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ABSTRACT

Objective  To investigate the impact of CYP2C19 gene polymorphism on clopidogrel reactivity and its association with long-
term clinical outcome in patients with coronary heart disease (CHD) undergoing percutaneous coronary intervention (PCI).

Methods In total, 675 patients were enrolled. Based on the platelet inhibition rate, patients were categorized into two groups:
clopidogrel low responsiveness (CLR) and normal clopidogrel responsiveness (NCR). The CLR group was divided into ticagrelor
and clopidogrel group based on the antiplatelet drugs used in the follow-up treatment. Patients were classified into three groups
(normal metabolizer, intermediate metabolizer, and poor metabolizer) based on the CYP2C19 genotype. We aimed to evaluate the
impact of CYP2C19 gene polymorphism on clopidogrel reactivity. The cumulative rates of 12-month all-cause deaths, major ad-
verse cardiovascular events (MACCEs), and bleeding events were calculated.

Results CLR was observed in 44.4% of the overall population. Significant differences were observed in the platelet inhibition
rate of clopidogrel among the three metabolic genotypes (P < 0.05). At the 12-month follow-up, 13 patients (1.9%) died and 96 pa-
tients (14.2%) experienced MACCEs. Patients with CLR (9.6% vs. 11.7% vs. 22.1%, P < 0.05) or poor metabolizer (10.7% vs. 16.4%
vs. 22.6%, P = 0.026) experienced a higher rate of MACCEs. A MACCE:s risk score between zero and two was calculated. The
highest incidence of MACCEs significantly increased with the 2-positive results, and the area under the curve (AUC) was 0.712
(95% CI: 0.650-0.774, P < 0.05). There was no significant difference between the group with a score of one and the occurrence of
MACCEs (P> 0.05).

Conclusions  Low response to clopidogrel in CHD patients is correlated with CYP2C19 gene polymorphism. CYP2C19 geno-
typing combined with platelet reactivity is an independent predictor of 12-months MACCEs in patients with clopidogrel treat-
ment after PCI, which is better than either test alone.

ual antiplatelet therapy with aspirin and

clopidogrel is the standard treatment for

the prevention of stent thrombosis and
improving clinical prognosis after percutaneous
coronary intervention (PCI)." However, platelet re-
sponses to clopidogrel show a marked interindivid-
ual variability, relevant studies have found that 4%-
30% of patients still fail to achieve an adequate antipla-
telet effect after standard dose treatment, which still
lead to cardiovascular and cerebrovascular adverse
events such as stent restenosis, stent thrombosis and
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clinical death, which is clinically known as Clopidogrel
Resistance (CPGR).** Several independent clinical
researches have demonstrated that patients with CPGR
were at increased risk of stent thrombosis and oth-
er cardiac complications."*”! Consequently, there is a
clinical need to measure the efficacy of antiplatelet
therapy and apply more effective ADP-receptor bloc-
king agents.

At present, there is still no unified diagnostic stan-
dard for CPGR worldwide. According to Muller, et
al.' CPGR is defined as a decrease in ADP-indu-
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ced platelet aggregation rate of less than 10% from base-
line 4 h after a 600 mg clopidogrel loading dose. A dec-
rease of 10%-29% is considered partial resistance,
while an inhibition exceeding 30% is classified as a nor-
mal response. Therefore, thrombelastography (TEG)
is commonly employed for clinical evaluation of pla-
telet response to clopidogrel. TEG can provide real-
time monitoring of blood coagulation, platelet aggre-
gation, fibrinolysis, and other dynamic changes. More-
over, the platelet inhibition rate can precisely and
comprehensively reflect the responsiveness of clop-
idogrel in patients, thereby guiding clinical medica-
tion to reduce the occurrence of cardiovascular events
and mortality.”

Clopidogrel is a prodrug with no activity in itself,
approximately 15% of the drug is absorbed in the gastr-
ointestinal tract and undergoes hepatic metabolism
by cytochrome 450 enzymes to form its active metab-
olite. The active metabolite of clopidogrel irreversibly
inhibits the P2Y12 receptor on platelets, leading to
the inhibition of platelet aggregation. The CYP2C19
gene encodes the protease that serves as the key en-
zyme influencing clopidogrel metabolism.

Hence, the CYP2C19 gene is widely believed to have
a crucial role in the activation of clopidogrel and serves
as a significant intrinsic factor influencing its antipla-
telet effect.” ™ As we known, the 2022 updated CPIC
guideline! has clearly stated that “CYP2C19 geno-
type impacts clopidogrel active metabolite forma-
tion”. However, compared with that in White patients,
the frequency of CYP2C19 LoF carriage and the
level of on-clopidogrel platelet reactivity were high-
er in East Asian patients (65% vs. 30%, respectively).
But in fact, the risk of ischemic events following PCI
was similar or even lower in East Asians than that in
Whites, which is often described as the “East Asian
Paradox!"*™"*”. Therefore, the prognostic implica-
tions of a comprehensive assessment of clopidogrel
low responsiveness and the CYP2C19 genotype re-
main poorly characterized in East Asians, and the
prognostic effects of platelet reactivity and CYP2C19
genotype have not been established, particularly in
East Asians. So, this study aimed to investigate the
impact of CYP2C19 gene polymorphism on clopido-
grel reactivity and their association with long-term
clinical outcome in patients with coronary heart dis-
ease (CHD) undergoing PCIL.
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METHODS

