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Comparative effectiveness and safety of non-vitamin K antagonist
oral anticoagulants and warfarin in patients with atrial fibrillation:
propensity weighted nationwide cohort study

Torben Bjerregaard Larsen,'? Flemming Skjoth,2* Peter Brannum Nielsen,?
Jette Nordstrem Kjaeldgaard,? Gregory Y H Lip?*

ABSTRACT

OBJECTIVE

To study the effectiveness and safety of the non-
vitamin K antagonist oral anticoagulants (novel oral
anticoagulants, NOACs) dabigatran, rivaroxaban, and
apixaban compared withwarfarin in anticoagulant
naive patients with atrial fibrillation.

DESIGN
Observational nationwide cohort study.

SETTING
Three Danish nationwide databases, August 2011to
October 2015.

PARTICIPANTS

61678 patients with non-valvular atrial fibrillation who
were naive to oral anticoagulants and had no previous
indication forvalvular atrial fibrillation orvenous
thromboembaolism. The study population was
distributed according to treatment type: warfarin
(n=35436, 57%), dabigatran 150 mg (n=12701, 21%),
rivarcxaban 20 mg (n=7192, 12%), and apixaban 5 mg
(n=6349, 10%).

warfarin: hazard ratio 0.83 (95% confidence interval
0.69 to 0.99). The hazard ratios for dabigatran and
apixaban (2.8% and 4.9% annually, respectively) were
non-significant compared with warfarin. The annual
risk of death was significantly lower with apixaban
(5.2%) and dabigatran (2.7%) (0.65, 0.56 to 0.75 and
0.63, 0.48 to 0.82, respectively) compared with
warfarin (8.5%), but not with rivaroxaban (7.7%). For
the combined endpoint of any bleeding, annual rates
for apixaban (3.3%) and dabigatran (2.4%) were
significantly lower than for warfarin (5.0%) (0.62, 0.51
to 0.74). Warfarin and rivaroxaban had comparable
annual bleeding rates (5.39%).

CONCLUSION

All NOACs seem to be safe and effective alternatives to
warfarin in a routine care setting. No significant
difference was found between NOACs and warfarin for
ischaemic stroke. The risks of death, any bleeding, or
major bleeding were significantly lower for apixaban
and dabigatran compared with warfarin.



WHAT IS ALREADY KNOWN ON THIS TOPIC

The use of non-vitamin Kantagonist oral anticoagulants (novel oral anticoagulants,
NOACs) has been increasing since theirintroduction

Based on data from clinical practice, however, limited evidence exists on
effectiveness and safety of NOACs compared with warfarin

WHAT THIS STUDY ADDS

No significant difference in risk of ischaemic stroke was evident between NOACs
and warfarin

Rivaroxaban was associated with a lower risk of ischaemic stroke or systemic
embolism than warfarin, but with comparable major bleeding rates

Dabigatran and apixaban had non-significant hazard ratios compared with warfarin
forischaemic stroke or systemic embolism, whereas major bleeding rates were
significantly lower with reference to warfarin
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Table 2 | Number of events, and crude and weighted event rates according to initiated treatment

Apixaban Dabigatran Rivaraxaban Warfarin
Crude Weighted Crude Weighted Crude  Weighted Crude Weighted
Variables Events rate* ratef Events rate* ratet Events rate* ratef Events rate* ratet

One year follow-up:

Ischaemic stroke or systemic embolism N 486 3192 i 17 35 161 304 289 1004 328 3%

lschaemic stroke 04 4N 1N M 11 3168 B6 295 179 020 100 3
All cause mortality 3 513 500 10 166 462 i3 760 702 651 851 74
ischaemic stroke, systemic embolism, ordeath 424 981 871 63 LB 192 7 1005 938 3483 1N39 1028
Any bleeding m 8 13 53 1T 18 186 55 48 059 553 A7
Major bleeding 90 280 11 03 117 10 [ T L), 75 hl6 158
Intracranial bleeding 15 046 040 19 01 02 0 0 118 066 085

2.5 years' follow-up:

lschaemic stroke or systemic embolism 25 408 332 4 18 132 00 24 2N 1647 230 233

lschaemic stroke N9 397 307 17 178 1M 06 228 11 13y 20 27
All cause mortality 76 4B L9 600 244 404 92 67 63 beg 717 620
Ischaemic stroke, systemic embolism, ordeath 473 858 775 992 413 610 733 851 803 a9 &l
Any bleeding 13 35 190 i6l 248 147 57 4g0 409 199 460 393
Major bleeding 09 267 215 76 101 102 00 363 X 198 346 208
Intracranial bleeding 8 043 04 % 0B 0F 3 040 0¥ 190 05 044

*Events divided by 100 personyears.
tlmerse probahility of treatment weighted and expressed as population average treatment rates per 100 years.



Table 1| Participant characteristics according to treatment. Values are numbers (percentages) unless stated otherwise

Maximum
standardised
NOAC difference*

Characteristics Apixaban Dabigatran Rivaroxaban Warfarin All Before After
No in group 35436 61678

Women 397(2523) 33,9 (4304) £31 (3100) 112 (14598) 30.8 (24524) 019 0.02
Median (interquartile range) age (years) MN3E58772)  &F6(620724) 718657789  TlLA(GA7708)  TOO(BA3TTT) 045 0.02
Age 65 75.2 (4967) 644 (8180) 777 (5590} 74.2 (26205) 730 [15033) 0.31 0.02
Age 575 337 (2140) 13.9 (1766) 181 (7 7) 614 (14 655) 345 (211298) 058 0.03
Previous atrial fibrillztion diagnose 68.0 (4374) 70.0 (B889) 60.2 (4333) 51.5(18243) 58.1 (35839) 0.38 0.02
Mean (50) CHA,DSVASC scoret 18 (1.6) 2.2(1.4) 28 (1.6 28(17) 27(1.6) 0.39 0.02
Mean (S0) HAS-BLED scored 23(1.2) 20(11) 22(1.2) 22(12) 23 (13) 0.25 0.01
Cancar 16.1 {1021) 11.8 (1495) 16.1 (1159) 16.5 (5862) 15.5 (95%7) 0.13 0.02
Ischaemic stroke, or systemic embaolism, or TIA 211(1339) 13.2 (1674) 16.8 (1209) 14.8 (5247) 15.3(9463) 0.22 0.03
Heart failure or LVD 15.9{1009) 93 (1187) 126 (908) 10.4 (3609) 110 (6803) 013 0.03
Vascular disease 13.9(882) 10.4(1319) 12.2 (879) 18.1 (6407) 15.4 (Q487) 021 0.02
Renal dysfunction 24159 11(145) 18(137) 6.6 (2346) 4.5 (777 0.26 0.04
COPD 8.9 (564) 6.2 (787) 8.8 (636) 0.6 (3403) 87 (5390) 012 0.02
Previous bleeding 14.0 (886) 9.9(1257) 128523 11.8 (4185) 1.8({7251) 013 0.02
Hypertension 48.8 (3099) 7.0 (5971) 48,6 (3492) 50.6 (17 932) 49.4 (30494) 0.07 0.01
Diabetes 5.8 (1000) 138 (1754) 160 (1006) 156 (5513) 150 (9273 0.05 0.03
Aspirin 378 (2400) 382 (4853) 183 (2751) 420 (14895) 404 (24899) 009 0.01
B blocker 386 (2450) 501 (5097) 38.0 (2801) 410 (14518) 403(24867) 005 0.01
NSAIDs 224 (1427) 20.5 (3114) 221 (1586) 24.3 (8616) 739 (14738) 0.06 0.01
Statins 406 (2577) 7.8 (4805) 38.4 (2764) 40.0 (14181) 304 (24327) 0.06 002

TIA=transient ischaemic attack; LVD=left ventricular dysfunction; COPD=chronic obstructive pulmonary disease; NSAIDs=naon-steroidal anti-inflammatory drugs.
*Maximum standardised pairwise difference, before and after inverse probability of treatment weighting.
15cores range from 0-9, reflecting risk of stroke in patients with atrial fibrillation not receiving anticoagulants (see supplementary table 2).
15cores range from 0-9, reflecting risk of bleeding in patients with atrial fibrillation receiving anticoagulants (see supplementary table 7).



ment compared with any of the alternatives. The likeli-
hood of apixaban use (contrasted to the three other
alternatives) was increased (odds ratio =1.1) in the pres-
ence of previous ischaemic stroke, svstemic embolism,
or transient ischaemic attack: vascular disease; bleed-
ing:; and hospital confiirmed atrial Aibrillation, but it was
reduced (odds ratio <=0.9) by renal impairment and aspi-
rin use. Choice of dabigatran was increased with a hos-
pital diagnosis of atrial fibrillation but reduced if the
patient was female, and had vascular disease, renal
impairment, chronic obstructive pulmonarv disease
(COPD), heart failure, or cancer. The probability for
selecting rivaroxaban was increased bv female sex, pre-
vious ischaemic stroke, systemic embolism, or transient
ischaemic attack, or bleeding but reduced by vascular
disease, renal impairment, heart failure, or use of
non-steroidal anti-inflammatory drugs. Treatment with
warfarin was more likely if the patient was female, had
vascular disease, hvpertension. renal impairment,
COPD, heart failure, or cancer, or used aspirin but less
likelv in patients with a confirmed hospital diagnosis of
atrial Aibrillation.
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ABSTRACT

Introduction: Warfarin is the most widely prescribed vitamin K antagonist and in the United States and Europe
more than 10 million people are currently in long-term oral anticoagulant treatment. This study aims to
retrospectively validate a dynamic statistical model providing dosage suggestions to patients in warfarin
treatment.
Materials and methods: The model was validated on a cohort of 553 patients with a mean TTR of 83%. Patients in
the cohort were self-monitoring and managed by a highly specialised anticoagulation clinic. The predictive
model essentially consists of three parts handling INR history, warfarin dosage and biological noise, which allows
for prediction of future INR values and optimal warfarin dose to stay on INR target. Further, the model is based on
parameters initially being set to population values and gradually individualised during monitoring of patients.
Primary outcome: Time in therapeutic range was used as surrogate quality measure of the treatment, and model-
suggested dosage of warfarin was used to assess the accuracy of the model performance.
Results: The accuracy of the model predictions measured as median absolute error was (.53 mg/day (interquar-
tile range from 0.25 to 1.0). The model performance was evaluated by the difference between observed and
predicted warfarin intake in the preceding week of an INR measurement. In more than 70% of the cases where
INR measurements were outside the therapeutic range, the model suggested a more reasonable dose than the
observed intake.
Conclusion: Applying the proposed dosing algorithm can potentially further increase the time in INR target range
beyond 83%.

© 2014 Elsevier Ltd. All rights reserved,



Dabigatran Versus Warfarin for Atrial Fibrillation
in Real-World Clinical Practice

A Systematic Review and Meta-Analysis

Robert J. Romanelli, PhD, MPH; Laura Nolting, BS; Marina Dolginsky, BS;
Eunice Kym, PharmD; Kathleen B. Orrico, PharmD

Background—Trial data for the benefits and risks of dabigatran versus warfarin in the treatment of nonvalvular atrial
fibrillation are lacking. We sought to review real-world observational evidence for the comparative effectiveness and
safety of these agents.

Methods and Results—A systematic search of multiple databases was conducted from first available date to March 10,
2015 for longitudinal, observational studies comparing dabigatran with warfarin. Two reviewers evaluated studies for
eligibility and extracted hazard ratios for ischemic stroke and gastrointestinal and intracranial bleeding. hazard ratios were
pooled using random-effects meta-analysis. Metaregression was performed to assess treatment-effect heterogeneity. We
identified 232 unique citations. Seven retrospective cohort studies met study eligibility criteria, with 348750 patients and
a mean follow-up of 2.2 years. In pooled analyses, dabigatran-150 mg was not superior to warfarin in preventing stroke
(hazard ratio, 0.92; 95% confidence interval, 0.84-1.01; P=0.066), but had a significantly lower hazard of intracranial
bleeding (0.44; 0.34-0.59; P<0.001). Dabigatran-150 mg had a significantly greater hazard of gastrointestinal bleeding
than warfarin (1.23; 1.01-1.50; P=0.041), which was potentiated in studies of older (eldely)}wversus younger populations
(median/mean age, =75 versus <75 years; [}=1.53; 95% confidence interval, 1.10-2.14; P=0.020)

Conclusions—In real-world clinical practice, dabigatran is comparable with warfarin in preventing ischemic stroke among
patients with noavalvular atrial fibrillation. However, dabigatran is associated with a lower risk for intracranial bleeding
relative to warfarin, but—pasticularly;among the-elderly—a greaterrisk for gastrointestinal bleedingsBleeding outcomes
from observational studies are consistent with those fromthe pivotal Randomized Evaluation of Long-Term Anticoagulation
Therapy trial. "(Circ Cardiovasc Qual Qutcomes. 201659:00-00. DOL 10.1161/CIRCOUTCOMES.115.002369.)



Dabigatran in real-world atrial fibrillation
Meta-analysis of observational comparison studies with vitamin K antagonists

Jodo Carmo'; Francisco Moscoso Costa’; Jorge Ferreira'; Miguel Mendes!
'Cardiology Department, Santa Cruz Hospital, Westemn Lisbon Hospital Centre, Portugal; 2Cardiology Unit, Luz Hospital, Lisbon, Portugal

Summary

In the RE-LY clinical trial, dabigatran presented a better effectivenass/
safety profile when compared to warfarin. However, clinical trials are
not very representative of the real-world setting. We aimed to assess
the performance of dabigatran in real-world patients with atrial fibril-
|ation (AF) by means of a systematic review and meta-analysis of ob-
servational comparison studies with vitamin K antagonists (VKA). We
searched PubMed, Embase and Scopus databases until November
2015 and selected studies according to the following criteria: observa-
tional study performed with nonvalvular AF patients; reporting ad-
justed hazard ratios (HR) of clinical events in a follow-up period; for
dabigatran 75 mg, 110 mg or 150 mg versus VKA. Twenty studies were
selected which included 711,298 patients, 210,279 of which were
treated with dabigatran and the remaining 501,019 with VKA. Is-
chaemic stroke incidence was of 1.65 /100 patient-years for dabi-
gatran and 2.85/100 patient-years for VKA (HR 0.86, 95 % confidence

Correspondence to:

Joso Carmo, MD

Cardiology Department, Santa Cruz Hospital

Avenida Prof. Reinaldo dos Santos 2790134, Camaxide, Portugal

interval of 0.74-0.99). Major bleeding rate was 3.93/100 patient-
years for dabigatran and 5.61/100 patient-years for VKA (0.79,
0.69-0.89). Risk of mortality (0.73, 0.61-0.87) and intracranial bleed-
ing (0.45, 0.38-0.52) were significantly lower in patients treated with
dabigatran when compared to patients on VKA. Risk of gastrointesti-
nal (Gl) bleeding was significantly higher in patients treated with
dabigatran (1.13, 1.00-1.28). No significant difference was observed
in risk of myocardial infarction (0.99, 0.89-1.11). In this combined
analysis of real-world observational comparison studies with VKA,
dabigatran was associated with a lower risk of ischaemic stroke,
major bleeding, intracranial bleeding and mortality, higher risk of Gl
bleeding and a similar risk of myocardial infarction.

Keywords
Atrial fibrillation, dabigatran, vitamin K antagonist, real-world, meta-

analysis
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Table 2: Sensitivity analysis for studies performed in the US vs out-

side the US.

Clinical event HR and 95 % CI Interaction
p-value

Ischemic stroke 0.790

S 0.89 [D.68, 1.15]

Outside US 0.83 [0.67, 1.02]

My ocardial infarction 0.023

us 0.88 [0.79, 0.97]

Qutside US 1.10 [0.96, 1.26]

Major Bleeding 0.049

S 0.99 [0.81, 1.20]

Outside US 0.75 [0.65, 0.86]

Intracranial bleeding 0.100

us 0.39 [0.32, 0.48]

Outside US 0.50 [0.42, 0.61]

Gastrointestinal bleeding 0.366

s 1.21 [1.02, 1.43]

Outside US 1.07 [0.88, 1.30]

Mortality 0.770

S 0.75 [0.60—0.94]

Outside US 0.71 [0.53—-0.94]



Table 2: Sensitivity analysis for studies with new-user design and
studies including experienced VKA patients (Others).

Clinical event HR and 95 % CI Interaction
p-value

Ischemic stroke 0. 150

Mew-usears 0.90 [0.81, 1.07]

Others .67 [(.46, 0.98]

Myocardial infarction =<0.001

Mew-users 0.87 [0.79, 0.95]

Others 1.18 [1.03, 1.34]

Major bleeding 0.920

Mew-users 0. 78 [D.63, 0.97]

Others 0.79 [0.70, 0.88]

Intracranial bleeding 0,002

Mew-usears 0.28 [0.21, 0.45]

Others 0.57 [0.47, 0.68]

Gastrointestinal bleeding 0.310

Mew-users 1.08 [0.91, 1.28]

Others 1.22 [1.05, 1.42]

All studies reporting mortality used new-user design.




“Unreal world” or “real world™ data in oral anticoagulant treatment

of atrial fibrillation

Ben Freedman'?; Gregory Y. H. Lip**

'Heart Research Institute, Charles Perkins Centre, and Sydney Medical School, University of Sydney, Sydney, New South Wales, Australia; Department of Cardiology and Anzac
Research Institute, Concord Hospital, Concord, New South Wales, Australia; *University of Birmingham Institute of Cardiovascular Science, City Hospital, Birmingham, UK; *Azlborg
Thrombaosis Research Unit, Department of Clinical Medicine, Aalborg University, Aalbong, Denmark

The gold standard for studies to change
management in clinical practice is the
double-blind randomised controlled clini-
cal trial (RCT), or at least an RCT with
blinding of the outcome assessment. In
2009, the first large randomised trial of a
Non-vitamin K antagonist Oral Anticoagu-
lant (NOAC) in atrial fibrillation (AF), the
RELY trial, was published (1). This study
compared two doses of dabigatran with
warfarin in over 18,000 patients with AF
(with blinded endpoint assessment), and
although it was a non-inferiority trial,
showed a significant reduction in stroke or
systemic embolism, but only with the 150
mg BID dose, and less major haemorrhage
with the 110 mg BID dose. There was less
intracranial haemorrhage with both doses,
but more gastro-intestinal bleeding. The
warfarin was well controlled, relatively
speaking, with a mean time in therapeutic
INR range of 64%. This study led to the
licensing of dabigatran for use in AF in
many countries from 2010. What this has
afforded us now is almost 6 years of experi-

or proprietary databases and registries, to
provide what has come to be called “real
world” data (RWD). Results of these RWD
studies have certain advantages over the
“unreal world” of RCTs in that they reflect
what is actually happening in practice,
usually with more liberal inclusion criteria
than seen in the pivotal RCTs, and typically
providing a broader range of patients with
differing stroke risk profiles treated in a
broader range of settings. When the results
using RWD confirm findings from the
RCTs, it provides the clinician with some
confidence about the generalisability of
RCT findings that are used to formulate
recommendations in treatment guidelines.

There are a number of important limi-
tations to analyses of RBWD of NOACGs, in
that patients given the newer drug may
differ in important ways from those given
warfarin or other vitamin K antagonists
(VKA) when the choice is up to the clini-
cian. Some of these differences may be
subtle and very difficult to discern using
demographics and clinical characteristics

only in the USA). In most other parts of the
world, the 110 mg BID dose is available and
widely used. In Europe the 150 mg BID
dose is recommended for most patients ac-
cording to the European label, while the 110
mg BID dose is recommended for older in-
dividuals =80 years or with higher bleeding
risk (HASBLED score =3) or with concomi-
tant verapamil. Simulations of use of the
European label using the RELY RCT data
yielded interesting extrapolations (6),
showing superiority in both efficacy
(stroke/systemic embolism and mortality)
and safety (major bleeding) and a net clini-
cal benefit compared to warfarin. RWD
with much larger numbers would be useful
to determine whether this advantage might
be seen in everyday practice.

