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Coagulation Cascade

Contact system: Cellular injury:
HMWIK, PK, F X F Xlla, Kallikrein Tissue Factor (TF)
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Simplified Coagulation Cascade

Medscapea WWW.medscape.com

Intrinsic Extrinsic
Pathway Pathway

Rivaroxaban
Apixaban
Edoxaban
Betrixaban
Otamixaban

Dabigatran
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Why use anticoagulation for
atrial fibrillation?
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Left Atrial
Appendage
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Trial Time Interval Main Findings

SPAF |
‘Warfarin vs. placebo 1987-1989 Warfarin substantially reduces stroke
Aspirin vs. placebo 1987-1990 Aspirin reduces stroke
SPAF N
‘Warfarin vs. aspirin, age =75 y 1987-1992 Small absolute reduction in stroke by warfarin over aspirin in unselected patients
‘Warfarin vs. aspirin, age =75 y 19891992 High rate of intracranial bleeding with warfarin (INR, 2-4.5) in patients =75
SPAF Il years of age offset reduction in ischemic stroke
‘Warfarin INR 2-3 vs. aspirin plus low-intensity, 1993-1995 Warfarin INR 2-3 offers large benefits over aspirin plus low-intensity, fixed-dose
fixed-dose warfarin in selected high-risk warfarin for high-risk patients
patients
Aspirin-treated low-risk cohort - Patients whose stroke risk is low when given aspirin can be identified (validation
of the SPAF risk stratification scheme)

* All were randomized trials, except the nonrandomized aspirin-treared low-risk cohort clinical trial in SPAF II1, in which all parricipants were prescribed aspirin and followed
to validate the stroke risk stranficarion scheme. INE. = international normalized ratio; SPAF = Stroke Preventon in Atrial Fibrilladon.
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Current Trial-Associated Outcomes With Warfarin
in Prevention of Stroke in Patients
With Nonvalvular Atrial Fibrillation
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Dabigatran versus Warfarin in Patients with Atrial Fibrillation

Stuart J. Connolly, M.D., Michael D. Ezekowitz, M.B., Ch.B., D.Phil., Salim Yusuf, F.R.C.P.C., D.Phil.,
John Eikelboom, M.D., Jonas Oldgren, M.D., Ph.D., Amit Parekh, M.D., Janice Pogue, M.Sc., Paul A. Reilly, Ph.D.,
Ellison Themeles, B.A., Jeanne Varrone, M.D., Susan Wang, Ph.D., Marco Alings, M.D., Ph.D., Denis Xavier, M.D.,
Jun Zhu, M.D., Rafael Diaz, M.D., Basil S. Lewis, M.D., Harald Darius, M.D., Hans-Christoph Diener, M.D., Ph.D.,
Campbell D. Joyner, M.D., Lars Wallentin, M.D., Ph.D., and the RE-LY Steering Committee and Investigators*
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RE-LY
Inclusion Criteria
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RE-LY
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Qutcomes of RE-LY
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Dabigatran Outcomes

Table 2. Efficacy Outcomes, According to Treatment Group.
Dabigatran, 110 mg Dabigatran, 150 mg Warfarin
Event (M=6015) (N=6076) (N =6022)
no. of no. of no. of
patients %/ patients Y% fyr  patients o/yr
Stroke or systemic 182 1.53 134 111 199 1.69
embolism*

Stroke 171 1.44 122 1.01 185 1.57
Hemaorrhagic 14 0.12 12 0.10 45 0.38
Ischemic or 159 1.34 111 092 142 1.20

unspecified
Mondisabling 60 0.50 a4 037 69 0.58
stroke
Disabling or fatal 112 0.94 80 0.66 118 1.00
stroke
Myocardial infarction 86 0.72 89 0.74 63 0.53
Pulmonary embolism 14 0.12 18 0.15 11 0.09
Hospitalization 2311 19.4 2430 20.2 2458 20.8
Death from vascular 289 243 274 228 317 2.69
causes
Death from any cause 446 3.75 438 364 487 413

Dabigatran, 110 mg,

vs. Warfarin

Relative Risk
(95% Cl)

P Value

0.91 (0.74-1.11) <0.001 for

0.92 (0.74-1.13)
0.31 (0.17-0.56)
1.11 (0.89-1.40)

