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OBJECTIVES The aim of this study was to compare ticagrelor monotherapy with dual-antiplatelet therapy (DAPT) after

percutaneous coronary intervention (PCI) with drug-eluting stents.

BACKGROUND The role of abbreviated DAPT followed by an oral P2Y12 inhibitor after PCI remains uncertain.

METHODS Two randomized trials, including 14,628 patients undergoing PCI, comparing ticagrelor monotherapy with

standard DAPT on centrally adjudicated endpoints were identified, and individual patient data were analyzed using 1-step

fixed-effect models. The protocol was registered in PROSPERO (CRD42019143120). The primary outcomes were the

composite of Bleeding Academic Research Consortium type 3 or 5 bleeding tested for superiority and, if met, the com-

posite of all-cause death, myocardial infarction, or stroke at 1 year, tested for noninferiority against a margin of 1.25 on a

hazard ratio (HR) scale.

RESULTS Bleeding Academic Research Consortium type 3 or 5 bleeding occurred in fewer patients with ticagrelor than

DAPT (0.9% vs. 1.7%, respectively; HR: 0.56; 95% confidence interval [CI]: 0.41 to 0.75; p < 0.001). The composite of

all-cause death, myocardial infarction, or stroke occurred in 231 patients (3.2%) with ticagrelor and in 254 patients (3.5%)

with DAPT (HR: 0.92; 95% CI: 0.76 to 1.10; p < 0.001 for noninferiority). Ticagrelor was associated with lower risk for

all-cause (HR: 0.71; 95% CI: 0.52 to 0.96; p ¼ 0.027) and cardiovascular (HR: 0.68; 95% CI: 0.47 to 0.99; p ¼ 0.044)

mortality. Rates of myocardial infarction (2.01% vs. 2.05%; p ¼ 0.88), stent thrombosis (0.29% vs. 0.38%; p ¼ 0.32),

and stroke (0.47% vs. 0.36%; p ¼ 0.30) were similar.

CONCLUSIONS Ticagrelor monotherapy was associated with a lower risk for major bleeding compared with standard

DAPT, without a concomitant increase in ischemic events. (J Am Coll Cardiol Intv 2021;14:444–56) © 2021 by the

American College of Cardiology Foundation.
N 1936-8798/$36.00 https://doi.org/10.1016/j.jcin.2020.11.046
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AB BR E V I A T I O N S

AND ACRONYM S

ACS = acute coronary

syndrome(s)

BARC = Bleeding Academic

Research Consortium

CCS = chronic coronary

syndrome(s)

CEC = clinical event committee

CI = confidence interval

DAPT = dual-antiplatelet

therapy

HR = hazard ratio

IPD = individual patient data

ITT = intention-to-treat

NNTB = number needed to

treat for benefit

PCI = percutaneous coronary

intervention
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D ual-antiplatelet therapy (DAPT), including
aspirin and an oral P2Y12 inhibitor, repre-
sents the current standard of care after

percutaneous coronary intervention (PCI) with
drug-eluting stents to diminish the risk for stent-
related and unrelated ischemic events (1,2). Howev-
er, prolonged DAPT confers a heightened risk for
major bleeding, affecting mortality, morbidity, and
costs (3,4). Shorter durations (3 or 6 months) of
DAPT followed by aspirin alone are associated
with lower bleeding risk (5–7). However, this
approach may increase the odds of myocardial
infarction in patients at risk, such as those with
acute coronary syndromes (ACS) and/or multivessel
coronary artery disease (8–10).

Given of the central role of platelet P2Y12 receptor
signaling on thrombotic complications and the
established association between aspirin and bleeding,
in particular gastrointestinal bleeding (11), an
emerging bleeding reduction strategy has been to
discontinue aspirin and maintain patients on P2Y12

inhibitor monotherapy (12). This novel antith-
rombotic strategy has been investigated in patients
after PCI (10,13–15). However, data are still limited,
and the interpretation of available evidence is chal-
lenged by variations in patient selection, choice of
P2Y12 inhibitor, duration of the initial DAPT regimen,
timing of randomization, and endpoint ascertainment
(adjudicated vs. investigator reported). We therefore
performed a systematic review and individual patient
data (IPD) analysis of randomized trials to compare
the safety and efficacy of ticagrelor monotherapy
with standard DAPT among patients undergoing PCI
with drug-eluting stents.

METHODS

The protocol was prospectively registered
(CRD42019143120); methods and reporting follow
of Cardiology, St. Francis Hospital, Roslyn, New York, USA; rClinica Medite

Belgium; t3rd Medical Department, Cardiology and Intensive Care Medicine, W

Medical School, Vienna, Austria; uTranslational and Clinical Research Institut

and Cardiothoracic Centre, Freeman Hospital, Newcastle upon Tyne Hosp

United Kingdom; vCardiovascular Research, Saint Luke’s Mid America Heart I

Interventional Cardiology Chrzanów, Andrzej Frycz Modrzewski Krakow Univ

and Lung Centre, Golden Jubilee National Hospital, Glasgow, United Kingdom

Shenyang, Liaoning, China; zInstitute of Cardiology, Jagiellonian Universit

Hospital, GVM Care & Research, Cotignola, Italy; bbInstituto de Investigacion

plutense University, Madrid, Spain; ccClinical Trials Unit, London School o

Kingdom; and the ddLondon School of Hygiene and Tropical Medicine, Lon

contributed equally to this paper. Robert Applegate, MD, served as Guest Ed

The authors attest they are in compliance with human studies committe

institutions and Food and Drug Administration guidelines, including patien

visit the Author Center.

