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Abstract
Background: The optimal antiplatelet strategy in the second year after percutaneous coronary intervention 
(PCI) remains unclear.
Aims: We aimed to compare ticagrelor monotherapy with aspirin monotherapy on clinical outcomes 
beyond 1 year post-PCI.
Methods: This post hoc subanalysis of the open-label, all-comers, randomised GLOBAL LEADERS trial, 
which compared 23-month ticagrelor monotherapy following 1-month dual antiplatelet therapy (DAPT) 
with 12-month aspirin monotherapy following 12-month DAPT, only included patients who, at 12 months, 
were free from ischaemic and bleeding events and were adherent to their assigned antiplatelet therapy. The 
incidences of ischaemic events (all-cause death, any myocardial infarction, or any stroke) and bleeding 
events (Bleeding Academic Research Consortium [BARC] type 3 or 5 bleeding) during the second year 
(12-24 months) were compared between patients receiving either ticagrelor or aspirin monotherapy.
Results: The present analysis included 11,121 (ticagrelor monotherapy n=5,308, and aspirin monotherapy 
n=5,813) of the 15,991 patients enrolled in GLOBAL LEADERS. During the second year, the ischae-
mic composite endpoint was lower with ticagrelor monotherapy compared to aspirin monotherapy (1.9% 
vs 2.6%: log-rank p=0.014, adjusted hazard ratio [HR] 0.74, 95% confidence interval [CI]: 0.58-0.96; 
p=0.022), which was primarily driven by a reduced risk of myocardial infarction. In contrast, BARC type 
3 or 5 bleeding was numerically higher with ticagrelor monotherapy (0.5% vs 0.3%: log-rank p=0.051, 
adjusted HR 1.89, 95% CI: 1.03-3.45; p=0.005).
Conclusions: Patients free from events at the end of the first year post-PCI and who adhered to their pre-
scribed regimen had a reduced risk of ischaemic events compared to aspirin monotherapy in the second 
year post-PCI. ClinicalTrials.gov: NCT01813435
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Abbreviations
ACS acute coronary syndromes
BARC Bleeding Academic Research Consortium
CAD coronary artery disease
CCS chronic coronary syndromes
DAPT dual antiplatelet therapy
DES drug-eluting stent
MI myocardial infarction
NACE net adverse clinical events
PCI percutaneous coronary intervention
POCE patient-oriented composite endpoints

Introduction
Antiplatelet therapy is an essential part of the standard of care in patients 
with coronary artery disease (CAD), especially after percutaneous 
coronary intervention (PCI)1-3. Recent trials indicate that P2Y12 inhibi-
tor monotherapy reduces bleeding risks without increasing ischaemic 
risks, especially in the first year following PCI, and, therefore, could 
be an alternative to dual antiplatelet therapy (DAPT) post-PCI4,5.

Currently, beyond the first year after PCI, aspirin monotherapy 
is recommended for the secondary prevention of coronary ischae-
mic events, such as spontaneous myocardial infarction (MI)2,3. 
However, as demonstrated in the DAPT study, whilst continuing 
with DAPT for 12 to 30 months after PCI significantly reduces 
the risks of adverse ischaemic events, including stent thrombosis, 
compared to aspirin monotherapy, this comes at the expense of 
increased bleeding risks6. Recently, the HOST-EXAM trial dem-
onstrated that in Asian patients clopidogrel monotherapy reduces 
adverse clinical events, compared to aspirin monotherapy, during 
the chronic maintenance period after PCI7. However, it remains 
unclear whether more potent but specific antiplatelet treatment 
improves clinical outcomes, compared to aspirin monotherapy, 
beyond 1 year in Western populations8.

The GLOBAL LEADERS trial, which was an open-label, all-
comers, randomised controlled trial, aimed to investigate the 
safety and efficacy of a novel antiplatelet regimen, consisting 
of 23-month ticagrelor monotherapy following 1-month DAPT, 
compared to 12-month aspirin monotherapy following 12-month 
DAPT. In the second year of the trial, the experimental arm of tica-
grelor monotherapy was compared to the reference arm of aspirin 
monotherapy. The objective of the current analysis of GLOBAL 
LEADERS is to compare the efficacy and safety of monotherapy 
with ticagrelor and aspirin amongst those patients who were free 
from ischaemic and bleeding events during the first year following 
PCI and continued to adhere to their allocated treatment regimen.

Editorial, see page 355

Methods
THE GLOBAL LEADERS TRIAL
The GLOBAL LEADERS trial4 was an investigator-initiated, pro-
spective, randomised, multicentre, multicontinental, open-label 
trial designed to evaluate two antiplatelet therapy strategies after 
PCI, consistently using bivalirudin and biolimus A9-eluting stents 

(BioMatrix) in an all-comers population, with no restriction regard-
ing clinical presentation (chronic coronary syndrome [CCS] or acute 
coronary syndrome [ACS]), lesion complexity or number of stents 
used. Patients who needed oral anticoagulation therapy after PCI, had 
a history of major bleeding, had surgery planned within 12 months of 
PCI or had severe hepatic impairment were not eligible for the study. 
In the experimental strategy, patients received aspirin 75-100 mg 
once daily, in combination with ticagrelor 90 mg twice daily for one 
month, followed by ticagrelor 90 mg monotherapy twice daily for 
23 months (irrespective of the clinical presentation). In the reference 
strategy, patients received aspirin 75-100 mg daily, in combination 
with either clopidogrel 75 mg once daily in CCS patients or ticagre-
lor 90 mg twice daily in ACS patients for 1 year, followed by aspi-
rin 75-100 mg monotherapy once daily for the following 12 months 
(from 12 to 24 months after PCI). The study was approved by 
the institutional review board at each participating institution. All 
patients provided informed consent. The study complied with the 
Declaration of Helsinki and Good Clinical Practice guidelines.

SUBSTUDY POPULATION
In the present substudy, patients who died or had experienced 
ischaemic events (stroke, myocardial infarction [MI], repeat 
revascularisation, or definite/probable stent thrombosis) or bleed-
ing (the Bleeding Academic Research Consortium [BARC] crite-
ria type 2, 3 or 5 bleeding) during the first year (up to 365 days 
after randomisation) were excluded, mainly because those events 
could lead to changes in antiplatelet regimen in clinical practice6,9. 
In addition, patients who were not adherent to their assigned treat-
ment6, or for whom we did not have information on adherence up 
to 12 months, were excluded. To summarise, the current analysis 
included all those patients who were known to have adhered to 
their assigned treatment and had not had any ischaemic or bleed-
ing events in the first year after their PCI.

