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Initiation amplification

Savi et al., Thromb Haemost 2000
Savi et al., BBRC 2001



JUSTUS-LIEBIG-

UNIVERSITAT
@ GIESSEN

Class

Binding

Activation

Nonresponders

Onset of Effect

Duration of Effect

Withdrawal Before
Major Surgery

P2Y ., Inhibitors

Clopidogrel

Prasugrel

Ticagrelor

Thienopyridine

Thienopyridine

Triazolopyrimidine

Irreversible Irreversible Reversible
g s e e
Yes No No
2-4 h 30 min 30 min
3-10 days 5-10 days 3-4 days
5 days 7 days 5 days

Adapted from Hamm CW, et al. Eur Heart J. 2011;32:2999-3054. www.escardio.org/guidelines.
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Metabolism of P2Y ., Inhibitors

No in vivo
biotransformation

CYP-dependent
oxidation
CYP3A4/5

CYP2B6

CYPICID

Ticagrelor _

N\ Binding
Hydrolysis
by esterase

. \ CYP-dependent

oxidation oxidation

. Active Compound CYP1A2 CYP2C19
| di boli CYP2B6 CYP3A4/5
. ntermediate metabolite CYP2C19 CYP2B6

. Prodrug

Mod. NEJM 2009
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Binding Sites to P2Y,,

Ticagrelor

Birkeland et al. BJM, 2010



Antiplatelet Effect Clopidogrel vs. Ticagrelor ':.
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Prasugrel vs. Ticagrelor: Platelet Inhibition
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® Ticagrelor

Prasugrel
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Alexopoulos et al. JACC 2012;60:193-199



PLATO PLATO Study Design

NSTE-ACS (moderate-to-high risk) STEMI (if primary PCl)
Clopidogrel-treated or -naive;
randomised within 24 hours of index event

(N=18,624)
I
Clopidogrel Ticagrelor
If pre-treated, no additional loading dose; 180-mg loading dose, then
if naive, standard 300-mg loading dose, 90-mg bid maintenance;
then 75-mg qd maintenance (additional 90 mg pre-PCl)

6—12-Month Exposure

Primary End Point: CV Death + Ml + Stroke
Primary Safety End Point: Total major bleeding

PLATO, Platelet Inhibition and Patient Outcomes.
James S, et al. Am Heart J. 2009;157:599—-605.



K-M estimate of time to first primary efficacy PLATb
event (composite of CV death, Ml or stroke)

13 -
12 A

Clopidogrel
11- p1aog

=
o
L

Ticagrelor

Cumulative incidence (%)
o

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

0 60 120 180 240 300 360

No. at risk Days after randomisation

Ticagrelor 9,333 8,628 8,460 8,219 6,743 5,161 4,147
Clopidogrel 9,291 8,521 8,362 8,124 6,743 5,096 4,047

K-M = Kaplan-Meier; HR = hazard ratio; Cl = confidence interval l l( R
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Secondary efficacy endpoints over time PLATO e

Myocardial infarction Cardiovascular death
7 : 7
Clopidogrel 6.9
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HR 0.84 (95% CI 0.75-0.95), p=0.005 HR 0.79 (95% Cl 0.69-0.91), p=0.001
01 0,
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0 60 120 180 240 300 360 0 60 120 180 240 300 360
No. at risk Days after randomisation Days after randomisation
Ticagrelor 9,333 8,678 8520 8,279 6,796 5,210 4,191 9,333 8,294 8,822 8,626 7119 5,482 4,419
Clopidogrel 9,291 8,560 8,405 8177 6,703 5136 4,109 9,291 8865 8780 8589 7079 5441 4,364

UCR
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Kohli P, et al. JACC 2012



Reduction of Clinical Events under Ticagrelor
in PLATO
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inkl. CV Death/MI/Stroke/SRI/RI/TIA/ATE
(severe) recurrent ischemia (SRI/RI), transient ischemic attack (TIA), arterial thromboses (ATE)