0.86 (0.61-1.22)

0.94 (0.73-1.22)

1.35 (0.98-187)
1.26 (0.57-2.78)
0.92 (0.87-0.97)
0.90 (0.77-1.06)

0.91 {0.80-1.03)

noninfe-

riority,
0.34

0.41
<0.001
0.35

0.40

0.65

0.07
0.56
0.003
0.21

0.13

Dabigatran, 150 mg,

vs. Warfarin

Relative Risk
(95% CI)

P Value

0.66 (0.53-0.82) <0.001 for

0.64 (0.51-0.81)
0.26 (0.14-0.49)
0.76 (0.60-0.98)

0.62 (0.43-0.91)

0.66 (0.50-0.88)

1.38 (1.00-1.91)
1.61 (0.76-3.42)
0.97 (0.92-1.03)
0.85 (0.72-0.99)

0.88 (0.77-1.00)

noninfe-
riority,
<0.001
=0.001
=0.001

0.03

0.01

0.005

0.042
0.21
0.24
0.04

0.051

Dabigatran,

150 mg vs. 110 mg

Relative Risk
(95% CI)

0.73 (0.58-0.91)

0.70 (0.56-0.89)
0.85 (0.39-1.83)
0.69 (0.54-0.88)

0.72 (0.49-1.07)
0.70 (0.53-0.94)

1.02 (0.76-1.38)
1.27 (0.63-2.56)
1.06 (1.00-1.12)
0.94 (0.79-1.11)

0.97 (0.85-1.11)

P Value

0.005

0.003
0.67
0.002

0.10

0.02

0.83
0.50
0.04
0.44

0.66

* Data are shown for all patients who had at least one event. All analyses were based on the time to the first event. P values are for superiority, unless otherwise indicated. The modified
Rankin scale {on which scores can range from 0 [no neurologic disability] to 5 [severe disability], with 6 indicating a fatal stroke) was used to categorize stroke: nondisabling stroke was de-
fined by a score of 0 to 2, and disabling or fatal stroke, a score of 3 to 6.
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Figure 1. Cumulative Hazard Rates for the Primary Outcome of Stroke or Systemic Embolism, According to Treat-

ment Group.




Safety of Dabigatran

Table 3. Safety Outcomes, According to Treatment Group.®
Dabigatran, 110 mg, Dabigatran, 150 mg, Dabigatran,
Event Dabigatran, 110 mg  Dabigatran, 150 mg Warfarin vs. Warfarin vs. Warfarin 150 mg vs. 110 mg
Relative Risk Relative Risk Relative Risk
(95% CI) P Value (95% Cl) P Value (95% Cl) P Value
no. of no. of no. of
patients % fr patients a/fyr patients Soyr
Major bleeding 322 271 375 111 397 3.36 0.80 (0.65-0.93) 0.003 0.93 (0.81-1.07) 0.31 1.16 {1.00-1.34) 0.052
Life threatening 145 1.22 175 1.45 212 1.80 068 (0.55-0.83) <0.001 0.81(0.66-0.59) 0.04 1.15 (0.96-1.49) 011
Non-life threatening 198 1.66 226 1.38 208 1.76 0.94 (0.78-1.15) 0.56 1.07 {0.89-1.29) 0.47 1.14 {0.95-1.39) 0.17
Gastrointestinaly 133 1.12 182 1.51 120 1.02 1.10 (0.86-1.41) 0.43 1.50(1.15-1.39) =0.001 136 (1.09-1.70) 0.007
Minor bleeding 1566 13.16 1787 14.84 1931 16.37 0.79 (0.74-0.84) <0.001 0.91(0.85-0.97) 0.005 116 (1.08-1.24) <0.001
Major or minor bleeding 1740 14.62 1977 16.42 2142 18.15 0.78 (0.74-0.83) <0.001 0.91(0.86-057) 0.002 116 (1.09-1.23) <0.001
Intracranial bleeding 27 0.23 36 0.30 87 0.74 0.31 (0.20-0.47) =0.001 0.40 (0.27-080) =0.001 132 (0.80-2.17) 0.28
Extracranial bleeding 299 2.51 342 2.84 315 267 0.94 (0.80-1.10) 0.45 1.07 (0.92-1.25) 0.38 1.14 (0.97-1.33) 0.11
Met clinical benefit out- 844 7.09 832 6.91 901 7.64 0.92 (0.84-1.02) 0.10 0.91 {0.22-1.00) 0.04 0.98 (0.89-1.08) 0.66
comexl

* Data are shown for all patients who had at least one event. All analyses were based on the time to the first event. Hemorrhagic stroke was a subcategory of stroke in the efficacy analysis
and in the safety analysis is also counted as major, life-threatening bleeding and as part of intracranial bleeding.