Manuscript received August 20, 2020; revised manuscript received Novemb
the guidelines of the Preferred Reporting
Items for Systematic Review and Meta-
Analyses of IPD (16).

SEARCH STRATEGY AND ELIGIBILITY

CRITERIA. We performed a systematic re-
view and IPD meta-analysis of randomized
trials that compared ticagrelor monotherapy
versus current standard of care consisting of
DAPT with aspirin and a P2Y12 inhibitor
among patients with coronary artery disease
who underwent PCI with drug-eluting coro-
nary stents. To qualify for inclusion, trials
had to report centrally adjudicated outcome
data, including nonfatal ischemic and
bleeding events and cause of death. Two in-
vestigators (M.V. and A.F.) determined trial
eligibility criteria, and a third investigator
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October 29, 2019. A pre-defined selection of variables
of interest was generated and their availability in
each dataset verified by the corresponding principal
investigator. Data were centrally checked for
completeness and consistency by the data coordina-
tion center (B.K., B.R.d.C., P.J.) and compared with
the results of the original publications. Two in-
vestigators (A.F., R.P.) independently assessed the
quality of included trials using the Cochrane Collab-
oration’s tool for assessing risk for bias (19). Details of
study conduct are reported in the Supplemental
Appendix. Each trial was approved by its local medi-
cal ethics committee, and all patients provided writ-
ten informed consent. Ad hoc approval before data
transfer for one trial (15) was obtained as per local
requirement (HS #14-00671).

CROSS-ADJUDICATION. To explore between-trial
consistency of clinical event committee (CEC) adju-
dication, 200 triggers of event adjudication were
randomly selected, which suggested either a poten-
tial primary outcome event of this study or a potential
stent thrombosis. Random sampling was stratified by
trial and type of trigger (potential death, myocardial
infarction, stroke, bleeding, or stent thrombosis). The
narrative of a single trigger could be associated with
multiple types of events, and all events associated
with the randomly selected triggers in one trial were
independently adjudicated under blind conditions by
the CEC of the other trial and classified according to
the relevant framework specified in the dedicated
CEC charter if a specific type of event was confirmed
(Supplemental Appendix).

OUTCOMES. Pre-specified primary endpoints were,
in hierarchical order, Bleeding Academic Research
Consortium (BARC) type 3 or 5 bleeding and the
composite of all-cause death, myocardial infarction,
or stroke throughout the entire duration of the ran-
domized comparison of protocol-mandated ticagrelor
monotherapy versus standard DAPT. Secondary end-
points included each component of the primary
endpoints, cardiovascular and noncardiovascular
mortality, ischemic and/or hemorrhagic stroke, defi-
nite and/or probable stent thrombosis, target lesion
revascularization, and bleeding according to the
BARC, TIMI (Thrombolysis In Myocardial Infarction),
or GUSTO (Global Use of Strategies to Open Occluded
Arteries) scale (Supplemental Appendix).

DATA ANALYSIS. Baseline and procedural contin-
uous variables were summarized as mean � SD and
categorical variables as counts and percentages. The
pre-specified primary analysis was based on a 1-step
approach to model the data from both trials
simultaneously using a fixed-effect Cox regression
model stratified by trial. Pre-specified sensitivity
analyses of the primary endpoints were based on a 2-
step approach using an inverse-variance fixed-effect
model, and a DerSimonian-Laird random-effects
model to combine trial-level estimates. Between-trial
heterogeneity was estimated from the 2-step fixed-
effect model using the I2 statistic. Treatment effects
were derived as hazard ratios (HRs) and 95% confi-
dence intervals (CIs). P values for superiority and
95% CIs are 2 sided. Analyses were done in Stata
release 15.1 (StataCorp, College Station, Texas) and R
version 3.2.1 (R Foundation for Statistical
Computing, Vienna, Austria). Further details on data
analysis are reported in the Supplemental Appendix.

ROLE OF THE FUNDING SOURCE. There was no in-
dustry involvement in the design, analysis, or fund-
ing of this study. This study was funded by
institutional support from the Department of Cardi-
ology at Bern University Hospital (Bern, Switzerland),
which had no role in the data analysis, interpretation,
or writing of the report. The first and last authors
(M.V., R.M., and P.J.) had full access to the data and
had final responsibility for the decision to submit
for publication.

RESULTS

We screened 1,093 unique citations. Of these, 459
were judged potentially eligible during screening of
titles and abstracts, and 2 were deemed eligible after
full text review (Supplemental Figure 1). IPD were
sought and obtained for both trials. The
Supplemental Appendix describes trial characteris-
tics, patient populations, the definitions used for
outcomes, and the risk for bias of included trials
(Supplemental Tables 1 to 4). A total of 14,628 par-
ticipants were included, and 7,308 (50%) were
randomly allocated to ticagrelor monotherapy and
7,320 (50%) to standard DAPT using aspirin and tica-
grelor (5,604 [76.6%]) or aspirin and clopidogrel (1,716
[23.4%]). The duration of treatment ranged from 11 to
12 months and both studies were sponsored by non-
for-profit organizations (Supplemental Table 1).

