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Abstract
Background: The cytochrome P450 2C19 *2 ( CYP2C19*2 ) genetic polymorphism is associated with
reduced clopidogrel bioactivation, increasing the risk of atherothrombotic complications after
percutaneous coronary intervention (PCI). In-stent restenosis (ISR) is a complication that limits the long-
term prognosis of PCI.

Objective: To investigate the association between CYP2C19*2 and ISR within one-year after PCI in
patients prescribed dual antiplatelet therapy (DAPT) with aspirin and clopidogrel Setting: Acute general
hospital, Malta Main outcome measure: Association between CYP2C19*2 and drug-eluting stent (DES)-
ISR within one-year post-PCI in patients on DAPT with aspirin and clopidogrel

Method: Sixty patients with angiographically-con�rmed DES-ISR within one year when on DAPT with
aspirin and clopidogrel were retrospectively identi�ed (cases) and 60 patients with no documented ISR
post-PCI in the study period (controls) were case-matched for age, gender, diabetes and estimated
glomerular �ltration rate value. Cases and controls were invited by cardiologists for CYP2C19*2
genotyping. The association between CYP2C19*2 and ISR was analysed using the Fisher’s Exact test and
binary logistic regression. 

Results: Twenty-six (43.3%) cases and 5 (8.3%) controls were carriers of CYP2C19*2 , while 34 (56.7%)
cases and 55 (91.7%) controls were non-carriers of CYP2C19*2 . The association between CYP2C19*2
carrier status and DES-ISR within one-year post-PCI was statistically signi�cant (p<0.001) in both the
univariate and multivariate analysis.

Conclusion : The proportion of CYP2C19*2 carriers who presented with DES-ISR within one-year post-PCI
while on clopidogrel was signi�cantly higher compared to patients with no documented ISR.

Introduction
Dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibitor is recommended as the gold standard
therapy after percutaneous coronary intervention (PCI) with drug eluting stent (DES) placement to prevent
atherothrombotic complications. [1] Recent European guidelines advocate for the more potent P2Y12

inhibitors ticagrelor and prasugrel over clopidogrel to prevent recurrence of adverse cardiac thrombotic
events. [2, 3]

Yet, clopidogrel remains the most frequently prescribed P2Y12 inhibitor post-PCI due to its lower cost and

fewer reported bleeding events compared to the other P2Y12 inhibitors. [4–6] Clopidogrel is a second-
generation thienopyridine prodrug that requires hepatic activation principally by the cytochrome P450
2C19 (CYP2C19) enzyme to exert its effect of inhibiting platelet aggregation and activation through
selective and irreversible adenosine diphosphate binding. [7–9] Despite treatment with standard doses of
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clopidogrel, there are patients who persist to experience recurrent cardiovascular episodes due to
inadequate platelet inhibition. [10–12]

This interpatient variability in clopidogrel response could be attributed to genetic factors such as the
CYP2C19*2 loss-of-function allele. [13–18] Presence of the CYP2C19 *2 allele has been reported to
signi�cantly decrease the concentration of the active metabolite of clopidogrel, resulting in the reduction
of platelet inhibitory activity and increasing the risk of platelet aggregation and thrombotic complications,
including stent thrombosis. [8, 13–19]

In-stent restenosis (ISR), de�ned as gradual re-narrowing of the stented coronary vessel diameter by ≥ 
50% determined via coronary angiography, is another complication that may arise after PCI with stent
placement, and limits the long-term prognosis of the PCI. [20, 21] Few studies have been conducted to
explore the association between the CYP2C19 *2 allele and incidence of coronary ISR in patients
receiving clopidogrel, and con�icting �ndings have been reported. [22–26] Three studies showed a higher
frequency of ISR in carriers of CYP2C19*2 however the correlation was not statistically signi�cant [22–24]

while another study reported a lower incidence of ISR among carriers of CYP2C19*2.[25] These studies
concluded that the �ndings could be attributed to a small sample size and recommended further
analysis.

Aim of the study

The aim of this study was to investigate the association between CYP2C19*2 carrier status and the
incidence of ISR within one-year post-PCI in patients prescribed DAPT with aspirin and clopidogrel.

Ethics approval

The study was approved by the University of Malta Faculty of Medicine and Surgery Research Ethics
Committee (Ref No. FRECMDS_1819_59).

Method

Study setting and design
The study was undertaken at the Department of Cardiology, Phlebotomy Clinic and the Molecular
Diagnostics Unit (MDU) of the Department of Pathology at Mater Dei Hospital, the main acute general
hospital in Malta. A retrospective matched case-control study design was adopted (January 2014-
December 2018). Prospective follow-up was applied for patients who underwent PCI between January
and December 2018, who were followed-up for any ISR occurrence until December 2019.

Patient recruitment
The list of procedures performed at the Cardiac Catheterisation Suite (CCS) between January 2014 and
December 2018 (N = 15,787) was obtained and screened. Patients were screened using the
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Cardiovascular Information Management System (CVIS) at �ve intervals: 1,3,6,9 and 12 months post-PCI.
Procedures other than PCI, and patients who were non-residents of Malta and could not be recruited for
genotyping or followed-up were excluded. From the identi�ed list of PCIs, duplicate patients and patients
who passed away and could not be recruited for genotyping or followed-up were not considered. The
inclusion criteria were patients ≥ 18 years, PCI with DES, prescribed DAPT with aspirin and clopidogrel for
12 months, any gender, any ethnicity. Further exclusion criteria were patients who underwent PCI with
ballooning only or with bare-metal stenting, DAPT less than 12 months, patients with severe liver
impairment, and patients with estimated glomerular �ltration rate (eGFR) < 30 mL/min/1.73m2.

