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AUTHOR'S SUMMARY

This study demonstrated that for acute coronary syndrome patients treated with drug 
eluting stents, high bleeding risk (HBR) was associated with higher rates of net adverse 
clinical events (NACEs), not only including bleeding but also ischemic events. Ticagrelor 
monotherapy after 3-month dual antiplatelet therapy (DAPT) was associated with lower 
rates of NACEs and major bleeding than ticagrelor-based 12-month DAPT regardless of 
HBR, with no significant interaction between therapy and HBR. These findings were 
consistent regardless of HBR definition by Academic Research Consortium for HBR criteria 
or by Predicting Bleeding Complications in Patients Undergoing Stent Implantation and 
Subsequent DAPT score.

ABSTRACT

Background and Objectives: Identifying patients with high bleeding risk (HBR) is important 
when making decisions for antiplatelet therapy strategy. This study evaluated the impact of 
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ticagrelor monotherapy after 3-month dual antiplatelet therapy (DAPT) according to HBR in 
acute coronary syndrome (ACS) patients treated with drug eluting stents (DESs).
Methods: In this post-hoc analysis of the TICO trial, HBR was defined by 2 approaches: 
meeting Academic Research Consortium for HBR (ARC-HBR) criteria or Predicting Bleeding 
Complications in Patients Undergoing Stent Implantation and Subsequent DAPT (PRECISE-
DAPT) score ≥25. The primary outcome was a 3–12 months net adverse clinical event 
(composite of major bleeding and adverse cardiac and cerebrovascular events).
Results: Of the 2,980 patients without adverse events during the first 3 months after DES 
implantation, 453 (15.2%) were HBR by ARC-HBR criteria and 504 (16.9%) were HBR 
by PRECISE-DAPT score. The primary outcome rate was higher in HBR versus non-HBR 
patients (by ARC-HBR criteria: hazard ratio [HR], 2.87; 95% confidence interval [CI], 1.76–
4.69; p<0.001; by PRECISE-DAPT score: HR, 3.09; 95% CI, 1.92–4.98; p<0.001). Ticagrelor 
monotherapy after 3-month DAPT was associated with lower primary outcome rate than 
ticagrelor-based 12-month DAPT regardless of HBR by ARC-HBR criteria, with similar 
magnitudes of therapy effect for HBR and non-HBR patients (p-interaction=0.400). Results 
were consistent by PRECISE-DAPT score (p-interaction=0.178).
Conclusions: In ACS patients treated with DESs, ticagrelor monotherapy after 3-month DAPT 
was associated with lower rate of adverse clinical outcomes regardless of HBR, with similar 
magnitudes of therapy effect between HBR and non-HBR.

Trial Registration: ClinicalTrials.gov Identifier: NCT02494895

Keywords: Acute coronary syndrome; Ticagrelor; Hemorrhage

INTRODUCTION

In patients undergoing percutaneous coronary intervention (PCI) for acute coronary 
syndrome (ACS), identifying and managing patients with high bleeding risk (HBR) are of 
major concern since prolonged 12-month dual antiplatelet therapy (DAPT) with aspirin 
and P2Y12 receptor inhibitor is recommended.1-3) Recently, 2 definitions for HBR, the 
Academic Research Consortium for HBR (ARC-HBR) criteria and the Predicting Bleeding 
Complications in Patients Undergoing Stent Implantation and Subsequent DAPT (PRECISE-
DAPT) score, have been proposed to provide consistency in defining HBR and aid clinical 
decision-making for patients undergoing PCI.3)4) Studies have shown that HBR by these 
2 definitions is associated with increased risk of both bleeding and ischemic events.5-7) 
Furthermore, newer antiplatelet agents, such as ticagrelor or prasugrel, with better speed, 
potency, and consistent effect have become available, and ticagrelor monotherapy after short-
term DAPT may minimize bleeding risk without increasing ischemic risk.8-10) The Ticagrelor 
Monotherapy After 3 Months in the Patients Treated With New Generation Sirolimus-eluting 
Stent for Acute Coronary Syndrome (TICO) trial demonstrated that ticagrelor monotherapy 
after 3-month DAPT was associated with a lower incidence of a composite outcome of 
major bleeding and adverse cardiac and cerebrovascular events at 1 year than currently 
recommended ticagrelor-based 12-month DAPT in ACS patients treated with drug eluting 
stents (DESs).11)

Thus, the aims of the present post-hoc analysis of the TICO trial were: 1) to apply HBR by ARC-
HBR criteria and PRECISE-DAPT score for clinical outcomes; and 2) to investigate the impact 
of ticagrelor monotherapy after 3-month DAPT in HBR compared to non-HBR patients.
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METHODS

Ethical statement
The trial was approved by the Institutional Review Board of Yonsei University College of 
Medicine (approval No. 1-2014-0066) and at each participating center and followed the 
ethical principles of the Declaration of Helsinki 2013. All patients gave written informed 
consent prior to participation in the trial.

