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Abstract 1 

Background: Repeat coronary revascularization is a common adverse event after successful 2 

percutaneous coronary intervention (PCI). The aim of this analysis was to assess the effects of 3 

ticagrelor monotherapy on repeat clinically driven revascularization. 4 

Methods: In the TWILIGHT trial (Ticagrelor With Aspirin or Alone in High-Risk Patients after 5 

Coronary Intervention), after 3 months of ticagrelor plus aspirin, high-risk patients were maintained 6 

on ticagrelor and randomized to aspirin or placebo for 1 year. The primary endpoint of this analysis 7 

was clinically driven revascularization within 12 months after randomization. The key secondary 8 

endpoints were major adverse cardiovascular and cerebrovascular events (MACCE), a composite 9 

of all-cause death, myocardial infarction, stroke or clinically driven revascularization; and net 10 

adverse clinical events (NACE), including the individual components of MACCE and clinically 11 

relevant bleeding. The analysis was performed in the per-protocol population. 12 

Results: Among 7,039 patients, ticagrelor monotherapy was associated with a similar 12-month 13 

risk of clinically driven revascularization (7.1% vs 6.6%, HR 1.09, 95% CI 0.90-1.30, p-value 14 

0.363) and MACCE (8.9% vs 8.6%, HR 1.04, 95% CI 0.89-1.22), and a lower risk of NACE (12.2% 15 

vs 14.6%, HR 0.83 95% CI 0.73-0.94, p-value 0.004) as compared to ticagrelor plus aspirin. These 16 

effects were consistent irrespective of the clinical presentation, presence of diabetes and PCI 17 

complexity (interaction p-values non- significant). 18 

Conclusions: Among high-risk patients undergoing PCI, ticagrelor monotherapy after 3 months of 19 

ticagrelor-based DAPT was associated with a similar risk of clinically driven revascularization and 20 

MACCE, and a reduction of NACE (TWILIGHT: NCT02270242). 21 

 22 

Key words: ticagrelor monotherapy; percutaneous coronary intervention; repeat 23 

revascularization; clinically driven revascularization 24 



7 
 

Introduction 1 

Despite advances in stent technologies, percutaneous coronary intervention (PCI) 2 

techniques and intensive secondary prevention, repeat coronary revascularization after successful 3 

PCI remains relatively frequent in clinical practice1-3. Even though the impact of this outcome on 4 

mortality is still uncertain, repeat revascularization is a matter of concern for patients, clinicians 5 

and policy makers given its association with procedural risks, reduced quality of life, and additional 6 

use of healthcare resources4-8.  7 

Repeat revascularization is often triggered by recurrent angina or myocardial ischemia 8 

potentially due to a new significant coronary stenosis, which may result from progressive 9 

atherosclerosis or from acute changes of a previously stented or a de-novo coronary lesion5. 10 

Therefore, prevention of repeat revascularization relies on interventions reducing atherosclerotic 11 

disease progression or spontaneous acute coronary events9, 10.  12 

Dual antiplatelet therapy (DAPT) for 6 to 12 months is considered the standard of care in patients 13 

undergoing PCI to reduce stent-related and spontaneous ischemic events9, 11. In some prior studies, 14 

longer DAPT duration has been associated with fewer repeat revascularization12-14. Yet, because 15 

of the bleeding risk associated with longer DAPT regimens, new antiplatelet strategies have been 16 

investigated to optimize ischemic prevention while reducing bleeding complications15. The 17 

TWILIGHT (Ticagrelor With Aspirin or Alone in High-Risk Patients after Coronary Intervention) 18 

trial demonstrated that in patients with high-risk features of ischemic or bleeding events who 19 

underwent successful PCI, ticagrelor monotherapy after 3-months of DAPT reduced bleeding 20 

without increasing the risk of the composite outcome of all-cause death, non-fatal myocardial 21 

infarction (MI) or non-fatal stroke compared to DAPT continuation16. 22 

The scope of the current analysis was to assess for the first time the effect of ticagrelor 23 

monotherapy on repeat clinically driven revascularization in the TWILIGHT trial.  24 
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METHODS 1 