Kohli P, et al. JACC 2012



Ticagrelor versus Clopidogrel — Invasive/ Non-invasive

(sub-analysis of PLATO Trial)

« Cumulative all-cause mortality in patients intended for invasive and non-
invasive management.
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James et al, ESC 2010
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Hazard Ratios and Rates of Primary End Point in Predefined Subgroups of Study Patients

KM % at
Hazard Ratio Total  Month 12 P value
Characteristic (95% ClI) Patients Ti. Cl. HR (95% Cl)  {Interaction)
Region : 0.05
Asia/Australia —h:—- 1714 11.4 14.8 0.80(0.61, 1.04)
Central/South America —1 1237 15.2 17.9 0.86 (0.65, 1.13)
Europe/Middle East/Africa —.I— 13859 8.8 11.0 0.80 (0.72, 0.90)
North America E T—+— 1814 11.9 0.6 1.25(0.93, 1.67)
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PLATO: Distribution of ASA Dose g[‘g\s’ggﬁ”m
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modifiziert nach FDA Advisory Committee Members Memorandum 29t June 2010



ICAC-adjudicated primary endpoint by ASA
dose category and treatment for US and non-US

ASA Dose Ticagrelor  Clopidogrel
Region (mg) N E N E HR (95% Cl)
i
|
us |
|
> =300 324 40 352 27 162 (099, 264 ) | ——
>100 — <300 22 2 B 2 i
< =100 284 19 263 24 073 (040, 133) — o
|
|
Non—US :
> =300 “0 28 M0 23 123 (071, 21) I —
>100 — <300 503 62 51 63 100 (0.7, 142) .—
|
< =100 7449 546 7443 699 0.78 (0.69, 087 ) [ ]
|
|
ASA Acetylsalicylic acid :
ClI Confidence interval | — T | T
E Events 0.125 050 1 2 4 8
HR Hazard ratio € >
N Number of patients Ticagrelor Better | Clopidogrel Better

Ticagrelor Briefing Document for Cardiovascular and Renal Drugs Advisory Committee Meeting, 81
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Hazard Ratio, T:C
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ASS Dose (mg)

Modified after FDA Advisory Committee Members Memorandum 29" June 2010



KAPLAN-MEIER PLOT OF ICAC-ADJUDICATED PRIMARY ENDPOINT
BY TREATMENT GROUP AND ASA DOSE CATEGORY

— PLATO FULL ANALYSIS SET

16 -

High-dose ASA defined as median daily dose of 2300 mg.
Low-dose ASA defined as median daily dose of <300 mg.
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ASS Low (<300mg) : HR (95% Cl), 0.79 (0.71, 0.88)

Kaplan-Meier Estimated Event Rate (%)
oo
1

ASS High (2300mg) : HR (95% Cl), 1.45 (1.01, 2.09)

0 60 120 180 240 300 360
Days From Randomization

Ticagrelor Briefing Document for Cardiovascular and Renal Drugs Advisory Committee Meeting, 83



ASA-Hypothesis: High dose ASA blocks
PGI,-Production

Low dose High dose Dose dependent Platelet aggregation?!
ASS ASS
.I. \/ pump
-~ == 3000 - l —s— high aspirin
X Cox-2 » — control
(Thrombozyt) (Endothel) = = =¥ [OW aspirin
3 = 2000
>
Y 3 E
Thromboxan Prostacyclin % g’_ 1000
TXA, PGI, o

Platelet
aggregation

Warner TD et al. Br J Clin Pharmacol. 2011 Feb 15.
Mahaffey KW et al. Circulation 2011; Jun 27.
Mod. Borgdorff P. et al. Journal of the American College of Cardiology 2006 48:4 (817-823)
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Cumulative incidence (%)

HR 0.84 (95% CI1 0.77-0.92), p=0.0003
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Ticagrelor: Potential Mechanism of Action

Asystole | Dyspnea G | Agitation
Cytoprotection | |/ | Bronchospasm b Anxiety
Apoptosis | M
Vasodilatation

