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ABSTRACT

Objectives: Antiplatelet therapy with either clopidogrel alone or in combination with aspirin is the mainstay prophylactic drug therapy following 
percutaneous coronary intervention and long-term prevention of cardiovascular and cerebrovascular events. Non-responders/semi-responders to 
clopidogrel are reported to have increased incidences of adverse outcomes like recurrent ischemic attacks. Variability in response to clopidogrel is 
more common among Asians, and it is as high as 70% in some of the Asian communities. Researchers attribute inter-individual variations in response 
to clopidogrel to various pharmacogenetic determinants. Polymorphisms of multidrug resistance protein 1, CYP2C19 and its alleles, P2Y1, and P2Y12 
adenosine diphosphate (ADP) receptor are concluded to be specific to clopidogrel resistance in Indian population.

Methods: A thorough literature search was done use different keywords such as clopidogrel resistance, pharmacogenomics, pharmacogenetic 
variability, and ethnic variability from database sources such as Google Scholar, Medline, PubMed Central, and Scopus.

Results and Conclusion: Literature revealed a disparity between various pharmacogenetic determinants of clopidogrel resistance, particularly in 
the Asian population. Few studies suggest that there is no significant association between clopidogrel response variability and ADP receptor P2Y1 
and P2Y12 gene polymorphisms. Variation in the cytochrome P450 2C19 (CYP2C19) gene coding for the CYP2C19 enzyme, involved in metabolism 
and conversion of the clopidogrel to active metabolites is considered one of the major determinants of clopidogrel resistance in some populations. 
Pooled data from various studies suggest that variability in clopidogrel response cannot be attributed to a single gene polymorphism and is thought 
to be multifactorial. However, disparity in the data related to the specific gene polymorphisms responsible for the encountered clopidogrel resistance 
necessitates the further evaluation of genome.
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INTRODUCTION

Clopidogrel is an oral thienopyridine derivative which inhibits platelet 
activation and aggregation by irreversibly blocking the platelet 
adenosine diphosphate (ADP) P2Y12 receptor. Platelet P2Y12 receptor 
inhibitors are the Class IA recommended drugs in patients with acute 
coronary syndromes (ACS) and undergoing percutaneous coronary 
intervention (PCI), of which clopidogrel is the highest utilized drug 
worldwide. Clopidogrel is a prodrug that requires biotransformation 
to an active metabolite. Catalyzed by the enzyme CYP2C19, the active 
metabolite irreversibly blocks the P2Y12 component of ADP receptors 
on the platelet surface, which prevents activation of the glycoprotein 
IIb/IIIa receptor complex, thereby reducing platelet aggregation [1]. 
However, despite being the most widely prescribed drug along with 
aspirin as the dual antiplatelet therapy, there is a significant evidence 
of adverse clinical outcomes such as recurrent atherothrombotic events 
in patients on clopidogrel therapy. Variability in response to clopidogrel 
is more common among Asians, and it is as high as 70% in some of the 
Asian communities [2].

Clopidogrel absorption and metabolism is complex and involves efflux 
pumps and enzymes that have polymorphic genes. Single nucleotide 
polymorphism (SNP) in the CYP2C19*2, ABCB1/MDR1 gene, P2Y1 and 
P2Y12 ADP receptor are considered to be responsible for clopidogrel 
non-responsiveness [3]. Variation in the (CYP2C19) gene coding for the 
CYP2C19 enzyme, involved in the conversion of the clopidogrel to active 
metabolites is considered one of the major determinants of clopidogrel 
resistance in some populations.

Patients with high on-treatment platelet reactivity (HPR) or genetic 
variations, such as cytochrome P450 (CYP) 2C19 loss-of-function 
alleles, have an increased risk of ischemic events, particularly stent 

thrombosis. Heterogeneity in response to clopidogrel suggests the 
need for pharmacogenetic testing with consideration of alternative 
antiplatelet agents in non-responders. Ethnic groups, with a higher 
frequency of SNPs responsible for clopidogrel resistance, may be 
benefited from prior genetic testing. The current review summarizes 
the genetic polymorphisms affecting clopidogrel resistance, variability 
in response in different ethnic groups, especially the Asian population 
and related adverse clinical outcomes.

Genetic determinants of response to clopidogrel
The relationship between CYP2C19*2 gene polymorphism and 
clopidogrel resistance reflected by platelet function assays has been 
studied extensively in the past several years. A meta-analysis conducted 
on eight studies with a total of 2,331 subjects, including 1,066 patients 
with clopidogrel resistance and 1,265 patients without clopidogrel 
resistance suggested that CYP2C19*2 gene polymorphism may be 
associated with clopidogrel resistance [4]. Recently, studies have 
shown that CYP2C19*3, *4, *5, *6, *7, and *8 alleles may also affect 
clopidogrel metabolism in the same way as CYP2C19*2; however, 
their frequency in population is negligible as compared to CYP2C19*2 
allele [5]. A study conducted on 72 patients of Indian Origin suggested 
PLA1/A2 gene variation in addition to CYP2C19*2 in clopidogrel 
semi-responders [6]. Classified as extrinsic mechanisms and intrinsic 
mechanisms for clopidogrel resistance, the extrinsic may be the 
possibility of clopidogrel underdosing in patients undergoing stenting 
or with ACS, and drug-drug interactions involving CYP3A4. Intrinsic 
mechanisms include genetic polymorphisms of the P2Y12 receptor and 
of the CYP3As, accrued release of ADP, or upregulation of other platelet 
activation pathways [7].