Patients (n = 137) with angiographically-con�rmed ISR were identi�ed and narrowed down to 81 patients
with angiographically-con�rmed ISR within one-year post-PCI and on clopidogrel. Patients who passed
away after this screening process, patients who refused participation, and one patient on haemodialysis,
were excluded at this stage. A total of 120 patients; 60 cases, and 60 case-matched controls selected
using CVIS were included as the study population. Cases were patients with angiographically-con�rmed
ISR within 1 year of DES placement while on DAPT with aspirin and clopidogrel, and Controls were
patients with no history of angiographically-documented ISR post-PCI, and case-matched for age, gender,
diabetes mellitus and eGFR value (Fig. 1). ‘Insert Fig. 1 here’

Patients who met the study criteria (cases and controls) were invited via telephone by the responsible
consultant cardiologist or a physician delegate to present at the CCS for CYP2C19*2 genotyping. A brief
description of the research study and what was expected from the patient was provided, and a date and
time for a meeting with the investigator was set if they agreed to participate. Informed written patient
consent was obtained and a data collection form developed and validated for the purpose of the study
was completed. The data collection form collects patient demographic information, cardiac risk factors
and social history, relevant comorbidities and investigations, angiographic factors, current medications
prescribed and CYP2C19*2 genotype results. For each patient, a 5ml peripheral blood sample was
collected by a physician or phlebotomist in a purple-top ethylenediaminetetraacetic acid (EDTA)
vacutainer. The vacutainers were stored at the MDU between 2°C and 8°C prior to genomic DNA
extraction.

Genomic DNA extraction and CYP2C19*2 genotyping
Genomic DNA extraction was performed using the QIAamp® DNA Mini QIAcube Kit (Qiagen®) on the
automated QIAcube® robotic workstation. Extraction was performed from a 200µL sample of whole
blood collected from each patient, and was stored at -20°C until genotyping. CYP2C19*2 genotyping was
performed for cases and controls with gradient polymerase chain reaction using the Eppendorf
Mastercycler® gradient, and reverse hybridisation using the Autoimmun Diagnostika (AID) GmbH
(Germany) RDB 2070X/2071X CYP2C19*2 genotyping kits. Patients were categorised into CYP2C19*2
carriers, which included carriers of one or two *2 alleles, and non-carriers of CYP2C19*2.

Action taken after genotyping
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Genotype results were communicated to the respective consultant cardiologist. Thirty-one letters (26
cases and 5 controls who were CYP2C19*2 allele carriers) were presented to six consultant cardiologists.
The letters included patient identity, genotype result with genotype-guided antiplatelet recommendations
based on the Clinical Pharmacogenetics Implementation Consortium (CPIC®) guidelines for CYP2C19
genotype and clopidogrel therapy.[8] The decision to switch from clopidogrel therapy to an alternative
P2Y12 inhibitor, if recommended, was left to the cardiologist’s discretion.

Statistical analysis
Data analysis was carried out using IBM SPSS® Statistics version 27.0. Continuous variables (age, BMI,
eGFR) were described by means and standard deviations (SD), and categorical variables were described
by frequencies and percentages (%). The difference between two proportions z-test was used to compare
percentages between cases and controls; the independent samples t-test was used to compare mean
scores between these two groups; and the Fisher’s exact test was used to investigate the association
between CYP2C19*2 and ISR. For all three tests, a 0.05 level of signi�cance was used, where p-values
less than 0.05 were considered statistically signi�cant.

A binary logistic regression model was �tted to relate the occurrence of ISR with ten risk factors. The risk
factors included: previous revascularisation, CYP2C19*2 carrier status, heart failure, active smoking,
dyslipidaemia, hypertension, > 1 stent implantation, BMI ≥ 30 kg/m2, positive family history of ischaemic
heart disease, and current alcohol intake. P-values were computed for each risk factor, where p-values
less than 0.05 were considered statistically signi�cant. The odds ratios (OR) which measure the
association between risk exposure and occurrence of ISR were provided for the signi�cant risk factors.

Results
Of the 60 cases and 60 controls recruited, the mean age of the patients in both groups was 65 years with
an equal number of patients (n = 30) with diabetes in both groups and a mean eGFR of 77
ml/min/1.73m2 in both groups (p > 0.05). A higher number of cases underwent previous
revascularisation, had previous myocardial infarction, were active smokers and current alcohol
consumers (p < 0.05) (Table 1).
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Table 1
Patient characteristics, comorbidities and PCI characteristics (N = 120)

Variable Cases

n = 60

Control

n = 60

p-value

Patient characteristics

Mean age in years ± SD 65 ± 9.8 65 ± 9.4 0.835

Male gender 51 51 1.000

Caucasian ethnicity 59 59 1.000

Mean BMI in kg/m2 ± SD 30 ± 4.7 31 ± 5 0.256

Positive family history of IHD 47 42 0.290

Previous PCI 54 24 < 0.001

Previous CABG 16 7 0.036

Previous MI 29 15 0.008

Active smoker 32 19 0.016

Current alcohol intake 30 14 0.002

Comorbidities

Hypertension 37 (61.6%) 48 (80 %) 0.027

Dyslipidaemia 22 (36.6%) 47 (78.3%) < 0.001

Heart failure 15 (25%) 2 (3.3%) 0.007

LVEF mean % ±SD 59 ± 10 73 ± 14 < 0.001

Diabetes mellitus 30 (50%) 30 (50%) 1.000

Renal Impairment

(eGFR < 60 mL/min/1.73m2)

