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Purpose: Platelet function test (PFT) results and genotype hold unique prognostic implications in East Asian patients. The aim of 
the PTRG-DES (Platelet function and genoType-Related long-term proGnosis in Drug-Eluting Stent-treated Patients with coro-
nary artery disease) consortium is to assess the clinical impact thereof on long-term clinical outcomes in Korean patients with 
coronary artery disease during dual antiplatelet therapy (DAPT) including clopidogrel.
Materials and Methods: Searching publications on the PubMed, we reviewed clopidogrel treatment studies with PFT and/or 
genotype data for potential inclusion in this study. Lead investigators were invited to share PFT/genotype results, patient charac-
teristics, and clinical outcomes to evaluate relationships among them. 
Results: Nine registries from 32 academic centers participated in the PTRG-DES consortium, contributing individual patient data 
from 13160 patients who underwent DES implantation between July 2003 and August 2018. The PTRG-PFT cohort was composed 
of 11714 patients with available VerifyNow assay results. Platelet reactivity levels reached 218±79 P2Y12 reaction units (PRU), and 

Original Article 

pISSN: 0513-5796 · eISSN: 1976-2437

Received: November 16, 2021   Revised: December 31, 2021   Accepted: January 18, 2022
Corresponding author: Eun-Seok Shin, MD, PhD, Division of Cardiology, Ulsan University Hospital, University of Ulsan College of Medicine, 873 Bangeojinsunhwando-ro, 
Dong-gu, Ulsan 44033, Korea.
Tel: 82-52-259-5425, Fax: 82-52-250-7058, E-mail: sesim1989@gmail.com

*Ae-Young Her and Young-Hoon Jeong contributed equally to this work.
•Dr. Jeong has received honoraria for lectures from AstraZeneca, Daiichi Sankyo, Sanofi-Aventis, Han-mi Pharmaceuticals, and Yuhan Pharmaceuticals, as well as research 
grants or support from Yuhan Pharmaceuticals and U&I Corporation. Dr. Song has received honoraria for lectures from AstraZeneca, Daiichi Sankyo, Sanofi-Aventis, Bayer 
Korea, and Samjin Pharmaceutical. Dr. Joo has received honoraria for lectures from AstraZeneca, Hanmi, Samjin, Dong-A, HK inno. N Pharmaceuticals, and DIO Medical Ltd. 
The other authors have no potential conflicts of interest to disclose.

© Copyright: Yonsei University College of Medicine 2022
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Yonsei Med J 2022 May;63(5):413-421
https://doi.org/10.3349/ymj.2022.63.5.413

http://crossmark.crossref.org/dialog/?doi=10.3349/ymj.2022.63.5.413&domain=pdf&date_stamp=2022-04-20


414

Platelet Function and Genotype in East Asians

https://doi.org/10.3349/ymj.2022.63.5.413

INTRODUCTION

Following percutaneous coronary intervention (PCI) in pa-
tients with significant coronary artery disease (CAD), dual an-
tiplatelet therapy (DAPT) consisting of aspirin and a P2Y12 re-
ceptor inhibitor is the cornerstone of pharmacologic treatment 
to improve clinical prognosis.1,2 Since platelet inhibition levels 
have been shown to be associated with the risks of post-PCI 
atherothrombotic and bleeding complications, tailored DAPT 
approaches guided by platelet function test (PFT) or genotyp-
ing (e.g., escalation, de-escalation, or switching) have been 
proposed and tested in multiple clinical trials.3

Compared with Caucasian patients, East Asian patients 
show unique antiplatelet effects and clinical outcomes (differ-
ent therapeutic window of platelet inhibition), greater resistance 
to atherothrombotic events, and more vulnerability to bleeding 
at the same level of platelet reactivity (“East Asian Paradox”).4,5 
Therefore, numerous clinical trials and analysis have suggested 
different efficacy and safety profiles during individual P2Y12 
inhibitor treatment (clopidogrel, prasugrel or ticagrelor) in East 
Asian patients treated with PCI.4,6-8 However, consensus docu-
ments by expert groups recommend different strategies in se-
lecting a DAPT regimen for East Asian patients.9,10

