Introduction and Overview of AF-Related Strokes (printer-fri... http://www.medscape.org/viewarticle/750177_print

There are no fees for participating in or receiving credit for this online educational activity. For information on
applicability and acceptance of continuing education credit for this activity, please consult your professional
licensing board.

This activity is designed to be completed within the time designated on the title page; physicians should claim
only those credits that reflect the time actually spent in the activity. To successfully earn credit, participants must
complete the activity online during the valid credit period that is noted on the title page. To receive AMA PRA
Category 1 Credit™, you must receive a minimum score of 70% on the post-test.

Follow these steps to earn CME/CE credit*:

1. Read the target audience, learning objectives, and author disclosures.

2. Study the educational content online or printed out.

3. Online, choose the best answer to each test question. To receive a certificate, you must receive a
passing score as designated at the top of the test. Medscape Education encourages you to complete the
Activity Evaluation to provide feedback for future programming.

You may now view or print the certificate from your CME/CE Tracker. You may print the certificate but you
cannot alter it. Credits will be tallied in your CME/CE Tracker and archived for 6 years; at any point within this
time period you can print out the tally as well as the certificates by accessing "Edit Your Profile" at the top of
your Medscape homepage.

*The credit that you receive is based on your user profile.

Hardware/Software Requirements

To access Medscape Education users will need

e A computer with an Internet connection.

¢ Internet Explorer 6.x or higher, Firefox 2.x or higher, Safari 2.x or higher, or any other W3C standards
compliant browser.

¢ Adobe Flash Player and/or an HTML5 capable browser may be required for video or audio playback.

¢ Occasionally other additional software may be required such as PowerPoint or Adobe Acrobat Reader.

Supported by an independent Supported by an independent
educational grant from educational grant from:
A

/J Bayer HealthCare

Daiichi-Sankyo

Supported by an independent
educational grant from:

™\ Boehringer
II"I Ingelheim

Introduction and Overview of AF-Related Strokes cue
Eugene Braunwald, MD

Posted: 09/27/2011

20f 12 28/09/2011 11:17



Introduction and Overview of AF-Related Strokes (printer-fri... http://www.medscape.org/viewarticle/750177_print

Download Slides

A New Era in the Management of Atrial Fibrillation:
An Update on Oral Anticoagulation
Introduction and Overview of AF-Related Strokes
Eugene Braunwald, MD

Development of Oral Direct Thrombin Inhibitors: Lessons From RE-LY
Lars Wallentin, MD, PhD

Development of Oral Factor Xa Inhibitors - Part I: Lessons From ROCKET AF
Robert M. Califf, MD

Development of Oral Factor Xa Inhibitors - Part II: Lessons From AVERROES and the
Design for ARISTOTLE
John H. Alexander, MD, MHS

Development of Oral Factor Xa Inhibitors - Part Ill: Design and Rationale for ENGAGE
AF-TIMI 48
Robert P. Giugliano, MD

Development of Oral Factor Xa Inhibitors - Part IV: Assessing the Next Wave of Agents
Alexander G. G. Turpie, MD

Panel Discussion and Implications for Patient Care
Lars Wallentin, MD, PhD

@ Thramhacie m M‘.".’?ﬂ'{“’"

Slide 1.

Eugene Braunwald, MD: Good afternoon. | am pleased to welcome you to a new era in the management of
atrial fibrillation (AF). This should be a very exciting symposium. We are going to hear about at least 6 new
drugs and it really represents a change in therapy.
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Introduction and Overview of AF-Related
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Dr. Braunwald: | have the pleasure of co-chairing this symposium with Professor Lars Wallentin, who will be the
next speaker. | would like to view some background.
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Dr. Braunwald: These are my relevant disclosures.

US Prevalence — AF Diagnosis: An Epidemic
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Dr. Braunwald: First, | want to give you an idea of the magnitude of the problem that we are talking about this
afternoon. This is the US prevalence. It certainly is an epidemic in the United States. | think if you multiply
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everything by 1.5, you get a very good idea of what it is in Europe. So, we expect at the middle of this century to
be dealing with a problem in the United States of 12 to 16 million and about 18 to 24 million in Europe. The risk
is enormous, 1 in 4 lifetime risk in men and women over the age of 40.

Causes of AF
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Dr. Braunwald: There are many causes of AF. You see just a few of them here, beginning at the top left,
hypertension, heart failure, obesity, diabetes, anemia, alcohol, age, sleep apnea, hyperthyroidism, genetic
abnormalities, obviously valvular heart disease, and pulmonary disease. The incidence of stroke in AF is
enormous.

Stroke in AF

* Approximately SX increased risk for stroke

.

Risk varies significantly depending on clinical factors

Embolic strokes from AF have worse outcomes

Substantial morbidity and mortality

Staggering healthcare costs ~ $16 billion/year
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Dr. Braunwald: On this slide you see Framingham data on the prevalence of AF and you see that almost 10%
of the normal population over the age of 80 has AF, about 6% over the age of 70. The strokes attributable to AF
are shown in red. You see they range up to 25%.

Stroke Risk Factors in AF

High Risk Moderate Risk Lower Risk
* Mitral stenosis * Age>75 * Age 65-75
* Prosthetic valve * Hypertension * CAD
disease
* Diabetes * Thyrotoxicosis
* History of stroke
Sl « CHForLV
dysfunction

LV = left ventricular; TIA = transient ischemic attack

Singer DE, et al. Chest. 2004;126:4295-456S
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Dr. Braunwald: The risk factors for stroke in patients who have AF, so these 25%, obviously at highest risk are
patients with mitral stenosis, prosthetic valve disease, and history of stroke. At moderate risk are patients over
75; patients with hypertension, diabetes, or heart failure; and at lower risk but still at substantial risk are patients
between the ages of 65 and 75, [and those with] coronary artery disease (CAD) and [those with] thyrotoxicosis.
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CHADS, Risk Score

Score (points) Prevalence (%)
CHF

1 32
Hypertension 1 65
Age > 75 years 1 28
Diabetes mellitus 1 18
Stroke or TIA 2 10
Moderate-high risk >2 50-60
Low risk 0-1 40-50

VanWalraven C, et al, Arch intern Med. 2003;163:936-943
Nieuwlaat R, et al, Eur Heorr /. 2006;27:3018-3026.
@ Thraenhmele Gage BF, et al. JAMA. 2001;285:2864-2870 t&tm M".’?".'ﬁ?‘*'
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Dr. Braunwald: There has been conservable interest in determining the risk score, the CHADS risk score to
help clarify established risks in patients with AF. CHADS is easy to remember. CHADS stands for congestive
heart failure, hypertension, age over 75, diabetes, or a previous stroke. In some large series of patients, about
32% had very low risk, just 1 point; 65% had hypertension, 28% were over 75, 18% had diabetes, and 10% had
a previous stroke. All you have to do is add these up numerically. Equal or more than 2 CHADS risk scores, the

prevalence is about 50% to 60%, and low risk is zero to 1 and 40% to 50%. You will hear reference to CHADS;
risk score throughout this symposium.

ACC/AHA/ESC Guidelines

Risk Factor Recommended Therapy
No risk factors .
Aspirin 81-325 mg
CHADS, =0
Aspirin 81-325 mg
One moderate risk factor or
CHADS, =1 Warfarin
(INR 2.0-3.0, target 2.5)
nctitote rok oo Warfarin
INR 2.0-3.0, t t 2.
CHADS, > 2 ( 0-3.0, target 2.5)
Warfarin

Prosthetic valve (INR 2.5-3.5, target 3.0)

O The héart., Medscape
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Dr. Braunwald: The ACC (American College of Cardiology), the AHA (American Heart Association), and the
European Society [of Cardiology] (ESC) have guidelines. For patients with no risk factors -- a CHADS score of
zero -- the recommended therapy is aspirin, no risk factor -- a CHADS score of 2 --aspirin or warfarin until now,
and of 2-3, any high-risk factor or more than 1, would be warfarin, and a prosthetic valve would be warfarin
targeted to 2.5 to 3.5.

Treatment of AF

@ Thrombosis héart., Medscape
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Dr. Braunwald: These are the current guidelines, and the treatment of AF obviously as we all recognize is
threefold. It is rhythm control, rate control, and anticoagulation.
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Stroke Prevention in AF: Warfarin vs Placebo
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Dr. Braunwald: The new era comes about on a very solid base, a base of 6 trials that studied warfarin against
placebo. This is a meta-analysis that showed a 64% reduction of stroke in patients with AF treated with warfarin
compared with placebo. A lot of the calculation of sample size for studies of non-inferiority is based on this 64%.

Limitations of Warfarin

* Delayed onset/offset
* Multiple food and drug interactions

* Genetic variability in metabolism (VKORC1
and CYP2C9)

* Requires frequent monitoring of INR because
of limited therapeutic index

@ Thrombosis héart., Medscape
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Dr. Braunwald: If warfarin is a useful drug, what are its limitations? There is delayed onset and offset. It takes 2
or 3 days, sometimes 4 days to achieve anticoagulation. If you want to stop the warfarin, it takes an equal
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amount of time for the offset. There are multiple food and drug interactions which change the amount of
anticoagulation. There is generic variability in metabolism, and now 2 genes have been identified, alleles of
which change metabolism. Of course it requires frequent monitoring of the INR (international normalized ratio)
[because of the] limited therapeutic index. Maybe in a discussion period we will come back to this.

Efficacy and Safety of Warfarin
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Dr. Braunwald: This is a classic slide and it shows the odds ratio for ischemic stroke in black and intracranial
bleeding is shown in red for various levels of the INR. You can see that this is the ideal zone between the 2
vertical arrows, between an INR of 2 and 3. That is where the stroke risk is lowest and intracranial bleeding risk
is lowest. As you depart from being between below 2 [and 3], the incidence of stroke rises and above 3 the
incidence of bleeding rises. | think that is why in many of the trials in which warfarin acts as a comparator, | think
people tend to look at this INR and how close it came to this optimal 2 to 3.
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Properties of an Ideal Anticoagulant

Properties Benefit
Oral, once-daily dosing Ease of administration

No need for overlapping parenteral

Rapid onset of action -
anticoagulant

Minimal food or drug interactions Simplified dosing
Predictable anticoagulant effect No coagulation monitoring
Extra renal clearance Safe in patients with renal disease

Simplifies management in case of

Rapid offsetin action bleeding or intervention

Antidote For emergencies

@ TR Lt t";”tm Mdludp(
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Dr. Braunwald: What would be the properties of an ideal anticoagulant? | think as we hear about these new
drugs, | think we should keep some of these properties in mind. If possible, you should have all once-daily
dosing. The benefit obviously is ease of administration. There should be a rapid onset of action, so there should
be no need for overlapping with a parenteral anticoagulant. There should be minimal food or drug interactions
so the dosing can be simplified. The anticoagulant effect should be predictable without anticoagulation
monitoring required.

Questions Regarding Novel
Anticoagulants

* How do we compare different drugs?

* Are they "better" if patients are well controlled
on warfarin?

e Will clinicians be comfortable with lack of ability
to monitor the level of anticoagulation?

¢ How do we manage anticoagulation
periprocedure?

* |s the fast offset a problem if patients are not
compliant?

e How we do evaluate cost-effectiveness?

@ TR Lt tv';gatm MaNd;x
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The extra renal clearance is important so that it is safe in patients with renal disease. Many people with AF are
elderly and have renal dysfunction. There should be a rapid offset in action. This simplifies the management in
case of bleeding. An antidote should be available for emergencies if at all possible.
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Eugene Braunwald, MD: | will ask my co-chairman, Professor Wallentin, who is the director of the Clinical
Trials Research Center in Uppsala, Sweden, to talk to us about an antithrombin agent and especially about the
RE-LY trial. Professor Wallentin.

Lars Wallentin, MD, PhD: Thank you for the introduction and for the invitation to contribute to this symposium
with a review of the development of the only approved oral thrombin inhibitor in this area, the RE-LY trial. | had
the privilege to co-chair the RE-LY trial with Dr. Salim Yusuf from Canada. The RE-LY trial was driven by 2
co-principle investigators, Professor Michael Ezekowitz from Philadelphia and Professor Stuart Connolly from
Canada. This was really the landmark trial. It was the first trial to really demonstrate that we could accomplish
better results with new agents than with warfarin.
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Dr. Wallentin: These are my disclosures. | have been collaborating and | am still collaborating with several

companies involved in the development of new antithrombotic agents.

Dabigatran Etexilate: A Novel Direct
Thrombin Inhibitor

¢ Oral prodrug, converted to dabigatran, a potent
reversible direct thrombin inhibitor

* Half-life of 12-17 hours

e ~80% renally excreted

* 6.5% bioavailability

* Rapid onset of action

* Predictable and consistent anticoagulant effects
* Low potential for drug-drug interactions, no drug-food interactions
* No requirement for routine coagulation monitoring

* Potent antithrombotic effects are achieved with direct thrombin
inhibitors by specifically blocking the activity of thrombin (both
free and clot-bound), the central enzyme in the process
responsible for clot (thrombus) formation

Stangier ), et al. Br J Chin Phormocol. 2007,64:292-303
Sorbera LA, et al. Drugs of the Future, 2005;30:877-885

@ ry PSR Belch S, et al. DM8. 2007 hZart Medscape
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Dr. Wallentin: Dabigatran etexilate is an oral prodrug. It is converted to the active compound and it has a
half-life of 12 to 17 hours. It is mainly renally excreted, at least to higher concentration at renal dysfunction. It
has a fairly low bioavailability, which was a concern before we saw the [study] results. It has a rapid onset of

4 of 18
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action, similar properties [as those of] low-molecular-weight heparin, with a peak level after around 2, 3, or 4
hours. It has a predictable and consistent anticoagulant effect, and there is no need for laboratory monitoring.
There are very few drug and food interactions, and it is a really potent agent that is also approved for treatment
of prevention of deep venous thrombosis.

