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Off-label usage 
Ticagrelor 
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Clopidogrel-CYP2C19 as a drug-gene pair  
Review CYP2C19 genetic variation  
CYP2C19 genetic variation and its impact on 

clopidogrel PK, PD and clinical outcomes 
Why haven’t we had an impact on clinical 

practice? 
TAILOR-PCI 

Design 
Pilot Study  
Impact 

Objectives 
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Importance 

One of the “most important unresolved 
issues in interventional cardiology” 

JACC 2013 
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Clopidogrel 
CAD affects 7.6 million people in the U.S. 
2.5 to 3 million clopidogrel prescriptions are written 

per month 
2010 sales were $6.1 billion 
Thienopyridine P2Y12ADP receptor antagonist 
FDA indications 

Myocardial infarction 
Thrombotic CVA 
Peripheral arterial disease 
Percutaneous coronary intervention 
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Genetic variation in CYP2C19 
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Clin. Pharmacol. Ther. 2011 

CYP2C19 polymorphisms 

Allele African American East Asian European 

*13 0.68 0.69 0.6 0.63 

*2 0.15 0.12 0.29 0.15 
*3 0.0052 0.00028 0.089 0.0042 
*4 0.00093 0.0024 0.00049 0.0025 

*5 ND 0.00 0.00062 0.000073 

*6 0.00 0.00 0.00 0.00017 

*7 ND ND ND 0.00 

*8 0.00 0.0012 0.00 0.0035 

*17 0.16 0.18 0.027 0.21 
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Does genetic variation in CYP2C19 affect 
clopidogrel outcomes? 



3149543-10 

JAMA 2010 

Meta analysis 
CV death, MI, or stroke – CYP2C19 genotype 

1 or 2 None 
Hazard ratio 

(95% CI) 
Clarity-TIMI 28 8/77 10/150 1.56 (0.61-3.94) 

EXCELSIOR 5/243 7/554 1.63 (0.52-5.14) 

TRITON-TIMI 38 46/395 83/1064 1.53 (1.07-2.19) 

AFIJI 15/73 11/186 5.38 (2.32-12.47) 

FAST-MI 63/635 193/1573 0.79 (0.59-1.06) 

RECLOSE 15/247 14/525 2.32 (1.12-4.81) 

ISAR 55/680 119/1805 1.23 (0.89-1.70) 
CLEAR-
PLATELETS 6/68 4/160 3.95 (1.11-14.02) 

Intermountain 68/344 141/906 1.29 (0.97-1.72) 

Totals 281/2762 582/6923 1.57 (1.13-2.16) 

P=.006 
0.1 0.2 0.5 1 2 5 10 

Hazard Ratio (95% CI) 

Increased Risk 
in Non-carriers 

Increased Risk 
in Carriers 

No. of Events/ 
No. individuals at Risk 
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91% of patients had PCI performed 
55% of patients had ACS 
Common genetic variation is associated with 

1 in 3 patients developing ischemic events 
when treated with standard clopidogrel 
therapy for PCI 
 

JAMA 2010 

CYP2C19 Clinical Outcomes 
A meta-analysis 
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March 12, 2010 

Clopidogrel: Black-box warning 
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The evidence base is insufficient to recommend either routine 
genetic or platelet function testing at the present time. There is 
no information that routine testing improves outcome in large 
subgroups of patients. 

Circulation 
2010 
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The black box warning has not gone away 
The gap in clinical evidence remains 

 
Does altering therapy based on 

CYP2C19 status affect clinical outcomes? 
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TAILOR-PCI 

TAILORED ANTIPLATELET INITIATION TO LESSEN OUTCOMES 
DUE TO DECREASED CLOPIDOGREL RESPONSE AFTER 
PERCUTANEOUS CORONARY INTERVENTION 
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Primary outcomes: non-fatal MI, non-fatal stroke, CV death, urgent revascularization, stent thrombosis (if not captured above) 

1-
ye

ar
 fo

llo
w

-u
p 5,270 patients  

at 40 centers 

PCI 

Enrolled RANDOMIZED 

Coronary Angiography / PCI  
Referrals 

Screen & Consent 

TAILOR-PCI study design 

Ticagrelor 
90 mg BID 

Clopidogrel 
75 mg daily 

CYP2C19*2 & *3 WT CYP2C19 

Prospective 
Genotyping Arm 

  No PCI    

Screen Failures 

12 month/Retrospective genotyping 

CYP2C19*2 & *3 WT CYP2C19 

Conventional 
Arm 

Clopidogrel 75 mg daily 
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 Randomized clinical trial to evaluate the importance of 
modifying anti-platelet therapy based on CYP2C19 
genotype and its impact on clinical outcomes 