The PTRG-DES (Platelet function and genoType-Related 
long-term proGnosis in Drug-Eluting Stent-treated patients with 
coronary artery disease) consortium was established to deter-
mine the linkage of PFT and genotyping with long-term prog-
nosis during clopidogrel treatment in a large-scale East Asian 
cohort treated with drug-eluting stent (DES). This article de-
scribes the framework for the organization and characteristics 
of the PTRG-DES consortium. Upcoming publications from 
various sub-analyses of this consortium is expected to divulge 
information important to developing individualized treatment 
regimens for East Asian patients requiring antiplatelet therapy.

MATERIALS AND METHODS

Study design and patients
An organizing committee of PTRG-DES investigators was es-
tablished to define scientific goals. The organizing committee 

invited the lead investigators of clopidogrel-related prospec-
tive clinical registries published in the PubMed as of January 
2018 to participate. Criteria for participation included avail-
able on-clopidogrel PFT or genotyping data and, for outcome 
analysis, availability of baseline characteristics and clinical 
prognosis in CAD patients treated with DES implantation.

In total, nine prospective registries from 32 Korean academic 
centers have joined the PTRG-DES consortium, contributing 
data from 13160 DES patients treated between July 2003 and 
August 2018 in Supplementary Table 1 (only online). We ob-
tained 11714 PFT results measured by the VerifyNow assay 
(PTRG-PFT cohort) and 8163 genotyping results related with 
clopidogrel responsiveness (PTRG-Genotype cohort) (Fig. 1). 
The type and number of patients in the PFT and/or genotyping 
datasets are provided in Supplementary Table 2 (only online). 
The PTRG-DES consortium is supported by the Platelet-
Thrombosis Research Group under the Korean Society of In-
terventional Cardiology. The authors are solely responsible for 
the design and conduct of this study, all study analyses, the 
drafting and editing of the paper and its final contents. The in-
stitutional review board of each participating center approved 
the registry and waived the requirement for written informed 
consent for access to institutional registries. The study was per-
formed in accordance with the Good Clinical Practice Guide-
lines and the principles of the Declaration of Helsinki.

high on-clopidogrel platelet reactivity based on a consensus-recommended cutoff (PRU >208) was observed in 55.9%. The PTRG-
Genotype cohort consisted of 8163 patients with candidate genotypes related with clopidogrel responsiveness. Of those with cyto-
chrome P450 (CYP) 2C19 genotype, frequencies of carrying one and two loss-of-function allele (s) (*2 or *3) were 47.9% (intermediate 
metabolizers) and 14.2% (poor metabolizers), respectively. 
Conclusion: The PTRG-DES consortium highlights unique values for on-clopidogrel platelet reactivity and CYP2C19 phenotype 
that may be important to developing optimal antiplatelet regimens in East Asian patients.
Trial Registration: ClinicalTrials.gov Identifier: NCT04734028. 
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PTRG-PFT cohort 
(n=11714)

PTRG-Genotype cohort 
(n=8163)

        CYP2C19 (n=8163)
        PON1 (n=6598)
        ABCB1 (n=4941)
        P2Y12 (n=4530)
        CYP2C9 (n=4530)
        CYP3A5 (n=2223)
        CYP3A4 (n=1823)
        P2Y125 (n=1823)

   VerifyNow P2Y12 assay (n=11714)
   VerifyNow ASP assay (n=7162)

Fig. 1. Cohorts of the PTRG-DES consortium. ABCB1, ATP Binding Cas-
sette Subfamily B Member 1; CYP, cytochrome P450; PFT, platelet func-
tion test; PON1, Paraoxonase 1; PTRG-DES, Platelet function and geno-
Type-Related long-term proGnosis in Drug-Eluting Stent-treated patients 
with coronary artery disease.
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Procedures and test methods
Consecutive patients at each center who were successfully treat-
ed with one or more DESs approved by the US Food and Drug 
Administration (FDA) or CE mark and who were adequately 
loaded with aspirin and clopidogrel were eligible for enrollment, 
regardless of patient or lesion complexity. The major exclusion 
criteria were the occurrence of a major complication during the 
procedure, fibrinolytic therapy, and need for oral anticoagulant 
or potent P2Y12 inhibitor, such as ticagrelor or prasugrel. 