RE-LY: Study Design

Atrial fibrillation with 2 1 risk factor
Absence of contraindications

!
|
‘ ‘
e Dabigatran etexilate Dabigatran etexilate
1mg,3mg,5mg ; i
110 mg twice a day 150 mg twice a day
(INR, 2.0-3.0) N = 6015 N = 6076
N = 6022 ) _

Primary objective: To establish the non-inferiority of dabigatran etexilate to warfarin

Minimum 1-year follow-up, maximum of 3 years, and mean of 2 years of follow-up

Erekowitz MD, et al. Am Heart J, 2009,157:805-810

@ Thrombosis Connolly SJ., et al. N Engl ) Med. 2009;361:1139-1151 f&tuu Medscape
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Dr. Wallentin: The RE-LY design was a prospective randomized trial. The treatment with dabigatran was open
label but the 2 dosages were blinded. Warfarin was also given open label with INR (international normalized
ratio) control, aiming for an INR between 2 and 3. The primary objective was the same as with many other trials
-- to establish the non-inferiority of dabigatran vs warfarin. We had a planned median 2 years follow up.
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Baseline Characteristics

Characteristic Dabigatran 110 mg Dabigatran 150 mg Warfarin
Randomly assigned 6015 6076 6022
Mean age (years) 71.4 71.5 71.6
Male (%) 64.3 63.2 63.3
cusgs,(;:)ore {esn) 21 2.2 21
2 (%) 32.6 32.2 30.9
3+ (%) 34.7 35.2 37.0
32.7 32.6 321
Prior stroke/TIA (%) 19.9 20.3 19.8
Prior Ml (%) 16.8 16.9 16.1
CHF (%) 32.2 31.8 319
Baseline aspirin (%) 40.0 38.7 40.6
VKA naive (%) 50.1 50.2 48.6
MI = myocardiol infarction; TIA = transient ischemic attack; VKA = vitamin K antagonist
@ Thrombosis Connolly $1, et al. N Engl J Med 2009; 361:1139-1151 PE”‘IM M"!?{fi;_llx‘
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Dr. Wallentin: The patient population was typical for this type of trial. These are elderly patients, 71 years old,
and two thirds were male. We had the distribution of CHADS score about one third in each of these 3 classes,
and of course [there were] risk factors like congestive heart failure. We aimed for a population that half of them
had not been exposed to warfarin before, and this is also a design that has been taken over by later trials.

Stroke or Systemic Embolism

Noninferiority  Superiority
Pvalue Pvalue
Dabigatran 110 mg
Ve Warfarln - <.001 29
Dabi
igatran 150 m.g <.001 <.001
vs Warfarin ©
<
-
"
=
oo
B
]
2
0.50 0.75 1.00 1.25 1.50
HR (95% CI)
@ Thrombosis Connolly S, et al. N Engl J Med. 2009; 361:1139-1151 I'Eﬂt,,g Md!‘(dpl
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Dr. Wallentin: The results are well known.
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RE-LY Efficacy Endpoint:
Stroke or Systemic Embolism

RR:0.90
0.05+ (95% CI: 0.74-1.10)
P < 001 (Non-inferior)
P = .29 (Superior)
0.04
RRR
% - Warfarin 35%
g 0.034 — Dabigatran etexilate 110 mg
= ~ Dabigatran etexilate 150 mg
s RR: 0.65
E 0.024 (95% Cl: 0.52-0.81)
v P < .001 (Noninferior)
P < .001 (Superior)
0.01 4
0.0 4
L) L) L) L) L] L)
0 0.5 1.0 1.5 2.0 25
Years
RR = relative risk; RRR = relative risk reduction
@ Thramb - Connolly $J, et al. N Engl J Med. 2009;361:1139-1151 t&tag M"!?{‘{!}X'
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It was shown that concerning the primary efficacy endpoints of stroke and systemic embolism, there was a
reduced event rate with a higher dose, dabigatran 150 mg twice daily. There was non-inferiority with a 110-mg
dose. Looking into the point estimate of the hazard ratio (HR) and the confidence interval (Cl), it can easily be
seen that the dabigatran 110[-mg dose] had a CI crossing the line of unity, but the 150-mg dose was
substantially below the line of unity. The dabigatran 150[-mg dose resulted in] a reduction in stroke compared
with warfarin. The reduction in stroke was mainly driven by hemorrhagic stroke, but there was also a significant
reduction in ischemic stroke.

RE-LY: Hemorrhagic Stroke

RR: 0.31 (95% CI: 0.17-0.56)

Pk .001 (Superior)
50 1 RR: 0.26 (95% CI: 0.14-0.49)
P <.001 (Superior) |
40 1
- RRR RRR
€ 74%
2 301
S
3
£ 207
=
z
10 1
0 Dabigatran 110 mg Dabigatran 150 mg Warfarin
twice a day twice a day
n=6015 n=6076 n = 6022
@ Thrombosis ¢ 2 M Enal P e Medscape
A onnolly $J, et al. N Engl J Med. 2009;361:1139-1151 tiﬁtﬂ'ﬂ Medscape
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Dr. Wallentin: This reduction in hemorrhagic stroke was 74%. It is really a dramatic reduction in comparison to
warfarin-treated patients. This was the first time that this had been seen with a new anticoagulant.

RE-LY Secondary Endpoint:
Vascular Mortality

RR: 0.90 (95% CI: 0.77-1.06)

P = .21 (Superior)
3.00 - RR: 0.85 (95% CI: 0.72-0.99)
1

| P = .04 (Superior)

RRR

% Per Year

1.00 4

0.00 4
D110 mg twice a day D150 mg twice a day Warfarin
28/6015 274/6076 317/6022
@ Thrombosis Connolly SJ, et al. N Engl J Med. 2009; 361:1139-1151. _I'_”‘ﬁ&tm M‘!-ﬁf&yl'

Slide 9.

Dr. Wallentin: Mortality was at the margin of statistical significance, and as you can see, vascular mortality was
significantly lower. Therefore there is definitely a strong trend toward reduced mortality with the more effective
anticoagulant agent than warfarin.

RE-LY Safety: Major Bleeding

RR: 0.80 (95% CI: 0.70-0.93)

P =.003 (Superior) RR: 0.93 (95% Cl: 0.81-1.07)
P = .31 (Superior)

4.00 -

3.50 A RRR
20%
3.00 -
2.50 A

2.00 -+

% Per Year

1.50 +
1.00 -
0.50 4

0.00 -
D110 mg twice a day D150 mg twice a day Warfarin

342/6015 399/6076 421 /6022

T Hhe ~ o
@ hrombosis Connolly S, et al. N Engl J Med. 2009; 361:1139-1151 twtag Mi!y{;«yw
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Dr. Wallentin: Major bleeding was similar at the higher dose, dabigatran 150 [mg]. It was lower with the lower
dose. That achieved non-inferiority concerning stroke and embolism. With the lower dose we can have the

same effect against stroke with a benefit of [less] bleeding. With a higher dose, we can reduce stroke and we
had the same rate of major bleeding.

Major Bleeding and Components

Characteristic

D110 mg D150 mg Warfarin

Pvalue P value
D110vs W D150vs W

Number of patients (n)
Major bleeding

« Life threatening
* Non-life threatening
* Gastrointestinal

Data represents %/year

D Th

Slide 11.

6015
2.87

1.24
1.83
1.15

6076
3.32

1.49
2.06
1.56

6022
3.57

1.85
1.92
1.07

Connolly SJ, et . N Engl J Med. 2009; 361:1139-1151

.003 31
<.001 .03
.65 .39
.52 .001

héart., Medscape

Dr. Wallentin: Concerning though the major bleeds, the life-threatening bleeds were, [the numbers were] really
reduced at both dosages of dabigatran, but there was an increase in gastrointestinal bleeding with a higher
dose of dabigatran in comparison with warfarin.
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RE-LY Subgroups

e Age

* CHADS, score

e Prior stroke/TIA
e Warfarin naive
eCenter TTR

TTR = time in therapeutic range

B Thromboie héart., Medscape
Slide 12.

Dr. Wallentin: The RE-LY trial was presented for the first time in 2009 and we have of course been looking into
many different additional questions and subgroups.

Age and Stroke and Non-Central Nervous
System Embolism

Dabigatran 110 mg vs Warfarin Dabigatran 150 mg vs Warfarin
P (INTERACTION) P (INTERACTION)
Age < 65 ~
Age 65-74 o i
Age 275 - 74 = 74
e b ——r—
0.50 1.00 1.50 0.50 1.00 1.50
Dabigatran better Warfarin better Dabigatran better Warfarin better
@ Thrombosis Hart.., Moscane
Slide 13.

Dr. Wallentin: We can look into the age issue and it can be seen that the results were consistent in relation to
age, reducing stroke in a similar way regardless of age.

10 of 18 28/09/2011 11:31



Development of Oral Direct Thrombin Inhibitors: Lessons Fr... http://www.medscape.org/viewarticle/750178_print

Age and Major Bleeding

Dabigatran 110 mg vs Warfarin Dabigatran 150 mg vs Warfarin
P(INTER) P(INTER)
Age<65 —W— = _—
Age 65-74 - ——
Age275 —— .0003 —— .0001
e il el T Tl
0.50 1.00 1.50 0.50 1.00 1.50
Dabigatran better Warfarin better Dabigatran better Warfarin better
@ Thrombosis héarto, Medscape

Slide 14.

Dr. Wallentin: However, the bleeding of course was related to age. There was an increased bleeding risk in the
elderly. Therefore it might be prudent to lower the dose in the elderly who are above 75 years old. There is a
new paper on this recently published in Circulation, highlighting the relationship between age and bleeding risk
with dabigatran and highlighting the need for the lower dose.

CHADS, and Stroke and Systemic
Embolism

D110 mg twice a day D150 mg twice a day
vs Warfarin vs Warfarin

Annual rate, %
CHADS, D110 D150 WARFARIN

0-1 1.06 065 108 r —a—
2 145 0.84 1.38 —&

3-6 212 188 273 —_= ——
P=.37 P=.84
0.50 1.00 1.50 0.50 1.00 1.50
Dabigatran Warfarin Dabigatran Warfarin
better better better better
@ Thrombosis héarto, Medscape
Slide 15.

Dr. Wallentin: We have looked into the CHADS risk score and outcomes and the results were very consistent at
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all CHADS risk scores. | think this is especially important in relation to the lower-risk population because even
patients with low risk for stroke according to the CHADS score have the same benefit, at least the same benefit
as patients at higher risk for stroke. Maybe we should consider expanding the indication for the newer oral

anticoagulants.

CHADS, and Major Bleeding

D110 mg twice a day
vs Warfarin
Annual rate, %
CHADS, D110 D150 WARFARIN
0-1 1.86 211 2.84 —a—
2 298 3.03 33 —a1
3-6 38 4.85 4.6 —&
P=.26
0.50 1.00 1.50
Dabigatran Warfarin
better better

@ Thrombosis

Slide 16.

D150 mg twice a day
vs Warfarin

0.50 1.00 1.50
Dabigatran Warfarin
better better

héart., Medscape

Dr. Wallentin: The CHADS scores were also related to the risk for bleeding.

CHADS, and Intracranial Bleeding

D110 mg twice a day
vs Warfarin
Annual rate, %
CHADS, D110 D150 WARFARIN
0-1 0.20 0.20 0.54 ——
2 0.22 0.26 0.69 ——
36 026 052 1.07 -g—
p=.7
e
0.50 1.00 1.50
Dabigatran Warfarin
better better

Slide 17.

12 of 18

D150 mg twice a day
vs Warfarin

e

0.50 1.00 1.50
Dabigatran Warfarin
better better

h&art., Medscape
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Dr. Wallentin: Of course elderly patients have higher CHADS scores and therefore [they are] at higher risk for
bleeding.

Prior Stroke Subgroup Analysis

Rate (% per year)
D110 D150 WAR Dabigatran 110 mg vs Warfarin Dabigatran 150 mg vs Warfarin
AN death
P{INTERACTION) P{INTERACTION)
Prior stroke/TIA 3.24 439 ass —— —L
No prior stroke/TIA  3.87 3.45 4.02 E = 06 E 5 5
Hemovrrhogic stroke
Prior stroke/TIA 008 02 077 +— ——
No prior stroke/TIA  0.13  0.07 0.29 R 09 i 97
Major bleeding
Prior stroke/TIA 274 414 a1s —— —
No prior stroke/TIA 291 3.1  3.42 E 15 = 18 51
L S— ) | B S—
0so 100 150 0.50 1.00 150
Dabigatran better Warfarin better Dabigatran better Warfarin better
@ Thrombosis Diener MC, et al. ASA International Stroke Conference 2010 @tﬂfﬂ M"‘!ﬁ"!{){'
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Still, there is a possibility to consider the lower dose, although the risk for stroke is high, to avoid bleeding.

Primary Outcome: Warfarin Naive

Non-inferiority Superiority Interaction
P value Pvalue P value
Dabigatran 110 mg vs Warfarin —-— <.001 29 72
- p 31

VKA Experienced f = 1 65

VKA Naive I [ i
Dabigatran 150 mg vs Warfarin <.001 <.001 84

VKA Experienced A .006

VKA Naive - .005

I Ll 1 1
0.50 0.75 1.00 1.25 1.50
HR (95% Cl)
Slide 19.

Dr. Wallentin: When we compare the new agents vs warfarin, it is tricky because TTR between 2 and 3 was
achieved in the median of 65.5% of patients in the RE-LY trial.
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Mean TTR by Country

; a1 — Q2 Q3
} $
{ PP TTITTER LS Mgl
® EEEEEE
g s greeii il
SERRER +3 s k3 : 3
a P X
:1 /'\ ‘ n . X "
T i J 3
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Republished from Wallentin L, et al. Loncet. 2010;376:975-983; with
@ Thrombosie permission from Elsevier % M!!?("Z’!‘)(‘
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Dr. Wallentin: As you can see, there is a substantial variation among countries and an even larger variation
between sites. The best country was Sweden and they had 77% TTR, but the worst as you can see was in Asia
and South America, down to 45%.

Is it really appropriate to compare the new agent with a stable anticoagulant effect vs an agent with large
variability and [find out] how much of the advantage was dependent on many centers [having] poor INR control.

Stroke or Systemic Embolism
According to cTTR

Q1: cTTR <57.1% Q2: cTTR 57.1%-65.5%
Q3: cTTR 65.5%-72.6% Q4: cTTR >72.6%

* Interaction P value (D110 mg twice a day vs W) = .90
t Interaction P value (D150 mg twice a day vs W) = .20

2.4 -

*Interaction P eval d by a multivariable approach
with center-based TTR as a continuous variable.

-
©

% Per Year
[y
~N

0.6
0
Q1 Q2 Q3 Q4
cTTR =center-bosed TTR
@ Thrombosis Wallentin L, et al. Lancet. In press. l:;%tl’ﬂ M"!ﬁ'{yl'
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We developed a method to compare centers' average INR control in the trial. The center's average was used for
all its patients in both the dabigatran and warfarin arms. By that, we see that there is a trend to attenuation of
the benefit at centers with better INR control, but still this interaction was not significant. So, overall we have an

effect regardless of TTR concerning stroke, but there is a trend toward attenuation.

