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ACS and Thrombus Formation
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Dual Anti-Platelet Therapy

P2Y12 Inhibition:
Clopidogrel
Ticlodipine

Prasugrel

Ticagrelor

THROMBIN ummmne

Collagen
I: TXA,

GP lib/llla
(Fibrinogen

Adapted from Schafer. Am J Med. 1996;101:199-209



Outcomes with Clopidogrel

CURE CLARITY-TIMI 28
12,562 Patients with NSTE ACS 3,491 Patients with STEMI

RR 0.80, 95% CI1 0.72-0.90

Placebo

Clopidogrel

Clopidogrel

Odds Ratio 0.80
(95% CI10.65-0.97)
P=0.026

CVD, MI, Stroke

)
2
©
ad
)
S
©
N
©
I
o
=
=
L
S
g
S
@)

Percentage with CVD, MI, Urgent Revasc (%)

6
Months of Follow-up

CURE Investigators, NEJM 2001,;345:494-502 Sabatine MS et al., NEJM 2005;352:1179-89



Variable Response to Clopidogrel

24 Hours After 300mg Clopidogrel
“Resistance” = 31% N=96, Elective PCI
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A Platelet Aggregation Before and After Clopidogrel (%)

“Resistance” = <10% A platelet aggregation
Gurbel PA et al., Circulation 2003;107:2908-2913



Clopidogrel — Active Metabolite

Compliance

Environmental
Drug-Drug <
Genetics

Kurihara A. et al. Drug Metab. Rev. 37(S2): 99 (2005)
Tang M. et al. JPET 319: 1467-1476 (2006)
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CYP450 Enzymes & Genes

* Enzymes:
— 57 human CYPs (in 18 families s
and 42 subfamilies)

— Account for > 90% of drug
transformations

* Genes:
— Highly polymorphic

— Common-consensus star allele nomenclature (e.qg.,
CYP2C19*2 refers to haplotype containing 681G>A)

— Certain alleles confer reduced enzymatic function
(e.g., splicing defect)



CYP2C19 & Clopidogrel Metabolite

N=162 Healthy Volunteers

0.5+ Clopidogrel 75 mg

Carriers of a reduced-

0.0- function CYP2C19 allele
(IMs and PMSs)

experienced ~32%

-0.54
reduction in exposure to

I the active clopidogrel
metabolite as compared
with non-carriers
-1.54 — (P<0.001).
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Log[(AUC,.) (uMxhn)]
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UM EM IM PM
(N=36) (N=28) (N=20) (N=3)

EM=extensive metabolizer
IM=intermediate metabolizer
PM=poor metabolizer

UM=ultrarapid metabolizer. Mega JL et al. N Eng J Med. 2009; 360:354-62.



CYP2C19 and CVD, MI, or Stroke

N=1477 ACS Subjects Treated with Clopidgrel

Hazard Ratio 3.09
(95% CI 1.19-8.00)
P=0.015

CYP2C19 Reduced-Function Allele Carriers 121

CYP2C19 Reduced-Function Allele Carriers

Non-carriers

CV Death, MI, or Stroke (%)

Hazard Ratio 1.53 Non-carriers
(95% CI 1.07-2.19)

P=0.014

Definite or Probable Stent Thrombosis (%)
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180 270 180 270 360
Days After Randomization Days After Randomization
Number at Risk: Number at Risk:
Non-Carrier 1064 1009 980 870 Non-Carrier 1014 1004 1001 989 885
Carrier 395 364 348 306 Carrier 375 368 366 359 316

* Carriers ~30% of the population

Mega JL et al. N Eng J Med. 2009; 360:354-62.



CYP2C19*2 and Outcomes with
Clopidogrel
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(Death, MI, Urgent Revasc) Survival (%)

Non-carriers

[ I [
1 2 3

Follow-up duration (years)

umber at risk
Non-carriers 186 68 50
*2 carriers 73 23 15

Collet JP et al. Lancet 2009;373:309-317.



CYP2C19*2 and Outcomes with
Clopidogrel

No variant alleles

1.98 (1.10-3.58)

1 Variant allele

w—— 72 \/ariant alleles
1.00

s 069 (0.51-0.93)
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Simon T et al. N Eng J Med. 2009; 360:363-375.



CYP2C19*17 and Bleeding with
Clopidogrel

Platelet Function Testing Major or Minor TIMI Bleeding
10 -
ADP-Ag PRI-VASP <
mean (sd) mean (sd) 2 -
(%) (%) <
CYP2C19*17 S -
[
CC 57.03 (18.5) 55.9 (22.8) 8 o]
CT 55.5 (19) 50.11 (24.3) S
Q2
TT 50.8 (27.3)  45.79 (17.71) ® B
0-— S —
P Value 0.2813 0.0206 CYP2C19 CYP2C19 CYP2C19

wtwt (n=902)  Wt/*17 (n=546) *17/*17 (n=76)

Frére C et al. J Thromb Haemost. 2009;7(8):1409-1411 Sibbing D et al. Circulation. 2010;121(4):512-518



GWAS of Platelet Aggregation In
Response to Clopidogrel

CYP2C18-CYP2C19-CYP2C9-CYP2C8 — -

-log,4(P Value)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Shuldiner A et al. JAMA 2009; 302:849-857.



Remaining Questions

s this relationship between CYP2C19

Imited to *2 homozygotes (~2% of the
population) or does it involve *2 carriers
(~30% of the population)? What is the role of
*17 and other genes?

Are CYP2C19 variants associated with an
Increase In adverse cardiovascular events in
patients following an ACS, regardless of
thienopyridine therapy?

Do variants in CYP2C19 alter the
pharmacologic response to other
thienopyridines such as prasugrel?