Study Population

In this retrospective study, we investigated the im-
pact of CYP2C19 gene polymorphism on clopido-
grel reactivity and long-term clinical outcomes in pati-
ents with coronary heart disease who underwent PCL
We enrolled patients with coronary heart disease
who underwent PCI at Xuanwu Hospital, Capital
Medical University, between March 2015 and March
2018.

To be eligible for the study, patients had to meet
the following criteria: they were undergoing elective
coronary stent placement after receiving a pretreat-
ment of 100 mg aspirin and 75 mg clopidogrel per
day for 2-3 days, or they received loading doses of 300
mg of both medications at least 6 h before the pro-
cedure." Additionally, all enrolled patients under-
went simultaneous detection of the CYP2C19 gene and
TEG. Patients with severe liver disease or abnormal
coagulation function, those taking chronic oral anti-
coagulation or thienopyridine treatment within two weeks
prior to admission, those with contraindications to
aspirin, clopidogrel, ticagrelor, or heparin, patients
with cancer or undergoing hemodialysis, and those
with acute or chronic inflammatory disease were exclu-
ded from the study. The follow-up information of pati-
ents was collected from medical records or telephone
contact with the patient at 3" and 6™ months, and
then annually. The minimum follow-up duration was
12 months. The cumulative rates of 12-month all-cause
death and major adverse cardiac, cerebrovascular
events (MACCEs) and bleeding events were as-
sessed as adverse clinical outcomes. The MACCEs"!
encompassed cardiac deaths, stent thrombosis, re-
peat revascularization, myocardial infarction (MI),
and stroke. Bleeding events'"”! comprised massive
bleeding (BARC type 3-5), which referred to fatal or
clinically obvious bleeding that necessitated blood
transfusion or hospitalization, such as intracerebral
hemorrhage or massive gastrointestinal bleeding.
Moderate bleeding (BARC type 2) referred to bleed-
ing that was apparent but did not require blood tran-
sfusion or hospitalization. Small bleeding (BARC
type 0-1) indicated gingival bleeding or subcutane-
ous bleeding less than 2 mm in diameter, such as blee-
ding in the mucosa, skin, nose, and other minor blee-
ding sites.
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The study was approved by the Ethics Committee
of the Xuanwu Hospital Capital Medical University.
Written informed consent was obtained from all par-
ticipants.

Study Protocol

All patients underwent PCI and intracoronary sten-
ting. The choice of stent type (bare-metal or drug-eluting
stent) was left to the operator’s discretion, consider-
ing the clinical situation and anatomy of the coron-
ary artery. Before the operation, patients received
100 mg aspirin and 75 mg clopidogrel per day for
2-3 days and loading doses of 300 mg both, respect-
ively, at least 6 h prior to the procedure. During the
procedure, the patients received an intra-arterial dose
of 100 U/kg heparin; the use of glycoprotein IIb/Illa
inhibitors was only permitted in bailout situations.
Following PCI, all patients were prescribed lifelong
aspirin (100 mg/day) and clopidogrel (75 mg/day)
for a duration of 12 months. Among them, some pa-
tients in the clopidogrel low responsiveness (CLR)
group were advised by doctors to switch from clop-
idogrel to ticagrelor 90 mg twice daily for antiplate-
let therapy, while the rest of the patients declined
the replacement of clopidogrel. In addition to anti-
platelet therapy, all patients received statins to
modify their blood lipid levels. Administration of
antihypertensive agents and hypoglycemic drugs
followed the guidelines, based on individual pa-
tient needs.

Platelet Function Assay

Blood samples for platelet function testing were
drawn after loading with clopidogrel (with 300 mg
once or 75 mg/day for at least 2 days), 2-3 mL fast-
ing venous blood was collected in the morning, and
the thrombologram coagulation analyzer and sup-
porting reagents were used. The antiplatelet inhibi-
tion rate of clopidogrel was determined using TEG
software with ADP (2 pmol/L) as the activator, which
included kaolin, activator F (a mixture of Agkistrodon
hemagglutinin and platelet XI-Ila factor). Accord-
ing to relevant studies™®" and product description,
platelet ADP receptor inhibition rate < 30% is defined
as CLR, platelet inhibition rate = 30% is normal re-
activity. Based on the platelet inhibition rate wheth-
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er less than 30%, the patients were categorized into
two groups: the clopidogrel CLR group and the normal
response to clopidogrel group (NRC). In this study,
some patients in the CLR group were recommen-
ded by their doctors to switch to ticagrelor for antipla-
telet therapy, while the remaining patients contin-
ued to receive antiplatelet therapy with clopidogrel.
Therefore, within the CLR group, patients were fur-
ther divided into two subgroups based on the actu-
al antiplatelet drugs used: the ticagrelor group and
the clopidogrel group. The specific process of the
above items was completed by Xuanwu Hospital
laboratory.