ENDPOINTS
The primary endpoint of the present study was a composite of all-
cause mortality, any site-reported MI (periprocedural or spontane-
ous), in accordance with the third universal definition10, and any 
stroke (ischaemic, haemorrhagic or uncertain) during the second 
year (from 12 to 24 months) following randomisation. The sec-
ondary safety endpoint was site-reported major bleeding events, 
according to the BARC criteria type 3 or 511. Other endpoints 
included new Q-wave MI, defined as MI with development of new 
pathological Q-waves, any revascularisation (target-vessel or non-
target vessel), definite or probable stent thrombosis, according to 
the Academic Research Consortium (ARC) definition12, and BARC 
type 2, 3, or 5 bleeding. Moreover, patient-oriented composite end-
points (POCE), defined as a composite of all-cause mortality, any 
stroke, any MI and any revascularisation, and net adverse clinical 
events (NACE), defined as a composite of POCE and BARC type 3 
or 5 bleeding, were also reported to clarify the net benefit and risk13.

All events, other than new Q-wave MI, were site reported with-
out independent adjudication.
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STATISTICAL ANALYSIS
All the analyses were performed on the intention-to-treat popula-
tion. Continuous variables are expressed as mean±standard devia-
tion and were compared using the independent t-test. Categorical 
variables are presented as counts and percentages and compared 
using the chi-square test or Fisher’s exact test, as appropriate.

The Kaplan-Meier method was used to estimate the cumula-
tive event rates, and the log-rank test was performed to exam-
ine the differences between the experimental strategy (ticagrelor 
monotherapy) versus the reference strategy (aspirin monotherapy), 
with the calculation of absolute risk reduction (ARR) and number 
needed to treat (NNT) based on those event rates14. Hazard ratios 
(HRs) and 95% confidence intervals (CIs) were calculated, in 
comparison with the two randomised arms in the unadjusted and 
adjusted Cox proportional hazards models, to adjust for potential 
bias from patients excluded due to clinical events or non-adher-
ence to the assigned regimen during the first year. The covariables 
in the adjusted model included age, sex, body mass index (BMI), 
clinical presentation (ACS or CCS), diabetes, peripheral vascular 
disease (PVD), chronic obstructive pulmonary disease (COPD), 
current smoker, renal failure, previous stroke, previous MI, previ-
ous bleeding, left main PCI, and multivessel PCI, with these vari-
ables selected based on prior knowledge of their association with 
outcomes15. The composite endpoints were analysed according to 
time-to-first event analysis.

In addition, risk-differences between the two randomised 
groups for the primary ischaemic endpoint (death, MI, or stroke) 
and secondary bleeding endpoint (BARC type 3 or 5 bleeding) 
were assessed, stratifying patients by prespecified subgroups of 
clinical presentation (CCS or ACS), age (≥75 or ≤75 years of 
age), sex (men or women), diabetes or non-diabetes, and with or 
without chronic kidney disease (CKD)4, with evaluation of the 

treatment-by-subgroup interactions, using adjusted Cox propor-
tional hazards models.

For exploratory purposes, we also stratified subgroups accord-
ing to DAPT score (high: ≥2, low: <2)16, PRECISE-DAPT score 
(high: ≥25, low: <25)17, CRUSADE score (high: >40, low-moder-
ate: ≤40)18, ACUITY score (high: >20, low-moderate: ≤20)       19, com-
plex PCI criteria (multivessel PCI, >3 stents implanted, >3 lesions 
treated, bifurcation PCI with >2 stents, or total stent length 
>60 mm)1,       20, TWILIGHT trial high-risk criteria (Supplementary 
Appendix 1)5, anatomical SYNTAX score (high: ≥22, low-inter-
mediate: <22), logistic clinical SYNTAX score (≥median value 
or <median value)21,22       , or ARC-high bleeding risk trade-off model 
(group 1-3)23, in order to search for specific subgroups which 
could attain greater benefit or risk from the experimental strat-
egy over the reference regimen       24. The details of the TWILIGHT 
trial high-risk criteria and the ARC-high bleeding risk trade-off 
model are described in Supplementary Appendix 1, Supplementary 
Appendix 2 and Supplementary Figure 1.

Statistical significance was considered if the two-sided p-value 
≤0.05. All analyses were performed in SPSS Statistics, version 26 
(IBM Corp.) and R software, version 3.5.1 (R Foundation for 
Statistical Computing).

Results
The GLOBAL LEADERS trial enrolled 15,991 patients between 
July 2013 and November 2015. Twenty-three patients withdrew 
consent and requested that their data be deleted from the data-
base, leaving a total of 15,968 patients of whom 7,980 (50.0%) 
and 7,988 (50.0%) were assigned to the experimental and refer-
ence strategies, respectively.

The patient flowchart of the present analysis is presented in 
Figure 1. At 12 months, 2,672 (33.5%) patients in the experimental 

 2,672 excluded
 1,022 had events within 12 months
 108 died
 52 had stroke
 179 had myocardial infarction
 518 had any repeat revascularisation
 117 had BARC 3 or 5 bleeding
 298 had BARC 2 bleeding
 68 had definite or probable stent thrombosis
 117 were censored before 12 months
 1,382 were non-adherent
 151 with missing information on adherence

 2,175 excluded
 1,104 had events within 12 months
 131 died
 49 had stroke
 158 had myocardial infarction
 549 had any repeat revascularisation
 136 had BARC 3 or 5 bleeding
 324 had BARC 2 bleeding
 57 had definite or probable stent thrombosis
 75 were censored before 12 months
 690 were non-adherent
 306 with missing information on adherence

15,991 patients enrolled in the GLOBAL LEADERS trial

23 patients withdrew consent and requested data deletion

15,968 patients included in the analysis of the GLOBAL LEADERS trial

7,980 allocated to experimental strategy 7,988 allocated to reference strategy

5,813 included in the present study5,308 included in the present study

Figure 1. Study flowchart. Patients who had ischaemic or bleeding events during the first year after index PCI or were not adherent to the 
assigned antiplatelet therapy were excluded from the current study. BARC: Bleeding Academic Research Consortium
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arm and 2,175 (27.2%) patients in the reference arm were excluded 
due to ischaemic or bleeding events within 12 months, loss to 
follow-up, non-adherence to the study regimen or missing infor-
mation on adherence. Hence, the cohort for this study comprised 
11,121 patients, including 5,308 (66.5%) patients receiving tica-
grelor monotherapy and 5,813 (72.8%) patients receiving aspirin 
monotherapy.