It is therefore of interest to have a large
systematic review and meta-analysis of
dabigatran RWD in AF performed, and
published in this issue of the journal (7).
There have been previous meta-analyses by
the same authors (published in abstract
form only) and this year by Romanelli et al.
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Dabigatran versus Warfarin in Patients with Atrial Fibrillation
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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®

ABSTRACT

BACKGROUND
Warfarin reduces the risk of stroke in patients with atrial fibrillation but increases
the risk of hemorrhage and is difficult to use. Dabigatran is a new oral direct throm-
bin inhibitor.

METHODS
In this noninferiority trial, we randomly assigned 18,113 patients who had atrial fi-
brillation and a risk of stroke to receive, in a blinded fashion, fixed doses of dab-
igatran — 110 mg or 150 mg twice daily — or, in an unblinded fashion, adjusted-dose
warfarin. The median duration of the follow-up period was 2.0 years. The primary
outcome was stroke or systemic embolism.

From the Population Health Research In-
stitute, McMaster University and Hamil-
ton Health Sciences, Hamilton, OMN, Can-
ada (5.).C., 5., J.E., J.P,, ET); Lankenau
Institute for Medical Research and the
Heart Center, Wynnewood, PA [M.D.E.,
A.P); Uppsala Clinical Research Center,
Uppsala, Sweden {J.0., LW.); Boehringer
Ingelheim Pharmaceuticals, Ridgefield,
CT (PA.R, IV, 5W.); Working Group on
Cardiovascular Research the Metherlands,
Utrecht, the Metherlands (M.A); St. John's
Mational Academy of Health Sciences,

- T



RESULTS

Rates of the primary outcome were 1.69% per year in the warfarin group, as compared
with 1.53% per year in the group that received 110 mg of dabigatran (relative risk with
dabigatran, 0.91; 95% confidence interval [CI], 0.74 to 1.11; P<0.001 for noninferiority)
and 1.11% per year in the group that received 150 mg of dabigatran (relative risk, 0.66;
95% CI, 0.53 to 0.82; P<0.001 for superiority). The rate of major bleeding was 3.36% per
year in the warfarin group, as compared with 2.71% per year in the group receiving
110 mg of dabigatran (P=0.003) and 3.11% per year in the group receiving 150 mg of
dabigatran (P=0.31). The rate of hemorthagic stroke was 0.38% per year in the warfarin
group, as compared with 0.12% per year with 110 mg of dabigatran (P<0.001) and
0.10% per year with 150 mg of dabigatran (P<0.001). The mortality rate was 4.13% per
year in the warfarin group, as compared with 3.75% per year with 110 mg of dab-
igatran (P=0.13) and 3.64% per year with 150 mg of dabigatran (P=0.051).

CONCLUSIONS
In patients with atrial fibrillation, dabigatran given at a dose of 110 mg was associ-
ated with rates of stroke and systemic embolism that were similar to those associ-
ated with warfarin, as well as lower rates of major hemorrhage. Dabigatran admin-
istered at a dose of 150 mg, as compared with warfarin, was associated with lower
rates of stroke and systemic embolism but similar rates of major hemorrhage.

(ClinicalTrials.gov number, NCT00262600.)

DEIINE 1).La)y CollUivs Wil Latifitea-
mérica, Rosario, Argentina (R.D.); Lady
Davis Carmel Medical Center, Haifa, Is-
rael (B.S.L.); Vivantes Klinikum Neukélln,
Berlin (H.D.); University Duisburg-Essen,
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brook Health Sciences Centre, Toronto
(C.D.).). Address reprint requests to Dr.
Connolly at the Population Health Re-
search Institute, 237 Barton St. E., Hamilton,
ON L8L 2X2, Canada, or at connostu@
phri.ca.

*Members of the Randomized Evaluation
of Long-Term Anticoagulation Therapy
(RE-LY) Study Group are listed in the
Appendix and the Supplementary Ap-
pendix, available with the full text of this
article at NEJM.org.

Drs. Connolly, Ezekowitz, Yusuf, and Wal-
lentin contributed equally to this article.

This article (10.1056/NEJMoa0905561) was
published on August 30, 2009, and updated
on September 16, 2009, at NEJM.org.

N Engl ] Med 2009;361:1139-51.
Copyright € 2009 Massachusetts Medical Society.



Table 2. Efficacy Outcomes, According to Treatment Group.

Event

Stroke or systemic
embolism*

Stroke

Hemorrhagic

|schemic or
unspecified

Nondisabling
stroke

Disabling or fatal
stroke

Myocardial infarction
Pulmonary embolism
Hospitalization

Death from vascular
Causes

Death from any cause

Dabigatran, 110 mg Dabigatran, 150 mg

(N=6015)
no. of
patients  56/yr
182 1.53
171 1.44
14 0.12
159 1.34
&0 0.50
112 0.4
86 0.72
14 0.12
2311 194
289 143
445 3.75

(N=6076)
no. of
patients  S&/yr
134 111
122 1.01
12 0.10
111 0.92
44 0.37
80 0.66
89 0.74
18 0.15
430 202
74 2.28
438 3.64

Warfarin
(N=6022)
no. of
patients  S&/yr
199 1.69
185 157
45 0.38
142 1.20
69 0.58
113 1.00
63 0.53
11 0.09
2458 208
37 2.69
457 413

Dabigatran, 110 mg,

vs. Warfarin

Relative Risk
(95% CI)

PValue

0.91 (0.74-1.11) <0.001 for

092 (074-1.13)
031 (0.17-0.56)
111 (0.83-1.40)

0.36 (0.61-1.22)

0.94 (073-1.22)

1.35 (0.98-1.87)
1.26 (0.57-2.78)
0.92 (0.87-0.97)
0.90 (0.77-1.06)

0.1 (0.80-1.03)

noninfe-

riority,
0.34

041
<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
(85% C)

PValue

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 (0.43-091)

0.66 (0.50-0.88)

1.38 (1.00-191)
161 (0.76-3.42)
0.97 (0.92-1.03)
0.85 (0.72-0.99)

0.38 (0.77-1.00)

noninfe-
riority,
<0001
<(.001
<(.001

0.03

0.01

0.005

0.048
0.21
0.34
0.04

0.051

Dabigatran,

150 mg vs. 110 mg

Relative Risk
(353 CI)

0.73 (0.58-091)

0.70 (0.56-0.89)
0.85 (0.39-1.83)
0.60 (0.54-0.38)

0.72 (0.4-1.07)

0.70 (0.53-0.94)

1.02 (0.76-138)
1.27 (0.63-2.56)
1.06 (1.00-1.12)
094 (0.79-1.11)

0.97 (0.85-1.11)

PValue

0.005

0.003
0.67
0.002

0.10

0.0z

0.23
030
0.04
044

0.66




Non-inferiority trials are unethical because they disregard

patients’ interests
Silvio Garattini, Vittorio Bertele”

Equivalence trials' have been widely used to assess new
drugs, but have recently lost ground to a non-inferiority
design. This type of trial is usually accepted by regulatory
authorities for approval of new drugs or new indications,
although the US Food and Drugs Administration has
raised some concerns.” In this paper, we argue that the
scientific community should ban non-inferiority and
equivalence trials because they are unethical, whatever
measures are taken to prevent their methodological
pitfalls and inappropriate interpretation of results.**
Exceptions might exist, but we could not identify a
situation in which patients can justifiably be entered into
a trial that will not provide them with any advantage.

Pretext for looking for non-inferiority

Use of equivalence or non-inferiority rather than
superiority designs implies the intention of not trying to
prove any additional value of new drugs. However, the
declared aim is to expand treatment options for patients
with poor tolerance of, or no response to, available
products. Drug producers argue that there is no reason
to define the beneht-risk profile of new agents as better

but not to the extent that it is recognised as such. For
example, if the non-inferiority limit is set at 7-5%, an
increase in the incidence of serious events or
deaths—say 7% instead of the 5% currently established
for the comparator—is not seen as large enough to
mark a difference between the new and the control
drug. The new drug will therefore be considered
non-inferior to the old drug, even if in 1000 patients
treated with the former, there could be 20 more deaths
than with the latter.

These arguments also apply to equivalence trials, which
aim to prove similarity of a new drug to the comparator,
since true equivalence is theoretical and is difficult to
demonstrate. Equivalence means that a new drug is not
much worse than the comparator (as in non-inferiority
trials), but also is not much better. Similarity is defined
by limits that include a superiority margin as well as a
non-inferiority margin. Since equivalence trials explore
the differences between control and study treatments in
both directions, they provide a more reliable estimate of
the relative efficacy of two treatments than do
non-inferiority trials. However, use of a non-inferiority
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Commercial aims, not patients’ interests

Are there specific reasons for allowing a non-inferiority
approach? One reason cited is that for patients who do
not respond to existing treatments, products with similar
activity could offer a useful alternative. The aim is
reasonable, but the approach is not. If the target is
non-responders to current treatments, why not test the
new agents’ superiority in this subset, rather than its
non-inferiority in the overall population? This approach
would meet patients’ needs best, but restricts the market
that can be targeted by the drug companies.

Another suggested reason is that non-inferior drugs
might be better tolerated or easier to use than existing
treatments. However, these features are unlikely to be
confirmed in non-inferiority trials, since any advantage
should translate into better compliance and result in a
superior rather than a non-inferior outcome.

Superiority trials are also said to generally take much
longer and require many more patients than do
non-inferiority trials, delaying the availability of
potentially useful drugs. However, non-inferiority trials
do not necessarily need a smaller sample size, which can
be the result of selecting a large inferiority margin or of
other questionable methodological choices.' Moreover, it
is our view that a delay in the availability of proven
effective drugs is preferable to early availability of
potentially advantageous drugs whose real efficacy has
not been formally established. Actual efficacy testing
might never be done, particularly if patients no longer
agree to be randomly assigned to older drugs.

Enrolling patients in non-inferiority trials
betrays their trust

We believe that non-inferiority studies have no ethical
justification, since they do not offer any possible
advantage to present and future patients, and they
disregard patients’ interests in favour of commercial
ones. This situation betrays the agreement between
patients and researchers set out in any fair informed
consent form that presents randomised trials as the only
ethical way to address clinical uncertainty. Non-inferiority
trials claim minor advantages for the test drugs, but do
not prove their efficacy compared with older products.
Few patients would agree to participate if this message
were clear in the informed consent form: as we said
before, why should patients accept a treatment that, at
best, is not worse, but could actually be less effective or
less safe than available treatments?*

In conclusion, we believe that non-inferiority trials fail
to meet the commitments of good clinical research: “Ask
an important question, and answer it reliably”.” Although
a non-inferiority study reduces research and development
costs and commercial risks thereafter, it asks no relevant
clinical questions. Randomisation should not even be
allowed in such trials, since it is unethical to leave to
chance whether patients receive a treatment that is
anticipated to provide no extra benefit, but could be less
safe and less effective than existing treatment options.

With regard to the reliability of the methods and

consequently of the results, the uncertainty surrounding
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Studi di non inferiorita e di equivalenza:

limiti e ambiguita

['incertezza del trattamento come
fondamento del trial

a sperimentazione clinica randomizzata e controllata

Randomized Controlled Trial, RCT), universalmente ac-
cettata come gold standard della ricerca medica, prevede
il confronto di due trattamenti per verficare se essi si
equivalgano oppure se uno dei due rsulti migliore.

Nel progettare qualsiasi trial clinico non si puo pre-
scindere da un principio etico e scientifico fondamen-
tale: 1l “principio di incertezza”. Infatti uno studio cli-
nico & giustificato unicamente se il paziente e il medico
sono incerti circa il trattamento da adottare tra quelli di-

dimostrata, implica la superiorita del nuovo trattamento.

Obiettivo degli studi di non inferionta & quello di dimo-
strare che un nuovo trattamento non sia peggiore rispetto
a quello di confronto, stabilendo a priori una differenza li-
mite (-A - 0), che si possa considerare irmlevante dal punto
di vista clinico, che permetta di considerare il nuovo inter-
vento non inferiore rispetto a quello di confronto.

Analogamente, attraverso uno studio di equiva-
lenza si vuole verificare se 1 due interventi indagati
presentino lo stesso profilo di efficacia e/o di sicu-
rezza, predefinendo la massima differenza (-A a + A),
clinicamente non rilevante, che consenta di ritenere 1
due trattamenti sovrapponibili®.



un elevato numero di drop-out (pazienti che si sono rin-
rati dallo studio) e di missing data, TTT tenderebbe ad
escludere la presenza di una differenza tra i trattamenti
indagati (effetto sfortunatamente spesso frequente in
questi studi). Pii imprevedibile risulta essere la direzione
(pro o contro la non differenza/equivalenza dei tratta-
menti) dell’analisi PP, influenzata soprattutto dallo shi-
lanciamento dei due bracci dovuto ad eventuali differenti
percentuali e cause del drop-out?.

A causa della flessibilita del disegno 1 trial di non infe-
rioritd/equivalenza presentano un elevato rischio di mani-
polazione dei risultati. Ad esempio, & stato dimostrato che
nel 62% dei report relativi a questi studi U'outcome primario
era stato cambiato, introdotto ex novo oppure omesso. Ana-
logamente V'entita del A, che deve essere fissata a prion,
viene spesso aumentata per nascondere il fatto che 1l nuovo
trattamento si & dimostrato inferiore a quello di confronto®.

Infine, non di rado, studi inizialmente progettati peres-
sere studi di superiorita vengono successivamente presen-
tati come trial di equivalenza/non inferorita qualora non
sia stato possibile dimostrare la superionta del nuovo in-
tervento. A tale proposito potrebbe risultare con il tempo
rischiosa la posizione assunta dall'autorita regolatona eu-
ropea (EMEA) che dichiara accettabile, sebbene in situa-
zioni “estreme”, 'adozione diun disegno di superiorita con
un livello di significativita superiore allo 0,05 quale alter-
nativa alla definizione di un A di non inferiorita®,

Gl studi di non inferioritd/equivalenza presentano
forti elementi di ambiguita che vanno tenuti presenti da
tutti gli attoni (comitati etici, sperimentatori clinici,
editor1) coinvolti a vario titolo nella loro progettazione,
valutazione, reclutamento dei pazienti, conduzione,
presentazione del dati, trasferimento dei nsultati alla
pratica clinica. Un aspetto particolarmente delicato e
ambiguo di questo tipo di studi é rappresentato dal-
I'informazione destinata ai pazienti cui viene proposta
la partecipazione a questi studi. Attualmente il testo del
“consenso informato” viene formulato allo stesso modo
per gli studi di superiorita e per quelli di non inferio-
ritd/equivalenza. Tuttavia i due tipi di studi hanno
oblettivi decisamente diversi, pertanto servirsi della
stessa “formula” di consenso informato potrebbe non
essere ritenuto etico da tutti. Nel caso dei trial di supe-
rioritda bisognerebbe prevedere l'affermazione che “il
nuovo trattamento potra dimostrarsi migliore, uguale o
peggiore rispetto a quello di confronto”, mentre chi par-
tecipa ad uno studio di non inferioritd/equivalenza
deve essere messo al corrente che potrebbe andare in-
contro a rischi, senza che la ricerca si proponga alcun
vantaggio clinico o, qualora vi fosse, il disegno spen-
mentale potrebbe non essere in grado di rivelarlo. I pa-
zienti dovrebbero sapere se lo studio a cuil partecipano
non é in grado di fornire alcun vantaggio clinico, ma é
condotto con scopi puramente commerciali’. ' ?



The NEW ENGLAND JOURNAL of MEDICINE

EDITORIALS

Can We Rely on RE-LY?

Brian F. Gage, M.D.

In patients with atrial fibrillation, warfarin pre-
vents 64% of strokes.! Thus, warfarin has be-
come the recommended treatment for candidates
for anticoagulation therapy who have atrial fibril-
lation and at least one additional risk factor for
stroke.?

Despite clear and consistent recommenda-
tions,? warfarin is prescribed to only two thirds
of appropriate candidates.* Several factors con-
tribute to suboptimal use of warfarin therapy:

cause warfarin use was not blinded and patients
taking warfarin had regular follow-up evalua-
tions for purposes of INR monitoring, report-
ing bias could have affected the detection of
outcome events. To minimize this risk, each
event was adjudicated by two independent inves-
tigators who were unaware of the treatment as-
signments, and all hospital records were reviewed
to ensure complete detection of events.

The primary outcome of RE-LY was systemic
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Dabigatran for atrial fibrillation
Why we can not rely on RE-LY

Dabigalmn (Pradax®), a direct thrombin inhibitor
oral anticoagulant, was licensed in Canada in
November 2010 for stroke prevention in patients with
non-valvular atrial fibrillation. It is being promoted as
an alternative to warfarin with the purported advantage
that coagulation monitoring is not required. Do we
know enough about dabigatran? It took over 50 years to
learn how to use warfarin with reasonable effectiveness
and safety for this use.

Health Canada approved dabigatran for this indication
largely based on data from the RE-LY trial !

The objective of this Letter 18 to provide a detailed
analysis of the RE-LY tral data from the NEJM paper!
as well as the more complete data from the US FDA
website, Our analysis applies the same hierarchy of
health outcomes presented in previous Therapeutics
Letters.

The RE-LY trial performed a double-blind comparison
between two doses of dabigatran and a non-blinded
comparison between dabigatran and warfarin. For the

Evidence Based
Drug Therapy

January - March 2011
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enon-blinding bias Ml

3x intracranial hemorrhage?
RE-LY-able:

an estimate of net health benefit; the numerical
difference (1.6%) favouring the lower dose bare-
ly misses statistical significance. Based on its
benefit for stroke, both the FDA and Health
Canada approved only the 150 mg BID dose of
dabigatran for patients with non-valvular atnal
fibrillation®; the European Medicines Agency
approved both 150 and 110 mg BIDA, Alternative
interpretations of the data shown in Table 1 are
that 110 mg BID provides a net health benefit over
150 mg BID, or that this single trial has not estab-
lished the optimal dose of dabigatran.

Table 2 shows key outcomes by hierarchy for the
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The RE-LY trial performed a double-blind comparison
between two doses of dabigatran and a non-blinded
comparison between dabigatran and warfarin. For the
blinded dose comparison, Table 1 shows key health

outcomes ranked from most to least severe, using data
from both sources.

lable 1: key outcomes for dabigatran 110 vs 150 mg B1D

—

Oulcome Dabigatran | Dabigatran RR ARR
110mg BID | 150mg BID | [95% CI] | AR
Patients randomized 6015 60T
Deaths 446 444 1.01
(FDA) 7.4% 73% (089 1.15
Serious adverse events | Notreporied | Notreporied ? ?
Hos pitalizations 21 2430 0.9
(NEJM) 38.4% 0% |09z 100
Disabling and fatal stroke B 61 147 |0.5%
(FDA) 1.5% 1% (107, 2.04]
Intracranial hemorrhage i 35 0.12
{FDM 0.4% 0.6% (044, 1.17]
BE B9 0.98
gJ‘E&'cwlm 1.4% 1.5% [0.73 1.31]
! . 259 330 0m  [11%
gﬂfﬁ“ﬁﬂ“m;ﬁfﬁﬁ* 4.3% 54%  |[068 093

Dabigatran 150 mg BID reduced fatal and disabling
strokes by 0.5% compared with 110 mg BID and
reduced all ischemic strokes by 0.8% (not shown).
However, dabigatran 150 mg BID was also more harm-
ful, causing a 1.1% absolute increase in bleeding lead-
ing to hospitalization. Total hospitalizations provides

150 mg BID, or that this single trial has not estab-
lished the optimal dose of dabigatran.

Table 2 shows key outcomes by hierarchy for the
unblinded comparison between warfarin and the
combined doses of dabigatran, as it is not clear
which of the two doses is the best.

This analysis suggests a possible benefit of dabi-
gatran over warfarin. Warfarin is associated with
a trend toward increased mortality and increases
the risk of any hospitalization by 1.6%.
However, the companson between warfarin and
dabigatran was not blinded and thus all outcomes
are subject to performance and ascertainment bias
favouring dabigatran. This interpretation is rein-
forced by the FDA review, which found that lack
of blinding of patients and clinicians led to “dif-
ferential treatment of patients during the study
period’ (performance bias) and that the presence
of ascertainment and adjudication bias was suffi-
cient to overturn the claim of a stroke benefit for
dabigatran 150 mg BID as compared with war-
farin2. Furthermore the FDA clinical reviewer
found that the trend toward increased mortality
with warfarin was entirely due to imvestigator
sites where INR monitoring was inferior. At sites
where INR was within therapeutic range = 67% of
the time, relative risk for mortality (RR 1.05)
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favoured warfarin over dabigatran .2



Why did warfarin increase intracranial hemorrhage
3-fold compared with the annualized rate for dabiga-
tran of 0.27% per year? The annualized incidence of
intracranial hemorthage was lower in atrial fibrilla-
tion patients taking warfarin during comparable
recent trals: 0.53% 1in SPORTIF I35, 0.28% in
SPORTIF V& and 0.3% or 0.45% m two Cochrane
reviews™ 8, These comparisons suggest something
unusual about the warfarin arm in the RE-LY trial.