Total Death
According to cTTR

Q1: cTTR <57.1% Q2: cTTR 57.1%-65.5%
Q3: cTTR 65.5%-72.6% Q4: cTTR >72.6%

* Interaction P value (D 110 mg twice a day vs W) = .07
T Interaction P value (D 150 mg twice a day vs W) = .05

6 1 *Interaction P evaluated by a multivariable approach
with cTTR as a continuous variable.

% Per Year
w

T 0o e
@ hrombosis Wallentin L, ¢t al. Lancet. In press. l’mtom M‘!?‘é‘x'
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The same could be seen for mortality, that most of the mortality benefit was obtained in centers with worse INR
control and there was not much benefit seen even at the margin of a significant interaction in relation to INR

control.

Major Bleeding

According to cTTR
+  *Interaction P value (D 110 twi d W) = .50
Q1: ¢TTR <57.1% Q2: CTTRI57.1%-65.5%. 1 earacticn pvabn (0/150 s oaton's Gayros Wie 08
Q3: cTTR 65.5%-72.6% Q4:cTTR > 72.6% *Interaction P evaluated by a multivariable approach
4 - with cTTR as a continuous variable.
3 -
g
>
52
[-%
®
1 4
0 b
@ LN e Wallentin L, et al. Lancet. In press. tz_“?tag M‘.’?‘"ﬂx'
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Slide 23.

Dr. Wallentin: Concerning major bleeding, you see the same, that the benefit in bleeding is more at centers with
better INR control.

Intracranial Bleeding
According to cTTR

Q1: cTTR <57.1% Q2: cTTR 57.1%-65.5%

Q3: cTTR 65.5%-72.6% Q4: cTTR >72.6%
1 - * Interaction P value (D 110 mg twice a day vs W) = .71
! Interaction P value (D 150 mg twice a day vs W) = .89

*Interaction P evaluated by a multivariable approach
with cTTR as a continuous variable.

0.75

0.5

% Per Year

0.25

- e W
@ hrombosis Wallentin L, et 3l Lancet. In press. rwtun M‘!’(.‘“k'
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Dr. Wallentin: | think this is a standard analysis that we should now request from all future trials. You need to
show us the results in relation to standards of INR control. We need to have an appropriate comparator.
Especially in my country, we have the best INR control in the world. This is always a question from the
regulators. What is in it for us? We need to have that answer of what is in it for us.
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Conclusions

* For stroke and major bleeding, both doses of dabigatran
provide advantages over warfarin at average TTR of 64%.

— 150 mg twice a day is superior in efficacy with similar bleeding
— 110 mg twice a day is noninferior in efficacy with less bleeding

— Both doses result in less intracranial bleeding

* Results are similar both in warfarin-naive and warfarin-
experienced patients, at different CHADS scores > 1 and
previous stroke.

* Dosing might need to be adjusted for older patients (> 75
years).

¢ In sites with good INR control, there is a consistent
reduction in intracranial bleeding, whereas other events
seem similar with dabigatran vs warfarin.

O T T héart., Madscape
Slide 25.

Dr. Wallentin: Overall for stroke and major bleeding, both doses of dabigatran provided advantages over
warfarin at an average TTR of 64. The 150[-mg dose] was superior in efficacy with similar bleeds. The 110[-mg
dose] was non-inferior in efficacy with less bleeding. Both dosages definitely [result in fewer] intracranial bleeds.
The results were similar in warfarin-naive and warfarin-experienced patients at different CHADS scores, and
even in patients with a previous stroke. The dosing might need to be adjusted [for older patients]. In sites with
good INR control, there was a consistent reduction in intracranial bleeding, while other events were similar at
centers with good INR control when you compare dabigatran with warfarin. Thank you for allowing me this quick
review.
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Slide 1.

Lars Wallentin, MD, PhD: By that | leave the floor to our mentor in big clinical trials, Professor Robert Califf
from Duke. He will discuss the development of oral factor Xa inhibitors and lessons from the ROCKET AF trial.

Robert M. Califf, MD: Thank you, Lars. It is a pleasure to be here today.
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Dr. Califf: It is my pleasure to talk about the development of [factor] Xa inhibitors, and specifically the ROCKET
AF clinical trial. These are my relevant disclosures and | will note that details of interactions with industry can be
found on the DCRI (Duke Clinical Research Institute) Website, which | am sure Dr. Alexander will also mention.

Background: Rivaroxaban

@*L,.f."

Slide 3.

Direct, specific, competitive
factor Xa inhibitor
Half-life 5-13 hours

Clearance:
— 1/3 direct renal excretion
-~ 2/3 metabolism via CYP450
enzymes
Oral once-daily dosing without
need for coagulation
monitoring

Studied in > 25,000 patients:
Postoperative patients,
patients with deep vein
thrombosis, pulmonary
embolism, or acute coronary
syndrome

Vil
< Rivaroxaban

lla

v

Fibrinogen ————— Fibrin

S Adapted from Weitz )i, Bates SM. / Thromb Moemost. 2005;3:1843-1853, l‘&tw M"!ﬁ'&}[l'

Dr. Califf: | think you are all aware by now that in addition to the oral direct thrombin inhibitors that Professor
Wallentin talked about, for years now a number of us have been working on the area of [factor] Xa inhibition,
specifically oral [factor] Xa inhibition. We have had the privilege [to be on the] executive and steering
committees working with rivaroxaban, which has a half-life of 5 to 13 hours, has about a third excreted by the
kidneys, and importantly two thirds is dealt with by the liver with CYP450 (cytochrome P 450) interactions. It is
given orally and was developed as a once-daily dosing regimen in atrial fibrillation (AF). Note that this drug has
also been extensively investigated in multiple other populations to round out its total profile. | think you are all
familiar with the cascade here and that rivaroxaban is acting a bit upstream compared with direct thrombin
inhibitors, which are down lower in the cascade here.
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Study Design

AF

=
blind/

20 mg daily D":’"’“’“"”"V INR target - 2.5
15 mg for CrCl 30-48 mit/ROH (2.0-3.0 inclusive)
Monthly monitoring

Adherence to standard of care guidelines

Primary endpoint: Stroke or non-CNS systemic embolism

* Enroliment of patients without prior stroke, TIA ,or systemic embolism and only 2 factors capped at 10%
CHF = congestive heart failure; CrCl = creatinine clearance; INR = international normalized ratio

@ Thrombosis héart., Medscape

b=y
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Dr. Califf: This is a simple schema of the trial that we did. It was intended to include the tweaks of having a
higher-risk population with at least 2 of the 3 major CHADS:, risk factors included or a history of stroke, TIA
(transient ischemic attack), or a systemic embolus. In the end, we [randomly assigned] 14,000 patients. This
was a double-blind, double-dummy study which brought into account many, many issues in terms of the trial
administration. That would not have been the case in an open-label trial. The primary endpoint was stroke or
non-CNS (central nervous system) systemic embolus, as is standard for this type of trial.

Study Conduct

Rivaroxaban Warfarin
Randomly assigned, n 7131 7133
Lost to follow-up, n 18 18
Premature discontinuation, n (%) 1693 (23.9%) 1589 (22.4%)
Withdrew consent, n 626 620

Median (25th, 75th) exposure (days) 589 (396, 805) 593 (404, 810)
Median (25th, 75th) follow-up (days) 706 (522, 884) 708 (518, 886)

@Tk--(—jrp!\r\,r;q '&tﬂﬂ M.‘.‘:!?‘.?ym

L —
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Dr. Califf: You can see we ended up with just over 7000 participants in each group. Only 18 in each group were
lost to follow-up but just over 23% total discontinued in the midst of the trial for a variety of reasons. The median
exposure was 589 days with a total follow-up. Importantly, we continued to follow patients who discontinued
assigned treatment for the duration of the trial. So, you can see over 700 days of follow-up total.

Baseline Demographics

Rivaroxaban Warfarin
(N=7081) (N =7090)
Age (years) 73 (65, 78) 73 (65, 78)
Female (%) 40 40
Race (%)
White 83 83
Black 1 1
Asian 13 13
Region (%)
North America 19 19
Latin America 13 13
Asia-Pacific 15 15
Central Europe 38 38
Western Europe 15 15
CrCl (mL/min) (%)
30-<50 21 21
51-<80 47 48
>80 32 31
- Values are median (interquartile range) o
@ Thr Based on ITT population tiﬂ_,tuq Medscape
Slide 6.

Dr. Califf: The population was high risk, with a quarter of the patients over the age of 78; 40% were women.
You can see we had a large participation of central Europe in this trial. | wish we had time to discuss this in
detail, but I think the international variation in the use of warfarin as Lars pointed out is going to be something
that merits a lot of attention by the global cardiovascular community. You can see we enrolled a lot of people
with impaired creatinine, mostly because of their age and not because of any particular renal dysfunction that

we were looking for.
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Baseline Demographics (cont)

Rivaroxaban Warfarin
(N =7081) (N = 7090)
CHADS, score (mean) 3.48 3.46
2 (%) 13 13
3 (%) 43 44
4 (%) 29 28
5 (%) 13 12
6 (%) 2 2
Prior vitamin K antagonist use (%) 62 63
CHF (%) 63 62
Hypertension (%) 90 91
Diabetes mellitus (%) 40 39
Prior stroke/TIA/embolism (%) 55 55
Prior myocardial infarction (%) 17 18
N Based on ITT population P“&rtcm 4Mu !.\'(';!p('

Slide 7.

Dr. Califf: Here you see the CHADS> scores and of note, we did not include patients with CHADS [score of] 1.
We were looking for the very high-risk patients, many of whom had multiple comorbidities. You can see that
more than 60% had heart failure, 90% had hypertension, 40% had diabetes, and over half had already had a
stroke, a TIA, or a systemic embolus. It was a very-high-risk population.

Primary Efficacy Outcome: Stroke and
Non-CNS Embolism

Rivaroxaban Warfarin .
Warfarin

171

HR (95% Cl): 0.79 (0.66, 0.96)

Cumulative Event Rate (%)

P value non-inferiority: < .001

120 240 360 480 600 720 840

Days From Randomization

No. at risk:
Rivaroxaban 6958 6211 5786 5468 4406 3407 2472 149 634
Warfarin 7004 6327 5911 5542 4461 3478 2539 1538 655

CI = confidence intervol; HR = hozord rotio
. Event rates are per 100 patient-years he
Based on protocol-compliant on-treatment population @rtmi M“ !N 5!'“

Slide 8.

Dr. Califf: The primary results were presented last year and the paper just came out in the New England
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Journal [of Medicine] this month. Importantly, the primary analysis was done as an intended non-inferiority trial,

so the primary analysis was done for the period of time on treatment. You can see here a nice result for

non-inferiority, highly significant.

Exploratory Analysis: ITT
Stroke and Non-CNS Embolism

o ITT (On treatment) o ITT (Off treatment)
Rivaroxaban Warfarin Rivaroxaban Warfarin
84 ;.
Rate/100 1.72 2.16 Rate/100 4.60 4.28
_. 74 patient-years 74 patient-years
S HR (95% C1): 0.79 (0.66, 0.96) HR (95% C1): 1.10 (0.79, 1.52)
% 6 Superiority P value .018 64 Superiority P value .584
-4
£ 54 54
@
>
(%)
R 47
3 3 31
&
b=
O 29 24
- - Rivaroxaban 1 - Rivaroxaban
w— \Narfarin w— \Warfarin
0 v v v v T v 0+ v v v v v v )
0 120 240 360 480 600 720 840 O 120 240 360 480 600 720 840
. Days From Randomization Days From Drug Discontinuation
No. at risl
Rwaroxaban 7081 6309 S874 5543 4354 3354 2372 1392 2088 1270 986 75 543 364 211 101
Warfarin 7090 6397 5976 5602 4432 3401 2408 1407 1962 1193 880 681 470 326 196 96
@ Thrombosis héarte, Medscape
Slide 9.

Dr. Califf: However, when we look at the trial as a whole, including all patients [randomly assigned] for all time
of treatment, you can see what you might expect from a trial of a drug given for acute [anticoagulation], even
given orally. In the lower left hand side here you see that on treatment is this nice effect that was seen in the
primary analysis, but of course when people discontinued treatment there was no difference between those who
had been assigned to warfarin and those who had been assigned to rivaroxaban. As is noted in our paper, at
the time of discontinuation, at the end of the trial, when the patients were switched from rivaroxaban to warfarin,
there was an excess of events during that period of transition that merits a lot more discussion. | am sure we will
get into it during the panel discussion.
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Primary Efficacy Outcome
Stroke and Non-CNS Embolism (cont)

Rivaroxaban Warfarin

Event Event HR
Rate Rate (95% CI) P value
Trea(t):r‘ient 1.70 255 02 015
' ' (0.65,0.95)
N = 14,143
0.88
- 4 .
22 a2 (0.74,1.03) Bl
Rivaroxaban Warfarin
better better
Event rates are per 100 patient-years
Based on safety on treatment or ITT through site notification populations
@ Thromt héart., Medscape
Slide 10.

Dr. Califf: An overview of the trial results would look like this. The on-treatment analysis showed that while
patients were taking assigned treatment, there was a very nice reduction in the primary endpoint. By overall
intention-to-treat (ITT) [analysis], you can see a trend in the right direction but not reaching statistical
significance.

Key Secondary Efficacy Outcomes

Rivaroxaban Warfarin

Event Rate  Event Rate HR (95% Cl) Pvalue

Vascular death,

R T 3.11 3.63 0.86 (0.74, 0.99) .034

Stroke type
Hemorrhagic 0.26 0.44 0.59 (0.37, 0.93) 024
Ischemic 1.34 1.42 0.94 (0.75, 1.17) 581
Unknown type 0.06 0.10 0.65 (0.25, 1.67) .366

Non-CNS embolism 0.04 0.19 0.23 (0.09, 0.61) .003

Myocardial infarction 0.91 1.12 0.81(0.63, 1.06) 121

All-cause mortality 1.87 221 0.85 (0.70, 1.02) 073
Vascular 153 1.71 0.89(0.73, 1.10) .289
Nonvascular 0.19 0.30 0.63 (0.36, 1.08) .094
Unknown cause 0.15 0.20 0.75 (0.40, 1.41) 370

- Event rates are per 100 patient-years "o

@ Thromt Based on safety on treatment population P’_iwtw M““‘“"
Slide 11.