The baseline characteristics of the included patients were well 
balanced, except for age (63.7±10.2 vs 64.1±10.0 years; p=0.021) 
and more frequent CCS (51.7% vs 55.5%; p <0.001) (Table 1).

CLINICAL OUTCOMES
The clinical outcomes for the landmark analysis beyond 1 year are 
presented in the Central illustration and Table 2. In this selected 

Table 1. Baseline patient characteristics.

Ticagrelor monotherapy arm 
N=5,308

Aspirin monotherapy arm 
N=5,813

p-value

Age (years) 63.7±10.2 64.1±10.0 0.021

Female 22.1 (1,173/5,308) 22.3 (1,294/5,813) 0.855

BMI (kg/m2) 28.2±4.5 28.2±4.6 0.463

Clinical 
presentation

Chronic coronary syndrome 51.7 (2,742/5,308) 55.5 (3,228/5,813) <0.001

Acute coronary 
syndrome

Unstable angina 13.2 (702/5,308) 12.0 (695/5,813) 0.045

NSTEMI 21.5 (1,140/5,308) 19.6 (1,139/5,813) 0.014

STEMI 13.6 (724/5,308) 12.9 (751/5,813) 0.275

Diabetes mellitus 24.3 (1,287/5,303) 24.1 (1,402/5,810) 0.877

Insulin-treated 6.7 (355/5,286) 7.3 (422/5,798) 0.249

Hypertension 73.4 (3,885/5,290) 72.8 (4,214/5,792) 0.428

Hypercholesterolaemia 69.6 (3,561/5,119) 70.4 (3,970/5,639) 0.354

Current smoker 26.5 (1,408/5,308) 26.8 (1,556/5,813) 0.780

PVD 5.2 (273/5,251) 6.0 (344/5,767) 0.082

COPD 3.9 (204/5,285) 4.5 (259/5,783) 0.106

Renal impairment 12.2 (643/5,281) 12.2 (703/5,786) 0.977

Previous MI 21.8 (1,153/5,295) 22.9 (1,326/5,801) 0.178

Previous stroke 2.4 (129/5,302) 2.2 (127/5,810) 0.411

Previous PCI 31.5 (1,669/5,306) 32.0 (1,860/5,808) 0.527

Previous CABG 4.8 (253/5,306) 5.6 (328/5,811) 0.041

Previous bleeding 0.4 (21/5,302) 0.6 (37/5,809) 0.088

Haemoglobin (g/dl) 14.3±1.6 14.3±1.5 0.807

Number of lesions treated One lesion 69.1 (3,659/5,299) 69.5 (4,031/5,800) 0.045

Two lesions 22.7 (1,202/5,299) 21.8 (1,267/5,800) 0.523

Three or more 8.3 (438/5,299) 8.7 (502/5,800) 0.484

Average number 1.4±0.7 1.4±0.7 0.822

Left main PCI 2.6 (139/5,299) 2.3 (136/5,800) 0.360

LAD PCI 50.4 (2,670/5,299) 52.2 (3,028/5,800) 0.057

LCX PCI 31.6 (1,677/5,299) 31.4 (1,824/5,800) 0.822

RCA PCI 37.6 (1,990/5,299) 36.4 (2,109/5,800) 0.194

Bypass graft PCI 1.2 (65/5,299) 1.0 (58/5,800) 0.276

Multivessel PCI 22.0 (1,168/5,299) 21.9 (1,269/5,800) 0.836

Medication at discharge Statin 93.4 (4,944/5,296) 92.6 (5,367/5,795) 0.137

Beta blockers 79.3 (4,197/5,291) 79.4 (4,602/5,794) 0.907

ACEI or ARB 76.2 (4,028/5,285) 76.4 (4,429/5,795) 0.806

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; BMI: body mass index; CABG: coronary artery bypass graft; 
COPD: chronic obstructive pulmonary disease; LAD: left anterior descending artery; LCX: left circumflex artery; MI: myocardial infarction; NSTEMI: 
non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; PVD: peripheral vascular disease; RCA: right coronary artery; 
STEMI: ST-segment elevation myocardial infarction 
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population, the composite of death, MI, or stroke was significantly 
lower with ticagrelor monotherapy compared to aspirin mono-
therapy (1.9% vs 2.6%: unadjusted HR 0.73, 95% CI: 0.57-0.94; 
p=0.014, adjusted HR 0.74, 95% CI: 0.58-0.96; p=0.022), which 
was mainly driven by the significantly reduced risk of spontaneous 

MI (0.7% vs 1.2%: unadjusted HR 0.57, 95% CI: 0.38-0.85; 
p=0.006, adjusted HR 0.54, 95% CI: 0.36-0.82; p=0.003). The risk 
of any repeat revascularisation was lower with the ticagrelor mon-
otherapy (2.8% vs 3.5%: unadjusted HR 0.79, 95% CI: 0.64-0.98; 
p=0.029, adjusted HR 0.80, 95% CI: 0.64-0.99; p=0.037), whilst 

EuroIntervention

CENTRAL ILLUSTRATION Cumulative Kaplan-Meier estimates of clinical events from 12 to 24 months in patients with 
ticagrelor monotherapy or aspirin monotherapy.
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From 12 months to 24 months, ticagrelor monotherapy reduced incidences of ischaemic events (death, MI, or stroke) but numerically 
increased bleeding events (BARC type 3 or 5 bleeding). BARC: Bleeding Academic Research Consortium; MI: myocardial infarction; 
NACE: net adverse clinical events; POCE: patient-oriented composite endpoints
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the risk of definite/probable stent thrombosis was comparable 
(ticagrelor 0.2% vs aspirin 0.3%: unadjusted HR 0.68, 95% CI: 
0.31-1.51; p=0.347). The risk of new Q-wave MI did not differ in 
unadjusted (unadjusted HR 1.09, 95% CI: 0.62-1.93; p=0.755) or 
adjusted models (adjusted HR 1.03, 95% CI: 0.58-1.84; p=0.923), 
such that the composite of all-cause mortality and new Q-wave 
MI was also comparable (adjusted HR 0.95, 95% CI: 0.69-1.30; 
p=0.734) (Table 2).

