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T iT iTopics:Topics:
• Compliance
• Resistance and pseudoresistancep
• Response and outcomes
• PrasugrelPrasugrel
• Ticagrelor



Non compliance rates for major CV drug classesNon-compliance rates for major CV drug classes

C ( ) C(%) fClass Patients (n) NC(%) Reference
Beta-blockers 17,035 55 Kramer J, et al.,Am Heart J; 2006
SSRIs 22,947 57 Cantrell C, et al., Med Care; 2006, , , ;
Statins 11,532 21.3 Ho, P, et al., Arch Intern Med 

2006
ARBs 34 107 29 4 Burke T et al J Hypeptens;ARBs 34,107 29.4 Burke T, et al., J Hypeptens; 

2006
ACE-Inhibitors 13,830 20 Eagle K, et al., Am J Med; 2004
Diuretics 2325 31 Van Wijk B et al J Hypertens;Diuretics 2325 31 Van Wijk B, et al., J Hypertens; 

2005
Calcium Channel Blockers 73,148 47 Wogen J, et al.,J Man Care 

Pharm; 2003Pharm; 2003



Non-compliance rates with antiplatelet agentsNon compliance rates with antiplatelet agents

Agent Patients (n) Non-Compliance 
(%)

Reference

Aspirin 5,337 17 Newby, et al.,J Thromb 
Thrombolys 2003

Ticlopidine 159 11 Komiya, et al., Stroke 1994

Dipyridamole 1 363 34 ESPRIT Study Group LancetDipyridamole 1,363 34 ESPRIT Study Group, Lancet 
2006



Non-compliance rates with clopidogrel

Disease Patients (n) Non-Compliance 
(%)

Reference

CAD 2,769 15.2 Kuchulakanti, et al., Circulation, 
2006

Stroke 
(3 th ) 3420 18 4 H GF t l C b(3 months)
(1 year)

3420
2640

18.4
38.4

Hamman GF, et al; Cerebrovasc 
Dis 2003

PAD 67 10 Cassak K, et al., Eur J Vasc 
Endovasc Surg 2006Endovasc Surg 2006



How the Patient Becomes “Resistant”?

Coronary stenting for ACS, discharge 
on dual antiplatelet therapy

Mi bl di i d l di tMinor bleeding episode leading to 
clopidogrel and aspirin discontinuation

Viral infection, or other concomitant disease, 
or trauma

Rebound platelet activation, secondary 
thrombotic event, stent thrombosis

Platelet testing in the Cath Lab revealing 
activated platelet biomarkers caused by 
aspirin or/and clopidogrel “resistance”



Impression:Impression:

N li i b bl h j i l• Non-compliance is probably the major practical
cause of “resistance”, especially dominant in the
outpatient chronic settingoutpatient chronic setting

• Claiming “resistance” or low response requiresClaiming resistance , or low response requires
proof that the antiplatelet agent is on board

• Defining “resistance” based solely on inadequate
inhibition of platelet biomarkers is premature.



Controversy:Controversy:

• “Resistance” is exclusively attributed to aspirin or
clopidogrel, and is not associated with more
potent antiplatelet agents/regimens



Response variability with prasugrelResponse variability with prasugrel

Eur Heart J. 2006; 



I iI iImpressionImpression
Variability of response is a common phenomena observed with

any agent in general, and with aspirin or clopidogrel in
particularparticular

Before claiming “resistance”, we need to have proof that thee o e c a g es sta ce , e eed to a e p oo t at t e
patient is adherent to antiplatelet medications



C tC tControversy:Controversy:
Cl id l “ i t ” i i t d ith•Clopidogrel “resistance” is associated with
worsened vascular outcomes



Clinical and epidemiological evidence 
h ll i “ l id l i ”challenging “clopidogrel resistance”

Finding Source

A. Randomized evidence

Absolute mortality benefit with no-load regimen                                COMMIT 

Excess bleeding + lack of efficacy post-stroke                                   MATCH  

Excess bleeding + lack of efficacy in primary prevention                 CHARISMA 

B. Epidemiological evidencep g

Higher patient non-compliance than “resistance” rates                           15-38.4% versus 4.2-15%*

Lower stent thrombosis than “resistance” rates 0 5-3 4% versus 4 2-15%*Lower stent thrombosis than resistance  rates                                                                 0.5 3.4%  versus 4.2 15%

