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Variability Of Response (VOR)
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Adverse effects

o
ég?%}, ﬁﬁ?ﬁ‘ﬂ}ﬂ?@@_’ caaa

Poor responders

Patients treated with g% % % % % % g ﬁ.:;
a specific drug - ' uf

Good responders

Angiolillo DJ et al. J Am Coll Cardiol. 2007;49:1505-16
Angiolillo DJ et al. Am J Cardiol. 2009;103(suppl):27A-34A
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Adapted from: Serebruany V et al. J Am Coll Cardiol. 2005;45:246-51
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o COX-1## A T84 (ASA)
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Angiolillo DJ et al. J Am Coll Cardiol. 2007; 49: 1505-1516 . Bhatt DL. J Amer Coll Cardiol 2004
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VerifyNow#ill : PRU (
P2Y12 reaction unit)

RIEZETRE: > 240 PRU
U 81%
R 53%

1st 2nd 3rd 4th
Quartile Quartile Quartile Quartile

Pre-procedural PRU levels

Patti, G. et al. J Am Coll Cardiol. 2008;52:1128-1133
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Primary Efficacy Outcome (%)

Primary Efficacy Outcome (%)
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*1/¥2 & *2/*2

T B AR R B ) R

e G 1 (F2/%2) iR
heterozygotes (*1/*2) i IfL.
A RS B 1 ?

ANTR) 3 R B 163 1 PR 45
ISESPEPRELLYNYEPS kY

DA I EUE 2 82 RCT A5
Simon et al NEJM 2009 e

*2/[*2
o o BT E AT

*1/*2

*Mega et al. NEJM 2009:360 10.1056/NEJM0a0809171
BEHLNH TR () Simon et al. NEJM 2009; 360 10.1056/NEJM0a0808227

Collet et al. Lancet 2008 Dec DOI:10.1016/S0140-6736(08)61845-0
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Placebo Clopidogrel
1.001 — g 1.00
0.95 0.95
< 0.90 - < 0.90
Q QO
> >
(+}] [+}]
- Fy
© (0.85- © (.85
g E ......
|- |-
= =
% 0.80- & 0.80-
—— WT/WT, n = 971 —— WT/WT, n = 950
- *2/WT, n = 489 = - *2IWT, n = 490
*2/*2, n = 57 *2/*2, n = 58
0759  ——— %2117, n =159 0759 ——— %27, n=170
= *{7/WT, n = 642 = *7/WT, n =643
—_— 717, n =113 —_— 717, n =113
0.70 0.70
1 | | | 1 | I 1 | 1
0 200 400 600 800 0 200 400 600 800
Days Days
Uncorrected p-value for testing the difference of time to Uncorrected p-value for testing the difference of time to
primary event between genotype groups, from the log-rank primary event between genotype groups, from the log-rank
test: 0.166 test: 0.162

Data on file from CHARISMA genomic analysis
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The NEW ENGLAND JOUERENAL of MEDICINE

ORIGINAL ARTICLE

Eftects of CYP2C19 Genotype on Outcomes
of Clopidogrel Treatment

Guillaume Paré, M.D., Shamir R. Mehta M.D., Salim Yusuf, D.Phil., F.R.C.P.C,,
Sonia S. Anand, M.D., Ph.D., Stuart ). Connolly, M.D., Jack Hirsh, M.D.,
Katy Simonsen, Ph.D., Deepak L. Bhatt, M.D., M.P.H., Keith A.A. Fox, M.D.,
and John W. Eikelboom, M.D.

ABSTRACT

BACKGROUND
It has been suggested that clopidogrel may be less effective in reducing the rate of From the Population Health Research In-

. 1 . - £ . stitute, Hamilton Health Sciences (G.P,,
cardiovascular events among persons who are carriers of loss-of-function CYP2C19 SRM. SY., SS.A. SJ.C. JH., JWE)

alleles that are associated with reduced conversion of clopidogrel to its active me-  and the Departments of Medicine (G.P.,
tabolite. S.R.M., SY. S.S.A., 5J.C., J.H., JW.E),
Epidemiology (G.P., 5.¥., 5.5.A.), and Pa-
thology (G.P), McMaster University —
METHODS ) ) ) ) ) both in Hamilton, ON, Canada; Bristol-
We genotyped patients from two large, randomized trials that showed that clopi- Myers Squibb, New York (K.S.); Veterans




