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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 P2Y,, receptor inhibitor is recommended.*® 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 PCL>¥ Studies have shown that HBR by these

2 definitions is associated with increased risk of both bleeding and ischemic events.>”
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.*'® 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)."

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.'V?
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
a1:1 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.> Patients were considered to be at HBR if
at least 1 major or 2 minor ARC-HBR criteria were met.?) Major criteria available for analysis
were severe or end-stage chronic kidney disease (estimated glomerular filtration rate <30
mL/min/1.73 m? 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 m?), 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).? 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."?

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."” 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." Stent thrombosis was defined as definite
or probable stent thrombosis according to the Academic Research Consortium.™ 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.'® 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.!?¥) 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.?

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 ¥ 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 1and 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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PRECISE-DAPT score

Score 225

Score <10

>1 major
or 2 minor

oy g
1 minor (20.7) 1,910

Score 18-24

ARC-HBR criteria

Score 11-17

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 225).

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.

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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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/m?) 24.9+3.4 95.1+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 293 (49.2) 582 (23.0) <0.001 298 (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 (57.9) 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 95 (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 2292 (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) 491 (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/Illa 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 m? of body-surface area; TPrimary

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

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

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(0.9) 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 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

revascularization

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.

https://e-kcj.org

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

329



ke

Korean Circulation Journal

Ticagrelor Monotherapy in ACS by HBR

‘AdesayL

19)93e1d1IUY 1ENQ JUaNnbasgns pue uolrejue)dwi Juals Sulodiapun sjualred ul suonesdwo) Suipas)g Suldipald = 1dvad-3S103Hd ‘UolzuaAIaiul A1euolod snoaueindiad = [Dd JUaAS |BIIUND BSIBAPE JoU =
JOVN {IUBAS JB)NISBA0I(aIDD PUB JBIPJED SIBAPE Jofew = JOIVIA (013l pezey = YH s uIpaalq Y31y = YgH eAlalul 9duapyuod = |J Hisiy Sulpaalg YSIH 404 WNIJOSUOD Y2Jeasay dIWapedy = YgH-IHY
*(4 “0) s320VIW pue ‘(3 ‘g) Buipass)q Jofew ‘(Q ‘¥) IOVN "HgH Ag S1uBAS 1BD1UIND J0) SOAIND JUSAS-0}-8WlL g 4nSi4

YgH-UON (g) -~~~ yaH (v) —

16€C 00Y'G SOV'C Wy's o' Oov's Sev's ovv's 6vv'c 09V L9V Ly 9LvT (a) B0V'G 90V'G WS SW'S LY 1BY'S 9eV'T Tvb's 6vvC 09V L9VT YT 9LYT (a) 6LEC 68EC S6EC £OV'G SOV'G €T OLY'T 8EV'C Lvv'G 09V'C L9VD V'S 9LKT (a)
69y Oy WUy €y €y 8L €y €y 9By 6k S6r 005 #0S (V) o € v 8% 8% S 64 I8y €8y 6y S6F 005 YOS (V) sy 8y 09 vo¥ ¥y v 9 84 18y 6 S6¥ 005 YOS (v)