T Gastrointestinal bleeding could be life threatening or non-life threatening.

I The net clinical benefit outcome was the composite of stroke, systemic embolism, pulmonary embolism, myocardial infarction, death, or major bleeding.




Side Effects of Dabigatran

Table 4. Discontinuation of the Study Drug, Adverse Events, and Liver Function According to Treatment Group.*

Dabigatran, 110 mg Dabigatran, 150 mg
Variable (N=6015) (N=6076) Warfarin (N =6022)

number of patients (percent)
Study-drug discontinuation

Discontinued at 1 yr{ 862 (15) 935 (16) 608 (10)
Discontinued at 2 yr{ 1161 (21) 1211 (21) 902 (17)
Reason for discontinuation
Patient’s decision 440 (7.3) 474 (7.8) 375(6.2)
Outcome event 192 (3.2) 164 (2.7) 130 (2.2)
Serious adverse eventy. 163 (2.7) 166 (2.7) 105 (1.7)
Gastrointestinal symptomsf 134 (2.2) 130 (2.1) 38 (0.6)
Gastrointestinal bleeding 58 (1.0) 80 (1.3) 54 (0.9)
Adverse events
Dyspepsiaf | 707 (11.8) 688 (11.3) 348 (5.8)




. [

"%

?

Conclusions of RE-LY
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FDA Approval of Dabigatran (Pradaxa)
October 2010
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Why not 110mg po bid?
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Why 75mg po bid?
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What does “Non-Valvular” Mean?
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Pearls for Dabigatran
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Converting warfarin/Dabigatran
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Risk of Myocardial Infarction
with Dabigatran
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Dabigatran, No. Control, No.
Study, y ACEv  NoEvent ACEv NoEvent Odds Ratio (95% Cl)

RE-NOVATE.'” 2007 13 2296 9 1133 0.71 (0.30-1.67)
RE-MODEL,"" 2007 : : 690 1.26 (0.39-4.02)
PETRO.' 2007 44; 70 : 0.79 (0.04-16.73)

RE-LY original * 2009 7 : 1.39 (1.04-1.86)
RE-COVER,' 2009 - - 1.99 (0.36-10.90)
RE-DEEM,* 2011 : - 31: 1.72 (0.60-4.89)

RE-NOVATE 11" 2011 0.99 (0.06-15.90)

FE model ; 1.33 (1.03-1.71)

0.04 0.20 1.00 5.00
Odds Ratio (Log Scale)

Figure 2. Risk of myocardial infarction and acute coronary syndrome across 7 studies, including original
Randomized Evaluation of Long-term Anticoagulant Therapy (RE-LY) results. ACEv indicates acute
coronary events; FE, fixed effects; PETRO, Prevention of Embolic and Thrombotic Evenis in Patients With
Persistent AF Study; rectangles, odds ratios; limit lines, 95% Cls; diamond, overall odds ratio and 95%
Cl; and arrows, 95% Cls that exceed the limits of the graph (0.04-5.00)

1.33 (1.03-1.71)




Dabigatran Shelf Life
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Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation

Manesh R. Patel, M.D., Kenneth W. Mahaffey, M.D., Jyotsna Garg, M.5., Guchua Pan, Ph.D., Daniel E. Singer, M.D.,,
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and the ROCKET AF Steering Committee, for the ROCKET AF Investigators®
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Outcomes

Table 2. Primary End Point of Stroke or Systemic Embolism.*

Study Population

Per-protocol, as-treated
populationd;