Study subjects and design
The study design and rationale for the TICO trial have been described in detail previously.11)12) 
Briefly, the multicenter, prospective, open-label, randomized superiority trial evaluated 
ticagrelor monotherapy followed by 3-month DAPT versus ticagrelor-based 12-month DAPT 
in 3,056 patients treated with DESs for ACS (unstable angina, non-ST-elevation myocardial 
infarction [MI], or ST-elevation MI) in South Korea. Consenting patients were randomized in 
a 1:1 ratio to either therapy and observed for up to 12 months.

In this post-hoc analysis, patients were classified into ticagrelor monotherapy after 3-month 
DAPT and ticagrelor-based 12-month DAPT on an intention-to-treat basis for primary 
analysis, and those who encountered adverse events during the first 3 months after PCI were 
excluded (n=76). Consequently, a total of 2980 TICO patients were included in this study. 
Of those, 1,489 received ticagrelor monotherapy after 3-month DAPT, and 1,491 received 
ticagrelor-based 12-month DAPT. A per-protocol analysis was also performed to evaluate the 
robustness of the results obtained by intention-to-treat analysis.

Study proceedings
Study patients were classified by HBR using 2 different approaches: 1) by meeting ARC-HBR 
criteria or 2) by PRECISE-DAPT score for HBR.3)4) Patients were considered to be at HBR if 
at least 1 major or 2 minor ARC-HBR criteria were met.3) Major criteria available for analysis 
were severe or end-stage chronic kidney disease (estimated glomerular filtration rate <30 
mL/min/1.73 m2 or dialysis), hemoglobin <11 g/dL, previous spontaneous bleeding requiring 
hospitalization or transfusion within the past 6 months, and active malignancy (excluding 
nonmelanoma skin cancer) within the past 12 months. Minor criteria available were age ≥75 
years, moderate chronic kidney disease (estimated glomerular filtration rate ≥30 and <60 mL/
min/1.73 m2), hemoglobin ≥11 and <13 g/dL for male and ≥11 and <12 g/dL for female, use of 
non-steroidal anti-inflammatory drugs or steroids, and any ischemic stroke beyond the past 
12 months. PRECISE-DAPT scores were assessed using an online calculator (http://www.
precisedaptscore.com) with 5 variables (age, creatine clearance, hemoglobin, white blood 
cell count, and previous spontaneous bleeding).4) Scores were categorized into 4 groups of 
bleeding risks (very low risk: score ≤10; low risk: score 11–17; moderate risk: score 18–24; and 
high risk: score ≥25).

Study endpoints
The primary outcome was a net adverse clinical event (NACE), defined as a composite of 
major bleeding and major adverse cardiac and cerebrovascular events (MACCEs) from 3–12 
months after index PCI. MACCE included all-cause death, MI, stent thrombosis, stroke, and 
target-vessel revascularization. Secondary outcomes included major bleeding and MACCEs.12)

Major bleeding was defined in accordance with the thrombolysis in MI criteria: intracranial 
bleeding, hemorrhage associated with a ≥5 g/dL decrease in hemoglobin, or fatal bleeding 
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that resulted in death within 7 days.13) MI after discharge from the hospital was defined as 
clinical symptoms, electrocardiography changes, or abnormal imaging findings, combined 
with a creatine kinase MB fraction above the upper normal limits or a troponin T or troponin 
I level >99th percentile of the upper normal limit.14) Stent thrombosis was defined as definite 
or probable stent thrombosis according to the Academic Research Consortium.15) Stroke 
was defined as an acute cerebrovascular event that resulted in death or a neurological deficit 
lasting >24 hours or as an acute infarction demonstrated by imaging studies.16) Target-vessel 
revascularization was defined as a repeat PCI or bypass surgery of the target-vessel with 
either: 1) ischemia symptoms or a positive stress test and angiographic diameter stenosis 
>50%; or 2) angiographic diameter stenosis >70% without ischemia symptoms or a positive 
stress test.12)17) Routine follow-up of angiography was not recommended in the trial. Adverse 
events, including bleeding and ischemic events, were categorized by an independent clinical 
event committee blinded to the treatment assignments and primary results of the trial.12)

Statistical analysis
Continuous variables were reported as mean ± SD and compared using Student’s t-tests 
or Mann-Whitney tests. Categorical variables were reported as number (percentage) and 
compared using χ2 tests or Fisher’s exact tests.

Event rates were estimated using Kaplan-Meier survival analysis and compared using log-
rank tests. Hazard ratios (HRs) with 95% confidence intervals (CIs) were computed using 
Cox regression analysis. Cox regression analysis with tests for interaction were used to assess 
for differential therapy effects by HBR. All tests were 2-sided, and p<0.05 was considered 
statistically significant. Statistical analyses were performed using IBM SPSS, version 25.0 
(IBM Corporation, Chicago, IL, USA) and R 3.5.3 software (R foundations for Statistical 
Computing, Vienna, Austria).