3sL1e "ON 3sL1e "ON 3sL 1B "ON
10d Xxapuj aduls shkeq 10d Xxapul aduls shkeq 10d Xxapul aduls shkeq
09€ 0£€ 00€ 02 0¥Z 0LZ 081 0SL 0ZL 06 09 0€ O 09€ 0£€ 00€ 02 0¥Z 0LZ 081 0SL 0ZL 06 09 0€ O 09€ 0£€ 00€ 02 0¥Z 0LZ 081 0GL 0ZL 06 09 0€ O
1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 L L L 1 1 1 1 1 1 1 1 1 1 1 L
rz € rz £ rz £
2 2 2 m
A A rv§5 Q
2. 2. z
-9 g -9 g r9 & Y
> > > V
3 3 8 3
IS - ¥ IS
900°0=d yues-307 = 100°0>d yues-3o7 = 100°0>d yues-3o7 =
(55v-55°1) 1£73=(10 %S6) dH :(g) sn (v) | o (88°51-92°3) 96°5=(10 %S6) YH :(8) 'sA (v) | o (86'7-36°1) 60°€=(10 %S6) YH :(8) 'sA (v) | o
4 3 a
SEV'S TYY'G LG €Sv'T vSY'G ¥OV'C 6LY'C 98V'C v6V'G 905G SIST 65T 65T Amv v¥'G Lv's CSV'G 9SG 8SY'G SOV°G I8V'G L8Y'T v6V'G 905G SIST 65T 65T Amv 6l'G 8Gv'C ¥EV'G Gvv's v SSY'G VG 18¥'G 16V°G 90SC SIS 16ST L2ST Amv
@y S 6% v ISy vEy 6%y 6y Ovk Svb b OSy €S (v) oOov oov v v Lov ey vy 9sv 8y Svv Lbb OSY €S () uv e lov Sov Sov 60v € Sev L&Y Svv Lbb OSY €Sy (v)
sl 1e "ON sl 1e "ON sl 1e "ON
10d Xapul aduls sheq 10d Xapul aouls sheq 10d Xapul aduls sheq
09€ 0€€ 00€ 0/Z 0¥ 0LZ 08} 0SL 0ZL 06 09 0€ O 09€ 0€€ 00€ 0/Z 0¥ 0LZ 08} 0SL 0ZL 06 09 0€ O 09€ 0€€ 00€ 0/Z 0¥ 0LZ 08} 0SL 0ZL 06 09 0€ O
1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 L L L 1 1 1 1 1 1 1 1 1 1 1 L
\.|||||||.1 |||||| r ad \.\I\\ltt'u.\
i sremme s
L, 2 L, 2 L, 2
3 3 3
=1 =1 =1
2 2 2 >
4 s 4 s 4 s w
5 5 5
2. 2. 5. I
L [o% L o L Q. w
9 8 9 2 9 ol o]
(2] (2] (2]
(0] (0] (0]
] ] ]
900°0=d yues-3o7 = 100°0>d jues-307 = 100°0>d jues-307 =
(9g7-95°1) v€'5=(10 %S56) HH :(a) 'sA (v) | o (19°01-L5°3) 16°+=(10 %56) HH :(a) sA (v) | oL (69°7-92°1) £85=(1D %S6) ¥H :(8) 'sA (v) | oL
po -] \'4
JOOVI Buipaa)q Jofe JOVN

330

//doi.org/10.4070/kcj.2021.0321

https

://e-kcj.org

https



ke

Korean Circulation Journal

Ticagrelor Monotherapy in ACS by HBR

‘Adesay L 19)93€)dNUY

1enq@ juanbasqns pue uoirejue)dwi 3uais ulodiapun sualled ul suoiredljdwo) uipaalg Suldipald = 1dvd-3SID3IHd SUoiudAIalul A1euoiod snoaueindiad = [Dd (3USAS 1eDIUlD 8SI9APE 38U = IDYN
JUBAS JBINISBAOIGDI3D PUR JBIPIBD BSISAPE Jofew = JDIVIN (011eJ paezey = YH ysi uipaalq ysiy = YgH JeAtalul 9duspyuod = | Hisiy 3ulpaa)g YSIH 404 WNJHOSUOD Y2Jeasay dIWapedy = YgH-JHY
*(4 *D) S22V pue ‘(3 ‘g) Buipaa)q Jofew (q “v) 3DVN ‘A3a3es3s Adeiays 19193€)di3Ue pue YgH Ag SIUSAS 1BDIUID 10} SIAIND JUBAS-03-dWl] *€ a.nSi4

1dVva yuow-¢ Jaye Adesaylouow 101243e213 “YgH-UON (Q) ------ 1dva Yuow-¢ aye Adesayjouow 40943213 ‘YgH (g) -=n-=-
1dVa Y1UoWw-g| paseq-10ja18edn ‘YgH-UON () —— 1dVa Yauow-gL paseq-i0jai3edn “daH (V) —