CURE ACTIVE i#f6%. B EEE NS
L] 252 %

® CURE
ACTIVE A

» CURE total n=5059, ACTIVE total n=1156
o BAZRANE, B (poor metabolizers) & 151.9% - 2.3%

Paré G et al. Effects of CYP2C19 Genotype on Outcomes of Clopidogrel Treatment. NEJM 2010; 29th Aug online pubulication
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A First Primary Composite Outcome According to Loss-of-Function B First Primary Composite Outcome According to Gain-of-Function
Allele Carrier Status Allele Carrier Status
1.00 1.00

= 0.95- = 0.95-

E @ E W

= E 0.904 = £ 0.90+

o o E §

w L

i S Loy P=0.21 by log-rank test for E S 0.85+ P=0.06 by log-rank test for

£ Y clopidogrel-treated participants E o clopidogrel-treated participants

b E_ — Carriers, clopidogrel (52 events) b E_ — Carriers, clopidogrel (77 events)

E E 0.75- —nNoncarriers, clopidogrel (179 events) E E 0.754 —nmoncarriers, clopidogrel (153 events)

T .3 , — Carriers, placebo (78 events) b 8  — Carriers, placebo (131 events)

] “ Noncarriers, placebo (236 events) @ Moncarriers, placebo (181 events)

b 0.00 T | T T T T T b 0.00 T T T T T T |

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Days after Randomization Days after Randomization

No. at Risk No. at Risk
Carriers, clopidogrel 651 632 608 545 484 425 358 297 Carriers, clopidogrel 1001 960 932 828 715 640 513 428
Noncarriers, clopidogrel 1886 1778 1723 1541 1352 1191 960 804 Noncarriers, clopidogrel 1536 1451 1400 1258 1122 977 805 673
Carriers, placebo 674 626 609 551 483 423 356 281 Carriers, placebo 1004 926 899 789 G&78 596 494 407
Noncarriers, placebo 1819 1636 1634 1456 1259 1103 922 774 Noncarriers, placebo 1439 1386 1343 12138 1066 931 733 647

Paré G et al. Effects of CYP2C19 Genotype on Outcomes of Clopidogrel Treatment. NEJM 2010; 29th Aug online pubulication
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C Second Primary Composit
Allele Carrier Status

, SIAREIATABRREF

e Outcome According to Loss-of-Function

1.00 P=0.39 by log-rank test for

E 0.95- clopidogrel-treated participants

E,

o E 0.904

28

o = —

g3 0.85

v g

gz 0.804

.E E_ — Carriers, clopidogrel (102 events)

E E 0.75- — Noncarriers, clopidogrel (317 events)

(=] .3 ) — Carriers, placebo (128 events)

® Noncarriers, placebo (376 events)

E 0.00 T T T T T T T

0 50 100 150 200 250 300 350
Days after Randomization

No. at Risk
Carriers, clopidogrel 651 609 578 510 450 397 332 270
Noncarriers, clopidogrel 1886 1695 1622 1444 1248 1091 871 732
Carriers, placebo 674 599 574 514 446 389 323 248
Noncarriers, placebo 1819 1595 1530 1349 1152 1004 832 699

Paré G et al. Effects of CYP2C19 Genotype on Outcomes of Clopidogrel Treatment. NEJM 2010; 29th Aug online pubulication
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Allele Carrier Status

Composite Outcome

Freedom from Second Primary

No. at Risk
Carriers, clopidogrel

Carriers, placebo
Noncarriers, placebo

Noncarriers, clopidogrel

mRRm, HLOFETESIETEZELTEZER

TIRRGRIDTE FHRBERFR, WAAE
m R 3R

D Second Primary Composite Outcome According to Gain-of-Function

1.00 P=0.02 by log-rank test for
0,95 clopidogrel-treated participants
0.904
0.854
0.20
—Carriers, clopidogrel (142 events)
0.75+ —Noncarriers, clopidogrel (276 events)
—Carriers, placebo (202 events)
Moncarriers, placebo (301 events)
0.00 T T T T T T T
0 50 100 150 200 250 300 350
Days after Randomization
1001 919 882 780 664 592 467 390
1536 1386 1319 1174 1035 8297 736 612
1004 B33 851 740 629 551 453 374
1489 1310 1251 1122 970 842 701 572
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BEMARE vs. REFINREMAR R, AiETESHFETECAREZER
BECURESHFZIXARERE—, SMBESTERRETEBSEE MR D