Study design 2 

TWILIGHT (NCT02270242) was a randomized, placebo-controlled trial conducted at 187 3 

sites in 11 countries. The rationale, design, and principal results of the trial have been reported 4 

previously16, 17. In brief, this trial was supported by an investigator-initiated grant from 5 

AstraZeneca and was designed, coordinated, and sponsored by the Icahn School of Medicine at 6 

Mount Sinai. AstraZeneca provided financial support, supplied ticagrelor for the trial but had no 7 

role in the design, collection, analysis, or interpretation of the data. The executive and steering 8 

committees were responsible for trial conduct, integrity of data analysis, and reporting of results. 9 

National regulatory agencies and Institutional Review Boards or ethics committees of participating 10 

centers approved the trial protocol. The safety of trial participants was ensured by an external and 11 

independent data and safety monitoring board. 12 

 13 

Study population 14 

Patients were eligible for inclusion if they underwent a successful PCI with implantation of 15 

at least 1 commercially available drug-eluting stent (DES) and were planned to be prescribed a 16 

regimen of ticagrelor plus aspirin by the treating clinician. In addition, the fulfilment of at least 1 17 

clinical and 1 angiographic feature associated with a high risk for ischemic or bleeding events was 18 

required for trial inclusion16, 17. Clinical high-risk criteria were: age ≥65 years, female sex, 19 

troponin-positive acute coronary syndrome, atherosclerotic vascular disease (prior MI, coronary 20 

revascularization, or peripheral arterial disease), diabetes mellitus requiring medication, and 21 

chronic kidney disease (CKD) defined as estimated glomerular filtration rate <60 ml/min/1.73 m2 22 

or creatinine clearance <60 ml/min. Angiographic high-risk criteria included multivessel coronary 23 

artery disease, total stent length >30 mm, thrombotic target lesion, bifurcation lesion requiring 2 24 



9 
 

stents, obstructive left main or proximal left anterior descending coronary artery lesion, and 1 

calcified target lesion requiring debulking devices. Key exclusion criteria were presentation with 2 

an ST-segment elevation MI (STEMI), cardiogenic shock, planned coronary revascularization 3 

within 90 days from enrollment, prior stroke, need for oral anticoagulation, or contraindication to 4 

aspirin or ticagrelor. 5 

 6 

Study regimen 7 

All enrolled patients received open-label ticagrelor (90 mg twice daily) and enteric-coated 8 

aspirin (81 to 100 mg/day) after the index PCI. At 3 months, patients adherent to this drug regimen 9 

and free from relevant adverse events between index PCI and 3 months were randomized 1:1 in a 10 

double-blind fashion to aspirin or matching placebo for an additional 12 months (i.e., to 15 months 11 

post-PCI)16, 17. Relevant adverse events determining ineligibility to randomization included 12 

Bleeding Academic Research Consortium (BARC) type 3b or higher bleeding events and ischemic 13 

events (stroke, MI, or coronary revascularization). Telephone follow-up occurred at 1 month after 14 

randomization, in person visits at 6 and 12 months after randomization.  15 

 16 

Clinical endpoints 17 

The primary endpoint of this analysis was repeat revascularization up to 1 year after 18 

randomization. Repeat clinically driven revascularization was defined in accordance to the 19 

Academic Research Consortium consensus document as any repeat revascularization (PCI or 20 

coronary artery bypass graft [CABG]) due to recurrent or symptomatic ischemia associated with a 21 

lesion determining a >50% diameter stenosis, or revascularization of a lesion with a ≥70% diameter 22 

stenosis even in absence of ischemic signs or symptoms18. Diameter stenosis was assessed by an 23 

independent coronary angiographic core laboratory with quantitative methods. 24 
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Secondary outcomes included target lesion revascularization (TLR); non-TLR target vessel 1 

revascularization (TVR); non-TVR; major adverse cardiovascular or cerebrovascular endpoints 2 

(MACCE), a composite of death from any causes, non-fatal MI, non-fatal stroke, and repeat 3 

revascularization, net adverse clinical events (NACE) including the individual components of 4 

MACCE and BARC type 2, 3, or 5 bleeding. MI was defined according to the third universal 5 

definition19. Detailed definitions of all the outcomes are provided in supplementary Table 1. All 6 

clinical events were adjudicated by an independent committee blinded to treatment assignment16, 7 