10 (16.6%) 10 (16.6%) 1.000

Reason for PCI      

Ischaemic Heart Disease 40 (66.6%) 27 (45%) 0.016

Non-ST-Elevation MI 16 (26.7%) 13 (21.7%) 0.522

ST-Elevation MI 4 (6.7%) 20 (33.3%) < 0.001

BMI: Body Mass Index; CABG: Coronary Artery Bypass Graft; eGFR: Estimated Glomerular Filtration
Rate; IHD: Ischaemic Heart Disease; LVEF: Left Ventricular Ejection Fraction; MI: Myocardial Infarction;
PCI: Percutaneous Coronary Intervention



Page 7/23

Variable Cases

n = 60

Control

n = 60

p-value

Type of PCI      

Emergency/Primary 31 (51.7%) 35 (58.3%) 0.465

Elective 29 (48.3%) 25 (41.7%) 0.465

Single-stent PCI 31 (51.7%) 41 (68.3%) 0.062

Multi-stent PCI 29 (48%) 19 (37%) 0.062

BMI: Body Mass Index; CABG: Coronary Artery Bypass Graft; eGFR: Estimated Glomerular Filtration
Rate; IHD: Ischaemic Heart Disease; LVEF: Left Ventricular Ejection Fraction; MI: Myocardial Infarction;
PCI: Percutaneous Coronary Intervention

The most common comorbidities were hypertension and dyslipidaemia. A signi�cantly higher proportion
of patients with hypertension and dyslipidaemia was observed in the control group compared to the
cases group (p < 0.05). A signi�cantly higher proportion of patients with heart failure was observed in the
cases compared to the controls (p < 0.05), with a mean LVEF of 59% in the cases and 73% in the controls
(p < 0.001). The majority of cases and controls were undergoing PCI due to ischaemic heart disease (p < 
0.05). Patient characteristics are detailed in Table 1. ‘Insert Table 1 here’

For the cases group, the most commonly affected coronary vessel which required repeat PCI due to ISR
was the left anterior descending artery (n = 21, 33.3%). The mean time from PCI to the presentation of ISR
was 8 months, with 10–12 months being the most common duration (n = 22, 36.7%). The majority of
cases (n = 58, 96.6%) had ISR requiring repeat PCI in only one stent. Unstable angina was the most
common presentation of ISR (n = 32, 53.3%). The majority of the cases (n = 39, 65%) had ISR in a second-
generation DES (Table 2). ‘Insert Table 2 here’
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Table 2
Angiographic factors for cases (n = 60)

Variable Number of cases (%)

Coronary vessel affected with ISR

Left anterior descending artery 21 (33.3%)

Right coronary artery 12 (19%)

Circum�ex artery 10 (16%)

Grafts 7 (11%)

Obtuse marginal artery 5 (8%)

Left main artery 3 (4.8%)

Diagonal artery 2 (3.2%)

Intermediate artery 2 (3.2%)

Posterior descending artery 1 (1.5%)

Time of presentation of ISR from PCI (months)

> 1–3 5 (8.3%)

4–6 13 (21.7%)

7–9 20 (33.3%)

10–12 22 (36.7%)

ISR presentation

Unstable Angina 32 (53.3%)

ST-Elevation Myocardial Infarction 15 (25%)

Non-ST-Elevation Myocardial Infarction 13 (21.7%)

Drug-eluting stent generation

First generation (paclitaxel, sirolimus) 11 (18.3%)

Second generation (zotarolimus, everolimus) 39 (65%)

Third generation (biolimus) 10 (16.7%)

Stenosed stent dimensions

Mean length in mm ± SD 18.02 ± 7.10

Mean diameter in mm ± SD 2.78 ± 0.40
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Out of the 120 patients, 89 (74%) patients were non-carriers of the CYP2C19*2 (homozygous*1/*1) and
31 (25.8%) were carriers of the CYP2C19*2 allele; 31 patients were genotyped as heterozygous *1/*2, and
one patient was genotyped as homozygous *2/*2 and belonged to the cases group. A signi�cantly higher
proportion of cases (n = 26, 43.3%) were carriers of the CYP2C19*2 allele compared to controls (n = 5,
8.3%) (p < 0.001). Six patients were switched from clopidogrel to prasugrel after developing ISR; 3
patients were genotyped as carriers of CYP2C19*2, and 3 patients were genotyped as non-carriers.

The Fisher’s exact test revealed that the association between CYP2C19*2 carrier status and coronary ISR
within one-year post PCI was statistically signi�cant (p < 0.001, OR = 8.4). Carriers of the CYP2C19*2
allele were 8.4 times more likely to develop ISR than non-carriers (Fig. 2). ‘Insert Fig. 2 here’. Binary logistic
regression analysis identi�ed four signi�cant risk factors of ISR within one-year post-PCI; namely
previous revascularisation, carrier of CYP2C19*2, heart failure and active smoking (Table 3). ‘Insert
Table 3 here’

Table 3
Signi�cant associations of the incidence of ISR in the

multivariate analysis
Variable p-value Odds Ratio

Previous Revascularisation 0.000 38.621

Carrier of CYP2C19*2 0.001 22.612

Heart Failure 0.012 17.717

Active Smoker 0.026 3.489

Discussion
Findings from this research demonstrated a signi�cant association between the presence of the
CYP2C19*2 allele and ISR within one-year post-PCI in both the univariate (OR 8.4, p < 0.001) and
multivariate analysis (OR 22.6, p = 0.001). The risk of developing ISR within one-year post-PCI on
clopidogrel therapy was shown to be signi�cantly higher in CYP2C19 *2 carriers than in non-carriers and
the signal observed in the previous study by Wirth et al.[24] was con�rmed. A recent study by Zhang et
al[26] supports these �ndings, where signi�cantly higher rates of ISR were observed in carriers of the
CYP2C19 loss-of-function alleles (*1/*2, *1/*3) on standard dose clopidogrel compared to non-carriers.