Additional observations

Absence of blinding in experiments creates a high
risk of bias. This was amply demonstrated with xime-
lagatran, an earlier direct thrombin inhibitor that did
not receive regulatory approval. In SPORTIF III, an
unblinded clinical trial similar to RE-LY, ximelaga-
tran was associated with numerically fewer
strokes/systemic emboli versus warfarin, RR 0.71

[0.48, 1.07]5 However, SPORTIF V, a follow-up
double blinded trial, showed numerically greater
strokes/systemic embolic for ximelagatran, RR 1.38
[0.91, 2.10].5

The use of antiplatelet agents in addition to anticoag-
ulants was surprisingly prevalent in all 3 arms of the
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RE-LY trial. During the trial approximately 40% of patients
took aspirin and 7% took clopidogrel at some time. Taking
either antiplatelet drug doubled the incidence of major
bleeding events, an absolute increase of > 2% per year. This
effect was similar for both doses of dabi gatran and for warfarin.

Conclusions

* Licensing of dabigatran 150 mg BID for atrial fibril-
lation is premature, pharmacologically irrational and
unsafe for many patients.

* The optimal dose of dabigatran for non-valvular atral
fibrillation is not yet clear.

* An independent audit of RE-LY is needed to check for
uregularities in conduct, sources of bias and the cause of
the unusually high incidence of intracranial hemorrhage
in the warfarin arm.

* An independently conducted double-blind RCT compar-
ing dabigatran with warfarin in patients with non-valvu-
lar atrial fibrillation is required.

* Taking antiplatelet drugs in combination with oral
anticoagulants doubles the incidence of major bleed-
ing evenlts.

The draft of this Therapeutics Letter was submitted for review to 60 ex perts

and pri care physicians in order to correct any inaccuracies and toensure
that the information is concise and relevant to clinicians.
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Warfarin or dabigatran for treatment of atrial fibrillation
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Summary. Background: New antithrombotic drugs for
prevention and treatment of thromboembolic disorders 1n
AF that are less demanding on local staff and facilities
than warfann should be welcomed if proved successful.
Objectives: The comparative value and possible dangers
of substituting the new drug dabigatran as a replacement
remain to be established. Its safety and effectiveness must
be reviewed and assessed by further study. Meihods: Clin-
ical results of the European Action on Anficoagulation
(EAA) computer-assisted dosage study and the Random-
1ized Evaluation of Long-Term Anticoagulation Therapy
(RE-LY) tnal have been compared. Resulis: Clinical
events were lower in patients on warfarnn in the EAA
study compared to patients on both warfann and dabiga-
tran in the RE-LY study. Conclusion: Evaluations should
recognize optimum requirements for safe and effective
admimistration of both types of drug. In the warfann arm
improvements in effectiveness and safety recently intro-
duced (1.e. the PT/INR line and variance growth analysis)
should be included as they have been shown to be suc-
cessful in mproved prediction of bleeding and fturther
thromboembolism. The incidence of bleeding with dabiga-

Introduction

Atnal fibnllation (AF) 15 the commonest indication for
oral anticoagulation. On a world scale the most widely-
used treatment, warfarin, presenis problems because of its
demands. A great disadvantage i1s the need for dependable
laboratory monitonng.

International normalized ratio (INR) testing 15 required
to ensure patients are within the target therapeutic range,
usually 2.0-30 INR. This i1s usually achieved for only
about halt to two-thirds of the tme, hmiting benefits
and safety [1]. A further constraint 15 the need for the
INR to be in accord with the WHO scheme for oral
anticoagulant control [2]. This requires a WHO or equiv-
alent international reference preparation (IRP), thrombo-
plastin, to standardize INR testing, now universally
automated but formerly based on the manual prothrom-
bin time (PT).

Because of attendant dithculties (e.g. the need for large
numbers of normal and patients’ blood samples and the
availability of reference thromboplastins) and because of
variations caused by locally used coagulometers, Interna-
tional Sensitivity Index (ISI) calibration is now rarely per-
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Table 1 Comparative results with warfann and dabigatran in the

RE-LY and EAA studies

RE-LY  Dabigatran EAA
study study
warfarin 110 mg 1530 mg warfarin
Patients, total 6022 G135 L LH 5939
Patients per centre 6.3 182.5
Average age 12 12
Starting anticoagulants, % 30 79
Owverall events (% per vear)
Stroke 1.57 1.44 1.01 030
Major bleeding 336 2.71 3.11 (.56
Minor bleeding 16.37 13.16 14.54 2.70
Deaths per yvear 4.13 3.73 3.604 L
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RE-LY  Dabigatran EAA
study study
warfarin 110 mg 150 mg warfarin
Patients, total 6022 615 6076 939
Patients per centre .3 182.5
Averapge age T2 72
Starting anticoagulants, % 50 79
Owerall events (% per vear)
Stroke 1.57 1.44 1.4 .30
Major bleeding 336 2.71 il .86
Minor bleeding 16.37 13.16 14.584 270
Deaths per vear 413 .75 jnd 0.75

spread over 951 centres. Only in the EAA study was the
reliability of reported INR at participant centres checked
by centrally orgamized local ISI calibrations and by exter-
nal quality control of reported INR.

The RE-LY patients were randomized to three groups
(1.e. wartarin compared with two different dosage regimes
of dabigatran (110 and 150 mg)) [3]. Unlike the EAA
investigation there were no reported listed local proce-
dures to check the rehiability of the resultant INR.

Clinical events in the EAA patients on warfarm were
lower than for wartarin patients with both dose regimens
of dabigatran in the RE-LY study (see Table 1), although
the reported ‘time in target INR range’ was only margin-
ally higher. Morhidity and mortality were much higher in
RE-LY in all three groups than with warfann in the
EAA study and better resulis were obtained with both da-
bigatran regimes than with warfarin.

Comparative results of RE-LY and EAA studies

Table 1| shows the RE-LY outcomes with warfarin and

substantially greater success. In KEBE-LY two important
assessments of INR control (Le. local ISI calibration and
external gquality conirol of INR) were not reported. We
propose that this may be one of the reasons explaining
why the EAA wartanmised patients suffered considerably
less thrombotic and bleeding episodes.

The INR system has proved difficult to implement
reliably worldwide for many reasons; for example, its com-
plex demands, particularly the WHO protocol require-
ments, the need for the availability of reference reagents of
human, rabbit or bovine origin for 181 calibration, consid-
erable local blood donations (plasma samples from 60 war-
fann-treated patients and 20 normal subjects tested at
several centres), and the need for relevant species reference
thromboplastins and for ISI calibration manual prothrom-
bin time testing, now almost universally discarded, which is
an essential part of the EAA study and now mainly
devolved to reagent manufacturers [10,11].

Manufacturers’ 15Is and INEs, however, cannot he
guaranteed to reflect local values as, for example, coagu-
lometer calibration ISIs are required and INRs often vary
with coagulometers even of the same model and manufac-
turer used in the same laboratory [12,13]. In RE-LY there
was no method reported of checking the rehability of
local ISIs and INRs and there was only a recruitment
of 6.3 patients per centre against the EAA’s 182, The lar-
ger number of centres participating in the RE-LY study
compared with the EAA study would result in greater
between-centre variation in the quality of oral antcoagu-
lant treatment (OAT) and this could also be another rea-
son for the lower number of thrombotic and bleeding
episodes. The higher incidence of events in the RE-LY
study may have been at less experienced clinical centres
and a subgroup analysis stratifying centres by size or pro-
ficiency may prove this. Though the aims of the two stud-



cated by the ESC Task Force on Anticoagulants’ [15],
which stated that it achieves rehable INR without the
need for local ISI calibrations. Hopetully any further
comparison of dabigatran or other new anticoagulants
with warfarin will incorporate this method. The EAA
PT/INR line test plasmas are now available internation-
ally in a five-plasma kit.

2 A vanable growth rate (VGR) analysis was shown m a
2013 EAA report to be of greater value than the
previcusly accepted ‘time 1n INRK range’, in predicting
‘clinical events’ during warfann treatment [16,17]. Df-
ferent tvpes of VGR were used to analyse results in the
EAA multicentre study and one proved more depend-
able than simple INR or ‘time in INR range’ in pre-
dicting chimical events, the latier being previously
considered the best guide to the risk of clinical events.

INR results from 32 EAA centres mainly in Europe
were checked by independent ISI calibration and external
quality assessment but in the RE-LY study these checks
were not reported. Although there was an insignificant
difference 1n mean time m INR range mn the two siudies,
INR was shown to be a weaker predictor of clinical
events than VGR in the EAA study, particularly in short-
term OAT (9).

Future nvestigations should include measures to ensure
the safest and most effective admimistration of both study
drugs, and for warfarin, the above two relatively simple
control procedures mtroduced recently by the EAA.
These should be an essential part of future studies of the
control of warfann dosage in AF. The precise incidence
of bleeding complications with dabigatran for which there
1s no established antidote will require careful evaluation.
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INR derivation with the PT/INR Line simplified using
a spreadsheet from the world wide web

Leon Poller," Saied Ibrahim," Albert Pattison,” Jergen Jespersen,®* European Action
on Anticoagulation (EAA), formerly European Concerted Action on Anticoagulation

(ECAA)

ABSTRACT

Background The prothrombin time/international
normalised ratio (PT/INR) Line method to derive INR, based
on only five European Concerted Action on Anticoagulation
(ECAA) certified plasmas, 1s shown to be reliable in
previous ECAA studies. A simpler method not requiring
linear regression calculation would be an advantage.
Method After determining the local PT/INR Line, local
INRs have been obtained using a readily available
spreadsheet on the internet which laboratories can use
without performing any additional calculations.

Results Examples of INR derivation have been obtained
from results at 16 centres using a range of local
coagulometers with human thromboplastin international
reference preparations (IRPs). The procedure does not
require manual PT testing, local international sensitivity
index calibration, availability of thromboplastin IRPs or
local mean normal prothrombin time.

Conclusions From the PT/INR Line, INR values for local
PT results are easily obtained using an Excel spreadsheet

The PT/INR Line based on only five certified
European Concerted Action on Anticoagulation
(ECAA) plasmas does not involve manual PT
testing, multicentre ISI calibration or determina-
tion of local mean normal prothrombin time
(MNFT). In the present report, a further simplifi-
cation of INR derivation is described based on an
Excel spreadsheet available from the first author’s
website at http://www.anticoagulants.co.uk/. The
spreadsheet enables a user to directly perform the
PT/INR Line with ease and can be used freely as
a guide to the procedure.

MATERIALS AND METHODS

This procedure for INR derivation using the PT/
INR Line’™* does not require the following:

1. outdated manual PT testing;

2. multicentre local ISI determination using the

relevant thromboplastin IRP;
3. local MNPT:

fram anr weheita [hitn: £/ I L] ’ It 1 | | e :



L4 ¥ e

A B C

E F G H |

To obtain local INR with the PT/INR Line simply enter local PT values with the 3 calibrant plasmas into box
corresponding with certified INR and the program will calculate local INR for patient plasmas

15T STEP

Insert manually certified INR values (Human, Rabbit or Bovine thromboplastin [RP from Table) and enter local
PT of the 5 calibrant plasmas in the green box (example of INR derivation shown below [Poller et al. 2010%]).

Plasmas Certifed INR  Local PT (secs)

1 236 26
20 299 359
3 203 20
4 313 38,6
5 264 31

# Poller L, lbrahim $, Keown M, Pattison A, Jespersen J. A simplified method

for International Normalised Ratio (INR) derivation based on the prothrombin
time /INR Line - An International study. Clin Chem 2010; 56:40:1608-17.




Co=

22
23

24 2ND STEP

25
26

27
26

29

30

To obtain INR on a test (patient) plasma insert PT (e.g 25 seconds) into the box

PT (secs):
INR =

311 Table of INR values

Users can devise a table with a range of observed PT results and corresponding INR values or
37 you can use the PT/INR IS and MNPT to derive INR with coagulometers

33 Example

25

2,31

Observed PT INR
15 1,45
20 1,88
25 2,3
30 2,13
35 3,15
40 3,96

INR from 1S1 and MNPT 2,31

[ 1



The clinical evaluation of International Normalized Ratio

variability

and control in conventional oral anticoagulant

administration by use of the variance growth rate
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ARMTICOAGULATIOM
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Summary. fntroduction: The time in target Internatonal
Mormalbized Ratio (IMNR) rangs (TIR) 15 used to assess
the control and intensity of oral anbicoagulation, buat it
doe= not messoare wvarnation m the TR, Qbjectives s T he
value of assessing MR varmbality by wuse of the wariance
erowth rate (YiGR) as a predictor of events was inwvesti-
eated 1N pabents treated wath warfarnn., Aethods: Thres
different methods of VIGR determination (A, Bl, and B2)
together with the TIR were stoudied. Blethod A meassures
Both IMNE wvarnabdlity and control., but methods Bl oand
B? measure wvarnabaity only. The ViGRE and TIRE wers
determinaed over three time penods: overall follow-up to
an event, and & months and 3 months befors an event.
Resples: Six hundred and sixtv-one control patents were
matched to 158 oses (besding, thrombosmbohsm, or
death). With all ViGRE methods, the nsk of an event was
greater 1n unstable patents at & months befores an ewvent
than in stable patients. MMethod A demonstrated the
greatest risk 3 months befors an event in the unstable
WViGHR group as comparsd with the stable group (odds
ratic 33, 95%, onfidences mterval 1.9-57, & = 0005
The =k of an event was 1.9 omes greater m pabents with
a low TIKE (= 3%} than in those with a high TIR
> Bl%%) 1in the 3-month period (F = 002 BRsk of blesd-
mg was significantly greater 1im the 3-month pernod m
patients with unstables ViGR, with the greatest nsk found
with method B2 (& < 001). Condusions: Pabents waith

unstable anteoagunlation hawve a significanty increased
risk of ‘clinical events" at 3 and 6 months before an event.
The ViGRE can be incorporated into computer-dosage pro-
egrams, and may offer additonal safety when oral antico-
apulation = monitored.

Keywords: analvsis of wanance, antithrombotic agents,
International Mormmahzed Ratio, Marevan, warfann.

Intreducticn

Deespite the recent development of new antioosgsulant
drugs that are not vitamin K antagonmists, <. g dabigatran
and rivaroxaban, warfann remains by far the most wadely
used, and 15 hkely to remain =0 for a considerable tome.
In all reports so far published, however, despite the
reported benefit of oral anbceagulation, with considerable
chnical gan, there have albwavs been an mmportant nom-
ber of “chinical events” of blesding and further thrombao-
embohsm during treatment with warfarnn and alhed
vitamm K antaponists.

In most studies of oral anticcagulant admimstrabon,
chnical event data are most commonly reportead as the
primary endpoint alongsde the percentage ome 1n the
target Internatonal Mormabzed Ratio (INE) rangs (TIR
[or TTE m some studies]) to assess the effectivencss of
oral anbcoagsulation. Howewver, the TIR describes only
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Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation

Manesh R. Patel, M.D., Kenneth W. Mahaffey, M.D., Jyotsna Garg, M.S., Guohua Pan, Ph.D., Daniel E. Singer, M.D.,
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ABSTRACT

BACKGROUND
The use of warfarin reduces the rate of ischemic stroke in patients with atrial fibril- From the Duke Clinical Research Institute
lation but requires frequent monitoring and dose adjustment. Rivaroxaban, an oral (M-R-P. KW.M.,J.G., J.P.P, R.C.B) and
factor Xa inhibit id istent and dictabl ticoagulation th Duke Translational Medicine Institute
actor Xa inhibitor, may provide more consistent and predictable anticoagulation than g\ ¢) buke University Medical Center,
warfarin. Durham, NC; Johnson & Johnson Phar-

marantiral Racearch and Neavalnnmeant



METHODS
In a double-blind trial, we randomly assigned 14,264 patients with nonvalvular atrial
fibrillation who were at increased risk for stroke to receive either rivaroxaban (at a
daily dose of 20 mg) or dose-adjusted warfarin. The per-protocol, as-treated primary
analysis was designed to determine whether rivaroxaban was noninferior to warfa-
rin for the primary end point of stroke or systemic embolism.

RESULTS

In the primary analysis, the primary end point occurred in 188 patients in the riva-
roxaban group (1.7% per year) and in 241 in the warfarin group (2.2% per year)
(hazard ratio in the rivaroxaban group, 0.79; 95% confidence interval [CI], 0.66 to 0.96;
P<0.001 for noninferiority). In the intention-to-treat analysis, the primary end point
occurred in 269 patients in the rivaroxaban group (2.1% per year) and in 306 patients
in the warfarin group (2.4% per vear) (hazard ratio, 0.88; 95% CI, 0.74 to 1.03;
P<0.001 for noninferiority; P=0.12 for superiority). Major and nonmajor clinically rel-
evant bleeding occurred in 1475 patients in the rivaroxaban group (14.9% per year) and
in 1449 in the warfarin group (14.5% per year) (hazard ratio, 1.03; 95% CI, 0.96 to 1.11;
P=0.44), with significant reductions in intracranial hemorrhage (0.5%vs. 0.7%, P=0.02)
and fatal bleeding (0.2% vs. 0.5%, P=0.003) in the rivaroxaban group.

CONCLUSIONS
In patients with atrial fibrillation, rivaroxaban was noninferior to warfarin for the
prevention of stroke or systemic embolism. There was no significant between-group
difference in the risk of major bleeding, although intracranial and fatal bleeding
occurred less frequently in the rivaroxaban group. (Funded by Johnson & Johnson
and Bayer; ROCKET AF ClinicalTrials.gov number, NCT00403767.)

Raritan (G.P, C.C.N.), and Bayer HealthCare
Pharmaceuticals, Montville (J.F.P, 5.D.B))
— baoth in New Jersey; Massachusetts Gen-
eral Hospital and Harvard Medical School
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Table 2. Primary End Point of Stroke or Systemic Embolism.*
Hazard Ratio
Study Population Rivaroxaban Warfarin (95% CI) P Value
No.of No.of Event  No.of No.of Event
Patients Events Rate  Patients Events Rate Noninferiority Superiority
no./100 no./100
patient-yr patient-yr
Per-pratocol, as-treated 6958 188 17 7004 241 22 0.79 (0.66-0.96)  <0.001
population]
Safety, as-treated population 7061 189 17 7082 243 22 0.79(0.65-0.95) 0.02
Intention-to-treat population] ~ 7081 269 21 7090 306 24 0.88 (0.75-1.03)  <0.001 0.12
During treatment 188 17 240 22 0.79 (0.66-0.56) 0.02
After discontinuation 81 4.7 b6 43 1.10 (0.79-1.52) 0.58

# 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.

1 The primary analysis was performed in the as-treated, per-protocol population during treatment.

| Follow-up in the intention-to-treat population continued until notification of study termination.




Table 3. Rates of Bleeding Events.*

Rivaroxaban Warfarin Hazard Ratio
Variable (N=7111) (N=7125) (95%Cl)yi P Valuej
Events Event Rate Events Event Rate
no./100 no./100
no. (%) patient-yr no. (%) patient-yr
Principal safety end point: major and nonmajor 1475 (20.7) 149 1449 (20.3) 14.5 1.03 (0.96-1.11) 0.44
clinically relevant bleeding]
Major bleeding
Any 395 (5.6) 3.6 386 (5.4) 34 1.04 (0.90-120) 058
Decrease in hemoglobin =2 g/d| 305 (4.3) 2.8 254 (3.6) 23 1.22 (1.03-1.44) 0.02
Transfusion 183 (2.6) 16 149 (2.1) 13 1.25 (L01-155)  0.04
Critical bleeding 91 (1.3) 08 133 (19) 1.2 0.69 (0.53-0.91)  0.007
Fatal bleeding 27 (0.4) 0.2 55 (0.8) 05 050(031-079)  0.003
Intracranial hemorrhage 55 (0.8) 0.5 84 (1.2) 0.7 0.67 (0.47-0.93) 0.02
Nonmajor clinically relevant bleeding 1185 (16.7) 11.8 1151 (16.2) 114 1.04 (0.96-1.13) 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.