RESULTS

Baseline characteristics
Of 3,056 patients enrolled in the TICO trial, there were 2,980 patients who did not encounter 
adverse events during the first 3 months after index PCI; 453 (15.2%) were considered to be 
HBR by ARC-HBR criteria, and 504 (16.9%) were considered to be HBR by PRECISE-DAPT 
score (Figure 1). Baseline characteristics by HBR are presented in Table 1. By ARC-HBR 
criteria, HBR patients were older and showed a higher frequency of hypertension, diabetes 
mellitus, chronic kidney disease, prior MI, prior PCI, prior coronary bypass graft, prior 
stroke, transfemoral approach, and multivessel coronary artery disease. On the other hand, 
HBR patients had lower body mass index and a lower frequency of males, current smokers, 
and primary PCI as compared to non-HBR patients. By PRECISE-DAPT score, HBR patients 
showed similar characteristics as those with HBR by ARC-HBR criteria, although HBR 
patients by PRECISE-DAPT score showed a higher frequency of admission via emergency 
room, clinical presentation of MI, a longer stent length per patient, as well as no difference in 
prior MI, prior coronary bypass graft, and primary PCI compared to non-HBR patients.

Baseline characteristics within HBR versus non-HBR subgroups for patients treated with 
ticagrelor monotherapy after 3-month DAPT versus ticagrelor-based 12-month DAPT 
are presented in Supplementary Tables 1 and 2. Based on ARC-HBR criteria, baseline 
characteristics did not differ between the 2 antiplatelet therapy groups in HBR and non-HBR 
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patients. Based on PRECISE-DAPT score, baseline characteristics did not differ between the 2 
therapy groups in HBR and non-HBR patients, except for prior MI, which was more frequent 
in non-HBR patients who received ticagrelor monotherapy after 3-month DAPT. Baseline 
characteristics of patients by per-protocol analysis are presented in Supplementary Tables 3-5.

Clinical outcomes by HBR
Clinical outcomes by HBR are presented in Figure 2 and Table 2. The primary outcome rate 
was significantly higher in HBR versus non-HBR patients regardless of HBR definition. Based 
on ARC-HBR criteria, the rate of NACE was significantly higher in HBR versus non-HBR 
patients (5.4% vs. 1.9%; HR, 2.87; 95% CI, 1.76–4.69; p<0.001). Furthermore, in addition to 
a significantly higher rate of major bleeding in HBR versus non-HBR patients (2.7% vs. 0.6%; 
HR, 4.91; 95% CI, 2.27–10.61; p<0.001), the rate of MACCE was also significantly higher 
(3.2% vs. 1.4%; HR, 2.34; 95% CI, 1.26–4.36, p=0.006). Based on PRECISE-DAPT score, the 
rate of NACE was significantly higher in HBR versus non-HBR patients (5.5% vs. 1.9%; HR, 
3.09; 95% CI, 1.92–4.98; p<0.001). Furthermore, in addition to a significantly higher rate of 
major bleeding in HBR versus non-HBR patients (2.9% vs. 0.5%; HR, 5.96; 95% CI, 2.76–
12.88; p<0.001), the rate of MACCE was also significantly higher (3.1% vs. 1.4%; HR, 2.31; 
95% CI, 1.25–4.25; p=0.006). These findings were also confirmed in per-protocol analysis 
(Supplementary Figure 1).

Clinical outcomes by HBR and antiplatelet therapy strategy
The therapy effect of ticagrelor monotherapy after 3-month DAPT versus ticagrelor-based 
12-month DAPT in HBR and non-HBR patients is presented in Figure 3 and Table 3. With 
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1,910
(64.1)

712
(23.9)

1,002
(33.6)
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(25.6)
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(16.9)

617
(20.7)

453
(15.2)

≥1 major
or 2 minor

Score ≥25

Score 18–24

Score 11–17

Score ≤10

Only
1 minor

None

ARC-HBR criteria

PRECISE-DAPT score

Figure 1. Distribution of TICO patients by HBR. Study patients were classified by HBR in 2 different approaches: 1) 
by meeting ARC-HBR criteria (at least 1 major or 2 minor criteria were met) or 2) by PRECISE-DAPT score for HBR 
(score ≥25). 
ARC-HBR = Academic Research Consortium for High Bleeding Risk; HBR = high bleeding risk; PRECISE-DAPT = 
Predicting Bleeding Complications in Patients Undergoing Stent Implantation and Subsequent Dual Antiplatelet 
Therapy.



regard to NACE, there was no significant interaction between therapy and HBR by ARC-HBR 
criteria (p-interaction=0.400). Ticagrelor monotherapy after 3-month DAPT was associated 
with lower rate of NACE than ticagrelor-based 12-month DAPT in both HBR (HR, 0.30; 95% 
CI, 0.11–0.80) and non-HBR patients (HR, 0.49; 95% CI, 0.27–0.89). Significant interactions 
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Table 1. Baseline characteristics by HBR
ARC-HBR PRECISE-DAPT

