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Atrial Fibrillation
An Opportunity for Stroke Prevention

Affects ~1% of the population, ~10% of elderly
The number.is rising.
4-5006/year: stroke rate
Iheriskemay befalling:
12%/year forthose With prior: stroke
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Anticoagulation in Atrial Fibrillation
Stroke Risk Reductions

Warfarin Control

Better Better
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Anticoagulation in Atrial Fibrillation
The Standard of Care for Stroke Prevention

Warfarin Control

Better Better
I

AFASAK | Wl Unblinded
: | :
Wi Unblinded |
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Efficacy of Warfarin in Trials vs. Practice
Stroke Risk Reductions

Treatment Treatment
Better

\Warfarin vs.
Placeboe/Control

Walrfaiinwse Medicare cohort
NOranticoagulation 1 =123,601

10)0)% 0)% 0) ~5)0)%



Net Clinical Benefit of Warfarin
Related to Patient Age

Age 75-84

Age 65-74

-1 -0.5 0.5 1 1.5 2.5 3

Warfarin worse Warfarin better
Net Clinical Benefit

(events per 100 person years)

Singer DE, et al. Ann Intern Med 2009; 151: 297.



Aspirin for Atrial Fibrillation
Stroke Risk Reductions

AFASAK |

SPAF |

EAET

LASAE | |

UKTIA S
AYUEYaLe I

(10)0)% 50%) 0 ~50%) ~10]0)%)
ASPIN ASPININ

BEtEn WOISE



Antithrombotic Therapy for Atrial Fibrillation
Stroke Risk Reductions

Treatment Treatment
Better

\Warfarin vs.
Placebo/Control

Antiplatelersarigs :: BHlrials
VSHPRIaCEND) =676

10]0)% 50%) 0 =50%



Atrial Fibrillation




Atrial Fibrillation

Who Needs It? \




Risk Stratification in AF

Stroke Risk Factors

High-Risk Factors Moderate-Risk Factors
» Mitral stenosis Age >75 years

. Prosthetic heart valve Hypertension
- Diabetes mellitus

* Heart fallure or | LV function

lLess Validated Risk Factors Dubious Factors

AGE 6515 YEAlS DUrauen orARE
s Corenany aten/ tISEAse * Patienn oirAE
L FEemalergenaer (perSJsterJ‘t VS, |2 lfJA/vmrlJ)

S TYRIOXICOSIS s Eeftratfial



The CHADS, Index
Stroke Risk Score for Atrial Fibrillation

Score (points Prevalence (%)*
Congestive Heart failure 1 32
Hypertension 1 65
D]JJsigs mgllltJ:s 1 18
Stroke o A 2 (should be 82) 10
VIO EftESRIIT NI SK =2 $0=¢0)

[FOWTI SK: 0= 210)=5)0)



The CHADS, Index
Stroke Risk In Patients with Atrial Fibrillation

Score Risk of Stroke
(points) (%l/year)

1.9

Risk .nrs_)ruu for: sVo/year:
Anticoagulation

G 1 o> (CSENS)
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Risk Stratification and Anticoagulation
Stroke Reduction with Warfarin Instead of Aspirin

12
Number of patients
T >300 ~100 ~50 <10 Needed-to-treat
with
Warfarin vs. Aspirin
8 - to prevent
m No therapy 1 stroke/year
6 - m Aspirin

m \Warfarin

Event Rate (%l/year)

CHADS, Score

AFASAK |, AFASAK II, ATHENS, BAFTA, EAFT, NASPEAF, PATAF, SIFA, SPAF II, SPAF IIl, WASPO



Antithrombotic Therapy for Atrial Fibrillation
ACC/AHA/HRS Guidelines, Updated 2011

Risk Category

Recommended Therapy

No risk factors
CHADS, =0

Aspirin, 81-325 mg qd
or No therapy

One moderate risk factor
CHADS, =1

Aspirin, 81-325 mg/d
or Warfarin
(INR 2.0-3.0, target 2.5)
or Factor lla/Xa inhibitor*