Dr. Califf: If we then look at key secondary endpoints, interestingly as was shown with dabigatran, the most
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important point to make here is that there was a reduction in hemorrhagic stroke. In addition, the myocardial
infarction trend was in the right direction and the all-cause mortality trend was also in the right direction. It was
not statistically significant, but the reduction in hemorrhagic stroke was significant, and there was a reduction in
death from bleeding.

TTR: INR Data

Warfarin
INR range Median (25th, 75th)
<15 2.7 (0.0-9.0)
1.5t0<1.8 7.9 (3.5-14.0)
1.8t0<2.0 9.1(5.3-13.6)
2.0t0 3.0 57.8 (43.0-70.5)
>3.0to0 3.2 4.0 (1.9-6.5)
>3.2t05.0 7.9(3.3-13.8)
>5.0 0.0 (0.0-0.5)
@ Thrombosis segon tefosndasimethod vih R s ocuded  yoprp . Meclcape

Slide 12.

Dr. Califf: As Professor Wallentin has said, it is important to look at the time in therapeutic range (TTR). Our
TTR was lower than in the RE-LY trial. You can see the mean TTR was 57.8.

Primary Efficacy Outcome by Quartiles of
cTTR: Stroke and Non-CNS Embolism

Rivaroxaban Warfarin
Events Event Events Event HR
cTTR % Rate % Rate (95% Cl)
0.71
0.0%-50.6% 2.6 1.8 3.7 25 (0.48, 1.03)
0.83
50.7%-58.5% 3.0 1.9 3.5 252 (0.62, 1.29)
0.92
58.6%-65.7% il 19 3.5 250 (0.62,1.28)
0.77
0% -
65.8%-100.0% 2.2 13 3.0 1.8 (0.49, 1.12)
¢TTR = center-based TTR
Based on Rosendaal method with all INR values included
- Based on safet ulation e
@ hrombosis Ev:rt:t r':les:a?evnz(:iog p:honl-yoars l'_f_”tm M‘.’“‘f‘x'

28/09/2011 11:32



Development of Oral Factor Xa Inhibitors - Part I: Lessons F... http://www.medscape.org/viewarticle/750180_print

Slide 13.

Dr. Califf: When we looked at the outcomes by quartile of TTR, interestingly we could not find that there was a
relationship between benefit of the drug or the difference between warfarin and rivaroxaban in the quartile of
range. You will notice that because our overall distribution was lower, the fourth quartile encompasses a fairly
large range, 66% to 100%.

A lot of analyses have been completed but have not yet been presented publically, so | am not going to show
them at this meeting, and also because of the limitation of time. | am sure we will have a good discussion during
the discussion period about this issue.

Primary Safety Outcomes

Rivaroxaban Warfarin

HR P
Event Rate Event Rate (95% Cl) value
ol on 14.91 14.52 1.03(0.96,1.11)  .442
clinically relevant
Major 3.60 3.45 1.04(0.90, 1.20) 576
Nonmajor clinically relevant 11.80 11.37 1.04(0.96, 1.13) .345
= Event rates are per 100 patient-years -
@ Thromt S Based on safety on treatment population t_"@tcm M"!:“,'i}p"

Slide 14.

Dr. Califf: We looked at the primary safety outcomes. You can see no difference in the totality of major and
nonmajor clinically relevant bleeding. What we did see was a very nice reduction in intracranial hemorrhage, as
| have already pointed out, and a reduction in bleeding causing death.
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Primary Safety Outcomes (cont)

Rivaroxaban Warfarin

Event Rate Event Rate HR
or N (Rate) orN (Rate) (95% C1) P value
Major 3.60 3.45 1.04 (0.90,1.20) .576
2 2 g/dL drop in hemoglobin level 2.77 2.26 1.22(1.03, 1.44) 019
Transfusion (> 2 units) 1.65 1.32 1.25(1.01,1.55) .044
Critical organ bleeding 0.82 1.18 0.69(0.53,0.91) .007
Bleeding causing death 0.24 0.48 0.50(0.31, 0.79) .003
Intracranial hemorrhage 55 (0.49) 84 (0.74) 0.67 (0.47, 0.94) .019
Intraparenchymal 37(0.33) 56 (0.49) 0.67 (0.44,1.02) .060
Intraventricular 2(0.02) 4(0.04)
Subdural 14 (0.13) 27 (0.27) 0.53 (0.28, 1.00) .051
Subarachnoid 4(0.04) 1(0.01)
@ ThrombOsis sasedon saferyon treatment poputation h&art., Malscape

Slide 15.

Dr. Califf: We also saw an increase in hemoglobin drop and the use of transfusion. As Dr. Wallentin pointed out,
compared with warfarin, we saw a similar increase in gastrointestinal bleeding as the major difference in
nonlethal bleeding in favor of warfarin.

Summary
e Efficacy:
— Rivaroxaban was non-inferior to warfarin for prevention of
stroke and non-CNS embolism.

— Rivaroxaban was superior to warfarin while patients were
taking study drug.

— By ITT, rivaroxaban was non-inferior to warfarin but did not
achieve superiority.

e Safety:
— Similar rates of bleeding and adverse events

— Less intracranial hemorrhage and fatal bleeding with
rivaroxaban

e Conclusion:
— Rivaroxaban is a proven alternative to warfarin for moderate-

@ Throm g_r_hlgh-rlsk patients with AF. Hiert., Maiecepe

Slide 16.

Dr. Califf: In summary, for efficacy rivaroxaban was not inferior to warfarin for prevention of stroke and non-CNS
embolism. It was superior while patients were taking study drug, but by ITT rivaroxaban was not inferior to
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warfarin but did not achieve superiority. With regard to safety, there were similar rates of bleeding and adverse
events, but clearly less intracranial hemorrhage and fatal bleeding with rivaroxaban. We concluded that
rivaroxaban is a proven alternative to warfarin for moderate- to high-risk patients with AF. Thank you.
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Slide 1.

Eugene Braunwald, MD: It is now my pleasure to introduce Dr. Alexander, also from the Duke Clinical
Research Institute, who is going to talk about lessons from AVERROES and the design of ARISTOTLE.

John H. Alexander, MD, MHS: Dr. Braunwald and Dr. Wallentin, thank you very much for this invitation to
discuss some of the programs in atrial fibrillation (AF) with another oral factor X inhibitor, apixaban. | am going
to go over the highlights of the results of the AVERROES ftrial, which have already been presented and
published, and then | am going to talk about some of the key elements of the design of the ARISTOTLE trial,
which will be presented tomorrow by Dr. Chris Granger.
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@ Thrombosis héart., Madscape
Slide 2.

Dr. Alexander: These are my disclosures. Both AVERROES and ARISTOTLE are co-sponsored by

Bristol-Myers Squibb and Pfizer. As Dr. Califf mentioned, my disclosures and many DCI (Duke Clinical Institute)
faculties' disclosures are available on the DCI website.

Apixaban

e Oral, selective, direct factor Xa inhibitor
e 12-hour half-life, 25% renal excretion
¢ No routine coagulation monitoring

e Apixaban phase 3 clinical trials

— ADVANCE 1-3 trials showed that apixaban is
effective and safe for venous thromboembolism
prevention in orthopaedic surgery.

— APPRAISE 2 showed that apixaban increases
bleeding without reducing ischemic events in high-
risk patients on antiplatelet therapy after acute
coronary syndrome.

@ TR Lt ."_E“?tﬂo MuNd;x
Slide 3.

Dr. Alexander: Apixaban is an oral selective direct factor X inhibitor that targets factor X at the same point in
the coagulation cascade as rivaroxaban. It has a 12-hour half-life quite similar to rivaroxaban and approximately
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25% renal excretion. Like all of these drugs, no routine coagulation monitoring is required.

Apixaban Trials in AF

Unsuitable for VKA Suitable for VKA

Proport!on of AF ~50% ~50%
population
Current treatment Aspirin VKA

Limitations of : Bleeding risk and
Less effective . :
therapy monitoring required

AVERROES ARISTOTLE
(5 mg twice a day) (5 mg twice a day)

Apixaban vs aspirin  Apixaban vs warfarin

Apixaban trial

Design

Superiority Non-inferiority
Status Stoppe'd early; Presented
published tomorrow
@ Thromt héart., Medscape
Slide 4.

Dr. Alexander: Apixaban has been studied in phase 3 clinical trials in the ADVANCE program in venous
thromboembolism prophylaxis in patients undergoing orthopaedic surgery and [has been] shown at a dose of
2.5 mg twice a day to be safe and effective compared with enoxaparin in that setting. It has also been studied in
patients [after] acute coronary syndrome at a dose of 5 mg twice a day. We recently presented and published
those results showing that high-risk patients at least do not derive benefit and do have an increased risk for
bleeding [if there is] a background of antiplatelet therapy.

The apixaban program has 2 trials in patients with AF. You have just heard about the 2 trials in the populations
of patients who are candidates for warfarin, but because of all the known limitations of warfarin, about half of
patients who have an indication for warfarin never receive it.

The AVERROES trial studied patients who are unsuitable for vitamin K antagonists (VKA), again making up
about 50% of the population. The current treatment in that group is aspirin, which is known to be less effective
than warfarin. The AVERROES trial studied 5 mg twice a day of apixaban. This dose was chosen primarily from
phase 2 studies in venous thromboembolism prophylaxis. The design is a superiority trial of an apixaban vs
aspirin. This trial was stopped early because of efficacy, and as | said it has been presented and published.

The other trial is ARISTOTLE, which like RE-LY and ROCKET is studying patients who are candidates for
VKAs. The limitations here are the limitations of warfarin, which are bleeding risk and the monitoring required.
ARISTOTLE is also studying 5 mg twice a day of apixaban. It is designed primarily as a non-inferiority trial vs
blinded warfarin and [data from] this trial will be presented tomorrow.

Sof 15 28/09/2011 11:33



Development of Oral Factor Xa Inhibitors - Part II: Lessons ... http://www.medscape.org/viewarticle/750181_print

AVERROES Design

[ 36 countries, 522 centers

AF plus 2 1 risk factor for Apbaban'5mg twice a day

stroke and demonstrated or 2.5 mg twice a day (age 2 80, wt < 60 kg, Cr = 1.5 mg/dL)
expected to be unsuitable .
for VKA therapy

R ) 5600 patients

/

Double-blind

Trial stopped early

May 28, 2010

N = 5600

Events = 164 (226)

Mean follow-up = 1.1 years

Aspirin (81-324 mg/day)

Primary outcome: Stroke or
systemic embolism

Cr = creatinine

Slide 5.

Connolly SJ, et al. N Engl ) Med. 2011;364:806-817.

Dr. Alexander: This is a schematic of the design of the AVERROES trial. AVERROES enrolled patients with AF
plus at least 1 additional risk factor for stroke. As Dr. Braunwald showed, these patients have an indication for
warfarin but about half of our patients with this indication don't receive it. That is the population targeted by
AVERROES. They enrolled 5600 patients and [randomly assigned] them in a double-blind fashion to apixaban 5
mg twice a day or aspirin 81-324 mg/day in 36 countries at 522 centers. The primary outcome was stroke or
systemic embolism. The trial was stopped early in May of last year after they had enrolled the entire cohort but
before completion of follow-up with 164 or roughly 70% of their planned total events and a mean follow-up of 1.1
years.

Baseline Characteristics

6 of 15

Characteristic Apixaban Aspirin
Randomly assigned 2808 2791
Age (mean £ SD) 70 £ 9 years 70 £ 10 years
Male 59% 58%
CHADS, score (mean + SD) 20+11 21+11
0-1 (%) 36 37
2 (%) 37 34
3+ (%) 27 29
Prior stroke/TIA (%) 14 13
Diabetes (%) 19 20
Hypertension (%) 86 87
CHF (%) 40 38
Baseline aspirin (%) 76 75
Unsuitable for VKA
VKA used and discontinued (%) 39 40
VKA expected unsuitable (%) 61 60
CHF = congestive heart failure; SD = stondard deviation; TIA = transient ischemic ottack
Thrombosis Connolly SJ, et al. N Engl J Med. 2011;364:806.817. Mt“"(‘jll

28/09/2011 11:33



Development of Oral Factor Xa Inhibitors - Part II: Lessons ...

Slide 6.

http://www.medscape.org/viewarticle/750181_print

Dr. Alexander: This is a schematic of the baseline characteristics. The average age was 70 years; 60% were
male. You can see that the average CHADS score was 2, similar to the RE-LY population but lower risk than the
ROCKET population. Over a quarter of patients had a CHADS score of 3 and again these are patients who are
not deemed to be candidates for VKA therapy. Almost 20% had diabetes. More than 80% had hypertension;
40% had heart failure. The majority, 75% of patients, were taking aspirin at the time of enroliment and in most of
these patients VKA therapy was deemed to be unacceptable, but about 40% of the patients had tried it

previously and had to discontinue it.

Stroke or Systemic Embolism

Aspirin

Apixaban

Months

0.059 Hr=0.45
95% Cl = 0.32-0.62

0.04 4 P<.001
B
N
£ 0.03 -
Q
>
&
= 0.02 4
=
b=
o

0.01

0
0 3 6
CI = confidence interval
m Thromt : Connolly SJ, et al. N Engl J Med. 2011;364:806-817
Slide 7.
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Dr. Alexander: These are the primary results of the AVERROES trial. You can see that with aspirin at 1 year
about 4% of this population had a stroke or systemic embolism. Apixaban reduces that by more than half, with a

hazard ratio (HR) of 0.45. That is highly statistically significant.

7 of 15
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Primary Outcome

Apixaban Aspirin Apixaban vs Aspirin
Annual Annual P
Outcome Events rate Events rate HR 95% Cl value
Stoks onsystemic 51 16 113 37 046 032062 <.001
embolism
Stroke 49 1.6 105 34 0.46 0.33-0.65 <.001
Ischemic 35 il 93 3.0 037 0.25-0.55 <.001
Hemorrhagic 6 0.2 9 0.3 0.67 0.24-1.88 A5
2l 31 1.0 72 23 043 028065 <.001
fatal
Systemic embolism 2 0.1 13 0.4 0.15 0.03-0.69 .01
@ Thrombosis Connolly $J, et al. N Engl J Med. 2011;364:806.817. h”;wtuu Medscape
Slide 8.

Dr. Alexander: This reduction in the primary outcome is made up of a reduction in ischemic stroke with an HR
of 0.37, but also a reduction in hemorrhagic stroke with a one-third reduction HR of 0.67. There is also a
consistent reduction in fatal or disabling strokes.