PATIENT CHARACTERISTICS. Baseline clinical char-
acteristics were well balanced between groups
(Table 1). The mean age was 65 years, and 23.7% of the
patients were women. The majority of the patients
were recruited in Europe (68.5%), 20.3% in North
America, and 11.2% in Asia. A total of 4,424 patients
(30.2%) had histories of diabetes, and 2,135 (14.6%)
had renal failure. Histories of myocardial infarction,



TABLE 1 Baseline Characteristics

GLASSY TWILIGHT Combined

Ticagrelor
Monotherapy
(n ¼ 3,753)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 3,756)

Ticagrelor
Monotherapy
(n ¼ 3,555)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 3,564)

Ticagrelor
Monotherapy
(n ¼ 7,308)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 7,320)

Age, yrs 64.9 � 10.3 64.8 � 10.3 65.2 � 10.3 65.1 � 10.4 65.0 � 10.3 64.9 � 10.4

Female 894 (23.8) 875 (23.3) 846 (23.8) 852 (23.9) 1,740 (23.8) 1,727 (23.6)

BMI, kg/m2 28.0 � 4.5 27.9 � 4.5 28.6 � 5.5 28.5 � 5.6 28.3 � 5.1 28.2 � 5.1

Clinical presentation
Stable CAD 1,844 (49.1) 1,875 (49.9) 1,281 (36.0) 1,222 (34.3) 3,125 (42.8) 3,097 (42.3)
Unstable angina 486 (12.9) 498 (13.3) 1,249 (35.1) 1,245 (34.9) 1,735 (23.7) 1,743 (23.8)
Non-STEMI 750 (20.0) 731 (19.5) 1,024 (28.8) 1,096 (30.8) 1,774 (24.3) 1,827 (25.0)
STEMI 673 (17.9) 652 (17.4) 0 (0.0) 0 (0.0) 673 (9.2) 652 (8.9)

Medical history
Diabetes 912 (24.3) 892 (23.7) 1,319 (37.1) 1,301 (36.5) 2,231 (30.5) 2,193 (30.0)
Insulin treatment 262 (7.0) 267 (7.1) 335 (9.4) 374 (10.5) 597 (8.2) 641 (8.8)
Renal failure* 501 (13.4) 489 (13.1) 572 (16.1) 573 (16.1) 1,073 (14.7) 1,062 (14.5)
Current smoking 1,068 (28.5) 1,092 (29.1) 726 (20.4) 822 (23.1) 1,794 (24.6) 1,914 (26.2)
Hypercholesterolemia 2,377 (65.7) 2,455 (67.7) 2,157 (60.7) 2,146 (60.2) 4,534 (63.2) 4,601 (64.0)
Hypertension 2,724 (72.8) 2,712 (72.4) 2,580 (72.6) 2,574 (72.2) 5,304 (72.7) 5,286 (72.3)
Previous MI 861 (23.0) 885 (23.6) 1,020 (28.7) 1,020 (28.6) 1,881 (25.8) 1,905 (26.0)
Previous PCI 1,228 (32.7) 1,279 (34.1) 1,502 (42.3) 1,496 (42.0) 2,730 (37.4) 2,775 (37.9)
Previous CABG 204 (5.4) 238 (6.3) 362 (10.2) 348 (9.8) 566 (7.7) 586 (8.0)
Peripheral artery disease 250 (6.7) 297 (7.9) 245 (6.9) 244 (6.8) 495 (6.8) 541 (7.4)
Previous major bleeding 26 (0.7) 22 (0.6) 31 (0.9) 32 (0.9) 57 (0.8) 54 (0.7)
High bleeding risk 730 (19.5) 724 (19.3) 616 (17.3) 603 (16.9) 1,346 (18.4) 1,327 (18.1)
Use of proton pump inhibitors 2,425 (64.6) 2,351 (62.6) 1,800 (50.6) 1,801 (50.5) 4,225 (57.8) 4,152 (56.7)

Region
Western Europe 3,002 (80.0) 3,009 (80.1) 915 (25.7) 922 (25.9) 3,917 (53.6) 3,931 (53.7)
Eastern Europe 751 (20.0) 747 (19.9) 336 (9.5) 336 (9.4) 1,087 (14.9) 1,083 (14.8)
North America 0 (0.0) 0 (0.0) 1,484 (41.7) 1,488 (41.8) 1,484 (20.3) 1,488 (20.3)
Asia 0 (0.0) 0 (0.0) 820 (23.1) 818 (23.0) 820 (11.2) 818 (11.2)

Values are mean � SD or n (%). The denominators for the combined trials are 7,308 and 7,320 in the experimental and control groups, except for clinical presentation (7,307 and 7,319), renal
failure (7,155 and 7,172), current smoking (7,306 and 7,318), hypercholesterolemia (7,172 and 7,189), hypertension (7,299 and 7,308), previous MI (7,301 and 7,318), previous PCI (7,306 and
7,318), previous CABG (7,305 and 7,318), previous major bleeding (7,300 and 7,315), and BMI (7,296 and 7,302). High bleeding risk was defined according to a PRECISE-DAPT (Predicting
Bleeding Complication in Patients Undergoing Stent Implantation and Subsequent Dual Antiplatelet Therapy) score of 25 or greater. *Defined as estimated glomerular filtration rate <60 ml/
min/1.73 m2.