Detection of CYP2C19 Polymorphisms

A fasting venous blood sample of 2-3 mL was coll-
ected from the patient’s median cubital vein in the
early morning, using EDTA-Na2 as the anticoagu-
lant. Genomic DNA was then extracted. The CYP2C19
gene detection kit (utilizing DNA microarray chip
method) was employed for PCR amplification, hy-
bridization, and color visualization. Following the
reaction, the biochip was read, and BaiO gene chip
image analysis software was utilized to scan the im-
ages, perform data analysis, and obtain the detec-
tion results. Based on the results of gene detection,
they were divided into three groups: normal meta-
bolizer (wild type homozygous CYP2C19 *1*1); in-
termediate metabolizer (wild type and mutant het-
erozygous CYP2C19*1*2, CYP2C19*1* 3); poor
metabolizer (mutation gene homozygous and het-
erozygous CYP2C19 *2*2, CYP2C19 *2*3, CYP2C19 *3*3)
groups. The specific procedures for the aforemen-
tioned steps were carried out in the gene amplifica-
tion room of Xuanwu Hospital.

Statistical Analysis

Continuous variables were presented as either
mean * SD or median (interquartile range), depend-
ing on the data distribution. Differences among the
groups were evaluated using appropriate statistical
tests, such as the independent t-test, one-way ana-
lysis of variance (ANOVA) test, or the Wilcoxon rank-
sum test. Categorical variables were presented as
counts (n) with corresponding percentages (%). Dif-
ferences among the groups were assessed using ap-
propriate statistical tests, such as the chi-square test
or Fisher exact test. Following the identification of
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significant differences among variables using the
ANOVA test, post hoc comparisons between the gro-
ups were conducted using Tukey’s multiple com-
parison test. The factors associated with clopido-
grel hypo-responsiveness were identified using multi-
variate binary logistic regression analysis. Kaplan-
Meier methods were employed to estimate the rates
of all-cause deaths and major adverse cardiac and
cerebrovascular events (MACCEs) over a 12-month
period, and to visualize the cumulative occurrence
of MACCEs in the three groups. The significance of
differences among the groups was assessed using
the log-rank test. Statistical analysis was conducted
using SPSS version 22.0 (IBM Corp., Chicago, IL),
and a P-value < 0.05 was considered statistically
significant.

Patients underwent percutaneous coronary
intervention from March 2015 to March
2018 (n = 694)

RESULTS

Patients Demography

From March 2015 to March 2018, a total of 694 pa-
tients met the inclusion criteria. Out of the total 675
patients, 19 people lost contact during the follow-up
period, leaving 675 patients who were followed up
for at least one time. The mean follow-up period
was 14.8 months. There were 60 patients in the CLR
group who switched from clopidogrel to ticagrelor
(Figure 1). The baseline characteristics of the differ-
ent patient groups are listed in Table 1. The nation-
ality, the sex, smoking history, drinking history,
platelet count, aspartate amino transferase, creatine

Loss from long-term
follow-up (1 = 19)

675 patients enrolled

l

Based on the platelet inhibition rate,
patients were categorized into two

groups

4 Y

INCR groups (1 = 375)

CLR groups (1 = 300)

r

The CLR group was divided into two groups based
on the antiplatelet drugs used in the follow-up

treatment.

h 4

A 4

Ticagrelor group (1 = 60)

Clopidogrel group (1 = 240)

A 4

12-month follow-up

Figure 1 Flow chart of the study. CHD: coronary heart disease; CLR: clopidogrel low responsiveness; NCR: normal clopidogrel re-