 Estimated 1 year event rate for the LOF allele subjects of 
the intervention group is 8% and 12% for the control group 

 Sample size calculated based on 2-sided log-rank test, 
power of 0.8, α of 0.05, HR 0.65 and LOF allele prevalence 
of 30% in North America and 50% in Korea 

 Patients with ACS only are being recruited from the 
Canadian and Korean sites. US sites are recruiting ACS and 
stable patients. 

 
 
 

Study design 
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TAILOR-PCI POPular 

Trial design 
RCT – Superiority genetic Rx 
over conventional Rx i.e. 
clopidogrel 

RCT – Non-inferiority of genetic 
Rx compared to ticagrelor/ 
prasugrel 

Study population Post-PCI – ACS, AMI, stable 
CAD 

Post-PCI – STEMI (20-30% of 
ACS patients) 

Sample size 5,270 2,700 

End points CV death, stroke, MI, ST, urgent 
revascularization 

Death, stroke, MI, ST, urgent 
revascularization, bleeding 

Event rate 8% in genetic arm versus12% in 
clopidogrel arm 

16.9% in genetic arm versus 
18.8% in ticagrelor/ prasugrel 

Follow-up Telephone calls Questionnaires 

Genotyping Point of care - Spartan Multiple different platforms 

TAILOR PCI versus POPular Genetics 
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US, Canadian and Korean partnership 
Randomized 2746 patients with 29 centers (3/05/16) 

Innovative trial design to address FDA regulatory 
issues and feasibility 

Novel “point of care” genotyping platform: 
 -Spartan point of care testing 
No Pharma support 
 

 

TAILOR-PCI milestones 
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2746 subjects 
enrolled 

Conventional 
therapy N=1371 

Prospective 
genotyping 

N=1375 

Wild type 
N=799 

Reduced 
function allele 

N=397 

NA/Unknown/
Withdrawn 

Pilot study – data 
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Summary of Patients Enrolled in TAILOR-PCI Pilot 
Age, median (min, max) 62 (26, 95) 
Sex, n (%)     

Male 2098 (76%) 
BMI, median (min, max) 27.8 (10.2, 67.3) 
Ethnicity, n (%)     

Caucasian 1710 (66%) 
Asian 743 (29%) 
Black 43 (2%) 
Other/Unknown 97 (4%) 

Hospital presentation, n (%)     
Stable, asymptomatic 532 (19%) 
STEMI, acute coronary syndromes 2214 (81%) 

Cardiac history 
History of MI (excluding index event), n (%) 389 (15%) 
History of PCI, n (%) 634 (24%) 
History of CABG, n (%) 195 (8%) 

Comorbidities 
Diabetes, n (%) 684 (26%) 
Current smoker, n (%) 604 (23%) 
Peripheral Artery Disease, n (%) 61 (2%) 
Stroke / TIA, n (%) 71 (3%) 
Currently on dialysis, n (%) 1 (0%) 

Cardiac anatomy and function 
MVD, n (%) 990 (39%) 
LMCA >=70% stenosis, n (%) 81 (3%) 
High/C lesion complexity, n (%) 514 (20%) 

Pilot study – baseline characteristics 



©2012 MFMER  |  slide-26 

Center for INDIVIDUALIZED MEDICINE 

NIH Grant Approved 
         
 
   May 2016 
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High impact on a highly prevalent disease 
Addresses an unresolved practice issue by 

using research methodology 
Immediate applicability of genotyping to 

clinical practice worldwide 
Pharmacoeconomic analysis 
Potential application to other disease states 
Creates a biobank for studies like GWAS 
Creates an infrastructure for other pragmatic 

cost effective multicenter studies 

TAILOR-PCI 
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Pharmacogenetic application of CYP2C19 to 
clopidogrel, one of the most commonly 
prescribed drugs in the U.S., remains unresolved 

FDA cautions use of clopidogrel in CYP2C19 
poor metabolizers 

ACC/AHA/ESC recommend against routine 
genotyping in the absence of a prospective 
clinical trial 

TAILOR-PCI designed and conducted 
to address this gap 

Summary 
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Thank you! 
 

michael.farkouh@utoronto.ca 
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