I 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.

{ Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intraarticular, intramuscular
(with compartment syndrome), or retroperitoneal sites.
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Insights From the ROCKET AF Trial (Rivaroxaban Once-daily
Oral Direct Factor Xa Inhibition Compared with Vitamin K

Antagnnism for Prevention of Stroke and Embolism Trial in

Atrial Fibrillation)
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Ohjectives This study sought to report additional safety results from the ROCKET AF (Rivaroxaban Once-daily oral Direct Factor
Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillaton).

Background The ROCKET AF trial demonstrated similar risks of stroke/systemic embolism and major/nonmajor cinically
relevant bleeding (principal safety endpoint) with rivaroxaban and warfarin.

Methods The risk of the principal safety and component bleeding endpoints with Avaroxaban versus warfarin were compared,
and factors associated with major bleeding were examined in a multivarnable model.



Results

Conclusions

The prncipal safety endpoint was similar in the rivaroxaban and warfarin groups (14.9 vs. 14 5 events/ 100 patient-
years; hazard ratio: 1.03; 95% confidence interval: 0.96 to 1.11). Major bleeding risk increased with age, but there
were no differences between treatments in each age category (<65, 65 to 74, =75 Years; Pintersction = 0.29).
Compared with those without (n = 13,455), patients with a major bleed (n = 781) were more likely to be older,
current/prior smokers, have prior gastrointestinal (Gl) bleeding, mild anemia, and a lower calculated creatinine
clearance and less likely to be female or have a prior stroke/fransient ischemic attack. Increasing age, baseline
diastolic blood pressure (DBP) =90 mm Hg, history of chronic obstructive pulmonary disease or Gl bleeding, pror
acetylsalicylic acid use, and anemia were independently associated with major bleeding risk; female sex and
DBP <90 mm Hg were associated with a decreased risk.

Rivaroxaban and warfarin had similar risk for major/nonmajor clinically relevant bleeding. Age, sex, DBP, prior Gl
bleeding, prior acetylsalicylic acid use, and anemia were associated with the risk of major bleeding. (An Efficacy and
safety Study of Rivaroxaban With Warfann for the Prevention of Stroke and Non-Central Nervous System Systemic

Embolism in Patients With Non-Valvular Afrial Fibrillation: NCTO0O403767) () Am Coll Cardiol 2014 £3:891-900)
2 2014 by the Amercan College of Cardiology Foundation
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warfarin (active or placebo) dose was reduced in 116 (4%)
patients. The study drug was temporarily discontinued but
then restarted in 1,337 (46.2%) and permanently dis-
continued in 381 (13.1%). Bleeding led to permanent study
drug discontinuation in 322 (4.5%) rvaroxaban and 286
(4%) warfarin patients (absolute difference 0.5; 95% CI:
—0.2 to 1.2).

Major bleeding. Figure 2 presents the HRs for major
bleeding in patients randomized to receive rivaroxaban
compared with warfarin in key subgroups according to pa-
tient baseline characteristics. The risk of major bleeding
increased with increasing age, although there were no

interaction = 0.34). The relative risk of mtracranial hem-
orrhage for rivaroxaban versus warfarin was statistically
significantly lower in those under 75 years (0.37% vs. 0.68%;
HR: 0.54; 95% CI: 0.33 to 0.89) and numencally lower n
those 75 years or older (0.66% vs. 0.83%; HR: 0.80; 95% CI:
0.50 to 1.28) (p value for interaction = 0.27). There was a
statistically significant p wvalue for interaction when
comparing the HRs for major bleeding across regions, with
the North American cohort having the highest overall
rates, including a significantly higher frequency in the
rivaroxaban-treated patients (7.1% wvs. 5.0%; HR: 1.43; 95%
CI: 112 to 1.82).
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Impact of Global Geographic Region on Time in Therapeutic Range on
Warfarin Anticoagulant Therapy: Data From the ROCKET AF Clinical Trial

Daniel E. Singer, MD; Anne S. Hellkamp, MS; Jonathan P. Piccini, MD; Kenneth W. Mahaffey, MD; Yuliya Lokhnygina, PhD;
Guohua Pan, PhD; Jonathan L. Halperin, MD; Richard C. Becker, MD; Ginter Breithardt, MD; Graeme J. Hankey, MD; Werner Hacke, MD;
Christopher C. Nessel, MD; Manesh R. Patel, MD; Robert M. Califf, MD; Keith A. A. Fox, MB, ChB; ROCKET AF Investigators

Background—Vitamin K antagonist (VKA) therapy remains the most common method of stroke prevention in patients with atrial

fibrillation. Time in therapeutic range (TTR) is a widely cited measure of the quality of VKA therapy. We sought to identify factors
associated with TTR in a large, intemational clinical trial.

Methods and Results—TTR (international normalized ratio [INR] 2.0 to 3.0) was determined using standard linear interpolation in
patients randomized to warfarin in the ROCKET AF trial. Factors associated with TTR at the individual patient level (-TTR) were
determined via multivariable linear regression. Among 6983 patients taking warfarin, recruited from 45 countries grouped into 7
regions, the mean TTR was 55.2% (SD 21.3%) and the median i-TTR was 57.9% (interguartile range 43.0% to 70.6%). The mean
time with INR <2 was 29.1% and the mean time with an INR >3 was 15.7%. While multiple clinical features were associated with
FTTR, dominant determinants were previous warfarin use (mean i-TTR of 61.1% for warfarinexperienced versus 47.4% in VKA-naive
patients) and geographic region where patients were managed (mean i-TTR varied from é4.1% to 35.9%). These effects persisted in
multivariable analysis. Regions with the lowest i-TTRs had INR distributions shifted toward lower INR values and had longer inter-
INR test intervals.

Conclusions—Independent of patient clinical features, the regional location of medical care is a dominant determinant of variation
in i-TTR in global studies of warfarin. Regional differences in mean i-TTR are heavily influenced by subtherapeutic INR values and are
associated with reduced frequency of INR testing.

Clinical Trial Registration—URL: ClinicalTrials.gov. Unigue identifier: NCTO0403767. (J Am Heart Assoc. 2013;2:e000067 doi:
10.1161/JAHA.112.000067)

Key Words: anticoagulants « arrhythmia = embolism * prevention = risk factors



Table 3. Regional Mean TTR by Prior VKA Experience

N +TTR, mean % SE Median (25th, 75th) Parameter Estimate P Vialue

VKA naive
East Asia 356 473 11 49 (34, 63) —7.75 0.0005
India &7 32.6 25 29 (13, 49) —22.46 <0.0001
Eastern Europe 1414 45.2 0.6 47 {1, 67) —9.90 <0.0001
Western Europe/similar 233 TR 1.3 62 (48, 72) 272 0.25
South Africa 29 46.5 4.8 47 (26, 64) —B.57 0.054
Latin America 348 501 1.1 54 (37, B4) —5.00 0.025
Canada/United States 129 8.1 18 58 (46, 70) Ref

VKA experienced but warfarin naive*
East Asia 1]
India 20 455 51 47 (28, 63) —14.72 0.0006
Eastern Europe 619 536 0.8 ab (43, 68) —6.53 <0.0001
Western Europe/similar 399 B0.1 0.9 63 (50, 73) Ref
South Africa 1]
Latin America 233 E0.1 1.0 62 (50, 72) —0.08 0.96
CanadalInited States 3 B4.1 3.8 65 (57, 70)

Wartarin experienced
East Asia a7 533 1.1 56 (41, 68) —11.83 <0.0001
India 23 39.9 46 42 (27, 52) —25.25 <0.0001
Eastern Europe 630 559 0.7 58 (45, 70) —9.16 <0.0001
Western Europe/similar 456 68.7 0.7 70 (60, 79) 3.61 0.64
South Africa 95 TR 21 63 (46, 71) L] <0.0001
Latin America 283 b6.4 1.2 59 (45, 71) —B.75 <0.0001
CanadalInited States 1195 B5.1 0.5 67 (55, 78) Ref




Table 4. Regional Mean i-TTR After First 90 Days of Follow-up

Region N ITTR, mean % 5D Median (25th, 75th) Parameter Estimate P Value
East Asia 677 53.3 217 56 (40, 67) —1252 <0.0001
India 115 395 252 42 (21, 56) —26.38 <0.0001
Eastern Europe 2462 53.0 215 55 (40, 68) —12.82 <0.0001
Westemn Europe/similar 1019 66.6 177 69 (58, 79) 0.76 0.37
South Africa 115 57 6 21.1 59 (46, 74) ~8.19 <0.0001
Latin America 875 59.0 200 61 (48, 74) —6.84 <0.0001
Canada/nited States 1244 65.8 187 68 (56, 79) Ref

FITR indicates individual patient-level time in therapeutic range.

Variation in i-TTR Across Countries

There was substantial variation in I-TTR across the 45
countries in ROCKET AF, ranging from a mean of 36% to
75%. Substitution of individual countres for geographic
regions in the multiple linear regression model led to an
increase in the overall model &* from 16% to 19% (Table 6).
Even within regions, there was considerable variability across

countries (Figure 1). Of particular interest, the mean TTR was
47% in China and 38% in Taiwan but 66% in Hong Kong and
64% in Singapore. Ninety-nine percent of the patients in all 4
of these regions were identified as being of Asian race. When
we substituted patient’s race for patient's region in the
multivariable model, the overall model R* deteriorated to
12.8% (Table 7).

and Western Europe/similar but 2.2 for patients in Eastern
Europe and East Asia and 2.3 for patients in Latin America.
The distributions were narrower in Canada/United States and
Western Europe /similar with IQRs of 0.9 INR unit compared
with East Asia and Latin America with IQRs of 1.0 INR unit and
Eastern Europe with an IQR of 1.1 INR units (all P<0.001)
We compared the average number of days between INR
measurements (Figure 3, Table 8). Patients in Canada/United
States and Western Europe had the most frequent INR tests
at an average interval of 19 and 20 days, respectively. By
contrast, patients in Eastern Europe and in East Asia had the
least frequent INR testing with an average interval of 23 days
(P<0.001). We extended this analysis to compare the time to
subsequent INR after an extreme INR value. There was
marked variation in median time to a follow-up INR test after



Risks of stroke and mortality associated with suboptimal
anticoagulation in atrial fibrillation patients
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Summary

Atrial fibrillation (AF) carries an increased risk of ischaemic stroke, and
oral anticoagulation with warfarin can reduce this risk. The objective of
this study was to evaluate the association between time in therapeutic
International Normalised Ratio (INR) range when receiving warfarin
and the risk of stroke and mortality. The study cohort included AF pa-
tients aged 40 years and older included in the UK General Practice Re-
search Database. For patients treated with warfarin we computed the
percentage of follow-up time spent within therapeutic range. Cox re-
gression was used to assess the association between INR and outcomes
while controlling for patient demographics, health status and concomi-
tant medication. The study population included 27,458 warfarin-
treated (with at least 3 INR measurements) and 10,449 patients not
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treated with antithrombotic therapy. Overall the warfarin users spent
63% of their time within therapeutic range (TTR). This percentage did
not vary substantially by age, sex and CHA,DS,-WASC score. Patients
who spent at least 70% of time within therapeutic range had a 79% re-
duced risk of stroke compared to patients with <30% of time in range
(adjusted relative rate of 0.21; 95% confidence interval 0.18-0.25).
Mortality rates were also significantly lower with at least 70% of time
spent within therapeutic range. In condlusion, good anticoagulation
control was associated with a reduction in the risk of stroke.
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users and 10,449 patients not treated with antithrombotic therapy.
The median duration of follow-up was 1.7 years for warfarin users
and 1.5 years for patients not treated with antithrombotic therapy
(P Table 1). The calendar year of the index dates ranged from 1991
t0 2007. The majority of warfarin users (89.9%) was considered to be
at high risk according to the CHA,DS,-VASc score (score 2 2). Pa-
tients using warfarin had on average a higher CHA,DS,-VASc score
compared to patients not treated with antithrombotic therapy (in-

P Figure 2 shows the Kaplan-Meier curves for time to stroke in
the AF patients not treated with antithrombotic therapy and in
warfarin users stratified by percentage of time spent within thera-
peutic range. Warfarin users with 2 70% of time spent within
therapeutic range had the lowest risk of stroke while those with <
30% and 31-40% in range had the highest risks of stroke.

Sensitivity analyses showed similar results when restricting the
data to the year 2000 or later (adjusted RR of 0.22 [95% confidence
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therapeutic range (INR 2.0-3.0).




Benefit of Oral Anticoagulant Over Antiplatelet Therapy in
Atrial Fibrillation Depends on the Quality of International
Normalized Ratio Control Achieved by Centers and
Countries as Measured by Time in Therapeutic Range
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Background—Oral anticoagulation (QOAC) therapy is effective in atrial fibrillation but requires vigilance to maintain the
international normalized ratio in the therapeutic range. This report examines how differences in time in therapeutic range
(TTR) between centers and between countries affect the outcomes of OAC therapy.

Methods and Results—In a posthoc analysis, the TTRs of patients on OAC in a randomized trial of OAC versus clopidogrel
plus aspirin { Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of Vascular Events [ACTIVE W) were
used to calculate the mean TTR for each of 526 centers and 15 countries. Proportional-hazards analysis, with and
without adjustment for baseline vanables, was performed, with patients stratified by TTR quartile and country. A wide
variation in TTRs was found between centers, with mean TTRs for centers in the 4 quartiles of 44%. 60%. 69%, and
78%. For patients at centers below the median TTR (65%), no treatment benefit was demonstrated as measured by
relative risk for vascular events of clopidogrel plus aspirin versus OAC (relative nsk, 0.93; 95% confidence interval,
0.70 to 1.24; P=0.61). However, for patients at centers with a TTR above the study median, OAC had a marked benefit,
reducing vascular events by ==2-fold (relative risk, 2.14; 93% confidence interval, 1.61 to 2.85; P<<0.0001). Mean TTR
also varied between countries from 46% to 7T8%: relative risk (clopidogrel plus aspirin versus OAC) varied from 0.6 to
3.6 (a 5-fold difference). A population-average model predicted that a TTR of 38% would be needed to be confident
that patients would benefit from being on OAC.

Conclusions—A wide variation exists in international normalized ratio control, as measured by TTR, between clinical
centers and between countries, which has a major impact on the treatment benefit of OAC therapy. For centers and
countries, a target threshold TTR exists (estimated between 38% and 653%) below which there appears to be little benefit
of OAC over antiplatelet therapy. (Circulation. 2008:118:2029-2037.)
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Table 1. TTR And Time to Risk of Stroke, Myocardial Infarction, Systemic Embolism, Vascular Death, or Major Hemorrhage for 15

Countries Participating in ACTIVE W

Patients per TTR Quartile Clopidogrel +ASA vs
(Low to High), n Clopidogrel + Aspirin OAC 0AC
Country i 2 3 4 Mean TTR Events Yy Events Yoy RR 95% Cl F
South Africa 55 43 0 0 46.3 5 .42 8 14.94 057 0.19-1.75 0.33
Brazil 188 25 25 8 471 13 0.38 14 943 1.0 0.47-2.15 0.93
Russia 188 28 0 4 534 13 792 7 4.16 1.88 0.75-4.70 018
Poland 313 224 86 18 55.3 18 4N 19 494 095 0.50-1.81 0.87
Belgium 4 128 9 0 58.7 11 11.91 B 6.72 1.81 0.67-4.90 0.24
United States 135 460 363 116 62.9 B9 8.02 48 6.6 1.25 0.85-1.83 0.26
Netherlands G5 a8 163 49 64.0 15 6.65 7 37 212 0.86-5.20 010
Argentina 40 74 76 106 fi4.5 10 f.02 10 59 1.03 0.43-2.48 0.94
Czech Republic i1 110 64 48 66.8 7 467 5 3.32 145 0.46-4.56 0.53
Italy 23 15 107 2 67.2 8 7.46 4 3.83 1.04 0.59-45.46 0.28
Canada 45 259 480 316 GB.5 ) 8.94 34 4.89 1.88 123286 0.003
Germany 0 149 261 171 fi9.3 22 h.82 15 395 1.51 0.78-2.80 0.22
Australia 5 12 54 145 745 18 12.92 5 3.76 360 134971 0.01
United Kingdom 2 34 58 199 748 12 7.03 7 397 1.79 0.71-4.55 0.22
Sweden 0 0 28 96 77 11 14.42 4 5.33 2.86 0.01-8.97 0.07

ASA indicates acetylsalicylic acid: RR. relative risk. Hows are ordered by mean TTR.



Table 3. Treatment Effects According to Center TTR Quartile: Risk Estimated by Time-to-Event Analysis

Clopidogrel + ASA DAC Clopidoarel +ASA ws QAC
n Events, n Moy n Events, n Yoy RR 95% ¢ P P for Interaction

Siroke, myocardial infarction, vascular death,
or systemic embolism

Quartile 1 (TTR =53.8%) it 41 4.95 674 45 543 091  060-1.39 0.66

Quartile 2 (TTR 53.8%—65.0%) Q30 49 4.20 926 a1 446 095  0.64-1.40 0.79

Quartile 3 (TTR 65.1%—73.2%) a74 85 6.85 1004 39 and 229 157335  =0.0001

Quartile 4 (TTR ==73.3%) 763 59 6.24 TG7 H 325 195  1.26-3.02 0.003 0.0008
Major hemorrhage

Quartile 1 (TTR =53.8%) it 12 1.45 674 24 292 049 0250099 0.046

Quartile 2 (TTR 53.8%—65.0%) Q30 22 1.89 926 27 236 079 045140 0.42

Quartile 3 (TTR 65.1%—73.2%) a74 42 338 1004 25 185 175 1.07-2487 0.027

Quartile 4 (TTR ==73.3%) 763 25 264 TG7 17 1.78 148 0BOD-275 0.21 0.013
Stroke, myocardial infarction, systemic
embolism vascular death, or major
hemorrhage

Quartile 1 (TTR =53.8%) ilits] 53 6.40 674 50 718 0B9  0B2-1.29 0.55

Quartile 2 (TTA 53.8%—65.0%) 30 70 6.00 924G 70 613 098 01137 0.92

Quartile 3 (TTR 65.1%—73.2%) a74 113 910 1004 &7 444 2140 153289  =0.0001

Quartile 4 (TTR ==73.3%) 763 80 8.46 TG7 44 462 187 130271 0.0008 0.0003
airoke

Quartile 1 (TTR =53.8%) it 18 217 674 16 185 112 057220 0.74

Quartile 2 (TTR 53.8%—65.0%) Q30 19 1.63 926 14 123 133 067266 0.41

Quartile 3 (TTR 65.1%—73.2%) a74 38 306 1004 16 126 249 139447 0.002

Quartile 4 (TTR ==73.3%) 763 25 264 TG7 13 136 195 1.00-3.82 0.05 0.2887
Siroke +MNon-CNS systemic embalism

Quartile 1 (TTR =53.8%) ilits] 20 242 674 16 185 125 065241 0.51

Quartile 2 (TTR 53.8%—65.0%) Q30 25 2.14 926 14 123 176 091339 0.09

Quartile 3 (TTR 65.1%—73.2%) a74 44 354 1004 18 140 257 148444 0.0008

Quartile 4 (TTR ==73.3%) 763 20 307 TG7 14 147 211 112400 0.02 0.4034



CLINICAL PERSPECTIVE

Oral anticoagulation (OAC) has proved to be beneficial for the reduction of stroke and vascular events in atrial fibrillation.
Previous studies have clearly shown that OAC therapy needs to be controlled carefully so that the international normalized
ratio of the prothrombin time remains in the therapeutic range, between 2 and 3. However, this target is not always
achieved. Previous studies have shown that the time in the therapeutic range (TTR) varies between patients and that a high
TTR is associated with increased risk of stroke and bleeding. No previous study has indicated the minimum TTR needed
to achieve a beneficial response from OAC. The Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of
Vascular Events (ACTIVE W) study data have been used to develop an estimate of the minimal TTR needed to confidently
achieve a benefit compared with therapy with clopidogrel and aspirin. This estimate is based on comparing the outcomes
of patients in ACTIVE W randomized to either OAC or clopidogrel plus aspirin. The analysis used stratification according
to the TTR achieved by each clinical center in its OAC patients. Only patients at centers with TTR above the study median
of 63% benefited from OAC compared with clopidogrel plus aspirin. An analysis by country has also been carried out, and
a strong relationship has been found between the TTR achieved by a country and the benefit of OAC. The estimate of the
minimum TTR needed to achieve a benefit from OAC therapy is between 58% and 65%. Centers that achieve below this
level cannot be confident that their patients are benefiting from OAC compared with antiplatelet therapy. An even higher
TTR (ie >70%) is associated with even greater benefit from OAC and was achieved in some countries. These data indicate
that providers of OAC therapy need to evaluate how well they deliver OAC to patients with atrial fibrillation, with the
intent of achieving a minimum TTR of 58% to 63% and an optimal control of >70% TTR.
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METHODS

In this randomized, double-blind trial, we compared apixaban (at a dose of 5 mg
twice daily) with warfarin (target international normalized ratio, 2.0 to 3.0) in
18,201 patients with atrial fibrillation and at least one additional risk factor for
stroke. The primary outcome was ischemic or hemorrhagic stroke or systemic em-
bolism. The trial was designed to test for noninferiority, with key secondary objec-
tives of testing for superiority with respect to the primary outcome and to the rates
of major bleeding and death from any cause.