sponsiveness.
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CLR group

NCR group

Characteristic (n = 300) (n=375) P-value
Baseline characteristics
Age, yrs 63.65 £11.72 62.47 +12.04 0.203
Nationality (Han) 280 (93.3%) 366 (97.9%) 0.003
Sex (male) 194 (64.7%) 292 (77.9%) 0.000
BMI, kg/m’ 25.06 (23.03, 27.34) 25.34 (22.93, 27.68) 0.430
Past Medical History
Diabetes mellitus 126 (42.0%) 143 (38.1%) 0.308
Hypercholesterolemia 75 (25.0%) 68 (18.1%) 0.030
Hypertension 198 (66.0%) 247 (65.9%) 0.971
Smoking history 150 (50.0%) 225 (60.0%) 0.009
Drinking history 97 (32.3%) 154 (41.1%) 0.020
The number of vascular lesions = 2 85 (28.3%) 101 (26.9%) 0.686
Killip class 3-4 80 (26.7%) 137 (36.5%) 0.006
Laboratory results
PLT, *10°/L 213.33 £ 61.76 228.92 +76.97 0.005
APTT, s 38.32+£7.66 38.47 +10.86 0.840
PT(s) 13.41£0.98 13.48 +1.38 0.392
FIB, g/L 3.61 (3.14, 4.33) 3.46 (3.02, 4.26) 0.395
TT,s 16.82 £3.34 16.63 +2.24 0.385
DBIL, umol/L 4.10 (3.16, 5.61) 4.51 (3.23, 5.95) 0.050
SIB, umol/L 9.20£5.26 9.91+4.85 0.075
UA, pmol/L 343 +89.25 347 +87.30 0.591
Urea, pmol/L 591 +2.66 6.28 +2.98 0.102
HCY, pmol/L 17.03 £9.70 17.50 + 10.29 0.564
HDL-C, mmol/L 1.05+0.30 1.07+0.31 0.321
LDL-C, mmol/L 2.53 +£0.88 2.56 +0.91 0.756
ApoAl, g/L 1.13+£0.22 1.14+0.24 0.810
ApoB, g/L 0.88 £0.39 0.91+0.48 0.436
TG, mmol/L 1.71 (1.20, 2.27) 1.51 (1.11, 2.17) 0.046
TC, mmol/L 4.09+1.03 415+£235 0.709
HbAlc 6.70% + 1.58% 6.78% + 2.57% 0.675
Creatinine, pmol /L 77.94 £ 44.60 79.95 + 38.38 0.536
GGT, IU/L 36.75 £ 33.28 34.78 £29.14 0.421
AST, IU/L 32.00 (23.00, 69.00) 46.50 (25.00, 110.50) 0.000
ALT,IU/L 30.57 £31.89 34.64 £36.49 0.135
CKMB, IU/L 17.00 (11.00, 44.00) 28.00 (17.75, 89.25) 0.000
CK,IU/L 143.00 (71.00, 461.00) 285.00 (103.75, 883.25) 0.000
CYP2C19 gene 300 (44.4%) 375 (55.6%) 0.001
Normal metabolizer 109 (36.3%) 186 (49.6%) <0.05
Intermediate metabolizer 148 (49.3%) 160 (42.7%) > 0.05
Poor metabolizer 43 (14.3%) 29 (7.7%) <0.05

Data are presented as n (%), mean + SD or median (interquartile range). ALT: alanine aminotransferase; Apo Al: apolipoprotein Al;
Apo B: aiolipoprotein B; AST: aspartate amino transferase; APTT: activated partial thromboplastin time; BMI: body mass index; CK:
creatine kinase; CKMB: creatine kinase isoenzyme; DBIL: direct bilirubin; FIB: fibrinogen; GGT: gamma-glutamyl transpeptidase;
HbAlc: lgﬂ{ycated hemoglobin; HCY: homocysteine; HDL: high-density lipoprotein; LDL: Low-density lipoprotein; PLT: platelet count;
PT: prothrombin time; SIB: indirect bilirubin; TG: triglyceride; TC: total cholesterol; TT: thrombin time; UA: uric acid.
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kinase isoenzyme, creatine kinase and CYP2C19
gene was significantly higher in the NCR group,
while hypercholesterolemia,”™ Killip class 3-4 and
triglyceride was higher in the CLR group.

Correlation Analysis Between CYP2C19 Gene

Clopidogrel Reactivity Among Patients with Dif-
ferent CYP2C19 Genotypes

The chi-square test revealed significant differ-
ences in clopidogrel reactivity among patients with
different genotypes (X*=7.425, P = 0.001). Statistic-

ally significant differences were observed between
patients with normal metabolizer and Intermediate
metabolizer (P < 0.05), as well as between patients
with normal metabolizer and poor metabolizer (P <
0.05). No significant difference was found betw-
een patients with intermediate metabolizer and
poor metabolizer (P> 0.05) (Figure 2).

Polymorphism and Low Reactivity of Clopido-
grel

Platelet inhibition rate in patients with different
CYP2C19 genotypes

One-way analysis of variance (ANOVA) was per-
formed to compare the ADP-induced platelet inhib-
ition rate among different CYP2C19 genotypes, and
a statistically significant difference was observed (P
<0.05) (Table 2).

Multivariate Binary Logistic Regression Analysis
for Low Response to Clopidogrel

These variables were included in a multivariate

Table 2 Platelet inhibition rate in patients with different CYP2C19 genotypes.

Groups CYP2C19 gene ADP-induced platelet inhibition rate P-value
Normal metabolizer *1*1 295 (43.7%) 43.65 +28.18 0.001
Intermediate metabolizer *1*2 265 (39.3%) 38.53 £ 29.60
*1*3 43 (6.4%)
Poor metabolizer *2%) 56 (8.3%) 29.61 +27.52
*2%3 14 (2.1%)
*3*3 2 (0.3%)
Data are presented as n (%), mean + SD.
(A) p<005 (B)
' p<0.05 p>005 !
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Figure 2 Clopidogrel reactivity and CYP2C19 gene. (A): A scatter plot of ADP inhibition rate in the 3 strata defined by CYP2C19 gen-
otype. The percentage indicates proportions for genotype and red dashed line displays threshold for NCR (30%). The p value by chi-
square test between strata. (B): Box and whisker plots of ADP inhibition rate by genotype. The boxes show medians and upper and
lower quartiles of the data, whereas the whiskers indicate the minimum and maximum values. ADP: adenosine diphosphate.
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binary logistic regression model to predict high
ADP inhibition rate. As shown in Table 3, this mod-
el confirmed that CYP2C19 gene was the strongest
predictor of high ADP inhibition rate. Additionally,
sex, nationality, and PLT prevailed as significant
predictors in the multivariable analysis.