BMI ¼ body mass index; CABG ¼ coronary artery bypass grafting; CAD ¼ coronary artery disease; GLASSY ¼ GLOBAL LEADERS Adjudication Sub-Study; MI ¼ myocardial infarction;
PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction; TWILIGHT ¼ Ticagrelor With Aspirin or Alone in High-Risk Patients After Coronary
Intervention.
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PCI, and coronary artery bypass surgery were noted in
3,786 (25.9%), 5,505 (37.6%), and 1,152 (7.9%) pa-
tients, respectively. At presentation, the majority of
patients (8,404 [57.4%]) had ACS, and 6,222 (42.5%)
had chronic coronary syndromes (CCS). Procedural
characteristics are shown in Table 2 and medication
adherence data in Supplemental Table 5.

BLEEDING. There was strong evidence for a reduc-
tion in the risk for BARC type 3 or 5 bleeding among
patients randomly allocated to ticagrelor mono-
therapy compared with DAPT (0.94% vs. 1.66%; HR:
0.57; 95% CI: 0.42 to 0.76; p < 0.0001), for a number
needed to treat for benefit (NNTB) of 127 (95% CI: 96
to 223) (Table 3, Figure 1, Central Illustration), without
between-trial heterogeneity (I2 ¼ 0%). The treatment
effect was mostly consistent across pre-defined sub-
groups, with a positive treatment-by-subgroup
interaction with respect to type of presenting syn-
drome, left main or proximal left anterior descending
coronary artery intervention, and type of DAPT in the
control group (Supplemental Figure 2).

Bleeding according to BARC type 2, 3, or 5 occurred
in 263 patients (3.60%) with ticagrelor monotherapy
compared with 422 patients (5.77%) with DAPT (HR:
0.62; 95% CI: 0.53 to 0.72; p < 0.0001; I2 ¼ 0%;
NNTB ¼ 46 [95% CI: 36 to 67]) (Table 3). This effect
was consistent across other bleeding definitions,
including TIMI major and minor bleeding (2.37% and
4.02%, respectively; HR: 0.58; 95% CI: 0.48 to 0.70;
p < 0.0001; NNTB ¼ 61 [95% CI: 45 to 91]), and for
TIMI major and minor bleeding separately (Table 3).

ISCHEMIC EVENTS. The coprimary efficacy endpoint
of all-cause death, myocardial infarction, or stroke
occurred in 231 (3.16%) and 254 (3.47%) patients with



TABLE 2 Procedural Characteristics

GLASSY TWILIGHT Combined

Ticagrelor
Monotherapy
(n ¼ 3,753)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 3,756)

Ticagrelor
Monotherapy
(n ¼ 3,555)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 3,564)

Ticagrelor
Monotherapy
(n ¼ 7,308)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 7,320)

PCI performed 3,236 (99.5) 3,240 (99.6) 3,255 (100.0) 3,264 (100.0) 7,291 (99.8) 7,204 (99.8)

Radial access 2,228 (73.0) 2,265 (73.9) 2,200 (73.1) 2,286 (72.6) 5,228 (73.1) 5,251 (73.3)

Patients with treated lesions 3,223 (99.2) 3,227 (99.2) 3,255 (100.0) 3,264 (100.0) 7,278 (99.6) 7,291 (99.6)

Number of lesions treated per patient
1 2,224 (75.6) 2,218 (75.3) 2,210 (59.4) 2,233 (59.8) 4,234 (67.7) 4,251 (67.8)
2 722 (19.3) 711 (19.0) 1,285 (30.5) 1,290 (30.6) 1,207 (24.8) 1,201 (24.7)
3 or more 177 (4.7) 198 (5.3) 360 (10.1) 341 (9.6) 537 (7.4) 539 (7.4)

Number of vessels treated per patient
1 3,241 (87.1) 3,243 (87.0) 2,264 (74.9) 2,252 (74.4) 5,205 (81.1) 5,295 (80.9)
2 462 (12.4) 452 (12.1) 790 (22.2) 799 (22.4) 1,252 (17.2) 1,251 (17.2)
3 20 (0.5) 32 (0.9) 101 (2.8) 113 (3.2) 121 (1.7) 145 (2.0)

Presence of lesions treated in vessels
Left main coronary artery 99 (2.7) 107 (2.9) 166 (4.7) 187 (5.2) 265 (3.6) 294 (4.0)
Left anterior descending coronary artery 1,212 (46.0) 1,221 (46.2) 1,293 (56.1) 2,210 (56.4) 3,205 (50.9) 3,231 (51.2)
Left circumflex coronary artery 1,290 (29.3) 1,298 (29.5) 1,251 (32.4) 1,246 (32.2) 2,241 (30.8) 2,244 (30.8)
Right coronary artery 1,288 (34.6) 1,276 (34.2) 1,243 (35.0) 1,257 (35.3) 2,231 (34.8) 2,233 (34.7)