RESULTS

The median duration of follow-up was 1.8 years. The rate of the primary outcome was
1.27% per year in the apixaban group, as compared with 1.60% per year in the war-
farin group (hazard ratio with apixaban, 0.79; 95% confidence interval [CI], 0.66 to
0.95; P<0.001 for noninferiority; P=0.01 for superiority). The rate of major bleeding
was 2.13% per year in the apixaban group, as compared with 3.09% per year in the
warfarin group (hazard ratio, 0.69; 95% CI, 0.60 to 0.80; P<0.001), and the rates of
death from any cause were 3.52% and 3.94%, respectively (hazard ratio, 0.89; 95% CI,
0.80 to 0.99; P=0.047). The rate of hemorrhagic stroke was 0.24% per year in the
apixaban group, as compared with 0.47% per year in the warfarin group (hazard ra-
tio, 0.51; 95% CI, 0.35 to 0.75; P<0.001), and the rate of ischemic or uncertain type of
stroke was 0.97% per year in the apixaban group and 1.05% per year in the warfarin
group (hazard ratio, 0.92; 95% CI, 0.74 to 1.13; P=0.42).

CONCLUSIONS

In patients with atrial fibrillation, apixaban was superior to warfarin in preventing stroke
or systemic embolism, caused less bleeding, and resulted in lower mortality. (Funded by
Bristol-Myers Squibb and Pfizer; ARISTOTLE Clinical Trials.gov number, NCT00412984.)
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Table 2. Efficacy Outcomes.*

Apixaban Group Warfarin Group Hazard Ratio
Outcome (N=9120) (N=9081) (95% Cl) P Value
Patientswith ~ Event  Patientswith  Event
Event Rate Event Rate
no. Yofyr no. %ofyr
Primary outcome: stroke or systemic 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 0.97 175 1.05 0.92 (0.74-1.13) 0.42
Hemorrhagic stroke 40 0.24 78 047 0.51(0.35-0.75)  <0.001
Systemic embolism 15 0.09 17 0.10 0.87 (0.44-1.75) 0.70
Key secondary efficacy outcome: death from any 603 352 669 3.94 0.89 (0.80-0.998)  0.047
cause
Other secondary outcomes
Stroke, systemic embolism, or death from any 752 449 837 5.04 0.89 (0.81-0.98) 0.02
cause
Myocardial infarction 90 0.53 102 0.61 0.82 (0.66-1.17) 0.37
Stroke, systemic embolism, 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

* Analyses were performed on data from the intention-to-treat population and included all events through the cutoff date for efficacy outcomes
of January 30, 2011; comparisons of the primary outcome and of death from any cause were analyzed as part of hierarchical sequence test-
ing (starting with testing the primary outcome for noninferiority, then the primary outcome for superiority, then major bleeding, and finally
death from any cause), to control the type I error.



Table 3. Bleeding Outcomes and Net Clinical Outcomes.*
Apixaban Group Warfarin Group Hazard Ratio
Outcome (N=9088) (N=9052) (95% Cl) P Value
Patients Event Patients Event
with Event  Rate with Event  Rate
no. Yo /yr no. o fyr
Primary safety outcome: ISTH major bleeding{ 327 2.13 462 3.09 0.69 (0.60-0.280) <0.001
Intracranial 52 0.33 122 0.280 0.42 (0.30-0.58) <0.001
Other location 275 1.79 340 2.27 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 dlinically relevant nonmajor bleeding 613 4.07 877 6.01 0.68 (0.61-0.75) <0.001
GUSTO severe bleeding &0 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 1.55 370 2.46 0.63 (0.54-0.75) <0.001
Any bleeding 2356 18.1 3060 25.8 0.71 (0.68-0.753) <0.001
Net clinical outcomes
Stroke, systemic embolism, or major bleeding 521 3.17 666 411 0.77 (0.69-0.86) <0.001
Stroke, systemic embolism, major bleeding, 1009 6.13 1168 7.20 0.85 (0.78-0.92) <0.001
or death from any cause

* The bleeding outcomes were assessed in patients who received at least one dose of a study drug and events that occurred from the time
the patients received the first dose of the study drug through 2 days after they received the last dose. The net clinical outcome includes all
efficacy outcomes through the cutoff date for the efficacy analysis and bleeding outcomes that occurred from the time the patients received
the first dose of the study drug through 2 days after they received the last dose. GUSTO denotes Global Use of Strategies to Open Occluded
Coronary Arteries, and TIMI Thrombolysis in Myocardial Infarction.
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ABSTRACT

BACKGROUND
Edoxaban is a direct oral factor Xa inhibitor with proven antithrombotic effects.
The long-term efficacy and safety of edoxaban as compared with warfarin in patients
with atrial fibrillation is not known.

METHODS
We conducted a randomized, double-blind, double-dummy trial comparing two
once-daily regimens of edoxaban with warfarin in 21,105 patients with moderate-
to-high-risk atrial fibrillation (median follow-up, 2.8 years). The primary efficacy
end point was stroke or systemic embolism. Each edoxaban regimen was tested for
noninferiority to warfarin during the treatment period. The principal safety end
point was major bleeding.

MEAN TTR 64.9%
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RESULTS

The annualized rate of the primary end point during treatment was 1.50% with
warfarin (median time in the therapeutic range, 68.4%), as compared with 1.18%
with high-dose edoxaban (hazard ratio, 0.79; 97.5% confidence interval [CI], 0.63
to 0.99; P<0.001 for noninferiority) and 1.61% with low-dose edoxaban (hazard ratio,
1.07; 97.5% CI, 0.87 to 1.31; P=0.005 for noninferiority). In the intention-to-treat
analysis, there was a trend favoring high-dose edoxaban versus warfarin (hazard
ratio, 0.87: 97.5% CI, 0.73 to 1.04; P=0.08) and an unfavorable trend with low-dose
edoxaban versus warfarin (hazard ratio, 1.13; 97.5% CI, 0.96 to 1.34; P=0.10). The
annualized rate of major bleeding was 3.43% with warfarin versus 2.75% with high-
dose edoxaban (hazard ratio, 0.80; 95% CI, 0.71 to 0.91; P<0.001) and 1.61% with
low-dose edoxaban (hazard ratio, 0.47; 95% CI, 0.41 to 0.55; P<0.001). The corre-
sponding annualized rates of death from cardiovascular causes were 3.17% versus
2.74% (hazard ratio, 0.86; 95% CIL, 0.77 to 0.97; P=0.01), and 2.71% (hazard ratio,
0.85; 95% CI, 0.76 to 0.96; P=0.008), and the corresponding rates of the key second-

ary end point (a composite of stroke, systemic embolism, or death from cardiovas-
cular causes) were 4.43% versus 3.85% (hazard ratio, 0.87; 95% CI, 0.78 to 0.96;

P=0.005), and 4.23% (hazard ratio, 0.95; 95% CI, 0.86 to 1.05; P=0.32).

CONCLUSIONS
Both once-daily regimens of edoxaban were noninferior to warfarin with respect to
the prevention of stroke or systemic embolism and were associated with significantly
lower rates of bleeding and death from cardiovascular causes. (Funded by Daiichi
Sankyo Pharma Development; ENGAGE AF-TIMI 48 ClinicalTrials.gov number,
NCT00781391.)
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Tabde 3. Safety and Met Chinical End Points.*

Cutcme

Major bleading
Fatzl
Bleading into a critical organ or area
Owvert bleeding with bhood loss of =2 grdl
Any intracranial bleeding
Fatal intracranizl bleeding
Gastrointestinal bleeding
Uppar gastrointestingl tract
Lowar gastrointestinal tract
Bleeding in other location

Bleading during transition to open-label
oral anticoagulation therapy

Day 1-14

Dy 15-30
Life-thraatening blaeding

Clinically relevant nonmajor bleading
Minor bleeding
Major or cliniczlly relevant nonmajor bleeding
Amy overt bleading
Mat clinical cutcomet
Prirmiary
Secondary
Tartiary

Warfarin High-Dose Edoaban
[N=7012] [N=7012)
no. af no. of
patients % af patieets % af
with event  patients/pr  withevent  patisrts/pr
524 143 418 275
59 0.38 iz 021
211 L36 108 0.7
ixn 213 iw 208
132 Q.85 &l 0.39
42 0.27 4 0.15
180 L33 232 151
111 07l 140 0.91
i1 0.52 o6 0.62
211 137 131 0.5
& — —
5 — 6 —
122 0.78 G2 0.40
1396 10.15 1214 a&7
714 4 59 G0 412
1761 13.02 1528 11.10
2114 16.40 15865 14.15
1462 211 1333 1.6
Q87 53 ZB3 464
1133 6.02 954 5.30

High-Drose Edoxaban
vs. Warfarin
Hazard Ratio

[95% 1) Pvalue
0.80 0.71-0.91)  <0.001
0.55 (0.36-0.84) 0.006
0.51 (D41-0.65)  <0.001
0.98 [0.84-1.14) 078
0.47 (0.34-0.63)  <0.001
0.58 {0.35-0.95) 0.03
1.23 {L0-1.50) 0.03
1.27 {0.99-1.63) 0.06
1.20 (0.89-1.61) 0.23
0.62 (050-0.78)  <0.001
051 (0.35-0.70) <0001
086 (0.79-0.93) <0001
084 (0.76-0.94) 0.002
0.86 (0.30-092)  <0.001
087 (0.82-0.92) <0001
0.89 {0.53-0.95) 0.003
0,88 {0.81-0.97) 0.008
0.8 {0.51-0.96) 0.003

Low-Diose Edaaban
(=T7002]
no. of
patigts 5 0f
with event  patismtsjyr

254 L&l
iy | 0.13
69 0.44
157 119
41 0.26
12 0.08
128 0.82
25 0.56
44 0.28
i7 0.55
5 —_—
13 —
40 0.25
069 6.60
533 is2
1161 797
1499 10.68
1248 679
537 418
1010 5137

Low-Crose Edoxaban
5. Warfarin
Hazard Ratio

{953 CI) P Value
0.47 (0.41-0.55)  <0.001
0.35 (0.21-0.57) o001
032 (0.24-0.42)  <0.001
056 (047-0.67)  <0.001
0.30 (0.21-0.43)  <0.001
028 {0.15-0.53) <0001
067 (0.53-0.83)  <0.001
0.78 {0.59-1.03) 0.08
054 (0.37-077)  <0.001
040 (0.31-052)  <0.001
0.32 (0.23-0.46)  <0.001
0L66 (0.60-0.71)  <0.001
072 (0.65-0.81)  <0.001
062 (057-0.67) <0001
0.66 [0.62-0.71) <0001
0.83 (077-0.90)  <0.001
083 (076-0.91) <0001
0.89 (0.82-0.97) 0,007




Safety and efficacy of well managed warfarin
A report from the Swedish quality register Auricula
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Summary

The safety and efficacy of warfarin in a large, unselected cohort of
warfarin-treated patients with high quality of care is comparable to
that reported for non-vitamin K antagonists. Warfarin is commonly
used for stroke prevention in atrial fibrillation, as well as for treatment
and prevention of venous thromboembolism. While reducing risk of
thrombotic/embolic incidents, warfarin increases the risk of bleeding.
The aim of this study was to elucidate risks of bleeding and throm-
boembolism for patients on warfarin treatment in a large, unselected
cohort with rigorously controlled treatment. This was a retrospective,
reqistry-based study, covering all patients treated with warfarin in the
Swedish national anticoagulation register Auricula, which records
both primary and specialised care. The study included 77,423 uns-
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elected patients with 100,952 treatment periods of warfarin, consti-
tuting 217,804 treatment years. Study period was January 1, 2006 to
December 31, 2011. Atrial fibrillation was the most common indi-
cation (68%). The mean time in therapeutic range of the international
normalised ratio (INR) 2.0-3.0 was 76.5%. The annual incidence of
severe bleeding was 2.24% and of thromboembolism 2.65%. The
incidence of intracranial bleeding was 0.37 % per treatment year in
the whole population, and 0.38% among patients with atrial fibril-
lation. In conclusion, warfarin treatment where patients spend a high
proportion of time in the therapeutic range is safe and effective, and
will continue to be a valid treatment option in the era of newer oral
anticoagulants.
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Table 3: Event rates in relation to gender and indication for treatment.

Bleading Thrombosis
Intracranial Gl Other Stroke/TETIA  VIE Myocardial infarction
Al 037 0.73 1.16 1.38 0.28 1.05
(0.36-0.38) 071075 (Ld-1.19)  (1.3e-1.41) (0.27-0.29)  (1.02-1.07)
Men 0.39 0.72 1.04 1.34 0.25 1.09
(0.38-041) (070075  (L01-1.00)  (1.31-13§) (024-027)  (1.06-1.12)
Women 034 0.73 131 1.36 031 0.94
0.32-0.36) 0.71-0.76)  (1.27-135)  (1.32-1.40) (0.29-033)  (0.91-0.97)
Atrial fibrillation 038 0.70 112 1.54 0.10 1.07
(0.37-0.40) (068-0.72)  (1.09-1.15)  (1.50-1.57) (0.09-0.11)  (1.05-1.10)
Heart valve disease 051 1.1 1.83 1.48 0.03 1.12
(0.46-0.55) (104-118)  (1.74-191)  (1.40-1.50) (0.02-0.05)  (1.06-1.19)
VIE 030 0.68 1.04 0.80 115 0.79
(0.27-0.33) 064-0.72)  (099-1.09)  (0.75-0.84) (1.09-1.200  (0.74-0.83)
Other indications 032 0.74 1.14 1.76 0.26 1.61
0.28-036) (068-081)  (1.00-1.22)  (1.66-1.86) (03-030)  (152-1.70)

TE, thromboembalism; TIA, transient ischaemic attack; VTE, venous thromboembalism.




Age group
<50 50-60 60-70 710-80 80-90 >90
Bleeding
Infracranial ~ 0.12 0.24 0.28 0.39 0.45 0.83
004-021) (0180300 (0.25-030) (037-042) (0.42-0.48) (0.67-1.00)
Gastrointestinal 0,12 0.34 0.43 0.70 0.93 1.20
004-021) (027-041) (038-047) (0.66-0.73) (0.88-0.97) (1.00-1.40)
Other 0.49 0.73 0.76 0.99 1.55 113
032-066) (063083 (0.71-081) (0.95-1.03) (1.49-161) (1.86-239)
Thrombosis
Stroke/TETIA (.44 0.13 131 1.1 128 156
022066 (011015 (1.2-139) (164-1.77) (219236 (2.23-290)
Venous throm- 0,12 0.07 0.08 0.10 0.12
boembolism ~ (0.04-021)  (0.04-0.8)  (0.07-0.40) (0.08-0.01) (0.0-0.04)
Myocardial 055 0.58 0.9 1.26 1.67 JAll
infarction 030-0.79) (0460700 (0.85-099) (1.21-132) (1.60-1.74) (1.80-239)

Table 4: Bleedings and thromboembolic

events per treatment year i relation to
age.



In AF, the net clinical benefit from anticoagulant treatment de-
pends on the span in incidence rates of thromboembolic and
bleeding events of comparable severity. In this study, all patients
were on anticoagulant treatment and we therefore have no way of
telling what the thromboembolic rate would have been if patients
had not had treatment. In a previous study of 90,706 AF patients
without anticoagulant treatment utilising the same Swedish reg-
isters as this study, the overall rate of strictly defined ischaemic
stroke was 4.5%/year, of thromboembolism (including unspecified
stroke, TIA and systemic embolism) 6.3%/year and of intracranial
haemorrhage 0.6%/year (21). If structured and optimised care of
warfarin patients can reduce bleeding rates to levels similar to that
of untreated patients, few AF patients will not benefit from treat-
ment. The lower the bleeding rates are, the higher the net benefit
from treatment will be, if everything else remains unchanged. It
has however to be kept in mind that the majority of those without
anticoagulant treatment are elderly with high risk both of bleeding
and thromboembaolism (21). The risk of confounding by indi-
cation therefore makes it necessary to regard such comparisons
with great care.

Patients with heart valve disease had more bleeding compli-
cations than other patients. Many of these patients had treatment
with a higher therapeutic range of INR 2.5-3.5 instead of the more
commeon of INR 2.0-3.0, which could account for some of those
bleedings. We believe that it is important to report the actual risks
these patients have of serious bleedings or thromboembolic events,
not the least since the INR goals in many cases are founded on
vague scientific evidence. The bias of including patients with
higher INR goals than 2-3 means that, if anything, we show a
larger risk of bleeding than for the patients with lower goals, and

Limitations

Since this is a retrospective registry-based study, we cannot exclude
bias. However, the mere size of the cohort, and the fact that the Aur-
icula data represent a nationwide Swedish cohort, both from antico-
agulation clinics and primary health care settings, suggests that
these results represent ‘real world’ clinical practice in Sweden. The
positive predictive values for diagnoses in the Patient Register vary
between diagnoses, but are generally in the range of 85-99% (22),
although little is known about the negative predictive value for most
diagnoses because this requires knowledge about true prevalence of
diseases in the population, including subjects who have not yet re-
ceived a diagnosis. Thus, registry studies are more prone to underes-
timating than to overestimating comorbidity.

What is known about this topic?

o Warfarin has a namow therapeutic window, leading to an
increased risk of complications when the treatment is poorly
managed.

o NOACs have been shown to be safer than relatively poorly per-
formed warfarin treatment, with TTR well under a recommended
level of 70%.

What does this paper add?

o Efficient warfarin therapy with a mean TTR of 76.5% is possible
to achieve in routine clinical care with unselected patients.

» Warfarin treatment with a high TTR performs well, and should not
be ruled out in favour of NOACs.



Outcomes in a Warfarin-Treated Population
With Atrial Fibrillation
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Peter J. Svensson, MD, PhD:; Anders Sjdlander, MD, PhD

IMPORTANCE Vitamin K antagonist (eg, warfarin) use is nowadays challenged by the
non-vitamin K antagonist oral anticoagulants (MOACs) for stroke prevention in atrial
fibrillation (AF). NOAC studies were based on comparisons with warfarin arms with times in
therapeutic range (T TRs) of 55.2% to 64.9%, making the results less credible in health care
systems with higher TTRs.

OBJECTIVES To evaluate the efficacy and safety of well-managed warfarin therapy in patients
with nonvalvular AF, the risk of complications, especially intracranial bleeding. in patients with
concomitant use of aspirin. and the impact of international normalized ratio (INR) control.