Clinical Outcomes

At the 12-month follow-up, 13 (1.9%) patients
died, and 96 (14.2%) patients experienced MACCEs.
The Kaplan-Meier survival curves demonstrated
that the incidence of the cumulative rates of MAC-
CEs, stent thrombosis and myocardial infarction (MI)

was the lowest in normal clopidogrel responsive-
ness (NCR) group, and CLR group patients had the
highest rates of MACCEs, stent thrombosis and MI
(P<0.05) (Table 4) (Figure 3).

At the 12-month clinical follow-up, excluding pa-
tients treated with oral ticagrelor antiplatelet ther-
apy (n=60), 12 (1.9%) patients died, and 89 (14.4%)
patients experienced MACCEs. Based on the Ka-
plan-Meier survival curves, it was observed that the
normal metabolizer group had the lowest cumulat-
ive rates of MACCEs (10.7%), and the poor metabol-
izer group exhibited the highest rates of MACCEs
(22.6%) (P < 0.05). However, there was no signific-

Table 3 Multivariate logistic regression analyses.

Variables B S.E. Wald P OR 95% CI

Sex (Male) 0.751 0.278 7.295 0.007 2.120 1.229-3.657
Nationality (Han) 1.378 0.489 7.940 0.005 3.966 1.521-10.341
Smoking history 0.117 0.245 0.227 0.634 1.124 0.695-1.817
Drinking history -0.038 0.233 0.027 0.870 0.962 0.609-1.520
Hypercholesterolemia -0.379 0.234 2.630 0.105 0.684 0.433-1.082
Killip class 3-4 0.321 0.211 2.311 0.128 1.379 0.911-2.085
PLT (10°/L) 0.004 0.002 6.920 0.009 1.004 1.001-1.007
AST (IU/L) 0.000 0.003 0.020 0.887 1.000 0.993-1.006
CKMB 0.004 0.004 1.028 0.311 1.004 0.996-1.013
CK 0.000 0.000 0.240 0.624 1.000 0.999-1.001
TG -0.108 0.062 2.999 0.083 0.897 0.794-1.014
CYP2C19 gene (Normal metabolizer) 1.076 0.329 10.711 0.001 2.932 1.540-5.583

AST: aspartate amino transferase; CKMB: creatine kinase isoenzyme; CK: creatine kinase; PLT: platelet count; TG: triglyceride

Table 4 Clinical outcomes for NCR group vs. CLR group at one year follow-up.

Adverse Events NCR group (n = 375) : CLR group - P-value
Ticagrelor group (n = 60) Clopidogrel group (n = 240)
All-cause death 5 (1.3%) 1(1.7%) 7 (2.9%) 0.390
MACCEs 36°° (9.6%) 7% (11.7%) 53" (22.1%) 0.000
Cardiac death 5(1.3%) 1(1.7%) 4(1.7%) 0.939
Stent thrombosis 10 (2.7%) 3* (5.0%) 19** (7.9%) 0.013
MI 9" (2.4%) 2% (3.3%) 16™ (6.7%) 0.035
Repeat revascularization 11 (2.9%) 1 (1.7%) 12 (5.0%) 0.283
Stroke 1 (0.3%) 0(-) 2 (0.8%) 0.473
Massive bleeding 5 (1.3%) 1 (1.7%) 3 (1.3%) 0.970
Moderate bleeding 11 (2.9%) 3 (5.0%) 9 (3.8%) 0.685
Small bleeding 28 (7.5%) 7 (11.7%) 19 (7.9%) 0.571

Data are presented as n (%). MACCEs: major adverse cardiac and cerebrovascular event, mcludes cardiac death, stent thrombosis,
repeat revascularization, MI and stroke; MI: myocardial infarction. *P < 0.05 vs. NCLR group, °P < 0.05 vs. Ticagrelor group, °P < 0.05

vs. clopidogrel group.
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Figure 3 Comparison of clinical outcomes in the overall population at 12-month follow-up. (A): Comparison of MACCE rates in the
overall population; (B): comparison of stent thrombosis rates in the overall population; (C): comparison of myocardial infarction rates
in the overall population. MACCEs: major adverse cardiac and cerebrovascular events including cardiac death, stent thrombosis, re-

peat revascularization, myocardial infarction, and stroke.

ant difference in rates between the intermediate
metabolizer and poor metabolizer groups (P> 0.05)
(Table 5) (Figure 4).

