.-C. Ho et al.

Fig. 1  Forest plot for the primary endpoints. a BARC type 3 or 5 bleeding; b TIMI major or minor bleeding. BARC  Bleeding Academic 
Research Consortium, TIMI Thrombolysis in Myocardial Infarction
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Fig. 2  Forest plot for secondary endpoints. a All-cause mortality; b cardiovascular death; c myocardial infarction; d stroke; e definite or prob-
able stent thrombosis
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