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• Non-Compliance
• Non-Response

Clopidogrel
Non-Response and Non-Compliance

What is the reality ?



Ho et al. JAMA 2008

Increased ischemic events within 90 d after Clopido grel stopping



Spertus et al. Circulation 2006

Mortality according to 30-day Clopidogrel Status af ter DES
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Airoldi F et al. Circulation 2007;116:745-54

HR=13.7
4.0-47

P<0.001

HR=0.94
0.30-3.0
P=0.92

3.021 patients with 5.389 lesions treated with DES (2002-2004)
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How do we define “ compliance” and 

“ premature discontinuation”

if th
e optim

al duration of th
erapy for 

any DES ite
ration remains unknown



How to assess Compliance?

How to assess easily? Tips and Tricks
• Asking patient/ family (effective?), drug package
• HR in patients with Beta-blockers
• BP if anti-hypertensive therapy 
• LDL-chol in patients receiving Statins
• Fasting Glucose and HBA1c in diabetics

Platelet testing if available
• Pharmacological: blood or urinary metabolites
• Functional Testing: Laboratory or “Point of Care” test



• Non-Compliance does matter
• Non-Response to Clopidogrel

– Does it exist ?
– Does it matter ?
– Can I recognize it ?
– What can be done about it ?
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Biological Response to ClopidogrelBiological Response to Clopidogrel
is highly variableis highly variable

Angiolillo et al. J Am Coll Cardiol 2007Angiolillo et al. J Am Coll Cardiol 2007

““ Clopidogrel responsiveness should Clopidogrel responsiveness should 

not be considered in a dichotomous not be considered in a dichotomous 

way but as a  continuous and way but as a  continuous and 

variable parametervariable parameter ””



Cellular FactorsCellular Factors
• Accelerated platelet turnoverAccelerated platelet turnover
•• Reduced CYP3A metabolic activityReduced CYP3A metabolic activity
•• Increased ADP exposure Increased ADP exposure 
•• UpUp--regulation of the P2Yregulation of the P2Y 1212 pathwaypathway
•• UpUp--regulation of the P2Yregulation of the P2Y 11 pathway pathway 
•• UpUp--regulation of P2Yregulation of P2Y ––independent independent 
pathwayspathways

(collagen, epinephrine, TXA(collagen, epinephrine, TXA 22, thrombin), thrombin)

Clinical FactorsClinical Factors
•• UnderUnder --dosing dosing 
•• Poor absorptionPoor absorption
•• DrugDrug --drug interactions involving drug interactions involving 
CYP3A4CYP3A4
•• Acute coronary syndromeAcute coronary syndrome
•• Diabetes mellitus / insulin resistanceDiabetes mellitus / insulin resistance
•• Elevated body mass indexElevated body mass index

Genetic FactorsGenetic Factors
• Polymorphisms of CYPPolymorphisms of CYP
•• Polymorphisms of GPIaPolymorphisms of GPIa
•• Polymorphisms of P2YPolymorphisms of P2Y 1212

•• Polymorphisms of GPIIIaPolymorphisms of GPIIIa

Clopidogrel Response VariabilityClopidogrel Response Variability

Angiolillo et al. J Am Coll Cardiol 2007Angiolillo et al. J Am Coll Cardiol 2007

Variability of response to Clopidogrel Variability of response to Clopidogrel 
has many potential mechanismshas many potential mechanisms



Variability in Response to Clopidogrel Variability in Response to Clopidogrel 
does existdoes exist

� “Non-Response” is a misnomer

� What matters clinically is “residual platelet 
activity under treatment”

� High residual platelet activity at the time a 
treatment effect is expected can be 
assessed with a single test (unlike 
“response”) for instance at the time of PCI



• Non-Compliance does matter
• Non-Response to Clopidogrel

– Does it exist ? YES
– Does it matter ?
– Can I recognize it ?
– What can be done about it ?
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Variability in Response to Clopidogrel Variability in Response to Clopidogrel 
seems to matter clinicallyseems to matter clinically

� High residual platelet activity under treatment is 
associated with increased event rates up to 1 year 
(peri-procedural MI, MACE or ischemic events) in 
at least 10 PCI studies 

� High residual platelet activity under treatment is 
associated with increased DES thrombosis rates 
in at least 7 PCI studies 

� High residual platelet activity measured with 
Verify-Now Point-of-Care assay is associated with 
increased event rates in at least 1 clinical and 7 
PCI studies



Example of Example of ““ PositivePositive ”” PCI PCI 
Association studyAssociation study

Price et al. Eur Heart Journal 2008Price et al. Eur Heart Journal 2008



Impact on periImpact on peri --PCI Troponin Increase PCI Troponin Increase 
CutCut --off = 15% Poff = 15% P 22YY1212 inhibitioninhibition

p=0.001

Q1 Q2-Q4
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STIB Pilot. Cuisset T, Hamilos M,  Wijns W. Am J Ca rdiol 2008 STIB Pilot. Cuisset T, Hamilos M,  Wijns W. Am J Ca rdiol 2008 



• Non-Compliance does matter
• Non-Response to Clopidogrel

– Does it exist ? YES
– Does it matter ? YES
– Can I recognize it ?
– What can be done about it ?
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Can I Recognize High Residual Platelet Can I Recognize High Residual Platelet 
Activity under Clopidogrel ?Activity under Clopidogrel ?

