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Important roles of ADP and TXA, in platelet function
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Aspirin and P2Y,, antagonists are the most common form of
antithrombotic therapy
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P2Y,, antagonists in current use
(in combination with low dose aspirin)

Clopidogrel —
very widely used as an oral agent in patients with acute
coronary syndromes

Prasugrel —
an oral agent proven to provide better antithrombotic therapy
than clopidogrel in STEMI patients (TRITON TIMI-38)

Ticagrelor —
an oral agent proven to provide better antithrombotic therapy
than clopidogrel in patients with ACS (PLATO)

Cangrelor —
under development as an agent for intravenous use during
acute coronary interventions



Differences between P2Y, antagonists

drug action | reversibility onset offset inhibition of variability
platelet function of effect

clopidogrel | prodrug | irreversible slow slow partial variable

prasugrel prodrug | irreversible fast slow more complete | lessvariable
*k

ticagrelor direct reversible fast faster more complete | lessvariable
** . . . . . .

cangrelor direct reversible | immediate | veryrapid | more complete | lessvariable

* significant effect on mortality in PLATO

** clinical trials stillincomplete




Platelet function — P-selectin

Clopidogrel - variable effect in different patients

Healthy Controls

Healthy Controls

ACS Patients
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Fox et al, Platelets 2009; 20(4): 250-259



Platelet function — P-selectin
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Outcomes at 9 months

a * P-selectin test on blood samples
a from ACS patients on treatment
fa with clopidogrel (n=100)
AAA“ * Results for patients who
A

developed a cardiovascular event
(MI / cardiovascular death) within
9 months are shown on the right

(outcomes, n=11)

e Patients who remained stable are
shown on the left (n=89)

outcomes

Thomas et al, paper in preparation



Platelet function — P-selectin
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acute stable prasugrel

clopidogrel

P-selectin test on blood samples
from

e ACS patients in the acute setting
after a cardiovascular event
(n=58)

» Stable patients with a history of
ACS (n=19) on clopidogrel for
secondary prevention

* ACS patients in the acute setting
after a cardiovascular event on

prasugrel (n=19)

Wijeyeratne et al, paper in preparation



Mean percentage inhibition (final extent)
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Inhibition of platelet aggregation by clopidogrel and ticagrelor

Final extent
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*No second dose of study medication was given on day 28.

Husted et al. Eur Heart J 2006; 27: 1038-47 (DISPERSE study)



PLATO study - North American paradox and Dyspnoea

Hazard ratio Patients  Ticagrelor Clopidogrel Hazard ratio p value
(95% C1) (95% C1) (interaction)
Characteristic H
Overall treatment effect H
Primary efficacy endpoint . 13408 569 (9-0%) 668 (107%)  0.84(075-094)
e : 0-4857
<65 years — 8206  260(67%)  318(83%)  0-81(0-68-095)
265 years — 5200 308(126%)  349(14-4%)  0-87 (075-102)
Sex H 09429 i
Male i 06 306 490000 084(074-096) hazard ratio for
L 170 (10-8% 199 (12.5% .84 (0-68-1- . . .
Wi ; 382 os e esossly ticagrelor | clopidogrel ticagrelorgroup Pvalue
<60 kg — 879 48 (12:0%) 61(14-2%) 084 (0:57-1:22) o0
260 kg _' 12484 515 (8-7%) 600 (10-3%) 0-84(0-75-0-95) [95 /6 CI )
Final diagnosis H 250 (81%) 23 ) 07544
STEMI - 6575 : 93 (9:5% 086 (0.72-1:02)
NSTEMI/UA/other ACS I 6805 316 (9.7%) 372(118%)  0-83(071-0-96) any 1270/9235 721/9186 1.84 { 1.68-2.0 2} <0.001
Time from index event to treatment H 0-5697 { 13 8 ) { 7 8 ) - - " "
<12h 7808 295 (8-0%) 350 (9.7%) 0-82 (0-70-0-95) . -
212h - 5407 264(103%)  306(119%)  0.87(0.74-1.03) .
Troponin | H 0-2548
Positve - 139 4590 576(108%)  084(075-095) requiring 79/9235 13/9186
Negative . 73 66BN SBEEW)  104(073-148) discontinuation of 6.12 (3.41-11.01) <0.001
Diabetes mellitus ; 06440 (0 . 9) {0 . 1)
No e 10289 390(30%)  450(36%)  083(073-095) study treatment
Yes = 3109 179 (12-4%) 209(142%) 088 (0-72-1-07)
Previous myocardial infarction H 07235
No 11119 425 (8-0%) 495 (9-5%) 0-85 (0-75-0-97) 0
Yes 279 M4(35%)  173(163%)  081(065-101) Dyspnea— no./total no. (%)
Previous CABG H 09509
No - 12661 SLL(BS%)  598(101%)  0.84(075-0.95)
Yes —_— 737 58 (17:8%) 70(200%)  0-85(0-60-1:20)
Aspirin during first hospital admission H 07177
No — g 262 19(13-9%) 17 (14-4%) 096 (0-50-1.84)
Yes -.- 13128 550(89%)  649(106%)  084(075-0.94)
Glycoprotein llb/llla during first hospital admission i 03715
No 8660 349(85%) 422 (10-5%) 0-81(0-70-0-94)
Yes - 4730 220(9-8%) 244(108%)  0.90 (0-75-1-08)
Geographical region H 01095 D
:33 ::d Au:l?alia — 173 58 (10-3%) 67(123%)  0.86(0-60-122) yS p n O e a
Central and South America — 865 57 (137%) 73(180%)  075(0-53-1.07)
Europe, Middle East, Africa - we gffl%:) 458 :10-1%3 080 (070-0.91) . o] e, . ?
North America [ N— 1627 1%, 70(9-1%) 1.21 (0-88-1-66)
i | (inhibition of adenosine uptake?)
<600 mg - 11284 498(93%)  585(110%)  0.85(0-75-0-95)
2600 mg R 2122 71(7-0%) 83(85%) 081 (0:59-1:12)
Total dopidogrel (OL+1P) before 1to i 07332
24 h after first dose IP H
<600 mg - o7 431(93%)  S14(112%)  0.83(073-095)
2600 mg —a 3634 138 (7:9%) 154(9-1%) 0-87 (0-69-1.10)
T T T T T T TT T T 1
02 05 10 \o -
Ticagrelor better Clopidog\ better