Ticagrelor monotherapy led to a numerically higher rate of 
BARC type 3 or 5 bleeding (0.5% vs 0.3%: unadjusted HR 1.80, 
95% CI: 0.99-3.30; p=0.055), which was only significant after 
adjusting for confounders (adjusted HR 1.89, 95% CI: 1.03-3.45; 
p=0.040). BARC type 2 bleeding was significantly higher with 
ticagrelor monotherapy than with aspirin monotherapy (1.3% vs 
0.9%: unadjusted HR 1.44, 95% CI: 1.00-2.06; p=0.050, adjusted 
HR 1.47, 95% CI: 1.02-2.11; p=0.027), resulting in a signifi-
cantly higher risk of BARC type 2, 3, or 5 bleeding with tica-
grelor monotherapy (1.8% vs 1.2%: unadjusted HR 1.52, 95% 
CI: 1.11-2.08; p=0.009, adjusted HR 1.56, 95% CI: 1.14-2.13; 
p=0.005).

Consequently, compared to the aspirin monotherapy, ticagrelor 
monotherapy was associated with a significant reduction in the 
risk of POCE (4.1% vs 5.1%: unadjusted HR 0.80, 95% CI: 0.67-
0.95; p=0.013, adjusted HR 0.82, 95% CI: 0.69-0.98; p=0.027) 
but not in the adjusted risk of NACE (4.4% vs 5.3%: unadjusted 

HR 0.83, 95% CI: 0.70-0.98; p=0.032, adjusted HR 0.85, 95% CI: 
0.72-1.01; p=0.069).

PRESPECIFIED SUBGROUP ANALYSIS
The adjusted risk differences between ticagrelor and aspirin mono-
therapy, in terms of the primary (death, MI, or stroke) and second-
ary endpoints (BARC type 3 or 5 bleeding), were assessed among 
the prespecified subgroups: clinical presentation, age, sex, and dia-
betic status (Figure 2). Overall the treatment-by-subgroup interac-
tions were not significant across strata, except for the presence or 
absence of CKD in terms of serious bleeding: only patients in the 
subgroup without CKD (p for interaction=0.026) showed higher 
BARC type 3 or 5 bleeding in the ticagrelor monotherapy arm 
than in the aspirin monotherapy arm.

SUBGROUPS STRATIFIED ACCORDING TO AVAILABLE RISK 
SCORES OR CRITERIA
Figure 3 presents several subgroups classified in accordance 
with risk stratification by the DAPT score, PRECISE-DAPT 
score, CRUSADE score, ACUITY score, complex PCI criteria, 
TWILIGHT trial criteria, anatomical SYNTAX score, logistic 
clinical SYNTAX score, or the ARC-high bleeding risk trade-
off model. The results were reasonably consistent, with reduced 
ischaemic risk with ticagrelor monotherapy, compared to aspirin 
monotherapy overall, and no treatment-by-subgroup interactions 

Table 2. Unadjusted and adjusted hazard ratios on clinical outcomes in patients treated with ticagrelor monotherapy compared to those 
with aspirin monotherapy from 12 to 24 months.

Clinical outcomes
Ticagrelor 

monotherapy 
event N (%)

Aspirin 
monotherapy 
event N (%)

ARR (95% CI) NNT
Unadjusted model Adjusted model

HR (95% CI) p-value HR (95% CI) p-value

Death, MI, or stroke 101 (1.9) 151 (2.6) 0.7 (0.1 to 1.2) 145 0.73 (0.57-0.94) 0.014 0.74 (0.58-0.96) 0.022

All-cause death 51 (1.0) 66 (1.1) 0.2 (–0.2 to 0.5) 588 0.85 (0.59-1.22) 0.368 0.89 (0.62-1.29) 0.548

Any MI 37 (0.7) 71 (1.2) 0.5 (0.2 to 0.9) 189 0.57 (0.38-0.85) 0.006 0.54 (0.36-0.82) 0.003

Stroke 17 (0.3) 26 (0.4) 0.1 (–0.1 to 0.4) 769 0.72 (0.39-1.32) 0.284 0.72 (0.39-1.33) 0.298

Death or new Q-wave MI 74 (1.4) 87 (1.5) 0.1 (–0.4 to 0.6) 1,000 0.93 (0.68-1.27) 0.644 0.95 (0.69-1.30) 0.734

New Q-wave MI 24 (0.5) 24 (0.4) 0.0 (–0.3 to 0.2) –2,500 1.09 (0.62-1.93) 0.755 1.03 (0.58-1.84) 0.923

Repeat revascularisation 146 (2.8) 202 (3.5) 0.7 (0.1 to 1.4) 137 0.79 (0.64-0.98) 0.029 0.80 (0.64-0.99) 0.037

POCE 219 (4.1) 298 (5.1) 1.0 (0.2 to 1.8) 100 0.80 (0.67-0.95) 0.013 0.82 (0.69-0.98) 0.027

BARC type 3 or 5 
bleeding 28 (0.5) 17 (0.3) –0.2 (–0.5 to 0.0) –417 1.80 (0.99-3.30) 0.055 1.89 (1.03-3.45) 0.040

NACE 236 (4.5) 310 (5.3) 0.9 (0.1 to 1.7) 112 0.83 (0.70-0.98) 0.032 0.85 (0.72-1.01) 0.069

BARC type 2, 3, or 5 
bleeding 94 (1.8) 68 (1.2) –0.6 (–1.1 to –0.2) –167 1.52 (1.11-2.08) 0.009 1.56 (1.14-2.13) 0.005

BARC type 2 bleeding 68 (1.3) 52 (0.9) –0.4 (–0.8 to 0.0) –256 1.44 (1.00-2.06) 0.050 1.47 (1.02-2.11) 0.038

Definite/probable ST 10 (0.2) 16 (0.3) 0.1 (–0.1 to 0.3) 1,111 0.68 (0.31-1.51) 0.347 0.69 (0.31-1.52) 0.359

ARR and NNT were calculated based on the Kaplan-Meier estimated survival rates between the experimental and reference groups. Negative values 
suggest absolute risk increase and number needed to harm, respectively, in the experimental arm compared to the reference arm. The covariables in the 
adjusted model included age, sex, BMI, clinical presentation (ACS vs CCS), diabetes, PVD, COPD, current smoker, renal failure, previous stroke, 
previous MI, previous bleeding, left main PCI, and multivessel PCI. ACS: acute coronary syndrome; ARR: absolute risk reduction; BARC: Bleeding 
Academic Research Consortium; BMI: body mass index; CCS: chronic coronary syndrome; CI: confidence interval; COPD: chronic obstructive pulmonary 
disease; HR: hazard ratio; MI: myocardial infarction; NACE: net adverse clinical events; NNT: number needed to treat; PCI: percutaneous coronary 
intervention; POCE: patient-oriented composite endpoints; PVD: peripheral vascular disease; ST: stent thrombosis
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evident in terms of ischaemic events (death, MI, or stroke) or 
bleeding events (BARC type 3 or 5 bleeding).

