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Standard-Dose Clopidogrel† 
clopidogrel 75-mg/day 

Standard-Dose Clopidogrel† 
clopidogrel 75-mg/day 

High-Dose Clopidogrel† 
clopidogrel 600-mg, then 
clopidogrel 150-mg/day 

PRU ≥ 230 

High On-treatment Reactivity 

Yes No 

N = 1109 N = 586 

Normal On-treatment Reactivity 

Random Selection 

N = 1105 

Primary Efficacy Endpoint: CV Death, Non-Fatal MI, Stent Thrombosis at 6 mo 
Pharmacodynamics: Repeat VerifyNow P2Y12 at 1 and 6 months 

†placebo-controlled All patients received aspirin (81-162mg daily) 
*Peri-PCI clopidogrel per protocol-mandated criteria to ensure steady-state at 12-24 hrs 

Price MJ et al , JAMA 2011 

Elective or Urgent PCI with DES* 

N=5429  VerifyNow P2Y12 Test 12-24 hours post-PCI 

GRAVITAS Study Design 



Primary Endpoint: CV Death, MI, Stent Thrombosis 

Observed event rates are listed; P value by log rank test. 

Price MJ et al, JAMA. 2011;305(11):1097-1105 



Secondary Comparison: High vs. Not High Reactivity 
Treated with Clopidogrel 75-mg daily 

Observed event rates are listed. P value by log-rank test.  

Price MJ et al, JAMA. 2011;305(11):1097-1105 



GRAVITAS: Pharmacodynamics 

PD effect of study drug in pts with high OTR 

•  In patients with high on-treatment reactivity (OTR) after PCI, there was substantial 
variability over time in the pharmacodynamic responses to study drug. 

•  Patients with low levels of OTR after PCI appeared to have few (if any) CV events. 

CV Events in Pts Treated with 75 mg 

Price MJ, AHA 2010 



 GRAVITAS: Objective of Time-Varying Analysis 

• The objective of this analysis was to explore the 
relationship between on-treatment platelet 
reactivity over the course of the GRAVITAS trial 
and the risk of subsequent CV events. 
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 Methods 

• All 3 study arms were pooled given lack of clinical 
efficacy in the overall trial. 

•  High on-treatment reactivity (OTR) was defined as: 
•  OTR > 230 PRU (pre-specified) 
• OTR > 208 PRU (post-hoc, based on data 

available after GRAVITAS began enrolling) 

•  Primary Endpoint: CV death, MI, and ST  

ESC 2011 



 Statistical Methods 

• Cox proportional hazards regression used to test 
associations between predefined cut-offs and outcomes, 
using OTR as a time-varying covariate (measured 12-24 
hrs and 30 days after PCI). 

• Models built for the association between: 

•  OTR and outcome at 60 days (ie, 30 days after the 
1 month follow-up platelet function test) 

•   OTR and outcome at 6 months (end of follow-up) 

• Multivariate time-dependent Cox regression used to 
adjust for clinical and procedural characteristics 
associated with outcome. 
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1156 with OTR <208 PRU 
1397 pts OTR ≥208 PRU 

1448 with OTR <230 PRU 
1105 pts OTR ≥230 PRU 

501 with OTR <208 PRU 
2295 with OTR ≥208 PRU 

588 with OTR <230 PRU 
2208 with OTR ≥230 PRU 

2796 Patients (99.9%) Eligible for Analysis 

Baseline                           
(12-24 hrs) 

30±7 days 

Patient Flow: On-Treatment Reactivity (OTR) Over The Course 
of GRAVITAS 

 4 patients (0.1%) lost to follow-up 
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On-Treatment Reactivity As A Time-Varying Covariate:  
Unadjusted Hazard of CV death, MI, and ST  

60 days 

6 months 

0.01 0.1 1 10

PRU <208

PRU <230

Hazard Ratio

 0.62 (0.25, 1.51)      0.30

HR [95% CI] P value

 0.18 (0.04, 0.79)      0.02

0.1 1 10

PRU <208

PRU <230  0.71 (0.41, 1.23)      0.22

 0.43 (0.23, 0.83)      0.01

Hazard Ratio

HR [95% CI] P value
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Clinical and Procedural Characteristics Associated With 
CV Death, MI, and ST at 60 days: Multivariate Analysis 

*On-treatment reactivity treated as a time-varying covariate 
CrCl = creatinine clearance, ACS = acute coronary syndrome, MI = myocardial infarction 

0.01 0.1 1 10

Prior CABG

Prior PCI

CrCl <60

Beta Blocker

Prior MI

Stent Length (per mm)

Diabetes

ACS

PRU <208

Hazard Ratio

 0.23 [0.05, 0.98]     0.047

 2.49 [1.10, 5.64]     0.028

HR [95% CI] P

 1.01 [1.01, 1.02]     0.003

 1.27 [0.42, 3.85]     0.668

 1.48 [0.69, 3.18]     0.668
 1.76 [0.74, 4.16]     0.201

 1.92 [0.87, 4.23]     0.108

 2.16 [0.94, 4.93]     0.068

 3.95 [1.83, 8.53]     <0.001
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Clinical and Procedural Characteristics Associated With 
CV Death, MI, or ST at 6 Months: Multivariate Analysis 

*On-treatment reactivity treated as a time-varying covariate 
CrCl = creatinine clearance, ACS = acute coronary syndrome, MI = myocardial infarction 

0.1 1 10

Prior CABG

Prior PCI

CrCl <60

Beta Blocker

Prior MI

Stent Length (per mm)

Diabetes

ACS

PRU <208

Hazard Ratio

 0.54 [0.28, 1.04]     0.065

 2.48 [1.42, 4.35]     0.002

HR [95% CI] P

 1.01 [1.01, 1.02]     0.001

 2.12 [0.89, 5.05]     0.090

 1.52 [0.89, 2.57]     0.123
 1.45 [0.81, 2.61]     0.209

 1.80 [1.04, 3.11]     0.037

 1.86 [1.06, 3.28]     0.031

 2.04 [1.18, 3.53]     0.011
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HD group, CV events according to PRU <208: HR 0.48 [95%CI, 0.18 to 1.25], P=0.14 

Achieved Levels of On-Treatment Reactivity at 30-Days 
Stratified By Randomized Treatment Arm 

<208 PRU <230 PRU
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Limitations 

• Power to detect significant associations between OTR 
and clinical outcomes was reduced by: 

• Skewed distribution of population (GRAVITAS by 
design enrolled and followed more patients with high 
OTR than lower levels of OTR)  

• Lower-than-expected event rates 

• Underpowered to detect clinical efficacy of high-dose 
clopidogrel according to achieved platelet reactivity. 

•  Analysis using cut-off of 208 PRU was post-hoc 

•  Supporting data for this cut-off after enrollment began 

•  Assessing a single additional cut-off minimizes risk of a chance 
finding 
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 Conclusions 

• In GRAVITAS, patients who achieved on-
treatment reactivity (OTR) <208 PRU at 12 to 24 
hours after PCI or during follow-up had a 
significantly lower risk of subsequent CV events, 
even after adjustment for other characteristics. 

• Supports the prognostic utility of serial platelet 
function testing 

• Provides further support for the ESC 2011 and          
ACCF/AHA 2011 guideline recommendations 
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 Conclusions 

• Less than half of the patients randomly assigned 
to clopidogrel 150 mg daily achieved this level of 
OTR. 

• Supports hypothesis that an insufficient 
pharmacodynamic response may have contributed to 
the lack of observed clinical effect 

• Alternative individualized strategies to improve 
patient outcomes after PCI merit further 
consideration. 
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