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ABSTRACT

Background: Although ticagrelor is known to increase the bleeding risk compared to
clopidogrel in East Asian patients, its clinical benefits in patients with acute myocardial
infarction (AMI) without high bleeding risk (HBR) remains unknown.

Methods: A total of 7,348 patients who underwent successful percutaneous coronary
intervention (PCI) from the Korea Acute Myocardial Infarction Registry-National Institute
of Health (KAMIR-NIH), between November 2011 and December 2015, were divided into

two groups according to the Academic Research Consortium for HBR criteria (KAMIR-HBR,
2,469 patients; KAMIR-non HBR, 4,879 patients). We compared in-hospital major adverse
cardiovascular events (MACEs, defined as a composite of cardiac death, non-fatal myocardial
infarction, or stroke), and the thrombolysis in myocardial infarction (TIMI) major bleeding
between ticagrelor and clopidogrel in the KAMIR-HBR and the KAMIR-non HBR groups,
respectively.

Results: After propensity score matching, ticagrelor had a higher incidence of in-hospital
TIMI major bleeding than clopidogrel in all patients (odds ratio [OR], 1.683; 95% confidence
interval [CI], 1.010-2.805; P = 0.046) and the KAMIR-HBR group (OR, 3.460; 95% CI,
1.374-8.714; P=0.008). However, there was no significant difference in in-hospital TIMI
major bleeding between ticagrelor and clopidogrel in the KAMIR-non HBR group (OR, 1.436;
95% CI, 0.722-2.855; P=0.303). No differences were observed in the cumulative incidences
of in-hospital and 6-month MACEs between ticagrelor and clopidogrel in both groups.
Conclusions: The bleeding risk of ticagrelor was attenuated in Korean patients with AMI
without HBR. Appropriate patient selection could reduce in-hospital bleeding complications
associated with ticagrelor in Korean patients with AMI who underwent successful PCI.

Keywords: P2Y12 Receptor Inhibitors; Hemorrhage; Myocardial Infarction; Percutaneous
Coronary Intervention
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INTRODUCTION

Recent advances in stent technology, anti-thrombotic agents, and anti-atherosclerotic agents
have contributed to the decrease in ischemic events after percutaneous coronary intervention
(PCI), but the risk of bleeding from antiplatelet agents is still high. Bleeding complications
are strongly associated with poor clinical outcomes. Therefore, it is imperative to assess and
predict the future bleeding risk in patients who undergo PCI and select the optimal strategy
for antiplatelet therapy. Based on literature review and clinical consensus, the Academic
Research Consortium for High Bleeding Risk (ARC-HBR) group recently defined HBR as a
Bleeding Academic Research Consortium (BARC) 3 or 5 bleeding risk of at least 4% at 1 year
or an intracranial hemorrhage (ICH) risk of at least 1% at 1 year in patients undergoing PCI.1

Many studies have reported that ticagrelor increased the bleeding risk without reducing
ischemic events in East Asian patients with acute myocardial infarction (AMI).2¢ However,
whether there is a difference in the bleeding risk with ticagrelor depending on HBR in East
Asian patients remains unclear.

Therefore, our study aimed to determine whether there is a difference in the efficacy and
safety of ticagrelor in Korean AMI patients, with or without HBR.

METHODS

Study population and definition

We selected all patients with AMI undergoing successful PCI from the Korea Acute
Myocardial Infarction Registry-National Institute of Health (KAMIR-NIH), which is a
prospective, multi-center, web-based observational cohort study from 20 centers in South
Korea.” We excluded patients without PCI, those with failed or suboptimal PCI, those

who received prasugrel or cilostazol, those with in-hospital P2Y12 receptor inhibitor (RI)
switching, and those with inadequate clinical data. Then, we identified a major or minor
criterion at the time of PCI, corresponding to the criteria of HBR defined by the ARC-

HBR group. Some criteria of ARC-HBR that could not be identified in KAMIR-NIH were
inevitably excluded. The estimated glomerular filtration rate (eGFR) was calculated using the
Cockceroft-Gault formula for all patients. Patients who had already taken oral anticoagulants
before admission or who had atrial fibrillation at admission were considered to have
anticipated the use of oral anticoagulants. The patient was considered to be at “KAMIR-
HBR” if at least 1 major criterion or 2 minor criteria were met and was considered to be at
“KAMIR-non HBR” if no major criteria and O or 1 minor criterion were met. To assess the risk
of adverse clinical events based on the number of HBR criteria, the KAMIR-HBR scores were
calculated by adding two points for any major criterion and one point for any minor criterion
for convenience. Standardized definitions of all variables were determined by the steering
committee board of the KAMIR-NIH. In other words, we divided the enrolled patients into
the KAMIR-HBR and the KAMIR-non HBR groups, and each group was subdivided into
clopidogrel and ticagrelor treatment regimens and subjected to comparison (Fig. 1).

Intervention and medications

The choice of antiplatelet agents (clopidogrel or ticagrelor), anti-thrombotic therapy, the
timing of invasive strategies (primary or early or delayed), vascular access site, pre- or post-
dilatation, type of stents, and use of periprocedural glycoprotein IIb/IlIa inhibitors were
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Fig. 1. Flow chart of study and a bar of pie chart showing the combination of ARC-HBR major and minor criteria in all patients.