Dwari ng treatment

After discontinuation

Safety, as-treated population
Intention-to-treat population§

Rivaroxaban
No.of MNo.of Event
Patients Events Rate

no. /100

patient-yr
6958 188 1.7
7061 189 1.7
7081 269 2.1
188 1.7
81 4.7

Warfarin
No.of No.of Event
Patients Events Rate
no. /100
patient-yr

7004 241 22

7082 243 22
7090 306 24
240 22

66 43

Hazard Ratio
(95% CI)7

0.79 (0.66-0.96

0.79 (0.65-0.95
0.88 (0.75-1.03
0.79 (0.66-0.96
110 (0.79-1.52

)

L o S S

P Value

Moninferiority Superiority

<0.001
0.02
<0.001 0.12
0.02
058

* The median follow-up period was 590 days for the per-protocol, as-treated population during treatment; 590 days for the safety, as-treated
population during treatment; and 707 days for the intention-to-treat population,
T Hazard ratios are for the rivaroxaban group as compared with the warfarin group.
+ The primary analysis was performed in the as-treated, per-protocol population during treatment.

ulation continued until notification of study termination.

Follow-u

in the intention-to-treat




Primary Outcome

A Eventsin Per-Protocol Population B Events in Intention-to-Treat Population

100 100
B0 B S0 Cn
A0 b &0 3

704 4 Warfarin 70 4

Rivaroxaban Rivaroxaban

T 1 T T | ] T |
20 0 130 240 360 450 o00 720 540

I
20+ 0 120 240 360 480 o000 70 B40

Cumulative Event Rate ()
$

Cumulative Event Rate (%)
g

10+ 10+
0 : | : : : U_M
0 120 240 il 480 600 720 240 0 120 240 360 480 &00 T20 840
Days since Randomization Days since Randomization
No. at Risk MNo. at Risk
Rivarcwaban 6958 6211 5786 5468 4406 3407 2472 1496 Rivaroxaban 7081 6879 6633 6470 5164 4103 2951 1785
Warfarin 7004 8347 5811 5542 446l 3478 2539 1538 Warfarin 7080 671 BRSG G440 5225 4087 2944 1783

Figure 1. Cumulative Rates of the Primary End Point (Stroke or Systemic
Embolism) in the Per-Protocol Population and in the Intention-to-Treat
lation.




Secondary Outcomes

Online Table 4. Secondary Efficacy Outcomes* by Treatment Group?

Rivaroxaban Warfarin Rivaroxaban vs. War farin
Total Event Rate Total Event Rate Hazard Ratio P Value||
(100 Pt-Yr)i (100 Pt-Yr){ (95% CI)§

Secondary efficacy endpomts, no. (%a)¥
———

Stroke 184 (2.61) 1.63 221 (3.12) 1.96 085 (0,70, 1.03) 0092

Hemorrhagic 29 (0.41) (.26 S000.71) .44 059 (0.37, 0.93) 0.024

lschemic 149(2.11) 1.34 161 (2.27) 1.42 0.9 (0,75, 1.17) 0.581
T

Non-CNS systemic embolism, no. (%a) 500,07} .04 220031 019 0,23 (0,09, 0.61) 0.003

Myocardial infarction, no. (%) 101 (1.43) 0.91 126 (1.78) 1.12 0,81 (.63, 1.06) 0121

All-cause mortality, no. (%a)** 208 (2.95) 1.87 250 (3.53) 221 0.85 (0,70, 1.02) 0.073

Supplement to: Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011;365:883-91




Bleeding Events

Table 3. Rates of Bleeding Events.*

Variable

Principal safety end point: major and nonmajor
clinically relevant bleeding§

Major bleeding
Any
Decrease in hemoglobin =2 g/dl
Transfusion
Critical bleeding
Fatal bleeding
Intracranial hemorrhage

Nonmajor clinically relevant bleeding

Rivaroxaban
(N=7111)
Events Event Rate
no. /100
no. (%)  patientyr
1475 (20.7) 14.9
395 (5.6) 36
305 (4.3) 28
183 (2.6) 16
91 (1.3) 0.8
27 (0.4) 0.2
55 (0.8) 0.5
1185 (16.7) 11.8

Warfarin
(N=7125)
Events Event Rate
no. /100
no. (%)  patient-yr

1449 (203) 145

386 (5.4) 3.4
254 (3.6) 23
149 (2.1) 13
133 (1.9) 1.2
55 (0.8) 0.5
84 (1.2) 0.7

1151 (16.2) 114

Hazard Ratio
(95% Cl)y

1.03 (0.96-1.11)

1.04 (0.90-1.20)
1.22 (1.03-1.44)
1.25 (1.01-1.55)
0.69 (0.53-0.91)
0.50 (0.31-0.79)
0.67 {0.47-0.93)
1.04 (0.96-1.13)

P Valuej

0.44

0.58
0.02
0.04
0.007
0.003
0.02
0.35

* All analyses of rates of bleeding are based on the first event in the safety population during treatment.