903 605 Us'l Vgl Vil 8l 956l OSEl ¥Esl 656l £¥8l Sve'l 8vgl (@) €zl vzl 9lgl 6l 6l6l sl 666l oel SeEl 656l €Yl SvEl 8vgl (@) YOGl L05'L 60G1 €6l €8l LBl Sael 666l €5l 656l £¥El Svel 8vgl (@

GBIl 16IL el L6l1 86LL BOGL 60GL BIEl Sl WGl +eL 9asl sl (D) 68l @ell Sell 96l 86ll 00GL 06l OBl HBL 1wl ool 9ol 8kl (D) L o8l 98Il O6LL g6ll 96LL SOGL 60GL vEl WGl ¥l 9%l 8wl (D)
6 V& ¥ S6 S66 960 83 84 666 IS5 Y86 8% W (@) oo < < V& Y6 S LG L6 66 6 Y6 8% WG (@) oo < < V& Y6 S LG L6 66 6 Y6 8% B (a)
oG oG LW BYG S¥C 06 SS6 SS6 956 095 193 396 €% (V) ot O g w5 e 0% 6 v56 ¥56 095 19 396 €9 (V) S S L5 Ovc Ovc 9% 646 ISo ¢S50 095 193 396 €9 (v)
3SId 38 "ON 3S1d 38 "ON 3Sld 38 "ON
12d xapul aouls sAeq 12d xapul aouls sAeq 12d xapul aouls sAeq
09€ 0€€ 00€ 042 0¥ 0LZ 08L 0SL 0ZL 06 09 0F€ 0 09€ 0€€ 00€ 042 0¥ 0LZ 08l 0SL 0L 06 09 O 0 09€ 0€€ 00€ 0.2 0¥ 0LZ 08L 0SL 0CZL 06 09 0F€ 0
1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 L
o o o
5 5 5
rz £ rZ £ rz £ 3
B B 52 m
s 3 s m
vog vog vo3 om
Q. Q. Q. (w)
g 2 2 >
o 3 o 3 re 8 3
68£°0=U0l30ela3u] Joj d (o/w 815 0=uooesaiu] Joy d (o/w 8L1'0=uo1oesaiu] Joy d (o/w
(st'1-9£°0) ££°0=(1D %S6) 4H :(a) sA () L g (68°0-+0°0) 05°0=(10 %56) YH :(a) 'sA (0) L g 6°0-65°0) ¥5°0=(12 %56) ¥H :(a) 'sA (0) L8
(L3'1-€1'0) L"0=(10 %S6) HH :(8) *sA (V) 4 (59°0-10"0) 60°0=(12 %S56) ¥H :(8) "sA (V) 3 (99°0-60°0) 55°0=(12 %S6) HH :(8) "sA (v) a
OS5l €55 GGl 8Bl 8Bl WOl ISGL SSoL 656l Y9Gl OBl €31 LBL (@) (551 8Bl OWGL SOl SKEl SWoL Yol [SGL 0931 YOGl 0L €51l LT (@) &l 1Bl €01 L8l L561 Wol 0SL ¥6ol 861 Y98l 0L €6l Lol (a)
€06 6061 BB GGl 9Bl G 8L LGl SEBL Gvol ol 8vel 0561 (D) LOGL 60GL Bl EBL Sl Oael 5ol Ol ¥EGL ovgl Svol 8vgl osel (D) 6L L6l 1061 SOBL LOGL WGl €661 LGSl E56l hel Svel sel 0%l (D)
66l 006 00 l0c 105 00 €06 €0 vOG 906 LO0G OB alg (@) 86L 66l 66l 00c 00 l0G 06 00 VvOG 908 L0 OB alo (@) 86L 66l 66l 00c 00 l0G 06 00 vOG 906 LOG OB alo (a)
8% $66 63 O 056 0% 9 956 96 65 O3 O3 g (V) o e v& (& (6 OF % ¥ 6 65 O 05 o (v) 65 0% o S& S0 83 6 €06 €6 65 OWg O g (v)
3SId 38 "ON 3SId 38 "ON 3S1d 38 'ON
10d Xapul aouls sheq 10d Xapul a2uls sheq 10d Xapul a2uls sheq
09€ 0€€ 00€ 022 0¥ 0LZ 081 0SL 0L 06 09 O 0 09€ 0€€ 00€ 022 0¥ 0LZ 08l 0SL 0L 06 09 O 0 09€ 0€€ 00€ 022 0¥ 0LZ 081 0SL 0CL 06 09 0€ 0
1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 L
o e} o
c c c
2 E E
rZ = rZ = rz =
2 2 2 >
5 5 5 =
vo3 vo3 v 8 I
o Q. [=% w
e S g =
9 8 9 8 9 8
095°0=U0I30eJ81Ul J0} d /% 85, 0=uo1oeIaU] 404 d /% 00+°0=uo110BIBIU] 404 d /%
(9¢°1-5£°0) 69°0=(10 %S56) 4H :(a) 'sA (0) L g (€£:0-+0'0) 9L'0=(10 %S6) HH :(a) 'sh (2) L g