All PCI procedures were performed according to the standard 
technique.11 Following a PCI procedure, patients were admin-
istered 100 mg of aspirin and 75 mg of clopidogrel a day. Pa-
tients were recommended to maintain aspirin indefinitely and 
clopidogrel for at least 1 year, and all other treatments were per 
standard of care. Clinical outcomes were evaluated until the 
last outpatient visit.

Platelet function test
Platelet reactivity was measured after an adequate period to en-
sure the full anti-platelet effect using the VerifyNow assay (Ac-
criva, San Diego, CA, USA) during the peri-procedural period 
(from “just after the insertion of the arterial sheath” to “within 
24 hr after DES implantation”).12 Aspirin was given as either 1) 
a coated oral dose of 300 mg at least 6 hr or 2) a dose of 100 mg 
at least 5 days before PCI. Clopidogrel was given as either 1) a 
dose of 600 mg at least 6 hr, 2) a dose of 300 mg at least 12 hr, 
or 3) a dose of 75 mg at least 5 days before PCI. If eptifibatide or 
tirofiban was used during PCI, a 24-hr washout period was re-
quired before VerifyNow testing. No patients receiving abcix-
imab were enrolled because of a long washout period.

This VerifyNow assay is a whole-blood, point-of-care, turbi-
dimetric optical detection assay designed to measure agonist-
induced platelet aggregation. Blood samples were collected in 
3.2% citrate Vacuette tubes (Greiner Bio-One Vacuette North 
America, Monroe, NC, USA). The measurement protocol fol-
lowed the manufacturer’s recommendations, the details of 
which have been described elsewhere.13 We collected the fol-
lowing PFT data as continuous measures: VerifyNow P2Y12 base-
line reactivity (BASE) and P2Y12 reaction units (PRU) and Ver-
ifyNow aspirin reaction units (ARU). Additionally, based on 
Western consensus documents in which cutoffs for high plate-
let reactivity (HPR) were identified, we initially defined the cri-
teria of HPRs during DAPT with clopidogrel [>208 PRU to ade-
nosine diphosphate (ADP) and >550 ARU to arachidonic acid].3

Genotyping 
For genotyping, whole peripheral blood was obtained from 
patients. Genomic deoxyribonucleic acid (DNA) was extracted 
from mononuclear cells with the DNA kit and stored at -20°C 
until ready for use. The genotype of each single nucleotide poly-
morphism (SNP) was determined by pyrosequencing using a 
PSQ 96MA Pyrosequencer (Pyrosequencing AB, Uppsala, Swe-
den)14 or ABI PRISM® 3100 genetic analyzer (Thermo Fisher 

Scientific Inc., Agawam, MA, USA).15 SNPs were measured at cy-
tochrome P450 (CYP) 2C19*2 (rs4244285), CYP2C19*3 
(rs4986893), CYP2C19*17 (rs12248560), CYP2C9*3 (rs1057910), 
ABCB1 (rs 1045642), paraoxonase-1 (PON1) (rs662), and P2Y12 
(rs6809699). 