E Freedom from Major Bleeding According to Loss-of-Function F Freedom from Major Bleeding According to Gain-of-Function
Allele Carrier Status Allele Carrier Status
1.00- 1.00

on ' P=0.21 by log-rank test for - P=0.86 by log-rank test for

= clopidogrel-treated participants c clopidogrel-treated participants

T 0.95- -E 0.95-

o o

@ 0.90 @ 0.90

S 5

] _ o] _

s 0.35 s 0.85

E 0.30 E 0.80-

E — Carriers, clopidogrel (21 events) E —Carriers, clopidogrel {41 events)

6 0.75- —Noncarriers, clopidogrel (81 events) 6 0.759 —nNoncarriers, clopidogrel (61 events)

° — Carriers, placebo (15 events) T . — Carriers, placebo (32 events)

g Moncarriers, placebo (60 events) e “1 Moncarriers, placebo (43 events)

“0.00 T T T T T T T * 0.00 T T T T T T T

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Days after Randomization Days after Randomization

No. at Risk Mo. at Risk
Carriers, clopidogrel 651 630 613 548 485 426 362 297 Carriers, clopidogrel 1001 957 929 828 718 637 512 427
Noncarriers, clopidogrel 1886 1782 1726 1549 1365 1198 971 817 Noncarriers, clopidogrel 1536 1456 1411 1269 1133 988 821 687
Carriers, placebo 674 647 633 577 504 444 371 294 Carriers, placebo 1004 957 938 827 715 625 517 429
Noncarriers, placebo 1819 1737 1693 1513 1314 1146 954 Noncarriers, placebo 1489 1427 1388 1264 1106 967 B&07

Paré G et al. Effects of CYP2C19 Genotype on Outcomes of Clopidogrel Treatment. NEJM 2010; 29th Aug online pubulication
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Registry trials *FAST-MI, N=2,208 Simon et
al. 2009

*Collet et al. 2009, N=259

RCTs *TRITON TIMI38, N=1,477, *CLARITY, N=465

Mega et al, 2009 *ACTIVE A, N=1,214
*CHARISMA, N=4,294, 2009 |.CURE, N=5,383
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Adequately powered

studies are needed
iIncluding comprehensive
clinical characterization,
platelet function testing
and genetics

U DTMI Transforming Medicine
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MACE: CV death, M,
revascularization

15 20 25 30

VASP 1 (n=78) VASP 2 (n=78) VASP 3 (n=40)  VASP 4 (n=26) ' Time (days)

VASP= vasodilator-associated stimulated phosphoprotein CIfilL’& &7 5K 7B = E )

VASP 5 £=50%%5 N M A% B KT
Bonello et al. J Am Coll Cardiol 2008



GRAVITAS

Successful PCI with DES without major complication or GPIlIb/llla use

v

VerifyNow P2Y12 Assay 12-24 hours post-PCI

Yes NoO
PRU = 2307 » Responder
v l
Non-Responder Random Selection
R | acs
A | N=1100 } B N=1100 C l N = 583

“Tailored Therapy” “Standard Therapy”

“Standard Therapy”
clopidogrel 600-mg*, then placebo loading dose clopidogrel

clopidogrel 150-mg/day

placebo loading dose, then
clopidogrel 75mg +placebo/day

v

Clinical Follow-up And Platelet Function Assessment at 30 days, 6M

Primary Endpoint: 6 month CV Death, Non-Fatal MI, ARC definite/prob ST
Safety Endpoint: GUSTO Moderate or Severe Bleeding

75mg +placebo/day

Cost-Effectiveness Analysis
Price MJ, Berger PB, Angiolillo DJ, et al. Am Heart J 2009



Cumulative Incidence of
CV death, non-fatal Ml, or ST (%)

GRAVITAS: FE& A

4 _
Endpoint = CV death, MI, or stent thrombosis
2.3% vs. 2.3%
A HR 1.01 (95% CI 0.58 - 1.76)
p=0.98
2_

—
i

— High-Dose Clopidogrel

— Standard-Dose Clopidogrel

30 60 90 120 150 180 210
Days
High Dosa Clopidogral 1109 1056 1029 1017 1007 998 747 54
Standard Dose Clopdogral 1105 1057 1028 10240 1015 1005 m 53
GRAV 'TAS