Any high risk factor
or >1 moderate risk factor
CHADS, >2

Warfarin
(INR 2.0-3.0, target 2.5)
or Factor lla/Xa inhibitor*

Mitral stenosis
or prosthetic valve

Warfarin
(INR 2.0-3.0 or higher)



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

—  BillFMurray: ini Ghesthusters© (1.984),
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Patient Selection for Anticoagulation
Additional Considerations

Risk of bleeding

Newly anticeoagulated vs. establishec
thenapy:

AV apITYFeIFRTIgR=guality anticoaguiaton
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TEE-Defined Patient Subsets
Event Rates During Combination Therapy

Neither
1.2%lyear
(1/64)




The CHA,DS,VASc Index
Stroke Risk Score for Atrial Fibrillation

Weight (points)

Congestive heart failure or LVEF < 35% 1
Hypertension
Age >15 years

Stw.ssﬁ | \/3 ystemic embolism 5
VascularsDisease (MI/PAD/ACItIC plague) ]
'\Jl-‘ Oo-74 years 1

SEXCAtEgORA(Temale) ]

Wleelereiie=rlic)nl 1S > 2
ISOWAISKS (=4



Risk of Stroke or Systemic Embolism
Related to Troponin-l Levels at Entry
Hazard Ratios in the RE-LY Trial
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Troponin | (pg/L)

Hijazi Z, et al. Circulation 2012; (published online February 28)



Risk of Stroke or Systemic Embolism
Related to NT-proBNP Levels at Entry
Hazard Ratios in the RE-LY Trial

NT-proBNP (ng/L)

Hijazi Z, et al. Circulation 2012; (published online February 28)



The HAS-BLED Score

Risk Score for Predicting Bleeding In
Anticoagulated Patients with Atrial Fibrillation

Weight (points)

Hypertension (>160 mmHg systolic)
Abnormal renal or hepatic function
Stroke
Bleeding nistory oranemia 1

aplle INR (IRR <60%0) 1
Eloeny(age >7syears) 1
Prugs (antiplatel ets; INSAIDS) & al conel 1-2
rlig)f) risi 4%y ezr) >4
Vieclsraie risi (2-4%lyezr) 2-3

[FOWATSK: (S2000Ecly) 0|



Intracerebral Hemorrhage
The Worst Complication of Antithrombotic Therapy

>10% of intracerebral hemorrhages (ICH)
OCCUr In patients on antithrombotic therapy

Aspirin Increases the risk by ~40%
e Warfarn (INR'2—3) doubles the rsk te 0.3—
0.6%/year

' ICH durning anticoaguiation IS catastrophic



Risk Factors for ICH

During Anticoagulation

Established or likely factors

* Age >/5 years
Hypertension (systolic BP >160 mmHQg)
Cerebrovascular dlsease (prior stroke)

* Initiali r)F‘J'L)J of a an't]coagula‘ﬂon
* Concomitan arJﬂpJateJe‘t therapy.
°  Amylold cerenrallangiopat

) Le,hwr IOSIS

NICILY,

2 F PPACCO and alcenol

C
lT[



The ACTIVE Trial
Clopidogrel + Aspirin

Atrial Fibrillation + Risk Factors

ACTIVE - W

ACTIVE - A

Anticoaqulation-eligible

VKA Clopidogrel
(INR 2-3) + Aspirin

OAC Contraindications or Unwilling

Open-label
Non-inferiority
n =6,706

Aspirin Clopidogrel
+ Placebo + Aspirin

Double-blind
Superiority
n=7,554

Irbesartan, 300 mg/d vs. Placebo ACTHVE - |
n=9,016




The ACTIVE Trials
Rates of Disabling Stroke and Major Bleeding

Mean CHADS, Score = 2.1

B Disabling Strokes

B Major Bleeding

N

B Stroke or Major Bleeding
ACTIVE-A ACTIVE-W
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WOEST Study Primary Endpoint
Incidence of TIMI Bleeding Events

a1
o

—— Triple therapy group
— Double therapy group

40

HR=0.36 95% CI 0.26-0.50
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WOEST Study Secondary Endpoint