Target lesion morphology
Bifurcation 512 (13.7) 533 (14.3) 434 (12.2) 432 (12.1) 946 (13.0) 965 (13.2)
Chronic total occlusion 120 (3.2) 111 (3.0) 222 (6.2) 224 (6.3) 342 (4.7) 335 (4.6)
Venous bypass graft 42 (1.1) 46 (1.2) 62 (1.7) 72 (2.0) 104 (1.4) 118 (1.6)

Total stent length, mm 30.9 � 20.1 31.1 � 21.3 40.1 � 24.2 39.7 � 24.3 35.4 � 22.7 35.3 � 23.2

Minimum stent diameter, mm 2.9 � 0.5 2.9 � 0.5 2.8 � 0.5 2.9 � 0.5 2.9 � 0.5 2.9 � 0.5

Complex PCI 809 (21.7) 805 (21.5) 1,283 (30.5) 1,277 (30.2) 1,292 (25.9) 1,282 (25.8)

Values are n (%) or mean � SD.

Abbreviations as in Table 1.
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ticagrelor monotherapy and DAPT, respectively (HR:
0.92; 95% CI: 0.76 to 1.10; p < 0.001 for non-
inferiority in the per protocol population; p ¼ 0.32
for superiority in the intention-to-treat [ITT] pop-
ulation) (Figure 2, Central Illustration), again with no
between-trial heterogeneity (I2 ¼ 0%). Ticagrelor
monotherapy was associated with a lower risk for
all-cause mortality (0.94% vs. 1.34%; HR: 0.71;
95% CI: 0.52 to 0.96; p ¼ 0.027) (Table 3, Figure 3),
with no between-trial heterogeneity (I2 ¼ 0%). This
benefit was driven by a reduction of cardiovascular
mortality (0.64% vs. 0.94%; HR: 0.68; 95% CI: 0.47
to 0.99; p ¼ 0.044) (Table 3). The risks for
myocardial infarction (2.01% vs. 2.05%; HR: 0.98;
95% CI: 0.78 to 1.23; p ¼ 0.88), stroke (0.47% vs.
0.36%; HR: 1.31; 95% CI: 0.79 to 2.19; p ¼ 0.30) and
definite or probable stent thrombosis (0.29% vs.
0.38%; HR: 0.75; 95% CI: 0.43 to 1.32; p ¼ 0.32)
appeared similar (Table 3).

The treatment effect was consistent across pre-
defined subgroups (Figure 4), and noninferiority was
confirmed in the ITT analysis (p < 0.001 for non-
inferiority) (Table 3).
ADDITIONAL ANALYSES. Pre-specified sensitivity
analyses using 1- and 2-step fixed-effect and random-
effects models (Figures 1B, 2B, and 3B, Supplemental
Figures 3 to 5) and sensitivity analyses including the
first 30 days from randomization in GLASSY yielded
consistent results with respect to the coprimary
bleeding or ischemic endpoint (Supplemental
Table 6). A 1-step fixed-effect model for all-cause
death including GLASSY and TWILIGHT study popu-
lation is shown in Supplemental Table 7. Post hoc
sensitivity analyses of the coprimary endpoints
adjusted for all available patient characteristics at
baseline again yielded consistent results
(Supplemental Table 8). Cross-adjudication of a
randomly selected sample of 100 events for each trial
yielded agreement $94.5% and kappa values $0.86
(Supplemental Table 9).

DISCUSSION

Our collaborative IPD meta-analysis of 2 recent
large randomized trials, including a total of 14,628
patients undergoing drug-eluting coronary stent



TABLE 3 Outcomes in the Intention-to-Treat Population

Ticagrelor
Monotherapy
(n ¼ 7,308)