ARC = Academic Research Consortium, HBR = high bleeding risk, AMI = acute myocardial infarction, KAMIR-NIH = Korea Acute Myocardial Infarction Registry-
National Institute of Health, PCI = percutaneous coronary intervention, Rl = receptor inhibitor, KAMIR = Korea Acute Myocardial Infarction Registry, m = minor
criterion for ARC-HBR, M = major criterion for ARC-HBR.
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freely decided by a physician at each center based on the clinical status of patients with AMI.
Anti-platelet agents were administered to all patients prior to PCI, with 300 mg loading dose
(LD) of aspirin and 300 or 600 mg LD of clopidogrel, or 180 mg LD of ticagrelor. PCI was
simultaneously performed in a standard and conventional manner. After the intervention,
all patients were required to take one of the following three P2Y12RIs along with aspirin 100
mg for at least 1 year, which included a maintenance dose (MD) of clopidogrel 75 mg once a
day, or 90 mg ticagrelor twice a day. It was customary to continue dual antiplatelet therapy
(DAPT) for at least 12 months in our registry, if possible. Other medical treatments based

on standard therapies for AMI patients were also used without restriction, considering the
patient's clinical condition.

Study endpoints

The primary efficacy endpoints were major adverse cardiovascular events (MACEs),

defined as a composite of cardiac death, non-fatal MI, or stroke during hospitalization. The
primary safety endpoint was the incidence of the thrombolysis in myocardial infarction
(TIMI) major bleeding during hospitalization. The secondary endpoints were net adverse
cardiovascular events (NACEs), defined as a composite of cardiac death, non-fatal MI,
stroke, or TIMI major bleeding during hospitalization, and MACEs and a composite of
MACES or repeat revascularization at the 6-month follow-up, and its individual components

https://doi.org/10.3346/jkms.2021.36.e268 3/16
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including all-cause death, definite stent thrombosis, or TIMI major or minor bleeding during
hospitalization. Repeat revascularization was defined as unplanned repeat PCI or bypass
surgery that occurred after discharge from the index hospitalization.

Statistical analysis

Categorical variables were expressed as frequencies and percentages, and continuous
variables as mean + standard deviation (SD). Categorical variables were analyzed using the
x’ test or Fisher's exact test, as appropriate, and continuous variables were assessed by the
Student's #test.

To minimize the effect of selection bias between clopidogrel and ticagrelor, first, a
multivariate logistic regression model with an “enter” method was performed using the
independent variables for all individual outcome components. Only variables with a Pvalue

< 0.20 in the univariate analysis were included in the multivariate model. It was also used

to identify independent predictors of in-hospital TIMI major bleeding in both the KAMIR-
HBR and the KAMIR-non HBR groups. Second, the propensity score (PS) was estimated
using a multivariable logistic regression model, wherein ticagrelor therapy was checked in
reverse on all baseline clinical, angiographic, and procedural characteristics and in-hospital
medications. Thereafter, the patients treated with clopidogrel were one-to-one matched
with those treated with ticagrelor as per the PS using the nearest neighbor matching within a
caliper width of 0.2 of the SD of the logit of the PS. The balance between the two groups after
PS matching was assessed by calculating the standardized mean difference (SMD). The SMD
was calculated by dividing the difference in means or proportions by standard error and was
considered an imbalance if the absolute value was greater than 0.10.

Cumulative clinical events of 6-month and landmark analysis from 30 days were analyzed
and compared between clopidogrel and ticagrelor by a Kaplan-Meier survival curve using a
log-rank test. Hazard ratios and 95% confidence interval (CI) for 6-month clinical outcomes
were calculated using Cox proportional hazard regression models with all variables in the
univariate analysis with a Pvalue of < 0.20.

The odds ratio (OR) for in-hospital TIMI major bleeding with the associated 95% CI for
clopidogrel versus ticagrelor at each level of the exploratory subgroup and overall patients
were presented in the forest plots, together with the incidence rates per treatment group
within the subgroup and the treatment-by-subgroup interaction Pvalues. A Pvalue for the
interaction of less than 0.1 indicated a statistically significant subgroup effect.

All statistical tests were two-tailed, and a Pvalue < 0.05 was considered statistically
significant. All statistical analyses were performed using SPSS (Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA) for Windows, version 27.0.

Ethics statement

The study protocols were approved by the ethics committee at each participating center and
followed the principles of the Declaration of Helsinki, revised in 2013. Written informed
consent was obtained from all patients for participation in the KAMIR-NIH registry. The
approval number was CNUH-2011-172 of Chonnam National University Hospital. Trained study
coordinators at each participating institution collected all the data using a formalized form.
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RESULTS

Baseline characteristics of all patients

Between November 2011 and December 2015, 7,348 patients with AMI who underwent
successful PCI were analyzed from the KAMIR-NIH registry. As per the HBR definition

of the ARC-HBR, 2,469 patients (33.6%) were classified into the KAMIR-HBR group and
4,879 patients (66.4%) were classified into the KAMIR-non HBR group. The KAMIR-HBR
group included 758 patients (10.3%) with 2 minor criteria, 336 patients (4.6%) with 1 major
criterion, and 329 patients (4.5%) with 1 major and 1 minor criterion. The KAMIR-non HBR
group comprised 1,175 patients (16.0%) with 1 minor criterion and 3,704 patients (50.4%)
without any major or minor HBR criterion (Fig. 1). Hemoglobin < 11 g/dL (654 patients;
8.9%) was the most common major criterion and moderate chronic kidney disease (1,985
patients; 27.0%) was the most common minor criterion in all patients. Clopidogrel and
ticagrelor were administered to 2,077 (84.1%) and 392 (15.9%) patients in the KAMIR-
HBR group and 3,631 (74.4%) and 1,248 (25.6%) patients in the KAMIR-non HBR group,
respectively (Table 1 and Supplementary Table 1).