Based on the number of positive results of the two
tests, patients were classified into three groups: 0-
positive results (the patients with normal responses
to clopidogrel and normal metabolizer; n = 189); 1-
positive result (the patients with clopidogrel low re-
sponsiveness or intermediate metabolizer or poor meta-
bolizer; n = 261); 2-positive results (the patients with
clopidogrel low responsiveness and Intermediate
metabolizer or poor metabolizer; n = 165). We eval-
uated the prognostic value of the aggregate posit-

: http:/ /www .jgc301.com; jgc@jgc301.com

ive results of the two detection methods for 12-mo-
nth MACCEs. The highest incidence of MACCEs
significantly increased with the 2-positive results,
with an area under the curve (AUC) was 0.712 (95% CL:
0.650-0.774, P < 0.05). However, there was no signi-
ficant difference between the group with the score
of one and MACCEs (P> 0.05) (Figure 5).

DISCUSSION

CYP2C19 Gene Impact on Platelet Function

In the present study, we demonstrated that the
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Table 5 Clinical outcomes with different CYP2C19 genotypes at one year follow-up.

Adverse Events Normal metabolizer (n = 272) Intermediate metabolizer (n =281) Poor metabolizer (n=62) P-value
All-cause death 5 (1.8%) 6 (2.1%) 1 (1.6%) 0.948
MACCEs 29 (10.7%) 46" (16.4%) 147 (22.6%) 0.026
Cardiac death 4 (1.5%) 4 (1.4%) 1 (1.6%) 0.994
Stent thrombosis 10 (3.7%) 15 (5.3%) 4 (6.5%) 0.519
MI 6" (2.2%) 13% (4.6%) 6™ (9.7%) 0.034
Repeat revascularization 9 (3.3%) 12 (4.3%) 2 (3.2%) 0.817
Stroke 0() 2 (0.7%) 1 (1.6%) 0.141
Massive bleeding 3 (1.1%) 4 (1.4%) 1 (1.6%) 0.922
Moderate bleeding 13 (4.8%) 4 (1.4%) 3 (4.8%) 0.051
Small bleeding 19 (7.0%) 24 (8.5%) 4 (6.5%) 0.736

Values expressed are in n (%). MACCEs major adverse cardiac and cerebrovascular event, includes cardiac death, stent thromb051s,
repeat revascularization, MI and stroke, MI myocardial infarction. MI: myocardial infarction. *P < 0.05 vs. NCLR group, "P<0.05 vs.

Ticagrelor group, ‘P < 0.05 vs. Clopidogrel group..

(A) 0.4% -
Log Rank p = 0.021
03% 4 Group
-~ Normal metabolizer
 Intermediate metabolizer
4 1 Poor metabolizer
Q 9%
i‘c) 0.2% I——I—
= ]
0.1%
0 4
0 2 4 6 8 10 12
NO.at Risk Months after admission
Normal metabolizer 272 270 265 261 259 250 243
Intermediate metabolizer 381 277 271 258 252 245 235
Poor metabolizer 62 62 56 54 52 51 48

B 0.20% -
®) Log Rank p = 0.013
0.15% Group
-~ Normal metabolizer
 Intermediate metabolizer
1 Poor metabolizer
E 0.10% A
0.05%
01

0 2 4 6 8 10 12
Months after admission

NO.at Risk

Normal metabolizer 272 272 272 272 271 268 266
Intermediate metabolizer 381 281 281 277 276 274 268
Poor metabolizer 62 62 62 61 59 59 56

Figure 4 Comparison of Clinical outcomes with different CYP2C19 genotypes at 12-month follow-up. (A): Comparison of MACCE
rates in the overall population except for patients treated with oral ticagrelor antiplatelet therapy (n = 60); (B): Comparison of MI rates
in the overall population except for patients treated with oral ticagrelor antiplatelet therapy (n = 60). MACCEs: major adverse cardiac
and cerebrovascular events including cardiac death, stent thrombosis, repeat revascularization, myocardial infarction, and stroke; MI:

myocardial infarction.

interaction of genomic and clinical factors with on-
clopidogrel platelet function in a large cohort of pa-
tients undergoing PCl is that the CYP2C19 gene polymo-
rphisms and several clinical variables show a stat-
istically highly significant association with CLR.
Nevertheless, these variables do not suffice to predict
CLR with the precision needed for clinical decision-
making.

