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Abstract
Background

Clopidogrel hyporesponsiveness with decreased antiplatelet activity is prevalent in percutaneous coronary
intervention (PCI) patients due to reduced function polymorphism in the CYP2C19 enzyme gene which
results in poor conversion of this prodrug to an active metabolite. However, pharmacogenetic testing is not
part of routine clinical practice in India.

Methodology

In this retrospective observational study, we observed the prevalence of loss of function (LOF) gene variants
of CYP2C19 (*2, *3) in 60 patients undergoing PCI with complex anatomies in a tertiary healthcare hospital
in North India. We do not have follow-up data for a few patients. However, the treatment regimen was
recorded, and the occurrence of any clinical event was monitored for the remaining 52 patients for six
months.

Results

The mean age of the patients was 61.76 + 10.14 years. We found that 52% of patients carried these LOF
mutations, of which 37% were intermediate metabolizers, while 15% were poor metabolizers of clopidogrel.
However, out of 52 patients for whom follow-up data were available, 22 (42.3%) were intermediate
metabolizers, while six (11.54%) showed genotypes associated with poor metabolism of clopidogrel.
Clopidogrel (75 mg BD) was the primary replacement drug in place of ticagrelor (90 mg BD) during follow-up
after four weeks (based on the clinician’s discretion).

Conclusions

No major ischemic event was reported during the follow-up of these 52 patients. The intermediate
metabolizers’ LOF in one copy of the CYP2C19 gene seems to overcome genetic deficiency with the
clopidogrel 75 mg BD regime, which is comparable to maintenance with ticagrelor 90 mg BD. This study can
be extrapolated to a larger cohort to observe statistically significant differences among various groups.

Categories: Cardiology
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Introduction

Nowadays, percutaneous coronary intervention (PCI) is often the choice of treatment for acute coronary
syndrome (ACS), and dual antiplatelet therapy (DAPT) with clopidogrel and low-dose aspirin has become the
standard of care for maintenance after PCI [1]. Clopidogrel is a prodrug activated in the liver by cytochrome
P450 enzyme 2C19 (CYP2C19) and inhibits the platelet P2Y12 receptor, thus attenuating platelet
aggregation [2]. CYP2C19 is a highly polymorphic enzyme that results in wide variation in response to
clopidogrel in ACS patients [3]. The loss of function (LOF) gene variants of CYP2C19 (*2, *3) are associated
with decreased activity of the CYP2C19 enzyme and reduced efficacy of clopidogrel in Asians [4,5]. This
association between LOF CYP2C19 gene variants and less platelet inhibition is clinically actionable [5-9].
Alternative antiplatelet drugs (such as ticagrelor or prasugrel), which do not require hepatic bioactivation by
the CYP2C19 enzyme, can be considered in such scenarios. However, ticagrelor and prasugrel are associated
with a higher risk of bleeding than clopidogrel [3]. Hence, optimal DAPT is a field of debate and ongoing
research [10].

This study describes our experiences with genetics-guided clopidogrel therapy in a patient group that was
carefully selected with stable coronary artery disease (CAD) (double-vessel disease, triple-vessel disease,
restenosis) and the challenges involved in the implementation in a tertiary care hospital in India. Primarily,
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we focussed on the frequency of clinically actionable genetic test results and outcomes in a resource-
constrained Indian scenario.

Materials And Methods

Study design

Patients undergoing PCI at Army Hospital, Delhi Cantt, from May 2018 to February 2020 were included in the
study. The Institutional Ethics Committee of Army Hospital, Delhi Cantt, approved the study (approval
number: IEC01/April 2022). Our patients were not consecutive CAD patients and were selected based on
coronary angiography (CAG). They underwent CAG, and the culprit lesion was addressed, followed by
planned PCI for a complex lesion later. A treating cardiologist referred patients, and informed consent was
obtained from them. The genetic test results were communicated to the cardiologist, and the subsequent
therapy monitoring was done during regular follow-ups at the outpatient department. The operator had a
procedural bias based on the complexity of the procedure, and later during follow-up, he wanted to decide
whether a patient on clopidogrel should switch to ticagrelor or vice versa. The treatment efficacy was
measured by monitoring ischemic events in this observational study.