Discussion
The main finding from our study is that in a selected population 
that was adherent to its assigned antiplatelet regimen and was free 
from clinical events in the first year of follow-up, ticagrelor mon-
otherapy was associated with lower ischaemic events (death, MI, 
or stroke) and with numerically increased serious bleeding events 
(BARC type 3 or 5 bleeding).

LONG-TERM SECONDARY PREVENTION BEYOND 1 YEAR 
AFTER PCI
The majority of events with contemporary DES occur during the 
first year of follow-up after PCI. Beyond 1 year, whilst there 
is an annual 0.2-0.6% incremental rate of stent thrombosis25,26, 
most events are related to progressive atherosclerosis within 

(neoatherosclerosis) or unrelated to the stented segment, and 
typically aspirin is prescribed to prevent associated thrombotic 
events.

Our findings corroborate the results of the DAPT study where, 
compared to aspirin monotherapy, more potent antiplatelet strat-
egies (clopidogrel or prasugrel on top of aspirin [in the DAPT 
study] and on top of ticagrelor monotherapy [in the current study]) 
reduced ischaemic cardiovascular events, at the expense of an 
increased risk in bleeding events6.

In the present study, the rate of definite/probable stent thrombo-
sis between 12 and 24 months was 0.2% and 0.3% with ticagre-
lor and aspirin monotherapy, respectively. In comparison, in the 
DAPT study, rates of stent thrombosis between 12 and 30 months 
were, respectively, 0.4% and 1.4% with DAPT and aspirin mono-
therapy. Although the follow-up duration of the DAPT trial was 
6 months longer than the present study, the risk of stent thrombo-
sis among patients treated with aspirin monotherapy was nearly 

0.2 0.5 1 2 5 

Clinical presentation
Death, MI, stroke       0.222
CCS 1.7 (46/2,742) 2.7 (87/3,228) 0.63 (0.44-0.90) 0.012
ACS 2.1 (55/2,566) 2.5 (64/2,585) 0.86 (0.60-1.24) 0.432
BARC 3 or 5 bleeding       0.430
CCS 0.6 (17/2,742) 0.4 (13/3,228 1.60 (0.78-3.30) 0.202
ACS 0.4 (11/2,566) 0.2 (4/2,585) 2.66 (0.84-8.38) 0.095
Elderly (≥75 years of age)
Death, MI, stroke       0.316
≥75 years of age 2.8 (24/857) 4.5 (44/977) 0.60 (0.36-1.00) 0.052
<75 years of age 1.7 (77/4,451) 2.2 (107/4,836) 0.80 (0.59-1.07) 0.133
BARC 3 or 5 bleeding       0.259
≥75 years of age 1.9 (16/857) 0.7 (7/977) 2.70 (1.10-6.62) 0.030
<75 years of age 0.3 (12/4,451) 0.2 (10/4,836) 1.38 (0.59-3.19) 0.456
Sex
Death, MI, stroke       0.217
Men 2.1 (85/4,135) 2.6 (119/4,519) 0.80 (0.60-1.06) 0.121
Women 1.4 (16/1,173) 2.5 (32/1,294) 0.49 (0.26-0.91) 0.024
BARC 3 or 5 bleeding       0.809
Men 0.5 (21/4,135) 0.3 (12/4,519) 1.98 (0.97-4.04) 0.059
Women 0.6 (7 /1,173) 0.4 (5/1,294) 1.64 (0.50-5.39) 0.419
Diabetes
Death, MI, stroke       0.880
Diabetes 2.8 (36/1,287) 3.6 (50/1,402) 0.74 (0.48-1.15) 0.187
Non-diabetes 1.6 (65/4,016) 2.3 (101/4,408) 0.74 (0.54-1.01) 0.056
BARC 3 or 5 bleeding       0.156
Diabetes 0.5 (6/1,287) 0.5 (7/1,402) 0.94 (0.31-2.82) 0.908
Non-diabetes 0.6 (22/4,016) 0.2 (10/4,408) 2.55 (1.21-5.41) 0.014

 Experimental  Reference  Adjusted HR  p-value Adjusted HR plots p-value for 
 strategy strategy (95% CI)   interaction

 Exp. better Ref. better

Figure 2. Hazard ratio of ticagrelor monotherapy over aspirin monotherapy in patients stratified by prespecified subgroups in the GLOBAL 
LEADERS trial.There was a significant treatment-by-subgroup interaction observed between antiplatelet strategy and the presence of chronic 
kidney disease (CKD), in terms of BARC type 3 or 5 bleeding, where patients without CKD showed treatment benefit from aspirin 
monotherapy, compared to ticagrelor monotherapy, while it was not observed among patients with CKD. In all other subgroups, no significant 
treatment-by-subgroup interactions were observed among patients treated with ticagrelor monotherapy or aspirin monotherapy during the 
second year. Adjusted covariates are listed in Table 2. ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; 
CCS: chronic coronary syndrome; CI: confidence interval; HR: hazard ratio; MI: myocardial infarction
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0.2 0.5 1 2 5 