North American paradox
(use of higher doses of aspirin?)

Wallentin et al. N Engl J Med 2009;361:1045-1057 (PLATO Study)



North American paradox
(use of higher doses of aspirin?)
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Aggregation (AUC)

 All P2Y,, antagonists promote inhibition
of platelet aggregation by PGI,
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lyd et al, Platelets 2011;22(7):504-15



Table L IC., values for various cAMP-elevating agents in the absence and presence of cangrelor.

CAMP-elevating agent Aggregating agent Vehicle Cangrelor
PGI; (nM) U46619 28+0.6 0.84+0.2
TRAP 6.0£1.0 1.1+0.4
U46619 4+ TRAP 40+22.6 43+1.2
lloprost (nM) U46619 33+1.3 0.9+0.1
TRAP 454+1.1 1.0£ 0.0
U46619 +TRAP 19.7+£0.3 2.1£0.1
PGD. (nM) U46619 33413 1945
TRAP 117 £62 15+ 8
U46619 + TRAP 4134213 434+ 24
Adenosine (pM) U46619 =10 0.7£0.1
TRAP =10 2.34+04
U46619 + ' TRAP =10 =10
Forskolin (pM) U46619 =10 1.940.5
TRAP =10 3.241.3
U46619 + TRAP =10 6.442

Notes: 1Cs; values were determined in response to aggregauon induced by U46619, TRAP or a
combination of U46619 and TRAP in whole blood. For determination of the 1C<, value for adenosine,
experiments were performed in the presence of dipyridamole.

 All P2Y_, antagonists promote inhibition
of platelet aggregation by all agents that
raise CAMP in platelets

lyd et al, Platelets 2011;22(7):504-15
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* All P2Y,, antagonists promote
inhibition of platelet
aggregation by increasing the
levels of cCAMP attained

lyd et al, Platelets 2011;22(7):504-15



Additional mechanism of action of ticagrelor?
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Additional mechanism of action of ticagrelor? ]
a) vehicle b) cangrelor
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* P2Y,, antagonists, including ticagrelor, DO NOT enhance inhibition of platelet
aggregation by adenosine when erythrocytes are present

* P2Y,, antagonists, including ticagrelor, DO enhance inhibition of platelet aggregation
by adenosine when dipyridamole is also present

» Ticagrelor DOES NOT have the ability to further inhibit platelet function via a

mechanism involving adenosine
lyu et al ATVB 2011 ;31:416-422



ADP and P2Y,, antagonists - conclusions

« Several P2Y ., antagonists are in development or already being
used in patients with ACS

« They all differ from each other in several respects with more
sustained and less variable inhibition of platelet function by
prasugrel and by cangrelor compared with clopidogrel

« The PLATO study (ticagrelor) revealed a “North American
Paradox” and dyspnoea as a side-effect

 Studies have revealed a strong enhancement of inhibition of
platelet function by PGl, in the presence of any P2Y,, antagonist

« Studies have NOT demonstrated any additional inhibitory effect
of ticagrelor on platelet function via inhibition of adenosine uptake
into erythrocytes