* - multiple publications

AJC, 2007



The TRITON Efficacy Controversy 

A                                                                                   B

Primary Efficacy Point
Primary Efficacy Point

12.1%

9.9%

Less 138 events

7.43%

6.61%

ARR- 2.2%; RRR-19%; P<0.001

Less 55 events

ARR-0.82%; RRR-11%; P=0.059

0             

rx=Clopidogrel rx=Prasugrel

rx=Clopidogrel rx=Prasugrel rx=Clopidogrel                               rx=Prasugrel

A : All Adjudicated Events 
NEJM; 2007

B: Investigator Reported
Events FDA; 2009NEJM; 2007 Events FDA; 2009



Impression:p

• Randomized and epidemiological data do
not support the concept that clopidogrel
“resistance” is clinically relevant

• Unless further evidence became available,
clopidogrel “resistance” represents a
laboratory findingy g



CCConroversy:Conroversy:

Hi h d f l l i hibi i i•Higher degree of platelet inhibition is 
associated with better clinical    

outcomes



Degree of Platelet Inhibition and Clinical 
Outcomes (Randomized Evidence)Outcomes (Randomized Evidence)

Trial(s) Agent/Dose IPA (%) Outcome

ESPS-2, ESPRIT 50mg ASA + 15-20
400mg Dipyridamole

ARR - second stroke

ISIS-2 ASA 160 mg 25-35 AMR - AMI

COMMIT Clopidogrel 75 mg (no load) 40-45 AMR -AMI

CURE, CREDO Clopidogrel 300/75 mg 45-55 RRR -CV

TRITON Prasugrel 60/10mg; 60-70 Front loading benefit only, no
mortality reductiono a y educ o

PURSUIT, EPIC GPIIb/IIIa Inhibitors (I/V) 80-85 Periprocedural, combined 
endpoint benefit

OPUS BRAVO GPIIb/IIIa Inhibitors (oral) 80 90 Excess CV deathsOPUS, BRAVO GPIIb/IIIa Inhibitors (oral) 80-90 Excess CV deaths

ARR=absolute risk reduction; AMR=absolute mortality reduction; RRR= relative risk reduction; CV = cardiovascular

EHJ, 2007



Pathway Pathway to Troubleto Trouble

Elderly female, <3 CV risk factors, no y , ,
diabetes, no hypertension, no aspirin

First  inferior AMI, aspirin 325 mg, full 
dose TNK, full dose Integrilin, drop of 
blood pressure, emergency transfer

Cath Lab: 600-900 mg loading with  
clopidogrel, bare metal stentingp g g

Day 2 - Severe bleeding event, drop of 
h l bi f h f lhemoglobin, fresh frozen plasma

Death/ Disability, Long-Term Care;y, g ;
Legal Action; Out of Court Settlement



Impression:Impression:

• Based on the randomized evidence,
higher degree of platelet inhibition isg g p
not associated with better vascular
outcomesoutcomes



CV Death MI Stroke Timing of LDCV Death, MI, Stroke Timing of LD

0 87 (0 71 1 07)
Pre PCI

0.87 (0.71-1.07)
(N=3370)

During PCI

(N=2380)
0.93 (0.73-1.19)

Post PCI in lab

(N=3833)
0.76 (0.62-0.93)

( )

< 1 hr post lab
0.75 (0.60-0.93)

0.5                                                         1                                                      2

(N=3552)
0.75 (0.60 0.93)

Prasugrel Better Clopidogrel Better
HR

Prasugrel Better Clopidogrel Better

Pint=0.40                                                                                                           TIMI Study Group. Data on file



Events in UA/NSTEMI and loading  time 
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Endpoint Events in STEMI 
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Site-Reported First Event Types in TRITON

UA/NSTEMI STEMI all

clopidogrel prasugrel ∆ clopidogrel prasugrel ∆ clopidogrel prasugrel ∆

MI 235 175 60 62 48 14 297 223 74

stroke 43 43 0 24 22 2 67 65 2stroke 43 43 0 24 22 2 67 65 2

death 83 113 -30 58 49 9 141 162 -21

The FDA Secondary Prasugrel Review



Deaths in STEMI Patients in TRITON

Deaths in STEMI Patients
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Deaths in UA/NSTEMI Patients in TAAL
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Adjudication ControversyAdjudication Controversy
Not all MI’s are “born equal”Not all MI’s are “born equal”

“Ordinarily, the investigator reported events and
the adjudicated events differed little, but, in

TRITON, only about half of the events were
identified by investigators”identified by investigators”



PROVEPROVE‐‐IT MI DefinitionIT MI DefinitionPROVEPROVE‐‐IT MI DefinitionIT MI Definition