The CYP2C19 phenotypes were classified into three groups 
according to the number of CYP2C19 loss-of-function (LOF) 
alleles: 1) extensive metabolizers, for individuals not carrying a 
LOF variant (*1/*1, *1/*17, or *17/*17); 2) intermediate metab-
olizers, for carriers of one LOF allele (*1/*2, *1/*3, *2/*17, or 
*3/*17); and 3) poor metabolizers, for carriers of two LOF alleles 
(*2/*2, *2/*3, or *3/*3).3

Clinical outcomes and definitions
An independent clinical events committee masked to PFT and 
genotyping results adjudicated all clinical events using origi-
nal source documents. The primary ischemic endpoint was oc-
currence of major adverse cardiac and cerebrovascular events 
(MACCE), including all-cause death, myocardial infarction (MI), 
definite stent thrombosis (ST), or stroke. In addition, major bleed-
ing was defined as Bleeding Academic Research Consortium 
(BARC) bleeding type 3–5 (Supplementary Table 3, only online).16

All deaths were considered to be of cardiovascular (CV) 
cause unless a definite non-CV cause could be established. MI 
was defined as increased cardiac troponin values with ischemic 
symptoms or ischemic changes on electrocardiogram or imag-
ing evidence of recent loss of viable myocardium or new regional 
wall motion abnormality that were not related to the procedure. 
ST (definite) was defined according to Academic Research 
Consortium criteria.17 Stroke was defined as evidence of a neu-
rological deficit requiring hospitalization and clinically docu-
mented lesions on brain computed tomography or magnetic 
resonance imaging. 

Statistical analysis
Data at the individual patient level were used to calculate prev-
alence, mean values, and event rates for the total cohort with 
two-sided 95% confidence intervals (CIs). If there were crucial 
issues after validation of the PTRG-DES central database, indi-
vidual data were sent to the principal investigator of the respec-
tive registry to confirm the data, perform corrections, and pro-
vide additional data.

The Kolmogorov-Smirnov test was performed to analyze 
the normal distribution of continuous variables. Continuous 
variables are expressed as a mean±SD or as a median (inter-
quartile range), while categorical variables are presented as 
absolute numbers and frequencies (%). Student’s unpaired t-
test for parametric continuous variables and the Mann-Whitney 
U test for non-parametric continuous variables were used. 
Comparisons between categorical variables were performed 
using the Pearson chi-square test or Fisher exact test when the 
Cochran rule was not met for categorical variables. To assess 
the relationship between the criteria of HPR and subsequent 
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clinical outcomes, we compared time-to-event data with log-
rank tests and presented them as Kaplan-Meier estimates. A p 
value <0.05 was considered statistically significant. All statistical 
analyses were performed with IBM/SPSS v24.0 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

Patient characteristics
Between July 2003 to August 2018, 13160 patients treated with 

Table 1. Baseline Characteristics of the Patients (n=13160)

Variables Value
Index presentation

Stable angina 5684 (43.2)
Unstable angina 3750 (28.5)
Non-ST-segment elevation MI 2009 (15.3)
ST-segment elevation MI 1717 (13.0)

Age, yr 64.4±10.9
Male 8848 (67.2)
Body mass index, kg/m2 24.5±3.1
Risk factors*

Hypertension 7933 (60.3)
Dyslipidemia 8303 (63.1)
Smoking 3578 (27.2)
Diabetes mellitus 4619 (35.1)

Insulin-treated 459 (3.5)
Chronic kidney disease 2875 (21.8)

Current dialysis 191 (1.5)
Anemia 3345 (25.4)

Previous history
History of congestive heart failure 1072 (8.1)
Previous MI 971 (7.4)
Previous PCI 1737 (13.2)
Previous CABG 163 (1.2)
Previous stroke 921 (7.0)

Laboratory measurements
LV ejection fraction, % 58.8±10.6
WBC, ×103/mm3 7.8±3.0
Hemoglobin, g/dL 13.6±1.8
Platelet, ×103/mm3 243.7± 80.0
GFR, mL/min/1.73 m2 (MDRD) 77.3±26.6
HbA1c, % 6.5±1.4
Total cholesterol, mg/dL 173.6±44.0
LDL-cholesterol, mg/dL 106.5±42.6
HDL-cholesterol, mg/dL 43.9±12.5
Triglyceride, mg/dL 142.3± 96.6

Angiographic feature
ACC/AHA lesion

A/B1 type 5626 (42.8)
B2/C type 7534 (57.2)

Number of diseased vessels
One 7755 (58.9)
Two 3517 (26.7)
Three 1888 (14.3)