P2Y12 Inhibitor
Plus Aspirin
(n ¼ 7,320) HR (95% CI) p Value

Death

All cause 69 (0.9) 98 (1.3) 0.71 (0.52–0.96) 0.027

Cardiovascular 47 (0.6) 69 (0.9) 0.68 (0.47–0.99) 0.044

Noncardiovascular 22 (0.3) 28 (0.4) 0.79 (0.45–1.38) 0.40

All-cause death or MI 203 (2.8) 232 (3.2) 0.88 (0.73–1.06) 0.18

MI 147 (2.0) 150 (2.0) 0.98 (0.78–1.23) 0.88

Stroke

Any 34 (0.5) 25 (0.4) 1.37 (0.81–2.29) 0.24

Ischemic 30 (0.4) 23 (0.3) 1.31 (0.76–2.25) 0.33

Hemorrhagic 3 (0.0) 1 (0.0) 3.01 (0.31–28.92) 0.34

Death, MI, or stroke* 231 (3.2) 253 (3.5) 0.92 (0.77–1.10) 0.34

BARC bleeding

Type 2, 3, or 5 262 (3.6) 421 (5.8) 0.62 (0.53–0.72) <0.001

Type 3 or 5* 68 (0.9) 122 (1.7) 0.56 (0.41–0.75) <0.001

Type 5 2 (0.0) 1 (0.0) 2.01 (0.18–22.13) 0.57

TIMI bleeding

Major 38 (0.5) 59 (0.8) 0.65 (0.46–0.97) 0.035

Minor 136 (1.9) 239 (3.3) 0.56 (0.46–0.69) <0.001

Major or minor 173 (2.4) 294 (4.0) 0.58 (0.48–0.70) <0.001

CABG related 2 (0.0) 3 (0.0) 0.67 (0.11–3.98) 0.66

GUSTO bleeding

Severe 24 (0.3) 15 (0.2) 1.60 (0.84–3.06) 0.15

Moderate 34 (0.5) 79 (1.1) 0.43 (0.29–0.64) <0.001

Mild 656 (9.0) 1001 (13.7) 0.63 (0.57–0.70) <0.001

Moderate or severe 58 (0.8) 91 (1.2) 0.64 (0.46–0.89) 0.007

Stent thrombosis

Definite 20 (0.3) 25 (0.3) 0.80 (0.45–1.44) 0.46

Probable 1 (0.0) 3 (0.0) 0.33 (0.03–3.21) 0.34

Possible 21 (0.3) 36 (0.5) 0.59 (0.34–1.00) 0.051

Definite or probable 21 (0.3) 28 (0.4) 0.75 (0.43–1.32) 0.32

Any 42 (0.6) 64 (0.9) 0.66 (0.45–0.97) 0.035

Target vessel
revascularization

317 (4.3) 313 (4.3) 1.02 (0.87–1.19) 0.82

Values are n (%) unless otherwise indicated. The p values are 2-sided for superiority. Outcome data were ob-
tained after median follow-up period of 11 months (interquartile range: 11 to 11 months) in GLASSY and 12 months
(interquartile range: 12 to 12 months) in TWILIGHT. *Coprimary outcomes.

BARC ¼ Bleeding Academic Research Consortium; CI ¼ confidence interval; GUSTO ¼ Global Use of Strategies
to Open Occluded Arteries; HR ¼ hazard ratio; TIMI ¼ Thrombolysis In Myocardial Infarction; other abbreviations
as in Table 1.
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implantation, provides strong evidence that tica-
grelor monotherapy, after a short course of 1- or 3-
month DAPT, was associated with a lower risk for
major bleeding without any measurable increase in
ischemic events compared with standard DAPT.
Furthermore, we observed a significant reduction in
all-cause mortality among patients randomized to
ticagrelor monotherapy, driven mostly by a reduction
of cardiovascular death, that requires a cautious
interpretation in view of the similar rates of myocar-
dial infarction, stent thrombosis and stroke (Central
Illustration).

The GLOBAL LEADERS (A Clinical Study Comparing
Two Forms of Anti-Platelet Therapy After Stent Im-
plantation) trial was the first trial to assess the risks
and benefits of ticagrelor monotherapy after 1 month
of DAPT compared with 12-month DAPT followed by
aspirin monotherapy (13). The composite of all-cause
death or new Q-wave myocardial infarction at 2 years
was not significantly reduced with ticagrelor mono-
therapy, and there were no between-group differ-
ences for bleeding endpoints. Irrespective of clinical
presentation, patients in the experimental arm
received 75 to 100 mg aspirin daily plus 90 mg tica-
grelor twice daily for 1 month, followed by ticagrelor
monotherapy for 23 months. In the control arm,
DAPT with 75 to 100 mg aspirin plus 75 mg clopi-
dogrel daily or with 75 to 100 mg aspirin plus 90 mg
ticagrelor twice daily was prescribed for 12 months to
patients in stable condition or those with ACS,
respectively; they all received aspirin monotherapy
for the subsequent 12 months.

GLASSY implemented an independent central
adjudication process of both reported events and
potential unreported event triggers among 7,585 pa-
tients from the 20 participating sites. Results after
24 months suggested noninferiority of the experi-
mental treatment over standard care with respect to
the coprimary efficacy endpoint of all-cause death,
nonfatal myocardial infarction, nonfatal stroke, or
urgent target vessel revascularization. The rates of
BARC type 3 or 5 bleeding did not differ between
groups at 24 months (18).

The double-blind TWILIGHT trial assigned 7,119
patients after an uneventful 3-month period of DAPT
to ticagrelor alone or ticagrelor plus aspirin for
12 months and showed a reduction of BARC type 2, 3,
or 5 bleeding with the experimental treatment. The
risk for death, myocardial infarction, or stroke was
similar at 3.9% in both treatment groups, which ful-
filled the pre-defined noninferiority 1.6% absolute
risk margin. However, the rate of the ischemic com-
posite endpoint was 50% lower than expected, and
the upper margin of the 95% CI entailed up to a 25%
risk increase with ticagrelor alone compared with
standard DAPT. Moreover, all participants in the
control group, including those with CCS, received
DAPT in the form of aspirin and ticagrelor (15).

Prior analyses of aggregate data showed higher
bleeding risk and no greater ischemic protection with
prolonged DAPT compared with P2Y12 monotherapy
(20,21). However, they included studies with variable
type and duration of antiplatelet therapy in the
experimental and control arms, hampering a clear
translation of these study findings into practice. We



FIGURE 1 Hazard Ratios for Individual Trials and for the Pooled Population and Kaplan-Meier Estimates for the Coprimary Composite

Endpoint of Bleeding Academic Research Consortium Type 3 or 5 in the Intention-to-Treat Population

Kaplan-Meier curves and hazard ratios (HRs) from 1-step fixed-effect meta-analysis (A) and 2-step fixed-effect meta-analysis (B).