Further to CYP2C19*2 carrier status, the multivariate analysis in the present study identi�ed a signi�cant
association between non-genetic factors namely previous revascularisation, heart failure and active
smoking and incidence of ISR. The �nding with respect to previous revascularisation is in accordance
with three previous studies, where history of PCI was identi�ed as an independent predictor of DES-ISR.
[27–29] As regards heart failure, a similar signi�cant association between heart failure and ISR was
re�ected in two previous studies. [27, 30] Con�icting evidence on the effect of smoking on ISR has been
reported. Similar to the present study, smoking was observed to be a signi�cant predictor of ISR in two
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studies [31, 32], while three other studies found no association. [33–35] Conversely, it has also been reported
that smoking may have a ‘protective effect’ contributing to decreased high platelet reactivity while on
clopidogrel therapy and enhanced clinical bene�t of clopidogrel in smokers compared to non-smokers, a
phenomenon described as the ‘’smoker’s paradox’’. [27, 36–38]

A higher number of cases compared to controls in the present study underwent PCI with multiple stenting,
however there was no statistically signi�cant association between ISR and a higher number of stents
implanted. This �nding contrasts with other studies which demonstrated that the number of stents
deployed was an independent predictor of ISR. [30,39−42] This association may be due to the increased
probability of vessel trauma causing intimal hyperplasia increases with the increase in number of stents
deployed [43, 44]. Vessel trauma caused by an increase in the number stents deployed may precipitate the
initiation of the in�ammation cascade, causing the recruitment of platelets, neutrophils and �brin, along
with the proliferation of smooth muscle and �broblasts, leading to the development of ISR. [45–47]

Twenty-six percent of the present study cohort were carriers of one or two CYP2C19 *2 alleles. These
patients had an ‘Actionable’ genotype with regards to clopidogrel and were eligible for CYP2C19
genotype-guided intervention according to guidance from the CPIC and the Royal Dutch Association for
the Advancement of Pharmacy-Pharmacogenetics Working Group (DPWG), which recommend carriers of
CYP2C19*2 to be prescribed alternative P2Y12 inhibitors (prasugrel or ticagrelor) instead of clopidogrel, if

there is no-contraindication. [8, 48] Clopidogrel is the only P2Y12 inhibitor available on the Maltese National
Health Service (NHS) and prasugrel and ticagrelor are available on the private market for out-of-pocket
purchase. Inaccessibility, along with the price of alternative antiplatelet therapy, may have caused
prescription hesitancy among cardiologists in the present study.

Over the past decade, clinical decision-making with respect to personalisation of antiplatelet therapy in
patients undergoing PCI incorporating pharmacist-led CYP2C19 genotyping along with the consideration
of non-genetic risk factors, has been implemented in various institutions, predominantly in the USA. This
has come into effect as a result of the increasing reports of improved clinical and economic outcomes,
access to guidance from entities such as the CPIC and DPWG, availability of alternative antiplatelet
agents to clopidogrel, and the availability of rapid CYP2C19 genotyping. [5, 49–63]

The implementation of CYP2C19-guided antiplatelet therapy has been reported to result in better platelet
inhibition and decreased adverse cardiac outcomes compared to patients who did not undergo CYP2C19-
guided antiplatelet adjustments, in whom signi�cantly poorer outcomes were observed. [51, 56, 57, 59, 60, 62]

Although improved outcomes for patients have been reported, none of the evidence-base resulted from
large, prospective clinical trials. As a result, the American Heart Association/American College of
Cardiology and European Society of Cardiology guidelines do not presently recommend implementation
of routine CYP2C19 pharmacogenetic testing to tailor DAPT. [64, 65] The recent large multi-site TAILOR-PCI
trial showed very promising results and provided a signal supporting the bene�t of CYP2C19 genotype-
guided antiplatelet therapy.[66] Moreover, a sub-study from the POPular genetics trial showed that the
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genotype-guided group was non-inferior to standard therapy with regards to thrombotic events, with a
reduction in thrombotic events in the genotype-guided group and a lower incidence of bleeding and
ischaemia.[6] With the emerging evidence of the positive impact of CYP2C19 genotype-guided antiplatelet
therapy selection on patient outcomes, particularly post-PCI, pharmacist-led pharmacogenetic programs
hold great potential to optimise therapy and decrease adverse outcomes. [67]

The authors acknowledge the following limitations. The lower number of cases than controls with
dyslipidaemia identi�ed in clinical records did not match the patients’ medication history of statin
therapy. This could be due to statins being prescribed for secondary prevention post-PCI and not to treat
diagnosed dyslipidaemia or due to underreporting, causing discrepancies in the data collected. Low-
density lipoprotein cholesterol and triglyceride levels were not recorded; hence this discrepancy could not
be veri�ed. Moreover, the correlation between lipid pro�le parameters and ISR would have been interesting
to explore if recorded. Adherence to clopidogrel was not evaluated in this study and could be another
factor that affects predisposition to ISR.

Conclusion
The risk of developing ISR within one-year post-PCI on clopidogrel therapy was signi�cantly higher in
CYP2C19 *2 carriers than in non-carriers. Other signi�cant associations identi�ed to increase the risk of
ISR were previous revascularisation, heart failure and active smoking. Pharmacist-led CYP2C19*2
genotyping may be used as a tool together with consideration of non-genetic risk factors to achieve
precision antiplatelet therapy and decrease the risk of ISR.

Declarations
Acknowledgments

The authors would like to acknowledge all the consultant cardiologists and staff at the Department of
Cardiology, staff at the Molecular Diagnostics Unit and Phlebotomy Clinic of Mater Dei Hospital, for their
support during patient recruitment and genotyping.

