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The Myth of Procrustes’ Bed 



Platelet Reactivity Varies Widely Among 
Patients on Clopidogrel 

    Gurbel P et al, Circulation 2003  Hochholzer et al. Circulation 2005 

High On (Post)-treament Platelet Teactivity (HOPR or HPPR) 



Clinical Implication of HOPR in  
Caucasian Population  

ARMYDA-PRO (JACC, 2008) Marcucci, et al. Circulation, 2009 



HOPR + 247 243 241 241 239 

HOPR - 562 557 554 552 551 

Patients at risks Months after index procedure 
HOPR+ 247 243 242 242 240 

HOPR- 562 558 554 552 551 

Patients at risks 

Clinical Implication of HOPR in Korean population  

CROSS-VERIFY Registry   
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Park KW, Jeon KH, et al. Am J Cardiol. 2011  



Mechanisms of Inter-individual Variability  
in Clopidogrel Responsiveness 

Angiolillio DJ et al. J Am Coll Cardiol. 2007;49:1505–16 

Suboptimal  

Clopidogrel Response 

Cellular Factors 

 Accelerated platelet turnover 

 Reduced CYP3A metabolic activity 

 Increased ADP exposure 

 Up-regulation of the P2Y12 pathway 

 Up-regulation of the P2Y1 pathway 

 Up-regulation of the P2Y–independent pathways 
(collagen, epinephrine, thomboxane A2, thrombin) 

Clinical Factors 

 Failure to prescribe/Poor compliance 

 Under-dosing 

 Poor absorption 

 Drug-drug interactions involving CYP3A4 

 Acute coronary syndrome 

 Diabetes Mellitus/Insulin resistance 

 Elevated body mass index 

Genetic Factors 

 Polymorphisms of CYP 

 Polymorphisms of GPIa 

 Polymorphisms of P2Y12 

 Polymorphisms of GPIIIa 



Clopidogrel Metabolism Pathway 

O’Donoghue M, Wiviott SD. Circulation 2006 

Pharmacodynamic  

Response 

Clinical Response 

GP IIb/IIIa receptor 

expression 

P2Y12 receptor  

(irreversible inhibition) 

Active metabolite 

Hepatic metabolism 
Cytochrome P450 pathway 

Intestinal absorption 

Genetic polymorphisms 

Genetic polymorphisms P2Y12 receptor 

Alternate pathways of platelet activation 

Release of circulating ADP 

Higher baseline platelet reactivity 

Genetic polymorphisms P450 

enzymes 



Role of Cytochrome P450 system in the 
metabolism of clopidogrel  

LIVER 

85% Inactive 
Metabolite 

Intermediary 
Metabolite 

LIVER 
Clopidogrel 

 Active 
Metabolite 

Esterases 

Clopidogrel 

CYP1A2 

CYP2C19 

CYP2B6 

CYP3A 

CYP2C9 

CYP2C19 

CYP2B6 



Kim KA, Park PW, Hong SJ, Park J-Y. Clin Pharmacol Ther. 2008;84:236–42 

Cytochrome P450 2C19 Polymorphisms  
& Antiplatelet Effects 

Person A 
Cytochrome  
P450 2C19 

Normal/Normal 
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Cytochrome  
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Normal/Abnormal 
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Cytochrome  
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Maximal  
Metabolizers 

Wildtype  

*1/*1 
Heterozygote *1/*2 Homozygote *2/*2 

CYP2C19*2/*2, *2/*3 
or 3/*3 
Also *4,*5 

Poor 
metabolism 

CYP2C19*1/*1 
Extensive 

metabolism 

CYP2C19*1/*2 or *1/*3 
Intermediate 
metabolism 

CYP2C19*17/*17,  Ultrarapid 

- Wild type (*1)  
- Loss-of-function (*2, *3) 
- Gain-of-function (*17) 



CYP2C19 LOF Polymorphism & Response to Clopidogrel  

Hulot JS, et al. Blood 2006;108:2244-7 



CYP2C19 LOF Polymorphism & Response to Clopidogrel  

Shuldiner AR, et al. JAMA 2009;302:849-57 



Korean Data : SKY registry  

Oh IY, et al. Heart  2012;98:139-144 



CYP2C19 polymorphism is associated 

with low responsiveness to clopidogrel,  

How about clinical outcomes?  





Cardiovascular death, MI, or ischemic stroke 
by CYP2C19 genotype 



Stent thrombosis by CYP2C19 genotype 



Timing of Events for CV Death, MI, or 
Ischemic Stroke and Stent Thrombosis  





ORs for MACE According to CYP2C19*2 Allele 
(n=11,959) and PPI use (n=46,037) 



ORs for Stent Thrombosis (n=4,905) 
According to CYP2C19*2 Allele  



ORs for Death According to CYP2C19*2 Allele 
(n=6,225) and PPI Use (n=23,997)  



 
• 32 studies of 42,016 patients  
           - 3545 CVD events 
           - 579 STs 
           - 1413 bleeding events 
 
 6 studies were randomized trials (“effect modification” design)  

 
 26 reported individuals exposed to clopidogrel ("treatment-only" 

design).  
 
 



CYP2C19 Genotype and Clinical Outcomes: 
Treatment-Only Analysis 

 Holmes MV et al., JAMA. 2011 Dec 28;306(24):2704-14. 



CYP2C19 Genotype and Clinical Outcomes: 
Effect-Modification Analysis 

 Holmes MV et al., JAMA. 2011 Dec 28;306(24):2704-14. 

Overall, there was no significant association of 

CYP2C19 genotype with cardiovascular events.  



Limitation 
 The analysis included patients in whom there is relatively 

little to no benefit of clopidogrel.  

 

 The current meta-analysis included outcomes that occurred 
in patients who were no longer taking clopidogrel.  

 

 It included outcomes such as elective TLR and non-CV 
death, in which clopidogrel has no clear effect.  

 

 Conversely, the authors excluded studies that focused 
solely on ST, even though this outcome is clinically 
important.  



Point-of-care genetic testing  

SPARTAN RXTM Nanosphere Verigene®   



ELEVATE-TIMI 56 



On-treatment platelet reactivity across 
genotype and clopidogrel daily dose  









Primary and secondary outcomes in 
CYP2C19*2 carriers   



Platelet function outcomes in all patients  



Sensitivity 38%, Specificity 80%  

Negative predictive value 52.3%  

Negative likelihood ratio 0.77 

Sensitivity and specificity of the 2C19*2 polymorphisms for 
detecting HOPR, as based on VASP assay performed in 

clopidogrel-treated patients  

 Fontana P, et al. JAHA 2013;2:e000131 

CYP2C19 genotype should be regarded as one of risk factors.  

“Personalized” antiplatelet therapy based on CYP2C19 genotyping  

needs more clinical evidence.   

 



Summary  
 

 CYP2C19 polymorphism is associated with poor 
responsiveness to clopidogrel & cardiovascular 
outcomes after PCI.  

 

 Point-of-care genetic assay may be useful in 
identifying patients with increased thrombotic risk.  

 

 We need more data for “Tailored antiplatelet 
strategy by genotype”    

 

 

 

 



Journey Toward  

Personalized Patient Care 
 

Best clinical practice 

might be selecting a best 

clinical trial for the patient,  

during our journey toward  

a genuine tailored therapy  


