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Atrial Fibrillation
A Substantial Threat to the Brain

Affects ~4% of people aged >60 years
~9% of those aged >80 years

5%lyear stroke rate

12%lyear for those with prior stroke

$ billions annual cost for stroke care
Cardioembolic strokes are often disabling

AF identifies millions of people with a
five-fold increased risk of stroke

Anticoagulation in Atrial Fibrillation
Stroke Risk Reductions

Warfarin Control
Better Better

AFASAK

SPAF
BAATAF

CAFA

SPINAE

EAFT

Aggregate
10056 50%

Hart R, et al. Ann Intern Med 2007;146:857.




Anticoagulation in Atrial Fibrillation
The Standard of Care for Stroke Prevention

Warfarin Control
Better Better

AFASAK | esssfsssss  Unblinded

SPAF | ie—(— I

BAATAF —|— Unblinded

CAFA —|—I—— Terminated early
SPINAF * Doub:le-blind; Mein only

EAFT —|— 2° prevention; Unblinded

Aggregate

100% 907

Hart R} et al. Anniintern Ved 2007;146:857.

Antithrombotic Therapy for Atrial Fibrillation
Stroke Risk Reduction

Treatment Treatment
Better

6 Trials
n = 2,900

Warfarin vs.
Placebo/Control

Antiplatelet drugs 8 Trials
vs. Placebo : :

1007 907

Hart R, et al. Ann Intern Med 2007;146:857.




Efficacy of Warfarin in Trials vs. Practice
Stroke Risk Reductions

Treatment Treatment
Better

6 Trials

Warfarin vs.
n= 2,900

Placebo/Control

Warfarin vs. Medicare cohort
No anticoagulation :

Hart R} et al. Anniintern Ved 2007;146:857.
Birman-Deych| E Stroke 2006; 37: 1070-1074.

Intracerebral Hemorrhage

The Most Feared Complication
of Antithrombotic Therapy

>10% of intracerebral hemorrhages (ICH)
OCCUr ini patients on antithrombetic therapy

Aspirin increases the risk ofi ICH by ~40%

Warfarin (INR 2-3) doubles theirisk off ICH to
0:8=0L670/yeal

|CHH during anticoagulation’is, catastrophic

Hart RG, et al. Stroke 2005;36:1588.




Risk Stratification in AF
Stroke Risk Factors

High-Risk Factors Moderate-Risk Factors
- Mitral stenosis © Age >75 years
» Prosthetic heart valve * Hypertension
» Histony, of stroke or TIA » Digbetes mellitus
* Heart failure or | EVifunction
Less Validated Risk Factors Dubious Eactors

* AQE 6o—701VEaNsS = DurationieipAlE

sl (Corenan/anten/ diSease U Petign) of AR

s EemalelaEnder: (pPersistentvstparexy/smeal)
S IGLOXICOSIS sRlEeiatinalidiameter

Singer DE, et al. Chest 2004;126:429S.
Fang MC, et al. Circulation 2005; 112: 1687.

The CHADS, Index
Stroke Risk Score for Atrial Fibrillation

Score (points Prevalence (%)*

Cardiac failure 1 32
Hypertension 1 65
Age >75 years 1 28
Diabetes mellitus 1 18
Stroke or TIA 2 (should be 3) 10

High risk >0 22
Moderate risk 1-2 33=50
Low risk (0)5% 18=51

VanWalraven C, et al. Arch [ntern Med 2003; 163:936.
“NieuwlaatiR; et al. (EuroHeart survey) Eur Heart’J 2006 (E-publistied):




The CHADS, Index
Stroke Risk Score for Atrial Fibrillation

Score Risk of Stroke

(points) (Y%lyear)
1.9

Approximate .
Risk threshold for 3%lyear
Anticoagulation

Van Walraven C, et al. Archi Intern Med 2003; 163:936.
Go A, et al. JAMA 2003; 290 2685;
Gage BE, et al. Cireulation 2004, 14.0: 2287

Antithrombotic Therapy for Atrial

Fibrillation

N
Risk Ca

‘ No risk factors

CHADS, =0
Aspirin, 81-325 mg/d or

Warfarin
(INR 2.0-3.0, target 2.5)

One moderate risk factor

CHADS, = 1

Any high risk factor or .
>1 moderate risk factor Warfarin

CHADS, >2 (INR 2.0-3.0, target 2.5)
or Mitral stenosis

Warfarin
(INR 2.5-3.5, target 3.0)

Prosthetic valve

Fuster V, et al. Eur Heart J 2006;27:1979.