17. 8 

 9 

Statistical analysis 10 

Clinical and procedural characteristics were summarized as mean and standard deviation 11 

for continuous variables and frequencies for categorical variables. The cumulative incidence of the 12 

primary and secondary endpoints was estimated using the Kaplan-Meier method. Patients without 13 

primary endpoints were censored at the time of death, last known contact, or 365 days, whichever 14 

came first. Hazard ratios (HRs) and 95% confidence intervals (CIs) were generated using 15 

unadjusted Cox proportional hazards models.  16 

Analyses were performed in the per protocol cohort, which included randomized 17 

participants who completed all study-related contacts without any major protocol deviations, such 18 

as missing intake of at least one dose of the protocol-mandated therapy or non-adherence to the 19 

study drug. Non-adherence to study drug (aspirin or placebo) was defined as taking less than 80% 20 

of dispensed tablets based on manual pill bottle count at each study visit16, 17. The cumulative 21 

incidence and HRs for the primary endpoint were assessed in relevant subgroups stratified 22 

according to: diabetes, clinical presentation (acute coronary syndrome [ACS] vs chronic coronary 23 

syndrome [CCS]) and complex PCI. Index PCI was considered complex in presence of at least one 24 
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of the following features: PCI involving ≥3 vessels, ≥3 lesions, left main coronary artery, surgical 1 

bypass graft, chronic total occlusion, or total stent length >60 mm, bifurcation with 2 stents 2 

implanted or use of atherectomy device. 3 

All analyses were performed using Stata version 18.0 (StataCorp, College Station, Texas). 4 

 5 

Results 6 

Population characteristics 7 

Among 9,006 patients enrolled from July 2015 through December 2017, 7,119 underwent 8 

randomization at 3 months after the index procedure and 7,039 patients were included in the per-9 

protocol analysis. Of those, 3,524 received at least one dose of ticagrelor plus placebo and 3,515 10 

at least one dose of ticagrelor plus aspirin. 11 

Baseline and procedural characteristics were well balanced between the two groups (Table 12 

1 and 2). The mean age was 64 years, women comprised 23.8% of the study population, 36.8% of 13 

patients had diabetes, 64.9% presented with acute coronary syndrome and 32.8% underwent a 14 

complex PCI. Follow-up was completed in 98.4% of patients and vital status was known in 99.7%. 15 

 16 

Treatment effect on repeat revascularization 17 

At 1-year after randomization, repeat revascularization occurred in 246 (7.1%) patients 18 

receiving ticagrelor monotherapy and in 227 (6.6%) patients receiving ticagrelor plus aspirin (HR 19 

1.09, 95% CI 0.90-1.30; p-value 0.363) (Figure 2 and Figure 3). TLR was observed in 137 (4.0%) 20 

and 126 (3.7%) of patients in the two treatment arms, respectively (HR 1.09, 95% CI 0.86-1.39; p-21 

value 0.489); non-TLR TVR occurred in 34 (1.0%) and 31 (0.9%) patients (HR 1.10, 95% CI 0.68-22 

1.78; p-value 0.713), respectively. Non-TVR was observed in 91 (2.6%) patients assigned to 23 
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ticagrelor monotherapy and 86 (2.5%) patients assigned to ticagrelor plus aspirin (HR 1.06, 95% 1 

CI 0.79-1.42, p-value 0.710) (Figure 3). 2 

The effects of ticagrelor monotherapy versus ticagrelor plus aspirin was consistent in high-3 

risk subgroups, such as patients with diabetes (interaction p-value 0.498), presenting with ACS 4 

(interaction p-value 0.183) or undergoing complex PCI (interaction p-value 0.766) (Figure 4).  5 

 6 

Treatment effect on secondary outcomes 7 

At 12 months after randomization, the composite endpoint of MACCE occurred in 309 8 

(8.9%) patients on ticagrelor monotherapy and 298 (8.6%) patients on ticagrelor plus aspirin (HR 9 

1.04, 95% CI 0.89-1.22, p-value 0.619) (Figure 3). 10 

The composite endpoint of NACE was observed in 427 (12.2%) patients on ticagrelor 11 

monotherapy and 508 (14.6%) patients on ticagrelor plus aspirin (HR 0.83, 95% CI 0.73-0.94, p-12 

value 0.004). 13 

BARC 2, 3 or 5 bleeding was significantly lower in the ticagrelor monotherapy than in the 14 

ticagrelor plus placebo group (3.4% vs 7.1%, HR 0.56, 95% CI 0.45-0.69, p-value <0.001). 15 