Genetic analysis

Venous blood samples were collected in ethylenediaminetetraacetic acid-coated vacutainers (BD). According
to the manufacturer’s instructions, DNA was extracted using a Qiagen DNA Mini kit in a QIAcube
instrument. The quality of extracted DNA was checked using a QIAxpert spectrophotometer (OD 260 nm/280
nm-~1.8), and the integrity of purified DNA was verified in 1% agarose gel. The single-nucleotide
polymorphisms (SNPs) of CYP2C19 were detected using Sanger Sequencing and Illumina infimum global
screening array per manufacturer’s protocol. In our genetic analysis, we included the following CYP2C19-
associated SNPs: rs12248560 (*17), rs4244285 (*2), and rs4986893 (*3), which are more prevalent in Asians.

Results

We included 60 patients undergoing PCI in the study (n = 60). The demographic data of the study population
are presented in Table 1.

n (%)

60 (100%)

47 (78.3%)
13 (21.67%)
61.76 + 10.14

22.85+2.58

TABLE 1: Demographic data of the study population.

SD = standard deviation; BMI = body mass index

The median age of the patients was 61 years (range = 78 to 31 years), and the percentage of female patients
was lesser than male patients (21.67% vs. 78.3%, respectively). The results of clopidogrel pharmacogenetic
testing are shown in Table 2.
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Phenotype/genotype
All patients

Non-LOF carriers
Extensive metabolizer
*1/*1

Ultra metabolizer
*1*17

717

LOF carriers
Intermediate metabolizer
*1/*2

*1/*3

*2/*17

Poor metabolizer
*2/*2

*3/*3

*2/*3

n (%)

60 (100%)

20 (33.33%)
20 (33.33%)
9 (15%)
9 (15%)

0

22 (37%)
20 (33.33%)
0

2 (3.33%)

9 (15%)

9 (15%)

TABLE 2: Results of pharmacogenetic testing in patients (n = 60).

*: Indicates gene polymorphism.

LOF = loss of function

Phenotype/genotype
All patients

Extensive metabolizer
Intermediate metabolizer

Poor metabolizer

The genetic test results were available four weeks after the patient’s discharge following the PCI procedure.
A suitable antiplatelet regimen was selected based on the clinician’s discretion and the patient’s
convenience. We found that 52% of patients (n = 31) were carrying alleles with LOF variants, resulting in the
limited efficacy of clopidogrel. Among these 31 patients, 22 (37%) were intermediate metabolizers, and nine
(15%) were poor metabolizers of clopidogrel. On the other hand, 48% of patients (n = 29) were normal
metabolizers of the drug (33.33% extensive metabolizers and 15% ultra metabolizers); therefore, the efficacy
of clopidogrel was not reduced in these patients.

Of 60 patients, we have follow-up data for only 52 patients, summarized in Table 3. Overall, 18 (34.6%)
patients were extensive metabolizers of clopidogrel. On the other hand, 22 (42.3%) of the 52 patients were
intermediate metabolizers of clopidogrel (17 taking ticagrelor 90 mg BD while five patients were taking
clopidogrel 75 mg BD). Only six (11.54%) patients among these 52 patients were poor metabolizers of
clopidogrel (taking ticagrelor 90 mg BD).

n (%)
52 (100%)
18 (34.6%)
22 (42.3%)

6 (11.54%)

Treatment regimen

Clopidogrel 75 mg BD
17- ticagrelor 90 mg BD, 5- clopidogrel 75 mg BD

Ticagrelor 90 mg BD

TABLE 3: Treatment regimen of follow-up patients (n = 52).
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No ischemic events were observed in all 52 patients. However, a noteworthy result was observed in the
patient group with clopidogrel intermediate metabolizer genetic profile following two treatment regimens:
clopidogrel 75 mg BD and ticagrelor 90 mg BD in six months, as shown in Table 4. No ischemic event was
observed in both treatment regimens, indicating their effectiveness in this patient cohort.

Intermediate metabolizer treatment regimen Ischemic event observed
Clopidogrel 75 mg BD Nil
Ticagrelor 90 mg BD Nil

TABLE 4: Ischemic events observed in clopidogrel intermediate metabolizer patients with
different treatment regimens.