C.Cannon,et al, NEJM; 2004



JUMBO MI DefinitionJUMBO MI DefinitionJUMBO MI Definition JUMBO MI Definition 

S. Wiviott, et al. Circulation 2005



TRITON MI DefinitionTRITON MI DefinitionTRITON MI DefinitionTRITON MI Definition

S. Wiviott, et al. Am Heart J; 2006



End Points in Recent ACS TrialsEnd Points in Recent ACS TrialsEnd Points in Recent ACS TrialsEnd Points in Recent ACS Trials

Trial N Indication CABG

STE-MI   

(%)

Follow-up 

(months)

Death 

(%)

Stroke 

(%)

MI

(%)Trial N Indication CABG (%) (months) (%) (%) (%)

PROVE-IT 4,162 ACS No 34 18-36 2.2-3.2 1.0 6.6 - 7.4

ACUITY 13,819 ACS Yes 35 12 3.9 NR 6.9 -7.1*

TRITON** 6,795 ACS No 26 6-15 3.2 1.0 9.7*TRITON 6,795 ACS No 26 6 15 3.2 1.0 9.7
N - number of patients treated with clopidogrel; ; NR – not reported; * - fatal and non fatal MI’s; 

**- clopidogrel arm

V. Serebruany, Am J 
Cardiol; 2008



MI R t i R t ACS T i lMI R t i R t ACS T i lMI Rates in Recent ACS TrialsMI Rates in Recent ACS Trials
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Comparative characteristics of MI’s in TRITON trial

Type of MI Difference 
Adjudicated

Associated Associated 
Timing of MI

Excessive MI 
(n) between 

arms (n)
Adjudicated Mortality 

(%)
Heart Failure Timing of MI rate for ACS 

trials 

SRE* (298/226) 72 Yes 14.2 - 18.8 115-Clopidogrel Mostly NoSRE (298/226) 72 Yes 14.2 18.8 115 Clopidogrel

114-Prasugrel
periprocedural

No

AAE** (620/475) 145 Yes 2.8 – 5.3 No Across the 

entire follow-up

Yes

entire follow up

* SRE – site reported events; **- AAE - all adjudicated events; *** - to be reported in the FDAA Action Package

Serebruany VL; Cardiology, 2009; 114: 
126-9.



Timing of Event Adjudications in TRITON
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Balanced Primary Endpoint in TRITONBalanced Primary Endpoint in TRITONBalanced Primary Endpoint in TRITONBalanced Primary Endpoint in TRITON

Event Prasugrel Clopidogrel Benefit
CV Death 133 150CV Death 133 150
Fatal Bleeding 21 5
Nonfatal MI 475 620
Nonfatal  Stroke 61 60
Life-threatening bleeds 85 56
TOTAL 775 891 13%



Distribution of  Any Bleeding Event in TRITON  
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Distribution of  Serious Bleeding Events in TRITON 
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K-M Incidence Plot of New Solid Cancers in CAPRIE
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K-M Incidence Plot for New Solid Cancers in CHARISMA
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All New Solid Cancers Diagnosed After 7 Days in TRITON  
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All New Solid Cancers in Women After 7 Days in TRITON
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Malignancies as Adverse Events in TRITON
Location Clopidogrel Prasugrel

Colorectal 10 22

Breast 1 6

Prostate 11    18

Lung 14 19

All solid cancers 69 112All solid cancers 69 112

Relative Risk 1.62

Other malignancies 22 23g

The FDA Secondary Prasugrel Review



Cancer Deaths in TRITON
Assessed b Clopidogrel Pras grelAssessed by: Clopidogrel Prasugrel

Investigators 11 19

Central Adjudication 17 23

FDA Reviewer 15 24

The FDA Secondary Prasugrel Review



PLATO paradoxPLATO paradox

A                                                                              B
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TicagrelorTicagrelor: Potential : Potential Mechanism Mechanism of Actionof Action

Dyspnea
Bronchospasm

Asystole
Cytoprotection

Agitation
Anxiety

Apoptosis
Vasodilatation

A1
F
F

HNTICAGRELOR

A1

A2
g
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O
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NHO N N
A2
A

HO     OH

ADENOSINE
A2B

A3A3
P2Y12 inhibition

Aggregation
Uric acidSecretion Uric acid
Creatinine



Conclusion:Conclusion:
Th i l i di b h• There is an alarming disagreement between the
potency of antiplatelet therapy and vascular
outcomesoutcomes

Th t l t “th th b tt ” b• The postulates “the more - the better” may be
invalid for future antiplatelet strategies

• Development of novel chronic antiplatelet
t h ld b f d liagents should be more focused on compliance,

the safety profile, long-term tolerability, and
delicate mild platelet inhibitiondelicate mild platelet inhibition




