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ABSTRACT 

Background: Patients at high bleeding risk (HBR) represent a prevalent subgroup among those 

undergoing percutaneous coronary intervention (PCI). Early aspirin discontinuation after a short 

course of dual antiplatelet therapy (DAPT) has emerged as a bleeding-avoidance strategy.  

Methods and Results: This prespecified analysis of the TWILIGHT trial evaluated the 

treatment effects of ticagrelor with or without aspirin in HBR patients undergoing PCI with drug-

eluting stents. Following 3 months of ticagrelor plus aspirin, event-free patients were randomized 

to 12-month treatment with aspirin or placebo in addition to ticagrelor. A total of 1064 (17.2%) 

met the Academic Research Consortium definition for HBR. Ticagrelor monotherapy reduced 

the incidence of the primary endpoint of Bleeding Academic Research Consortium (BARC) 2, 3, 

or 5 bleeding compared with ticagrelor plus aspirin consistently in HBR (6.3% vs. 11.4%; HR 

0.53, 95% CI 0.35–0.82) and non-HBR patients (3.5% vs. 5.9%; HR 0.59, 95% CI 0.46–0.77; 

pinteraction=0.67), but the absolute risk difference was greater in the former. A similar pattern was 

observed for more severe BARC 3 or 5 bleeding (pinteraction=0.15). There was no significant 

difference in the key secondary endpoint of death, myocardial infarction, or stroke between 

treatment arms, irrespective of HBR status (pinteraction=0.64). 

Conclusions: Among HBR patients undergoing PCI who completed 3 months of DAPT, 

continuation of ticagrelor monotherapy, compared with ticagrelor plus aspirin, significantly 

reduced bleeding without increasing ischemic events. The absolute reduction in bleeding risk 

was larger in HBR than non-HBR patients, thus highlighting the benefit of appropriate bleeding-

avoidance strategies in this vulnerable cohort. 

Keywords: high bleeding risk; ARC-HBR; ticagrelor monotherapy; aspirin; PCI
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INTRODUCTION 

For over twenty years, a combination of aspirin and a P2Y12 inhibitor has been the 

mainstay therapeutic strategy in patients undergoing percutaneous coronary intervention (PCI).1 

This drug combination, referred to as dual antiplatelet therapy (DAPT), has been proven superior 

to aspirin alone in preventing cardiovascular events after stent implantation, although at the 

expense of increased bleeding.2, 3 The introduction of potent P2Y12 inhibitors further 

compounded the tradeoff between ischemic and bleeding risks. Prasugrel and ticagrelor 

demonstrated superior ischemic protection compared with clopidogrel among patients with acute 

coronary syndromes on a background aspirin therapy.4, 5 However, such benefit was almost 

invariably counterbalanced by an increased bleeding risk consequent to the incremental platelet 

inhibition. Although formerly considered benign events, bleeding complications after PCI have 

shown an impact on patient prognosis similar to that of thrombotic events.6, 7  

Contemporary advancements in device technologies and pharmacological strategies have 

allowed extending the indication to PCI to older and more vulnerable cohorts.8, 9 An increasing 

number of patients undergoing PCI have high bleeding risk (HBR) conditions such as advanced 

age and anemia, which make a standard DAPT regimen clinically undesirable.10, 11 The 

TWILIGHT trial recently demonstrated that ticagrelor monotherapy after a short course of 

DAPT is an effective and safe bleeding-avoidance strategy in patients at high risk of adverse 

events.12 The trial enrolled patients at high risk for both bleeding and thrombosis according to a 

broad range of clinical and angiographic criteria.13 To investigate the treatment effects of 

ticagrelor monotherapy compared with ticagrelor plus aspirin in a contemporary HBR 

population, we conducted a prespecified analysis of the TWILIGHT trial using the Academic 

Research Consortium (ARC) criteria for HBR.14  
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METHODS 

Trial Design and Population 

TWILIGHT was a randomized, placebo-controlled trial conducted at 187 sites in 11 

countries. The trial rationale, design, and principal results have been reported previously. 12, 13 

TWILIGHT was designed, coordinated, and sponsored by The Icahn School of Medicine at 

Mount Sinai. AstraZeneca provided an investigator-initiated grant and supplied ticagrelor for the 

trial but had no role in the design, collection, analysis, or interpretation of the data. National 

regulatory agencies and institutional review boards or ethics committees of participating sites 

approved the trial protocol.  

Patients undergoing successful PCI with a drug-eluting stent were eligible for study 

enrollment if they satisfied at least one clinical and one angiographic criterion associated with a 

high risk of ischemic or bleeding events. Clinical criteria included age ≥65 years, female sex, 

troponin positive acute coronary syndrome (ACS), atherosclerotic vascular disease (prior 

myocardial infarction, coronary revascularization or peripheral arterial disease), diabetes mellitus 

requiring medication, and chronic kidney disease (CKD). Angiographic criteria included 

multivessel coronary artery disease, total stent length >30 mm, thrombotic target lesion, 

bifurcation lesion requiring 2 stents, obstructive left main or proximal left anterior descending 

lesion, and calcified target lesion requiring debulking devices. Key exclusion criteria included 

presentation with ST-segment elevation myocardial infarction, cardiogenic shock, prior stroke, 

or need for oral anticoagulation. 

All enrolled patients received open-label ticagrelor (90 mg twice daily) and enteric-

coated aspirin (81-100 mg daily) after the index PCI. At 3 months, patients who had been 

adherent to treatment and without major bleeding or ischemic events were randomized 1:1 in a 
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double-blind fashion to aspirin or matching placebo for an additional 12 months in addition to 

open-label ticagrelor. Follow-up occurred 1 month after randomization via telephone and in-

person at 6 and 12 months after randomization.13  

Endpoints 

The primary endpoint was BARC type 2, 3, or 5 bleeding up to 1 year after 

randomization. The key secondary endpoint was the composite of all-cause death, myocardial 

infarction (MI), or stroke. Secondary bleeding endpoints included (BARC) type 3 or 5 bleeding, 

Thrombolysis in Myocardial Infarction (TIMI) major or minor bleeding, Global Use of 

Strategies to Open Occluded Arteries (GUSTO) moderate or severe or bleeding, and 

International Society of Thrombosis or Hemostasis (ISTH) major bleeding.15-18 Other secondary 

ischemic endpoints included the composite of cardiovascular death, non-fatal MI, or ischemic 

stroke, its individual components, and definite or probable stent thrombosis. MI was defined 

according to the third universal definition, and stent thrombosis were classified according to the 

ARC.19, 20 All clinical events were adjudicated by an independent committee, blinded to 

treatment assignment. 

High Bleeding Risk Assessment 

Patients were considered as HBR if they fulfilled at least one major or two minor criteria 

as defined by the ARC-HBR consensus.14 Major criteria available for analysis were severe or 

end-stage chronic CKD (i.e., estimated glomerular filtration rate (eGFR) <30 mL/min/1.73m2 or 

dialysis), hemoglobin <11 g/dL, moderate or severe thrombocytopenia (i.e., platelet count 

<100×109/L), previous major bleeding, and liver disease. Minor criteria included age ≥75 years, 

moderate CKD (i.e., eGFR ≥30 and <60 mL/min/1.73m2), hemoglobin ≥11 and <13 g/dL for 

men and ≥11 and <12 g/dL for women, and nonsteroidal anti-inflammatory drug (NSAIDs) use. 
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Baseline laboratory values were obtained locally at each site and collected during the enrollment 

procedure. The eGFR was estimated according to the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) equation.21 Supplementary Table 1 summarizes the list of available 

major and minor criteria and their definitions compared with those provided in the original ARC-

HBR document.14 Patients without sufficient information on major or minor criteria to ascertain 

HBR status were excluded from the analysis. 