CI ¼ confidence interval; DAPT ¼ dual-antiplatelet therapy; GLASSY ¼ GLOBAL LEADERS Adjudication Sub-Study; TWILIGHT ¼ Ticagrelor

With Aspirin or Alone in High-Risk Patients After Coronary Intervention.

Valgimigli et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 4 , N O . 4 , 2 0 2 1

Ticagrelor Monotherapy or DAPT After PCI F E B R U A R Y 2 2 , 2 0 2 1 : 4 4 4 – 5 6

450
present the first IPD meta-analysis focused on tica-
grelor monotherapy, which provides in a large patient
cohort important implications for practice.

First, it shows that ticagrelor monotherapy after a
short course of DAPT was associated with lower risk
for major bleeding compared with standard DAPT
duration in an analysis of the pre-specified primary
endpoint. These findings were consistent when the
TIMI bleeding scale was analyzed among other
secondary endpoints. These findings are in contrast
to those for other emerging treatment strategies,
such as phenotype- or genotype-guided P2Y12 in-
hibitor de-escalation, which were recently explored
among patients with ACS, in whom minor but not
major bleeding was reduced (22,23). Second,
combining IPD from 2 large randomized trials
increased power and allowed a more precise quan-
tification of the potential risk and benefit associated
with early aspirin discontinuation. Although in our
present analysis, noninferiority was established on
the basis of a 25% relative margin on an HR scale,
the upper limit of the 2-sided 95% CIs of per pro-
tocol and ITT analyses excluded a >10% increase in
the experimental group compared with standard
DAPT. The small residual uncertainty needs to be
interpreted against a >40% relative reduction of
major bleeding with ticagrelor monotherapy
compared with standard DAPT. Third, the impact of



CENTRAL ILLUSTRATION Bleeding and Ischemic Outcomes in Single Versus Dual-Antiplatelet Therapy Groups

Single-Versus Dual-Antiplatelet 
Therapy Population (n = 14,628)

BARC 3 or 5
BARC 2, 3, or 5
TIMI major
TIMI minor
TIMI major or minor
GUSTO moderate or severe

Death/myocardial infarction/stroke
All-cause mortality
Cardiovascular mortality
Myocardial infarction
Stroke
Stent thrombosis

0.1 1 10

HR (95% CI) HR (95% CI)

0.56 (0.41 to 0.75)
0.62 (0.53 to 0.72)
0.65 (0.46 to 0.97)
0.56 (0.46 to 0.69)
0.58 (0.48 to 0.70)
0.64 (0.46 to 0.89)

0.92 (0.77 to 1.10)
0.71 (0.52 to 0.96)

0.68 (0.47 to 0.99)
0.98 (0.78 to 1.23)
1.37 (0.81 to 2.29)
0.75 (0.43 to 1.32)

Number 
Needed to 

Benefit

127
46

333
71
61

250

250
333

Favors Dual-Antiplatelet 
Therapy

Favors Ticagrelor

Bleeding Endpoints Ischemic and/or Fatal Endpoints

Valgimigli, M. et al. J Am Coll Cardiol Intv. 2021;14(4):444–56.

BARC ¼ Bleeding Academic Research Consortium; CI ¼ confidence interval; GUSTO ¼ Global Use of Strategies to Open Occluded Arteries; HR ¼ hazard ratio; TIMI ¼
Thrombolysis In Myocardial Infarction.
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ticagrelor monotherapy on relatively rare but
important events, such as all-cause or cardiovascu-
lar mortality, could not be adequately tested in a
single trial, because of limited statistical precision.
We observed a total of 167 fatal events in our
combined dataset and found a nominally significant
29% risk reduction of all-cause mortality with tica-
grelor monotherapy in the ITT analysis. Although a
causal link cannot be established, we speculate that
the benefit in terms of all-cause mortality might be
related to the observed reduction in nonfatal
bleeding, whose impact on survival is associated
with several factors: location, severity, timing,
anemia, and therapeutic measures undertaken to
control it, such as discontinuation of antithrombotic
therapy and blood transfusions (24–26). Fourth, our
subgroup analysis allows further investigation of
the distinct role of type of DAPT in the control arm
and presenting syndrome. In both GLOBAL
LEADERS and GLASSY, a significant qualitative
interaction between BARC type 3 or 5 bleeding was
noted with respect to clinical presentation, sug-
gesting lower bleeding risk among patients with
ACS but not those with CCS with the experimental
treatment (13,18). A treatment-by-subgroup interac-
tion for the type of reference treatment (i.e., aspirin
plus ticagrelor among patients with ACS and aspirin
and clopidogrel among those with CCS) seemed to
account for this observation. However, TWILIGHT
alone reported a significant treatment-by-subgroup
interaction for presenting syndrome with respect
to the primary safety endpoint of BARC type 2, 3, or
5 bleeding and indicated greater bleeding risk
reduction among patients with ACS compared with
those in stable condition with ticagrelor mono-
therapy (15). As all patients in TWILIGHT received
aspirin plus ticagrelor in the control group, irre-
spective of presenting syndrome, this observation
cannot be attributed to the type of DAPT imple-
mented in the control arm.