DESIGN, SETTING, AND PARTICIPANTS A retrospective, multicenter cohort study based on
Swedish registries, especially AuriculA, a quality register for AF and oral anticoagulation, was
conducted. The register contains nationwide data, including that from specialized
anticoagulation clinics and primary health care centers. A total of 40 449 patients starting
warfarin therapy owing to nonvalvular AF during the study period were monitored until
treatment cessation, death, or the end of the study. The study was conducted from January 1.
2006, to December 21, 2011, and data were analyzed between February 1 and November 15.
2015. Associating complications with risk factors and individual INR control, we evaluated the
efficacy and safety of warfarin treatment in patients with concomitant aspirin therapy and
those with no additional antiplatelet medications.



EXPOSURES Use of warfarin with and without concomitant therapy with aspirin.

MAIN OUTCOMES AND MEASURES Annual incidence of complications in association with
individual TTR (iTTR), INR variability, and aspirin use and identification of factors indicating
the probability of intracranial bleeding.

RESULTS Of the 40 449 patients included in the study, 16 201 (40.0%) were women; mean
(SD) age of the cohort was 72.5 (101) years, and the mean CHA,DS,-VASc (cardiac failure or
dysfunction, hypertension, age =75 years [doubled], diabetes mellitus, stroke
[doubled]-vascular disease, age 65-74 years, and sex category [female]) score was 3.3 at
baseline. The annual incidence, reported as percentage (95% Cl) of all-cause mortality was
2.19% (2.07-2.31) and, for intracranial bleeding, 0.44% (0.39-0.49). Patients receiving
concomitant aspirin had annual rates of any major bleeding of 3.07% (2.70-3.44) and
thromboembolism of 4.90% (4.43-5.37), and those with renal failure were at higher risk of
intracranial bleeding (hazard ratio, 2.25; 95% Cl, 1.32-3.82). Annual rates of any major
bleeding and any thromboembolism in iTTR less than 70% were 3.81% (3.51-4.11) and 4.41%
(4.09-4.73), respectively, and, in high INR variability, were 3.04% (2.85-3.24) and 3.48%
(3.27-3.69), respectively. For patients with iTTR 70% or greater, the level of INR variability did
not alter event rates.

CONCLUSIONS AND RELEVANCE Well-managed warfarin therapy is associated with a low risk
of complications and is still a valid alternative for prophylaxis of AF-associated stroke.
Therapy should be closely monitored for patients with renal failure, concomitant aspirin use,

and poor INR control.

JAMA Cardiol. doi:10.1001/jamacardio.2016.0199
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Table 3, Warfarin Treatment Complications in Relation to INR Control®

TR INR Variability
<J0% 210% High Low
(n=16703) (n=22185) (n=21021) (n=19428)
Characteristic No.  %(95%C)) No. % (95%Cl) No.  %(95%(I) No. % (95%CI)
All-cause mortality 52 435(403-466) 602 129(LI8-139) 923 294(275-314) 510 150(137-163)
Any major bleeding 059 38L(351-41T) 752 1eL(L49-L73) 955  3.04(285-324) 502  147(134-16l)
Intracranial 124 072(059-085) 157 034(0.280.39) 160  051(043-059) 128  0.38(031-0.44)
Gastrointestinal tract 206 126(100-143) 260  056(049-0.63) 326  1.05(093-116) 168  0.50(042-0.57)
Other 368 217(194-240) 395  085(0.77-0.94) 550  179(163-194) 241  0.71(062-0.81)
Any thromboembalism 163 A41(400-473) 1107 237(Q223-251) 1093  348(3.27-369) 839  246(2.29-263)
Arterial 45  250(Q28-276) 645 L141(130-153) 605  198(182-214) 502  151(1.38-163)
Myocardial infarction 33 190(169-211) 449 088(0.88-1.07) 471  153(1.39-167) 323 0.96(0.85-1.07)
Venous i1 024(016-031) 43 009(0.06-0.12) 51  016(0.12-021) 37 0.11(0.07-0.14)
Abbreviations: INR, international normalized ratio; ITTR, individual time in per treatment year. High INR variability indicates INR variability greater than or
therapeutic range. equal to mean [NR vanability: low INR variability indicates less than mean INR
“Results presentedn total numbers during thestudy period and compliation V@D
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son of the Short-Term Risk of Bleeding and Arterial

Throm

yoembolic Events in Nonvalvular Atrial Fi

rillation

Patients Newly Treated With Dabigatran or Rivaroxaban

Versus Vitamin K Antagonists

A French Nationwide Propensity-Matched Cohort Study
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Background—The safety and effectiveness of non-vitamin K antagonist (VKA) oral anticoagulants, dabigatran or
rivaroxaban, were compared with VKA in anticoagulant-naive patients with nonvalvular atrial fibrillation during the
early phase of anticoagulant therapy.



Methods and Results—With the use of the French medico-administrative databases (SNIIRAM and PMSI), this nationwide
cohort study included patients with nonvalvular atrial fibrillation who initiated dabigatran or rivaroxaban between July and
November 2012 or VKA between July and November 2011. Patients presenting a contraindication to oral anticoagulants
were excluded. Dabigatran and rivaroxaban new users were matched to VKA new users by the use of 1:2 maiching on
the propensity score. Patients were followed for up to 90 days until outcome, death, loss to follow-up, or December 31
of the inclusion year. Hazard ratios of hospitalizations for bleeding and arterial thromboembolic events were estimated in
an Intent-to-{reat analysis using Cox regression models. The population was composed of 19713 VKA, 8443 dabigatran,
and 4631 rivaroxaban new users. All dabigatran- and rivaroxaban-treated patients were matched to 16014 and 9301 VKA-
treated patients, respectively. Among dabigatran-, rivaroxaban-, and their VKA-matched-treated patients, 53 and 122 and
31 and 68 bleeding events and 33 and 58 and 12 and 28 arterial thromboembolic events were observed during follow-up,
respectively. After matching, no statistically significant difference in bleeding (hazard ratio, 0.88; 93% confidence interval,
0.64-1.21) or thromboembolic (hazard ratio, 1.10; 95% confidence interval, 0.72-1.69) risk was observed befween
dabigatran and VKA new users. Bleeding (hazard ratio, 0.98; 93% confidence interval, 0.64-1.531) and ischemic (hazard

ratio, 0.93; 95% confidence interval, 0.47-1.85) risks were comparable between rivaroxaban and VKA new users.
Conclusions—In this propensity-matched cohort study, our findings suggest that physicians should exercise caution

when initiating either non-VKA oral anticoagulants or VKA in patients with nonvalvular atrial fibrillation,
(Circulation. 2015;132:1252-1260, DOL: 10.1161/CIRCULATIONAHA.115.015710.)



Discussion

[n this large-scale, nationwide cohort study, no significant dif-
ferences were observed between NOAC (dabigatran or riva-
roxaban) and VKA in terms of hospitalizations for bleeding
or for artertal thromboembolic events during the early phase

of anticoagu

ant therapy among new users with nv-AF. To

our knowledge, this 1s the first study to assess the short-term
benefit/risk balance of both dabigatran and rivaroxaban versus
VKA using French medico-administrative databases, because
previous studies were conducted on Danish and US Medicare
data.”™ " This study also provides insight into French pre-




CLINICAL PERSPECTIVES

The non-vitamin K antagonists (VKA) oral anticoagulants (NOACS), such as the direct thrombin tnhibitor dabigatran and
the factor Xa hibitor rivaroxaban, have provided patients who have atrial fibrillation with a convenient, fixed-dose alterna-
tive to VKAs, Although NOACs might have some advantages over VKAs, some concerns have emerged about ther safety,
Few real-world data has been reported so far, and few studies have specifically focused on the early phase of therapy.
However, early bleeding and thromboembolic risks have been observed to be significantly higher during the first 90 days
of therapy in patients who have atrtal fibrillation initiating warfarin. We therefore conducted a large postmarketing study
using the French medicoadministratrve databases to better investigate the short-{erm comparative effectiveness and safety of
each specific agent of NOAC versus VKA. In this nationwide propensity-matched cohort study (8443 dabigatran- and 4651
rivaroxaban-treated patients matched with at least 1 VKA user), no significant difference between NOAC (dabigatran or
rivaroxaban) and VKA was found in terms of hospitalizations for bleeding or for arterial thromboembolic events during the
early phase of therapy among new users with nonvalvular atrfal fibrillation. Physictans must therefore be as cautious when
(nitiating NOACs as when initiating VKAS, particularly in view of the absence of a NOAC antidote and objective monitoring
of the extent of anticoagulation. These results are consistent with those from the few observational studies published to date
and offer clinicians a more comprehensive picture of the NOAC beneft-risk balance during the early phase of treatment,




1151); in the ROCKET AF trial (Rivaroxaban versus Warfarin in atrial fibrillation)
the mean TTR was 55% and ICH were 0.50% per year in the rivaroxaban group and
0.70% per year in the warfarin group (24) (NEJM 2011; 365 : 883-891); in the RE-
COVER study (Dabigatran versus Warfarin in the treatment of acute venous
thromboembolism) the mean TTR was 60% and ICH were 0 in the Dabigatran group
(n=1273) and were 3 in the Warfarin group (n=1266) (25) (NEJM 2009 vol. 361 pp.
2342-2352); in the RE-MEDY study (Extended use of Dabigatran, Warfarin or
Placebo in venous thromboembolism) the median TTR was 65.3% (in this study the
mean TTR is not cited) and ICH were 2 in the Dabigatran group (n=1430) and 4 in the
warfarin group (n=1426) (26) (NEJM 2013 vol. 368 pp. 709-718); in the ARISTOTLE
trial (Apixaban versus Warfarin in patients with atrial fibrillation) the mean TTR
was 62.2% and ICH were 0.24% per year in the Apixaban group and 0.47% per year in
the Warfarin group (27) (NEJM 2011 vol. 368 pp. 981-992); in the RE-COVER Il study
(Treatment of acute venous thromboembolism with Dabigatran or Warfarin and
pooled analysis) the mean TTR was 57% and ICH were 2 in the Dabigatran group
(n=1279) and 6 in the Warfarin group (n=1289) (28) (Circulation 2014 vol. 129 pp.
764-772); in the EINSTEIN DVT (Oral Rivaroxaban for symptomatic venous
thromboembolism) study the mean TTR was 57.7% and the number or percentage



of ICH were not cited (29) (NEJM 2010 vol. 363 : 2499-2510); in the EINSTEIN-PE
study (Oral Rivaroxaban for the treatment of symptomatic pulmonary
embolism) the mean TTR was 62.7% and fatal ICH were 2 (<0.1% per year) in the
Rivaroxaban group (n=2419) and 2 (<0.1% per year) in the standard therapy group
(enoxaparin + VKA for 3, 6 or 12 months) (n=2413); nonfatal ICH were 1 (<0.1% per
year) in the Rivaroxaban group and 10 (0.4% per year) in the standard therapy
group (30) (NEJM 2010 vol. 363 : 2499-2510); in the AMPLIFY trial (Oral Apixaban
for the treatment of acute venous thromboembolism) the mean TTR was 61% and
ICH were 3 (0.1% per year) in the Apixaban group and 6 (0.2% per year) in the
Warfarin group (31) (NEJM 2013 vol. 369 pp. 799-808); in the Hokusai-VTE trial
(Edoxaban versus Warfarin for the treatment of acute venous
thromboembolism) the mean TTR was 63.5% and fatal ICH were 0 in the Edoxaban
group and 6 (0.1% per year) in the Warfarin group; nonfatal ICH were 5 (0.1% per
year) in the Edoxaban group and 12 (0.3% per year) in the Warfarin group (32) (NEJM
2013 vol. 369 : 1406-1415); in the ENGAGE AF-TIMI 48 trial (Edoxaban versus
Warfarin in patients with atrial fibrillation) the mean TTR was 64.9% and ICH were
0.39% per year in the Edoxaban high-dose group (60 mg. die), 0.26% per year in the
Edoxaban low-dose group (30 mg. die) and 0.85% per year in the Warfarin group. Of
these ICH, 0.15% per year were fatal in the Edoxaban high-dose group, 0.08 were fatal
in the Edoxaban low-dose group and 0.27% per year were fatal in the Warfarin
group (33) (NEJM 2013 vol. 369 pp. 2093-2104). As cited before, in all the studies in
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Dabigatran versus Warfarin in the Treatment
of Acute Venous Thromboembolism

Sam Schulman, M.D., Clive Kearon, M.D., Ajay K. Kakkar, M.D.,
Patrick Mismetti, M.D., Sebastian Schellong, M.D., Henry Eriksson, M.D.,
David Baanstra, M.Sc., Janet Schnee, M.D., and Samuel Z. Goldhaber, M.D.,
for the RE-COVER Study Group*

ABSTRACT

BACKGROUND

The direct oral thrombin inhibitor dabigatran has a predictable anticoagulant effect
and may be an alternative therapy to warfarin for patients who have acute venous
thromboembolism.

METHODS

In a randomized, double-blind, noninferiority trial involving patients with acute ve-
nous thromboembolism who were initially given parenteral anticoagulation therapy
for a median of 9 days (interquartile range, 8 to 11), we compared oral dabigatran,
administered at a dose of 150 mg twice daily, with warfarin that was dose-adjusted
to achieve an international normalized ratio of 2.0 to 3.0. The primary outcome was
the 6-month incidence of recurrent symptomatic, objectively confirmed venous
thromboembolism and related deaths. Safety end points included bleeding events,
acute coronary syndromes, other adverse events, and results of liver-function tests.



AOSpItl, Farvdrd Medicdl 0000l buss
ton (S.2.G.). Address reprint requests to
Dr. Schulman at Thrombosis Serviee, A total of 30 of the 1274 patients randomly assigned to receive dabigatran (2.4%),
HHS General Hospital, 237 Barton . g sompared with 27 of the 1265 patients randomly assigned to warfarin (2.1%),
East, Hamilton, ON L8L 2X2, Canada, or ) . L
3t schulms@memaster.ca. had recurrent venous thromboembolism; the difference in risk was 0.4 percentage
points (95% confidence interval [CI], -0.8 to 1.5; P<0.001 for the prespecified non-

"::rl"i':::; ::::: EE‘CE?]:ER Study Growp inferiority margin). The hazard ratio with dabigatran was 1.10 (95% CI, 0.65 to
e 1.84). Major bleeding episodes occurred in 20 patients assigned to dabigatran

This article (10.1056/NEJMoa0906598)  (1.6%) and in 24 patients assigned to warfarin (1.9%) (hazard ratio with dabigatran,
- Pu”b{:ft:zds; E:E:Zhﬂzﬁﬂ Zggi'ba”:i 0.82; 95% CI, 0.45 to 1.48), and episodes of any bleeding were observed in 205 pa-
NEJME,E_ TR ents assigned to dabigatran (16.1%) and 277 patients assigned to warfarin (21.9%;
hazard ratio with dabigatran, 0.71; 95% CI, 0.59 to 0.85). The numbers of deaths,
acute coronary syndromes, and abnormal liver-function tests were similar in the two
groups. Adverse events leading to discontinuation of the study drug occurred in 9.0%
of patients assigned to dabigatran and in 6.8% of patients assigned to warfarin

(P=0.09).

RESULTS

N Engl | Med 2009;361:2342.52.
Copyright € 2009 Massachusetts Medical Society.

CONCLUSIONS

For the treatment of acute venous thromboembolism, a fixed dose of dabigatran is
as effective as warfarin, has a safety profile that is similar to that of warfarin, and
does not require laboratory monitoring. (ClinicalTrials.gov number, NCT00291330)

MEAN TTR 60.0%



Table 2. Efficacy and Bleeding Outcomes.

Outcome
Efficacy analysisy

Primary end point of venous thromboembaolism or related death
— no. of subjects (%)

During the study period

During the study period plus an additional 30-day follow-upi
Secondary end point — no. of subjects (%)

Symptomatic deep-vein thrombosis

Symptomatic nonfatal pulmonary embolism

Death related to venous thromboembaolism
All deaths
Safety analysisf
Major bleeding event — no. of subjects (%)
Fatal event — no. of events
Bleeding into critical organ — no. of events
Intracranial
Hemarthrosis
Hemoptysis

Event resulting in fall in hemoglobin level or need for blood
transfusions — no. of subjects [%)9Y

Major or clinically relevant nonmajor bleeding event — no. of
subjects (%)

Dabigatran
(N=1274)

30 (2.4)
34 (2.7)

16 (1.3)
13 (1.0)

1(0.1)
21 (1.6)

20 (1.6)
1
1
0
1
0
20 (1.6)

71 (5.6)

Warfarin
(N=1265)

27 (2.1)
32 (2.5)

18 (1.4)
7 (0.6)
3(0.2)

21 (1.7)

24 (1.9)
1
9
3
5
1
18 (1.4)

111 (8.8)

Hazard Ratio
(95% CI)*

1.10 (0.65-1.84)
1.05 (0.65-1.70)

0.87 (0.44-1.71)
1.85 (0.74—4.64)
0.33 (0.03-3.15)

0.98 (0.53-1.79)

0.82 (0.45-1.48)

0.63 (0.47-0.84)




Treatment of Acute Venous Thromboembolism With
Dabigatran or Warfarin and Pooled Analysis

Sam Schulman, MD, PhD; Ajay K. Kakkar, MB, BS, PhD; Samuel Z. Goldhaber, MD;
Sebastian Schellong, MD; Henry Eriksson, MD, PhD; Patrick Mismetti, MD;
Anita Vedel Christiansen, MSc Pharm; Jeffrey Friedman, MD;
Florence Le Maulf, BSc (Hons), MSc; Nuala Peter, BSc (Hons), MSc; Clive Kearon, MB, PhD:;
for the RE-COVER II Trial Investigators®

Background—Dabigatran and warfarin have been compared for the treatment of acute venous thromboembolism (VTE) in
a previous trial. We undertook this study to extend those findings.

Methods and Resulis—In a randomized, double-blind, double-dummy trial of 2589 patients with acute VTE treated with
low-molecular-weight or unfractionated heparin for 5 to 11 days, we compared dabigatran 150 mg twice daily with
warfarin. The primary outcome, recurrent symptomatic, objectively confirmed VTE and related deaths during 6 months
of treatment occurred in 30 of the 1279 dabigatran patients (2.3%) compared with 28 of the 1289 warfarin patients (2.2%:
hazard ratio, 1.08; 95% confidence interval [CI], 00.64-1.80; absolute risk difterence, 0.2%:; 95% CI, -1.0 to 1.3; P<0.001
for the prespecified noninferiority margin for both criteria). The safety end point, major bleeding, occurred in 15 patients
receiving dabigatran (1.2%) and 1n 22 receiving warfarin (1.7%; hazard ratio, 0.69; 95% CI, 0.36-1.32). Any bleeding
occurred in 200 dabigatran (15.6%) and 285 warfarin (22.1%: hazard ratio, 0.67; 95% CL, 0.56-0.81) patients. Deaths,
adverse events, and acute coronary syndromes were similar in both groups. Pooled analysis of this study RE-COVER 11
and the RE-COVER tnal gave hazard ratios [or recurrent VTE ol 1.09 (95% CI, 0.76-1.57), lor major bleeding ol 0.73
(95% CI, 0.48-1.11), and for any bleeding of 0.70 (95% CIL, 0.61-0.79).

Conclusion—Dabigatran has similar effects on VTE recurrence and a lower risk of bleeding compared with warfarin for the
treatment of acute VTE.

Clinical Trial Registration—URL: www.clinicaltrials.gov. Unique identifiers: NCT00680186 and NCT00291330.
(Circulation. 2014;129:764-772.)