Incidence of Death, MI, Stroke,
Stent Thrombosis & Target Vessel Revascularization

N
o

—— Triple therapy group

—— Double therapy group
HR=0.60 95% CI 0.38-0.94
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WOEST Study

All-cause Mortality

o
&)

—— Triple therapy group
—— Double therapy group

o1

HR=0.39 95%Cl 0.16-0.93
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INR at the Time of Stroke or Bleeding
Efficacy and Safety of \Warfarin

ISchemic Stroke Intracranial bleeding

@dds Ratio

INtEmnmanenalNeIaliZeEC  RatiG)



The ldeal Anticoagulant
Essential Properties

Wide therapeutic margin
Infrequent oral dosing
* Lack of foed/drug Interactions
* Noneed for lanoratory moniterng
* Readily reversiple emnect
* AlTordaniiity.




Investigational Anticoagulant Targets

ORAL PARENTERAL
TFPI (tifacogin)
TTP889

<_IXa APC (drotrecogin alfa)
Villa STM (ART-123)

Rivaroxaban

INthrembin)

\”_a/
AREC acliVated iproteinie©

Al antithromin
SiIVIEseluplethrombemaeaulin

= LISSUE Tactor;
ERIEISSUETACIOPAWayannInItoer
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RE-LY Trial

Randomized Evaluation of Long-term
Anticoagulant Therapy with Dabigatran Etexilate

Non-valvular AF +
>1 stroke risk n = 18,113

factor

Open-label Blinded

|
Warfarin

Dabigatran

Dabigatran
110 g bicl
n=29o,015

(INR 2.0-3.0)
n=6,022

150 rng bid
n=6,076

Primany elbjective: neninferority Vvs. Warfarn

Ohsenvation peroed: mmnimum: 1, mean 2, maximum: 3 years
Primany endpoint: all'streke + systemic emboelism

Saifety: measure: bleeding durng treatment

Connolly SJ et al. N Engl J Med 2009; 361: 1139.



RE-LY Trial
Primary Events

All Strokes and Systemic Embolic Events

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

pI=0:0044(INoninferonty)




RE-LY Trial
All Major Bleeding

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

p.=NS Warfarin
—————"~———— = Dabigatran 110 mg bid
p=0002  p=004  =Dabi ) mg b

:




RE-LY Trial
Hemorrhagic Stroke Events

Intracerebral hemorrhages

Warfarin

p/<0.001 & Dahicatrar

pI<01001




Analysis of Bleeding Events
RE-LY Trial

Warfarin (n = 6,022)
M Dabigatran, 150 mg bid (n = 6,076)

eeding Eventst

3.3%

0
1.5% 1.6%




RE-LY Trial
Acute Myocardial Infarction*

Warfarin
¥ Dabigatran 110 mg bid
T Dabigatran 150 mg bid

* Includes asymptomatic events
identified during FDA review

0= 017

0 =100




Dabigatran Etexilate (Pradaxa®)
Adverse Reactions

Dyspepsia (11.3) [5.8]
Fatigue (6.6) [6.2]

connellysSdrettal i NENGII AVied 20095 S645 41598



Relative Risks of Stroke and Systemic Embolism
Meta-Analysis

Warfarin vs. Placebo/control I:I

Warfarin vs. low-dose warfarin + ASA I:I

Warfarin vs. ASA I—I—I

Warfarnivs. dabigatian 110 mg bid

Wariarn Vvs. dabigatian 150/mg bid

Favors warfarin Favors alternative



RE-LY Trial
Net Clinical Benetfit

Nonhemorrhagic strokes + Life-threatening bleeds + Deaths

0 m Life-threatening bleeding

§ 195 B Nonhemorrhagic stroke
IS

100 B All-cause mortalit

connellysSdrettal i NENGII AVied 20095 S645 41598



Dabigatran Dosing in Patients With Renal Impairment
Pharmacokinetic Modeling

_____ 75 mg bid, 15.0 mL/min
--------------- 75 mg bid, 29.0 mL/min
150 mg bid, 68.6 mL/min

Concentration (ng/mL)