“"Actually, it's more of a guideline than a rule.”

— BilllMurray intGhostbusters© (1984),

relaxinarhistlier nEVER Ll GEtINVeIVEd WIh POSSESSED
PEOPIESINNESPONSENCISIgoUImEYVVEAVERS SEdUCHVE

advances.

INR at the Time of Stroke or Bleeding
Efficacy and Safety of Wartarin

Ischemic Stroke

Odds Ratio

|
- |
= \.’—.\.

| I [ I
7.0 8.0

1.0 2.0 3.0 4.0 5.0 6.0
International Normalized Ratio

Fang MC, et al. Ann Intern Med 2004; 141:745.
Hylek EM, et al. N Engl J Med 1996; 335:540.




The ACTIVE Trials
Stroke Rates and Risk Reductions

Treatment Aspirin

ACTIVE W
(Annual Rate)

ACTIVE A
(Annual Rate)
_
versus Aspirin
RRR
-429
-_

VKA = oral anticoagulant
C+A = clopidegrel + aspirin
Connolly'SJ; et'al. Lancet 2006; 367:1903.
Connolly SJ; et al. N/ Engl'J Med/2009; 360:2066:

The Ideal Anticoagulant
Essential Properties

Wide therapeutic margin
Convenient dosing

|_ack feod or drug interactions
Nerneediiorlaberatory moniterng
Readily reversible effect
Alierdable




Investigational Anticoagulant Targets

ORAL PARENTERAL
TFPI (tifacogin)
TTP889

APC (drotrecogin alfa)
Rivaroxaban a sTM (ART-123)
Apixaban
Edoxaban
Betrixaban Idraparinux
YM150
LY547717
TAK 42 Il (thrombin) DX-9065a

Otamixaban
Dabigatran e >

APC activated protein C
Fibrinogenm —————p-Fibrin AT Al .
sTM| soluble thrombomodulin
IE tissueifactor
ERIF tissug factor pathway inhibitor
Adapted from Weitz JI. Thromb Haemost 2007; 5 Suppl 1:65-7.

Emerging Anticoagulants
Potential Alternatives to Warfarin

Thrombin inhibitors Factor Xa inhibitors
Direct, oral Indirect, parenteral
Ximelagatran Idraparinux
Dabigitran
Direct, oral
Rivaroxaban
Apixaban
others




RE-LY® Trial
Randomized Evaluation of Long-term =
Anticoagulant Therapy with Dabigatran Etexilate

Non-valvular AF + n=18,113
>1 stroke risk factor
Open-label | Blinded

Warfarin Dabigatran Dabigatran
(INR 2.0-3.0) 110 g bid 150 mg bid
n = 6,022 n=6,015 n=6,076

Primary objective: noninferiority vs. warfarin

Observation period: minimum 1, mean 2, maximum 3/ yeans
Primary’ endpoint: all sticke + systemic embolism

Safety measure: bleeding during treatment

Connolly SJietial.' N' Engl'J Med 20095 361, 1139.

RE-LY Trial
Primary Events
All' Strokes and Systemic Embolic Events

Warfarin
p <0.001 (Superiority) g papigatran 110 mg bid

s N Dabigatran 150 mg bid
p <0.001 (Noninferiority)

f—%
1.69 1.53

Event Rate (%l/year)

Connolly SJietial. N Engl'J Med 20095 361, 1139.



RE-LY Trial
Nonhemorrhagic Stroke Events

Ischemic Strokes and Strokes of Unspecified Mechanism

Warfarin
p <0.034 1 Dabigatran 110 mg bid
Dabigatran 150 mg bid

Event Rate (%l/year)

Connolly SJietial.' N' Engl'J Med 20095 361, 1139.