Previous studies have shown that the protease enco-
ded by the CYP2C19 gene is the key enzyme respons-
ible for the metabolism of clopidogrel during its ac-
tivation in the liver."” Based on the ability of CYP2C19
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to oxidative metabolism of drugs, it can be divided
into two phenotypes: extensive metabolizer (EM)
and poor metabolizer (PM). Among them,” CYP2C19 *
1 (wild type), which is the most common allele in the
population, determines the drug normal metabol-
izers (extensive metabolizers); CYP2C19*2 and
CYP2C19*3 are loss-of-function alleles that impede
the synthesis of active clopidogrel metabolites, lead-
ing to reduced antiplatelet effects and an increased
risk of adverse cardiovascular events.” Therefore,
as a result, CYP2C19 gene polymorphism is con-
sidered an independent factor contributing to indi-
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(95%CI 0.483-0.612)
p=0152
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1-Specificity

Figure 5 Relationships between MACCEs and the aggregate
positive results of CYP2C19 genotyping and on-clopidogrel
platelet reactivity. Combined with platelet function to detect the
additional risk predictive power of severe adverse cardiovascu-
lar events during one year follow-up of patients with coronary
artery disease. AUC: area under the curve; MACCEs: major ad-
verse cardiac and cerebrovascular events including cardiac
death, stent thrombosis, repeat revascularization, myocardial in-
farction, and stroke.

vidual variations in clopidogrel treatment outcomes.”

However, prior studies of genetic polymorphisms
in CYP2C19 and their relationship with clinical ef-
ficacy have not included East Asian populations.”
The frequency of CYP2C19 LoF alleles and the level
of platelet reactivity differ between East Asians and
Whites.””! Nevertheless, the prognostic implica-
tions of combined platelet reactivity and the CYP2C19
genotype are undetermined, specifically in East Asi-
ans.

Our study revealed that the initial prevalence of
the CLR in the overall patient population (44%) was
similar to that reported in previous studies conduc-
ted in different populations (4%-44%).”**! We ob-
served significant differences in the platelet inhibi-
tion rate among the three metabolic genotypes (P <
0.05). Specifically, significant differences were found
between normal metabolizer and Intermediate
metabolizer (P < 0.05), as well as between normal
metabolizer and poor metabolizer (P < 0.05). However,
no significant difference was observed between In-
termediate metabolizer and poor metabolizer (P>
0.05), as shown in Figure 1. The presence of CYP2C19*2
and/or CYP2C19*3 mutation genes in patients with
intermediate metabolizer and poor metabolizer sugg-
ested an impact on clopidogrel responsiveness, res-
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ulting in clopidogrel resistance.”*" Previous stud-
ies have also identified CYP2C19 gene polymorph-
ism as predictors of clopidogrel resistance.** "

Application of Antiplatelet Drugs in Patients
with Coronary Heart Disease in the Real World

Currently, the prognostic benefit of dual antipla-
telet therapy (aspirin and clopidogrel) following
acute coronary syndromes (ACS) has been well es-
tablished.P>*! However, there are interindividual
differences in clopidogrel metabolism that can sig-
nificantly increase the risk of ischemic events.””**!
Therefore, finding ways to achieve safe and effect-
ive antiplatelet therapy for patients with poor re-
sponse to clopidogrel has become a prominent top-
ic in the field of antithrombotic therapy. Ticagrelor
is a novel oral antiplatelet drug that binds reversibly
to P2Y12 receptors without the need for metabolic
activation, thereby facilitating a rapid antiplatelet
effect.” Ticagrelor exhibits more prompt and po-
tent inhibition of platelet aggregation when com-
pared to clopidogrel.*”’ The RESPOND studies'*"
demonstrated that ticagrelor exhibited comparable
antiplatelet effects in patients with both CLR and NCR
conditions. Moreover, the ticagrelor was superior to
clopidogrel in preventing cardiovascular events in
patients diagnosed with ACS, acute myocardial in-
farction (AMI), ST-segment elevation myocardial
infarction (STEMI), and non-ST-segment elevation
myocardial infarction (NSTEMI), while maintain-
ing a similar risk of bleeding."***! Additionally, stu-
dies of ONSET/OFFSET and RESPOND genotypes!*!
revealed that ticagrelor possessed greater phar-
macodynamic efficacy than clopidogrel, regardless
of the individual’s CYP2C19 genotype. Consequ-
ently, ticagrelor is frequently employed as an anti-
platelet therapy for CHD patients with CLR.

In our study, 675 patients were enrolled, 375 in the
NCR group and 300 in the CLR group. Some patients
in the CLR group were replaced by ticagrelor for anti-
platelet therapy, so the CLR group was divided in-
to ticagrelor group and clopidogrel group according
to the actual antiplatelet drugs used by the patients,
and the incidence of clinical adverse events within
12 months in the three groups was observed. At the
12-month follow-up, 13(1.9%) patients died, and
96(14.2%) patients experienced MACCEs. Notably,
we found significant differences in the incidence of
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MACCEs among the three groups, patients with
NCR had a better prognosis after PCI than patients
with CLR undergoing PCI in terms of MACCEs,
and ticagrelor demonstrated superiority to clopido-
grel in reducing rates of the primary endpoint of
death from MACCEs at 12 months. Remarkably, there
was also a significant reduction in the rate of indi-
vidual endpoints with ticagrelor, including stent
thrombosis (5.0% vs. 7.9%, P = 0.009), MI (3.3% vs.
6.7%, P=0.017). In terms of bleeding events, there
was no statistical difference among the three groups,
but the Ticagrelor group had a higher risk of bleed-
ing. According to the above, for patients with CLR,
ticagrelor was proven to be superior to clopidogrel
in reduction of the composite endpoint of MACCEs,
MI, or stent thrombosis, and resulted in enhanced
survival without an increase in bleeding events.