(68°0-£3°0) 6%°0=(12 %S6) 4H :(a) 'sA (0) L g

(L¥°1-51'0) 9%°0=(10 %S6) "H :(4) *sA (v) (18°0-10°0) OL'0=(12 %S6) YH :(d) *sA (v) (08°0-11'0) 0£°0=(1D %S6) 4H :(a) "sA (V)

(S
o
<

30OV Buipea)q Jole JOVN

331

//doi.org/10.4070/kcj.2021.0321

https

://e-kcj.org

https



ke

Korean Circulation Journal

Ticagrelor Monotherapy in ACS by HBR

‘Adesay 19)93€)d13UY 1ENQ UBNbasNs

pue uoirejueidwi Juais Suiogiapun sjualied ul suoiesndwo) Suipas)g SuidIpaid = 1dVA-3SID3Hd IUSAS 1BDIUID 3SIBAPE 38U = JDYN :9]qedljdde Jou = ¥N JUdAS JB|NISBA0I(aIad pue Je|pJed
asJanpe Jofew = JDIVIN ‘013l pezey = YH sl uipaalq Y31y = 4gH Adelayl 19)e1edinue-1enp = 1dva {eatajul aduspyuod = | Hisiy Suipas)g YSIH 404 WNJHOSUOD YdIeasay dIWapedy = YgH-OHY
*uoi3oeILIUI YgH x Adelayl Jo 3593 UoISSaIai X0 woJ) ale sanjen-d ayl *(sa1ed Juans Jala|y-uejdey 01 SuIpI0d. SYIUOW gL I8 SBYeJ SAIFBINWND 33 JO %) Jaquinu se pajuasald aJe eleq