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

Price MJ. Hotline presentation at AHA 2010, 13-17 November, Chicago
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= AR BN E LRI/ RN 5 3E4EE 9 (TRIGGER-
PCI, ARCTIC, TARGET-PCI)
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Environmental
» Drug—Drug
Interactions
invelving CYP3A4
CYP2C19

siopatholpgical
"J”“’ i "_ ! - » Smoking

2 |
Cytochrofe PA50.
:'I'r..ﬁ.r".;""'::_.u".i“if_r J “';'l' 4an —;I'J _JJ.F.rJf_iJJ!_-

'r"' _LJI' J,.-L,',..e],!! =F ut |:'_— ts comp ﬁ
--.f=' \

{ % Diet: jww._

EREZRESHRRERIIEFEEM: SIFE. REGEME. BIH.
W R RAEFTA

Verstuyft C, Simon T, Kim T. Eur Heart J 2009;30:1943-63
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SUILHREE 300 mg

A 36
| (F194) SA%E 600 mg
30
27

2 | “HEHL” = 28% (300 mg)

1 | #H” = 8% (600 mq)

18
15
12

BE (W)

o w o o

<-30 -20,-10 0,10 20,30 40,50 60,70 80,90
-30,-20 -10,0 10,20 30,40 50,60 70,80 90,100

241N AL/ RERERE (5SmM ADPIESRI N /MR &)

Gurbel PA et al. 3 Am Coll Cardiol 2005;45 1382



CYP2C19Z ST THMNBENEZZIFTNR:
PCIEEHZE, Non-PCIEE HGEHID

F#y (yrsESD) 64.2

B4 74.4%
HE PR TR 28.1%
A K 26.1%
=FPN 95.8%
ACS 54.5%

Mega et al JAMA. 2010;304(16):1821-1830
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o

25086 randomised to:

v v

12 520 double-dose clopidogrel, 12566 standard-dose clopidogrel,
randomised to: randomised to:

y ¢ ¢ v

6253 high-dose 6267 low-dose 6254 high-dose 6312 low-dose
aspirin aspirin aspirin aspirin

v ¥ v v

Catheterisation laboratory

7823 no PC e

b4

(?Zfﬁgundmwent PCI

4208 dewte-dose clopidogrel+high-dose aspirin (4296 completed 30-day follow-up)
4262 double-dose clopidogrel+low-dose aspirin (4262 completed 30-day follow-up)
4326 standard-dose dopidogrel+high-dose aspirin (4326 completed 30-day follow-up)
4377 standard-dose clopidogrel+low-dose aspirin (4376 completed 30-day follow-up)

e AT PCISZ GBS I0 £ 57 & 1) sl L o T BEIRP ClE T A HFAT
T3k, MCURRENT OASISTHEFE S L T PCIBZIR ABERAS, HiT 4t 2
3T

Mehta SR et al. Lancet Published online September 1, 2010 DOI:10.1016/S0140-6736(10)61088-4



=EESMIEE(600mg/150mg) CURRENT
XTPCIE & 7] SCI B 3 3K

0-05q — Clopidogrel standard-dose

—— Clopidogrel double-dose ]" RRR 14 %
P=0.039

A

IEFIE SIS E B ERER30KX—
FBITHERREHE, RRRIE14%

Cumulative hazard

Adjusted HR 0-86 (95% Cl 0-74-0-99); p=0-039

0-0

Number at risk
Clopidogrel standard-dose 8703 8450 836¢ 8333 83" onan
Clopidogrel double-dose 8560

InEFIE SR E T EHEREE
s ffiS A T R mie R Rl 2L,
RRRjIZ31%

Adjusted HR 0-69 (95% Cl 0-56-0-87); p=0-001

*||.|‘| grel double-do 60
Mehta SR et al. Lancet Published online September 1, 2010 DOI:10.1016/S0140-6736(10)61088-4



CYP2C19BRBEZ A, BASKMEETEIRS
S smAYn M/ R R EHNFIE A

Dose Ultrarapid Extensive  Infermediate
(n=10) (n=10) (n=10)
Cmax (ng/mL) 300 mg (24 h) 24 (10) 32 (21) 23 (11)
600 mg (24 h) 36 (13) 44 (27) 39(23)
75 mg (Day 5) 12 (6) 13 (7) 12 (5)
150 mg (Day 5) 16 (9) 19 (5) 18 (7)

300 mg (24 h) 40 (21) 39 (28)
600 mg (24 h) 51(28) 49 (23)
75 mg (Day 5) 56 (13) 58(19)
150 mg (Day 5) 6R (18) 73 (9)

VASP-PRI (%) t 300 mg (24 h) 73 (12)