T Hazard ratios are for the rivaroxaban group as compared with the warfarin group and were calculated with the use of Cox proportional-hazards
models with the study group as a covariate.

1 Two-sided P values are for superiority in the rivaroxaban group as compared with the warfarin group.

§ Minimal bleeding events were not included in the principal safety end point.

4 Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraccular, pericardial, intraarticular, intramuscular
with compartment syndrome), or retroperitoneal sites,
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Increased risk of Stroke when
stopping rivaroxaban

. & B Events after Discontinuation

Rivarcxaban

Warfarin
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FDA Approval of Rivaroxaban (Xarelto)
November 2011
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Xarelto [Package Insert]. Titusville, NJ: Janssen Pharmaceuticals, Inc., December 2011.



Converting warfarin/Rivaroxaban
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Rivaroxaban in Patients with a Recent
Acute Coronary Syndrome
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Deepak L. Bhatt, M.D., M.P.H., Christoph Bode, M.D.,, Paul Burton, M.D., Ph.D., Marc Cohen, M.D.,
Nancy Cook-Bruns, M.D., Keith A.A. Fox, M.B., Ch.B., Shinya Goto, M.D., Sabina A. Murphy, M.P.H.,

Alexei N. Plotnikov, M.D., David Schneider, M.D., Xiang Sun, Ph.D., Freek W.A. Verheugt, M.D
and C. Michael Gibson, M.D., for the ATLAS ACS 2-TIMI 51 Investigators™

4  C4((1 4

$
61% 1%9%

"666 & $ %
$




ATLAS ACS2 - TIMI 51
Inclusion Criteria

& $ $ 0
% =4@ ( 4@ (
£11 & &
#7?

& * & =



ATLAS ACS2 - TIMI 51
Summary of Enrollment

. 115%

Yo @3



Table 1. Baseline Characteristics ofthe Patients.®

Placebo
Charactenstic Rivaroxaban (N =5176)

2.5 mg Twice Daily (N=5174) 5 mg Twice Daily (N=5176)

G T R A I I R B R L T S G TN TR e ARG B N T Pl S T e I R B R

Medical history — no. (%)
Previous myoaardial infardion

Hypertension

Diabetes

Hypercholesterclemia
Index diagnosis — no. (%)

STEMI
MSTEMI
Unstable angina
PC1or CABG for indecevent — no. (56)

FOF Sk g g S T R A gy g g o g BT T R g S T P g T i N g g o BT T Rl i T Ry T

Medications — no. (%)
Aspirin
Thienocpyridine
Beta-blocker
ACE inhibitor or ARB
Statin
Calcium-cha nnel blocker

1363 (26.3)
3470 (67.1)
1663 {32.3)
2498 (48.3)

2601 (50.3)
1321 (25.5)
1252 (24.2)
3138 (60.6)

5105 (58.7)
4790 (52.6)
3426 (66.2)
2022 (39.1)
4304 (83.2)

820 (15.8)

1403 (27.1)
3499 (67 5)
1648 (31.8)
7544 (45.1)

7584 (49.9)
1335 (25 3
1257 (24.3)
3173 (60.3)

5099 (98.5)
4317 (93.0)
3354 (65.6)
1577 (38.2)
4347 (83.9)

742 (14.3)

1415 (27.3)
3454 (67.5)
1647 (31 8)
7456 (48.2)

2632 (50.8)
1323 (25.6)
1221 (23 8)
3126 (60.4)

5108 (98.7)
£811 (92.8)
3444 (66 5)
2050 (39.8)
4371 (835)

7bd (14.8)
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ARISTOTLE OQutcomes