KAMIR-HBR vs. KAMIR-non HBR in all patients

The KAMIR-HBR group had significantly worse baseline clinical, angiographic, and
procedural characteristics and lower prescription rates of in-hospital medications than the

Table 1. Major baseline clinical characteristics between clopidogrel and ticagrelor in all patients

Characteristics All patients (n = 7,348) Clopidogrel (n = 5,708) Ticagrelor (n =1,640) Pvalue
Age, yr 64.05 +12.55 64.65 +12.63 61.97 +12.03 <0.001
Male gender 5,473 (74.5) 4,176 (73.2) 1,297 (79.1) <0.001
Body weight, kg 65.11 = 11.79 64.68 +11.74 66.61 +11.83 <0.001
Hypertension 3,675 (50.0) 2,926 (51.3) 749 (45.7) <0.001
Diabetes 2,005 (27.3) 1,612 (28.2) 393 (24.0) 0.001
Dyslipidemia 846 (11.5) 666 (11.7) 180 (11.0) 0.456
Current smoker 2,885 (39.3) 2,173 (38.1) 712 (43.4) <0.001
Killip class lI-1V 1,457 (19.8) 1,223 (21.4) 9234 (14.3) <0.001
Final diagnosis <0.001
Non-ST segment elevation Ml 3,631 (49.4) 2,938 (51.5) 693 (42.3)
ST segment elevation M| 3,717 (50.6) 2,770 (48.5) 947 (57.7)
Left ventricular ejection fraction, % 52.01 +10.88 51.75 +11.08 52.92 +10.12 <0.001
Creatinine clearance, mL/min/1.73m? 76.50 + 38.46 74.43 + 35.86 83.73 + 45.66 <0.001
Vascular access <0.001
Transradial approach 2,588 (35.2) 1,800 (31.5) 788 (48.0)
Transfemoral approach 4,760 (64.8) 3,908 (68.5) 852 (52.0)
Multi-vessel or left main disease 3,807 (51.8) 2,971 (52.0) 836 (51.0) 0.449
ACC/AHA type B2/C lesion 6,229 (84.8) 4,749 (83.1) 1,487 (90.7) <0.001
IABP or ECMO 207 (2.8) 177 (3.1) 30 (1.8) 0.005
Use of glycoprotein Ilb/llla inhibitor 1,040 (14.2) 742 (13.0) 298 (18.2) <0.001
In-hospital medications
Aspirin 7,342 (99.9) 5,703 (99.9) 1,639 (99.9) 0.739
Beta-blocker 6,262 (85.2) 4,873 (85.4) 1,389 (84.7) 0.502
Calcium channel blocker 448 (6.1) 375 (6.6) 73 (4.5) 0.001
ACEi or ARB 5,969 (81.2) 4,662 (81.7) 1,307 (79.7) 0.073
Statin 6,892 (93.8) 5,310 (93.0) 1,582 (96.5) <0.001
Oral anticoagulants 216 (2.9) 198 (3.5) 18 (1.1) <0.001
KAMIR-HBR 2,469 (33.6) 2,077 (84.1) 392 (15.9) <0.001
KAMIR-non HBR 4,879 (66.4) 3,631 (74.4) 1,248 (25.6) <0.001

Values are shown as mean + standard deviation or number (%).

MI = myocardial infarction, ACC = American College of Cardiology, AHA = American Heart Association, IABP = intra-aortic balloon pump, ECMO = extracorporeal
membrane oxygenation, ACEi = angiotensin converting enzyme inhibitor, ARB = angiotensin Il receptor blocker, KAMIR = Korea Acute Myocardial Infarction
Registry, HBR = high bleeding risk.
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KAMIR-non HBR group (Table 2 and Supplementary Table 2). Overall, 1,375 (55.7%) and
1,094 (44.3%) patients from the KAMIR-HBR group had KAMIR-HBR scores > 3 points and 2
points, respectively, and 1,175 (24.1%) and 3,704 (75.9%) patients from the KAMIR-non HBR
group had KAMIR-HBR scores of 1 and O points, respectively (Supplementary Table 1).

In the unadjusted clinical outcomes during hospitalization, the KAMIR-HBR group had
significantly higher incidences of MACEs and TIMI major bleeding than the KAMIR-non HBR
group (Fig. 2A). Ischemic and bleeding events tended to gradually increase with an increase
in the KAMIR-HBR score. Patients with a KAMIR-HBR score > 3 points in the KAMIR-HBR
group and 1 point in the KAMIR-non HBR group had significantly higher incidences of
all-cause death, MACEs, and NACEs than those with a score of 2 points in the KAMIR-HBR
group and O points in the KAMIR-non HBR group (Fig. 2B).

Table 2. Major baseline clinical characteristics between clopidogrel and ticagrelor in both the KAMIR-HRB and the KAMIR-non HBR groups