 16 

 17 

DISCUSSION 18 

In this post-hoc analysis of the TWILIGHT trial, we assessed for the first time the effect of 19 

ticagrelor monotherapy after 3 months of ticagrelor-based DAPT on centrally adjudicated clinically 20 

driven revascularization at 12-month after randomization. We found that ticagrelor monotherapy 21 

compared to ticagrelor plus aspirin was associated with similar rates of clinically driven 22 

revascularization, TLR, TVR, non-TVR, MACCE and a reduction of NACE and BARC 2, 3 or 5 23 

bleeding. 24 
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Despite advances in PCI techniques, stent devices and pharmacological therapy, repeat 1 

revascularization after PCI remains a relatively frequent adverse event, associated with increased 2 

morbidity and healthcare costs. Previous studies reported that around 50% of repeat 3 

revascularizations are due to a recurrent acute coronary syndrome or MI4, 8, 20. Thus, the type of 4 

antithrombotic regimen prescribed after PCI may play a relevant role in preventing repeat 5 

revascularization. 6 

In the current study, the rate of repeat clinically driven revascularization during the 12 7 

months following randomization (i.e. from 3 to 15 months after PCI) was about 7%. This incidence 8 

is slightly higher than previously reported rates after current generation DES implantation2, 21-23, 9 

probably because all patients of TWILIGHT had at least one complex angiographic feature. More 10 

than half the clinically driven revascularization was a TLR, in keeping with prior reports2, 8, 21, 22. 11 

We found that the cumulative incidence of repeat revascularization, TLR, non TLR TVR, non-12 

TVR and MACCE – a composite endpoint including clinically driven revascularization - was 13 

similar among patients receiving ticagrelor monotherapy and ticagrelor plus aspirin. These results 14 

were consistent in higher risk subgroups, such as patients with diabetes, ACS or undergoing 15 

complex PCI.  16 

 At variance with trials comparing stent devices, studies examining antithrombotic therapies 17 

after PCI do not systematically report repeat revascularization. Nonetheless, some randomized 18 

controlled trials demonstrated a decrease of repeat revascularization with more potent or prolonged 19 

antiplatelet regimens after PCI. Among 2,237 patients with stable CAD, ticagrelor or clopidogrel-20 

based DAPT prescribed according to the level of platelet reactivity was associated with 21 

significantly lower rates of urgent revascularization at 6-month as compared to a standard DAPT 22 

with clopidogrel (0.3% vs 1.3%)12. Similarly, among 19,220 diabetic patients with stable CAD, an 23 

extended ticagrelor-based DAPT resulted in a numerical but not significant decrease of repeat 24 
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revascularization at 36 months after PCI as compared to aspirin alone (absolute rate difference 1 

0.7%)13. The HOST-EXAM extended study reported significantly less revascularization at a 2 

median follow-up of 5.8 years with clopidogrel compared to aspirin for chronic maintenance14. On 3 

the other hand, in the STOP-DAPT 2 trial, clopidogrel monotherapy after 1-month of DAPT was 4 

associated with a borderline increase of repeat revascularization when compared to standard DAPT 5 

(6.8% vs 5.3% HR 1.31, 95% CI 0.97-1.77, p-value 0.08) 24. Interestingly, in the GLOBAL 6 

LEADERS trial, TLR was numerically lower with 1-month of DAPT followed by ticagrelor 7 

monotherapy for 23 months than with 12 month DAPT followed by aspirin (4.87% vs 5.54%, 8 

relative risk 0.88, 95% CI 0.77–1.01, p-value 0.068) 25.  9 

The main analysis of the TWILIGHT trial demonstrated that in patients with high-risk features of 10 

ischemic or bleeding events who underwent successful PCI, ticagrelor monotherapy after 3-months 11 

of DAPT reduced clinically relevant bleeding without increasing the risk of the composite outcome 12 

of all-cause death, non-fatal myocardial infarction (MI) or non-fatal stroke16. The current analysis 13 

confirms that such a strategy can effectively prevent clinically driven revascularization. These 14 

findings are supported by the existing evidence. Prior studies reported that more than half of repeat 15 

revascularizations are due to a recurrent ACS or MI4, 8, 20, which are frequently associated with 16 

acute plaque rupture or erosion and intracoronary thrombus formation26. Previous 17 

pharmacodynamic investigations showed that ex vivo platelet-dependent thrombus formation is 18 

not affected by aspirin withdrawal in presence of a potent P2Y12 receptors inhibition17, 27.  19 