TICAGRELOR

Yy
\

N

HO OH

CLOPIDOGREL,PRASUGREL ADENOSINE

P2Y12 inhibition | Gt
| Aggregation S/ | {f Uricacid
[l Secretion w’ |{i Creatinine

V.L. Serebruany. Eur H J, 2010
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Cardiovascular Insult N
(eg. ischemia, hypoxia)
- 5

Acute Protection Adaptation

Hypertrophy{/Fibrosis

Acute Cardioprotection®t
(A/Asu/A 5/ AAR) Vi ARS)
Angiogenesis*{1
Inflammatory Inhibition*} W/ (A1/Aza/Aze/A;AR)
(Ay/Ay/A5/AAR) SN
; k Delayed Conditioning*{
GchonsIs.G(Zt;o;;; Oxidation} / (A A, JAn/AAR)

Catecholamine Release/Activityt " ' T
(AAR) e

* - support from human tissue studies; { - supported from animal models; } - speculative/debated
Headrick et al., BBA 1808: 1413-1428, 2011
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Ticagrelor Increases Blood Flow

CBFV, cm/sec

90

/70

50

30

10

Ticagrelor significantly increase adenosine
induced CBFV at 50 and 80 pg/fkg/min

g - = Ticagrelor Pre
p ===« Ticagrelor Post Theophyllin

—Ticagrelor Post IP

-
I
—
—

0 20 80 110 140

Adenosine dose, ug/kg/min

AstraZeneca, in File



Time to Pulmonary AE on Treatment*
Pulmonary Infection or Sepsis

Safety Population™*: 18,421 ACS patients

5
Clopidogrel
4-
> Ticagrelor
T 3-
i
B 27
= Tvs. C: HR 0.83 (95% Cl: 0.71-0.98);
(®)
1- P=0.024
0 I I I I I I I
0 2 4 6 8 10 12

Time after randomisation (months)
Number at risk
T 9235 7581 7178 6890 5427 4002 3617
C 9186 7609 7285 7003 5514 4080 3693

* Within 7 days of last intake of study drug
** received at least one dose of study medication

Storey RF, et al. JACC 2012; 59 (13, Suppl.): E482



Time to death following pulmonary AE
on-treatment™ — an exploratory post-hoc analysis

Safety Population™*: 18,421 ACS patients
2.0

=
u
l

Tvs. C: HR 0.46 (95% Cl: 0.31-0.70);
== (Clopidogrel P =0.001
= Ticagrelor

Clopidogrel

Cumulative incidence (%)
[N
o
|

o
&)

Ticagrelor

I I I I I
2 4 6 8 10 12

Time after randomisation (months)

T
0

Number at risk
T 9235 8852 8751 8554 7067 5438 4382
C 9186 8786 8701 8514 7023 5387 4320

* Within 7 days of last intake of study drug
** received at least one dose of study medication

Storey RF, et al. JACC 2012; 59 (13, Suppl.): E482
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What do the Guidelines Recommend? -°:
KERCKHOFF
| KLINIK
Firopea Heart Jbumd (2008) 29, 20092045 ESC GUIDELINES
Management of acute myocardial infarction
European Heart Journal ESC GUIDELINES

in patients presenting with persistent e cort010eubenre s
ST-segment elevation

The Task Force on the management of ST-segment elevation acute ESC Guidelines for tl-le ma-nagement of.acute
myocardial infarction of the European Society of Cardiology: coronary syndromes in patients presenting

Authors/Task Force Members: Frans Van de Werf, Chairperson (Be % without per5|stent ST-segment elevation
Jeroen Bax (T he Netherlands), Amadeo Betriu (Spain),
Carina Blomstrom-Lundqvist (Sweden), Filippo Crea (Ita
(Germany), Gerasimos Filippatos (Greece), Keith Fg
Adnan Kastrati (Germany), Annika Rosengren
Marco Tubaro (lItaly), Freek Verheugt (Tb
(Austria), Michael Weis (Germany