Statistical Analyses 

In the primary prespecified analysis, the treatment effects of ticagrelor monotherapy 

versus ticagrelor plus aspirin were evaluated according to HBR status, with formal interaction 

testing to assess effect modification. Clinical and procedural features are summarized by the 

presence or absence of HBR and randomized group using means (standard deviation) for 

continuous variables and frequencies for categorical variables. The cumulative incidence of 

primary and secondary endpoints was estimated using the Kaplan-Meier method. Patients 

without a primary endpoint between randomization and 1 year were censored at the time of 

death, last known contact, or 365 days, whichever came first. Hazard ratios (HR) and 95% 

confidence intervals (CI) were generated using Cox proportional hazards models. Absolute risk 

differences (ARDs) and 95% CI for ischemic and bleeding events were calculated with Kaplan-

Meier estimates and Greenwood standard errors. 

We performed an exploratory analysis to examine the effects of ticagrelor monotherapy 

according to the number of ARC-HBR criteria satisfied. An ARC-HBR score was built, 

assigning 0.5 point to each minor criterion and 1 point to each major criterion. Patients were then 

stratified into those without any criteria (0 point) or with only 1 minor criterion (0.5 point) if 

non-HBR, and into those with 1 major or 2 minor criteria (1 point), or with multiple ARC-HBR 
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criteria (≥1.5 points) if HBR. For all analyses, bleeding outcomes were assessed in the intention-

to-treat cohort, while ischemic outcomes were analyzed using the per-protocol cohort. A two-

sided p-value of <0.05 was considered statistically significant. All analyses were performed 

using Stata version 16.0 (College Station, Texas). 

 

RESULTS 

Patient Characteristics 

Of the 7119 randomized patients, 587 (8.2%) were excluded due country-specific 

regulatory reasons and 354 (5.0%) had missing information on ARC-HBR status. Hence, the 

final study cohort included 6178 patients, of whom 1064 (17.2%) were HBR (Supplementary 

Figure 1). HBR patients were older, more frequently female and of nonwhite race compared 

with non-HBR patients. They had more cardiovascular risk factors and comorbidities, including 

hypertension, diabetes, and peripheral artery disease, and were less frequently active smokers. 

Rates of presentation with non-ST-segment ACS did not differ between the two groups (62.1% 

vs. 63.8%; p=0.308) (Table 1). Among HBR patients, moderate CKD and age ≥75 years were 

the two most common criteria overall (55.4% and 49.4%, respectively), while hemoglobin <11 

g/dL was the most common major criterion (24.2%). With respect to angiographic and 

procedural features, HBR patients were less likely to undergo PCI via radial access, and more 

often had multivessel disease, left main PCI, and calcific lesions than non-HBR patients (Table 

2). Baseline characteristics stratified by randomized treatment arm are provided in 

Supplementary Tables 2 and 3. 

At 12 months after randomization, HBR patients were less adherent to the blinded study 

drug (74.5% vs 83.70%, p<0.001) and ticagrelor (79.2% vs. 87.70%, p<0.001) than non-HBR 



10 

 

patients, while there were no significant differences between randomized treatment arms within 

the two groups (Supplementary Figure 2). 

Bleeding events 

The primary endpoint of BARC 2, 3, or 5 bleeding occurred in 93 patients (8.9%) in the 

HBR group and in 237 patients (4.7%) in the non-HBR group (HR 1.95, 95% CI 1.54 to 2.48; 

p<0.001) (Supplementary Figure 3A). Ticagrelor plus aspirin reduced the incidence of BARC 

2, 3, or 5 bleeding in HBR patients randomized to ticagrelor plus placebo compared with those 

randomized to ticagrelor plus aspirin (6.3% vs. 11.4%; HR 0.53, 95% CI 0.35 to 0.82; p=0.004) 

for an absolute risk difference of -5.1% (95% CI -8.5% to -1.7%). Treatment effects on BARC 2, 

3, or 5 bleeding were consistent among non-HBR patients (3.5% vs. 5.9%; ARD -2.3%, 95% CI 

-3.5% to -1.2%; HR 0.59, 95% CI 0.46 to 0.77; p<0.001) with no evidence of heterogeneity 

(pinteraction=0.673) (Figure 1A, Supplementary Table 3).  

The incidence of BARC 3 or 5 bleeding was significantly higher in HBR than non-HBR 

patients (3.4% vs 1.0%; HR 3.30, 95% CI 2.15 to 5.07; p<0.001) (Supplementary Figure 3B). 

Ticagrelor plus placebo resulted in lower rates of BARC 3 or 5 bleeding in both HBR (1.6% vs. 

5.0%; HR 0.31, 95% CI 0.14 to 0.67, 0.003) and non-HBR patients (0.8% vs. 1.3%; HR 0.62, 

95% CI 0.36 to 1.09, p=0.098; pinteraction=0.148), but with an ARD greater in the former group (-

3.5%, 95% CI -5.6% to -1.3% vs. -0.5%, 95% CI -1.0% to 0.1%). There was no significant 

interaction between HBR status and treatment arm for any of the bleeding endpoints (Figure 2). 

Ischemic events 

A total of 66 (6.1%) key secondary endpoint events occurred in HBR patients as 

compared with 181 (3.6%) in those without HBR (HR 1.70, 95% CI 1.26 to 2.26; p<0.001) 

(Supplementary Figure 4). The rates of all-cause death, MI, or stroke were similar among HBR 
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patients randomized to ticagrelor plus placebo versus ticagrelor plus aspirin (6.5% vs. 5.6%; HR 

1.16, 95% CI 0.71 to 1.90; p=0.554) for an ARD of 0.9% (95% CI -2.1% to 3.8%) (Figure 3, 

Supplementary Table 4). Furthermore, there were no significant differences between treatment 

arms among HBR patients with respect to the composite of cardiovascular death, MI, or ischemic 

stroke (5.9% vs. 5.5%), as well as for the individual rates of cardiovascular death (1.8% vs. 

2.6%), MI (4.5% vs 3.6%), ischemic stroke (0.4% vs 0.2%), and definite or probable stent 

thrombosis (0.8% vs. 0.6%) (Figure 4). Similar treatment effects of ticagrelor monotherapy on 

the key secondary endpoint (3.6% vs. 3.6%; ARD -0.0%, 95% CI -1.0% to 1.1%; HR 1.01, 95% 

CI 0.75 to 1.35, p=0.949; pinteraction=0.647) and other ischemic endpoints were observed among 

non-HBR patients.  

Exploratory analyses  

After stratification of patients by the number of ARC-HBR criteria, 3605 (58.4%) had 

none, 1509 (24.4%) had only 1 minor criterion, 725 (11.7%) had either 1 major or 2 minor 

criteria, and 339 (5.5%) had more. There was a progressive increase in the risk of BARC 2, 3, or 

5 as a function of the number of ARC-HBR criteria satisfied, with the 1-year event rate 

increasing from 4.6%, to 5.1%, 6.9%, and 13.3% across the four groups. Similarly, the rate of 

BARC 3 or 5 bleeding increased from 0.8%, to 1.6%, 2.1%, and 6.0%. A comparable pattern was 

observed for ischemic events (Supplementary Figure 5). The treatment effects of ticagrelor 

monotherapy on bleeding and ischemic endpoints were preserved across all HBR subgroups 

(Supplementary Figures 6 and 7).  
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DISCUSSION 

The principal findings from this prespecified analysis of the TWILIGHT trial are that: 1) 

HBR patients experienced higher rates of both bleeding and ischemic events, with a risk 

proportional to the number of ARC-HBR criteria fulfilled; 2) ticagrelor monotherapy lowered the 

risk of clinically relevant BARC 2, 3, or 5 bleeding without increasing ischemic events, 

including death, MI or stroke, irrespective of HBR status; 3) the reduction in major bleeding 

complications associated with ticagrelor monotherapy was more pronounced in HBR versus non-

HBR patients and resulted in a larger absolute risk reduction in the former group; 4) the 

treatment effects on ischemic and bleeding events were consistent across different ARC-HBR 

risk categories. Altogether, these findings highlight the role of 3-month DAPT followed by 

ticagrelor monotherapy as a safe and effective bleeding-avoidance strategy among HBR patients 

enriched with high ischemic risk features who undergo PCI with a drug-eluting stent. 