FIGURE 2 HRs for Individual Trials and for the Pooled Population and Kaplan-Meier Estimates for the Coprimary Composite Endpoint of

All-Cause Death, Nonfatal Myocardial Infarction and Nonfatal Stroke in the per Protocol Population

Kaplan-Meier curves and HRs from 1-step fixed-effect meta-analysis (A) and 2-step fixed-effect meta-analysis (B). Abbreviations as in

Figure 1.
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STUDY LIMITATIONS. First, the study is subject to
the shortcomings of the original trials. Second, only 2
trials fulfilled the selection criteria. However, the
gathered IPD dataset included a large patient popu-
lation from multiple geographic areas. Consistency of
adjudication between the 2 trials was evaluated using
100 randomly selected events from each trial. The
consistency of the adjudication and the large number
of outcome events make our pooled analysis more
robust and credible.

Third, the left censoring of the first 30 days after
randomization was introduced for the main analyses
for GLASSY because by design all patients received
standard DAPT within the first 30-day period. How-
ever, sensitivity analyses for both coprimary end-
points, including the 30-day period following
randomization in GLASSY, provided consistent re-
sults. Fourth, no correction for multiple testing was
pre-specified. Therefore, the findings on the mortality
benefit with ticagrelor monotherapy are exploratory
and need replication in a larger dataset.

Fifth, the 2 trials included different patient pop-
ulations because GLASSY was designed as all-comers
study, whereas TWILIGHT included patients at



FIGURE 3 HRs for Individual Trials and for the Pooled Population and Kaplan-Meier Estimates for All-Cause Death in

the Intention-to-Treat Population

Kaplan-Meier curves and HRs from 1-step fixed-effect meta-analysis (A) and 2-step fixed-effect meta-analysis (B). Abbreviations as in

Figure 1.
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higher risk for ischemic events. Sixth, although the
experimental arms in both studies were similar, dif-
ferences in the type of oral P2Y12 inhibitor were pre-
sent in the control arms (clopidogrel and ticagrelor in
GLASSY and ticagrelor only in TWILIGHT). Moreover,
although a direct comparison with aspirin mono-
therapy might be informative about the clinical
effectiveness of ticagrelor monotherapy, this could
not be performed because of the specific design of
included studies.

Seventh, guideline-recommended DAPT duration
has quickly evolved since the design of the present
studies, and 12- or 15-month DAPT in the control
group across all patients in stable condition and those
with ACS may no longer be perceived as the current
standard of care.



FIGURE 4 Subgroup Analyses for the Composite Coprimary Endpoint of All-Cause Death, Myocardial Infarction, and Stroke in the

per-Protocol Population

High bleeding risk was defined on the basis of a PRECISE-DAPT (Predicting Bleeding Complication in Patients Undergoing Stent Implantation

and Subsequent Dual Antiplatelet Therapy) score of 25 or greater. ACS ¼ acute coronary syndrome(s); CAD ¼ coronary artery disease;

DES ¼ drug-eluting stent(s); LAD ¼ left anterior descending coronary artery; PCI ¼ percutaneous coronary intervention; other abbreviations as

in Figure 1.
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Finally, although this study supports the use of
ticagrelor monotherapy after a short course of
DAPT, our data cannot be extrapolated to other
P2Y12 inhibitors. The findings of ISAR-REACT 5
(Prospective, Randomized Trial of Ticagrelor Versus
Prasugrel in Patients With Acute Coronary Syn-
drome) warrant assessing the risks and benefits of
prasugrel monotherapy compared with current
standard of care (27). In addition, the competing
risk for bleeding and ischemic events after PCI is
variable over time, and the safety and efficacy of
extended, long-term, ticagrelor monotherapy as
well as its application in specific clinical subset
(i.e., patients requiring noncardiac surgery) need to
be further investigated.

CONCLUSIONS

Compared with conventional DAPT, ticagrelor mon-
otherapy was associated with a lower risk for major
bleeding without evidence of a trade-off in terms
of an increase in ischemic risk among patients who



PERSPECTIVES

WHAT IS KNOWN? In patients undergoing PCI, dropping

aspirin after a short course of DAPT is emerging as a novel

strategy to lessen the risk for bleeding complications while

preserving unaffected protection against ischemic events

through more potent platelet inhibition.

WHAT IS NEW? This was an IPD meta-analysis of the only 2

studies currently investigating the risks and benefits of a ticagrelor

monotherapy treatment strategy after a short course of DAPT

compared with a standard DAPT regimen.We found that dropping

aspirin shortly after PCI is associated with lower bleeding and

mortality risks, without a concomitant increase in cardiovascular

ischemic recurrences compared with standard DAPT continuation.

WHAT IS NEXT? Further studies comparing a strategy based on

monotherapy with more potent P2Y12 inhibitors and standard

DAPT are warranted.
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underwent drug-eluting stent implantation. The
observed benefit in terms of mortality needs further
investigation.
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