Time (h)



Relative Risks of Major Bleeding
Each of Two Doses of Dabigatran vs. Warfarin

Dabigatran 110 mg b.i.d. Dabigatran 150 mg b.i.d.
vs. warfarin vs. warfarin

<65 —M——




ROCKET-AF Trial

Risk Factors

StUdy DeSIgn i At least 2 or 3

* Hypertension
*Age>T75 required*
* Diabetes

Atrial Fibrillation *Stroke, TIA or

systemic embolism

" Randomize "
Rivaroxaban Doatts Bl Warfarin

Double Dummy

20 mg daily (n ~ 14,264) INR target - 2.9
15 mg for Cr ClI 30-49 ml/min (2.0-3.0 Inclusive)

Monthly Monitoring
Adherence to standard of care guidelines

Primary Endpoint: Stroke or non-CNS Systemic Embolism

* Enrollment of patients without prior. stroke, TIA or. systemic embolism and only 2 factors limited to 10%



ROCKET-AF Trial

Stroke and Systemic Embolism

N

Cumulative event rate (%)

NO. at risk:
Rivaroxaban 6958
Warfarin 7004

Rivaroxaban

1.71

Warfarin

2.16

Warfarin

Rivaroxaban

HR (95% Cl) 0.79 (0.66-0.96)
Noninferiority p <0.001

Days irom Randomization
6211 1786 5468 440 3407 2472 1496 634
6327 5911 5542 446 3478 2539 1538 655



ROCKET-AF Trial
Stroke and Systemic Embolism

Rivaroxaban Warfarin

Event Rates HR .
(%lyear) (95% Cl)
i 0.79

Treatment : _
N=14 143 (0.65,0.95)

ITT
N= 14,171 ' ' (0.74,1.03)

|UES for SUperiority.

Rivaroxaban \Warfarin
better better

— B —t BB



ROCKET-AF Trial
Hemorrhagic Events

Hazard ratio

Oucome Mo iy tmamo  wsecs
All bleeding 14.9 14.5 1.03 (0.96, 1.11) 'L'
Major bleeding 3.6 3.4 1.04 (0.90, 1.20) H
Hemoglobin ¢ (22 g/dL) 2.8 2.3 1.22 (1.03, 1.44)* F

Transfusion 2 u RBC 1.6 1.3 1.25 (1.01, 1.55)*
Critical site 0.8 1.2 0.69 (0.53, 0.91)*

Intracranial 0.5 0.7 0.67 (0.47, 0.93)*

Fatal 0.2 0.5 0.50 (0.31, 0.79)*

Other clinically relevant 1.04 (0.96, 1.13)




Analysis of Bleeding Events
ROCKET-AF Trial

¢
M Rivaroxaban B Warfarin f \

(n=7,111) (n=7,125)




ROCKET-AF Trial
INR Time in Therapeutic Range

Mean = 55%
Warfarin

INR range Median (25™ - 75 %ile)

<1.5 2.7 (0.0 -9.0)
1.5t0<1.8 7.9 (3.5 -14.0)
1.8 to <2.0 9.1 (5.3 -13.6)
2.0to0 3.0 57.8 (43.0 — 70.5)
>3.0to 3.2 4.0 (1.9 —-6.5)
>3.2105.0 7.9 (3.3 -13.8)

>5.0 0.0 (0.0 — 0.5)




Primary Events in Patients with
Moderately Impaired Renal Function

Creatinine Clearance 30—49 ml/min

Rivaroxaban Warfarin
15 mg/d (INR 2-3)