HBR (n=453) Non-HBR (n=2,527) p value HBR (n=504) Non-HBR (n=2,476) p value
Age (years) 70.6±9.0 59.1±10.1 <0.001 70.8±8.0 58.8±10.1 <0.001
Male 290 (64.0) 2,090 (82.7) <0.001 321 (63.7) 2,059 (83.2) <0.001
Body mass index (kg/m2) 24.2±3.4 25.1±3.2 <0.001 24.3±3.2 25.1±3.2 <0.001
Hypertension 315 (69.5) 1,181 (46.7) <0.001 335 (66.5) 1,161 (46.9) <0.001
Diabetes mellitus 223 (49.2) 582 (23.0) <0.001 228 (45.2) 577 (23.3) <0.001
Chronic kidney disease* 314 (69.3) 276 (10.9) <0.001 351 (69.6) 239 (9.7) <0.001
Dyslipidemia 259 (57.2) 1,545 (61.1) 0.124 296 (58.7) 1,508 (60.9) 0.390
Current smoker 96 (21.2) 1,019 (40.3) <0.001 124 (24.6) 991 (40.0) <0.001
Prior myocardial infarction 25 (5.5) 83 (3.3) 0.027 26 (5.2) 82 (3.3) 0.059
Prior percutaneous coronary intervention 69 (15.2) 189 (7.5) <0.001 57 (11.3) 201 (8.1) 0.025
Prior coronary bypass graft 8 (1.8) 10 (0.4) 0.002 6 (1.2) 12 (0.5) 0.121
Prior stroke 72 (15.9) 50 (2.0) <0.001 37 (7.3) 85 (3.4) <0.001
Admission via emergency department 299 (66.0) 1,744 (69.0) 0.220 376 (74.6) 1,667 (67.4) 0.002
Clinical presentation 0.275 0.016

Unstable angina 149 (32.9) 763 (30.2) 131 (26.0) 781 (31.5)
Myocardial infarction 304 (67.1) 1,764 (69.8) 373 (74.0) 1,695 (68.5)

Primary percutaneous coronary intervention† 123 (27.2) 905 (35.8) <0.001 190 (37.7) 838 (33.8) 0.108
Transfemoral approach 222 (49.0) 1,093 (43.3) 0.026 260 (51.6) 1,055 (42.6) <0.001
Multivessel coronary artery disease 314 (69.3) 1,339 (53.0) <0.001 339 (67.1) 1,315 (53.1) <0.001
Multi-lesion intervention 100 (22.1) 503 (19.9) 0.320 110 (21.8) 493 (19.9) 0.361
Multivessel intervention 84 (18.5) 421 (16.7) 0.360 94 (18.7) 411 (16.6) 0.292
Treated lesions per patient 1.26±0.52 1.23±0.50 0.280 1.27±0.55 1.23±0.50 0.186
Total number of stents per patient 1.40±0.67 1.36±0.67 0.362 1.42±0.74 1.36±0.65 0.090
Total stent length per patient (mm) 36.0±20.8 34.5±20.5 0.145 36.6±21.7 34.3±20.3 0.026
Antithrombotic drug before intervention‡

Unfractionated heparin 280 (61.8) 1,563 (61.9) 1.000 326 (64.7) 1,517 (61.3) 0.165
Low-molecular-weight heparin 31 (6.8) 230 (9.1) 0.140 42 (8.3) 219 (8.8) 0.776
Glycoprotein IIb/IIIa inhibitors 24 (5.3) 170 (6.7) 0.302 39 (7.7) 155 (6.3) 0.260

Data are presented as mean±SD or number (%).
ARC-HBR = Academic Research Consortium for High Bleeding Risk; HBR = high bleeding risk; PRECISE-DAPT = Predicting Bleeding Complications in Patients 
Undergoing Stent Implantation and Subsequent Dual Antiplatelet Therapy.
*Chronic kidney disease was defined as an estimated glomerular filtration rate of less than 60 mL per minute per 1.73 m2 of body-surface area; †Primary 
percutaneous coronary intervention was defined as an emergent percutaneous coronary intervention without previous treatment of fibrinolytic agents; ‡Drugs 
before intervention were those which were given in the hospital immediately before the procedure.

Table 2. Clinical outcomes by HBR
ARC-HBR PRECISE-DAPT

HBR (n=453) Non-HBR (n=2,527) HR (95% CI) p-value HBR (n=504) Non-HBR (n=2,476) HR (95% CI) p-value
Primary outcome

NACE 24 (5.4) 48 (1.9) 2.87 (1.76–4.69) <0.001 27 (5.5) 45 (1.9) 3.09 (1.92–4.98) <0.001
Secondary outcome

Major bleeding 12 (2.7) 14 (0.6) 4.91 (2.27–10.61) <0.001 14 (2.9) 12 (0.5) 5.96 (2.76–12.88) <0.001
MACCE 14 (3.2) 34 (1.4) 2.34 (1.26–4.36) 0.006 15 (3.1) 33 (1.4) 2.31 (1.25–4.25) 0.006