Funding

The research was �nancially supported by University of Malta Research Grant PHRRP12-19.

Con�ict of Interest

The authors have no con�icts of interest to disclose.

References
1. Capodanno D, Alfonso F, Levine GN, Valgimigli M, Angiolillo DJ. ACC/AHA Versus ESC guidelines on

dual antiplatelet therapy: JACC guideline comparison. J Am Coll Cardiol. 2018;72:2915-31.



Page 12/23

2. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, et al. 2018 ESC/EACTS
guidelines on myocardial revascularization. EuroIntervention. 2019;14(14):1435-1534.

3. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, et al. 2019 ESC Guidelines
for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2020;41(3):407-77.

4. Mahoney EM, Wang K, Arnold SV, Proskorovsky I, Wiviott S, Antman E, et al. Cost-effectiveness of
prasugrel versus clopidogrel in patients with acute coronary syndromes and planned percutaneous
coronary intervention: Results from the trial to assess improvement in therapeutic outcomes by
optimizing platelet inhibition with Prasugrel-Thrombolysis in Myocardial Infarction TRITON-TIMI 38.
Circulation. 2010;121(1):71-9.

5. Claassens DM, Ten Berg JM. Genotype-guided treatment of oral P2Y12 inhibitors: Where do we
stand? Pharmacogenomics. 2020;21(2):83-6.

�. Claassens D, Bergmeijer T, Vos G, Hermanides R, Hof A, Van der Harst P et al Clopidogrel versus
ticagrelor or prasugrel after primary percutaneous coronary intervention according to CYP2C19
Genotype: A POPular Genetics Subanalysis. Circ Cardiovasc Interv. 2021 [Online ahead of print].

7. Sangkuhl K, Klein TE, Altman RB. Clopidogrel pathway. Pharmacogenet Genomics. 2010;20:463-5.

�. Scott SA, Sangkuhl K, Stein CM, Hulot JS, Mega JL, Roden DM, et al. Clinical Pharmacogenetics
Implementation Consortium guidelines for CYP2C19 genotype and clopidogrel therapy: 2013 update.
Clin Pharmacol Ther. 2013;94(3):317-23.

9. Jiang XL, Samant S, Lesko LJ, Schmidt S. Clinical pharmacokinetics and pharmacodynamics of
clopidogrel. Clin Pharmacokinet. 2015;54(2):147-66.

10. Aradi D, Komócsi A, Vorobcsuk A, Rideg O, Tokés-Füzesi M, Magyarlaki T, et al. Prognostic
signi�cance of high on-clopidogrel platelet reactivity after percutaneous coronary intervention:
Systematic review and meta-analysis. Am Heart J. 2010;160(3):543-51.

11. Breet NJ, van Werkum JW, Bouman HJ, Kelder JC, Ruven HJ, Bal ET, et al. Comparison of platelet
function tests in predicting clinical outcome in patients undergoing coronary stent implantation.
JAMA. 2010;303(8):754-62.

12. Zou X, Deng XL, Wang YM, Li JH, Liu L, Huang X, et al. Genetic polymorphisms of high platelet
reactivity in Chinese patients with coronary heart disease under clopidogrel therapy. Int J Clin Pharm.
2020;42(1):158-66.

13. Shuldiner AR, O'Connell JR, Bliden KP, Gandhi A, Ryan K, Horenstein RB, Damcott CM, et al.
Association of cytochrome P450 2C19 genotype with the antiplatelet effect and clinical e�cacy of
clopidogrel therapy. JAMA. 2009;302(8):849-57.

14. Collet JP, Hulot JS, Pena A, Villard E, Esteve JB, Silvain J, Payot L, et al. Cytochrome P450 2C19
polymorphism in young patients treated with clopidogrel after myocardial infarction: A cohort study.
Lancet. 2009;373(9660):309-17.

15. Sibbing D, Stegherr J, Latz W, Koch W, Mehilli J, Dörrler K, et al. Cytochrome P450 2C19 loss-of-
function polymorphism and stent thrombosis following percutaneous coronary intervention. Eur
Heart J. 2009;30(8):916-22.



Page 13/23

1�. Harmsze AM, van Werkum JW, Ten Berg JM, Zwart B, Bouman HJ, Breet NJ, et al. CYP2C19*2 and
CYP2C9*3 alleles are associated with stent thrombosis: A case-control study. Eur Heart J.
2010;31(24):3046-53.

17. Hulot JS, Collet JP, Silvain J, Pena A, Bellemain-Appaix A, Barthélémy O, et al. Cardiovascular risk in
clopidogrel-treated patients according to cytochrome P450 2C19*2 loss-of-function allele or proton
pump inhibitor coadministration: A systematic meta-analysis. J Am Coll Cardiol. 2010;56(2):134-43.

1�. Mega JL, Simon T, Collet JP, Anderson JL, Antman EM, Bliden K, et al. Reduced-function CYP2C19
genotype and risk of adverse clinical outcomes among patients treated with clopidogrel
predominantly for PCI: A meta-analysis. JAMA. 2010;304(16):1821-30.

19. Yu D, Ma L, Zhou J, Li L, Yan W, Yu X. In�uence of CYP2C19 genotype on antiplatelet treatment
outcomes after percutaneous coronary intervention in patients with coronary heart disease. Exp Ther
Med. 2020;19(5):3411-8.

20. Mehran R, Dangas G, Abizaid AS, Mintz GS, Lansky AJ, Satler LF, et al. Angiographic patterns of in-
stent restenosis: Classi�cation and implications for long-term outcome. Circulation.
1999;100(18):1872-8.