PCI indications have extended to increasingly complex patient populations over the last 

decade.22 As a result, a large number of patients undergoing PCI present with clinical and 

comorbid conditions that increase periprocedural and long-term bleeding risk. As bleeding 

complications after PCI are intrinsically related to the duration and intensity of antithrombotic 

therapy,23, 24 short-term and monotherapy antiplatelet regimens seem sensible among HBR 

patients.25, 26 However, this attitude is hampered by the fact that, on one hand, HBR patients have 

been typically excluded or underrepresented in clinical research on DAPT and, on the other, they 

show an increased risk of ischemic events derived from more complex anatomical substrates and 

comorbid conditions.10, 11 While newer stent platforms have been tested among HBR patients 

receiving an abbreviated DAPT regimen followed by aspirin monotherapy 27-29 most of these 
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studies did not provide comparative data on the benefits and risks associated with different 

DAPT durations and, therefore, the optimal approach to HBR patients remains largely unknown.  

Recently, a strategy of early aspirin discontinuation followed by P2Y12 inhibitor 

monotherapy has been suggested as an alternative to standard DAPT.30 The first large 

randomized study to test this novel paradigm in antiplatelet therapy was GLOBAL LEADERS. 

In this trial, 23-month ticagrelor monotherapy after 1-month DAPT was not shown superior to 

12-month DAPT in an all-comer population in whom 16.6% of patients were considered at HBR 

(as defined by a PRECISE-DAPT score ≥25).31, 32 Conversely, ticagrelor monotherapy after 3-

month DAPT, compared with ticagrelor plus aspirin, was shown to reduce bleeding without 

compromising antithrombotic efficacy in the TWILIGHT trial.12 The latter specifically enrolled 

patients at high risk for both bleeding and ischemic events.13 The study clinical and angiographic 

inclusion criteria, however, were relatively broad and only partially overlapped with current 

definitions of high bleeding and ischemic risk. Patients with an indication for chronic oral 

anticoagulation, which is generally the most prevalent inclusion criterion in HBR trials, prior 

stroke, planned surgery within 90 days, or other disorders at extreme risk for major bleeding 

were excluded. Dialysis, platelet count <100×109/L, and liver disease were also trial exclusion 

criteria, but some patients with these conditions were enrolled and thus were considered for the 

analysis. While the proportion of ARC-defined HBR patients in the present study (17.2%) was 

lower than what was reported in previous all-comer registries, it must be noted that only patients 

deemed eligible to a long-term DAPT with ticagrelor could be enrolled in the trial. Furthermore, 

the distribution of major and minor criteria, except for those excluded, was comparable with that 

of previous ARC-HBR validation studies, thereby supporting the external validity of our 

findings.10, 11 
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Current European guidelines on non-ST-segment ACS reserve a strategy of ticagrelor 

monotherapy after 3-month DAPT to low-risk patients, a recommendation justified by the lower-

than-expected rates of adverse events observed in TWILIGHT at 1 year. Against this 

background, our results suggest that the treatment effects of ticagrelor monotherapy reported in 

the main trial are preserved in higher risk cohorts who meet the ARC-HBR definition. Of note, 

the incidence of the primary BARC 2, 3, or 5 bleeding was nearly doubled in HBR vs. non-HBR 

patients, while BARC 3 or 5 bleeding was increased by more than 3 times. This gradient in risk 

was further magnified when taking into account the number of ARC-HBR criteria fulfilled. 

Owing to their risk profile, the relative and absolute reduction in bleeding risk realized with the 

experimental strategy was numerically larger in HBR than non-HBR patients. This benefit was 

achieved despite poorer adherence to study medications, possibly due to the higher rates of 

adverse events. Similar results have been reported in a subgroup analysis of the STOP DAPT-2 

trial looking at the effects of 1-month DAPT followed by clopidogrel monotherapy versus 12-

month DAPT among HBR patients.33 However, the study was limited by very low bleeding rates 

and included only Japanese patients, known to have an ischemic-bleeding risk profile different 

than non-East Asian populations.34 Following the publication of the ARC-HBR consensus, a 

BARC 3 o 5 bleeding rate cutoff of 4% at 1 year post-PCI has been proposed to identify actual 

HBR cohorts objectively.14 Despite the initial 3-month blanking period and the randomization of 

event-free patients in TWILIGHT may have mitigated the 1-year event rates, ticagrelor 

monotherapy reduced the incidence of BARC 3 or 5 bleeding in HBR patients from 5.0% to 

1.6%. Importantly, the bleeding-related benefit of early aspirin discontinuation seem to extend 

beyond the first year post-PCI, as suggested by a recent head-to-head comparison between 

clopidogrel and aspirin monotherapy for secondary cardiovascular prevention.35 
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Avoiding a tradeoff in antithrombotic efficacy is the most challenging aspect of any 

bleeding-reduction strategy involving short DAPT. Although shortened exposure to DAPT may 

be particularly beneficial in HBR patients, the majority of those are also at increased risk for 

thrombosis. This issue was markedly evident in our study where not only ischemic events, but 

also clinical conditions like diabetes, peripheral artery disease, and multivessel disease were 

more frequent among HBR patients. The lower use of an established bleeding-reduction strategy 

such as radial access in this group likely reflects the higher anatomical and procedural 

complexity. Notwithstanding, ticagrelor monotherapy, compared with ticagrelor plus aspirin, did 

not increase the key secondary endpoint of death, MI, or stroke, irrespective of HBR status, 

which may reassure on the safety of this approach among high risk cohorts. 

Despite being a prespecified analysis from a large randomized, placebo-controlled 

clinical trial, our study has important limitations inherent to all subgroup analyses. HBR status 

was determined according to the ARC-HBR definition, which has been validated previously.36 

Nonetheless, the dichotomous nature of the ARC-HBR definition limits its ability to accurately 

risk stratify all the spectrum of HBR patients. It is encouraging, however, that no signals of 

heterogeneity in the treatment effects were seen when the ARC-HBR score was applied. Not all 

twenty ARC-HBR criteria were available for the analysis, and while some of those were not 

collected in the study case report form, others were indeed exclusion criteria (e.g., use of long-

term anticoagulation). Our findings do not apply to other P2Y12 inhibitors and to patients who do 

not otherwise meet the study enrollment criteria and who were not event-free and adherent to 

treatment at 3 months after PCI. The present study was underpowered to detect rare yet clinically 

relevant differences in ischemic events, and the wide confidence intervals do not rule out a 

potential for harm of the experimental strategy among HBR patients. Hence, our findings must 
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be seen as hypothesis-generating and warrant prospective confirmation from dedicated studies 

using the ARC-HBR criteria. 

To conclude, among selected HBR patients who tolerated 3 months of DAPT with 

ticagrelor after PCI with a drug-eluting stent, withdrawing aspirin and continuing with ticagrelor 

alone significantly decreased clinically relevant as well as major bleeding events without 

compromising ischemic protection, as compared with ticagrelor plus aspirin. As a bleeding-

avoidance strategy, ticagrelor monotherapy was associated with a larger absolute reduction in 

bleeding events among HBR versus non-HBR patients. 

 

  



17 

 

Source of Funding: Investigator-initiated grant from AstraZeneca  



18 

 

REFERENCES 

 

1. Cao D, Chandiramani R, Chiarito M, Claessen BE, Mehran R. Evolution of 

antithrombotic therapy in patients undergoing percutaneous coronary intervention: a 40-year 

journey. European Heart Journal 2021;42(4):339-351. 

2. Leon MB, Baim DS, Popma JJ, Gordon PC, Cutlip DE, Ho KK, Giambartolomei A, 

Diver DJ, Lasorda DM, Williams DO, Pocock SJ, Kuntz RE. A clinical trial comparing three 

antithrombotic-drug regimens after coronary-artery stenting. Stent Anticoagulation Restenosis 

Study Investigators. N Engl J Med 1998;339(23):1665-71. 

3. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects of clopidogrel 

in addition to aspirin in patients with acute coronary syndromes without ST-segment elevation. N 

Engl J Med 2001;345(7):494-502. 

4. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, Horrow J, 

Husted S, James S, Katus H, Mahaffey KW, Scirica BM, Skene A, Steg PG, Storey RF, 

Harrington RA, Freij A, Thorsén M. Ticagrelor versus clopidogrel in patients with acute 

coronary syndromes. N Engl J Med 2009;361(11):1045-57. 

5. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, 

Neumann FJ, Ardissino D, De Servi S, Murphy SA, Riesmeyer J, Weerakkody G, Gibson CM, 

Antman EM. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J 

Med 2007;357(20):2001-15. 

6. Mehran R, Pocock SJ, Stone GW, Clayton TC, Dangas GD, Feit F, Manoukian SV, 

Nikolsky E, Lansky AJ, Kirtane A, White HD, Colombo A, Ware JH, Moses JW, Ohman EM. 

Associations of major bleeding and myocardial infarction with the incidence and timing of 

mortality in patients presenting with non-ST-elevation acute coronary syndromes: a risk model 

from the ACUITY trial. Eur Heart J 2009;30(12):1457-66. 

7. Valgimigli M, Costa F, Lokhnygina Y, Clare RM, Wallentin L, Moliterno DJ, Armstrong 

PW, White HD, Held C, Aylward PE, Van de Werf F, Harrington RA, Mahaffey KW, Tricoci P. 

Trade-off of myocardial infarction vs. bleeding types on mortality after acute coronary 

syndrome: lessons from the Thrombin Receptor Antagonist for Clinical Event Reduction in 

Acute Coronary Syndrome (TRACER) randomized trial. Eur Heart J 2017;38(11):804-810. 

8. Kataruka A, Maynard CC, Kearney KE, Mahmoud A, Bell S, Doll JA, McCabe JM, 

Bryson C, Gurm HS, Jneid H, Virani SS, Lehr E, Ring ME, Hira RS. Temporal Trends in 

Percutaneous Coronary Intervention and Coronary Artery Bypass Grafting: Insights From the 

Washington Cardiac Care Outcomes Assessment Program. J Am Heart Assoc 

2020;9(11):e015317. 

9. Alkhouli M, Alqahtani F, Kalra A, Gafoor S, Alhajji M, Alreshidan M, Holmes DR, 

Lerman A. Trends in Characteristics and Outcomes of Patients Undergoing Coronary 

Revascularization in the United States, 2003-2016. JAMA Netw Open 2020;3(2):e1921326. 



19 

 

10. Cao D, Mehran R, Dangas G, Baber U, Sartori S, Chandiramani R, Stefanini GG, 

Angiolillo DJ, Capodanno D, Urban P, Morice MC, Krucoff M, Goel R, Roumeliotis A, Sweeny 

J, Sharma SK, Kini A. Validation of the Academic Research Consortium High Bleeding Risk 

Definition in Contemporary PCI Patients. J Am Coll Cardiol 2020;75(21):2711-2722. 

11. Ueki Y, Bär S, Losdat S, Otsuka T, Zanchin C, Zanchin T, Gragnano F, Gargiulo G, 

Siontis GCM, Praz F, Lanz J, Hunziker L, Stortecky S, Pilgrim T, Heg D, Valgimigli M, 

Windecker S, Räber L. Validation of the Academic Research Consortium for High Bleeding 

Risk (ARC-HBR) criteria in patients undergoing percutaneous coronary intervention and 

comparison with contemporary bleeding risk scores. EuroIntervention 2020;16(5):371-379. 

12. Mehran R, Baber U, Sharma SK, Cohen DJ, Angiolillo DJ, Briguori C, Cha JY, Collier 

T, Dangas G, Dudek D, Džavík V, Escaned J, Gil R, Gurbel P, Hamm CW, Henry T, Huber K, 

Kastrati A, Kaul U, Kornowski R, Krucoff M, Kunadian V, Marx SO, Mehta SR, Moliterno D, 

Ohman EM, Oldroyd K, Sardella G, Sartori S, Shlofmitz R, Steg PG, Weisz G, Witzenbichler B, 

Han YL, Pocock S, Gibson CM. Ticagrelor with or without Aspirin in High-Risk Patients after 

PCI. N Engl J Med 2019;381(21):2032-2042. 

13. Baber U, Dangas G, Cohen DJ, Gibson CM, Mehta SR, Angiolillo DJ, Pocock SJ, 

Krucoff MW, Kastrati A, Ohman EM, Steg PG, Badimon J, Zafar MU, Chandrasekhar J, Sartori 

S, Aquino M, Mehran R. Ticagrelor with aspirin or alone in high-risk patients after coronary 

intervention: Rationale and design of the TWILIGHT study. Am Heart J 2016;182:125-134. 

14. Urban P, Mehran R, Colleran R, Angiolillo DJ, Byrne RA, Capodanno D, Cuisset T, 

Cutlip D, Eerdmans P, Eikelboom J, Farb A, Gibson CM, Gregson J, Haude M, James SK, Kim 

HS, Kimura T, Konishi A, Laschinger J, Leon MB, Magee PFA, Mitsutake Y, Mylotte D, 

Pocock S, Price MJ, Rao SV, Spitzer E, Stockbridge N, Valgimigli M, Varenne O, Windhoevel 

U, Yeh RW, Krucoff MW, Morice MC. Defining high bleeding risk in patients undergoing 

percutaneous coronary intervention: a consensus document from the Academic Research 

Consortium for High Bleeding Risk. Eur Heart J 2019;40(31):2632-2653. 

15. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, Kaul S, Wiviott SD, 

Menon V, Nikolsky E, Serebruany V, Valgimigli M, Vranckx P, Taggart D, Sabik JF, Cutlip DE, 

Krucoff MW, Ohman EM, Steg PG, White H. Standardized bleeding definitions for 

cardiovascular clinical trials: a consensus report from the Bleeding Academic Research 

Consortium. Circulation 2011;123(23):2736-47. 

16. Bovill EG, Terrin ML, Stump DC, Berke AD, Frederick M, Collen D, Feit F, Gore JM, 

Hillis LD, Lambrew CT, Leiboff R, Mann KG, Markis JE, Pratt CM, Sharkey SW, Sopko G, 

Tracy RP, Chesebro JH. Hemorrhagic events during therapy with recombinant tissue-type 

plasminogen activator, heparin, and aspirin for acute myocardial infarction. Results of the 

Thrombolysis in Myocardial Infarction (TIMI), Phase II Trial. Ann Intern Med 1991;115(4):256-

65. 

17. GUSTO Investigators. An international randomized trial comparing four thrombolytic 

strategies for acute myocardial infarction. N Engl J Med 1993;329(10):673-82. 



20 

 

18. Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Definition of clinically relevant non-

major bleeding in studies of anticoagulants in atrial fibrillation and venous thromboembolic 

disease in non-surgical patients: communication from the SSC of the ISTH. J Thromb Haemost 

2015;13(11):2119-26. 

19. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Thygesen K, 

Alpert JS, White HD, Jaffe AS, Katus HA, Apple FS, Lindahl B, Morrow DA, Chaitman BR, 

Clemmensen PM, Johanson P, Hod H, Underwood R, Bax JJ, Bonow JJ, Pinto F, Gibbons RJ, 

Fox KA, Atar D, Newby LK, Galvani M, Hamm CW, Uretsky BF, Steg PG, Wijns W, Bassand 

JP, Menasche P, Ravkilde J, Ohman EM, Antman EM, Wallentin LC, Armstrong PW, Simoons 

ML, Januzzi JL, Nieminen MS, Gheorghiade M, Filippatos G, Luepker RV, Fortmann SP, 

Rosamond WD, Levy D, Wood D, Smith SC, Hu D, Lopez-Sendon JL, Robertson RM, Weaver 

D, Tendera M, Bove AA, Parkhomenko AN, Vasilieva EJ, Mendis S, Bax JJ, Baumgartner H, 

Ceconi C, Dean V, Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, 

Knuuti J, Kolh P, McDonagh T, Moulin C, Popescu BA, Reiner Z, Sechtem U, Sirnes PA, 

Tendera M, Torbicki A, Vahanian A, Windecker S, Morais J, Aguiar C, Almahmeed W, Arnar 

DO, Barili F, Bloch KD, Bolger AF, Botker HE, Bozkurt B, Bugiardini R, Cannon C, de Lemos 

J, Eberli FR, Escobar E, Hlatky M, James S, Kern KB, Moliterno DJ, Mueller C, Neskovic AN, 

Pieske BM, Schulman SP, Storey RF, Taubert KA, Vranckx P, Wagner DR. Third universal 

definition of myocardial infarction. J Am Coll Cardiol 2012;60(16):1581-98. 

20. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es GA, Steg PG, Morel 

MA, Mauri L, Vranckx P, McFadden E, Lansky A, Hamon M, Krucoff MW, Serruys PW. 

Clinical end points in coronary stent trials: a case for standardized definitions. Circulation 

2007;115(17):2344-51. 

21. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, Kusek JW, 

Eggers P, Van Lente F, Greene T, Coresh J. A new equation to estimate glomerular filtration 

rate. Ann Intern Med 2009;150(9):604-12. 

22. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, Byrne 

RA, Collet JP, Falk V, Head SJ, Juni P, Kastrati A, Koller A, Kristensen SD, Niebauer J, Richter 

DJ, Seferovic PM, Sibbing D, Stefanini GG, Windecker S, Yadav R, Zembala MO. 2018 

ESC/EACTS Guidelines on myocardial revascularization. Eur Heart J 2019;40(2):87-165. 

23. Palmerini T, Della Riva D, Benedetto U, Bacchi Reggiani L, Feres F, Abizaid A, Gilard 

M, Morice MC, Valgimigli M, Hong MK, Kim BK, Jang Y, Kim HS, Park KW, Colombo A, 

Chieffo A, Sangiorgi D, Biondi-Zoccai G, Généreux P, Angelini GD, Pufulete M, White J, Bhatt 

DL, Stone GW. Three, six, or twelve months of dual antiplatelet therapy after DES implantation 

in patients with or without acute coronary syndromes: an individual patient data pairwise and 

network meta-analysis of six randomized trials and 11 473 patients. Eur Heart J 

2017;38(14):1034-1043. 

24. Navarese EP, Khan SU, Kołodziejczak M, Kubica J, Buccheri S, Cannon CP, Gurbel PA, 

De Servi S, Budaj A, Bartorelli A, Trabattoni D, Ohman EM, Wallentin L, Roe MT, James S. 

Comparative Efficacy and Safety of Oral P2Y(12) Inhibitors in Acute Coronary Syndrome: 



21 

 

Network Meta-Analysis of 52 816 Patients From 12 Randomized Trials. Circulation 

2020;142(2):150-160. 

25. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, Granger CB, Lange 

RA, Mack MJ, Mauri L, Mehran R, Mukherjee D, Newby LK, O'Gara PT, Sabatine MS, Smith 

PK, Smith SC, Jr. 2016 ACC/AHA Guideline Focused Update on Duration of Dual Antiplatelet 

Therapy in Patients With Coronary Artery Disease: A Report of the American College of 

Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll 

Cardiol 2016;68(10):1082-115. 

26. Valgimigli M, Bueno H, Byrne RA, Collet JP, Costa F, Jeppsson A, Juni P, Kastrati A, 

Kolh P, Mauri L, Montalescot G, Neumann FJ, Petricevic M, Roffi M, Steg PG, Windecker S, 

Zamorano JL, Levine GN. 2017 ESC focused update on dual antiplatelet therapy in coronary 

artery disease developed in collaboration with EACTS: The Task Force for dual antiplatelet 

therapy in coronary artery disease of the European Society of Cardiology (ESC) and of the 

European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J 2018;39(3):213-260. 

27. Urban P, Meredith IT, Abizaid A, Pocock SJ, Carrie D, Naber C, Lipiecki J, Richardt G, 

Iniguez A, Brunel P, Valdes-Chavarri M, Garot P, Talwar S, Berland J, Abdellaoui M, Eberli F, 

Oldroyd K, Zambahari R, Gregson J, Greene S, Stoll HP, Morice MC. Polymer-free Drug-

Coated Coronary Stents in Patients at High Bleeding Risk. N Engl J Med 2015;373(21):2038-47. 

28. Varenne O, Cook S, Sideris G, Kedev S, Cuisset T, Carrie D, Hovasse T, Garot P, El 

Mahmoud R, Spaulding C, Helft G, Diaz Fernandez JF, Brugaletta S, Pinar-Bermudez E, Mauri 

Ferre J, Commeau P, Teiger E, Bogaerts K, Sabate M, Morice MC, Sinnaeve PR. Drug-eluting 

stents in elderly patients with coronary artery disease (SENIOR): a randomised single-blind trial. 

Lancet 2018;391(10115):41-50. 

29. Windecker S, Latib A, Kedhi E, Kirtane AJ, Kandzari DE, Mehran R, Price MJ, Abizaid 

A, Simon DI, Worthley SG, Zaman A, Hudec M, Poliacikova P, Abdul Ghapar AKB, Selvaraj 

K, Petrov I, Mylotte D, Pinar E, Moreno R, Fabbiocchi F, Pasupati S, Kim HS, Aminian A, Tie 

C, Wlodarczak A, Hur SH, Marx SO, Jankovic I, Brar S, Bousquette L, Liu M, Stone GW. 

Polymer-based or Polymer-free Stents in Patients at High Bleeding Risk. N Engl J Med 

2020;382(13):1208-1218. 

30. Capodanno D, Mehran R, Valgimigli M, Baber U, Windecker S, Vranckx P, Dangas G, 

Rollini F, Kimura T, Collet JP, Gibson CM, Steg PG, Lopes RD, Gwon HC, Storey RF, Franchi 

F, Bhatt DL, Serruys PW, Angiolillo DJ. Aspirin-free strategies in cardiovascular disease and 

cardioembolic stroke prevention. Nat Rev Cardiol 2018;15(8):480-496. 

31. Vranckx P, Valgimigli M, Jüni P, Hamm C, Steg PG, Heg D, van Es GA, McFadden EP, 

Onuma Y, van Meijeren C, Chichareon P, Benit E, Möllmann H, Janssens L, Ferrario M, 

Moschovitis A, Zurakowski A, Dominici M, Van Geuns RJ, Huber K, Slagboom T, Serruys PW, 

Windecker S. Ticagrelor plus aspirin for 1 month, followed by ticagrelor monotherapy for 23 

months vs aspirin plus clopidogrel or ticagrelor for 12 months, followed by aspirin monotherapy 

for 12 months after implantation of a drug-eluting stent: a multicentre, open-label, randomised 

superiority trial. Lancet 2018;392(10151):940-949. 



22 

 

32. Gragnano F, Heg D, Franzone A, McFadden EP, Leonardi S, Piccolo R, Vranckx P, 

Branca M, Serruys PW, Benit E, Liebetrau C, Janssens L, Ferrario M, Zurakowski A, Diletti R, 

Dominici M, Huber K, Slagboom T, Buszman P, Bolognese L, Tumscitz C, Bryniarski K, 

Aminian A, Vrolix M, Petrov I, Garg S, Naber C, Prokopczuk J, Hamm C, Steg PG, Jüni P, 

Windecker S, Valgimigli M. PRECISE-DAPT score for bleeding risk prediction in patients on 

dual or single antiplatelet regimens: insights from the GLOBAL LEADERS and GLASSY. Eur 

Heart J Cardiovasc Pharmacother 2020. 

33. Watanabe H, Domei T, Morimoto T, Natsuaki M, Shiomi H, Toyota T, Ohya M, Suwa S, 

Takagi K, Nanasato M, Hata Y, Yagi M, Suematsu N, Yokomatsu T, Takamisawa I, Doi M, 

Noda T, Okayama H, Seino Y, Tada T, Sakamoto H, Hibi K, Abe M, Kawai K, Nakao K, Ando 

K, Tanabe K, Ikari Y, Hanaoka KI, Morino Y, Kozuma K, Kadota K, Furukawa Y, Nakagawa Y, 

Kimura T. Very Short Dual Antiplatelet Therapy After Drug-Eluting Stent Implantation in 

Patients With High Bleeding Risk: Insight From the STOPDAPT-2 Trial. Circulation 

2019;140(23):1957-1959. 