Characteristics KAMIR-HBR KAMIR-non HBR P value®
All patients Clopidogrel Ticagrelor P value All patients Clopidogrel Ticagrelor Pvalue
(n =2,469) (n=2,077) (n=392) (n = 4,879) (n =3,631) (n =1,248)
Age, yr 73.85+£10.37 7413 £10.25 72.39 +10.89 0.004 59.09 £10.46 59.23 +10.48 58.70 +10.40 0123 < 0.001
Male gender 1,422 (57.6) 1,186 (57.1) 236 (60.2) 0.265  4,051(83.0) 2,990 (82.3) 1,061 (85.0) 0.032 <0.001
Body weight, kg 59.13 £11.21 59.01 £11.24 59.76 +11.06 0.220 68.14 +10.88 67.93 £10.75 68.76 +11.23 0.020 <0.001
Hypertension 1,608 (65.1) 1,345 (64.8) 263 (67.1) 0.387 2,067 (42.4) 1,581 (43.5) 486 (38.9) 0.005 <0.001
Diabetes 997 (37.5) 792 (38.1) 135 (34.4) 0.173 1,078 (22.1) 820 (22.6) 258 (20.7) 0.166 <0.001
Dyslipidemia 230 (9.3) 189 (9.1) 41 (10.5) 0.394 616 (12.6) 477 (13.1) 139 (11.1) 0.068 <0.001
Current smoker 599 (21.1) 436 (21.0) 86 (21.9) 0.686 2,363 (48.4) 1,737 (47.8) 626 (50.2) 0.158 <0.001
Killip class II-IV 791 (32.0) 698 (33.6) 93(23.7)  <0.001 666 (13.7) 595 (14.5) 141 (11.3) 0.005 <0.001
Final diagnosis <0.001 <0.001 <0.001
Non-ST segment 1,308 (53.0) 1,148 (55.3) 160 (40.8) 2,393 (47.6) 1,790 (49.3) 533 (42.7)
elevation Ml
ST segment elevation MI 1,161 (47.0) 9929 (44.7) 232 (59.2) 2,556 (52.4) 1,841 (50.7) 715 (57.3)
Left ventricular ejection 49.00 +12.10  48.68 +12.19 50.72 + 11.47 0.001 53.53+9.87 53.51+9.97 53.61+9.56 0.744 < 0.001
fraction, %
Creatinine clearance, 48.81+27.74 47.87 + 27.82 53.78 £26.81 < 0.001 90.52 +35.40  89.62 = 30.73 93.13 + 46.31 0.002 <0.001
mL/min/1.73m?
Vascular access <0.001 <0.001 <0.001
Transradial approach 693 (28.1) 553 (26.6) 140 (35.7) 1,895 (38.8) 1,247 (34.3) 648 (51.9)
Transfemoral approach 1,776 (71.9) 1,524 (73.4) 959 (64.3) 2,984 (61.2) 2,384 (65.7) 600 (48.1)
Multi-vessel or left main 1,464 (59.3) 1,234 (59.4) 230 (58.7) 0.823 2,343 (48.0) 1,737 (47.8) 606 (48.6) 0.670 <0.001
disease
ACC/AHA type B2/C lesion 2,106 (85.3) 1,750 (84.3) 356 (90.8) 0.001 4,123 (84.5) 2,992 (82.4) 1,131(90.6) <0.001  0.390
IABP or ECMO M (4.5) 97 (4.7) 14 (3.6) 0.425 96 (2.0) 80 (2.2) 16 (1.3) 0.044 <0.001
Use of glycoprotein Iib/llla 294 (11.9) 295 (10.8) 69 (17.6)  <0.001 746 (15.3) 517 (14.2) 299 (18.3) 0.001 <0.001
inhibitor
In-hospital medications
Aspirin 2,466 (99.9) 2,074 (99.9) 392 (100.0)  0.451 4,876 (99.9) 3,629 (99.0) 1,247 (99.9) 0.758  0.410
Beta-blocker 1,966 (79.6) 1,659 (79.9) 307 (78.3) 0.494 4,296 (88.1) 3,214 (88.5) 1,082 (86.7) 0.095 <0.001
Calcium channel blocker 178 (7.2) 154 (7.4) 24 (6.1) 0.396 270 (5.5) 291 (6.1) 49 (3.9) 0.004 0.005
ACEi or ARB 1,881 (76.2) 1,593 (76.7) 288 (73.5) 0175  4,088(83.8) 3,069 (84.5) 1,019 (81.7) 0.018 < 0.001
Statin 2,197 (89.0) 1,838 (88.5) 33 (91.6) 0.078  4,695(96.2) 3,472 (95.6) 1,293 (98.0)  <0.001 <0.001
Oral anticoagulants 216 (8.7) 198 (9.5) 18 (4.6) 0.001 - - - - -
KAMIR-HBR score
> 3 points 1,375 (55.7) 1,175 (56.6) 200 (51.0) 0.046 - - - - -
2 points 1,094 (44.3) 9092 (43.4) 192 (49.0) 0.046 - - - - -
1 point - - - - 1,175 (24.1) 917 (25.3) 258 (20.7) 0.001 -
0 points - - - - 3,704 (75.9) 9,714 (74.7) 990 (79.3) 0.001 -

Values are shown as mean + standard deviation or number (%).

KAMIR = Korea Acute Myocardial Infarction Registry, HBR = high bleeding risk, MI = myocardial infarction, ACC = American College of Cardiology, AHA = American
Heart Association, IABP = intra-aortic balloon pump, ECMO = extracorporeal membrane oxygenation, ACEi = angiotensin converting enzyme inhibitor, ARB =
angiotensin Il receptor blocker.

2Comparison of the difference between the KAMIR-HBR and the KAMIR-non HBR groups.

https://jkms.org

https://doi.org/10.3346/jkms.2021.36.e268

6/16



JKMS

Ticagrelor in AMI without HBR
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Fig. 2. In-hospital clinical outcomes (A) between the KAMIR-non HBR and the KAMIR-HBR groups, and (B) among 4 groups classified according to KAMIR-HBR
scores.

KAMIR = Korea Acute Myocardial Infarction Registry, HBR = high bleeding risk, Ml = myocardial infarction, MACEs = major adverse cardiovascular events, TIMI =
thrombolysis in myocardial infarction, NACEs = net adverse clinical events.