� Laboratory Aggregometry tests remain the standard but 
are time-consuming and unperfectly standardized

� Several Point-of-Care assays are available with use of 
different agonists, at different concentrations, with 
variable results and different thresholds for “non-
response”

� High residual platelet activity measured with Verify-Now 
Point-of-Care assay is associated with increased event 
rates in at least 1 clinical and 7 PCI studies 

� No consensus on best test system to be used, no 
consensus on the threshold for high residual activity



• Non-Compliance  does matter
• Non-Response to Clopidogrel

– Does it exist ? YES
– Does it matter ? YES
– Can I recognize it ? YES, but ...
– What can be done about it ?
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What can be done in Patients with What can be done in Patients with 
High Residual Platelet Activity High Residual Platelet Activity 

- Look for interference between clopidogrel and 
other drugs

- Provide additional loading dose(s)
- Increase the dose (150 mg/day)
- Add Cilostazol
- Shift to another (more powerful) drug

� Prasugrel  based on Triton TIMI 38
� Ticagrelor based on Plato

- Apply individual pharmacogenetic guidance by 
testing for Cyt P450 2C19 SNP *2 allele

- Change nothing in prescribed treatment



Biological benefit of higher dosesBiological benefit of higher doses

Chronic therapyChronic therapy Loading dosesLoading doses

Von Beckerath et al. EHJ 2007Von Beckerath et al. EHJ 2007 Montalescot et al. JACC 2006Montalescot et al. JACC 2006



CURRENT OASIS 7
• 25.087 patients
• 2 x 2 design
• Clopidogrel: High vs Low
• Aspirin: High vs Low

• Primary Combined 
Endpoint of CV death, MI, 
Stroke at 30 days

• Safety Bleeding Endpoint

Low High HR p
All 4.4 4.2 0.95 0.37

PCI 4.5 3.9 0.85 0.036

No PCI 4.2 4.9 1.17 0.14

High Clopidogrel = loading 600 mg, 150 mg/d for 7 days, followed by 75 mg/d
High Aspirin = 300 – 375 mg/d (no significant interaction)



Platelet functionPlatelet function --guided Reguided Re --LoadingLoading

Bonello et al JACC 04/2008Bonello et al JACC 04/2008



What can be done in Patients with What can be done in Patients with 
High Residual Platelet Activity High Residual Platelet Activity 

- Look for interference between clopidogrel and 
other drugs

- Provide additional loading dose(s)
- Increase the dose (150 mg/day)
- Add Cilostazol
- Shift to another (more powerful) drug

� Prasugrel  based on Triton TIMI 38
� Ticagrelor based on Plato

- Apply individual pharmacogenetic guidance by 
testing for Cyt P450 2C19 SNP *2 allele

- Change nothing in prescribed treatment



GRAVITAS
• ~ 6.600 patients
• Uncomplicated PCI with 

DES, no IIb-IIIa 
• Residual Platelet Activity 

12-24 h post-PCI (PRU �
230) with Verify-Now

• Primary Combined 
Endpoint of CV death, MI, 
ARC definite/probable 
stent thrombosis at 6 
months

3 arms design, placebo controlled
Responders: standard dose 75 mg/day
Non-Responders randomized 1:1 
between 150 and 75 mg/day

Study Principal Investigator = MJ. Price, Scripps Advanced Clinical Trials



• Non-Compliance does matter
• Non-Response to Clopidogrel

– Does it exist ? YES
– Does it matter ? YES
– Can I recognize it ? YES, but ...
– What can be done about it ?

a lot, but should we . . . 
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2006 ACC/AHA PCI guidelines2006 ACC/AHA PCI guidelines

Class IIb recommendation (based on Level 
C evidence)

“In patients in whom subacute stent thrombosis may 
be catastrophic or lethal, platelet aggregation studies 
may be considered and the maintenance dose of 
clopidogrel increased from 75 mg to 150 mg/day if 
<50% inhibition of platelet aggregation is 
demonstrated”

Smith SC et al. Circulation 2006Smith SC et al. Circulation 2006
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•• Consulting Fees: on my behalf go to the Consulting Fees: on my behalf go to the 
Cardiovascular Research Center AalstCardiovascular Research Center Aalst

•• Contracted Research between the Cardiovascular Contracted Research between the Cardiovascular 
Research Center Aalst and several pharmaceutical Research Center Aalst and several pharmaceutical 
and device companies and device companies 

•• Ownership Interest: Cardiovascular Research Ownership Interest: Cardiovascular Research 
Center Aalst is coCenter Aalst is co--founder of Cardiofounder of Cardio³³BioSciences, a BioSciences, a 
startstart--up company focusing on cellup company focusing on cell--based based 
regeneration cardiovascular therapiesregeneration cardiovascular therapies