Death 10 (2.3) 5 (0.2) 11.37 (3.89–33.25) <0.001 9 (1.9) 6 (0.2) 7.59 (2.70–21.31) <0.001
Myocardial infarction 2 (0.5) 11 (0.4) 1.03 (0.23–4.65) 0.968 3 (0.6) 10 (0.4) 1.52 (0.42–5.51) 0.524
Stent thrombosis 1 (0.2) 2 (0.1) 2.84 (0.26–31.29) 0.373 0 (0) 3 (0.1) NA NA
Stroke 2 (0.5) 6 (0.2) 1.89 (0.38–0.38) 0.426 3 (0.6) 5 (0.2) 3.04 (0.73–12.71) 0.109
Target-vessel 
revascularization

1 (0.2) 16 (0.6) 0.36 (0.05–2.68) 0.295 1 (0.2) 16 (0.7) 0.32 (0.04–2.39) 0.239

Data are presented as number (% of the cumulative rates at 12 months according to Kaplan-Meier event rates). The p-values are from log-rank tests.
ARC-HBR = Academic Research Consortium for High Bleeding Risk; CI = confidence interval; HBR = high bleeding risk; HR = hazard ratio; MACCE = major adverse 
cardiac and cerebrovascular event; NA = not applicable; NACE = net adverse clinical event; PRECISE-DAPT = Predicting Bleeding Complications in Patients 
Undergoing Stent Implantation and Subsequent Dual Antiplatelet Therapy.
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were not observed with regard to major bleeding (HBR: HR, 0.10; 95% CI, 0.01–0.81; non-
HBR: HR, 0.16; 95% CI, 0.04–0.73; p-interaction=0.728) and MACCE (HBR: HR, 0.46; 
95% CI, 0.15–1.47; non-HBR: HR, 0.69; 95% CI, 0.35–1.36; p-interaction=0.560). Results 
were consistent by PRECISE-DAPT score. With respect to NACE, there was no significant 
interaction between therapy and HBR by PRECISE-DAPT score (p-interaction=0.178). 
Ticagrelor monotherapy after 3-month DAPT was associated with lower rate of NACE than 
ticagrelor-based 12-month DAPT in both HBR (HR, 0.25; 95% CI, 0.09–0.66) and non-HBR 
patients (HR, 0.54; 95% CI, 0.29–0.99). Significant interactions were not observed with 
respect to major bleeding (HBR: HR, 0.09; 95% CI, 0.01–0.65; non-HBR: HR, 0.20; 95% CI, 
0.04–0.89; p-interaction=0.518) and MACCE (HBR: HR, 0.41; 95% CI, 0.13–1.27; non-HBR: 
HR, 0.73; 95% CI, 0.36–1.45; p-interaction=0.389). These findings were also confirmed in 
per-protocol analysis and without excluding the patients with adverse events within 3 months 
(Supplementary Figures 2 and 3). There were no significant interactions between therapy 
and HBR for NACE, major bleeding, and MACCE.

DISCUSSION

The main findings of this post-hoc analysis were as follows: 1) for patients presenting with 
ACS and treated with DESs, HBR was associated with higher rate of primary outcome, not 
only including bleeding but also ischemic events; 2) ticagrelor monotherapy after 3-month 
DAPT was associated with lower rate of primary outcome and major bleeding than ticagrelor-
based 12-month DAPT regardless of HBR, with no significant interaction between therapy 
and HBR; and 3) These findings were consistent regardless of HBR definition by ARC-HBR 
criteria or by PRECISE-DAPT score.

Current guidelines recommend 12-month DAPT including novel antiplatelet agents with 
higher potency in patients treated with DESs for ACS.1)2)8)9) However, major concerns toward 
increased risk of bleeding by prolonged DAPT have been raised and shortened duration 
of DAPT may be considered in patients with HBR.18) Therefore, it is of great importance 
to identify patients with HBR. The TWILIGHT trial included patients with not only high 
ischemic risk but also HBR, and it showed that ticagrelor monotherapy followed by 3-month 
DAPT after PCI was associated with lower bleeding events than ongoing ticagrelor plus 
aspirin, without an increased risk for ischemic events.10) The TICO trial exclusively focused 
on patients with ACS and demonstrated that ticagrelor monotherapy after 3-month DAPT 
was associated with a lower incidence of NACE than currently recommended ticagrelor-based 
12-month DAPT.11) In this post-hoc analysis, we classified the TICO subjects into HBR and 
non-HBR patients by 2 different definitions of HBR that were proposed recently: the ARC-
HBR criteria and the PRECISE-DAPT score.3)4) The ARC-HBR criteria, which consists of 20 
clinical criteria as major and minor by consensus and supported by published evidence, and 
the PRECISE-DAPT score, which consists of 5 variables developed from a large pooled dataset 
of recent randomized clinical trials, were excellent in identifying those with HBR after PCI 
and associated with higher risk of bleeding as well as ischemic events when validated to Bern 
PCI registry.3-7) In our study, the rate of NACE, including major bleeding and MACCE, was 
significantly higher in HBR versus non-HBR patients, regardless of the HBR definition which 
was consistent to those of previous studies.