Discussion

The decrease in the efficacy of clopidogrel drug due to the presence of the CYP2C19 LOF variant has been
demonstrated in various in vitro studies, and its clinical relevance is also established by several good-quality
randomized trials [11-17]. Our study identified that 52% of patients had impaired bioactivation of
clopidogrel, which is in line with the previously reported prevalence of these variants in the Indian
population [18,19]. However, implementing genotype-guided clopidogrel medication is a complex challenge
[20]. Many non-genetic factors require a cardiovascular expert’s intervention to decide on a suitable
antiplatelet treatment. For example, the latest drug-eluting stents decrease the risk of stent thrombosis with
clopidogrel therapy [21]. Additionally, alternative P2Y12 inhibitors such as prasugrel and ticagrelor do not
require pharmacogenetic testing. However, the use of prasugrel and ticagrelor is contraindicated in patients
with a history of intracranial hemorrhage or ongoing bleeding. Prasugrel is also contraindicated in patients
with a body weight less than 60 kg, age over 75 years, renal dysfunction, a history of transient ischemic
attack, and those undergoing coronary artery bypass graft surgery [22]. Furthermore, there is poor tolerance
in Indian patients for ticagrelor, which is associated with side effects such as dyspnea and shows poor long-
term safety. No difference in outcome was observed in our study in clopidogrel intermediate metabolizer
patients who switched from ticagrelor 90 mg BD to clopidogrel 75 mg BD. It is difficult for patients to
continue with ticagrelor treatment due to its high cost and non-availability in rural areas [23]. Therefore, for
pharmacogenomic experts, incorporating such factors into algorithms (generating pharmacogenetic reports
for suitable antiplatelet therapy) remains a significant challenge. However, our experience showed that such
an algorithm can be developed by collaborating with the genetic testing lab and tertiary care hospital by
extrapolating this study to larger CAD patient cohorts and including this testing as a pre-procedure in
patients with complex anatomy rather than as an afterthought post-procedure.

Conclusions

The association between CYP2C19 gene polymorphism and clopidogrel resistance has been intensively
explored recently, although no definitive answer has been reached yet. In this retrospective study, we
assessed the prevalence of CYP2C19 gene polymorphism and clopidogrel resistance in stable CAD patients
with complex anatomies and monitored the treatment outcome. This study is unique in our South Asian
Indian population. No such analysis has been performed in this cohort (CAD patients with complex
anatomies), and genetic association with phenotype is unique in different people. Moreover, another
treatment modality of administering clopidogrel 75 mg BD to the intermediate metabolizers of this drug
instead of ticagrelor 90 mg BD is helpful, especially in resource-constrained scenarios, for optimum
treatment. Furthermore, this finding can be utilized to direct the usage of clopidogrel in personalized
antiplatelet therapy based on genetic testing for better clinical outcomes.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee, Base Hospital issued approval IEC01/April2022. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

2023 Amarapalli et al. Cureus 15(7): e42169. DOI 10.7759/cureus.42169

4 0of 5


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ibanez B, James S, Agewall S, et al.: 2017 ESC Guidelines for the management of acute myocardial infarction
in patients presenting with ST-segment elevation: the task force for the management of acute myocardial
infarction in patients presenting with ST-segment elevation of the European Society of Cardiology (ESC).
Eur Heart J. 2018, 39:119-77. 10.1093/eurheartj/ehx393

Bates ER, Lau WC, Angiolillo DJ: Clopidogrel-drug interactions. ] Am Coll Cardiol. 2011, 57:1251-63.
10.1016/j.jacc.2010.11.024

Klein MD, Williams AK, Lee CR, Stouffer GA: Clinical utility of CYP2C19 genotyping to guide antiplatelet
therapy in patients with an acute coronary syndrome or undergoing percutaneous coronary intervention.
Arterioscler Thromb Vasc Biol. 2019, 39:647-52. 10.1161/ATVBAHA.118.311963

Scott SA, Sangkuhl K, Stein CM, et al.: Clinical Pharmacogenetics Implementation Consortium guidelines for
CYP2C19 genotype and clopidogrel therapy: 2013 update. Clin Pharmacol Ther. 2013, 94:317-23.
10.1038/clpt.2013.105

Claassens DM, Vos GJ, Bergmeijer TO, et al.: A genotype-guided strategy for oral P2Y(12) inhibitors in
primary PCI. N Engl ] Med. 2019, 381:1621-31. 10.1056/NEJMoal907096