Other Efficacy Outcomes
Apixaban Aspirin Apixaban vs Aspirin
Annual Annual
Outcome Events rate Events rate HR 95% CI Pvalue
e 24 0.8 28 09 086 050148 .59
infarction

Cardiovascular

P 367 12.6 455 15.9 0.79 0.69-0.91 <.001
hospitalization

Death 111 35 140 44 0.79 0.62-1.02 .07
@ Thrombosis Connolly SJ, et al. N Engl J Med. 2011;364:806.817. I‘_\"éatm Medscape
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Dr. Alexander: We know that many of the strokes in patients with AF are quite severe and lead to significant
disability. There was a numeric although not statistically significant reduction in myocardial infarction.
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Importantly there was a reduction in cardiovascular hospitalization, | think reflecting the excellent tolerability of
apixaban in this population. There was a trend, although not statistically significant, toward a reduction in
all-cause mortality with an HR of 0.79.

Major Bleeding

0.020 9 Hr=1.13
95% Cl = 0.74-1.75 Apixaban
P<.57
° 0.015 -
n
T Aspirin
v
,‘>__' 0.010 —
(1]
=
£
=3
O 0.005 -
0 T T T T 1
0 3 6 9 12 18
Months
@ ThrAamk - Connolly SJ, et al. N EnglJ Med. 2011;364:806-817 r”;:wtb'ﬂ M‘!?‘.‘Z‘p‘.
Slide 10.

Dr. Alexander: We know that apixaban causes bleeding. | think one of the key lessons from AVERROES is
about aspirin. We have already seen from the efficacy data that aspirin is not particularly effective at preventing
stroke and systemic embolism in our patients with AF. It does have a recommendation in the guidelines for
patients who have a CHADS score of 1, but here you can see this is ISTH (International Society on Thrombosis
and Haemostasis) major bleeding and during over a year of follow-up, the event rates here are about a quarter
of what they are for the primary outcome. There is no statistically significant increase in bleeding with apixaban
over aspirin. So, aspirin is a drug we all use in all of our patients with coronary disease. We use it and put it in
the water basically, but we forget the bleeding risks with aspirin, which | think are highlighted here.
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Bleeding and Tolerability

http://www.medscape.org/viewarticle/750181_print

Apixaban Aspirin Apixaban vs Aspirin
Annual Annual
Outcome Events rate Events rate RR 95% Cl P value

Intracranial 11 0.4 13 0.4 0.85 0.38-1.90 .69
Major 44 14 39 1.2 1.13 0.74-1.75 57
(Il 2 S 9% 3.1 84 27 115 086-1.54 .35
nonmajor

Minor 159 5.2 126 4.1 1.27 1.01-1.61 .04
Discontinuation 503 17.9 572 20.5 0.88 0.78-0.99 .03

RR = relative risk

N

Connolly SJ, et al. N Engl J Med. 2011;364:806-817

Slide 11.

Dr. Alexander: This has some more details about the bleeding. There was a lower rate, although not

r%rt(‘ﬂ] b’1('1 I\("ll".

statistically significant, of intracranial bleeding. There is a numerically higher rate of major bleeding and clinically
relevant nonmajor bleeding. If you look at minor bleeding or total bleeding, there is an increase in bleeding with
apixaban with an HR of 1.27. Importantly and critically important for our patients who take these drugs long
term, there is a lower discontinuation rate with apixaban than with aspirin, a drug we consider to be very well
tolerated. This is in a double-blind trial with an HR of 0.88. | think it is critical in this trial as in all these trials as in
our practice to remember that our patients who we start on these therapies don’t stay on them long term. Over a

year about 20% of patients stop aspirin and a slightly lower number in this trial stopped apixaban.

Permanent Study Drug Discontinuation

RR=0.88

95%Cl = 0.78-1.00 -
p= 04 Aspirin

Apixaban
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Connolly S, et al. ESC 2010

heart., Medscape
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Slide 12.

Dr. Alexander: In conclusion, from AVERROES, in patients with AF who are unsuitable for VKA therapy,
apixaban is much more effective, nearly as safe, and better tolerated than low-dose aspirin. | highlighted
low-dose aspirin here because | think one of the key lessons from AVERROES is just how ineffective and how
unsafe aspirin is, a drug that we are all very comfortable using all the time.

AVERROES Conclusions

e |n patients with AF who are unsuitable for
VKA therapy...

— Apixaban is much more effective, nearly as
safe, and better tolerated than low-dose
aspirin.

e What about compared with warfarin in
patients who are suitable for VKA
therapy?

@ Thrombosis héart., Medscape
Slide 13.

Dr. Alexander: The next question is obviously what about compared with warfarin in patients who are suitable
candidates for VKA therapy?
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AF With at Least 1 Additional Risk Factor

for Stroke

Inclusion risk factors Randomized Exclusion

* Age 2 75 years Double-blind, * Mechanical prosthetic valve

* Prior stroke, TIA, or systemic « Severe renal insufficiency
embolism double-dummy *» Need for aspirin plus

* Heart failure or left ventricular (n=18201) thienopyridine
ejection fraction < 40%

* Diabetes mellitus

* Hypertension

Apixaban 5 mg orally twice daily Warfarin
(2.5 mg twice a day in selected patients) (Target INR 2-3)

Warfarin/warfarin placebo adjusted by INR/sham INR
based on encrypted point-of-care testing device

Primary outcome: Stroke or systemic embolism

Hierarchical testing: Non-inferiority for primary outcome, superiority for
@ Thrombosis primary outcome, major bleeding, death h&art., Medscape

Slide 14.

Dr. Alexander: This is a slide showing the design of the ARISTOTLE trial. ARISTOTLE [randomly assigned]
18,201 patients with at least 1 additional risk factor for stroke -- similar to RE-LY -- and [randomly assigned]
people in a double-blind, double-dummy fashion to apixaban 5 mg twice daily. A lower dose was used in a small
subset of patients who were projected to have higher exposure to apixaban or warfarin with a target INR
(international normalized ratio) between 2 and 3. As in ROCKET, warfarin was monitored by encrypted a blinded
point-of-care device. The primary outcome is stroke or systemic embolism. There is a hierarchical testing; the
first test is the primary outcome for non-inferiority, then for superiority, then major bleeding, and then all-cause
mortality.

ARISOTLE Design: Key Elements

* Broad AF population (CHADS, =1 to > 3)
— Warfarin naive (40%) and experienced (60%)
—~ Projected warfarin event rate = 1.67 events/year
* Aggressive warfarin INR control program
— Goal = TTR like Sweden
* Common efficacy cutoff date for primary analysis
= January 30, 2011
-~ Additional 30-day follow-up after study drug discontinuation
* Apixaban bridging strategy for transition to post-trial anticoagulation
* Aggressive pursuit of withdrawal of consent and lost to follow-up
* Closed hierarchical testing to preserve alpha
Primary endpoint non-inferiority (ITT). If positive, then...
* United States 95% Cl < 1.38; Europe 99% Cl < 1.44
Primary endpoint superiority (ITT). If positive, then...

Major bleeding (on-treatment). If positive, then...

All cause mortality (ITT)
@ Thrombosis Lopes RD, et al. Am Heart /. 2010; 159:331-339 héart., Medscape
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Slide 15.

Dr. Alexander: Here are some key elements of the design that | want to highlight. ARISTOTLE is enrolling a
broad AF population, approximately 40% of which is warfarin naive and 60% of which is warfarin experienced.
We projected a baseline event rate of 1.6 per year on warfarin. We have an aggressive warfarin INR control
program in the trial where we fed back to countries and sites after they had enough data, their INR control, and
our goal was to get all countries in the trial to be like Sweden. We had a common efficacy cutoff date for the
primary analysis where we counted all events up to January 30, 2011. We followed all patients for an additional
30 days after study drug discontinuation.

We had an apixaban bridging strategy for transition to post-trial anticoagulation. We had aggressive pursuit of
withdrawal of consent and lost to follow-up, a growing problem | think in our large outcome trials. Then as |
already mentioned, we had closed hierarchical testing, first with a primary outcome on non-inferiority, then on
superiority, then on major bleeding, and then for all-cause mortality.

ARISTOTLE Enrollment
39 countries, 1034 sites, 18,201 patients

Poland: 314 Finland: 26
Hungary: 455

N\
~
L 4 — Japan: 336
China: 843
South Korea: 310
09 France: 35
R Spain: 230 D Taiwan: 57
Crech Rep: 165 ; N Hong Kong: 76
Colombia: 111 ———— Austria: 34 Malaysia: 126 =——— g Philippines: 205
' > Raly: 178 Singapore: 40 —— ‘f( .—\\J
Perv: 213 m— Brazil: 700 Israel: 344 —~—, M,
Chile: 258 -—\ ’ it \
S e South Africa: 89
Argenting: 1561 —— v >
\S =
@ Thrombosis hart., Medscape

Slide 16.

Dr. Alexander: ARISTOTLE enrollment was global with 18, 201 patients enrolled in 39 countries at just over
1000 sites.
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ARISTOTLE ESC 2011 Presentations

» Efficacy and Safety of Apixaban Compared to Warfarin
for Prevention of Stroke and Systemic Embolism in
18,202 Patients with Atrial Fibrillation: Primary Results
of the ARISTOLE Trial

— Sunday August 28, 11:54 AM-12:07 PM
— Hotline 1 — Cardiovascular Risk and Complications
— Room Paris, Zone F

o Efficacy and Safety of Apixaban Compared to Warfarin
at Different Levels of INR Control for Stroke Prevention
in 18,202 Patients with Atrial Fibrillation in the
ARISTOTLE Trial

- Sunday August 28, 2:30-2:40 PM
- Clinical Trial Update Session 1 — Drug Treatment

— Room Paris, Zone F

@ Thromb héart., Medscape

Slide 17.

Dr. Alexander: As | already mentioned, the main results of ARISTOTLE will be presented tomorrow late
morning by my colleague Christopher Granger, and then tomorrow afternoon Dr. Wallentin will be presenting our
analysis by center, time, and therapeutic range.

Conclusions

e The new oral anticoagulants (dabigatran,
rivaroxaban, apixaban, edoxaban, etc) are
likely all going to be better options than
warfarin for our patients with AF.

e The key questions are going to be:
1. Which drug to use in which patient?
2. Do we have the dosing correct?

@ ThramhbaAcie r&tag M’T‘!?“‘!‘x.

Slide 18.

Dr. Alexander: These new anticoagulants, dabigatran and rivaroxaban, apixaban, and as we will hear from Dr.
Giugliano, edoxaban are likely all going to be better options for patients than warfarin. The key questions are
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going to be which drugs to use in which patients and do we have the dosing correct. | look forward to the panel
discussion, where hopefully w will get into some of these issues. Thank you very much.
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Slide 1.

Lars Wallentin, MD, PhD: We will continue to hear about the next exciting ongoing trial in this area, presented
by Dr. Robert Giugliano from the TIMI group. This is the design and rationale for the ENGAGE AF-TIMI 48 trial.

Disclosures

¢ Research Grant Support: Amgen Inc.; Daiichi
Sankyo, Inc.; Merck & Co., Inc.

* Honoraria for Lectures/Consulting: Bristol-
Myers Squibb Company; Daiichi Sankyo, Inc.;
Merck & Co., Inc.; Regeneron Pharmaceuticals,

Inc.; sanofi-aventis

Y TP e héarto, Medscape
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Robert P. Guigliano, MD: Thank you, Dr. Wallentin and Dr. Braunwald. | am going to tell you about a
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Boston-based trial and drug, edoxaban, which is the third of the factor Xa inhibitors to be studied in a large trial
of atrial fibrillation (AF) and the fourth anticoagulant. Here are my relevant disclosures and notably | am a
co-principle investigator in the ENGAGE AF-TIMI 48 trial with edoxaban.

Mr. Toad and Ratty From Wind in the

Willows
@ Thrombosis Image courtesy of A Dalby. heart., Medscape
Slide 3.

Dr. Guigliano: | guess when you are third or fourth you want to make it interesting. You heard from Dr.
Braunwald about some of the limitations of warfarin, and | am going to explain them with a cartoon from Mr.
Toad and Ratty from Wind in the Willows, a publication 100 years or so ago from England. Mr. Toad and Mr. Rat
are walking down the alleyway and they see a saloon. Mr. Toad says, "What's your poison, Ratty?" Mr. Rat says,
"Well, warfarin of course." We all know that warfarin has many challenges, although it is quite effective and we
are eager to find better alternatives.
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Pharmacokinetics/Pharmacodynamics of
5 Novel Oral Agents

Edoxaban  Betrixaban
Dabigatran Rivaroxaban Apixaban (DU-176b) (PRT054021)

Target lla (thrombin) Xa Xa Xa Xa
Hours to Cmax 2 2-4 1-3 1-2 NR
CYP metabolism None 32% 15% NR None
Bioavailability 7% 80% 66% >45% 34%-47%
Transporters Pgp Pgp/BCRP Pgp Pgp Pgp
Protein binding 35% >90% 87% 55% NR
Half-life (hours) 12-14 913 8-15 8-10 19-20
Renal elimination 80% 66% 25% 35% <5%
Linear Yes No Yes Yes Yes

pharmacokinetics

BCRP = breast cancer resistance protein; Cmox = maximum concentration of drug; CYP = cytochrome P450; NR =

not reported
Ruff CR, Gaugliano RP. Hot Topics in Cardvology. 2010,4:7-14
Ericksson Bl, et al. Clin Phormocokinet. 2009,48:1-22
@ Thrombosis Ruff CR, et al. Am Heort J. 2010,160:635-631 heéart., Medscape
X —— EOUGATION
Slide 4.

Dr. Guigliano: Here are 5 of the novel oral anticoagulants lined up. | want you to focus on the column in yellow
there, edoxaban. You can see it is a [factor] Xa inhibitor. It has a very short onset of action, 1-2 hours to reach
its maximum concentration. It has minimal metabolism via the cytochrome P450 system -- < 4% in the latest
data. Bioavailability is estimated at > 45%. So, [bioavailability] is intermediate between that of dabigatran and
the other 2 [factor] Xa inhibitors you heard about earlier. The major transport system is via the Pgp(P-
glycoprotein)pathway. It is about 55% protein bound with a half-life that is on the shorter end of these 5 drugs,
8-10 hours. It is cleared renally. Approximately one third of the drug is cleared renally and two thirds [are
cleared] extrarenally. It has linear pharmacokinetics.