DAPT score
Death, MI, stroke      0.310
Low risk (<2.0) 1.5 (46/3,157) 2.3 (81/3,508) 0.65 (0.45-0.93) 0.019
High risk (≥2.0) 2.5 (53/2,082) 3.0 (68/2,236) 0.85 (0.59-1.22) 0.376
BARC 3 or 5 bleeding      0.281
Low risk (<2.0) 0.7 (22/3,157) 0.3 (11/3,508) 2.34 (1.13-4.84) 0.022
High risk (≥2.0) 0.3 (6/2,082) 0.3 (6/2,236) 1.01 (0.32-3.17) 0.984
PRECISE-DAPT score
Death, MI, stroke      0.375
Low-moderate risk (<25) 1.7 (74/4,308) 2.1 (98/4,657) 0.83 (0.61-1.12) 0.222
High risk (≥25) 3.2 (22/693) 5.2 (41/788) 0.61 (0.36-1.02) 0.060
BARC 3 or 5 bleeding      0.166
Low-moderate risk (<25) 0.5 (21/4,308) 0.2 (9/4,657) 2.60 (1.19-5.68) 0.017
High risk (≥25) 1.0 (7/693) 1.0 (8/788) 1.05 (0.38-2.95) 0.919
CRUSADE score
Death, MI, stroke      0.327
Low-moderate risk (≤40) 1.7 (82/4,735) 2.4 (125/5,197) 0.73 (0.55-0.97) 0.028
High risk (>40) 5.1 (14/276) 4.7 (15/317) 1.00 (0.47-2.11) 0.992
BARC 3 or 5 bleeding      0.727
Low-moderate risk (≤40) 0.5 (23/4,735) 0.3 (13/5,197) 2.03 (1.03-4.01) 0.042
High risk (>40) 1.8 (5/276) 1.3 (4/317) 1.25 (0.29-5.48) 0.765
ACUITY score
Death, MI, stroke      0.985
Low-moderate risk (≤20) 1.9 (88/4,730) 2.5 (128/5,161) 0.77 (0.58-1.01) 0.056
High risk (>20) 3.0 (8/266) 4.0 (11/278) 0.67 (0.26-1.71) 0.402
BARC 3 or 5 bleeding      0.246
Low-moderate risk (≤20) 0.5 (25/4,730) 0.3 (13/5,161) 2.17 (1.11-4.25) 0.023
High risk (>20) 1.1 (3/266) 1.5 (4/278) 0.85 (0.18-4.01) 0.837
Complex PCI
Death, MI, stroke      0.568
Non-complex 1.9 (72/3,740) 2.7 (111/4,072) 0.70 (0.52-0.95) 0.022
Complex 1.9 (28/1,451) 2.4 (39/1,626) 0.86 (0.53-1.41) 0.554
BARC 3 or 5 bleeding      0.398
Non-complex 0.5 (18/3,740) 0.3 (13/4,072) 1.56 (0.7 6-3.18) 0.225
Complex 0.7 (10/1,451) 0.2 (4/1,626) 2.88 (0.89-9.27) 0.077
TWILIGHT criteria
Death, MI, stroke      0.351
Non-TWILIGHT 1.9 (49/2,534) 2.3 (65/2,777) 0.83 (0.57-1.20) 0.318
TWILIGHT 1.7 (45/2,609) 2.7 (77/2,861) 0.65 (0.45-0.95) 0.024
BARC 3 or 5 bleeding      0.086
Non-TWILIGHT 0.4 (10/2,534) 0.4 (11/2,777) 1.03 (0.43-2.43) 0.953
TWILIGHT 0.7 (17/2,609) 0.2 (6/2,861) 3.25 (1.28-8.25) 0.013
Anatomical SYNTAX score
Death, MI, stroke      0.327
Score <22 1.2 (13/1,083) 2.7 (30/1,110) 0.46 (0.24-0.88) 0.019
Score ≥22 3.8 (7/182) 4.0 (8/201) 0.75 (0.26-2.22) 0.607
BARC 3 or 5 bleeding      0.864
Score <22 0.6 (6/1,083) 0.2 (2/1,110) 3.90 (0.75-20.40) 0.107
Score ≥22 1.1 (2/182) 0.5 (1/201) 7.14 (0.35-147.23) 0.203
Logistic SYNTAX score
Death, MI, stroke      0.964
Lower median 1.3 (34/2,641) 1.8 (51/2,871) 0.73 (0.47-1.14) 0.167
Higher median 2.5 (65/2,592) 3.4 (98/2,867) 0.74 (0.54-1.02) 0.065
BARC 3 or 5 bleeding      0.874
Lower median 0.3 (9/2,641) 0.2 (5/2,871) 2.06 (0.69-6.17) 0.196
Higher median 0.7 (19/2,592) 0.4 (12/2,867) 1.86 (0.90-3.85) 0.094
ARC-high bleeding risk trade-off model
Death, MI, stroke      0.324
Group 1 2.1 (72/3,395) 2.5 (93/3,717) 0.85 (0.62-1.16) 0.297
Group 2 1.3 (20/1,518) 2.5 (41/1,629) 0.55 (0.32-0.95) 0.032
Group 3 2.3 (9/395) 3.7 (17/467) 0.75 (0.32-1.75) 0.505
BARC 3 or 5 bleeding      0.979
Group 1 0.4 (12/3,395) 0.2 (9/3,717) 1.50 (0.63-3.56) 0.362
Group 2 0.7 (10/1,518) 0.5 (8/1,629) 1.47 (0.57-3.76) 0.426
Group 3 1.5 (6/395) 0.0 (0/467)    – 0.944

 Experimental  Reference  Adjusted HR  p-value Adjusted HR plots p for 
 strategy strategy (95% CI)   interaction

 Exp. better Ref. better

Figure 3. Hazard ratio of ticagrelor monotherapy over aspirin monotherapy in patients stratified by specific subgroups in the GLOBAL 
LEADERS trial. Patients were stratified by: A) DAPT score, PRECISE-DAPT score, CRUSADE score, and ACUITY score; B) complex PCI or 
non-complex PCI, eligible or ineligible for the TWILIGHT criteria, anatomical SYNTAX score of ≥22 or <22, and ≥median (2.16% 2-year 
mortality risk) or <median of logistic clinical SYNTAX score. Adjusted covariates are listed in Table 2. BARC: Bleeding Academic Research 
Consortium; CI: confidence interval; HR: hazard ratio; MI: myocardial infarction; PCI: percutaneous coronary intervention
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5 times higher in the DAPT study6. This is highly likely to be 
due to the substantial use of first-generation DES in the DAPT 
trial (approximately 38% of all stents)6, whilst in the GLOBAL 
LEADERS trial patients uniformly received a BioMatrix second-
generation biodegradable polymer DES.

The remaining unanswered question is whether secondary pre-
vention using ticagrelor monotherapy is superior to DAPT, or 
other P2Y12 inhibitor monotherapy, especially in the 12 months 
after PCI using a contemporary DES. In the HOST-EXAM study, 
the favourable effects of clopidogrel monotherapy over aspirin 
monotherapy were observed not only for ischaemic endpoints, 
mainly driven by a significantly lower risk of ACS readmis-
sion, but also bleeding endpoints (BARC type ≥3 or haemor-
rhagic stroke), whereas there were no significant risk differences 
between the two antiplatelet regimens in terms of non-fatal MI 
or repeat revascularisation7. In Western populations, who gener-
ally have higher ischaemic risk but lower bleeding risk than Asian 
populations, ticagrelor monotherapy, with its more potent anti-
platelet effect, might yield further reductions in ischaemic events, 
compared to clopidogrel monotherapy. However, this needs to be 
investigated in dedicated randomised studies.