Clopidogrel vs. ticagrelor in all patients, the KAMIR-HBR, and the KAMIR-non
HBR groups

Before PS matching, the patients treated with clopidogrel tended to be older and female, and
have more cardiovascular risk factors, worse Killip class, and lower creatinine clearance than
those treated with ticagrelor in each of the three groups. They were also more likely to be
treated using the transfemoral approach and less likely to use a glycoprotein IIb/IIla inhibitor
(Tables 1, 2 and Supplementary Tables 1, 2).

After PS matching in each of the three groups (Supplementary Tables 3 and 4), there was no
difference in the incidence of MACEs between patients taking clopidogrel and those taking
ticagrelor during hospitalization. Patients on ticagrelor had a higher incidence of TIMI major
bleeding and NACEs than clopidogrel regardless of bleeding risk (OR, 1.683; 95% CI, 1.010—
2.805; P=0.046 and OR, 1.532; 95% CI, 1.027-2.287; P= 0.037) in all patients. In addition,
higher incidences of TIMI major bleeding and NACEs in patients taking ticagrelor compared
to those taking clopidogrel were observed in the KAMIR-HBR group (OR, 3.460; 95% CI,
1.374-8.714; P=0.008 and OR, 2.312; 95% CI, 1.234—4.330; P=0.009). However, there were
no significant differences in TIMI major bleeding and NACEs between patients on clopidogrel
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and those on ticagrelor in the KAMIR-non HBR group (OR, 1.436; 95% CI, 0.722-2.855; P=
0.303 and OR, 1.568; 95% CI, 0.863-2.850; P = 0.140). These results were consistent with the
multivariate logistic regression analysis of all the confounding variables (Table 3).

Ticagrelor in AMI without HBR

The independent predictors of in-hospital TIMI major bleeding were TFI vs. TRI,
glycoprotein IIb/IIIa inhibitor, and use of IABP or ECMO in both the KAMIR-non HBR and
the KAMIR-HBR groups. However, ticagrelor was an independent predictor of in-hospital
TIMI major bleeding in the KAMIR-HBR group (OR, 2.445; 95% CI, 1.377-4.344; P=0.002)
but not in the KAMIR-non HBR group (OR, 1.725; 95% CI, 0.967-3.076; P = 0.065) (Table 4).

In the Kaplan-Meier survival curve at the 6-month follow-up, the cumulative risk of MACEs
tended to be higher in patients on clopidogrel than in those on ticagrelor in the KAMIR-
HBR group, however, the significance was diminished in the multivariable Cox proportional
hazard regression model (Fig. 3). However, landmark analysis from 30 days in the KAMIR-
HBR groups showed that there were significant differences in all-cause death and MACEs
between patients on clopidogrel and those on ticagrelor (Fig. 4).

Table 3. In-hospital clinical outcomes between clopidogrel and ticagrelor in both the KAMIR-HBR and the KAMIR-non HBR groups