Warfarin

8
7
6
S}

2.32 2.77

ent rate (%)

Rivaroxaban



Relative Risks of Major Events in the Elderly
Rivaroxaban vs. Warfarin

Stroke + Embolism Major Bleeding

S 75 ] ] ]

<
<L
0) 0.5 1 0] 1.5 2.0 ) 0.5 10 1.5 2.0 0) 0.5 10) 1.5 2.0
Rivaroxaban Warfarin Rivaroxaban Warfarin Rivaroxaban Warfarin
better petter. petter better: better: petter

|| ~ 1 ay e N N ) 1°) ©l0 d
Halperin JL, et al., Stroke 2012 43: A-148.



ARISTOTLE Trial
Study Design

Inclusion risk factors Randomize Major exclusion criteria
Age 2 75 years

double blind, = Mechanical prosthetic valve
Prior stroke, TIA, or SE = Severe renal insufficiency
HF or LVEF = 40% double dummy = Need for aspirin plus
Diabetes mellitus (n'=18,201) thienopyridine
Hypertension ‘

ARIXa NSO el tWICEd ally]

Welrizlfin)
ZESIMUIIGNNISEIECIEU P ALIENTS)

(e EIINRSZ=S)!

Prinziry ottgornss el sirae or sysiiSmie Smoolisr

llerarchical testing SNoNAINTENOHLYAOPHMary 60 ULCOMESUPEROIILYAOIpTIm ary/
QUICOMEMaOrZBleedngyaeatn



ARISTOTLE Trial

Primary Outcome: All Stroke or Systemic Embolism

= Warfarin

Non-inferiority p <0.001

21% RRR

Apixaban

Apixaban 212 patients, 1.27%/year
Weliald NIZ65H0 ati ENTSTE6 050/ eal
HR 0.79 (95% CI; 0.66—0.95); Supgrlorlc/ p = 0.011

NO. at RISk

Weigizirin 90 &)k 620 S0 572 $405 1768
ApIxaban: 9120 3126 3440 6051 3464 1754



ARISTOTLE Trial

Major Bleeding Events

Warfarin

31% RRR

Apixaban 327 patients, 2.13%/year
WarlaiNS46200¢e ltlen;J, 5:09006/y el
HR 0.69 (95% ClI, 0.60-0.80); p <0.001

NO. at RISK

Weirizirir) 9052 7910 7335 5198 295%) 204
ApIXxanan 9088 5108 7564 53569 5048 L5145



Novel Oral Anticoagulants in Advanced Development
Pharmacological Properties

Target

Molecular
Weight (g/mol)

Prodrug

Bioavailability
(%)

Time to peak

(h)

Half-life (h)

Renal
excretion (%)

Antidote




New Oral Anticoagulants

Phase Ill Trials for Prevention of Stroke
and Systemic Embolism in Patients with AF

Trial Dose : RiSK VKA-naive
Drug Design n Factors
Acronym (mQ) @) (%)
_ 150 bid
RE-LY Dabigatran _ PROBE | 18,113 1 S10)
110 bid
: 20 qd :
ROCKET-AF | Rivaroxaban 15 qd* Blinded | 14,266 > 2 38
. 5 bid .
ARISTOTLE Apixaban , Blinded | 18,206 > 1 43
2.5 bid*
30 qd :
ENGAGE-AF Edoxaban 60 qd Blinded | >20,000 > 2 ~40

~Adjusted 19




New Oral Anticoagulants for AF
Variations in Trial Design

Blinded vs. open-label

Intrinsic patient risk
. CHADS, score

- AQE
- VKA=NaIve
s lViahagemenoitheatmentitianSItions
S DENNIENS
nmeNntieERPEUl G gENWaldaliin)
- Crlisrichior meljor aleeline)

Prioriey of FEF Vs, O cirzhy/sis

L



Recently Completed AF Trials

Distribution of Stroke Risk Factors
CHADS, Scores

RE-LY ARISTOTLE ROCKET-AF

Mean 2.2

Connolly SJ, et al. N Engl J Med 2009;561:1139.
Patel MR, et al. N Engl J Med 2011; 365:683.
Granger CB et al. N Eng J Med 2011; 365




All Stroke and Systemic Embolism
Comparisons to Warfarin

Dabigatran 150 mg b.i.d. |

Dabigatran 110 mg b.i.d.