THE EFFICACY OF TICAGRELOR MONOTHERAPY OVER 
ASPIRIN MONOTHERAPY FOR SECONDARY PREVENTION IN 
SUBGROUPS
In the current study, the superior efficacy of ticagrelor monother-
apy over aspirin monotherapy was demonstrated with a reduced 
ischaemic risk seen in the overall population, albeit at the expense 
of a numerically increased risk of bleeding. For exploratory pur-
poses, we tried to identify a specific population who had a net 
clinical benefit with reduced ischaemic events and no increased 
bleeding among the study’s prespecified subgroups, as well as 
in subgroups stratified by available risk scores or criteria. Some 
subgroups, for example, females, had favourable anti-ischaemic 
effects with ticagrelor monotherapy, compared to aspirin mono-
therapy, without any increased bleeding events. However, due to 
the limited sample size for these stratified analyses, they were 
underpowered, and the 95% CIs were too wide to reliably esti-
mate the risk difference between the two antiplatelet strategies 
in any subgroup. Theoretically, potent antiplatelet therapy would 
be more effective in patients with high-ischaemic risk, such as 
ACS patients       27 or those undergoing complex PCI       20. However, no 
amplification of the anti-ischaemic benefits of monotherapy with 
ticagrelor, compared to aspirin, was seen amongst those high-
ischaemic risk subgroups. Only among patients with or with-
out CKD was the treatment-by-subgroup interaction statistically 
significant in terms of BARC type 3 or 5 bleeding (Figure 2), 
suggesting that for patients without CKD the reference strat-
egy (aspirin monotherapy) might be better than the experimen-
tal strategy (ticagrelor monotherapy) to avoid an unnecessary 
increased risk of serious bleeding. Our findings strengthen the 
call for further studies to evaluate the efficacy and risk of novel 
antiplatelet strategies for secondary prevention.

CLINICAL PERSPECTIVE
The current European Society of Cardiology (ESC) guidelines on 
antiplatelet therapy recommend aspirin monotherapy after 6 and 
12 months of DAPT, following PCI for CCS and ACS, respec-
tively, with the use of P2Y12 inhibitor monotherapy yet to be 
debated in that clinical context1,2. Although recent trials tend to 
shorten the duration of DAPT, followed by a switch to monother-
apy with aspirin or a P2Y12 inhibitor, to date no randomised trial 
has compared aspirin monotherapy with a potent P2Y12 inhibi-
tor monotherapy after PCI, with respect to clinical endpoints. We 
acknowledge that the current study did not compare these two 
antiplatelet strategies in the first year, and that beyond the first 
year after PCI there may be lower requirements for potent anti-
platelet therapy. In fact, the NNT was substantially high to yield 
a treatment benefit of ticagrelor monotherapy, compared to aspi-
rin monotherapy, during the second year; it was more than 100 
in every clinical endpoint in the current study (Table 2). Taking 
into account the increased bleeding risk, as well as the higher cost 
of ticagrelor than aspirin, the current results are a weak incen-
tive to use routine ticagrelor monotherapy beyond 1 year after 
PCI. However, our findings provide further insights into the clin-
ical question of whether monotherapy with aspirin or a P2Y12 
inhibitor would be the optimal antiplatelet strategy in individual 
patients after PCI.

Limitations
First, this study is a post hoc, non-prespecified subanalysis of 
a randomised controlled trial. Therefore, all the findings should 
be considered as hypothesis-generating and non-confirmatory. 
Second, we previously reported the second-year results of tica-
grelor monotherapy versus aspirin monotherapy in the GLOBAL 
LEADERS subpopulation that was eligible in accordance with 
the DAPT study criteria       16. However, a number of patients were 
excluded, due to events in the first year or non-adherence to treat-
ment. Particularly in the experimental arm, the number of patients 
who were not adherent to the assigned antiplatelet therapy (tica-
grelor monotherapy) was substantially higher than those in the 
reference arm (1,382 vs 690) (Figure 1), which might introduce 
a selection bias. In fact, some variables, such as age or clinical 
presentation, were imbalanced between the two groups suggesting 
selection biases derived from the excluded population (Table 1). 
Therefore, in the current study to minimise such bias, we also 
performed multivariable adjustments for confounding factors. In 
addition, we also evaluated the clinical effects of ticagrelor mono-
therapy over aspirin monotherapy in specific subgroups. However, 
these subgroup analyses may be underpowered to evaluate clini-
cal risk differences in each subgroup. Third, in the current guide-
lines, updated in 20182, the recommended maintenance dose of 
ticagrelor during the chronic phase (beyond 1 year) is 60 mg bid 
on top of aspirin, instead of 90 mg bid as implemented in the cur-
rent study. The GLOBAL LEADERS trial was initially designed 
in 2013; at that time the clinical value of a lower dose of ticagrelor 
(60 mg bid) was not established as treatment during the chronic 
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maintenance period. Hence, the use of ticagrelor 60 mg bid might 
lead to results at variance with the current ones. Finally, in the 
GLOBAL LEADERS trial, there was no central independent 
adjudication of clinical events, and all events were site-reported 
without adjudication. However, the GLASSY study28, which is 
a prespecified ancillary study of the GLOBAL LEADERS trial 
with central independent event adjudication, reported results con-
sistent with site reporting, with the incidence of MI significantly 
lower with ticagrelor monotherapy, compared to aspirin monother-
apy, in the second year of follow-up (rate ratio 0.54, 95% CI: 0.33-
0.88), even when nonadherent patients were excluded (rate ratio 
0.54, 95% CI: 0.31-0.93, Supplementary Table 1)28.

Conclusions
In patients free from events at the end of the first year post-PCI 
and who adhered to their prescribed regimen, ticagrelor monother-
apy was associated with a reduced risk of ischaemic events with 
a numerically increased risk of bleeding events compared to aspi-
rin monotherapy in the second year post-PCI. Therefore, ticagrelor 
monotherapy may be a good alternative to aspirin monotherapy 
for secondary prevention 12 months after PCI in patients who are 
event-free and adherent to the regimen at 12 months.