In-hospital clinical outcomes Clopidogrel Ticagrelor Unadjusted Multivariate-Adjusted Propensity Score-Matched
OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
All patients, events n=>5,708 n=1,640
All-cause death 94 (1.6) 21 (1.3) 0.775 (0.481-1.247)  0.366  1.486 (0.667-3.311)  0.333  1.169 (0.620-2.202)  0.629
Cardiac death 70 (1.9) 15(0.9)  0.743(0.425-1.302)  0.359  1.384 (0.560-3.420) 0.482  1.155(0.548-2.436) 0.704
Non-fatal Ml 8 (0.1) 8 (0.5) 3.493 (1.309-9.320) 0.008 3.647 (1.309-10.166)  0.013 4.015 (0.851-18.934)  0.079
Definite stent thrombosis 7(0.1) 6(0.4)  2.991(1.004-8.911)  0.049  3.514 (1.076-11.479)  0.037  3.007 (0.606-14.922) 0.178
Stroke 40 (0.7) 2 (0.1) 0.173(0.042-0.717)  0.006  0.226 (0.054-0.944) 0.041  0.285(0.059-1.373)  0.118
MACEs 113 (2.0) 95(1.5)  0.766 (0.495-1.186)  0.257  1.036 (0.614-1.747)  0.896  1.254 (0.694-2.267) 0.454
TIMI major bleeding 86 (1.5) 40(2.4)  1.634(1.119-2.388)  0.013 2.181(1.447-3.286) <0.001  1.683 (1.010-2.805)  0.046
TIMI minor bleeding 154 (2.7) 53(3.2)  1.204 (0.877-1.654)  0.271  1.480 (1.060-2.068) 0.022  1.488 (0.969-2.285) 0.069
TIMI major or minor bleeding 215 (3.8) 78 (4.8)  1.276 (0.979-1.663)  0.074  1.597 (1.201-2.123) ~ 0.001  1.467 (1.029-2.090)  0.034
NACEs 184 (3.2) 62 (3.8) 1180 (0.880-1.581)  0.276  1.657 (1.177-2.332) 0.004  1.532 (1.027-2.287)  0.037
KAMIR-HBR, events n=2,077 n =392
All-cause death 75 (3.6) 18 (4.6)  1.285(0.759-2.174)  0.351 1.429 (0.555-3.676)  0.459  1.839 (0.838-4.037)  0.129
Cardiac death 53 (2.6) 12(31)  1.206 (0.638-2.278)  0.564  1.459 (0.516-4.124)  0.477 1737 (0.677-4.460)  0.251
Non-fatal MI 3(0.0) 2 (0.5) 3.545 (0.590-21.287) 0.166 5.213 (0.568-47.876) 0.144 1.000 (0.140-7.135) 1.000
Definite stent thrombosis 2 (0.1) 2(0.5)  5.321(0.747-37.884) 0.095  11.859 (1.764-79.743) ~ 0.011  2.005 (0.181-22.206) 0.322
Stroke 927 (1.3) 1(0.3)  0.94(0.026-1.433) 0108  0.199 (0.027-1.486) 0.5  0.499 (0.045-5.523)  0.571
MACEs 81(3.9) 15(3.8)  0.980 (0.559-1.720)  0.945  0.922 (0.452-1.882)  0.824  1.520 (0.674-3.427)  0.313
TIMI major bleeding 46 (2.2) 20 (5.1) 2.374 (1.388-4.059)  0.002  2.445 (1.377-4.344)  0.002  3.460 (1.374-8.714)  0.008
TIMI minor bleeding 84 (4.0) 23(5.9)  1.479 (0.920-2.377) 0.106  1.543(0.933-2.551)  0.091 1734 (0.861-3.494)  0.124
TIMI major or minor bleeding 116 (5.6) 37 (9.4) 1.762 (1.197-2.594) 0.004 1.933 (1.273-2.935) 0.002 2.232 (1.231-4.047) 0.008
NACEs 118 (5.7) 33(8.4)  1.526 (1.021-2.281)  0.039  1.678 (1.038-2.713)  0.035  2.312 (1.234-4.330)  0.009
KAMIR-non HBR, events n = 3,631 n=1,248
All-cause death 19 (0.5) 3(0.2)  0.458 (0.135-1.551) 0.210  0.850 (0.151-4.782)  0.853  0.599 (0.143-2.512)  0.484
Cardiac death 17 (0.5) 3(0.2)  0.512(0.150-1.751)  0.286 1144 (0.187-6.979)  0.884  0.749 (0.167-3.355)  0.706
Non-fatal Ml 5(0.1) 6(0.5)  3.503 (1.067-11.499) 0.039  3.433(0.944-12.483) 0.061  5.016 (0.585-42.997) 0.141
Definite stent thrombosis 5(0.1) 4(0.3)  2.332(0.625-8.697) 0.207  2.347 (0.568-9.701)  0.239  3.005 (0.312-28.927)  0.341
Stroke 13 (0.4) 1(0)  0.223(0.029-1.708)  0.149  0.238 (0.031-1.829)  0.168  0.500 (0.045-5.517)  0.571
MACES 32 (0.9) 10 (0.8)  0.908 (0.445-1.853)  0.792  1.353(0.612-2.992)  0.455  1.288 (0.478-3.469)  0.617
TIMI major bleeding 40 (1.1) 20 (1.6)  1.462 (0.851-2.511)  0.168 1725 (0.967-3.076)  0.065  1.436 (0.722-2.855)  0.303
TIMI minor bleeding 70 (1.9) 30 (2.4) 1.253 (0.813-1.931)  0.307 1.471(0.934-2.318)  0.096  1.439 (0.819-2.528)  0.205
TIMI major or minor bleeding 99 (2.7) 41 (3.3) 1.212 (0.837-1.754)  0.308  1.369 (0.923-2.031)  0.119 1.334 (0.831-2.141)  0.233
NACEs 66 (1.8) 29 (2.3)  1.285(0.826-1.998)  0.266  1.530 (0.950-2.464) 0.080  1.568 (0.863-2.850)  0.140

KAMIR = Korea Acute Myocardial Infarction Registry, HBR = high bleeding risk, OR = odds ratio, Cl = confidence interval, MI = myocardial infarction, MACEs =
major adverse cardiovascular events, TIMI = thrombolysis in myocardial infarction, NACEs = net adverse clinical events.
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Table 4. The independent predictors of in-hospital TIMI major bleeding in both the KAMIR-HRB and the KAMIR-
non HBR groups

Variable Univariate analysis Multivariate analysis
OR (95% CI) Pvalue OR (95% CI) P value

KAMIR-HBR
Glycoprotein Iib/llla inhibitor 3.378 (1.969-5.796) <0.001 2.854 (1.590-5.124) < 0.001
Ticagrelor vs. clopidogrel 2.374 (1.388-4.059) 0.003 2.445 (1.377-4.344) 0.002
IABP or ECMO 4.606 (2.339-9.070) <0.001 2.523 (1.138-5.594) 0.023
TFl vs. TRI 2.891 (1.373-6.086) 0.002 2.409 (1.108-5.237) 0.026
ACC/AHA B2 or C lesion 11.529 (1.595-83.344) 0.001 9.389 (1.287-68.494) 0.027
Body weight 0.983 (0.961-1.005) 0.132 0.971 (0.943-0.999) 0.046

KAMIR-non HBR
Age > 75 years 4.302 (2.209-8.380) < 0.001 6.005 (2.158-16.707) 0.001
TFI vs. TRI 4.183 (1.983-8.826) <0.001 3.586 (1.657-7.762) 0.001
Glycoprotein Ilb/Illa inhibitor 3.275 (1.926-5.569) <0.001 2.546 (1.443-4.494) 0.001
IABP or ECMO 9.598 (4.581-20.111) <0.001 3.436 (1.440-8.197) 0.005
Use of statin 0.214 (0.103-0.441) <0.001 0.321 (0.141-0.733) 0.007
Family history of CAD 1.868 (0.913-3.821) 0.101 2.527 (1.172-5.446) 0.018
Use of beta-blocker 0.337 (0.191-0.594) <0.001 0.453 (0.235-0.874) 0.018
Dyslipidemia 0.116 (0.016-0.838) 0.005 0.121 (0.016-0.898) 0.039
Female gender 2.297 (1.326-3.978) 0.005 2.021 (1.001-4.083) 0.050
Ticagrelor vs. clopidogrel 1.462 (0.851-2.511) 0.168 1.725 (0.967-3.076) 0.065