21. Dangas GD, Claessen BE, Caixeta A, Sanidas EA, Mintz GS, Mehran R. In-stent restenosis in the drug-
eluting stent era. J Am Coll Cardiol. 2010;56(23):1897-907.

22. Hokimoto S, Mizobe M, Chitose T, Tsujita K, Kaikita k, Nakagawa K, et al. Impact of CYP2C19
polymorphism on in-stent restenosis in patients with drug-eluting stent implantation. Circulation.
2011;124:A12690.

23. Nozari Y, Vosooghi S, Boroumand M, Poorhosseini H, Nematipour E, Salarifar M, et al. The impact of
cytochrome P450 2C19 polymorphism on the occurrence of one-year in-stent restenosis in patients
who underwent percutaneous coronary intervention: A case-match study. Anatol J Cardiol.
2015;15(5):348-53.

24. Wirth F, Zahra G, Xuereb RG, Barbara C, Camilleri L, Fenech A, et al. CYP2C19*2 allele carrier status
and coronary in-stent restenosis: Is there an association? J Explor Res Pharmacol. 2018;3(2):55-60.

25. Ruedlinger J, Prado Y, Zambrano T, Saavedra N, Bobadilla B, Potthoff M, et al. CYP2C19*2
polymorphism in Chilean patients with in-stent restenosis development and controls. Biomed Res Int.
2017;2017: 5783719.

2�. Zhang M, Wang J, Zhang Y, Zhang P, Jia Z, Ren M et al. Impacts of CYP2C19 polymorphism and
clopidogrel dosing on in-stent restenosis: A retrospective cohort study in Chinese patients. Drug Des
Devel Ther. 2020;14:669-76.

27. Singh M, Gersh BJ, McClelland RL, Ho KKL, Willerson JT, Penny WF, et al. Clinical and angiographic
predictors of restenosis after percutaneous coronary intervention: Insights from the prevention of
restenosis with tranilast and its outcomes (PRESTO) trial. Circulation. 2004;109(22):2727‐31.

2�. Taniwaki M, Stefanini GG, Silber S, Richardt G, Vranckx P, Serruys PW, et al. 4-year clinical outcomes
and predictors of repeat revascularization in patients treated with new-generation drug-eluting stents:
A report from the RESOLUTE All-Comers trial (A randomized comparison of a zotarolimus-eluting



Page 14/23

stent with an everolimus-eluting stent for percutaneous coronary intervention). J Am Coll Cardiol.
2014;63(16):1617-25.

29. Wang JL, Qin Z, Wang ZJ, Shi DM1, Liu YY, Zhao YX, et al. New predictors of in-stent restenosis in
patients with diabetes mellitus undergoing percutaneous coronary intervention with drug-eluting
stent. J Geriatr Cardiol. 2018;15(2):137-45.

30. Kang J, Cho YS, Kim SW, Park JJ, Yoon YE, Oh IY, et al. Intravascular ultrasound and angiographic
predictors of in-stent restenosis of chronic total occlusion lesions. PLoS One. 2015;10(10):e0140421.

31. Ma S, Yang D, Zhang X, Tang B, Li D, Sun M, et al. Comparison of restenosis rate with sirolimus-
eluting stent in STEMI patients with and without diabetes at 6-month angiographic follow-up. Acta
Cardiol. 2011;66(5):603-6.

32. Kundi H, Korkmaz A, Balun A, Cicekcioglu H, Kiziltunc E, Gursel K, et al. Is in-stent restenosis after a
successful coronary stent implantation due to stable angina associated with TG/HDL-C Ratio?
Angiology. 2017;68(9):7 pages.

33. Mohan S, Dhall A. A comparative study of restenosis rates in bare metal and drug-eluting stents. Int J
Angiol. 2010; 19(2):66-72.

34. Hu R, Liu J, Zhou Y, Hu B. Association of smoking with restenosis and major adverse cardiac events
after coronary stenting: A meta-analysis. Pak J Med Sci. 2015;31(4): 1002–08.

35. Cassese S, Xu B, Habara S, Rittger H, Byrne RA, Waliszewski M, Pérez-Vizcayno MJ, et al. Incidence
and predictors of reCurrent restenosis after drug-coated balloon Angioplasty for Restenosis of a
drUg-eluting Stent: The ICARUS Cooperation. Rev Esp Cardiol (Engl Ed). 2018;71(8):620-7.

3�. Hasdai D, Garratt KN, Grill DE, Lerman A, Holmes DR Jr. Effect of smoking status on the long-term
outcome after successful percutaneous coronary revascularization. N Engl J Med.
1997;336(11):755‐61.

37. Cohen DJ, Doucet M, Cutlip DE, Ho KK, Popma JJ, Kuntz RE. Impact of smoking on clinical and
angiographic restenosis after percutaneous coronary intervention: Another smoker's
paradox? Circulation. 2001;104(7):773‐8.

3�. Gurbel PA, Bliden KP, Logan DK, Kereiakes DJ, Lasseter KC, White A, et al. The in�uence of smoking
status on the pharmacokinetics and pharmacodynamics of clopidogrel and prasugrel: The PARADOX
study. J Am Coll Cardiol. 2013;62:505-12.

39. Tocci G, Barbato E, Coluccia R, Modestino A, Pagliaro B, Mastromarino V, et al. Blood pressure levels
at the time of percutaneous coronary revascularization and risk of coronary in-stent restenosis. Am J
Hypertens. 2016;29(4):509-18.

40. Wan YL, Tsay PK, Chen CC, Juan YH, Huang YC, Chan WH, et al. Coronary in-stent restenosis:
predisposing clinical and stent-related factors, diagnostic performance and analyses of inaccuracies
in 320-row computed tomography angiography. Int J Cardiovasc Imaging. 2016;32:105-15.