Phase 2b Nonvalvular AF: Study Design

l

Edoxaban 30 mg every day

|

Edoxaban 60 mg every day

Screening = R Edoxaban 30 mg twice aday B2 ElE
assessment
Nonvalvular AF with Edoxaban 60 mg twice a day* |aummde
a CHADS, index 2 2
Active control
(open-label warfarin, INR 2-3)
< 30 days Day1 3-month randomized +30 days after last
treatment period dose

* 1146 patients randomly assigned

*60 mg twice a day was discontinued by data monitoring committee because of increased bleeding

compared with warfarin. )
INR = international normalized rotio

@ hrombosis Weitz JI, et al. Thromb Moemost, 2010;104:633-641 P&‘t‘m Medscape
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Slide 5.

Dr. Guigliano: Edoxaban was studied in a large phase 2b trial of patients with nonvalvular AF that enrolled
1146 patients. This was published by Jeff Weitz last year in Thrombosis and Haemostasis. Four different doses
of edoxaban were studied at 4 different dosing strategies: 30 mg once daily, 60 mg once daily, 30 mg twice
daily, and 60 mg twice daily. You will notice that that highest dose was discontinued early by the data monitoring
committee [because of] increased bleeding compared with warfarin. This study was an active controlled study,
although open label between edoxaban and warfarin. The dose of edoxaban was blinded, however. Patients
were treated for 3 months and there was a follow-up period of 30 days afterward.

Edoxaban in AF (Phase 2)
All Bleeds for Edoxaban Relative to Warfarin

20 - * —2.5 =
&
—~ —20 &
£ 15 | 3
@ c
= | —15 8
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© x
C 10 + =]
O ] [ ! - L S
w 8 1.0 %
3 s | == &
o \ / —0.5

@

13/235 17/234 31/244
0 N i
L T T L)
30 mg 60 m 30 mg 60 mg
every day everyday  twiceaday twiceaday Warfarin

For the same total daily dose of 60 mg, higher bleeding was
observed with 30 mg twice a day compared with 60 mg once a day

*Upper bound for one-sided 67% CI for ratio of incidence rates (edoxaban/warfarin): 0.80, 1.04, 1.79, and 2.58
@ Thrombosis Weitz JI, et al. Thromb Moemost. 2010;104:633-641 t&tﬂg M"!?"ﬂ”x'

Slide 6.

Dr. Guigliano: It being a phase 2b trial, the focus was on safety, and you can see here the rate of all bleeding
for the 4 different dosing regimens of edoxaban compared with warfarin. Starting at the left, the 30-mg
once-daily [dose] achieved a lower rate of bleeding compared with warfarin. The 2 doses in the middle are
rather interesting. Both represent total doses of 60 mg throughout a single day, but the second column is 60 mg
once daily and the third is 30 mg twice daily. You will see that the 30 mg twice daily dose actually [resulted in] a
higher bleeding rate. The fourth column there in the red is the 60-mg twice-daily [dose], with a much higher rate
of bleeding compared with warfarin. That was discontinued early by the data safety monitoring committee. Just
to highlight that, it appeared safer to administer a dose of 60 mg once a day rather than breaking that out into 30
mg twice daily.
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Phase 2 Pharmacokinetic Analysis: Goodness-
of-Fit of Logistic Regression Model

60 mg once a day
30 mg once a day 30 mg twice a day 60 mg twice a day

= Observed incidence per quartile
30 mg twice a day
30 mg once a day
60 mg twice a day

& 60 mgonce a day

1

Incidence of All Bleeding Events

0 20 40 60 100 120
C min, 55 (ng/ml)
+ Giugliano R, et al. Congress of the International Society of Thrombosis and o A
m nr N Haemostasis 2009 I'i@ftom M‘!N..‘__‘[k.
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Dr. Guigliano: Extensive pharmacokinetic analyses were performed with the data from phase 2. On this slide
you see plotted the relationship for the data with edoxaban. The y axis is the probability of bleeding events and
on the x axis is the minimum concentration at steady state (Cminss). In the white are the observed bleeding rates
for the 4 dosing regimens studied in the trial. The colored symbols are the actual observed rates. You can see
that the minimum concentration of the drug closely predicted the observed incidence per quartile.

Edoxaban Phase 2 AF Studies: Key

Observations

 Twice-a-day dosing was associated with T bleeding vs
warfarin

e Once-daily dosing was associated with similar or lower
rates of bleeding than warfarin

e Strong correlation between pharmacokinetics (C....) and

bleeding

min

- Higher drug exposure increases bleeding risk
— Important to adjust dose for factors affecting drug levels (renal
function, weight, concomitant medications)
* Potential doses for phase 3
Bleeding (vs warfarin)

Low dose: Expected to have less bleeding
High dose : Expected to have similar bleeding

@ L. ’ Weitz JI, et al. Thromb Hoemost. 2010;104:633.641 l Hhe lcvn M\lﬂ'&l[*'

Chung N, et al. Thromb Moemost. 2011;105:535-545
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Dr. Guigliano: The key observations then from phase 2 with edoxaban are as follows. The twice-daily dosing
was associated with increased bleeding compared with warfarin and once-daily dosing was associated with a
similar or lower bleeding rate compared with warfarin. | draw your attention back to that the [incidence of
bleeding was less with the] 60-mg once-daily [dose] than [with] the 30-mg twice-daily [dose]. There was a strong
correlation between the minimum concentration of edoxaban and the bleeding rate that was observed. Higher
drug exposure of course increases the bleeding risk and it was found through the pharmacokinetic analyses that
it would be important to adjust for factors that affect the concentration of the drug, such as renal function,
weight, and interaction with certain concomitant medications that affect the Pgp pathway. Therefore, 2 doses
were carried forward or 2 dosing strategies were carried forward for phase 3 testing: a low-dose strategy where
it was hoped that we would observe a lower rate of bleeding compared with warfarin and then a high-dose
strategy, which was expected to have a similar bleeding rate to warfarin.

Protocol Schema

AF on electrical recording
<12 months

http://www.medscape.org/viewarticle/750183_print

N=21,105

Double-blind
Double-dummy

intended oral
anticoagulation
CHADS, 2 2

e

Randomization stratified by:
1. CHADS, 2-3 vs 4-6
2. Drug clearance

8of 12

Low-exposure strategy High-exposure strategy Active control
Edoxaban 30 mg Edoxaban 60 mg Warfarin
once a day once a day < »  (n~7000)
(n~ 7000) (n~ 7000)
" Median Duration of Follow-up 24 months '
Primary Objective
Edoxaban: Therapeutically as good as warfarin E ven t"

1st endpoint = Stroke or systemic embolic event (non-inferiority boundary HR: 1.38) driven
2nd endpoint = Stroke or systemic embolic event or all-cause mortality
Safety endpoints = Major bleeding, hepatic function

D Thr

.. Republished from Ruff CR, et al. Am Meart J. 2010;160:635-641. with permission l.”e"’alt M'li."('ilp('
from Elsevier. — EOUCATION
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Dr. Guigliano: This slide summarizes the schema for the phase 3 ENGAGE AF-TIMI 48 trial. That methods
paper was published last year in the American Heart Journal. This trial [randomly assigned] 21,105 subjects and
ended randomization in November of 2010. All the subjects had AF within the past 12 months recorded
electrically. Patients had to be candidates with the intention to use anticoagulation during the trial and [had to
be] moderate to high risk based on a CHADS> score of 2 or higher. This is a double-blind, double-dummy study.
There were 3 treatment arms, a low-dose exposure strategy of edoxaban, a high-exposure strategy, and an
inactive control with warfarin. Each of the 3 arms [randomly assigned] approximately 7000 patients. The median
duration of follow-up is anticipated to be approximately 24 months. Again, like the other trials you saw, the
primary objective is to show that edoxaban is as good as warfarin. In other words, a non-inferiority analysis is
the primary analysis. The primary endpoint is a combination of stroke or systemic embolic events. This is an
event-driven trial and the non-inferiority boundary is set at a hazard ratio (HR) of 1.38. Important secondary
endpoints include the composite of stroke, systemic embolic event, or all-cause mortality and major safety
endpoints such as major bleeding and hepatic function.
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Major Entry Criteria
* Inclusion:
— Age 2 21 years - AF recorded in prior 12 months
— CHADS, 2 2 - Intent to anticoagulate for 2 2 years

e Exclusion:

— Reversible AF - Other indication for anticoagulation
— " Bleeding risk - Recent acute coronary syndrome,
stroke
— Chronic kidney - Major organ system disease
disease stage IV-V
— Dual antiplatelet - Strong Pgp inhibitors

therapy or other
anticoagulation

T Hhe ~frg
@ hramhacic Ruff CR, et al. Am Meart J. 2010;160:635-641 fmtg.g M‘!;{gﬂ‘
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Dr. Guigliano: The entry criteria are fairly standard, including age over 21, CHADS risk score of 2 or higher, AF
recorded in the prior 12 months, and the intent to use anticoagulation for the duration of the trial. The major
exclusion criteria shown here include reversible causes of AF, increased risk for bleeding, advanced kidney
disease, the need for dual antiplatelet therapy or the need for other anticoagulants, indications for
anticoagulation other than AF, recent acute coronary syndrome or stroke, major organ system disease, and a
use of strong Pgp inhibitors were also excluded.

Baseline Characteristics in 3 AF Trials

RE-LY ENGAGE AF-TIMI 48* ROCKET AF
(Dabigatran) (Edoxaban) (Rivaroxaban)

Number enrolled 18,113 21,105 14,264
Age (years) 729 72 (64-77) 73 (65-78)
Female (%) 36 38 40
CHADS, score 2 3 (%) 32 52 87
VKA naive (%) 50 41 38
Paroxysmal AF (%) 33 25 18
Prior stroke/TIA (%) 20 18/12 55t
Diabetes (%) 23 36 40
Prior congestive heart 32 56 62
failure (%)
Hypertension (%) 79 90 91

*Preliminary data

tIncludes prior systemic embolism

@ Thvar hacie h"_é_'altm M".’?‘f‘!p"
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Dr. Guigliano: Here are the baseline characteristics for 3 of the AF trials. These data are updated from the
manuscript that was published, the methods manuscript that was published last year. You will see | put
edoxaban in the middle between RE-LY and ROCKET because on most of these baseline characteristics, it
stands in the middle. The age on average was 72; 38% were women. Just over half of the patients had a
CHADS risk score of 3 or above, placing it right in between RE-LY, which was generally a lower-risk population
and ROCKET AF, which had a higher-risk population. Forty-one percent of patients in ENGAGE AF-TIMI 48
were naive to VKAs. A quarter had paroxysmal AF. Just under a third had either stroke or transient ischemic
attack (TIA), and 36% had diabetes. A little more than half had heart failure, and 90% had hypertension. Again,
almost all of these baseline characteristics place ENGAGE squarely between RE-LY and ROCKET.

Edoxaban Dose Selection

Two dosing strategies: High and low
Dose adjustment at randomization for
— Creatinine clearance: < 50 mL/min
— Cardiac medications that are strong Pgp inhibitors
— Weight: <60 kg
Continual dose adjustment after randomization
if above items change

Total of 3 doses studied with more than a
fourfold range of doses (60 mg, 30 mg, 15 mg)

- e OANE
@ Throml Ruff CR, et al. Am Meort J. 2010;160-635-641 héart. M‘!‘?‘.ﬁfp‘
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Dr. Guigliano: Importantly, when you are third or fourth depending on how you count these drugs, you have an
opportunity to focus on what lessons [have been] learned from the prior studies. We felt that it was important to
have 2 dosing strategies, a high and a low, because in studies of anticoagulation, dosing is a critical feature. We
also had dose adjustment, both at randomization and after randomization. At the time of randomization there
was the ability to reduce the dose by 50% for those patients who had impaired creatinine clearance of < 50
mL/minute, who were on cardiac medications like verapamil and quinidine that are known strong Pgp inhibitors
and are known to reduce the clearance of edoxaban, and for those of low body weight of < 60 kg. Different and
unique from any of the other studies, | believe we had continual dose adjustment even after randomization
should any of the above characteristics change.
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Phase 3 AF Trials: Dose Comparisons

ENGAGE AF-
RE-LY ROCKET AF ARISTOTLE TIMI 48
Drug Dabigatran Rivaroxaban Apixaban Edoxaban
Number enrolled 18,113 14,266 18,206 21,105
Dose (mg) 150, 110 20 5 60, 30
frequency Twice a day Once a day Twice a day Once a day
Initial dose No 20> 15mg 5->25mg 60 - 30 mg
adjustment* 30> 15mg
Dose adjustment* No No No Yes
after random
assignment
Design PROBE Double-blind Double-blind Double-blind
*Dose adjusted in patients with . drug clearance
PROBE = prospective, randomized, open-label, blinded endpoint evaluation
Ot héart., Medscape

Slide 13.

Dr. Guigliano: We actually are studying 3 different doses in this trial. Although the randomization is between 60
mg and 30 mg, either dose could be reduced in half if one of these dose adjustment features were satisfied. So,
there is a fourfold range of doses being evaluated in ENGAGE AF-TIMI 48: 60, 30, and 15 mg. If we compare
our approach in ENGAGE AF to the prior study, you can see ENGAGE AF is the largest study, with [more than]
21,000 patients. It is evaluating 2 dosing strategies, a 60-mg and a 30-mg strategy with the ability to reduce the
dose by 50%, yielding now 3 different doses over a fourfold range. This is unique for our trial, ENGAGE AF-TIMI
48, and it is the only study that permits dose adjustment after randomization. Like the other 2 [factor] Xa inhibitor
trials, it is a double-blind, double-dummy study.

Conclusions

* Several excellent alternatives to VKA on the
horizon for patients with AF

* These agents have meaningful differences in
pharmacokinetic/pharmacodynamic properties

» Trial results thus far suggest dose selection is a
critical issue

» Greater flexibility/adjustment in dosing with
edoxaban in ENGAGE AF-TIMI 48 may be
advantageous

@ Thrombosis héart., Medscape
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Dr. Giugliano: In conclusion, | believe -- and as the other panelists have stated -- that there are now several
excellent alternatives to VKAs on the horizon and one has already arrived in dabigatran. There are important
and meaningful differences in pharmacokinetic and pharmacodynamic properties among the various new
agents. The trial results thus far suggest that dose selection is a critical issue in establishing the risk/benefit of
these agents. We believe that the greater flexibility and the ability to dose adjust with edoxaban in ENGAGE
AF-TIMI 48 may be an advantage over some of these other agents in comparison.
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Eugene Braunwald, MD: Our last speaker is Professor Alexander Graham Turpie, who is going to talk about
the large next wave of agents in the development of oral factor Xa inhibitors.
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Alexander G. G. Turpie, MD: Thank you very much indeed, Professor Braunwald. Ladies and gentlemen, let
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me give you my disclosures. | have watched the evolution of antithrombotic therapy from the old standbys of
heparin and warfarin over the last 30 years through low-molecular-weight heparin with the introduction of
targeted inhibition of single coagulation factors and now with the introduction of new orally active drugs that
target single coagulation factors. We have seen very encouraging data from the already published trials and the
potential of the new drugs under development to change clinical practice.