8 (16)
600 mg (24 h) 51 (20) 48 (20)
(
(

9 (14)
24 (10)

75 mg (Day 5) 40 (9)
150 mg (Day 5) 20 (10)

Values are mean (SD)

* Inhibition of platelet aggregation with SuM ADP: larger value indicates greater platelet inhibition

T Vasodilator-stimulated phosphoprotein — platelet reactivity index: smaller value indicates greater platelet
inhibition

Data on file. 2010 Mar
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TRITON TIMI38

ACS (STEMI or UA/NSTEMI) & Planned PCI

ASA N= 13,600
Double-blind

4 N\

CLOPIDOGREL PRASUGREL
300 mg LD/75 mg MD 60 mg LD/10 mg MD

Median duration of therapy - 12 months

1° endpoint: CV death, MI, stroke
2° endpoints: CV death, MI, Stroke, Rehosp-Rec Isch
CV death, MI, UTVR

Stent thrombosis (ARC definite/prob.)
Safety endpoints: TIMI major bleeds, Life-threatening
bleeds
Key substudies: Pharmacokinetic, genomic




L —
= Vg &2 Ja S dt=1: 0kadil)
15 | 138
_ events
Clopidogrel
aees 121 HRO.81
CV Death / Ml / Stroke aspmnemes (0.73-0.90)
S L oo P=0.0004
= 10 Tl "~ NNT =46
= Prasugrel
@)
o
©
c
LL]
> . 1 35
TIMI Major Prasugrel events
NonCABG Bleeds 24 QR 1.32
.ll‘llll’il".lllll’ll’l‘-.llllllll.-lllllll 18 (103_168)
Clopidogrel P=0.03
0 30 60 90 180 270 360 450 NNH=167
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& B P. =0.006 16
0 1

<75% _l P = 0.18 -16

>60 kg s B P. .=0.36 14
at = 13

Prasugrel E{ft K EEEMR

£EFET, M, ZhFIECABGHEMTIMIEEHMPESLEL S fEfitt Wiviott SD et al NEJM 357: 2001, 2007



VERRIE T : EhigE vs. KIKLEE
B R B P B A B I Rk

DM No DM
HR = 0.74 (0.62-0.89) HR = 0.92 (0.82—1.03)
p = 0.001 p=0.16

19.2 20 - — Prasugrel
—— Clopidogrel
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0 50 100 150 200 250 300 350 400 450 0 &0 100 150 200 250 300 350 400 450

D D
ays - 005 ays

pinteraction

2E%T, M, ZEhFdEER M. JECABGHXMTIMIEEHMNESLK S

1. Wiviott SD et al. Circulation 2008;118:1626—-1636.




RRREE (%)

Ticagrelor 98

HR 0.84 (95% CI 0.77-0.92), p=0.0003

0 60 120 180 240 300 360

B8
BEERREELSEH,
{BESEIMG AR SRR P A RS (JANon-

—

CABG) TEZ1#/n

M
5.8%vs 6.9%
(p=0.005)
CVIET
4.0% vs. 5.1%,
(P=0.001)

4.5% vs. 5.9%
( P<0.001).
stroke:
1.5% vs. 1.3%,
(P=0.22)

K-M estimated rate (% per year)

" Non-CABG Non-CABG
PLATO major TIMI major
bleeding bleeding

BRERINARRER, I MEZE?

NS M Ticagrelor
79 B Clopidogrel

CABG CABG
PLATO major TIMI major

bleeding bleeding U CR



BEREE: EARELORFEERRAHE
HR 0.96 (95% CI 0.75, 1.22)

Hizard Ratio Tot al
Characteristic (95% CI) Patients

Regi on
Asi al Austral ia 1714
Cant/Sth Amarica 1237
Euro./Md E./Alr. 13859
MNorth America 1814

Di abetes Me itus
No 13962
Yos 46862

Pl annaed Tr eat mant Approach
I nvasi ve 13408
Medically managed 5216
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 The FDA reviewers came to a different conclusion than the AZ team with respect
to the data on Renal failure. They felt that individuals with an eGFR of <30
ml/min are at greater risk for death and major bleeding and do not appear to
receive benefit from ticagrelor as evidenced by an HR of 0.97.

» They felt that consideration should be given to contraindicating against or

warning against using ticagrelor in this population( patients with eGFR< 30
mi/min).

Source: FDA's board advisory meeting documents UM220193



Figure 23. Forrest Plot: HR by Country
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