Multivessel disease 5405 (41.1)
Bifurcation lesion 1508 (11.5)
Chronic total occlusion lesion 897 (6.8)

Procedural data
Multivessel PCI 3234 (24.6)
Treated lesions

Left main coronary artery 659 (5.0)
Left anterior descending artery 7757 (58.9)

Table 1. Baseline Characteristics of the Patients (continued) (n=13160)

Variables Value
Left circumflex artery 3933 (29.9)
Right coronary artery 5018 (38.1)

Stent type†

1st generation DES 1934 (14.7)
≥2nd generation DES 11226 (85.3)

Number of stent, n 1.6±0.8
Stent length, mm 35.1±21.9
Stent diameter, mm 3.03±0.44

Concomitant medications
Aspirin 12831 (97.5)
Clopidogrel 13160 (100.0)
Cilostazol 1292 (9.8)
Beta blocker 7627 (58.0)
Angiotensin blockade 8063 (61.3)
Calcium channel blocker 3118 (23.7)
Statin 11607 (88.2)
Proton pump inhibitor 2235 (17.0)

MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, 
coronary artery bypass graft; LV, left ventricular; WBC, white blood cell; GFR, 
glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; 
HbA1c, hemoglobin A1c; LDL, low density lipoprotein; HDL, high density lipopro-
tein; ACC, American College of Cardiology; AHA, American Heart Association; 
DES, drug-eluting stent.
Continuous variables are expressed as a mean±SD. 
*Hypertension was diagnosed according to one of the following: 1) history of 
hypertension diagnosed and treated with medication, diet, and/or exercise; 
2) blood pressure greater than 140 mm Hg systolic or 90 mm Hg diastolic on 
at least two occasions; or 3) currently on antihypertensive pharmacologic 
therapy. Dyslipidemia was diagnosed according to one of the following: 1) to-
tal cholesterol ≥200 mg/dL; 2) LDL-cholesterol ≥130 mg/dL; 3) HDL-choles-
terol <40 mg/dL; or 4) triglycerides ≥150 mg/dL. Current smoker was defined 
as the use of tobacco within 1 year of admission; diabetes mellitus was diag-
nosed according to one of the following: 1) a history of diabetes, regardless of 
duration of disease, or need for antidiabetic agents; 2) a fasting blood glucose 
≥126 mg/dL; or 3) glycosylated hemoglobin ≥6.5%. Chronic kidney disease 
was diagnosed according to one of the following: 1) GFR <60 mL/min/1.73 m2 
(MDRD); 2) on dialysis; or 3) history of a renal transplantation. Anemia was 
defined as hemoglobin level <12 g/dL in women and 13 g/dL in men; †First-
generation DES indicates durable polymer-based paclitaxel-eluting stents 
(PES: Taxus, Pico) or sirolimus-eluting stents (SES: Cypher). Second-generation 
DESs include next-generation DESs, including everolimus-eluting stent (EES: 
Promus, Xience), zotarolimus-eluting stent (ZES: Endeavor, Resolute, Onyx), bi-
olimus-eluting stent (BES: Biolimus A9), and polymer-free SES. If a patient 
was treated with first- and second-generation DESs together, this patient was 
considered as implantation with first-generation DES.
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DESs in South Korea were enrolled (PTRG-PFT: n=11714 and 
PTRG-Genotype: n=8163). After DES implantation, clopidogrel 
was prescribed in all patients, and 97.5% (n=12831) of patients 
was discharged with aspirin.

A high-risk cohort was enrolled, with a large proportion of 
patients having diabetes (35.1%), index presentation with acute 
coronary syndrome (ACS) (56.8%), and complex lesion (Amer-
ican College of Cardiology/American Heart Association lesion 
B2 or C type: 57.2%) (Table 1). Most of these patients received 
2nd generation DESs (n=11226, 85.3%), and stents were im-
planted for 1.6 lesions per patient, with a total stent length of 
35.1 mm.