Several studies have investigated the association between HBR and the duration of DAPT. Costa 
et al. reported that compared to a short DAPT duration (3–6 months), a long DAPT duration 
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(12–24 months) increased bleeding in patients with HBR but not in those with non-HBR (p 
for interaction=0.007).4) According to the secondary analysis, 20.8% of patients underwent 
complex PCI, which is associated with higher ischemic risk and can be alleviated by a long 
DAPT duration.19) However, the benefit of a long DAPT duration for reducing ischemic events 
was present only in patients with non-HBR for both complex (absolute risk difference: −3.86%, 
p=0.05) and noncomplex PCI (absolute risk difference: −1.14%, p=0.04). The benefit was 
not present in HBR patients for both complex (absolute risk difference: +1.30%, p=0.76) and 
noncomplex PCI (absolute risk difference: +1.45%, p=0.39), which indicated that bleeding, 
more than ischemic risk, should inform on making decision for DAPT duration after PCI.19) 
Different from previous studies, only ultrathin bioresorbable polymer sirolimus-eluting stents 
(Orsiro; Biotronik AG, Bülach, Switzerland) were used in the TICO trial, which have shown 
superior clinical outcomes over other DESs, probably due to reduced thrombus formation, 
inflammation, and neointimal proliferation.11)12)20)21) Likewise, as for DAPT strategies utilizing 
P2Y12 receptor inhibitor, ticagrelor was used, which showed superior clinical outcomes over 
clopidogrel in reducing ischemic events.8) Therefore, long DAPT duration for the purpose 
of preventing ischemic events is less likely needed compared to other DESs and P2Y12 
receptor inhibitors, which raises the issue of bleeding risk to be considered as a priority over 
ischemic risk. Furthermore, although the definition of short and long duration of DAPT was 
heterogeneous (3–6 months vs. 12–24 months) with aspirin continuation after DAPT in previous 
studies, the definition was strictly confined to 3-month DAPT with P2Y12 receptor inhibitor 
continuation versus 12-month DAPT in the TICO trial.4)11)19) These factors may have contributed 
to the findings of this study, which showed the beneficial effect of ticagrelor monotherapy after 
short DAPT duration in both HBR and non-HBR patients. However, the benefit of ticagrelor 
monotherapy after 3-month DAPT tended to be more prominent in HBR patients which is in 
line with the secondary analysis of the TWILIGHT trial regarding HBR.22)

This study has several limitations. First, the present study was not prespecified in the TICO 
trial protocol; however, the definition of HBR by ARC-HBR criteria or PRECISE-DAPT score 
was not developed at the time of trial design. Therefore, our findings need to be interpreted 
only as hypothesis-generating and require further prospective randomized trials. Second, the 
number of HBR patients is relatively small compared with non-HBR patients. Not all criteria 
for ARC-HBR were available for analysis, and while some of those were not routinely collected 
in the TICO trial, others were in fact exclusion criteria for the trial since the patients with 
an extremely high risk of bleeding who may be contraindicated for antiplatelet agents were 
excluded as in other trials regarding antiplatelet therapy strategies. Nevertheless, statistical 
significance for the benefit of ticagrelor monotherapy after 3-month DAPT toward primary 
outcome and major bleeding was found even in relatively small number of HBR patients. 
Third, the patients who encountered adverse events during the first 3 months after PCI were 
excluded in primary analysis, since the therapy during the first 3 months was the same in 
both therapy strategies. However, key findings of this post-hoc analysis (interactions between 
therapy and HBR for clinical outcomes) were also confirmed without excluding the patients 
with adverse events within 3 months. Fourth, although the superiority assumption was met, 
the lower than expected event rate of the primary outcome was noted in the TICO trial, which 
was consistent in this post-hoc analysis.

In conclusions, in patients with ACS treated with DESs, ticagrelor monotherapy after 
3-month DAPT was associated with a lower incidence of NACE and major bleeding than 
currently recommended ticagrelor-based 12-month DAPT regardless of HBR, and the 
magnitude of therapy effect did not differ between HBR and non-HBR.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1
Baseline characteristics by ARC-HBR criteria and antiplatelet therapy strategy

Click here to view

Supplementary Table 2
Baseline characteristics by PRECISE-DAPT score based HBR and antiplatelet therapy strategy

Click here to view

Supplementary Table 3
Baseline characteristics by HBR for per-protocol population

Click here to view

Supplementary Table 4
Baseline characteristics by ARC-HBR criteria and antiplatelet therapy strategy for per-
protocol population

Click here to view

Supplementary Table 5
Baseline characteristics by PRECISE-DAPT score based HBR and antiplatelet therapy strategy 
for per-protocol population

Click here to view

Supplementary Figure 1
Time-to-event curves for clinical events by HBR for per-protocol population. NACE (A, D), 
major bleeding (B, E), and MACCEs (C, F).