Rivaroxaban 20 mg o.d.

Abixaban 5 mg b.i.d.

o5 2
Favors NOAC Favors Warfarin




Rates of Ischemic Stroke
Comparisons to Warfarin

Dabigatran 150 mg b.i.d. o

Dabigatran 110 mg b.i.d.

Rivaroxaban 20 mg o.d.

Abixaban 5 mg b.i.d.

o5 2
Favors NOAC Favors Warfarin




Rates of Major Bleeding
Comparisons to Warfarin

Dabigatran 150 mg b.i.d. ———

Dabigatran 110 mg b.i.d.

Rivaroxaban 20 mg o.d.

Abixaban 5 mg b.i.d. ——

o5 1 2
Favors NOAC Favors Warfarin




Rates of Hemorrhagic Stroke
Comparisons to Warfarin

Dabigatran 150 mg b.i.d. |

Dabigatran 110 mg b.i.d. |

Rivaroxaban 20 mg o.d.

Abixaban 5 mg b.i.d. ——

0.1

Favors NOAC



All-Cause Mortality Rates
Comparisons to Warfarin

Dabigatran 150 mg b.i.d. ——

Dabigatran 110 mg b.i.d.

Rivaroxaban 20 mg o.d.

Abixaban 5mg b.i.d.

o5 2
Favors NOAC Favors Warfarin




Three New Oral Anticoagulants for AF
Key Similarities

» Allfare noninferior to warfarin for prevention of
total stroke and/systemic embolism

> Allreduce the riskiefiintiacerebralinemorihage

1@%J/gdr



Three New Oral Anticoagulants for AF
Several Differences

« Dabigatran (150 mg twice daily) reduced
ISchemic stroke more than warfarin but
caused more extracranial bleeding,

especiallysinithe elderdy:

an(20imarencerdaily)reducediatal
0INGIUECAUSEU MOLErEXtiaCranial
(9) eedingJ

AT Xl NS G RV CENA alIV)NEC UCEUNTI A OFF
alseeline) zinel 2ill=ezitise fofiiliny, O feoe
czlfeliovEiseuleir treo iy,



Emerging Anticoagulants
Clinical Uncertainties

Will a short half-life obviate the need for an antidote
oI escalate risk related to missed doses?

IHOW 10 asSess anticoagulant effect in acute
ationNs?

How terbalance benefit:and riskiornewly,
dnticoaguiated patientsivsithese staple on
Wl d 2

CanbEEFanticoaguiantSEElimiNatetn ENNECUNOIFISKe
Serelifilezitien?

Wil ellmmel;mJ ziriticoziejulzigion womniiorinie) celveirssly
M PACHO I EIRASPECTISIO TGN ER,



Alternatives to Anticoagulation
Atrial Fibrillation

Current approaches

Restoration and maintenance of sinus rhythm
» Antiarrhythmic drug therapy.
e Catheterablation
e Viazeroperation
Emerging (Investigational) appra

I
Q
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%

ODlIteration G thel e ta'trial appendage
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Atrial Fibrillation and Thromboembolism
The Next Challenges

Integrated risk-stratification schemes that consider
both stroke and bleeding and address new.

* Accelerating development of reversal agents
* ComparativereliectivVeness studies

e [largeied Upstieam Al preventon i SUSCEPLI
PEPUIALIGRAS

(]



From Fermented Sweet Clover
to Molecular Targeting of Thrombosis

The Promise of New Oral Anticoagulants

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