TIMI = thrombolysis in myocardial infarction, KAMIR = Korea Acute Myocardial Infarction Registry, HBR = high
bleeding risk, OR = odds ratio, CI = confidence interval, IABP = intra-aortic balloon pump, ECMO = extracorporeal
membrane oxygenation, TFI = trans-femoral intervention, TRI = trans-radial intervention, ACC = American College
of Cardiology, AHA = American Heart Association, CAD = coronary artery disease.

Subgroup analyses in the KAMIR-non HBR group

An exploratory subgroup analysis of the KAMIR-non HBR group illustrated the OR for the
incidence of in-hospital TIMI major bleeding between patients on clopidogrel and those
on ticagrelor in subgroups as well as overall. The disfavoring treatment effect of ticagrelor
as compared to that of clopidogrel was consistent across all exploratory subgroups without
statistically significant treatment-by-subgroup interactions (Fig. 5).

DISCUSSION

This study was conducted to assess the efficacy and safety of ticagrelor in Korean patients
with AMI without HBR. It is well known that ticagrelor is associated with a high risk of
bleeding without reducing ischemic events in East Asian patients who underwent PCI.

The main difference of our study from previous studies is that we classified all patients
according to the ARC-HBR definition and analyzed each group. The major findings of our
study confirmed that ticagrelor use was still associated with a higher incidence of in-hospital
bleeding than clopidogrel use in all patients and the KAMIR-HBR group. However, there was
no significant difference in the incidence of in-hospital bleeding events between patients

on clopidogrel and those on ticagrelor in the KAMIR-non HBR group. The bleeding risk of
ticagrelor was attenuated in Korean patients with AMI without HBR.

The definition of ARC-HBR has been well validated for the prediction of bleeding risks in
several registries and randomized studies in both East Asian and Western populations.810
In our study, in-hospital TIMI major bleeding was 4.3% in the KAMIR-HBR group and 2.0%
in the KAMIR-non HBR group. These results are quite high compared to other studies. They
may be due to the specific type of patients enrolled in our study. Our sample included only
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Fig. 3. Kaplan-Meier events-free survival curve between clopidogrel and ticagrelor in both the KAMIR-HBR and the KAMIR-non HBR groups. (A) All-cause death,
(B) non-fatal M, (C) MACEs, and (D) MACEs or repeat revascularization.

KAMIR = Korea Acute Myocardial Infarction Registry, HBR = high bleeding risk, HR = hazard ratio, CI = confidence interval, MI = myocardial infarction, MACEs =
major adverse cardiovascular events.

https://jkms.org

East Asian patients with AMI who underwent PCI. These patients were well known for their
high bleeding risks. Moreover, many patients had multiple ARC-HBR criteria.

The HBR definition for ARC-HBR groups must consider ethnicity and the presence of acute
coronary syndrome (ACS). It tends to underestimate the bleeding risk of these groups, especially
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Fig. 4. Landmark analysis of clinical events from 30 days in the KAMIR-HBR group. (A) All-cause death and (B) MACEs.
KAMIR = Korea Acute Myocardial Infarction Registry, HBR = high bleeding risk, MACEs = major adverse cardiovascular events.
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LV ejection fraction < 50% —— 21/1,183 (1.7) 8/394 (2.0) 1.345 (0.521-3.473)

Overall

40/3,631 (1.1)

20/1,248 (1.6)

1.725 (0.967-3.076)

Ticagrelor better

1 >
Clopidogrel better

20

Fig. 5. Forest plot of exploratory subgroup analyses between clopidogrel and ticagrelor for in-hospital TIMI major bleeding in patients without HBR.
TIMI = thrombolysis in myocardial infarction, HBR = high bleeding risk, Cl = confidence interval, KAMIR = Korea Acute Myocardial Infarction Registry, TRI = trans-

radial intervention, TFI = trans-femoral interventi

on, LV = left ventricular.

in East Asian patients with ACS. Nevertheless, using the definition of ARC-HBR in our study to
classify the patients into HBR vs. non-HBR groups, it was possible to sufficiently identify and
predict the future bleeding risk and apply it to Korean patients who underwent PCI.
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Recently, ticagrelor has been reported to increase bleeding risks without reducing ischemic
events in East Asian patients. East Asians have a higher risk of bleeding than Westerners
because their responses to antiplatelet agents are different due to racial differences in
intrinsic thrombogenicity.11 Our study shows that ticagrelor also had significantly higher
risks of major bleeding and NACEs than clopidogrel in all Korean patients with AMI.
Therefore, it is imperative to determine ways to apply a potent P2Y12RI strategy without
increasing the bleeding risk of East Asian patients.

Our study is the first to show that there was no significant difference in the incidence

of in-hospital bleeding complications between ticagrelor and clopidogrel use in East

Asian patients without HBR. This suggests that the appropriate selection of patients for
potent P2Y12RIs is actually one of the important factors in reducing the bleeding risk in
clinical practice. Ticagrelor may be safely used in Korean patients with AMI without HBR.
Nevertheless, East Asian patients without HBR would have a higher risk of bleeding than
Western patients without HBR because of ethnic differences. Therefore, when using potent
P2Y12RIs in East Asian patients, even in patients without HBR, careful attention should be
still paid to the occurrence of bleeding events.