Click here to view

Supplementary Figure 2
Time-to-event curves for clinical events by HBR and antiplatelet therapy strategy for per-
protocol population. NACE (A, D), major bleeding (B, E), and MACCEs (C, F).

Click here to view

Supplementary Figure 3
Time-to-event curves for clinical events by HBR and antiplatelet therapy strategy for overall 
TICO patients. NACE (A, D), major bleeding (B, E), and MACCEs (C, F).

Click here to view

335

Ticagrelor Monotherapy in ACS by HBR

https://doi.org/10.4070/kcj.2021.0321https://e-kcj.org

https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s001.xls
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s002.xls
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s003.xls
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s004.xls
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s005.xls
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s006.ppt
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s007.ppt
https://e-kcj.org/DownloadSupplMaterial.php?id=10.4070/kcj.2021.0321&fn=kcj-52-324-s008.ppt


REFERENCES

 1. Levine GN, Bates ER, Bittl JA, et al. 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;68:1082-115. 
PUBMED | CROSSREF

 2. Valgimigli M, Bueno H, Byrne RA, et al. 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;39:213-60. 
PUBMED | CROSSREF

 3. Urban P, Mehran R, Colleran R, et al. Defining high bleeding risk in patients undergoing percutaneous 
coronary intervention. Circulation 2019;140:240-61. 
PUBMED | CROSSREF

 4. Costa F, van Klaveren D, James S, et al. Derivation and validation of the predicting bleeding complications 
in patients undergoing stent implantation and subsequent dual antiplatelet therapy (PRECISE-DAPT) 
score: a pooled analysis of individual-patient datasets from clinical trials. Lancet 2017;389:1025-34. 
PUBMED | CROSSREF

 5. Ueki Y, Karagiannis A, Zanchin C, et al. Validation of high-risk features for stent-related ischemic events 
as endorsed by the 2017 DAPT guidelines. JACC Cardiovasc Interv 2019;12:820-30. 
PUBMED | CROSSREF

 6. Ueki Y, Bar S, Losdat S, et al. 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;16:371-9. 
PUBMED | CROSSREF

 7. Natsuaki M, Morimoto T, Shiomi H, et al. Application of the academic research consortium high 
bleeding risk criteria in an all-comers registry of percutaneous coronary intervention. Circ Cardiovasc Interv 
2019;12:e008307. 
PUBMED | CROSSREF

 8. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in patients with acute coronary 
syndromes. N Engl J Med 2009;361:1045-57. 
PUBMED | CROSSREF

 9. Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus clopidogrel in patients with acute coronary 
syndromes. N Engl J Med 2007;357:2001-15. 
PUBMED | CROSSREF

 10. Mehran R, Baber U, Sharma SK, et al. Ticagrelor with or without aspirin in high-risk patients after PCI. N 
Engl J Med 2019;381:2032-42. 
PUBMED | CROSSREF

 11. Kim BK, Hong SJ, Cho YH, et al. Effect of ticagrelor monotherapy vs ticagrelor with aspirin on major 
bleeding and cardiovascular events in patients with acute coronary syndrome: the TICO randomized 
clinical trial. JAMA 2020;323:2407-16. 
PUBMED | CROSSREF

 12. Kim C, Hong SJ, Shin DH, et al. Randomized evaluation of ticagrelor monotherapy after 3-month dual-
antiplatelet therapy in patients with acute coronary syndrome treated with new-generation sirolimus-
eluting stents: TICO trial rationale and design. Am Heart J 2019;212:45-52. 
PUBMED | CROSSREF

 13. Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions for cardiovascular clinical trials: a 
consensus report from the Bleeding Academic Research Consortium. Circulation 2011;123:2736-47. 
PUBMED | CROSSREF

 14. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial infarction. Circulation 
2012;126:2020-35. 
PUBMED | CROSSREF

 15. Cutlip DE, Windecker S, Mehran R, et al. Clinical end points in coronary stent trials: a case for 
standardized definitions. Circulation 2007;115:2344-51. 
PUBMED | CROSSREF

 16. Sacco RL, Kasner SE, Broderick JP, et al. An updated definition of stroke for the 21st century: a statement 
for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 
2013;44:2064-89. 
PUBMED | CROSSREF