Pereira NL, Rihal CS, So DY, et al.: Clopidogrel pharmacogenetics. Circ Cardiovasc Interv. 2019, 12:e007811.
10.1161/CIRCINTERVENTIONS.119.007811

Simon T, Verstuyft C, Mary-Krause M, et al.: Genetic determinants of response to clopidogrel and
cardiovascular events. N Engl ] Med. 2009, 360:363-75. 10.1056/NE]Mo0a0808227

Sibbing D, Aradi D, Alexopoulos D, et al.: Updated expert consensus statement on platelet function and
genetic testing for guiding P2Y(12) receptor inhibitor treatment in percutaneous coronary intervention.
JACC Cardiovasc Interv. 2019, 12:1521-37. 10.1016/j.jcin.2019.03.034

Scott SA, Sangkuhl K, Gardner EE, et al.: Clinical Pharmacogenetics Implementation Consortium guidelines
for cytochrome P450-2C19 (CYP2C19) genotype and clopidogrel therapy. Clin Pharmacol Ther. 2011,
90:328-32. 10.1038/clpt.2011.132

You SC, Rho Y, Bikdeli B, et al.: Association of ticagrelor vs clopidogrel with net adverse clinical events in
patients with acute coronary syndrome undergoing percutaneous coronary intervention. JAMA. 2020,
324:1640-50. 10.1001/jama.2020.16167

Wang Y, Zhao X, Lin ], et al.: Association between CYP2C19 loss-of-function allele status and efficacy of
clopidogrel for risk reduction among patients with minor stroke or transient ischemic attack. JAMA. 2016,
316:70-8.10.1001/jama.2016.8662

Mega JL, Close SL, Wiviott SD, et al.: Cytochrome p-450 polymorphisms and response to clopidogrel . N Engl
] Med. 2009, 360:354-62. 10.1056/NE]Mo0a0809171

Mega JL, Close SL, Wiviott SD, et al.: Genetic variants in ABCB1 and CYP2C19 and cardiovascular outcomes
after treatment with clopidogrel and prasugrel in the TRITON-TIMI 38 trial: a pharmacogenetic analysis.
Lancet. 2010, 376:1312-9. 10.1016/50140-6736(10)61273-1

Yang D, Peng C, Liao Z, Wang X, Guo W, Li J: The effect of the CYP2C19*2 allele on cardiovascular outcomes
in patients with coronary artery stenting: a prospective study. Arch Med Sci. 2019, 15:837-44.
10.5114/a0ms.2018.75349

Pereira NL, Farkouh ME, So D, et al.: Effect of genotype-guided oral P2Y12 inhibitor selection vs
conventional clopidogrel therapy on ischemic outcomes after percutaneous coronary intervention: the
TAILOR-PCI randomized clinical trial. JAMA. 2020, 324:761-71. 10.1001/jama.2020.12443

Moliterno DJ, Smyth SS, Abdel-Latif A: CYP2C19 genotyping to guide antiplatelet therapy after
percutaneous coronary interventions: one size rarely fits all. JAMA. 2020, 324:747-9.
10.1001/jama.2020.13094

Sibbing D, Koch W, Gebhard D, et al.: Cytochrome 2C19%17 allelic variant, platelet aggregation, bleeding
events, and stent thrombosis in clopidogrel-treated patients with coronary stent placement. Circulation.
2010, 121:512-8. 10.1161/CIRCULATIONAHA.109.885194

Shetkar SS, Ramakrishnan S, Seth S, Chandna P, Verma SK, Bhargava B, Bahl VK: CYP 450 2C19
polymorphisms in Indian patients with coronary artery disease. Indian Heart J. 2014, 66:16-24.
10.1016/j.ihj.2013.10.001

Tantray JA, Reddy KP, Jamil K, Kumar YS: Pharmacodynamic and cytogenetic evaluation in CYP2C19*2 and
CYP2C19*3 allelomorphism in South Indian population with clopidogrel therapy. Int | Cardiol. 2017,
229:113-8. 10.1016/j.ijcard.2016.11.217

Povsic TJ, Ohman EM, Roe MT, et al.: P2Y12 inhibitor switching in response to routine notification of
CYP2C19 clopidogrel metabolizer status following acute coronary syndromes. JAMA Cardiol. 2019, 4:680-4.
10.1001/jamacardio.2019.1510