 Strategies preventing atherosclerotic progression, erosion or rupture of de-novo or 20 

previously stented coronary lesions should be implemented to reduce repeat revascularization. 21 

Those include appropriate choice of stent device, advanced stent implantation techniques, use of 22 

intracoronary imaging, intensive lipid lowering therapy and treatment of cardiovascular risk 23 

factors9, 28. 24 
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 1 

Limitations 2 

These results should be interpreted in light of several limitations. First, information on 3 

angiographic findings or clinical presentation (ACS or CCS) in patients undergoing clinically 4 

repeat revascularization was not available. These findings may not generalize to patients treated 5 

with other oral P2Y12 inhibitors, particularly clopidogrel or to patients presenting with STEMI, 6 

who were excluded from participation in TWILIGHT. Moreover, the findings apply to patients 7 

who were able to adhere to 3 months of DAPT without experiencing any major bleeding or 8 

ischemic event. 9 

 10 

CONCLUSIONS 11 

 Among high-risk patients undergoing PCI, ticagrelor monotherapy following 3 months of 12 

DAPT was associated with similar rates of clinically driven revascularization and MACCE and a 13 

reduction of NACCE as compared with ticagrelor plus aspirin. These findings support the use of 14 

ticagrelor monotherapy after PCI to prevent adequately ischemic events, including repeat 15 

revascularization, and to reduce significantly bleeding complications.  16 

 17 

  18 
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Figure legends 1 

 2 
Figure 1. Cumulative incidence of clinically driven revascularization at 1 year after 3 
randomization. 4 

 5 
 6 
Figure 2. Cumulative incidence of MACCE and NACE at 1 year after randomization. 7 
 8 
MACCE: Major adverse cardiovascular and cerebrovascular events; NACE: Net adverse clinical events 9 
 10 
 11 
Figure 3. Treatment effect on adverse events at 1-year after randomization. 12 

 13 
BARC: Bleeding Academic Research Consortium; MACCE: Major adverse cardiovascular and cerebrovascular 14 
events; NACE: Net adverse clinical events; TLR: target lesion revascularization; TVR: target vessel 15 
revascularization. 16 
#composite of death from any causes, non-fatal MI, non-fatal stroke, and repeat revascularization.  17 
*composite of death from any causes, non-fatal MI, non-fatal stroke, repeat revascularization and BARC type 2, 3, 18 
or 5 bleeding 19 
 20 
 21 
Figure 4. Treatment effect on clinically driven revascularization at 1-year after 22 

randomization in relevant subgroups. PCI was defined complex in presence of at least one of 23 
the following: PCI involving ≥3 vessels, ≥3 lesions, left main coronary artery, surgical bypass graft, 24 

chronic total occlusion, or total stent length >60 mm, bifurcation with 2 stents implanted or use of 25 
atherectomy device 26 
 27 
ACS: acute coronary syndrome; PCI: percutaneous coronary intervention 28 
 29 

 30 
 31 

 32 
  33 



21 
 

Figure 1. 1 

  2 



22 
 

Figure 2 1 

  2 



23 
 

Figure 3 1 

  2 



24 
 

Figure 4 1 

  2 



25 
 

Table 1. Baseline characteristics in the per-protocol population. 1 

 2 
 3 

 
Overall 

N=7,039 

Ticagrelor 

+Placebo 

N=3,524 

Ticagrelor 

+Aspirin 

N=3,515 

p-value 

Age, years 63.9±10.2 63.9±10.1 63.8±10.2 0.789 

Female sex 1676 (23.8%) 840 (23.8%) 836 (23.8%) 0.959 

Nonwhite race 2165 (30.8%) 1100 (31.2%) 1065 (30.3%) 0.405 

BMI, kg/m2 28.6±5.6 28.6±5.5 28.6±5.6 0.909 

Enrolling region    0.962 

North America 2939 (41.8%) 1471 (41.7%) 1468 (41.8%)  