The Task Force for the management of acute coronary syndromes
(ACS) in patients presenting without persistent ST-segment
elevation of the European Society of Cardiology (ESC)

Authors/Task Force Members: Christian W. Hamm (Chairperson) (Germany)¥*,
Jean-Pierre Bassand (Co-Chairperson)*, (France), Stefan Agewall (Norway),

eroen Bax (The Netherlands), Eric Boersma (The Netherlands), Hector Bueno
pain), Pio Caso (Italy), Dariusz Dudek (Poland), Stephan Gielen (Germany),
Huber (Austria), Magnus Ohman (USA), Mark C. Petrie (UK), Frank Sonntag
many), Miguel Sousa Uva (Portugal), Robert F. Storey (UK), William Wijns
Belgium), Doron Zahger (Israel).

"I} ESC Committee for Practice Guidelines: Jeroen J. Bax (Chairperson) (The Netherlands), Angelo Auricchio
(Switzerland), Helmut Baumgartner (Germany), Claudio Ceconi (Italy), Veronica Dean (France), Christi Deaton
(UK), Robert Fagard (Belgium), Christian Funck-Brentano (France), David Hasdai (Israel), Arno Hoes (The
Netherlands), Juhani Knuuti (Finland), Philippe Kolh (Belgium), Theresa McDonagh (UK), Cyril Moulin (France),
Don Poldermans (The Netherlands), Bogdan A. Popescu (Romania), ieliko Reiner (Croatia), Udo Sechtem
(Germany), Per Anton Sirnes (Norway), Adam Torbicki (Poland), Alec Vahanian (France), Stephan Windecker
(Switzerland).

2011 ACCF/AHA Focused Update of the Guidelines

for the Management of Patients With Unstable Angina/
Non-ST-Elevation Myocardial Infarction

(Updating the 2007 Guideline)

A Report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines




Ticagrelor vs. Clopidogrel nach Region und ASS-

Dosis in PLATO

PLATO: Priméarer Endpunkt (CV-Mortalitat, Ml, Schlaganfall)

ASS Dosis Ticagrelor Clopidogrel
Region (mg) N E N E HR (95% ClI)
usS 2300 324 40 352 27 1.62(0.99, 2.64) i ———
>100-<300 | 22 2 16 2 i
<100 284 19 263 24 0.73(0.40, 1.33) —
Non-US 2300 140 28 140 23 1.23(0.71,2.14) i P
>100-<300 | 503 62 511 63 1.00(0.71, 1.42) .=
<100 7449 546 7443 699 0.78(0.69, 0.87) -
1 1 1 : 1 1 1
0.125 05 10 2 4 8
N = Anzahl Patienten; E = primare Endpunkt Ereignisse ) _
Ticagrelor Better Clopidogrel Better

modifiziert nach Mahaffey KW et al. et al, Circulation 2011; Jun 27. [Epub ahead of print]



Recommendations for Oral
Antiplatelet Agents (1)

Recommendations Class

Aspirin should be given to all patients without contraindications at an initial
loading dose of 150-300 mg, and at a maintenance dose of 75-100 mg daily I
long-term regardless of treatment strategy.

A P2Y,, inhibitor should be added to aspirin as soon as possible and maintained
over 12 months, unless there are contraindications such as excessive risk of I
bleeding.

Ticagrelor (180 mg loading dose, 90 mg twice dalily) Is
recommended for all patients at moderate-to-high risk of
Ischaemic events (e.g. elevated troponins), regardless
of initial treatment strategy and including those pre-
treated with clopidogrel (which should be discontinued
when ticagrelor is commenced).

P2Y ,,-inhibitor-naive patients (especially diabetics) in whom coronary anatomy I
is known and who are proceeding to PCI unless there is a high risk of life-
threatening bleeding or other contraindications.

an Heart Journal (2011) 32:2999-3054

EUROPEAN

www.escardio.org/guidelines i:10.1093/eurheartj/ehr236 SOCIETY OF
CARDIOLOGY *
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