CYP2C19 Collaborative Meta-Analysis

O studies of CYP2C19 alleles (mostly *2) and
outcomes in patients treated with clopidogrel

Subjects

— 9684 MACE
— 5772 Stent Thrombosis

Genotypes
—  Wildtype 71.5%
—  Carriers 28.5% (Heterozygotes 26.3%, Homozygotes 2.2%)

Meta-analysis performed using a random-
effects model with weighting based on inverse
variance.



CYP2C19 and

reatment with Clopidogrel

Risk Ratio (95% CI) P Value

Major Adverse CV Events | N=9,684

Carriers vs Non-Carriers

Heterozygotes vs Wildtype

Homozygotes vs Wildtype

‘ 1.61 (1.28-2.02) <0.001
1.50 (1.08-2.08)  0.016

1.81 (1.21-2.71)  0.004

Stent Thrombosis NEL ey

Carriers vs Non-Carriers

Heterozygotes vs Wildtype

Homozygotes vs Wildtype

<&

<o
‘ 2.76 (1.77-4.30)  <0.001
<P

2.51 (1.59-3.98) <0.001

-~ | 478(201-11.39) <0.001

0.5

1.0 15.0

Risk Lower with Risk Higher with
CYP2C19 Variant CYP2C19 Variant



Inhibition of Platelet Aggregation:

Clopidogrel and Prasugrel

Healthy Volunteers at 24 Hours, N=68

LRl Responseto Clopidogrel Response to Prasugrel
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\ *Responder = >25% IPA at 4 and 24 h
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Brandt JT et al., Am Heart J 2007;153:e9-e16
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Efficacy and Safety
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Clopidogrel
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NonCABG Bleeds 2.4
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eRmnt Clopidogrel
O 30 60 90 180 270 360 450
DEVS

HR 0.81
1 (0.73-0.90)
P=0.0004

NNT =46

HR 1.32
(1.03-1.68)
P=0.03

NNH = 167

Wiviott SD, Braunwald E, McCabe CH et al. NEJM 2007:;357:2001-2015



Thienopyridines:

Formation
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Kurihara A. et al. Drug Metab. Rev. 37(S2): 99 (2005)
Tang M. et al. JPET 319: 1467-1476 (2006)
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Williams E.T. et al. Drug Metab. Rev. 39(S1): 254 (2007)



Genetic Effects on PK/PD

Pharmacokinetics Pharmacodynamics

Absolute

% Difference Difference
Gene in AUC,; P value in AMPA P value

CYP2C19 -6.1 0.061 =12 0.63
CYP2C9 -5.3 0.27 -1.7 0.42
CYP2B6 -0.4 0.90 -0.6 0.65
CYP3A5 -0.8 0.82 1.3 0.38
CYP1A2 -3.5 0.47 -1.6 0.37

-50 40 -30 -20 -10 O 10 20 30 -15 -10 5 0 5 10 15

Relative Percent Difference in AUG,; (95% CI) Absolute Difference in AMPA (95% ClI)
in Carriers vs. Non-Carriers of a Reduced-Function Allele in Carriers vs. Non-Carriers of a Reduced-Function Allele

N=238

Mega JL et al. Circulation 2009; 119:2553-2560.



CYP2C19 and Outcomes: Prasugrel

CV Death, MI, Stroke Stent Thrombosis

Hazard Ratio, 0.58
(95% CI1 0.13-2.69)

P=0.48
Non-carriers 9.8

CYP2C19
Reduced-Function
Allele Carriers
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Non-carriers
Hazard Ratio 0.89

1.0

Definite or Probable Stent Thrombosis (%)

(95% CI1 0.60-1.31)
P=0.27

Carriers

180 270 360 0 30 180 270 360

Days After Randomization Days After Randomization
Number at Risk: Number at Risk:
Non-Carrier 1048 991 951 849 Non-Carrier 1000 992 969 870

Carrier 407 383 364 320 Carrier 379 374 363 323

Mega JL et al. Circulation 2009; 119:2553-2560.




Ticagrelor

Ticagrelor is not a prodrug

Exhibits a more rapid onset of action and less
Interpatient variability than some thienopyridines

Acts via an allosteric modulation site

P2Y,, receptor
@

Clopidogrel prevents ADP binding
and causes extra cellular structural change

ST

-

van Giezen JJ. Eur Heart J Suppl. 2008;10:D23-D29.

Ticagrelor (AZD) binds independently from
ADP but inhibits conformational change



CYP Genes and P2Y12 Inhibition

« Data suggest that the CYP2C19
variants do not significantly impact the
pharmacologic or clinical outcomes in
patients treated with prasugrel.
Ticagrelor is not a pro-drug.

 The impact of reduced-function
CYP2C19 alleles appears to be
confined to patients taking clopidogrel.



Future Clinical Directions:
Pharmacogenetic Testing

« Tests are available to identify a patient's
CYP2C19 genotype and can be used as an
aid in determining therapeutic strategy.

« Consider alternative treatment or
treatment strategies in patients identified as
CYP2C19 poor metabolizers.

Did she tell you about her
ultrarapid metabolism?




ELEVATE
TIMI 56

STUuDY DESIGN

Schedule

0 weeks

2 weeks

4 weeks

6 weeks 8 weeks

Stable CAD Patients on Clopidogrel 75 mg per day

*Platelet Function Testing

(>4 Weeks and <6 Months Post-ACS or PCI)

Clopidogrel
Dose A

v

Clopidogrel
Dose B

v

Genetic

*Platelet Function Testing

/)

*Platelet Function Testing

Clopidogrel
Dose C

v

Clopidogrel
Dose D

/)

Resume Pre-study Antiplatelet Medication

/)

*Platelet Function Testing  *Platelet Function Testing