Table 1. Characteristics of the Patients and Treatments*

Characteristic Dabigatran (n=1280) Warfarin (n=1288) PValue
Age,y 54.7+16.2 55.1=16.3 0.39
Median 56 57
Range 18-92 18-83
Female sex, n (%) 499 (39) 512 (39.8) 0.69
Race, n (%)t 1.00
Whita 993 (77 ) 999 (77 .R)
Black 19(1.5) 19(1.5)
Asian 267 (20.9) 270 (21.0)
Weight, kg 83.2£19.7 82.9+19.6 0.69
Median 80 81
Range 36-184 35-210
Body mass index, kg/m? 28.4+58 28.4+5.8 0.89
Estimated creatinine clearance, mL/mint 108.2+43.7 107.1+41.1 0.50
Type of index event, n (%) 0.85
Deep vein thrombosis only 877 (68.5) 873 (67.8)
Pulmonary embolism only 298 (23.3) 297 (23.1)
Both deep vein thrombosis and pulmonary embalism 104 (8.1) 17 (9.1)
Meither deep vein thrombosis nor pulmonary embolism§ 1{0.1) 1(0.1)
Cancer at baseling, n (%) 50 (3.9 50 (3.9) 0.93
Previous venous thromboembolism, n (%) 247 (19.3) 203 (15.8) 0.02
Concomitant use of acetylsalicylic acid, n (%) 130 (10.2) 112 (8.7) 0.20

MEAN TTR 56.9%



Efficacy analysist
Primary end point of venous thromboembolism or related death, n subjects (%)

During 6 mo 30(2.3) 28 (2.2) 1.08 (0.64-1.80)

During the study period plus an additional 30-d follow-upd 34 2.0 304(2.3) 1.13{0.69-1.85)
Secondary end point, n subjects (%)

Symptomatic deep vein thrombosis 25 (2.0 171(1.3) 1.48 (0.80-2.74)

Symptomatic nonfatal pulmonary embaolism 7(0.5) 13(1.0) 0.54 (0.21-1.35)

Death related to pulmonary embalism 3(0.2)5 0 {D.0)

All deaths 25 (2.0) 25(1.9) 0.98 (0.56-1.71)

Safety analysisl

Major bleeding event, n subjects (%) 15(1.2) 22 (1.7 0.69 (0.36-1.32)
Fatal event, n events i} 1{0.1)
Bleeding into critical organ, n events B 4

Intracranial 2 2

Retroperitoneal 2 0

Intra-articular 1 0

Intramuscular 0 1

Other 1
Event resulting in fall in hemoglobin level or need for blood transfusions, n subjects (%)Y 13 (1.0 19(1.5)
Major or clinically relevant nonmajor bleeding event, n subjects (%) 64 (5.0 102 (7.9) 0.62 (0.45-0.84)
Any bleeding event, n subjects (%) 200 (15.6) 285 (22.1) 0.67 (0.56-0.81)
Sites of bleeding, n events#

Intracranial 2 B

Intraocular 5 14

Retroperitoneal 3 1

Intra-articular 3 0

Pericardial 0 1

Intramuscular B 20

Gastrointestinal 48 33



Oral Rivaroxaban for Symptomatic Venous
Thromboembolism

The EINSTEIN Investigators®

ABSTRACT

BACKGROUND

Rivaroxaban, an oral factor Xa inhibitor, may provide a simple, fixed-dose regimen The members of the writing committee

for treating acute deep-vein thrombosis (DVT) and for continued treatment, with- (Rupert Bauersachs, M.D, Scott D.
Berkowitz, M.D., Benjamin Brenner, M.D.,

out the need for laboratory monitoring. Harry R. Buller, M.D., Hervé Decousus,
M.D., Alex S. Gallus, M.D., Anthonie W.
Lensing, M.D., Frank Misselwitz, M.D.,

) ) ) o Martin H. Prins, M.D., Gary E. Raskob,
We conducted an open-label, randomized, event-driven, noninferiority study that php, Annelise Segers, M.D, Peter Ver-

compared oral rivaroxaban alone (15 mg twice daily for 3 weeks, followed by 20 mg hamme, M.D., Phil Wells, M.D., Gian-
once daily) with subcutaneous enoxaparin followed by a vitamin K antagonist (ei- :;"B) ‘ﬂ“jgﬂ:{ d?;%;ﬂi”'hﬂgungmi“i
ther warfarin or acenocoumarol) for 3, 6, or 12 months in patients with acute, symp- Dayidson, M.D., M.P.H., Franco Piovella,
tomatic DVT. In parallel, we carried out a double-blind, randomized, event-driven M.D. and Sebastian Schellong, M.D.) take

P . . . responsibility for the content and integri-
superiority study that compared rivaroxaban alone (20 mg once daily) with placebo ty of this article. The committee mer.

for an additional 6 or 12 months in patients who had completed 6 to 12 months of pere affiliations are listed at the end of
treatment for venous thromboembolism. The primary efficacy outcome for both the article. Address reprint requests to
studies was recurrent venous thromboembolism. The principal safety outcome was D Buller at the Department of Vascular
. . . ) ) . L Medicine, Academic Medical Center, F4-
major bleeding or clinically relevant nonmajor bleeding in the initial-treatment 375 Meibergdreef 9, 1105 AZ Amster-

study and major bleeding in the continued-treatment study. dam, the Netherlands, or at h.r.buller@
amc.uva.nl.

METHODS



RESULTS *The investigators participating in the
The study of rivaroxaban for acute DVT included 3449 patients: 1731 given rivaroxa-  EINSTEIN-DVT and EINSTEIN-Exten-

ban and 1718 given enoxaparin plus a vitamin K antagonist. Rivaroxaban had non- :;i'; i;”ii;lafr:ﬁgt:ﬂfIﬁgfﬂzr?;”
inferior efficacy with respect to the primary outcome (36 events [2.1%], vs. 51 events | o
with enoxaparin-vitamin K antagonist [3.0%]; hazard ratio, 0.68; 95% confidence This article (10.1056/NEJMoal007503)
interval [CI], 0.44 to 1.04; P<0.001). The principal safety outcome occurred in 8.1% :‘ﬂ;ﬁg'g:iﬁ;ﬁﬁ;‘ﬁ'}”jIigjlfd ;:d
of the patients in each group. In the continued-treatment study, which included 602 p AT
patients in the rivaroxaban group and 594 in the placebo group, rivaroxaban had N Engl) Med 2010;363:2499-510.
superior efficacy (8 events [1.3%), vs. 42 with placebo [7.1%]; hazard ratio, 0.18; Cer © 2i0Mesauhuehs edca Soty,
95% CI, 0.09 to 0.39; P<0.001). Four patients in the rivaroxaban group had nonfatal

major bleeding (0.7%), versus none in the placebo group (P=0.11).

CONCLUSIONS

Rivaroxaban offers a simple, single-drug approach to the short-term and continued
treatment of venous thrombosis that may improve the benefit-to-risk profile of anti
coagulation. (Funded by Bayer Schering Pharma and Ortho-McNeil; ClinicalTrials.gov
numbers, NCT00440193 and NCT00439725.)

MEAN TTR 57.7%



Table 1. Demographic and Clinical Characteristics of Patients with Deep-Vein Thrombosis, According to the Study

and the Assigned Group.*

Characteristic

Age —yr

Male sex — no. (36)
Weight — no. (36)

=50 kg
=50-100 kg
=100 kg
Missing data

Creatinine clearance — no. (%)

<30 ml/min

30—49 ml/min
50-79 ml/min

=80 ml/min

Missing data

Initial diagnosis — no.

DVT
PE

Time from onset of symptoms to random-
ization — days

Median

Acute DVT Study

Rivaroxaban
(N=1731)

55.8+16.4
993 (57.4)

7(2.1)
1443 (83.4)F
245 (14.2)%
6 (0.3)

6 (0.3)
115 (6.6)
393 (22.7)

1193 (68.9)

4 (1.4)

1708
12

Standard Therapyt

(N=1718)

56.4+16.3
967 (56.3)

2.9)
82.8)%
14.3)%
<0.1)

9

1422 (
246 (

L
9(0:5)

120 (7.0)

399 (23.2)

ll?G(EEJ}
0(1.2)

1697 (only 1 distal)

11

Rivaroxaban
(N=602)

58.2+15.6
354 (58.8)

10 (1.7)

491 (81.6)%
85 (14.1)1
16 (2.7)

0
37 (6.1)
134 (22.3)
373 (62.0)
58 (9.6)

386
216

204

Continued Treatment Study

Placebo
(N=594)

58.4+16
339 (57.1)

373 (62.8)

5 (0.
47

122 (20.5)
(
0(8.4)

356
238

206




Table 3. Clinical Outcomes in the Acute DVT Study.*

Outcome

Efficacy
Intention-to-treat population
Recurrent VTE
Type of recurrent VTE
Fatal PE
PE could not be ruled out
Nonfatal PE
Recurrent DVT plus PE
Recurrent DVT
Net clinical benefit in terms of VTE plus major bleeding
Safety
Safety population

First major or clinically relevant nonmajor bleeding occurring during
treatment

Major bleeding
Contributing to death

In a critical site

Associated with a fall in hemoglobin of =2 g per deciliter, transfu-

sion of =2 units, or both
Clinically relevant nonmajor bleeding

Total deaths through end of intended treatment period

Rivaroxaban

1731
36 (2.1)

1
3
20
1
14
51 (2.9)

1718
139 (8.1)

(0.8)
<0.1)

126 (7.3)
38 (2.2)

Enoxaparin-VKA

no. (%)

1718
51 (3.0)

18
0
28

73 (42)

1711
138 (8.1)

20 (1.2)
5 (0.3)
3(0.2)

12 (0.7)

119 (7.0)
49 (2.9)

Hazard Ratio
(95% ClI)

0.68 (0.44-1.04)

0.67 (0.47-0.95)

0.97 (0.76-1.22)

0.65 (0.33-1.30)

0.67 (0.44-1.02)

P Value

<0.0017

0.03

0.77

0.21

0.06




Table 4. Clinical Outcomes in the Continued Treatment Study.*

Outcome

Efficacy
Intention-to-treat population
Recurrent VTE
Type of recurrent VTE
Fatal PE
PE cannot be ruled out
Nonfatal PE
Recurrent DVT
Safety
Safety population
First major or clinically relevant nonmajor bleeding
Major bleedingf
Contributing to death
In a critical site

Associated with a fall in hemoglobin of =2 g per
deciliter, transfusion of =2 units, or both

Clinically relevant nonmajor bleedingt

Hazard Ratio
Rivaroxaban Placebo (95% Cl)
no. (%)
602 594
8 (1.3) 42 (7.1)f  0.18 (0.09-0.39)
0 1
1 0
2 13
5 il
598 590
36 (6.0) 7(L2)  5.19(2.3-117)
4(0.7)% 0 NA
0 0
0 0
4 0

32 (54)% 7 (1.2)

P Value

<0.001

<0.001
0.11




Oral Rivaroxaban for the Treatment
of Symptomatic Pulmonary Embolism

The EINSTEIN-PE Investigators*

ABSTRACT

BACKGROUND

A tixed-dose regimen of rivaroxaban, an oral factor Xa inhibitor, has been shown to
be as effective as standard anticoagulant therapy for the treatment of deep-vein throm-
bosis, without the need for laboratory monitoring. This approach may also simplify
the treatment of pulmonary embolism.

METHODS

In a randomized, open-label, event-driven, noninferiority trial involving 4832 patients
who had acute symptomatic pulmonary embolism with or without deep-vein throm-
bosis, we compared rivaroxaban (15 mg twice daily for 3 weeks, followed by 20 mg
once daily) with standard therapy with enoxaparin followed by an adjusted-dose vita-
min K antagonist for 3, 6, or 12 months. The primary efficacy outcome was symp-
tomatic recurrent venous thromboembolism. The principal safety outcome was major
or clinically relevant nonmajor bleeding.

The members of the writing committee
(Harry R. Biller, M.D., Martin H. Prins,
M.D., Anthonie W.A. Lensing, M.D., Hervé
Decousus, M.D., Barry F. Jacobson, M.D.,
Erich Minar, M.D,, Jaromir Chlumsky, M.D.,
Peter Verhamme, M.D., Phil Wells, M.D.,
Giancarlo Agnelli, M.D., Alexander Cohen,
M.D., Scott D. Berkowitz, M.D., Henri
Bounameaux, M.D., Bruce L. Davidson,
M.D., Frank Misselwitz, M.D., Alex S. Gal-
lus, M.D., Gary E. Raskob, Ph.D., Sebas-
tian Schellong, M.D., and Annelise Segers,
M.D.) take responsibility for the content
and integrity of this article. Address re-
print requests to Dr. Biller at the Depart-
ment of Vascular Medicine, Academic
Medical Center, F4-275, Meibergdreef 9,
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RESULTS e

Rivaroxaban was noninferior to standard therapy (noninferiority margin, 2.0; The affiliations of the writing committee

P=0.003) for the primary efficacy outcome, with 50 events in the rivaroxaban group Mmembers ae isted in the Appendix.

(2.1%) versus 44 events in the standard-therapy group (1.8%) (hazard ratio, 1.12; .7, vestigators participatig in the

95% confidence interval [CI], 0.75 to 1.68). The principal safety outcome occurred  EINSTEIN-Pulmonary Embolism (PE)

in 10.3% of patients in the rivaroxaban group and 11.4% of those in the standard- ~ Study and the study committees are

th (hazard raio, 090; 95% C1, 0.76 to 1.07: P=0.23). Mejor leedingwas oy upperetan Append
erapy group (hazard ratio, 0.90; , 076t 1.07; P=0.23). Major bleeding was . zible st Netior

observed in 26 patients (1.1%) in the rivaroxaban group and 52 patients (2.2%) in the
standard-therapy group (hazard ratio, 0.49; 95% CI, 0.31 to 0.79; P=0.003). Rates of ~This artice (10.1056/NEMoal L13572) was

Coa ublished on March 26, 2012, at NEJM.org.
other adverse events were similar in the two groups. P JMorg

N Engl) Med 2012;366:1287-97.
CONCLUSIONS Copyright © 2012 Massachuseits Medical Society.
A fixed-dose regimen of rivaroxaban alone was noninferior to standard therapy
for the initial and long-term treatment of pulmonary embolism and had a poten-
tially improved benefit-risk profile. (Funded by Bayer HealthCare and Janssen Phar-
maceuticals; EINSTEIN-PE ClinicalTrials.gov number, NCT00439777)

MEAN TTR 62.7



Table 3. Clinical Outcomes.

Qutcome

Efficacy

Intention-to-treat population — no. of patients

Recurrent venous thromboembolism — no. (%)

Type of first recurrent venous thromboembolism — no.
Fatal pulmonary embolism
Death in which pulmonary embolism could not be ruled out
Nonfatal pulmonary embolism
Recurrent deep-vein thrombosis plus pulmonary embolism
Recurrent deep-vein thrombosis

Net clinical benefit: venous thromboembolism plus major

bleeding— no. (%)

Rivaroxaban

419
50 (2]

2
:
2
0
18

83 34)

Standard Therapy

413
1Y)

|
;
19
2
17

% (40)

Hazard Ratio
195% CI)*

112 (075-168)

085 (063114

PValue

0003+

0.28




Safety

No. of patients

First episode of major or clinically relevant nonmajor bleeding
during treatment— no. (%)

Major bleeding episode — no. (%)
Any
Fatal
Retroperitoneal
Intracranial
Other nonfatal episode in a critical sitef
Intracranial
Retroperitoneal
Intraocular
Pericardial
Intraarticular
Adrenal gland
Hemothorax

Intraabdominal with hemodynamic instability

Associated with a fall in hemoglobin of =2 g/dl, transfusion

of =2 units, or both

2412
249 (10.3)

26 (1.1)
2 (<0.])
0
2 (<0.])
7(03)
1 (<0.)
1 (<0.)

2 (<0.])

0
0
1 (<0.)
1 (<0.)
1 (<0.])

17 (0.7)

2405
274 (11.4)

0.90 (0.76-1.07)

049 (0.31-079)

0.23

0.003




Table 3. (Continued.)

Qutcome
Clinically relevant nonmajor bleeding episode — no. (%)
Death during intended treatment period — no. (%)
Cause of death — no.
Pulmonary embolism or pulmonary embolism not ruled out
Bleeding
Cancer
Myocardial infarction
|schemic stroke
Other cardiac disorder or respiratory failure
Infectious disease or septicemia
Other
Adverse event — no. (%)
Any event emerging during treatment
Any serious event emerging during treatment
Any event resulting in permanent discontinuation of study drug

Any event leading to or prolonging hospitalization

Rivaroxaban

228 (9.5)
58 (2.4)

11
5|

20
2
2
4

10
4

1941 (80.5)
476 (19.7)
23 (5.])

475 (19.7)

—

Hazard Ratio

Standard Therapy ~ (95% CI)*

235 (9.3)
50 (2.1) 1.13 (0.77-1.65)

4|
73

Y Y

P Value

0.53

0.24
0.86
0.10
0.82




The NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IM 1812 AUGUST 29, 2013

VIOIL. 3649 N 9

Oral Apixaban for the Treatment of Acute Venous

Thromboembolism

Giancarlo Agnelli, M.D, Harry R. Buller, M.D.,, Ph.D., Alexander Cohen, M.D., Madelyn Curto, DV.M.,
Alexander S. Gallus, M.D., Margot Johnson, M.D., Urszula Masiukiewicz, M.D., Raphael Pak, Ph.D,,
John Thempson, Ph.D., Gary E. Raskob, Ph.D., and Jeffrey |. Weitz, M.D., for the AMPLIFY Investigators™

ABSTRACT

BACKGROUND
Apixaban, an oral factor Xa inhibitor administered in fixed doses, may simplify the
treatment of venous thromboembolism.

METHODS
In this randomized, double-blind study, we compared apixaban (at a dose of 10 mg
twice daily for 7 days, followed by 5 mg twice daily for 6 months) with conventional
therapy (subcutaneous enoxaparin, followed by warfarin) in 5395 patients with acute
venous thromboembolism. The primary efficacy outcome was recurrent symptom-
atic venous thromboembolism or death related to venous thromboembolism. The
principal safety outcomes were major bleeding alone and major bleeding plus clin-
ically relevant nonmajor bleeding.

From the Internal and Cardiovascular
Medicine—Stroke Unit, University of Pe-
rugia, Perugia, Italy (G.A.); the Depart-
ment of Vascular Medicine, Academic
Medical Center, Amsterdam [H.R.B);
King's College Hospital, London {A.C);
Pfizer, Groton, CT (M.C, M., UM, R.P,
JT); the Department of Haematology,
Flinders Medical Centre and Flinders
University, Adelaide, SA, Australia
(A.5.G); the University of Cklahoma
Health Sciences Center, College of Public
Health, Oklahoma City (G.E.R.}; and the
Departments of Medicine and Biochem-
istry and Biomedical Sciences, MchMaster



RESULTS

The primary efficacy outcome occurred in 59 of 2609 patients (2.3%) in the apixa-
ban group, as compared with 71 of 2635 (2.7%) in the conventional-therapy group
(relative risk, 0.84; 95% confidence interval [CI], 0.60 to 1.18; difference in risk
[apixaban minus conventional therapy], ~0.4 percentage points; 95% CI, =1.3 to 0.4).
Apixaban was noninferior to conventional therapy (P<0.001) for predefined upper
|imits of the 95% confidence intervals for both relative risk (<1.80) and difference
in risk (<3.5 percentage points). Major bleeding occurred in 0.6% of patients who
received apixaban and in 1.8% of those who received conventional therapy (relative
risk, 0.31; 95% CI, 0.17 to 0.55; P<0.001 for superiority). The composite outcome of
major bleeding and clinically relevant nonmajor bleeding occurred in 4.3% of the
patients in the apixaban group, as compared with 9.7% of those in the conven-
tional-therapy group (relative risk, 0.44; 95% CI, 0.36 to 0.55; P<0.001). Rates of

other adverse events were similar in the two groups.

CONCLUSIONS

A fixed-dose regimen of apixaban alone was noninferior to conventional therapy for
the treatment of acute venous thromboembolism and was associated with signifi-
cantly less bleeding (Funded by Pfizer and Eristol-Myers Squibb; ClinicalTrials.gov
number, NCT00643201),

MEAN TTR 61.0%

Univarsity, and | hirombosis and Athero-
sclerosis Research Institute, Hamilton,

OM, Canada {).I\W.). Address reprint re-
quasts to Or. Agnelli at the University of
Perugia, Piazzale Menghini 1, 06100 Pe-
rugia, Italy, or at agnellig@unipg.t.

*|nvestigators in the Apixaban for the
Initial Management of Pulmonary Em-
bolism and Deep-Vain Thrombosis as
First-Lina Therapy (AMPLIFY) trial are
listed in the Supplementary Appendix,
available at NEJM.org.