Limitations of Vitamin K Antagonist Therapy

Significant interpatient and intrapatient variability in dose
responsel? because of:
— Comorbid conditions
— Genetic polymorphisms
— Numerous interactions with food and concomitant drugs
— Unpredictable pharmacology
Narrow therapeutic window (INR 2-3)(!
— Regular coagulation monitoring and dose adjustments required
— Failure to stay within the therapeutic range increases the risk for
stroke or adverse bleeding events!")
¢ Underusel®9
— Fear of hemorrhage; intracranial hemorrhage is the most devastating
bleeding event!®)
— Particularly in elderly patients because of high perceived risk for
bleeding vs possible benefits!®!

INR = internationol normalized ratio

a. Ansell ), et al. Chest. 2008;133:1605-1985; b. Neeuwlaat R, et al, Am Heort J
2007;153:1006-1012; ¢. Ogivie IM, et al. Am J Med. 2010,123:638-645; d

@ Thrombosis  Nieuwiaat R, etal. fur Heort . 2005:26:2422-2434; . Waldo A, et al. JAm Coll - |22 Medscape
‘ Cordiol. 2005,46:1729-1736 heart., Medsca
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Dr. Turpie: What | would like to do is go over these data with you and find out some of the limitations and where

we as clinicians will have to pay attention when using these new drugs.

As you heard from Professor Braunwald, the new orally active drugs are really being targeted at replacing
warfarin for all of its major indications. As you have heard, there are limitations with warfarin shown here that the
new drugs will potentially overcome.
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New Anticoagulants
ORAL PARENTERAL
( ..................... TFP' (tifacogin)
TIPBBY  “rroeevevses
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' APC (drotrecogin alfa)
Rivaroxaban i sTM (ART-123)
Apixaban (AT .......... Fondaparinu'x
Darexaban . Idrabiotaparinux
Edoxaban | T
trixaban 0 4 e
Betrixaban  DX-9065a
Otamixaban
.................... )
Dabigatran
Fibrinogen . FIDTNY
Adapted from Weitz JI, Bates SM. J Thvombd Hoemost. 2005;3:1843-1853
@ Thrombosis héart., Medscape
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Dr. Turpie: The new anticoagulant drugs are developed largely based on our much better understanding of
coagulation. It is complex but if you look at coagulation as having 3 components, you can see how these new
drugs fit in. The first component is initiation, which is tissue factor, factor VII. There are drugs targeting these
particular agents but largely in the setting of acute coronary syndromes, which makes sense because of course
tissue factors present at high concentrations at sites of atherosclerotic plaque rupture, which is the primary
cause of acute coronary syndromes. The second component of coagulation is propagation. Activated factor X is
the key coagulation factor. Coagulation cannot occur through the coagulation cascade until factor X is activated.
It is really not a surprise that much of the interest in developing new anticoagulant drugs is targeting activated
factor X. The third component is thrombin action itself. Intuitively of course this would be the most important way
of inhibiting coagulation and it is certainly very important.
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What Is the Better Target?

Anti-Xa Anti-lla
Gatekeeper of the Final common
coagulation cascade pathway
Block thrombin Block thrombin
generation activity

Preserve hemostatic

; Block contact activation
mechanisms

Block
platelet activation

@ Thromt héart., Medscape
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Dr. Turpie: There has been a lot of discussion. We really don't have an answer because we have not had any
direct comparisons in the clinical setting, but if you look at the features of [factor] Xa inhibition for example, as |
have pointed out, it is the gatekeeper of the coagulation cascade. When factor X is activated, it amplifies the
generation of thrombin a thousandfold. If we inhibit factor X, we have a profound effect in inhibiting the
generation of thrombin. It does this but to some extent will preserve some of the hemostatic mechanisms. So,
we have this very potent anticoagulant, antithrombotic effect with the potential to preserve some hemostatic
actions.

When you look at factor IIA as in thrombin inhibition, this is the final common pathway of activation of
coagulation. Thrombin inhibition will completely block thrombin's action. It will block contact activation and it will
have an effect in inhibiting platelet activation. There is a very potent antithrombotic effect of inhibiting thrombin.
[However,] as indicated we have no direct comparison so it is not possible from a clinical point of view to say
which is better.
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New Anticoagulants

Direct Thrombin Inhibitors
e Dabigatran

Factor Xa Inhibitors
e Rivaroxaban

e Apixaban

e Edoxaban

@ Thrombosis héart., Madscape
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Dr. Turpie: The most advanced of these new anticoagulant drugs in development are the direct thrombin
inhibitor dabigatran and the factor X inhibitors rivaroxaban, apixaban, and edoxaban. | would like to point out a
number of features of these that are important clinically. As you have already heard, the bioavailability is quite
different and ranges from 80% with rivaroxaban down to 6% with thrombin. As pointed out by Professor

Wallentin, they were concerned about that low bioavailability, but in the clinical setting it turned out to be
effective.

Comparative Pharmacology

Characteristic  Rivaroxaban Apixaban Edoxaban Dabigatran
Target Factor Xa Factor Xa Factor Xa Thrombin
Prodrug No No No Yes
Bioavailability (%) 80 60 50 6

2 Once a day X Twice a day
Dosing (Twice a day) Twice a day Once a day (Once a day))
Half-life (hours) 7-11 12 9-11 12-14
Renal excretion (%) 33 (66) 25 35 80
Monitoring No No No No
Interactions 3A4/Pgp 3A4 3A4/Pgp Pgp

Pgp=P-glycoprotein
@ Thrombosis héarto, Malscape
Slide 7.
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Dr. Turpie: You can see that there are different dosing regimens in terms of once or twice a day. For different
indications, there are twice-daily regimens and once-daily regimens of rivaroxaban. In the setting of AF itis a
once-a-day regimen. Apixaban is twice a day, edoxaban once a day, and dabigatran for AF is twice a day. As
you know, when you survey clinicians and patients alike, all of them prefer the once-a-day regimen for long-term
treatment.

The half-lives are very similar but it is very important to point out that of course it is much less than warfarin,
which results in rapid onset and rapid offset of action. | think from the clinician's point of view the most important
thing to appreciate is that they are all to some extent excreted by the kidney. We really must pay attention to
renal function when using these new drugs. There is no question that there will be accumulation in patients who
have renal insufficiency and that accumulation will result in the potential for increased bleeding complications.
Please pay attention to the renal function of any patient to whom you administer these drugs.

Comparison of Features of New
Anticoagulants With Those of Warfarin

Features Warfarin  New Agents
Onset Slow Rapid

Dosing Variable Fixed

Food effect Yes No

Drug interactions Many Few

Monitoring Yes No

Half-life Long Short

Antidote Yes No

@ Thromt h&art., Medscape
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Dr. Turpie: Because it really is in comparison with warfarin that we would like to use these drugs in the clinical
setting, let's look at the features which are different and what the potential benefits are. The onset of warfarin is
slow and often bridging therapy is necessary. It is not necessary with the new drugs because they have
therapeutic levels within 2-3 hours. The dosing with warfarin is variable, requiring coagulation tests to monitor
the response and adjust the dose. For the most part, the new drugs are given in a fixed dose without
coagulation monitoring. A third effect with warfarin often cited as a problem, which in my view it's not too much
of a problem, but with the new drugs there is no concern regarding food effects. There are many drugs
interactions with warfarin. There are very few, as already pointed out, with the new drugs. From the point of view
of practicality, there is no requirement for monitoring with a coagulation test because of the fixed dosing of the
new drugs, and as already pointed out, rapid onset and offset of action is an advantage. One thing of concern
for many clinicians is the absence of a specific antidote. We can discuss that in the panel session shortly.
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New Oral Anticoagulants

Advantage Clinical Implications

Rapid onset of action No need for bridging

No need for routine
coagulation monitoring

Predictable anticoagulant effect

Specific coagulation Low risk for off-target
enzyme target adverse effects

Low potential for

g i No dietary precautions
food interactions ypP

Low potential for

i . Few drug restrictions
drug interactions g

T he n g
@ hrombosis Eikelboom JW, Weitz 1. Circwlation. 2010;121:1523-1532 m M".“?‘.‘L.'p"
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Dr. Turpie: Let's have a look at these advantages. There is no need for bridging and no need for routine
coagulation monitoring. There is a low risk for off-target adverse effects because they are specifically targeting
single coagulation factors. There are no dietary precautions and few drug interactions.

Disadvantages vs Warfarin

Features Warfarin New Agents
Frequency Once daily Twice daily*
Monitoring INR Uncertain
Clearance Nonrenal Renal 25%-80%
Antidote Vitamin K, FFP, PCC Nil
Familiarity Extensive Minimal

*Dabigatran and apixaban

@ Thy ~re b i FFP=fresh frozen plasmo; PCC =prothrombin complex concentrate % M":‘"‘.‘i"'
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Dr. Turpie: There are potential disadvantages. For example, the monitoring, the uncertainty about the lack of
monitoring will be of concern for some clinicians. | have pointed out very forcibly the concern regarding renal
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function and the lack of an antidote is a concern for many patients.

New Anticoagulants (cont)

Venous thromboembolism prevention

Venous thromboembolism treatment

Stroke prevention in AF

Treatment of acute coronary syndrome

@ Thrombosis h&art., Medscape
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Dr. Turpie: All of the new drugs are being tested across the whole spectrum of thrombosis and we have seen
very important and excellent results in venous thrombosis prevention. We have seen good results in the
treatment of venous thromboembolism, and as already pointed out at this symposium we have seen spectacular
results in AF. There are very large numbers of patients being tested in clinical trials in AF, so we are very
confident with the outcome of these trials, which can tell us from a clinical point of view what is appropriate.

Direct Thrombin Inhibitors and Factor Xa
Inhibitors for AF

Medication Action  Phase 3 Trial Comparator Design n
Direct Non-
Dabigatran thrombin RE-LY Warfarin b=l 18,113
Rt inferiority
inhibitor
AVERROES Aspirin Superiority 5600
Apixaban Anti Xa ' Non-
ARISTOLE Warfarin inferlority 18,201
- - : Non-
Rivaroxaban Anti Xa ROCKET AF Warfarin . ot 14,000
inferiority
- . Non-
Edoxaban Anti Xa ENGAGE AF Warfarin A 16,500
inferiority
@ Thrombosis héart., Madscape
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Dr. Turpie: As you can see here, almost 60,000 or 70,000 people have been involved in clinical trials involving
these new agents.

AF Trials vs Warfarin

Meta-analysis of ischemic stroke

or systemic embolism
Category -

Warfarin vs placebo HEH
Warfarin vs warfarin low dose il

Warfarin vs aspirin .

Warfarin vs aspirin + clopidogrel HE—
Warfarin vs ximelagatran |._.._.|
Warfarin vs rivaroxaban l—.—l
Warfarin vs dabigatran 150 -
) | 1 1 . I I 1 L}
0 03 06 09 12 1518 20
Favors warfarin Favors other treatment
@ Thrombosis héart., Medscape
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Dr. Turpie: If we look at the evolution of anticoagulant therapy in AF, you can see in comparison with warfarin
we have seen this dramatic shift toward improvement in the outcome with the new anticoagulant drugs. First of
all, you see warfarin is very effective. Warfarin has to be given at a therapeutic level of 2 to 3 to be effective. It is
better than aspirin. It is better than aspirin and clopidogrel. The first of the new drugs regrettably discontinued
because of hepatic insufficiency showed equivalence, and then we begin to see superiority with the new factor
X inhibitors and the direct thrombin inhibitor dabigatran.
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Indirect Comparisons vs Warfarin

Dabigatran Dabigatran
Feature (110 mg) (150 mg) Rivaroxaban
Efficacy Non-inferior Superior Non-inferior
Ischemic stroke Similar Reduced Similar
Intracranial Reduced Reduced Reduced
hemorrhage
Major bleeding Reduced Similar Similar
Myocardial -
IFEarcton Increased Increased Similar
Dyspepsia Yes Yes No
Dosing Twice daily Twice daily Once daily
e '"r;'r‘;; apeutic 6794 (median) 67% (median)  58% (median)
@ Thrombosis héart., Medscape
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Dr. Turpie: There are no comparisons between one and the other, but we have indirect comparisons with
warfarin and | think that these are important from the point of view of making a decision regarding clinical use.
Dabigatran is clearly superior at a higher dose in comparison with warfarin. Rivaroxaban is non-inferior. The
rates of ischemic stroke are similar with low-dose dabigatran and with rivaroxaban, but reduced with the higher
dose of dabigatran. Intracranial hemorrhage is reduced by all of these new anticoagulant drugs. | know that
when [ sit with a patient in front of me who is going to be on long-term anticoagulant [therapy because of] AF or
a heart valve replacement, | know that the risk for intracranial hemorrhage is about 1 in 300. Now | am confident
that it is 1 in 500-600. What a big benefit in terms of a reduced risk for intracranial hemorrhage.

There is a concern with the thrombin inhibitors that there might be an increased rate of myocardial infarction. In
the initial report in the dabigatran RE-LY trial, there was an increased risk. A subsequent report said it was not
statistically significantly different, but in more recent studies in the treatment of venous thromboembolism, there
is a concern regarding an increased risk for acute coronary syndromes. [Therefore] we have to be concerned
about the potential for acute coronary syndrome in patients receiving a thrombin inhibitor. There is no such
concern with the factor X inhibitors. There are practical issues regarding dyspepsia with dabigatran. There is no
dyspepsia with the thrombin inhibitors.
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Potential Advantages of New Oral
Anticoagulants
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High specificity
Predictable pharmacokinetics
Good efficacy/tolerability balance

Fixed daily dose with once- or twice-daily
administration

No monitoring or dose adjustment requirement
Rapid onset of action

Fewer drug interactions

Minimal or no food interactions

Halperin JL. J Cardiovasc Med, 2009;10:610-615

Turpie AGG. Eur Heort J 2007,29:155-165 t‘tj”tm M"!?"‘;‘p"

Dr. Turpie: What are the potential advantages of these new drugs in the setting of AF? We have heard about
the pharmacokinetics and the pharmacodynamics, giving them advantages over warfarin. Does this translate to
a better clinical outcome?