Platelet function test and genotype
From the PTRG-PFT cohort, the mean values of the VerifyNow 
P2Y12 assay were 218±79 PRU (n=11714) and 298±59 PRU at 
BASE (n=10487), and that of the VerifyNow aspirin assay was 
444±69 ARU (n=7162). The prevalences of HPR to ADP and 
arachidonic acid (consensus-recommended definition)3 were 
55.9% (>208 PRU) and 10.9% (>550 ARU), respectively. The 
cutoffs of upper tertiles were 253 PRU and 461 ARU, respec-
tively. 

The distributions of genotypes and associated phenotypes 
in the PTRG-Genotype cohort (n=8163) are shown in Table 2. 
Like previous data from East Asian countries,14,15,18 more than 
60% of the enrolled subjects carried at least one copy of the CY-
P2C19 LOF allele (62.0%). Extensive metabolizers represented 
38.0% (n=3098), whereas intermediate and poor metabolizers 
accounted for 47.9% (n=3906) and 14.2% (n=1159), respectively.

Clinical outcomes
During the median follow-up duration of 21 months (interquar-
tile range: 12 to 61 months) (up to 199 months), MACCE and 
major bleeding events occurred in 6.8% (n=899, mean time of 
25 months) and 3.3% (n=431, mean time of 20 months), re-
spectively (Fig. 2 and Table 3). The risk of MACCE increased 
over time, whereas events of major bleeding were observed 
more frequently in the early phase (up to 1 year).

Patients who suffered from MACCE showed higher PRU 
and ARU levels than those without MACCE (Fig. 3). Subjects 
with HPR to ADP (>208 PRU) exhibited a higher risk of MACCE 
occurrence than those without HPR (8.4% vs. 4.9%, p<0.001), 
while there was no significant difference in MACCE risk be-
tween patients with vs. without HPR to arachidonic acid (>550 
ARU) (6.4% vs. 5.0%, p=0.084) (Fig. 4). Rates of MACCE, how-
ever, did not differ across CYP2C19 phenotypes (4.4% vs. 4.6% 
vs. 5.3% in extensive vs. intermediate vs. poor metabolizers, 
p=0.261) (Fig. 5). 

DISCUSSION

The PTRG-DES consortium, to our knowledge, is the largest 

Table 2. Distribution of CYP2C19 Alleles, Genotype and Phenotype (PTRG-
Genotype Cohort: n=8163)

Allele
Frequency

no. (%)
Genotype

Frequency
no. (%)

Phenotype
Frequency

no. (%)

  *1 9950 (60.9) *1/*1 3011 (36.9)
Extensive 
  metabolizer

3098 (38.0)

  *2 4486 (27.5) *1/*2 2786 (34.1)
Intermediate 
  metabolizer

3906 (47.9)

  *3 1738 (10.6) *1/*3 1055 (12.9) Poor metabolizer 1159 (14.2)
*17 152 (0.9) *1/*17 87 (1.1)

*2/*2 606 (7.4)
*2/*3 440 (5.4)
*2/*17 48 (0.6)
*3/*3 113 (1.4)
*3/*17 17 (0.2)

*17/*17 0 (0)
CYP, cytochrome P450.

PCI cohort with the longest clinical follow-up to evaluate the 
relation between platelet reactivity/genotype and clinical out-
comes. The main findings of this consortium are as follows: 
1) East Asian patients showed a higher level of platelet reactiv-
ity during clopidogrel treatment than Western patients (218 
vs. 188 PRU in PTRG-DES vs. ADAPT-DES)13; 2) East Asian pa-
tients exhibited a higher prevalence of CYP2C19 LOF allele car-
riage (62%) than Western patients;19 and 3) East Asian patients 
showed different risk ratios (RR) of MACCE and major bleed-
ing occurrence according to the time period during clopido-
grel treatment.13