Europe 2487 (35.3%) 1241 (35.2%) 1246 (35.4%)  

Asia 1613 (22.9%) 812 (23.0%) 801 (22.8%)  

Diabetes 2593 (36.8%) 1308 (37.1%) 1285 (36.6%) 0.627 

Treated with insulin 700 (27.0%) 332 (25.4%) 368 (28.6%) 0.062 

Chronic kidney disease 1100 (16.3%) 549 (16.2%) 551 (16.3%) 0.939 

Anemia 1311 (19.4%) 668 (19.8%) 643 (19.0%) 0.438 

Current smoker 1530 (21.7%) 719 (20.4%) 811 (23.1%) 0.007 

Hypercholesterolemia 4260 (60.5%) 2141 (60.8%) 2119 (60.3%) 0.686 

Hypertension 5097 (72.4%) 2558 (72.6%) 2539 (72.3%) 0.754 

Previous MI 2019 (28.7%) 1011 (28.7%) 1008 (28.7%) 0.991 

Previous PCI 2968 (42.2%) 1492 (42.3%) 1476 (42.0%) 0.768 

Previous CABG 702 (10.0%) 360 (10.2%) 342 (9.7%) 0.494 

Previous major bleed 62 (0.9%) 31 (0.9%) 31 (0.9%) 0.992 

Indication for PCI    0.095 

Stable CAD 2472 (35.1%) 1271 (36.1%) 1201 (34.2%)  

ACS 4565 (64.9%) 2252 (63.9%) 2313 (65.8%)  
 4 
 5 
ACS: Acute coronary syndrome, BMI: body mass index, CABG: coronary artery bypass graft, CAD: coronary artery disease, MI: 6 
myocardial infarction, PCI: percutaneous coronary intervention.  7 
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Table 2. Procedural characteristics in the per-protocol population. 1 

 2 

 
Overall 

N=7,039 

Ticagrelor  

+ placebo 

N=3,524 

Ticagrelor  

+ aspirin 

N=3,515 

p-value 

Radial artery access 5132 (72.9%) 2577 (73.1%) 2555 (72.7%) 0.679 

Multivessel CAD 4426 (62.9%) 2260 (64.1%) 2166 (61.6%) 0.029 

Target vessel     

Left Main 349 (5.0%) 165 (4.7%) 184 (5.2%) 0.286 

LAD 3962 (56.3%) 1981 (56.2%) 1981 (56.4%) 0.903 

LCX 2265 (32.2%) 1135 (32.2%) 1130 (32.1%) 0.957 

RCA 2476 (35.2%) 1237 (35.1%) 1239 (35.2%) 0.897 

Number of vessels treated 1.3±0.5 1.3±0.5 1.3±0.5 0.513 

Number of lesions treated 1.5±0.7 1.5±0.7 1.5±0.7 0.511 

Lesion morphology†     

Moderate/severe calcification 975 (13.9%) 492 (14.0%) 483 (13.7%) 0.789 

Bifurcation 856 (12.2%) 430 (12.2%) 426 (12.1%) 0.916 

Total occlusion 438 (6.2%) 220 (6.2%) 218 (6.2%) 0.943 

Thrombotic 745 (10.6%) 368 (10.4%) 377 (10.7%) 0.700 

Total stent length, mm† 39.9±24.3 40.2±24.3 39.6±24.3 0.336 

Minimum stent diameter, mm 2.8±0.5 2.8±0.5 2.9±0.5 0.171 

Complex PCI‡ 2,311 (32.8%) 1,152 (32.7%) 1,159 (33.0%) 0.756 

 3 
CAD: coronary artery disease, LAD: left anterior descending, LCX: left circumflex, RCA: right coronary artery, 4 
PCI: percutaneous coronary intervention 5 
†Assessed by operators 6 
‡PCI involving ≥3 vessels, ≥3 lesions, left main coronary artery, surgical bypass graft, chronic total occlusion, or 7 
total stent length >60 mm, bifurcation with 2 stents implanted or use of atherectomy device 8 
 9 
 10 