34. Kim HK, Tantry US, Smith SC, Jr., Jeong MH, Park SJ, Kim MH, Lim DS, Shin ES, 

Park DW, Huo Y, Chen SL, Bo Z, Goto S, Kimura T, Yasuda S, Chen WJ, Chan M, Aradi D, 

Geisler T, Gorog DA, Sibbing D, Lip GYH, Angiolillo DJ, Gurbel PA, Jeong YH. The East 

Asian Paradox: An Updated Position Statement on the Challenges to the Current Antithrombotic 

Strategy in Patients with Cardiovascular Disease. Thromb Haemost 2021;121(4):422-432. 

35. Koo BK, Kang J, Park KW, Rhee TM, Yang HM, Won KB, Rha SW, Bae JW, Lee NH, 

Hur SH, Yoon J, Park TH, Kim BS, Lim SW, Cho YH, Jeon DW, Kim SH, Han JK, Shin ES, 

Kim HS. Aspirin versus clopidogrel for chronic maintenance monotherapy after percutaneous 

coronary intervention (HOST-EXAM): an investigator-initiated, prospective, randomised, open-

label, multicentre trial. Lancet 2021. 

36. Corpataux N, Spirito A, Gragnano F, Vaisnora L, Galea R, Svab S, Gargiulo G, Zanchin 

T, Zanchin C, Siontis GCM, Praz F, Lanz J, Hunziker L, Stortecky S, Pilgrim T, Räber L, 

Capodanno D, Urban P, Pocock S, Heg D, Windecker S, Valgimigli M. Validation of high 

bleeding risk criteria and definition as proposed by the academic research consortium for high 

bleeding risk. Eur Heart J 2020;41(38):3743-3749. 

  



23 

 

FIGURE LEGENDS 

Figure 1. Rates of (a) BARC 2, 3, or 5 bleeding and (b) BARC 3 or 5 at 1 year. Kaplan-Meier 

curves for ticagrelor plus placebo versus ticagrelor plus aspirin in patients with and without high 

bleeding risk (HBR) in the intention to treat cohort. BARC: Bleeding Academic Research 

Consortium, HR: hazard ratio, CI: confidence interval, A: aspirin, P: placebo, T: ticagrelor. 

Figure 2. Risk of bleeding events at 1 year. Forest plots showing the effect of ticagrelor plus 

placebo versus ticagrelor plus aspirin on the bleeding endpoints according to high bleeding risk 

(HBR) status. Bleeding outcomes were analyzed in the intention-to-treat cohort. HR: hazard ratio, 

CI: confidence interval, BARC: Bleeding Academic Research Consortium, TIMI: Thrombolysis 

in Myocardial Infarction, GUSTO: Global Utilization of Streptokinase and TPA for Occluded 

Arteries, ISTH: International Society on Thrombosis and Hemostasis. 

Figure 3. Rates of (a) death, MI, or stroke and (b) cardiovascular death, MI, or ischemic 

stroke at 1 year. Kaplan-Meier curves for ticagrelor plus placebo versus ticagrelor plus aspirin in 

patients with and without high bleeding risk (HBR) in the per-protocol cohort. HR: hazard ratio, 

CI: confidence interval, A: aspirin, P: placebo, T: ticagrelor. 

Figure 4. Risk of ischemic events at 1 year. Forest plots showing the effect of ticagrelor plus 

placebo versus ticagrelor plus aspirin on the ischemic endpoints according to high bleeding risk 

(HBR) status. Ischemic outcomes were analyzed in the per-protocol cohort. HR: hazard ratio, CI: 

confidence interval, CV: cardiovascular, MI: myocardial infarction, ST: stent thrombosis. 
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TABLES 

Table 1. Baseline clinical characteristics. 

Clinical characteristics 

HBR 

N=1064 

(17.2%) 

Non-HBR 

N=5114 

(82.8%) 

p-value 

Age, years 71.9±10.3 62.3±9.3 <0.001 

Female sex 354 (33.3%) 1101 (21.5%) <0.001 

Nonwhite race 293 (27.5%) 1212 (23.7%) 0.008 

BMI, kg/m2 28.6±6.0 28.9±5.6 0.103 

Enrolling region   <0.001 

North America 545 (51.2%) 2307 (45.1%)  

Europe 333 (31.3%) 2016 (39.4%)  

Asia 186 (17.5%) 791 (15.5%)  

Diabetes 503 (47.3%) 1777 (34.7%) <0.001 

Diabetes treated with insulin 183 (36.4%) 433 (24.4%) <0.001 

Chronic kidney disease 644 (61.0%) 402 (7.9%) <0.001 

Anemia 708 (67.5%) 472 (9.2%) <0.001 

Current smoker 110 (10.4%) 1219 (23.8%) <0.001 

Hypercholesterolemia 713 (67.0%) 3328 (65.1%) 0.227 

Hypertension 865 (81.3%) 3686 (72.1%) <0.001 

Peripheral arterial disease 132 (12.4%) 323 (6.3%) <0.001 

Previous MI 306 (28.8%) 1530 (29.9%) 0.452 

Previous PCI 483 (45.4%) 2222 (43.4%) 0.245 

Previous CABG 169 (15.9%) 500 (9.8%) <0.001 

Previous major bleed 54 (5.1%) 0 (0.0%) <0.001 

Indication for PCI   0.308 

Stable CAD 403 (37.9%) 1852 (36.2%)  

ACS 661 (62.1%) 3261 (63.8%)  
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Clinical characteristics 

HBR 

N=1064 

(17.2%) 

Non-HBR 

N=5114 

(82.8%) 

p-value 

HBR major criteria    

eGFR <30 mL/min/1.73m2 or 

dialysis 
73 (6.9%) 0 (0.0%) <0.001 

Hemoglobin <11 g/dL 254 (24.2%) 0 (0.0%) <0.001 

Previous major bleeding 54 (5.1%) 0 (0.0%) <0.001 

Liver disease 23 (2.2%) 0 (0.0%) <0.001 

Platelet <100×109/L 3 (0.3%) 0 (0.0%) 0.005 

HBR minor criteria    

Age ≥75 years 526 (49.4%) 330 (6.5%) <0.001 

30≤ eGFR <60 

mL/min/1.73m2 
585 (55.4%) 402 (7.9%) <0.001 

Hemoglobin (g/dL) ≥11 and 

<13 for men and ≥11 and <12 

for women 

454 (43.3%) 472 (9.2%) <0.001 

Use of NSAIDs 212 (20.3%) 305 (6.0%) <0.001 

HBR: high bleeding risk, BMI: body mass index, MI: myocardial infarction, PCI: percutaneous coronary 

intervention, CABG: coronary artery bypass graft, CAD: coronary artery disease, ACS: acute coronary syndrome, 

eGFR: estimated glomerular filtration rate, NSAIDS: nonsteroidal anti-inflammatory drugs.
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Table 2. Baseline procedural characteristics. 

Procedural characteristics 

HBR 

N=1064 

(17.2%) 

Non-HBR 

N=5114 

(82.8%) 

p-value 

Radial artery access 658 (61.8%) 3741 (73.2%) <0.001 

Multivessel CAD 721 (67.8%) 3127 (61.1%) <0.001 

Target vessel    

Left Main 67 (6.3%) 203 (4.0%) <0.001 

LAD 591 (55.5%) 2847 (55.7%) 0.940 

LCX 354 (33.3%) 1641 (32.1%) 0.453 

RCA 365 (34.3%) 1792 (35.0%) 0.647 

Number of vessels treated 1.3±0.5 1.3±0.5 0.126 

Number of lesions treated 1.5±0.8 1.5±0.7 0.157 

Lesion morphology    

Moderate/severe 

calcification 

221 (20.8%) 659 (12.9%) <0.001 

Bifurcation 132 (12.4%) 605 (11.8%) 0.598 

Total occlusion 56 (5.3%) 286 (5.6%) 0.669 

Thrombotic 93 (8.7%) 598 (11.7%) 0.005 

Total stent length, mm 39.6±24.9 38.6±23.1 0.204 

Minimum stent diameter, mm 2.8±0.5 2.8±0.5 0.220 

HBR: high bleeding risk, CAD: coronary artery disease, LAD: left anterior descending, LCX: left circumflex, RCA: 

right coronary artery
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Figure 1. Rates of (a) BARC 2, 3, or 5 and (b) BARC 3 or 5 bleeding at 1 year.  