This article was published on July 1, 2013,
at NEJM.org.
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Table 1. Demographic and Clinical Characteristics of the Patients.*

Characteristic
Age —yr
Male sex — no. (36)
Weight
Mean — kg
Distribution — no. (2&)
=60 kg
=60 to <100 kg
=100 kg
Data missing
Creatinine clearance — no. [%)
=30 ml/min
=30 to <50 mlfmin
=50 to =30 ml/min
=80 mlfmin
Data missing
Qualifying diagnosis — no. (%)
Deep-vein thrombosis
Pulmonary embolism
Pulmonary embolism with deep-vein thrombosis

Could not be evaluated

Apixaban
(N=2681)
57.2+£16.0
1569 (58.3)

84.6+19.8

231 (8.6)
1932 (71.8)
522 (19.4)

6 (0.2)

14 (0.5)
161 (6.0)
549 (20.4)

1721 (64.0)
246 (9.1)

1749 (65.0)
678 (25.2)
252 (9.4)

12 (0.4)

Conventional Therapy
(N=2704)

56.7+16.0
1598 (59.1)

84.6+19.8

245 (9.1)
1936 (71.6)
518 (19.2)

5 (0.2)

15 (0.6)
148 (5.5)
544 (20.1)

1757 (65.0)
240 (8.9)

1783 (65.9)
681 (25.2)
225 (8.3)

15 (0.6)




Table 1. [Continued.)
Apixaban Conventional Therapy
Characteristic (N=2691) (N=2704)
Clinical presentation of VTE — no. (35)
Unprovoked 2416 (29.8) 2429 (29.8)
Provoked 272 (10.1) 272 (10.1)
Not reported 3 {0.1) 3 (0.1)
Risk factors for recurrent VTE — no. (36)§
Previous VTE 463 (17.2) 409 [15.1)
Known thrombophilia 74 (2.8) 59 (2.2)
Active cancer 66 (2.5) 77 (2.8)
Treatment with low-molecular-weight heparin, hepa-
rin, or fondaparinux before randomization
— no. (36)
None 358 (13.3) 381 (14.1)
=12 hr 371 (13.8) 341 (12.6)
=12 to 24 hr 1116 (41.5) 1126 (41.6)
=24 to 36 hr 587 (21.8) 613 (22.7)
=36 to 48 hr 231 (3.6) 211 (7.8)
=48 hr 22 (0.8) 26 (1.0)
Data missing 6 (0.2) 6 (0.2)

* Plus—minus values are means +50. Percentages may not total 100 because of rounding. VTE denotes venous thrombo-
embolism. There were no significant differences between the study groups in the baseline characteristics listed here.

1 Patients may have undergone more than one imaging test.

i The anatomical extent of qualifying pulmonary embelism was defined as limited if it involved 25% or less of the vascu-
lature of a single lobe, extensive if there were two or more lobes invelving 5026 or more of the vasculature for each
lobe, and intermediate if neither of these definitions was met.

§ Patients could have had multiple risk factors or no additional risk factors.



Table 2. Clinical Outcomes during the Intended Treatment Period.*

QOutcome

Efficacy
MNo. of patients

First recurrent VTE or VTE-related death

— na. [36)
Type of first recurrent VTE — no. (36)
Fatal PE

Dieath for which PE could not be ruled out

Monfatal PE with or without DVT
DVT only

Safety

MNo. of patients

Major bleeding — no. (36)1
Fatal bleeding¥

Monfatal major bleeding at a critical site

Intracranial
Retroperitoneal
Intrathoracic
Intraccular
Intraarticular

Other nonfatal major bleeding
Gastrointestinal bleeding
Intramuscular bleeding
Epistaxis
Urogenital bleeding
Subcutaneous hematoma

Apixaban
(N=2681)

2609
59 (2.3)

1 (<0.1)
11 (0.4)
27 (1.0)
20 (0.8)

2676
15 (0.6)
1 (<0.1)
4{0.1)
3(0.1)
1 (<0.1)
0

0

0
10 (0.4)
7 (0.3)
0

1 (<0.1)
1 (<0.1)
1 (<0.1)

Conventional Therapy Relative Risk

(N=2704) (953 Cl)

2635
71 (2.7) 0.34 (0.60-1.18)

2 (0.1)
13 (0.5)
23 (0.9)
33 (1.3)

7689
49 (1.8) 0.31 (0.17-0.55)
2 (0.1)
14 (0.5)
6 (0.2)
3 (0.1)
1 (=0.1)
2 (0.1)
2 (0.1)
33 (1.2)
18 (0.7)
5 (0.2)
1 (<0.1)
3 (0.1)
6 (0.2)

P Value

<0.0017

<0.001f




Table 2. [Continued.)

Apixaban Comventional Therapy Relative Risk
Outcome (N=2691) (N=2704) {9534 CI) P Value
Clinically relevant nonmajor bleeding 103 (3.8) 215 (8.0) 0.48 (0.33-0.60)
— no. (36)
Major bleeding or clinically relevant nonmajor 115 (4.3) 281 (9.7) 0.44 (0.36—-0.55) <0.001
bleeding — no. (%)%
Death during intended treatment pericd
Mo. of patients/total no. (36) 412676 (1.5) 52/2689 (1.9) 0.79 (0.53-1.19)
Cause of death — no_ftotal no. (3&)
PE or PE not ruled out 12/2676 (0.4) 16/2689 (0.6)
Cardiovascular cause 372676 (0.1) 7/2689 (0.3)
Bleeding 2/2676 (0.1) 3/2689 (0.1)
Cancer 14/2676 (0.5) 14/2689 (0.5)
Infectious disease 972676 (0.3) 72689 {0.3)
Other 1/2676 (<0.1) 5/2689 (0.2)
Secondary composite outcomes
VTE or death from cardiovascular cause — no.f 612609 (2.3) 772635 (2.9) 0.80 (0.57-1.11) 0.13
total no. (36)
WTE or death from anmy cause — no.ftotal no. (3€) 24,2609 (3.2) 104/2635 (3.9) 0.22 (0.61-1.08) 016
VTE, VTE-related death, or major bleeding 73/2609 (2.8) 118/2635 (4.5) 0.62 (0.47—0.83) 0.001

— no ftotal no. (38)
Adverse events
Any event during treatment — no.ftotal no. (26)

Any serious event during treatment — no.f
total no. (25)

Any bleeding event — no.ftotal no. (3¢)

1795/2676 (67.1)
417/2676 (15.6)

415/2676 (15.5)

1923/2689 (71.5)
4102689 (15.2)

695/2689 (25.8)

Any event resulting in permanent discontinuation
of study drug — no.ftotal no. [36)

162/2676 (6.1) 199/2689 (7.4)

* DWT denotes deep-vein thrombosis, and PE pulmonary embolism.

T The Pwvalue is for noninferiority.

I For patients who had more than one event, only the first event was counted.

§ The Pwvalue is for superiority.

¥ Death from gastrointestinal bleeding cccurred in one patient in each group, and death from intramuscular bleeding in one patient in the
conventional-therapy group.
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Apixaban for Extended Treatment of Venous
Thromboembolism

Giancarlo Agnelli, M.D., Harry R. Buller, M.D., Ph.D., Alexander Cohen, M.D., Madelyn Curto, D.V.M.,
Alexander S. Gallus, M.D., Margot Johnson, M.D., Anthony Porcari, Ph.D., Pharm.D., Gary E. Raskob, Ph.D.,
and Jeffrey |. Weitz, M.D., for the AMPLIFY-EXT Investigators*

ABSTRACT

BACKGROUND

Apixaban, an oral factor Xa inhibitor that can be administered in a simple, fixed-dose From the Department of Internal and

regimen, may be an option for the extended treatment of venous thromboembolism. ~Cardiovascular MedicineStroke Unit,
University of Perugia, Perugia, Italy (G.A.);



METHODS
In this randomized, double-blind study, we compared two doses of apixaban (2.5 mg
and 5 mg, twice daily) with placebo in patients with venous thromboembolism who
had completed 6 to 12 months of anticoagulation therapy and for whom there was
clinical equipoise regarding the continuation or cessation of anticoagulation ther-
apy. The study drugs were administered for 12 months.

RESULTS
A total of 2486 patients underwent randomization, of whom 2482 were included in
the intention-to-treat analyses. Symptomatic recurrent venous thromboembolism
or death from venous thromboembolism occurred in 73 of the 829 patients (8.8%)
who were receiving placebo, as compared with 14 of the 840 patients (1.7%) who
were receiving 2.5 mg of apixaban (a difference of 7.2 percentage points; 95% con-
fidence interval [CI], 5.0 to 9.3) and 14 of the 813 patients (1.7%) who were receiv-
ing 5 mg of apixaban (a difference of 7.0 percentage points; 95% CI, 4.9 to 9.1)
(P<0.001 for both comparisons). The rates of major bleeding were 0.5% in the pla-
cebo group, 0.2% in the 2.5-mg apixaban group, and 0.1% in the 5-mg apixaban
group. The rates of clinically relevant nonmajor bleeding were 2.3% in the placebo
group, 3.0% in the 2.5-mg apixaban group, and 4.2% in the 5-mg apixaban group.
The rate of death from any cause was 1.7% in the placebo group, as compared with
0.8% in the 2.5-mg apixaban group and 0.5% in the 5-mg apixaban group.

CONCLUSIONS
Extended anticoagulation with apixaban at either a treatment dose (5 mg) or a
thromboprophylactic dose (2.5 mg) reduced the risk of recurrent venous thrombo-

embolism without increasing the rate of major bleeding. (Funded by Bristol-Myers
Squibb and Pfizer; AMPLIFY-EXT ClinicalTrials.gov number, NCT00633893.)

ment of Vascular Medicine, Amsterdam
(H.R.B.); King's College Hospital, London
(A.C)); Pfizer, Groton, CT (M.C., M., A.P);
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University, Department of Haematology,
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versity of Oklahoma Health Sciences
Center, College of Public Health, Okla-
homa City (G.E.R.); and the Departments
of Medicine and Biochemistry and Bio-
medical Sciences, McMaster University,
and the Thrombosis and Atherosclerosis
Research Institute — both in Hamilton,
ON, Canada (J.IW.). Address reprint
requests to Dr. Agnelli at the University
of Perugia, Piazzale Menghini 1, 06100
Perugia, Italy, or at agnellig@unipg.it.

*Additional investigators and commit-
tees for the Apixaban after the Initial
Management of Pulmonary Embolism
and Deep Vein Thrombosis with First-
Line Therapy-Extended Treatment
(AMPLIFY-EXT) study are listed in the
Supplementary Appendix, available at
NEJM.org.

This article was published on December 8,
2012, at NEJM.org.
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Table 2. Clinical Outcomes in the Intention-to-Treat Population during the Intended Active Study Period.*

Outcome

Recurrent VTE or death from any cause
— primary efficacy outcomet

Recurrent VTE or VTE-related death

Non-VTE-related cardiovascular death,
myocardial infarction, or stroke

Recurrent VTE, VTE-related death, myo-

cardial infarction, stroke, or cardio-
vascular disease—related death

Major bleeding
Clinically relevant nonmajor bleeding

Major or clinically relevant nonmajor

bleeding

VTE, VTE-related death, myocardial infarc-
tion, stroke, cardiovascular disease—
related death, or major bleedingi

Apixaban,
2.5 mg
(N=840)

32 (3.8)

14 (1.7)
4 (0.5)

18 (2.1)
2 (0.2)

25 (3.0)
27 (3.2)

20 (2.4)

Apixaban,
5 mg
(N=813)

number (percent)
34 (42)

14 (1.7)
5 (0.6)

19 (2.3)
1(0.1)

34 (4.2)
35 (4.3)

20 (2.5)

Placebo
(N=829)

96 (11.6)

73 (8.8)
11 (1.3)

83 (10.0)

4 (0.5)

19 (2.3)
22 (2.7)

86 (10.4)

Relative Risk (95% CI)

Apixaban, 2.5 mg, Apixaban, 5 mg, Apixaban, 2.5 mg

vs. Placebo

0.33 (0.22-0.48)

0.19 (0.11-0.33)
0.36 (0.11-1.12)

0.21 (0.13-0.35)

0.49 (0.09-2.64)

1.29 (0.72-2.33)
1.20 (0.69-2.10)

0.23 (0.14-0.37)

vs. Placebo

0.36 (0.25-0.53)

0.20 (0.11-0.34)
0.47(0.16-1.33)

0.23 (0.14-0.38)

0.25 (0.03-2.24)

1.82 (1.05-3.18)
1.62 (0.96-2.73)

0.24 (0.15-0.38)

Vs. 3 mg

NA

0.97 (0.46-2.02)
0.77 (0.21-2.88)

0.92 (0.48-1.74)
1.93 (0.18-21.25)

0.71 (0.43-1.18)
0.74 (0.46-1.22)

0.97 (0.52-1.79)

* For patients who had more than one event, only the first event was considered. NA denotes not available.
1 In the 2.5-mg apixaban group, 13 patients who were lost to follow-up were classified as having had a primary outcome event; in the 5-mg
apixaban group, 20 patients who were lost to follow-up were classified as having had a primary outcome event; and in the placebo group,
19 patients who were lost to follow-up were classified as having had a primary outcome event.
1 A reduction in this composite outcome was considered to represent the net clinical benefit.




Subgroup Apixaban

no.of  no.of
events  patients

Overall
Apixaban, 2.5 mg 14 840
Apixaban, 5 mg 14 813
Placebo
Index event
PE (with or without DVT)
Apixaban, 2.5 mg § 19
Apixaban, 5 mg 4 286
Placebo
DVT only
Apixaban, 2.5 mg 6 544
Apixaban, 5 mg 10 577
Placebo
Sex
Male
Apixaban, 2.5 mg 7 48
Apixaban, 5 mg 11 469
Placebo
Female
Apixaban, 2.5 mg 7 353
Apixaban, 5 mg I M

Placebo

Placebo

no.of  no.of
events  patients

73 829
1 278
52 551
46 463
7 3l

Relative Risk (95% Cl)




Edoxaban versus Warfarin for the Treatment
of Symptomatic Venous Thromboembolism

The Hokusai-VTE Investigators*

ABSTRACT

BACKGROUND
Whether the oral factor Xa inhibitor edoxaban can be an alternative to warfarin in  The members of the writing committee

patients with venous thromboembolism is unclear. (Harry R. Baller, M.D., Hervé Décousus,

M.D., Michael A. Grosso, M.D., Michele
Mercuri, M.D., Saskia Middeldorp, M.D.,
METHODS Martin H. Prins, M.D., Gary E. Raskab,

In a randomized, double-blind, noninferiority study, we randomly assigned patients ~Ph.D- Sebastian M. Schellong, M.D. Lee
Schwocho, Ph.D., Annelise Segers, M.D.,

with acute venous thromboembolism, ‘:ﬂ?h{] had initially recei.ved hepa.rin, to receive Minggao Shi,Ph.D,, Peter Verhamme, M.D.
edoxaban at a dose of 60 mg once daily, or 30 mg once daily (e.g., in the case of and PhilWells, M.D,) assume responsibility

patients with creatinine clearance of 30 to 50 m! per minute or a body weight below ~for the content and integity of the article
Address reprint requests to Dr. Billler at

60 kg), or to receive warfarin. Patients received the study drug for 3 to 12 months. ., Department of Vascular Medicine, Aca.
The primary efficacy outcome was recurrent symptomatic venous thromboembolism. ~demic Medical Center, F4-275, Meiberg-

The principal safety outcome was major or clinically relevant nonmajor bleeding, ~ dreef, 1105 AZ Amsterdam, the Nether-
lands, or at h.r.buller@amc.uva.nl.



RESULTS

A total of 4921 patients presented with deep-vein thrombosis, and 3319 with a pul-
monary embolism. Among patients receiving warfarin, the time in the therapeutic
range was 63.5%. Edoxaban was noninferior to warfarin with respect to the pri-
mary efficacy outcome, which occurred in 130 patients in the edoxaban group
(3.2%) and 146 patients in the warfarin group (3.5%) (hazard ratio, 0.89; 95% con-
fidence interval [CI], 0.70 to 1.13; P<0.001 for noninferiority). The safety outcome
occurred in 349 patients (8.5%) in the edoxaban group and 423 patients (10.3%) in
the warfarin group (hazard ratio, 0.81; 95% CI, 0.71 to 0.94; P=0.004 for superiority).
The rates of other adverse events were similar in the two groups. A total of 938 pa-
tients with pulmonary embolism had right ventricular dysfunction, as assessed by
measurement of N-terminal pro-brain natriuretic peptide levels; the rate of recur-
rent venous thromboembolism in this subgroup was 3.3% in the edoxaban group

and 6.2% in the warfarin group (hazard ratio, 0.52; 95% CI, 0.28 to 0.98).

CONCLUSIONS

Edoxaban administered once daily after initial treatmentwith heparin was noninferior
to high-quality standard therapy and caused significantly less bleeding in a broad
spectrum of patients with venous thromboembolism, including those with severe
pulmonary embolism. (Funded by Daiichi-Sankyo; Hokusai-VTE ClinicalTrials.gov
number, NCT00986154.)

MEAN TTR 63.5%

*The affiliations of the authors (members
of the writing committee) are listed in the
Appendix. The investigators participating
in the Hokusai-VTE study and the study
committees are listed in the Supplemen-
tary Appendix, available at NE/M.org.

This article was published on September 1,
2013, at NEJM.org.
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DOI: 10.1056/NEJMoal306638

Copyright © 2013 Massachusetts Medical Society.



Table 2. Clinical Outcomes during Overall Study Period and On-Treatment Period.*

Edoxaban Warfarin Hazard Ratio with
Outcome (N=4118) (N=4122) Edoxaban (95% Cl) P Value
Primary efficacy outcome: first recurrent VTE or
VTE-related death — no./total no. (%)
All patients
Event during overall study period 130/4118 (3.2) 146/4122 (3.5) 0.89 (0.70-1.13) <0.001
(for noninferiority)
Fatal PE 44118 (0.]) 3/4122 (0.1)
Death, with PE not ruled out 20/4118 (0.5) 21/4122 (0.5)
Nonfatal PE with or without DVT 49/4118 (1.2) 5/4122 (1.4)
DVT alone 57/4118 (14) 63/4122 (L5)
Event during on-treatment period 66/4118 (1.6) 80/4122 (L.9) 0.82 (0.60-1.14) <0.001
(for noninferiority)
Patients with index DVT 2468/4188 (50.9)  2453/4122 (59.5)
Event during overall study period 83/2468 (3.4) 81/2453 (3.3) 1.02 (0.75-1.38)
Event during on-treatment period 48/2468 (1.9) 30/2453 (2.0) 0.96 (0.64-1.42)
Patients with index PE 1650/4118 (40.0)  1669/4122 (405)
Event during overall study period 471650 (2.8) 65/1669 (3.9) 0.73 (0.50-1.06)

Event during on-treatment period 18/1630 (1.1) 30/1669 (1.8) 0.60 (0.34-1.08)




Safety outcome during on-treatment period

— no. (%)

Primary safety outcome: first major or clinically

relevant nonmajor bleeding

Major bleeding

Fatal
Intracranial
Gastrointestinal
Retroperitoneal
Other

Nonfatal in critical site
Intracranial
Retroperitoneal
Other

Nonfatal in noncritical site

Clinically relevant nonmajor bleeding
Any bleeding

Other adverse event — no. (%)

Any adverse event occurring during
on-treatment period

Any serious adverse event

Any serious adverse event leading to permanent dis-
continuation of the study drug

Any drug-related adverse event leading to permanent
discontinuation of the study drug

349 (8.5)
56 (1.4)

2 (<0.1)
0
1 (<0.1)
0
1(<0.1)
13 (0.3)
5(0.1)
0
8(0.2)
41 (1.0)
298 (7.2)

895 (21.7)

2821 (68.5)

503 (12.2)
121 (2.9)

41 (1.0)

423 (10.3)
66 (1.6)

10 (0.2)
6 (0.1)

2 (<0.1)

1(<0.1)

1(<0.1)
25 (0.6)
12 (0.3)
3(0.1)
10 (0.2)
33 (0.8)
368 (8.9)

1056 (25.6)

2928 (71.0)

544 (13.2)
105 (2.5)

51 (1.2)

0.81 (0.71-0.94)

0.84 (0.59-1.21)

0.80 (0.68-0.93)

0.82 (0.75-0.90)

0.004
(for superiority)

0.35
(for superiority)

0.004
(for superiority)

<0.001
(for superiority)