RE-LY Trial
Hemorrhagic Stroke Events

Intracerebral hemorrhages

<0.001 Warfarin
RS- ® Dabigatran 110 mg bid

—— Dabigatran 150 mg bid
p <0.001

—M

0.38

Event Rate (%l/year)

Connolly SJietial. N Engl'J Med 20095 361, 1139.




RE-LY Trial
All Major Bleeding

Hgb ! >2 g/dl or Transfusion >2 units or Critical Site

p=NS Warfarin
r—/% 3 Dabigatran 110 mg bid

p = 0.002 p=0.04 Dabigatran 150 mg bid

Event Rate (%l/year)

Connolly SJietial.' N' Engl'J Med 20095 361, 1139.

RE-LY Trial
Acute Myocardial Infarction

WWELET
1l Dabigatran 110 mg bid
Dabigatran 150 mg bid

/—/%

Event Rate (%l/year)

Connolly SJietial. N Engl'J Med 20095 361, 1139.



RE-LY Trial
All-Cause Mortality

p = 0.047 WET L)
i Dabigatran 110 mg bid
Dabigatran 150 mg bid

Event Rate (%l/year)

Connolly SJietial.' N' Engl'J Med 20095 361, 1139.

RE-LY Trial
Net Clinical Benefit

Nonhemorrhagic strokes + Life-threatening bleeds + Deaths

e m Life-threatening bleeding

125 ® Nonhemorrhagic stroke

100 - ® All-cause mortality
75

50

25
0

= [l

-50

Net Benefit
(Adverse Events Avoided)

110 mg bid 150 mg bid

Dabigatran Compared to Warfarin




Quality of Warfarin Control
International Normalized Ratio

SPORTIF-V Blinded

SPORTIF-III Unblinded

RE-LY Unblinded

0O 10 20 30 40 50 60 70 80 90 100

Time in Therapeutic Range (%)

Quality of Warfarin Control
International Normalized Ratio

SPORTIF-V

SPORTIF-IIl

RE-LY
Warfarin control necessary —
Dabigatran 150 mg bid
0O 10 20 30 40 50 60 70 80 90 100

Time in Therapeutic Range (%)

Gage BFE. N Engl'J Vied2009; 361, 1200.




Oral Factor Xa Inhibitors

Ongoing Phase Il Trials for Prevention of Stroke
and Systemic Embolism. in Patients with AF

Trial Comparator Risk
Acronym P factors
20 mg* Warfari
ROCKET-AF | Rivaroxaban qrgg (INaR Z”;) 14,000
, 5 mg Warfarin
ARISTOTLE Apixab 15,000 >1

Warfarin
(INR 2-3)

* Adjusted based on renal function

Biotinylated Indraparinux
A Reversible Anticoagulant

Idraparinux

Avidine

Sanofi-Aventis




Emerging Anticoagulants
Regulatory Issues

Open-label vs. blinded trial design

Issues related to active-control trial design

How many trials are needed?

Avoiding “market creep” to unapproved indications

Assessing patient-oriented outcomes

Alternatives to Anticoagulation
Atrial Fibrillation

Current approaches
Restoration and maintenance of sinus rhythm
» Antiarrhythmic drug therapy.
» Catheter ablation
* Maze operation
Emerging (investigational)

appro%’l@lﬁ%ration of the left atrial'appendage

» Trans-catheter occluding devices
» Thoracoscopic epicardiall plication
. Amputation

Is atrial fibrillation the cause of stroke
or a marker of a population at risk?




Patient Selection for Anticoagulation
Additional Considerations

* Risk of bleeding

* Newly anticoagulated vs. established
therapy

» Availability of high-quality anticoagulation
management program

s Patient preferences

From Fermented Sweet Clover
to Molecular Targeting of Coagulation

The Promise of New Anticoagulants

.5
-

The Goal:
To bring effective therapy to many
more patients and prevent thousands of strokes.