Unresolved Issues

@'L‘ N es e
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No established methods of monitoring
No known therapeutic ranges

Lack of an antidote

Management of bleeding

Long-term safety

No head-to-head comparisons of new
agents

he&art., Medscape

Dr. Turpie: There are some unresolved issues that | think we have to consider as clinicians. We all quote that
the lack of anticoagulant monitoring is a big advantage, but we don't have a way or an established way of
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monitoring these new drugs. Do we need it? There is no known therapeutic range. There is no antidote. We
have to be concerned about how to monitor and treat bleeds with these new drugs because inevitably there will
be bleeding with the anticoagulants. The long-term safety has been a concern at the beginning because of the
experience with ximelagatran. With all of the experience of 60,000 people, some treated for more than 2 years,
there is no concern regarding hepatic toxicity. Finally, we don't know which one of these is best.

Possible Reasons for Monitoring

e Assess adherence

Confirm adequacy of treatment

Detect accumulation/overdose

Plan timing of urgent surgery

Diagnose the cause of bleeding

Patient reassurance ("It is working")

@ Throm! héart., Medscape
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Dr. Turpie: Let me go back to this question about monitoring. We all think that patients find monitoring a bit of a
chore, but there are some reasons why monitoring is beneficial. It does assess adherence to treatment. It
confirms the adequacy of the treatment. It will detect accumulation and overdosing. It will help us plan how to
intervene in these patients and it might also help tell us why a patient is bleeding. Finally, we can be certain
when we tell a patient that his or her INR is 2.5, you are doing well. We can't do that with the new drugs when
we give them a fixed dose. So, the patient reassurance factor is not present.
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Practical Issues

e Established mechanism for INR
monitoring

e Significant cost investment that is unlikely
to be abandoned

¢ Lack of monitoring will lead to lack of
patient follow-up
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Dr. Turpie: There is also the problem of, are we going to completely change our patterns of practice because
we already have an established way of dealing with warfarin? It costs a lot of money to set up these clinics with
computerized monitoring of anticoagulant dosing. Are we going to abandon that? | don't think we will, at least in
the short term, and | think that there is that question of monitoring that we have to consider with the potential to
lose patient follow up.

The Cost
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Dr. Turpie: Finally, what will be the cost? It quite clearly will be much more expensive than the few cents that is
required to keep a patient on warfarin. | think that given that we already have 3 or 4 of these new drugs under
development, the good thing is that there will be competition and that the costs will come down.

New Anticoagulants (cont)

e Many new anticoagulant drugs are in
development.

* New oral anticoagulants have similar or
greater efficacy and safety than vitamin K
antagonists, but they are easier to administer.

* The new oral anticoagulants offer important
advantages for patients (convenience, efficacy,
safety).

e Safe management requires knowledge of drug
pharmacology.

@ Thrombosis héart., Medscape
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Dr. Turpie: To conclude, there are many new anticoagulants in development. They have similar or greater
efficacy in comparison with vitamin K antagonists with respect to efficacy and safety. They are much easier to
administer with the proviso that we have lost that monitoring and the potential advantages, but they do offer
important advantages for patients -- the convenience, the efficacy and safety -- but the key thing for us as
clinicians is to have knowledge of their pharmacology and in particular their renal excretion, which will allow us
to administer these drugs for the long term.
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Lars Wallentin, MD, PhD: Thank you. Please come to the podium and we will start the panel debate. There are
some microphones out there for people who would like to put questions, and maybe we could discuss
something about the patients, the treatments, the results and side effects, and implementation. | could maybe
ask you to focus on the patients. Between these trials there are some differences in patient populations. | think
the largest difference is in relation to the ROCKET. So, in relation to the usual population, Rob, can you
comment on the population in the ROCKET? Is that representative of the general AF population? What are the
advantages and disadvantages of this high-risk group?
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Robert P. Giugliano, MD: Lars, from my perspective we have to be careful to distinguish high-risk and low-risk
trials from decisions about patients. ROCKET was designed to be a different trial -- no question about that -- by
including a much higher-risk population because we had a lot of concerns clinically that the trials were weighted
toward the lower risk with fewer comorbidities and there was not much direct evidence about what to do with
these high-risk patients. Whether that means that there is an advantage to one drug over another in these
populations | think can only be determined by head-to-head trials, which | hope will happen fairly soon because
just to put down my 2 cents worth here, | don't think there is any way by indirect comparisons you can actually
figure out which drug is better than the other.

Dr. Wallentin: There is a warning that we really cannot draw any conclusions from indirect comparisons. | mean
even in the ENGAGE AF trial, you selected higher-risk patients and not the CHADS score ones. Still | think in
the RE-LY trial we had some important information because obviously there seems to be an advantage in the
lower-risk population which adds to our armamentarium for this patient population.

Dr. Giugliano: Yes, but we were not saying that including low-risk patients was a bad thing. It was just that in
the next trial we thought including high-risk patients would be good.

Robert M. Califf, MD: Lars, | think the one population of patients that isn't in any of these trials is the CHADS
zero, and that is a group that we are not really going to know what to do with in terms or risk and benefit from
these trials.

Dr. Wallentin: Let's continue. Dr. Giugliano, the dosing, this must be a key of course in relation to the success.
It is always the dose that matters. Can you comment on the selection of this twice- or once-daily dosing? It is
kind of surprising that when we look into the pharmacokinetics that the drug with the longest half-life, apixaban,
is used twice daily while the drugs with shorter half-lives are used once daily.

Dr. Giugliano: The decision to go with a once-daily dosing of edoxaban was based purely on the phase 2
experience. Both the observed bleeding rates with a total of 60 mg was less if administered once daily than if 30
mg [was given] twice daily. Second, the more extensive pharmacokinetic analysis of all the doses studied
indicated that the minimum concentration was more important. Now, why that is, and | agree it is somewhat
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surprising, | think we could theorize a number of explanations about maybe the minimum concentration is the
critical variable for bleeding because it allows some recovery or what have you. | don't know, but those were the
observed outcomes and | think when you look at the phase 2 data with edoxaban it is difficult to support giving
that drug twice daily with the bleeding risk. So, it is purely empirical.

Dr. Wallentin: The dosing seems to be relevant, especially at least the magnitude of the dose in relation to
certain populations. | think John, you have experienced from let's say aspirin-created populations, and in these
trials we have around 20% to 30%, maybe even more who get aspirin during the trial. Could you maybe from
your APPRAISE experiences with apixaban comment on this issue?

John H. Alexander, MD, MHS: Yes. Lars is alluding to the APPRAISE trial which was just presented and
published and | commented on it briefly in my presentation where we compared apixaban vs placebo, so not vs
warfarin but vs placebo, on a background of antiplatelet therapy, both aspirin and aspirin plus clopidogrel. With
the addition of the anticoagulant, you do see more bleeding than with placebo. In the population that we enrolled
in APPRAISE, we did not see the efficacy in terms of a reduction in ischemic events. So, | would say the
efficacy piece of that is very different in AF, where we know that anticoagulants, warfarin, and these new drugs
are highly effective, but | would expect some increased risk for bleeding in patients who are concomitantly
treated with antiplatelet therapy. In my view at least, we need to be carefully assessing the need for and the
duration of antiplatelet therapy in our patients with AF and mostly related to coronary disease and procedures.

Dr. Califf: Can | get John to comment on one other item? John, could you comment on the people with coronary
disease and AF? Based on emerging data, might it also make sense to drop the aspirin in those people?

Dr. Alexander: | don't think we know the answer to that, and that is a population that | think has been very
understudied. All of these drugs as they are being used more aggressively in patients with AF, we need to
understand how to use them on top of antiplatelet therapy. Rob, you raised the very important thing that we all
consider aspirin the sort of default background of antiplatelet therapy and we are talking about, do you drop the
thienopyridine or the P2Y12 antagonist? It may be that aspirin as we saw in AVERROES has a really worse
safety profile than we think and we might be better off dropping the aspirin. There is a lot of work to do.

Eugene Braunwald, MD: | just wanted to add that we are just in the process of completing a trial called ATLAS
2 TIMI-51. In that trial we studied a population of a little over 15,000 patients with acute coronary syndrome who
receive antiplatelet therapy. We have not yet locked the data so we don't know what the results are, but we do
know that the data safety monitoring committee allowed us to complete the study and so at least there is a
possibility. That population was not quite as sick as your population because we excluded patients who had a
previous stroke, but that certainly is no guarantee of a positive outcome.

Dr. Wallentin: The AF population looks a little bit like the APPRAISE 2 population unfortunately. These are
elderly patients. | think we have 2 questions from the audience.

Member of Audience: Dr. Wallentin, you put the emphasis on the dose. In the prescription | read the statement
that when we choose the written control strategy, the dose of dabigatran should be reduced 75 mg per day.
What is the source because | wrote a review about this topic? | did not find the source of this statement, which is
included in the official prescription in our country.

Dr. Wallentin: No, it comes from the US Food and Drug Administration. | think it is based on pharmacokinetic
modeling from the company. You will have the same exposure in patients with renal dysfunction, but the dose
has never been tested. | think in most other countries' dosages, the 150-mg and 110-mg doses are available.
Still | think it is an upside of this because in the trial we excluded patients with renal dysfunction. It is really an
appropriate way | think to translate the result into another population, but there are no data from a clinical trial at
the 75-mg dose. Thank you for this question. We have a question over there.

Member of Audience: Could you please summarize the data on older patients who are more than 80 years
old? Also, please comment on an issue that is unresolved. It is related to patients with risk for coronary disease.
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With dabigatran, it seems that in the trial it is increased, although there is some theoretical antiplatelet defect.
Please comment

Dr. Wallentin: | think concerning the elderly patients, there have been presentations that of course the bleeding
risk is increased and it seems appropriate to reduce the dose in the elderly. | think it is definitely a disadvantage
that this dose of 110 mg is unavailable in the United States | think the company is going back to the FDA to try
to have the lower dose approved because you have non-inferiority and less bleeding, but as you say we need to
focus on the elderly because they have more comorbidities. Are there any comments from Rob, because you
had a really high-risk elderly population?

Dr. Califf: We had a lot of patients over the age of 80. If you go to the hotline tomorrow, Professor Keith Fox, my
co-chair, will be presenting the results of a 15-mg dose reduction, which was written into the protocol based on
creatinine clearance. Of course if you are over the age of 80, there is a very high probability that you will have
reduced creatinine clearance as a normal function of aging. Basically, the results with the reduced dose were
the same as with the 20-mg dose in younger patients or patients with normal renal function. So, it does look like
a dose reduction is going to be needed and for each drug there will need to be empiric data to really understand
what the best dose would be.

You brought up black patients also, and here | think it is shameful in all of the trials there is an under-enroliment
of black patients. | think we have learned now that particularly in the coagulation system there can be
differences. So, this is an area that | think needs a lot more work. It is equally true of our trial ROCKET as the
other trials.

Dr. Wallentin: We have one more comment behind you there, another question.

Member of Audience: Could the panel comment on planning for elective surgery and also as there is no
antidote, what do you do when people bleed apart from cross fingers?

Dr. Wallentin: | think Graham, you have not been involved. You need to answer this difficult question.

Alexander G. G. Turpie, MD: | will start with the bleeding question. | think it is reasonable to treat patients the
way you would currently treat a patient who is bleeding. We know that the half-life is relatively short and that at
24 hours the patient will be hemostatically competent if you discontinue administration of any of the new drugs.
If you think about how you handle a patient who is bleeding on warfarin, you don't give them any more. You will
give them vitamin K and the patient will become hemostatically competent within about 12 to 16 hours with
vitamin K. It is about the same time. How you would handle patients who are bleeding? It would be stop the
anticoagulant drug, apply pressure if the bleeding site is accessible, and administer fluids as necessary. We now
have experimental evidence that PCC, prothrombin complex concentrates, will reverse inhibition of the
anticoagulation by the factor X inhibitors and the recombinant factor VII will also reverse the inhibition. They
have not been tested in the clinical setting; however, | think that many of us will use these if patients continue to
bleed after conservative measures.

With respect to discontinuation prior to surgery, in the clinical trial protocols in orthopaedic surgery for example,
surgery was permitted 24 hours after the last dose with no evidence that this increased the bleeding risk. So, |
would discontinue the drug 24 hours prior to surgery, but there are some caveats, particularly with dabigatran
and in patients who have diminished renal function. There are protocols derived from the pharmacokinetics
which give guidance for the use of dabigatran in the preoperative setting based on creatinine clearance.

Dr. Wallentin: Can you just comment in relation to dabigatran? Within the trial we have looked into the results in
relation to interruption for surgery. These results have not been presented but at least | can tell you it looks very
comforting from the dabigatran point of view.

Dr. Califf: If | could comment on bad news on that perhaps. Within the rivaroxaban data, discontinuation for
surgery looks quite comforting but discontinuation at the end of the trial, there was a definite spike in events on
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which we have done a lot of analyses. | wish | could present all the data here. There is not time, but | am going
to make a prediction that with all of these drugs there is going to need to be some concern about bridging and
overlap of anticoagulation, and in the bleeding patient there is going to need to be careful study of how much
reversal of anticoagulation you can do and do it safely These are event rates that are not in the range where an
individual practitioner could ever see it, but there is a definite spike that you see in a population that I think
should be of concern.

Dr. Wallentin: You might say this has in no way been concealed in the RE-LY trial, but the fact is that almost all
patients in the RE-LY trial on dabigatran continued on the treatment and they were given the treatment for free
until the drug was approved in the respective countries. Therefore, we had no chance in the RE-LY trial to get
these observations.

Dr. Braunwald: On the [factor] Xa inhibitors, help is on the way. There is a company in San Francisco called
Portola and scientists from that company are presenting an abstract at this meeting which shows an antidote, a
specific antidote to all [factor] Xa inhibitors, but these are only animal studies. It looks quite promising. | would
think that by next year at the time of this meeting we should have some clinical information on that.

A New Era in the Management of Atrial Fibrillation:
An Update on Oral Anticoagulation

Thank You for Your Attendance
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Dr. Wallentin: We are approaching the end of this symposium. Dr. Braunwald, can | ask you what do you think
about the future for warfarin when you see all of this coming?

Dr. Braunwald: Well, | am not optimistic about warfarin. | think as Professor Turpie pointed out, | think there will
be some people who will be reluctant particularly for reasons of cost to get rid of warfarin, but as | have seen
other therapies come, | think these drugs do represent a new era. | was around when warfarin was introduced
and | am pleased to be around at the time of the impending but not quite yet but the impeding funeral of
warfarin.
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