Impact on daily practice
Beyond 1-year post-PCI, in patients free from events at the 
end of the first year post-PCI and who adhered to their pre-
scribed regimen up to 1 year, ticagrelor monotherapy was asso-
ciated with a reduced risk of ischaemic composite endpoints 
and a numerically increased risk of major bleeding, compared 
to aspirin monotherapy. Further studies are warranted to eval-
uate the efficacy and risk of the novel antiplatelet strategy of 
a potent P2Y12 inhibitor monotherapy for secondary prevention.
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Supplementary Appendix 1. Methods: TWILIGHT trial criteria5. 

The TWILIGHT trial high-risk criteria population was selected when he or she fulfilled at least one 

clinical criterion and at least one angiographic criterion: i) clinical criteria - adult patients ≥65 years 

of age, female gender, NSTEMI or STEMI as clinical presentations, established vascular disease, 

diabetes mellitus, and chronic kidney disease defined as an estimated glomerular filtration rate of 

less than 60 ml/min/1.73m2; ii) angiographic criteria – multivessel percutaneous coronary 

intervention (PCI), total stent length >30 mm, bifurcation PCI requiring at least 2 stents, and PCI in 

left main or proximal left anterior descending artery. Patients with previous stroke were excluded as 

in the TWILIGHT study5.  

 

Supplementary Appendix 2. Academic Research Consortium (ARC) for high bleeding risk 

trade-off model24. 

The Academic Research Consortium for high bleeding risk (ARC-HBR) trade-off model was 

developed by Urban et al24. Each model uses 8 readily available patient and procedural 

characteristics, which were selected based on multivariable models with 33 baseline candidate 

predictors. Patients were stratified according to both the equal trade-off line and the mortality-

weighted line, derived from both the risk of BARC type 3 to 5 bleeding and the risk of myocardial 

infarction (MI) and/or stent thrombosis (ST), as follows: group 1 (above the equal trade-off line, grey 

area in Supplementary Figure 1), the risk of MI and/or ST was greater than the risk of BARC type 

3 to 5 bleeding; group 2 (between the equal trade-off line and the mortality-weighted line, white area 

in Supplementary Figure 1), the risk of both types of events can be considered comparable; group 3 

(below the mortality-weighted line, yellow area in Supplementary Figure 1), the risk of BARC type 

3 to 5 bleeding was greater than the risk of MI and/or ST. 

  



 

Supplementary Table 1. Adjudicated clinical outcomes between ticagrelor monotherapy versus 

aspirin monotherapy beyond 1 year after PCI among patients who were adherent to the 

assigned antiplatelet strategy and were free from clinical events in the GLASSY study29. 

 

Clinical outcomes 

Ticagrelor 

monothearpy 

Aspirin 

monotherapy Rate ratio 

(95% CI) 
p-value 

N=2,955 N=3,187 

All-cause death, MI, stroke or urgent TVR 67 (2.32) 97 (3.14) 
0.74 (0.54-

1.01) 
0.056 

All-cause death 34 (1.15) 47 (1.48) 
0.78 (0.50-

1.21) 
0.268 

Cardiovascular death 14 (0.47) 27 (0.85) 
0.56 (0.29-

1.07) 
0.073 

Undetermined cause 4 (0.14) 10 (0.31) 
0.43 (0.14-

1.38) 
0.143 

Non-cardiovascular death 20 (0.68) 20 (0.63) 
1.08 (0.58-

2.00) 
0.811 

Myocardial infarction 19 (0.65) 38 (1.21) 
0.54 (0.31-

0.93) 
0.024 

Cardiovascular death or MI 31 (1.06) 58 (1.85) 
0.57 (0.37-

0.89) 
0.011 

Stroke 9 (0.31) 15 (0.47) 
0.65 (0.28-

1.48) 
0.298 

Urgent target vessel revascularisation 18 (0.61) 32 (1.02) 
0.60 (0.34-

1.07) 
0.082 

Definite, probable or possible stent 

thrombosis 
11 (0.37) 23 (0.73) 

0.52 (0.25-

1.06) 
0.066 

Definite or probable stent thrombosis 2 (0.07) 9 (0.28) 
0.24 (0.05-

1.11) 
0.047 

Definite stent thrombosis 2 (0.07) 9 (0.28) 
0.24 (0.05-

1.11) 
0.047 

Probable stent thrombosis 0 (0.00) 0 (0.00)     

Possible stent thrombosis 9 (0.30) 16 (0.50) 
0.61 (0.27-

1.37) 
0.225 

BARC 3 or 5 Bleeding 17 (0.58) 12 (0.38) 
1.53 (0.73-

3.21) 
0.255 

BARC 1 Bleeding 43 (1.57) 15 (0.51) 
3.09 (1.72-

5.56) 
<0.001 

BARC 2 Bleeding 55 (1.93) 26 (0.86) 
2.26 (1.42-

3.61) 
<0.001 

BARC 3 Bleeding 14 (0.48) 8 (0.25) 
1.89 (0.79-

4.51) 
0.144 

BARC 4 Bleeding 0 (0.00) 1 (0.03)     

BARC 5 Bleeding 4 (0.14) 4 (0.13) 
1.08 (0.27-

4.31) 
0.915 

BARC: Bleeding Academic Research Consortium; CI: confidence interval; MI: myocardial 

infarction; PCI: percutaneous coronary intervention; TVR: target vessel revascularisation 

 

 



 

Supplementary Figure 1. Predicted risks of Bleeding Academic Research Consortium 

(BARC) types 3 to 5 bleeding and myocardial infarction (MI) and/or stent thrombosis (ST) 

for the GLOBAL LEADERS population who were free from clinical events up to 1 year and 

were adherent to the assigned antiplatelet regimen. 

 

Plot of predicted 1-year risk of MI and/or ST and BARC types 3 to 5 bleeding (log scales) in 

the current study, based on the Academic Research Consortium for high bleeding risk (ARC-

HBR) trade-off model developed by Urban et al24. Patients were classified into 3 groups 

according to the equal trade-off line and the mortality-weighted line between the risk of 

BARC type 3 to 5 bleeding and the risk of MI/ST; group 1 (above the equal trade-off line, 

grey area in the right-hand panel of the Figure): the risk of MI and/or ST was greater than the 

risk of BARC type 3 to 5 bleeding; group 2 (between the equal trade-off line and the 

mortality-weighted line, white area in the right-hand panel of the Figure): the risk of both 

types of events can be considered comparable; group 3 (below the mortality-weighted line, 

yellow area in the right-hand panel of the Figure): the risk of BARC type 3 to 5 bleeding was 

greater than the risk of MI and/or ST. 

 