Our study also showed that patients with HBR had significantly higher ischemic and bleeding
risks than those without HBR, and that patients with multiple HBR criteria were associated
with more adverse clinical events. Therefore, a patient with HBR by the ARC-HBR definition
tends to have a high ischemic risk as well as a high bleeding risk and the risk of bleeding and
ischemia tends to increase gradually as the number of HBR criteria increases.

Although ticagrelor is well known to reduce mortality and ischemic events over clopidogrel
in ACS patients,12,13 the superiority of ticagrelor over clopidogrel remains controversial in
some recent studies.46:14 Our study also showed that the 6-month cumulative incidences
of ischemic events did not differ between patients on ticagrelor and those on clopidogrel,
regardless of HBR. This could be caused by differences in study design or study population,
use of second-generation drug eluting stents or high-potency statin, or drug compliance.
Therefore, we believe that a large-scale randomized controlled trial is necessary to confirm
the efficacy of ticagrelor in Korean AMI patients.

However, additional landmark analysis from 30 days in patients with HBR showed
significant differences in all-cause death and MACE between the two groups. Nevertheless,
we have to be careful in interpreting this result. It must also be demonstrated by a large
randomized controlled trial due to several issues, such as significant differences in baseline
characteristics between two groups and switching, discontinuation, or compliance of
ticagrelor during the follow-up period, and must also be checked for bleeding events during
the follow-up period. In any case, ticagrelor would be very effective in reducing ischemic
events, even in AMI patients with HBR, if ischemic risk was higher than bleeding risk.
Recently, ticagrelor has been reported to have pleiotropic effects such as an improvement
of left ventricular remodeling,15 and reduction of neointimal formation, endothelial
dysfunction, and peri-strut inflammation16,17 in addition to the antiplatelet effect. For that
reason, we believe that the use of ticagrelor might be beneficial for AMI patients with a
high risk of ischemia or a low risk of bleeding. Therefore, the choice of P2Y12RI should be
carefully considered and appropriately determined depending on the characteristics of the
patient and the clinical situation.
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Patients with and without HBR have different risk factors, clinical outcomes, and predictors
of in-hospital bleeding, therefore, we need to treat them differently and P2Y12RI strategies
should be chosen differently. The use of potent P2Y12RIs in patients with HBR could increase
the risk of bleeding rather than reducing the risk of ischemia. Accordingly, it seems more
appropriate to carry out the de-escalation strategies of potent P2Y12RI to reduce the risk

of bleeding when using a potent P2Y12RI in patients with HBR. To date, the de-escalation
strategies of potent P2Y12RI have been studied and developed to safely use potent P2Y12RIs,
such as reducing the maintenance dosage,18,19 shortening the duration of DAPT,20,21
administering monotherapy by omitting aspirin,2225 and switching to clopidogrel after a
potent P2Y12RI only for a short period initially.26,27 Conversely, our findings suggest that the
de-escalation strategies of potent P2Y12RI are not necessarily required in patients without
HBR. Therefore, above all, assessing the status of HBR in patients underwent PCI may enable
a more personalized antiplatelet strategy, such as the choice of optimal antiplatelet agent,
optimal de-escalation strategy, or optimal duration of DAPT to reduce ischemic risk without
increasing bleeding risk in the future.

Our study had several limitations. First, as this was a post-hoc analysis of an observational
registry study, we were unable to identify any HBR criteria that had not been previously
investigated, such as chronic bleeding diathesis, liver cirrhosis with portal hypertension,
active malignancy, nondeferrable major surgery on DAPT, recent major surgery or major
trauma within 30 days before PCI, and long-term use of nonsteroidal anti-inflammatory
drugs or steroids. Therefore, HBR could be underestimated and non-HBR could be
overestimated in our study. However, a recent study has shown that the prevalence of the
criteria that we could not identify was very low,28 therefore, our study does not seem to
misrepresent the current clinical situation of Korean patients with AMI. Second, our study
was based on a non-randomized, prospective, and observational registry, therefore, selection
bias could not be completely avoided while comparing clopidogrel to ticagrelor, although

it was partially compensated by multivariate logistic regression and PS-matched analysis.
Third, our registry, in principle, recommended continuing DAPT for at least 12 months, but
it was not possible to force DAPT to continue, and to determine the frequency of switching
or discontinuation, or compliance of ticagrelor during follow-up treatment after discharge
because of the major limitation of the observational registry. Therefore, it was unclear how
directly ticagrelor affected the occurrence of clinical events during the follow-up period.
Fourth, we could not exactly identify and evaluate the bleeding events during the follow-

up due to the limitations of registry data. Fifth, our registry was able to evaluate only the
bleeding criteria defined by the TIMI but not by the BARC criteria.

In conclusion, our study demonstrated that ticagrelor use is still associated with a higher
incidence of in-hospital bleeding events compared to clopidogrel use in all patients and

in the KAMIR-HBR group. However, there was no significant difference in the incidence

of in-hospital bleeding events between clopidogrel and ticagrelor in the KAMIR-non HBR
group. Therefore, the bleeding risk of ticagrelor was attenuated in Korean patients with

AMI without HBR. These findings suggest that appropriate patient selection could reduce
in-hospital bleeding complications of ticagrelor in Korean patients with AMI who underwent
successful PCI. Further large-scale, randomized controlled trials are warranted to determine
the optimal antiplatelet therapy strategy according to HBR in East Asian patients with AMI
who underwent PCI.
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