Following large-scale placebo-controlled randomized clini-
cal trials (RCTs) showing a net clinical benefit for potent P2Y12 
inhibitor (prasugrel or ticagrelor) vs. clopidogrel use in ACS pa-
tients,20,21 Jeong22 proposed a new concept for East Asian patients 
against Western guidelines. Based on a unique risk-benefit ra-
tio (or therapeutic zone of platelet reactivity) and pharmaco-
dynamic profile in East Asian patients,4,5 Jeong22 suggested that 
potent P2Y12 inhibitor vs. clopidogrel would have a different 
effect than that observed in the Western population. Subse-
quently, clinical data from several registries6,23,24 and a small-
sized RCT8 from East Asian countries have suggested diminished 
clinical benefits and an increased bleeding risk for potent P2Y12 
inhibitor use in East Asian patients with ACS, compared with 
clopidogrel. 

Antiplatelet strategies for East Asian patients differ across con-
sensus documents and clinical guidelines.9,10,25 Substantial clin-
ical evidence from large-scale PFT/genotype-based registries 
and RCTs are required to establish unwavering treatment guide-
lines for East Asians patients. Therefore, we believe that this 
PTRG-DES consortium will be able to suggest reliable linkage 
of platelet function and genotyping with clinical outcomes in 
East Asian populations. Since the present consortium is the 
largest PFT cohort of DES-treated all-comers with a long-term 
follow-up, our results are expected to overcome the limitations 
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of previous East Asian studies related with cohort size, follow-
up duration, and heterogenicity of disease entity.

The use of guided antiplatelet strategies (platelet function 
and genetic testing) in PCI-treated patients with high-risk pro-
files has aimed to improve clinical outcomes by tailoring anti-
platelet potency and duration to the individual patient.3 Early 
clinical RCTs did not find any clinical benefit with a guided 
approach, however. Caveats in trial designs, such as the inclu-
sion of low-risk patients, inadequate identification of high-risk 
patients by a guided method, and undecided optimal selection 
of potent P2Y12 inhibitors, could contribute to these disappoint-
ing results. Nevertheless, a recent meta-analysis (n=20743; 11 
RCTs and three observation studies) demonstrated that guid-

ed selection of antiplatelet therapy vs. standard therapy was 
associated with reductions in ischemic events (RR 0.78, 95% 
CI 0.63–0.95, p=0.015) and bleeding (RR 0.88, 95% CI 0.77–1.01, 
p=0.069).26

Compared with Western individuals, East Asian patients fol-
low different guided cutoffs (e.g., high or low platelet reactivity) 
and enhanced platelet inhibition by standard-dose potent P2Y12 
inhibitor.4,5 In addition, research suggests that the association 
between CYP2C19 genotyping and clinical outcomes during 
clopidogrel treatment can differ according to ethnicity. In the  
Tailored Antiplatelet Therapy Following PCI (TAILOR-PCI) 
trial, despite the same treatment with clopidogrel in patients 
carrying the CYP2C19 LOF allele, Caucasian patients showed 
an increased risk of ischemic events by about 1.8-fold than 
East Asian patients (7.3% vs. 4.1%).27 A genotype-guided strate-
gy (mainly with ticagrelor) vs. conventional treatment reduced 
the risk of 1-year ischemic event after index PCI by 1.4% (2.7% 
vs. 4.1%) and 2.6% (4.7% vs. 7.3%) in the East Asians and Cau-
casians, respectively. There are unmet needs to establish cut-
offs of high-risk phenotypes and optimal escalation strategies 
balancing clinical efficacy and safety.

In the present analysis, ARU (i.e., aspirin responsiveness) 
showed a limited relationship with clinical events. For aspirin 
resistance, recent data have mostly suggested an imprecise clin-
ical impact on clinical outcomes,3 which may be related with 
the weak and indirect inhibition of thromboxane pathway by 
aspirin. Based on this observation, numerous clinical trials 
have tested the clinical benefit of early aspirin discontinuation 
from the initial DAPT regimen. In addition, CYP2C19 pheno-
type did not show a close relationship with clinical events in this 
cohort. Since genetic variants are just one influential factor af-

10

8

6

4

2

0

Major bleeding

MACCE

0                                     365                                  730                                 1095                                1460                                1825