 

a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b)  
 

 

 

 

 

 

 

 

 

 



28 

 

Figure 2. Risk of bleeding events at 1 year. 
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Figure 3. Rates of (a) death, MI, or stroke and (b) cardiovascular death, MI, or ischemic stroke at 

1 year. 
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Figure 4. Risk of ischemic events at 1 year. 
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Supplementary Table 1. Study definitions for major and minor ARC-HBR criteria compared with 

the original definitions from the ARC-HBR document. 

ARC-HBR criteria Study definition ARC-HBR document definition1 

Major criteria   

Severe/end-stage CKD eGFR <30 mL/min No difference 

Moderate/severe 

anemia 
Hemoglobin <11 g/dL No difference 

Thrombocytopenia Platelet count <100x109/L No difference 

Liver disease 
Any liver disease 

Liver cirrhosis with portal 

hypertension 

Prior major bleeding Prior major bleeding requiring  

transfusion or hospitalization 

Spontaneous bleeding in the past 6 

months or at any time, if recurrent 

 
N/A 

Non-deferrable major surgery on 

dual antiplatelet therapy 

 N/A Chronic bleeding diathesis 

 

N/A 

Previous spontaneous ICH; 

traumatic ICH within the past 12 

months; presence of bAVM; 

ischemic stroke within the past 6 

months 

 
N/A 

Recent major surgery or major 

trauma within 30 days before PCI 

 
N/A 

Anticipated use of long-term oral 

anticoagulation 

 
N/A 

Active malignancy within the past 

12 months 

Minor criteria   

Age 75+ Age ≥75 years No difference 

Moderate CKD eGFR 30–59 mL/min No difference 

Mild anemia Hemoglobin 11–12.9 g/dL for men 

and 11–11.9 g/dL for women 
No difference 

Long-term use of oral 

NSAIDs  
Long-term use of oral NSAIDs 

Long-term use of oral NSAIDs or 

steroids 

 

N/A 

Spontaneous bleeding within the 

past 12 months not meeting the 

major criterion 

 
N/A 

Any ischemic stroke at any time 

not meeting the major criterion 

ARC-HBR = Academic Research Consortium for High Bleeding Risk; CKD = chronic kidney disease; eGFR = estimated 

glomerular filtration rate; N/A = not available; NSAIDs = nonsteroidal anti-inflammatory drugs.1Definitions adapted from Urban 

P. et al., Circulation 2019;140:240-261. 
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Supplementary Table 2. Baseline clinical characteristics in HBR and non-HBR patients 

according to treatment arm. 

  HBR (N=1064)   No HBR (N=5114) 

Clinical 

characteristics 

Tica+Placebo 

N=521 

(49.0%) 

Tica+Aspirin 

N=543 

(51.0%) 

p-value 

 

Tica+Placebo 

N=2558 

(50.0%) 

Tica+Aspirin 

N=2556 

(50.0%) 

p-value 

Age, years 71.7±10.7 72.0±10.0 0.602  62.4±9.2 62.2±9.4 0.553 

Female sex 167 (32.1%) 187 (34.4%) 0.409  560 (21.9%) 541 (21.2%) 0.528 

Nonwhite race 150 (28.8%) 143 (26.3%) 0.370  619 (24.2%) 593 (23.2%) 0.401 

BMI, kg/m2 28.5±5.9 28.8±6.0 0.376  29.0±5.6 28.9±5.6 0.830 

Enrolling region   0.857    0.735 

North America 267 (51.2%) 278 (51.2%)   1154 (45.1%) 1153 (45.1%)  

Europe 166 (31.9%) 167 (30.8%)   999 (39.1%) 1017 (39.8%)  

Asia 88 (16.9%) 98 (18.0%)   405 (15.8%) 386 (15.1%)  

Diabetes 239 (45.9%) 264 (48.6%) 0.370  900 (35.2%) 877 (34.3%) 0.512 

Diabetes treated with 

insulin 
74 (31.0%) 109 (41.3%) 0.016  214 (23.8%) 219 (25.0%) 0.558 

Chronic kidney disease 304 (59.1%) 340 (62.7%) 0.232  216 (8.4%) 186 (7.3%) 0.121 

Anemia 347 (67.8%) 361 (67.2%) 0.850  247 (9.7%) 225 (8.8%) 0.292 

Current smoker 52 (10.0%) 58 (10.7%) 0.708  567 (22.2%) 652 (25.5%) 0.005 

Hypercholesterolemia 342 (65.6%) 371 (68.3%) 0.352  1677 (65.6%) 1651 (64.6%) 0.469 

Hypertension 424 (81.4%) 441 (81.2%) 0.944  1839 (71.9%) 1847 (72.3%) 0.751 

Peripheral arterial 

disease 
66 (12.7%) 66 (12.2%) 0.800  162 (6.3%) 161 (6.3%) 0.960 

Previous MI 146 (28.0%) 160 (29.5%) 0.603  770 (30.1%) 760 (29.7%) 0.774 

Previous PCI 232 (44.5%) 251 (46.2%) 0.579  1121 (43.8%) 1101 (43.1%) 0.589 

Previous CABG 81 (15.5%) 88 (16.2%) 0.769  259 (10.1%) 241 (9.4%) 0.399 

Previous major bleed 27 (5.2%) 27 (5.0%) 0.876     

Indication for PCI   0.833    0.119 

Stable CAD 199 (38.2%) 204 (37.6%)   953 (37.3%) 899 (35.2%)  

ACS 322 (61.8%) 339 (62.4%)   1604 (62.7%) 1657 (64.8%)  
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  HBR (N=1064)   No HBR (N=5114) 

Clinical 

characteristics 

Tica+Placebo 

N=521 

(49.0%) 

Tica+Aspirin 

N=543 

(51.0%) 

p-value 

 

Tica+Placebo 

N=2558 

(50.0%) 

Tica+Aspirin 

N=2556 

(50.0%) 

p-value 

HBR major criteria        

eGFR <30 

mL/min/1.73m2 or 

dialysis 

39 (7.6%) 34 (6.3%) 0.405  0 (0.0%) 0 (0.0%) N/A 

Hemoglobin < 11 

g/dL 
120 (23.4%) 134 (25.0%) 0.567  0 (0.0%) 0 (0.0%) N/A 

Previous major 

bleeding 
27 (5.2%) 27 (5.0%) 0.876  0 (0.0%) 0 (0.0%) N/A 

Liver disease 15 (2.9%) 8 (1.5%) 0.115  0 (0.0%) 0 (0.0%) N/A 

Platelet <100x109/L 0 (0.0%) 3 (0.6%) 0.250  0 (0.0%) 0 (0.0%) N/A 

HBR minor criteria        

Age ≥75 years 265 (50.9%) 261 (48.1%) 0.362  173 (6.8%) 157 (6.1%) 0.366 

30≤ eGFR <60 

mL/min/1.73m2 
273 (53.1%) 312 (57.6%) 0.146  216 (8.4%) 186 (7.3%) 0.121 

Hemoglobin (g/dL) 

≥11 and <13 for men 

and ≥11 and <12 for 

women 

227 (44.3%) 227 (42.3%) 0.500  247 (9.7%) 225 (8.8%) 0.292 

Use of NSAIDs 87 (17.0%) 125 (23.4%) 0.010  151 (6.0%) 154 (6.1%) 0.885 

HBR: high bleeding risk, BMI: body mass index, MI: myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary artery 

bypass graft, CAD: coronary artery disease, ACS: Acute coronary syndrome, eGFR: estimated glomerular filtration rate, N/A: not available, 

NSAIDs: non-steroidal anti-inflammatory drugs. 
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Supplementary Table 3. Baseline procedural characteristics in HBR and non-HBR patients 

according to treatment arm. 