(s973 (393
-L€°0) -1€°0) UoI3eZIIe|NdSeADI
VN 66°0 (to)s (L0)8 VN (0)o (ro)t VN 86°0 (90)8 (L0)8 VN (0)o wo)t Jossan-3a81eL
(98'8 (L8'v
IMN.Ov ION.OV
VN 8T (o) e (©0)3s VN (0o (c1)¢e VN 86°0 (c0)e (z0) e VN (0)o (8'0) aons
(SL'13
-81°0)
VN L6'T (G0)s (T0) T VN (0o (0)o VN VN (c0o)s (0)o VN (0)o (CAORS SISOqUIOY3 JUBl1S
(e9T (3
-IT°0) -0T°0) uoloJeul
VN (440 (o)e (9°0) L VN (0)o (1)¢e VN L£°0 (co)e (L0)s VN (0)o (8'0) g 1e1pIedoiin
(68'% (9c°¢ (v8'8 (vLs
-0%°0) -$3°0) -53°0) -33%°0)
5£6°0 66°0 (Go)e (Go)e 06°0 (9% (6'1)S £95°0 8v'T (coe (z°0)3 LLO (03 v (s3)9 yeaeq
(sv'tT Lzt (og'1 vt
-9¢£°0) -£1°0) -5£°0) -51°0)
68£°0 €L°0 (T vt (9'T) 6T v°0 LDy (ev) 1t 095°0 69°0 (Tvt (9°1) 0% 9¥°0 (03 v (@v)ot 300V
(680 (90 (eLo (180
-¥0°0) -10°0) -¥0°0) -10°0)
8150 030 (G0)s (8'0) 01 60°0 rort (T'g) et 8GL°0 910 (0o (0'1) 3t 0T'0 (s0) T L)1t Buipasaq Jofel
awWoo3no Arepuodss
(6670 (9970 (6870 (080
-65°0) -60°0) -1%°0) -TI1°0)
8LT0 ¥5°0 (e'T)9ot (¥'2) 63 o) ((HIK] (5°8) 55 00%°0 6%°0 (e'T)9ot (973) 3¢ 0€°0 (re)s (0'8) 6T 30VN
awodlno \Cm_t_‘_n_
(8v3°T=u)  (833'T=U) AH@%V (e9g=u) (tLgT=u)  (053°T=V) (@1g=u) 1ava  (T¥E=Y)
anjeA-d ldva ldva 1dva anjea-d 1dva ldva ldva
uonoeIaIU| A_oxo\m_mmv YIUOW-€ Jae  YJUoW-3T A_Umo\_“mmv E“Muﬁ-m YIUOW-3T  uopoelau| A_Omo\_ﬁ.u_mmv YluoW-¢€ e YIUOW-3T A_Umo\_“mmv F»Mc%wc;%ou_wuﬁ YIuow-g T
HgH x Adesayiouow paseq fdeso paseq HaH x Adesaylouow  paseq 3 paseq
yyouow J01248€e211
AdesayL Joj243ed1L  -101243e0IL 10j0.8e011 -l0jaigedll  Adessyl J0j9J3ed1L  -101243e21L -101843e21L
YgH-UON dgH dgH-UoN dgH
1dva-3s1034d dgH-04v

A3a1e13s AdeIay) 191938)dIIUE pUR YgH Ag SBW02IN0 JBDIUND *€ d)qeL

332

//doi.org/10.4070/kcj.2021.0321

https

://e-kcj.org

https



Ticagrelor Monotherapy in ACS by HBR

ke

Korean Circulation Journal

https://e-kcj.org

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% ClI,
0.04-0.89; p-interaction=0.518) and MACCE (HBR: HR, 0.41; 95% CI, 0.131.27; 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?%% 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.!® 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.'” 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." 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.® 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.>”) 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
etal. reported that compared to a short DAPT duration (3—6 months), a long DAPT duration
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(1224 months) increased bleeding in patients with HBR but not in those with non-HBR (p

for interaction=0.007).% 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." 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.*)
Different from previous studies, only ultrathin bioresorbable polymer sirolimus-eluting stents
(Orsiro; Biotronik AG, Biilach, 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.!V2?9?) Likewise, as for DAPT strategies utilizing
P2Y,, receptor inhibitor, ticagrelor was used, which showed superior clinical outcomes over
clopidogrel in reducing ischemic events.® Therefore, long DAPT duration for the purpose

of preventing ischemic events is less likely needed compared to other DESs and P2Y,,

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 P2Y, receptor inhibitor
continuation versus 12-month DAPT in the TICO trial.*"V* 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.?

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.

https://doi.org/10.4070/kcj.2021.0321 334



Ticagrelor Monotherapy in ACS by HBR

ke

Korean Circulation Journal

https://e-kcj.org
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Supplementary Table 2
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Supplementary Table 3
Baseline characteristics by HBR for per-protocol population
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Supplementary Table 4

Baseline characteristics by ARC-HBR criteria and antiplatelet therapy strategy for per-
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Supplementary Table 5

Baseline characteristics by PRECISE-DAPT score based HBR and antiplatelet therapy strategy
for per-protocol population
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Supplementary Figure 1

Time-to-event curves for clinical events by HBR for per-protocol population. NACE (A, D),
major bleeding (B, E), and MACCE:s (C, F).
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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).
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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
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