336

Ticagrelor Monotherapy in ACS by HBR

https://doi.org/10.4070/kcj.2021.0321https://e-kcj.org

http://www.ncbi.nlm.nih.gov/pubmed/27036918
https://doi.org/10.1016/j.jacc.2016.03.513
http://www.ncbi.nlm.nih.gov/pubmed/28886622
https://doi.org/10.1093/eurheartj/ehx419
http://www.ncbi.nlm.nih.gov/pubmed/31116032
https://doi.org/10.1161/CIRCULATIONAHA.119.040167
http://www.ncbi.nlm.nih.gov/pubmed/28290994
https://doi.org/10.1016/S0140-6736(17)30397-5
http://www.ncbi.nlm.nih.gov/pubmed/30981574
https://doi.org/10.1016/j.jcin.2018.12.005
http://www.ncbi.nlm.nih.gov/pubmed/32065586
https://doi.org/10.4244/EIJ-D-20-00052
http://www.ncbi.nlm.nih.gov/pubmed/31707804
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008307
http://www.ncbi.nlm.nih.gov/pubmed/19717846
https://doi.org/10.1056/NEJMoa0904327
http://www.ncbi.nlm.nih.gov/pubmed/17982182
https://doi.org/10.1056/NEJMoa0706482
http://www.ncbi.nlm.nih.gov/pubmed/31556978
https://doi.org/10.1056/NEJMoa1908419
http://www.ncbi.nlm.nih.gov/pubmed/32543684
https://doi.org/10.1001/jama.2020.7580
http://www.ncbi.nlm.nih.gov/pubmed/30933857
https://doi.org/10.1016/j.ahj.2019.02.015
http://www.ncbi.nlm.nih.gov/pubmed/21670242
https://doi.org/10.1161/CIRCULATIONAHA.110.009449
http://www.ncbi.nlm.nih.gov/pubmed/22923432
https://doi.org/10.1161/CIR.0b013e31826e1058
http://www.ncbi.nlm.nih.gov/pubmed/17470709
https://doi.org/10.1161/CIRCULATIONAHA.106.685313
http://www.ncbi.nlm.nih.gov/pubmed/23652265
https://doi.org/10.1161/STR.0b013e318296aeca


 17. Kim BK, Hong MK, Shin DH, et al. A new strategy for discontinuation of dual antiplatelet therapy: 
the RESET Trial (REal Safety and Efficacy of 3-month dual antiplatelet Therapy following Endeavor 
zotarolimus-eluting stent implantation). J Am Coll Cardiol 2012;60:1340-8. 
PUBMED | CROSSREF

 18. Capodanno D, Alfonso F, Levine GN, Valgimigli M, Angiolillo DJ. ACC/AHA versus ESC guidelines on 
dual antiplatelet therapy: JACC guideline comparison. J Am Coll Cardiol 2018;72:2915-31. 
PUBMED | CROSSREF

 19. Costa F, Van Klaveren D, Feres F, et al. Dual antiplatelet therapy duration based on ischemic and bleeding 
risks after coronary stenting. J Am Coll Cardiol 2019;73:741-54. 
PUBMED | CROSSREF

 20. Kandzari DE, Mauri L, Koolen JJ, et al. Ultrathin, bioresorbable polymer sirolimus-eluting stents versus 
thin, durable polymer everolimus-eluting stents in patients undergoing coronary revascularisation 
(BIOFLOW V): a randomised trial. Lancet 2017;390:1843-52. 
PUBMED | CROSSREF

 21. Roguin A, Kandzari DE, Marcusohn E, et al. Subgroup analysis comparing ultrathin, bioresorbable 
polymer sirolimus-eluting stents versus thin, durable polymer everolimus-eluting stents in acute coronary 
syndrome patients. Circ Cardiovasc Interv 2018;11:e007331. 
PUBMED | CROSSREF

 22. Escaned J, Cao D, Baber U, et al. Ticagrelor monotherapy in patients at high bleeding risk undergoing 
percutaneous coronary intervention: TWILIGHT-HBR. Eur Heart J 2021;42:4624-34. 
PUBMED | CROSSREF

337https://e-kcj.org https://doi.org/10.4070/kcj.2021.0321

Ticagrelor Monotherapy in ACS by HBR

http://www.ncbi.nlm.nih.gov/pubmed/22999717
https://doi.org/10.1016/j.jacc.2012.06.043
http://www.ncbi.nlm.nih.gov/pubmed/30522654
https://doi.org/10.1016/j.jacc.2018.09.057
http://www.ncbi.nlm.nih.gov/pubmed/30784667
https://doi.org/10.1016/j.jacc.2018.11.048
http://www.ncbi.nlm.nih.gov/pubmed/28851504
https://doi.org/10.1016/S0140-6736(17)32249-3
http://www.ncbi.nlm.nih.gov/pubmed/30354631
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007331
http://www.ncbi.nlm.nih.gov/pubmed/34662382
https://doi.org/10.1093/eurheartj/ehab702

	Ticagrelor Monotherapy After 3-Month Dual Antiplatelet Therapy in Acute Coronary Syndrome by High Bleeding Risk: The Subanalysis From the TICO Trial
	INTRODUCTION
	METHODS
	Study subjects and design
	Study proceedings
	Study endpoints
	Statistical analysis

	RESULTS
	Clinical outcomes by HBR
	Clinical outcomes by HBR and antiplatelet therapy strategy

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4
	Supplementary Table 5
	Supplementary Figure 1
	Supplementary Figure 2
	Supplementary Figure 3

	REFERENCES