41. Qian H, Luo Z, Xiao C, Chen J, Li D, Xu H, He P, et al. Red cell distribution width in coronary heart
disease: prediction of restenosis and its relationship with in�ammatory markers and lipids.Postgrad
Med J. 2018;94(1115):489-94.



Page 15/23

42. Tang L, Cui QW, Liu DP, Fu YY. The number of stents was an independent risk of stent restenosis in
patients undergoing percutaneous coronary intervention. Medicine (Baltimore). 2019;98(50):e18312.

43. Byrne RA, Joner M, Kastrati A. Stent thrombosis and restenosis: What have we learned and where are
we going? The Andreas Grüntzig lecture ESC 2014. Eur Heart J. 2015;36(47):3320-31.

44. Lee JH, Kim ED, Jun EJ, Yoo HS, Lee JW. Analysis of trends and prospects regarding stents for
human blood vessels. Biomater Res. 2018;13(22):8.

45. Mercado N, Boersma E, Wijns W, Gersh BJ, Morillo CA, de Valk V, et al. Clinical and quantitative
coronary angiographic predictors of coronary restenosis: a comparative analysis from the balloon-to-
stent era. J Am Coll Cardiol. 2001;38(3):645-52.

4�. Wasser K, Schnaudigel S, Wohlfahrt J, Psychogios MN, Knauth M, Gröschel K. In�ammation and in-
stent restenosis: The role of serum markers and stent characteristics in carotid artery stenting. PLoS
One. 2011;6(7):e22683.

47. Kucukseymen S. In�ammation Effects on Stent Restenosis. Angiology. 2017;68(8):741.

4�. Swen JJ, Nijenhuis M, de Boer A, Grandia L, Maitland-van der Zee AH, Mulder H, et al.
Pharmacogenetics: from bench to byte-An update of guidelines. Clin Pharmacol Ther.
2011;89(5):662-73.

49. Shuldiner AR, Palmer K, Pakyz RE, Alestock TD, Maloney KA, O'Neill, et al. Implementation of
pharmacogenetics: The University of Maryland Personalized Anti-platelet Pharmacogenetics
Program. Am J Med Genet C Semin Med Genet. 2014;166C(1):76-84.

50. Caudle KE, Klein TE, Hoffman JM, Muller DJ, Whirl-Carrillo M, Gong L, et al. Incorporation of
pharmacogenomics into routine clinical practice: The Clinical Pharmacogenetics Implementation
Consortium (CPIC) guideline development process. Curr Drug Metab. 2015;15(2):209-17.

1. Cavallari LH, Magvanjav O, Anderson RD, Gong Y, Owusu-Obeng A, Kong B, et al. Clinical
implementation of CYP2C19-genotype guided antiplatelet therapy reduces cardiovascular events
after PCI. Circulation. 2015;132:A11802.

2. Lee JA, Lee CR, Reed BN, Plitt DC, Polasek MJ, Howell LA, et al. Implementation and evaluation of a
CYP2C19 genotype-guided antiplatelet therapy algorithm in high-risk coronary artery disease
patients. Pharmacogenomics. 2015;16(4):303-13.

3. Cavallari LH, Lee CR, Duarte JD, Nutescu EA, Weitzel KW, Stouffer GA. Implementation of inpatient
models of pharmacogenetics programs. Am J Health Syst Pharm. 2016;73(23):1944-54.

4. Cavallari LH, Beitelshees AL, Blake KV, Dressler LG, Duarte JD, Elsey A, et al. The IGNITE
Pharmacogenetics Working Group: An Opportunity for Building Evidence with Pharmacogenetic
Implementation in a Real-World Setting. Clin Transl Sci. 2017;10(3):143-6.

5. Borse MS, Dong OM, Polasek MJ, Farley JF, Stouffer GA, Lee CR. CYP2C19-guided antiplatelet
therapy: a cost-effectiveness analysis of 30-day and 1-year outcomes following percutaneous
coronary intervention. Pharmacogenomics. 2017;18(12):1155-66.



Page 16/23

�. Cavallari LH, Lee CR, Beitelshees AL, Cooper-DeHoff RM, Duarte JD, Voora D, et al. Multisite
investigation of outcomes with implementation of CYP2C19 genotype-guided antiplatelet therapy
after percutaneous coronary intervention. JACC Cardiovasc Interv. 2018;11(2):181-91.

7. Cavallari LH, Franchi F, Rollini F, Been L, Rivas A, Agarwal M, et al. Clinical implementation of rapid
CYP2C19 genotyping to guide antiplatelet therapy after percutaneous coronary intervention. J Transl
Med. 2018;16(1):92.

�. Empey PE, Stevenson JM, Tuteja S, Weitzel KW, Angiolillo DJ, Beitelshees AL, et al. Multisite
Investigation of strategies for the implementation of CYP2C19 Genotype-Guided Antiplatelet
Therapy. Clin Pharmacol Ther. 2018;104(4):664-74.

9. Lee CR, Sriramoju VB, Cervantes A, Howell LA, Varunok N, Madan S, et al. Clinical outcomes and
sustainability of using CYP2C19 genotype-guided antiplatelet therapy after percutaneous coronary
intervention. Circ Genom Precis Med. 2018;11(4):e002069.

10. Notarangelo FM, Maglietta G, Bevilacqua P, Cereda M, Merlini PA, Villani GQ, et al. Pharmacogenomic
approach to selecting antiplatelet therapy in patients with acute coronary syndromes: The
PHARMCLO Trial. J Am Coll Cardiol. 2018;71(17):1869-77.