Table 2. Efficacy Outcomes.™
Apixaban Group Warfarin Group Hazard Ratio
Outcome (N=9120) (N =9081) (95% Cl) P Value
Patients with Event Patients with Event
Event Rate Event Rate
no. Payr no. P fyr
Primary outcome: stroke or systermic embolism 212 1.27 265 1.60 0.79 (0.66-0.95) 0.01
Stroke 199 1.19 250 1.51 0.79 (0.65-0.95) 0.01
Ischemic or uncertain type of stroke 162 097 175 1.05 0.92 (0.74-1.13) 0.42
Hemaorrhagic stroke 40 0.24 78 0.47 0.51 {0.35-0.75) <0001
Systemic embaolism 15 0.09 17 0.10 0.87 (0.44-1.75) 0.70
Key secondary efficacy outcome: death from any 603 352 669 394 0.89 {0.80-0.998)  0.047
cause
Other secondary outcomes
Stroke, systemic embaolism, or death from any 752 4.49 837 5.04 0.89 (0.81-0.98) 0.02
cause
Myocardial infarction 90 0.53 102 0.61 0.88 (0.66=1.17) 037
Stroke, systemic embalism, myocardial infarc- 810 4.85 906 5.49 0.88 (0.80-0.97) 0.01
tion, or death from any cause
Pulmonary embolism or deep-vein thrombosis 7 0.04 9 0.05 0.78 (0.29-2.10) 0.63




ARISTOTLE Safety Outcomes

Table 3. Bleeding Outcomes and Net Clinical Outcomes.*
Apixaban Group Warfarin Group Hazard Ratio
Outcome (N=9088) (N =9052) (95% C) P Value
Patients Event Patients Event
with Event  Rate with Event Rate
no. S /fyr ne. P6/yr
Primary safety outcome: ISTH major bleeding 327 2.13 462 3.09 0.69 {0.60-0.80) <0.001
Intracranial 52 0.33 122 0.80 0.42 {0.30-0.58) <0.001
Other location 275 1.79 340 227 0.79 (0.68-0.93) 0.004
Gastrointestinal 105 0.76 119 0.86 0.89 (0.70-1.15) 0.37
Major or clinically relevant nonmajor bleeding 613 4.07 877 6.01 0.68 {0.61-0.75) <0.001
GUSTO severe bleeding 20 0.52 172 1.13 0.46 (0.35-0.60) <0.001
GUSTO moderate or severe bleeding 199 1.29 328 2.18 0.60 {0.50-0.71) <0.001
TIMI major bleeding 148 0.96 256 1.69 0.57 (0.46-0.70) <0.001
TIMI major or minor bleeding 239 1.53 370 2.46 0.63 (0.54-0.75) <0.001
Any bleeding 2356 18.1 3060 25.8 0.71 (0.68-0.75) <0.001
Met clinical outcomes
Stroke, systemic embaolism, or major bleeding 521 317 666 4,11 0.77 (0.69-0.26) <0.001
Stroke, systemic embalism, major bleeding, 1009 6.13 1168 7.20 0.85 (0.78-0.92) <0.001
or death from any cause
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FDA Approval of apixaban (Eliquis)?
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Patient Population
Age
CHADS, Score

Drug/Coumadin

(incidence per year)

Any Stroke or Embolism
Ischemic stroke
Hemorrhagic stroke

All cause death

Major Bleed

Gl Bleed

Dabigatran

1.1%/1.7%
0.9%/1.2%
0.1%/0.4%
3.6%/4.1%

3.1%/3.4%

1.5%/1.0%

Rivaroxaban

2.1%/2.4%
2.1%/2.3%
0.4%/0.7%
3.0%/3.5%

5.6%/5.4%

3.2%/2.2%

1.3%/1.6%
1.0%/1.1%
0.2%/0.5%
3.4%/3.9%

4.1%/6.0%

0.8%/0.9%




Patient Population
Age
CHADS, Score

# Needed to Treat

(v warfarin for 1 year)

Any Stroke or Embolism
Ischemic stroke
Hemorrhagic stroke

All cause death

(Prevent) Major Bleed

Gl Bleed

Dabigatran

167
333
357
200 (p=0.051)

400 (p=0.052)

-204

Rivaroxaban

333 (ITT)
1250 (NS)
333

172 (p=0.073)

-769 (NS)

-101

Apixaban

303

1250 (NS)
434

238 (p=0.047)

51

1000 (NS)
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