  HBR (N=1064)   No HBR (N=5114) 

Procedural 

characteristics 

Tica+Placebo 

N=521 

(49.0%) 

Tica+Aspirin 

N=543 

(51.0%) 

p-value 

 

Tica+Placebo 

N=2558 

(50.0%) 

Tica+Aspirin 

N=2556 

(50.0%) 

p-value 

Radial artery access 329 (63.1%) 329 (60.6%) 0.390  1874 (73.3%) 1867 (73.0%) 0.861 

Multivessel CAD 356 (68.3%) 365 (67.2%) 0.698  1603 (62.7%) 1524 (59.6%) 0.026 

Target vessel        

Left Main 29 (5.6%) 38 (7.0%) 0.336  95 (3.7%) 108 (4.2%) 0.349 

LAD 303 (58.2%) 288 (53.0%) 0.093  1401 (54.8%) 1446 (56.6%) 0.194 

LCX 174 (33.4%) 180 (33.1%) 0.932  823 (32.2%) 818 (32.0%) 0.896 

RCA 171 (32.8%) 194 (35.7%) 0.318  907 (35.5%) 885 (34.6%) 0.532 

Number of vessels 

treated 
1.3±0.5 1.3±0.5 0.749  1.3±0.5 1.3±0.5 0.349 

Number of lesions 

treated 
1.6±0.8 1.5±0.7 0.084  1.5±0.7 1.5±0.7 0.629 

Lesion morphology        

Moderate/severe 

calcification 
105 (20.2%) 116 (21.4%) 0.627  339 (13.3%) 320 (12.5%) 0.434 

Bifurcation 74 (14.2%) 58 (10.7%) 0.081  296 (11.6%) 309 (12.1%) 0.567 

Total occlusion 28 (5.4%) 28 (5.2%) 0.874  147 (5.7%) 139 (5.4%) 0.631 

Thrombotic 44 (8.4%) 49 (9.0%) 0.738  297 (11.6%) 301 (11.8%) 0.854 

Total stent length, mm 41.3±26.6 38.1±23.1 0.038  38.4±22.6 38.8±23.7 0.607 

Minimum stent 

diameter, mm 
2.8±0.5 2.8±0.5 0.950  2.8±0.5 2.9±0.5 0.573 

HBR: high bleeding risk, CAD: coronary artery disease, LAD: left anterior descending, LCX: left circumflex, RCA: right coronary artery, PCI: 

percutaneous coronary intervention 
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Supplementary Table 4. Absolute risk difference in bleeding events at 1 year by HBR status. 

 HBR (N=1064)  Non-HBR (N=5114) 

Bleeding 

outcomes 

Tica+ 

placebo 

(N=521) 

Tica+ 

Aspirin 

(N=543) 

ARD 

(95% CI) 
p-value 

 

Tica+ 

placebo 

(N=2558) 

Tica+ 

Aspirin 

(N=2556) 

ARD 

(95% CI) 
p-value 

 no. of events (%)    no. of events (%)   

BARC 2, 3 or 5 32  

(6.3%) 

61 

(11.4%) 

-5.1%  

(-8.5%, -1.7%) 

0.003  89  

(3.5%) 

148 

(5.9%) 

-2.3%  

(-3.5%, -1.2%) 

<0.001 

BARC 3 or 5 8  

(1.6%) 

27  

(5.0%) 

-3.5%  

(-5.6%, -1.3%) 

0.001  20  

(0.8%) 

32  

(1.3%) 

-0.5%  

(-1.0%, 0.1%) 

0.093 

TIMI major 2  

(0.4%) 

12  

(2.2%) 

-1.8%  

(-3.2%, -0.5%) 

0.008  13  

(0.5%) 

17  

(0.7%) 

-0.2%  

(-0.6%, 0.3%) 

0.458 

GUSTO moderate 

or severe 

8  

(1.6%) 

24  

(4.5%) 

-2.9%  

(-5.0%, -0.9%) 

0.005  14  

(0.6%) 

17  

(0.7%) 

-0.1%  

(-0.6%, 0.3%) 

0.586 

ISTH major 9  

(1.8%) 

27  

(5.0%) 

-3.3%  

(-5.5%, -1.1%) 

0.003  22  

(0.9%) 

35  

(1.4%) 

-0.5%  

(-1.1%, 0.1%) 

0.083 

BARC: Bleeding Academic Research Consortium, TIMI: Thrombolysis in Myocardial Infarction, GUSTO: Global Utilization of Streptokinase and TPA for 

Occluded Arteries, ISTH: International Society on Thrombosis and Hemostasis. 
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Supplementary Table 5. Absolute risk difference in ischemic events at 1 year by HBR status. 

 HBR (N=1051)  Non-HBR (N=5066) 

Ischemic outcomes 

Tica+ 

placebo 

(N=516) 

Tica+ 

Aspirin 

(N=535) 

ARD 

(95% CI) 
p-value 

 

Tica+ 

placebo 

(N=2537) 

Tica+ 

Aspirin 

(N=2529) 

ARD 

(95% CI) 
p-value 

 no. of events (%)    no. of events (%)   

Death, MI or stroke 33  

(6.5%) 

30  

(5.6%) 

0.9%  

(-2.1%, 3.8%) 

0.566  91  

(3.6%) 

90  

(3.6%) 

0.0%  

(-1.0%, 1.1%) 

0.965 

Cardiovascular death, 

MI or ischemic stroke 

30  

(5.9%) 

29  

(5.5%) 

0.5%  

(-2.4%, 3.3%) 
0.749  

85  

(3.4%) 

85  

(3.4%) 

-0.0%  

(-1.0%, 1.0%) 
0.981 

All-cause death 12  

(2.3%) 

16  

(3.0%) 

-0.7%  

(-2.6%, 1.3%) 

0.505  21 

(0.8%) 

26  

(1.0%) 

-0.2%  

(-0.7%, 0.3%) 

0.454 

Cardiovascular death 9  

(1.8%) 

14  

(2.6%) 

-0.9%  

(-2.6%, 0.9%) 

0.345  16  

(0.6%) 

21  

(0.8%) 

-0.2%  

(-0.7%, 0.3%) 

0.402 

MI 23 

(4.5%) 

19  

(3.6%) 

0.9%  

(-1.5%, 3.4%) 

0.443  65  

(2.6%) 

63  

(2.5%) 

0.1%  

(-0.8%, 0.9%) 

0.881 

Ischemic stroke 2  

(0.4%) 

1  

(0.2%) 

0.2%  

(-0.5%, 0.9%) 

0.541  10  

(0.4%) 

5  

(0.2%) 

0.2%  

(-0.1%, 0.5%) 

0.197 

Stent thrombosis 

(definite/probable) 

4  

(0.8%) 

3  

(0.6%) 

0.2% 

 (-0.8%, 1.2%) 
0.666  

10  

(0.4%) 

15  

(0.6%) 

-0.2%  

(-0.6%, 0.2%) 
0.308 

MI: myocardial infarction
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Supplementary Figure 1. Study population. 
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Supplementary Figure 2. Adherence rates to blinded study drug and ticagrelor at 1 year after 

randomization, per (a) HBR status and per treatment arm in (b) HBR and (c) non-HBR patients. 
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Supplementary Figure 4. Incidence of (a) BARC 2, 3, or 5 and (b) BARC 3 or 5 bleeding at 1 

year by HBR status. 
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b) BARC 3 or 5 bleeding 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

Supplementary Figure 5. Incidence of (a) death, MI, or stroke and (b) cardiovascular death, MI, 

or stroke at 1 year by HBR status. 
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b) Cardiovascular death, MI, or stroke 
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Supplementary Figure 6. Incidence of (a) BARC 2, 3, or 5 bleeding, (b) BARC 3 or 5 bleeding, 

(c) death, MI, or stroke and (d) cardiovascular death, MI, or stroke at 1 year by HBR score. 
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b) BARC 3 or 5 bleeding 
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c) Death, MI, or stroke 
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d) Cardiovascular death, MI, or stroke 
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Supplementary Figure 7. Risk of bleeding events at 1 year by ARC-HBR score. 
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Supplementary Figure 8. Risk of ischemic events at 1 year by ARC-HBR score. 

 

 
 