Byrne RA, Joner M, Kastrati A: Stent thrombosis and restenosis: what have we learned and where are we
going? The Andreas Griintzig Lecture ESC 2014. Eur Heart J. 2015, 36:3320-31. 10.1093/eurheartj/ehv511
Marchini J, Morrow D, Resnic F, Manica A, Kirshenbaum J, Cannon C, Croce K: An algorithm for use of
prasugrel (effient) in patients undergoing cardiac catheterization and percutaneous coronary intervention.
Crit Pathw Cardiol. 2010, 9:192-8. 10.1097/HPC.0b013e3181fe9817

Senguttuvan NB, Sankaran R, Rajeev Y, et al.: Effect of discontinuation of ticagrelor and switching-over to
other P2Y12 agents in patients with acute coronary syndrome: a single-center real-world experience from
India. Egypt Heart J. 2021, 73:7. 10.1186/543044-020-00128-3

2023 Amarapalli et al. Cureus 15(7): €42169. DOI 10.7759/cureus.42169

50f5


https://dx.doi.org/10.1093/eurheartj/ehx393
https://dx.doi.org/10.1093/eurheartj/ehx393
https://dx.doi.org/10.1016/j.jacc.2010.11.024
https://dx.doi.org/10.1016/j.jacc.2010.11.024
https://dx.doi.org/10.1161/ATVBAHA.118.311963
https://dx.doi.org/10.1161/ATVBAHA.118.311963
https://dx.doi.org/10.1038/clpt.2013.105
https://dx.doi.org/10.1038/clpt.2013.105
https://dx.doi.org/10.1056/NEJMoa1907096
https://dx.doi.org/10.1056/NEJMoa1907096
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.119.007811
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.119.007811
https://dx.doi.org/10.1056/NEJMoa0808227
https://dx.doi.org/10.1056/NEJMoa0808227
https://dx.doi.org/10.1016/j.jcin.2019.03.034
https://dx.doi.org/10.1016/j.jcin.2019.03.034
https://dx.doi.org/10.1038/clpt.2011.132
https://dx.doi.org/10.1038/clpt.2011.132
https://dx.doi.org/10.1001/jama.2020.16167
https://dx.doi.org/10.1001/jama.2020.16167
https://dx.doi.org/10.1001/jama.2016.8662
https://dx.doi.org/10.1001/jama.2016.8662
https://dx.doi.org/10.1056/NEJMoa0809171
https://dx.doi.org/10.1056/NEJMoa0809171
https://dx.doi.org/10.1016/S0140-6736(10)61273-1
https://dx.doi.org/10.1016/S0140-6736(10)61273-1
https://dx.doi.org/10.5114/aoms.2018.75349
https://dx.doi.org/10.5114/aoms.2018.75349
https://dx.doi.org/10.1001/jama.2020.12443
https://dx.doi.org/10.1001/jama.2020.12443
https://dx.doi.org/10.1001/jama.2020.13094
https://dx.doi.org/10.1001/jama.2020.13094
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.885194
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.885194
https://dx.doi.org/10.1016/j.ihj.2013.10.001
https://dx.doi.org/10.1016/j.ihj.2013.10.001
https://dx.doi.org/10.1016/j.ijcard.2016.11.217
https://dx.doi.org/10.1016/j.ijcard.2016.11.217
https://dx.doi.org/10.1001/jamacardio.2019.1510
https://dx.doi.org/10.1001/jamacardio.2019.1510
https://dx.doi.org/10.1093/eurheartj/ehv511
https://dx.doi.org/10.1093/eurheartj/ehv511
https://dx.doi.org/10.1097/HPC.0b013e3181fe9817
https://dx.doi.org/10.1097/HPC.0b013e3181fe9817
https://dx.doi.org/10.1186/s43044-020-00128-3
https://dx.doi.org/10.1186/s43044-020-00128-3

	Implications of Pharmacogenetic Testing for Clopidogrel Therapy in a Tertiary Healthcare Hospital in North India
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design
	Genetic analysis

	Results
	TABLE 1: Demographic data of the study population.
	TABLE 2: Results of pharmacogenetic testing in patients (n = 60).
	TABLE 3: Treatment regimen of follow-up patients (n = 52).
	TABLE 4: Ischemic events observed in clopidogrel intermediate metabolizer patients with different treatment regimens.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