13160                               10028                                6081                                5091                                4176                                3168

13160                               10074                                6078                                5071                                4132                                3133

Time (days)
Number at risk

Cu
m

ul
at

ive
 in

cid
en

ce
 (%

)

Fig. 2. Kaplan-Meier analysis for MACCE and major bleeding events (PTRG-DES consortium; n=13160). The blue line represents cumulative event 
rates of MACCE and the red line represents cumulative event rates of major bleeding events during follow-up period in this consortium. MACCE, major 
adverse cardiac and cerebrovascular events; PTRG-DES, Platelet function and genoType-Related long-term proGnosis in Drug-Eluting Stent-treated 
Patients with coronary artery disease.

Table 3. Prevalence of MACCE and Major Bleeding Events during Follow-
Up (PTRG-DES: n=13160)

MACCE Major bleeding
All-cause death 512 (3.9) BARC type 3 414 (3.1)

CV death 165 (1.3) 3a 297 (2.3)
Non-CV death 347 (2.6) 3b   67 (0.5)

3c   50 (0.4)
Non-fatal MI 201 (1.5) BARC type 4     7 (0.1)
Stent thrombosis (definite)   69 (0.5) BARC type 5   10 (0.1)

5a     3 (0.0)
5b     7 (0.1)

Non-fatal stroke 238 (1.8)
MACCE, major adverse cardiac and cerebrovascular events; PTRG-DES, Platelet 
function and genoType-Related long-term proGnosis in Drug-Eluting Stent-
treated Patients with coronary artery disease; BARC, Bleeding Academic Re-
search Consortium; CV, cardiovascular; MI, myocardial infarction.
Data are presented as n (%).
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Fig. 3. PRU and ARU levels in patients with (red) vs. without (blue) ischemic events (MACCE). PRU, P2Y12 reaction unit; ARU, aspirin reaction unit; 
MACCE, major adverse cardiac and cerebrovascular events.

300

250

200

150

100

50

0
MACCE (+) MACCE (+)

240±75

459±73

216±79

443±69
p<0.001

p<0.001

MACCE (-) MACCE (-)

PR
U 

(V
er

ify
No

w
)

AR
U 

(V
er

ify
No

w
)

500

400

300

200

100

0
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fecting the antiplatelet effect of clopidogrel, their contribution to 
clinical events would be diminished in East Asian patients. East 
Asian patients show a unique risk-benefit ratio during antiplate-
let treatment and a relatively weak relationship between platelet 

reactivity and atherothrombotic events.4-6

There are several limitations to this study that warrant con-
sideration. This study has an innate limitation regarding its ob-
servational nature with registry data. However, with the exten-
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sive sensitivity analyses, confounders were adjusted to minimize 
bias from different baseline characteristics. Nonetheless, un-
measured confounders might still be present, and the extent to 
which unmeasured confounders contribute to the relation be-
tween platelet reactivity, genotyping, and adverse clinical out-
comes is uncertain. One-point platelet function may not reflect 
dynamic changes over time. Lastly, the results of the present 
study may be limited to the boundaries of measurements and 
cannot be directly extended to the selection of an optimal an-
tiplatelet strategy. 

In conclusion, the PTRG-DES consortium indicates that 
East Asian patients have a higher level of on-clopidogrel plate-
let reactivity and higher prevalence of CYP2C19 LOF allele 
carriage, compared with Western patients, as well as a different 
RR of MACCE and major bleeding occurrence according to 
the time period during clopidogrel treatment. This registry 
will provide important “real-world” information regarding the 
linkage of platelet function and genotype with clinical events 
in a large cohort of clopidogrel-treated East Asian patients to 
better develop optimal antiplatelet strategies in this ethnicity.
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Fig. 5. Kaplan-Meier analysis for the association between CYP2C19 phenotype and MACCE. MACCE, major adverse cardiac and cerebrovascular 
events; EM, extensive metabolizers; IM, intermediate metabolizers; PM, poor metabolizers.
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