However, there is controversy regarding the saf-
ety of ticagrelor and its impact on long-term progno-
sis. In clinical practice, the use of ticagrelor is fre-
quently restricted by various factors, including drug-
related side effects (such as dyspnea, ventricular
pauses = 3 s, and elevated levels of serum creatinine
and uric acid), advanced age, poor liver and kidney
function, and patient non-compliance.””! The major-
ity of patients favored a combination of clopidogrel
and aspirin for antiplatelet therapy. In this study,
certain patients with CLR withdrew from the study
group due to a modification in their antiplatelet
medication during the administration of ticagrelor
antiplatelet therapy.

Effect of CYP2C19 Gene Polymorphism and
Clopidogrel Hyporesponsiveness on Long-term
Prognosis of Patients with Coronary Heart Dis-
ease After PCI

Current studies conducted domestically and in-
ternationally have confirmed that CYP2C19 gene
polymorphism contributes to variable platelet response
to clopidogrel. However, the relationship between
CYP2C19 genotype and long-term prognosis of pa-
tients with CHD after PCI remains controversial.*”
In this study, the CYP2C19 genotype was categor-
ized into three groups based on metabolic rate: nor-
mal, intermediate, and poor. Subsequently, the in-
cidence of clinical adverse events within a 12-month
period was observed in each group. At the 12-month
clinical follow-up, except for patients treated with
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oral ticagrelor antiplatelet therapy (n = 60), 12(1.9%)
patients died, and 89(14.4%) patients experienced
MACCEs. Normal metabolizer demonstrated super-
iority to intermediate metabolizer and poor meta-
bolizer in reducing rates of the primary endpoint of
death from MACCEs at 12 months. Additionally, a
notable decrease was observed in the rate of indi-
vidual endpoints, such as myocardial infarction (2.2%
vs. 4.6% vs. 9.7%, P = 0.034), among patients with
fast metabolism. In terms of bleeding events, there
was no statistical difference among the three groups.
These findings align with previous studies, such as
meta-analyses,!'”**! which highlight the increased
risk of severe adverse cardiovascular events in pa-
tients who carry even one variant of the diminished
CYP2C19 allele and undergo percutaneous coronary
intervention with clopidogrel. Guided by the find-
ings of CYP2C19 genotype testing, patients harbor-
ing CYP2C19*2 and/or CYP2C19*3 mutations (e.g.,
ticagrelor) are provided with alternative antiplate-
let therapy. Notably, there was no discernible dis-
crepancy in major adverse cardiovascular events
(MACE) between individuals with normal metabol-
ic genotypes who received standard therapies and
those carrying the mutant gene who were admin-
istered alternative treatments."*>*!

In light of the above study, we found that both CYP2-
C19 genotyping and platelet function testing are
able to predict MACCEs in Chinese patients treated
with clopidogrel and undergoing stent implanta-
tion, but the accurate prognostic technique is still
disputed. Therefore, a combination of both tech-
niques was employed to ascertain the potential for a
more precise prognosis. Our findings revealed a
substantial increase in the highest MACCEs incid-
ence among individuals with 2-positive results,
suggesting that combining the positive results from
both testing methods may serve as an independent
and favorable predictor for MACCEs.

CYP2C19 polymorphisms are more prevalent, oc-
curring in approximately 30% of whites, 40% of
blacks, and over 55% of East Asians.’>*! Therefore,
CYP2C19 gene polymorphism resulting in a re-
duced clopidogrel responsiveness leads to cardi-
ovascular events in roughly half of Chinese patients,
highlighting the need for greater attention. However,
current guidelines®™ do not endorse genetic testing
or platelet response testing (Class IIb) as standard
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prior to prescribing clopidogrel. Hence, additional
research is necessary, particularly in the form of
large-scale randomized controlled trials, to evalu-
ate the efficacy of this approach.

Conclusions

In conclusion, low response to clopidogrel in pa-
tients with coronary heart disease is correlated with
CYP2C19 gene polymorphism, and CYP2C19 geno-
typing combined with platelet reactivity is an inde-
pendent and favorable predictor of 12-months MACCEs
in patients undergoing stenting with clopidogrel
treatment, which is better than either test alone. De-
tection of CYP2C19 genotype and clopidogrel react-
ivity has guiding significance in the clinical applica-
tion of antiplatelet drugs, improves clinical pro-
gnosis.

Study Limitations

The limitations of this study include limited de-
tection technology for CYP2C19 polymorphisms,
such as the inability to detect CYP2C19 *17, CYP2C19
*9 121 ot Additionally, the small sample size of this
study prevented an accurate reflection of the clinic-
al effectiveness of CYP2C19 gene polymorphism
and platelet function detection in personalized anti-
platelet therapy. Therefore, further studies are nee-
ded, particularly in large randomized controlled tri-
als, to evaluate the efficacy of this strategy.
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