11. Claassens DM, Vos GJA, Bergmeijer TO, Hermanides RS, van 't Hof AWJ, van der Harst P, et al. A
genotype-guided strategy for oral P2Y12 inhibitors in primary PCI. N Engl J Med. 2019;381(17):1621-
31.

12. Hulot JS, Chevalier B, Belle L, Cayla G, Khalife K, Funck F, et al. Routine CYP2C19 genotyping to
adjust thienopyridine treatment after primary PCI for STEMI: Results of the GIANT Study. JACC
Cardiovasc Interv. 2020;13(5):621-30.

13. Wirth F, Zahra G, Xuereb RG, Barbara C, Fenech A, Azzopardi LM. Comparison of a rapid point-of-care
and two laboratory-based CYP2C19*2 genotyping assays for personalisation of antiplatelet therapy.
Int J Clin Pharm.2016;38(2):414-20.

14. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, et al. 2016 ACC/AHA guideline focused
update on duration of dual antiplatelet therapy in patients with coronary artery disease. J Thorac
Cardiovasc Surg. 2016;152(5):1243-75.

15. Valgimigli M, Bueno H, Byrne RA, Collet JP, Costa F, Jeppsson A, et al. 2017 ESC focused update on
dual antiplatelet therapy in coronary artery disease developed in collaboration with EACTS: The Task
Force for dual antiplatelet therapy in coronary artery disease of the European Society of Cardiology
(ESC) and of the European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart
J.2018;39(3):213-60.

1�. Pereira N , Farkouh M, So D, Lennon R, Geller N, Mathew V, 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(8):761-71.

17. Wright D, Bhatt D. Targeted medicines: how pharmacists can lead a pharmacogenomics revolution.
Pharm J. [Internet]. 2018. Available from: https://pharmaceutical-



Page 17/23

journal.com/article/opinion/targeted-medicines-how-pharmacists-can-lead-a-pharmacogenomics-
revolution

Tables
Table 1. Patient characteristics, comorbidities and PCI characteristics (N=120)
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Variable

Cases

n=60

Control

n=60

 

p-value

Patient characteristics

Mean age in years ±SD 65 ±9.8 65 ±9.4 0.835

Male gender 51 51 1.000

Caucasian ethnicity 59 59 1.000

Mean BMI in kg/m2 ±SD 30 ±4.7 31 ±5 0.256

Positive family history of IHD 47 42 0.290

Previous PCI 54 24 <0.001

Previous CABG 16 7 0.036

Previous MI 29 15 0.008

Active smoker 32 19 0.016

Current alcohol intake 30 14 0.002

Comorbidities

Hypertension 37 (61.6%) 48 (80 %) 0.027

Dyslipidaemia 22 (36.6%) 47 (78.3%) <0.001

Heart failure 15 (25%) 2 (3.3%) 0.007

LVEF mean % ±SD 59 ±10 73 ±14 <0.001

Diabetes mellitus 30 (50%) 30 (50%) 1.000

Renal Impairment  
(eGFR <60 mL/min/1.73m2)

10 (16.6%) 10 (16.6%) 1.000

Reason for PCI      

Ischaemic Heart Disease 40 (66.6%) 27 (45%) 0.016

Non-ST-Elevation MI 16 (26.7%) 13 (21.7%) 0.522

ST-Elevation MI 4 (6.7%) 20 (33.3%) <0.001

Type of PCI      

Emergency/Primary 31 (51.7%) 35 (58.3%) 0.465

Elective 29 (48.3%) 25 (41.7%) 0.465

Single-stent PCI 31 (51.7%) 41 (68.3%) 0.062
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Multi-stent PCI 29 (48%) 19 (37%) 0.062

BMI: Body Mass Index; CABG: Coronary Artery Bypass Graft; eGFR: Estimated Glomerular Filtration Rate;
IHD: Ischaemic Heart Disease; LVEF: Left Ventricular Ejection Fraction; MI: Myocardial Infarction; PCI:
Percutaneous Coronary Intervention

Table 2. Angiographic factors for cases (n=60)
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Variable Number of cases (%)

Coronary vessel affected with ISR

Left anterior descending artery 21 (33.3%)

Right coronary artery 12 (19%)

Circum�ex artery 10 (16%)

Grafts 7 (11%)

Obtuse marginal artery 5 (8%)

Left main artery 3 (4.8%)

Diagonal artery 2 (3.2%)

Intermediate artery 2 (3.2%)

Posterior descending artery 1 (1.5%)

Time of presentation of ISR from PCI (months)

>1-3 5 (8.3%)

4-6 13 (21.7%)

7-9 20 (33.3%)

10-12 22 (36.7%)

ISR presentation

Unstable Angina 32 (53.3%)

ST-Elevation Myocardial Infarction                            15 (25%)

Non-ST-Elevation Myocardial Infarction 13 (21.7%)

Drug-eluting stent generation

First generation (paclitaxel, sirolimus) 11 (18.3%)

Second generation (zotarolimus, everolimus)                            39 (65%)

Third generation (biolimus) 10 (16.7%)

Stenosed stent dimensions

Mean length in mm ±SD 18.02 ±7.10

Mean diameter in mm ±SD 2.78 ±0.40
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Table 3. Signi�cant associations of the incidence of ISR in the multivariate analysis

Variable p-value Odds Ratio

Previous Revascularisation 0.000 38.621

Carrier of CYP2C19*2 0.001 22.612

Heart Failure 0.012 17.717

Active Smoker 0.026 3.489

Figures
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Figure 1

Patient recruitment �owchart
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Figure 2

Association between CYP2C19*2 status and ISR by univariate analysis (N=120)