However, a study conducted on 100 patients of coronary artery disease 
(CAD) who were on the maintenance dose of clopidogrel (75mg OD) 
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with or without aspirin out of which 10 received loading dose (300mg) 
before PCI, concluded that clopidogrel resistance was not associated 
with ADP receptor P2Y1 and P2Y12 gene polymorphisms [8].

A large scale genetic epidemiology study, which enrolled 2128 Indo-
Europeans residing in North India, were studied for the presence of 
variants associated with pharmacogenetics of clopidogrel. This study 
revealed that Indians had a higher allele frequency for variants in the 
CYP2C9*2, CYP2C9*3, and P2RY1 genes, whereas lower frequency for 
the ABCB1, CYP1A2, CYP2C19*2C, CYP3A5, and PON1 genes compared 
with the global population [9].

Pooled data from various studies suggest that variability in clopidogrel 
response cannot be attributed to a single gene polymorphism and is 
thought to be multifactorial.

HPR: A significant contributor to clopidogrel semi/non-
respondence
Studies of platelet function testing (PFT) have shown variability in 
the pharmacodynamic response to clopidogrel. Patients with High on-
treatment platelet reactivity (HPR) have an increased risk of ischemic 
events, particularly stent thrombosis.

Similarly, patients with low on-treatment platelet reactivity or patients 
with genetic variants associated with increased clopidogrel metabolism 
have been associated with bleeding risk [10].

Although small studies have provided evidence that treatment 
adjustments based on PFT results may improve clinical outcomes, the 
available randomized controlled trials showed no benefit of modifying 
antiplatelet treatment based on PFT [11].

The Gauging Responsiveness with a VerifyNow Assay-Impact on 
Thrombosis and Safety (GRAVITAS) trial was the first large-scale clinical 
trial to test the clinical impact of high-versus standard-dose clopidogrel 
in HPR patients identified by the verify now P2Y12 assay. The trial was 
conducted in patients (n¼ 2,214) undergoing PCI with drug-eluting 
stents (DES); many were undergoing complex interventions. However, 
the trial failed to observe any benefit of intensified antiplatelet 
treatment, showing identical 6 months ischemic endpoints in the 
2 treatment arms (2.3% vs. 2.3%). Contrary to GRAVITAS, high event 
rates were observed in the responsiveness to clopidogrel and stent 
thrombosis 2-ACS study and it showing a 14.6% event rate at 2 years 
among HPR patients. testing platelet reactivity in patients undergoing 
elective stent placement on clopidogrel to guide alternative therapy 
with prasugrel trial, in which HPR patients with stable CAD undergoing 
elective PCI with DES were randomized to treatment with prasugrel 
versus clopidogrel. However, after randomizing 423 HPR patients, the 
trial was interrupted for futility as only a single ischemic event had 
occurred. However, the results of these trials cannot be fully relied 
on owing due some inherent characteristics of the study design and 
randomization, one of it being that randomizing before PCI could have 
potentially affected peri-procedural event rates [12].

Pharmacogenetic variability leading to adverse cardiovascular 
events
Studies, such as French registry of acute ST-elevation and non-ST-
elevation myocardial infarction study, designed to evaluate whether 
previously identified polymorphisms of genes modulating clopidogrel 
absorption (ABCB1), metabolic activation (CYP3A5 and CYP2C19), 
and biologic activity (P2RY12 and ITGB3) were associated with death 
or ischemic events during a 1-year follow-up in patients receiving 
clopidogrel after acute myocardial infarction concluded that genetic 
variants in CYP2C19 that result in loss of function were associated 
with an increase in the risk of death, myocardial infarction, or stroke, 
especially among patients undergoing PCI [13].

Another study, trial to assess improvement in therapeutic outcomes 
by optimizing platelet inhibition with prasugrel-thrombolysis in 
myocardial infarction 38 study demonstrated a greater than 3-fold 

increase in the risk of adverse cardiovascular events among patients 
undergoing PCI who were homozygous or heterozygous for any 
of the CYP2C19 alleles known to result in a nonfunctional protein 
(CYP2C19*2,*3,*4, and *5), as compared with patients who had the 
wild-type CYP2C19*1 allele [14].

Assessment of dual antiplatelet therapy with DES trial, the largest 
prospective multicenter observational study of unselected clopidogrel-
treated patients (n=8.575) undergoing DES implantation in whom PFT 
with the VerifyNowP2Y12 assay was performed. The trial observed 39 
definite/probable stent thromboses at 30 days (0.46%) occurring in 
patients with ACS [15].

CONCLUSION

The significant adverse clinical outcomes resulting from the variability 
in the response to clopidogrel, secondary to the genetic variations in the 
individual mandates the need for genetic testing before the initiation of 
clopidogrel therapy more so in individuals of Asian origin. Antiplatelet 
therapy with alternate agents such as prasugrel and another novel drug 
ticagrelor an antagonist of the P2Y12 receptor may be considered in 
clopidogrel non-responders. Moreover, the drug does not need hepatic 
activation, which might work better for patients with genetic variants 
regarding the enzyme CYP2C19 [16].

Ethnic groups, with a higher frequency of SNPs responsible for 
clopidogrel resistance, may be benefited from prior genetic testing. 
However, before incorporating this in the standard guidelines, it is 
necessary to further study the genetic determinants to fully elucidate 
the pharmacogenomics of clopidogrel resistance. Genetic testing and 
tailored therapy on individualized basis also await results from large-
scale clinical trials for recommendations on alternate treatments for 
non-responders.
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