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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.

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 hemorrhagic 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.)
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TRIAL FIBRILLATION INCREASES THE
risks of stroke and death. Vitamin K an-
tagonists, such as warfarin, reduce the risks
of stroke and death but increase the risk of hem-
orrhage as compared with control therapy.* There-
fore, warfarin is recommended for patients who
have atrial fibrillation and are at risk for stroke.?

Vitamin K antagonists are cumbersome to use,
because of their multiple interactions with food
and drugs, and they require frequent laboratory
monitoring. Therefore, they are often not used,
and when they are, rates of discontinuation are
high.3# Many patients receiving warfarin still have
inadequate anticoagulation.> Thus, there is a need
for new anticoagulant agents that are effective,
safe, and convenient to use.

Dabigatran etexilate is an oral prodrug that is
rapidly converted by a serum esterase to dabiga-
tran, a potent, direct, competitive inhibitor of
thrombin. It has an absolute bioavailability of
6.5%, 80% of the given dose is excreted by the
kidneys, its serum half-life is 12 to 17 hours, and
it does not require regular monitoring.® Dabiga-
tran has been evaluated in a pilot trial involving
patients with atrial fibrillation and in a study for
the prevention of venous thromboembolism, in
which doses of 150 mg twice daily and 220 mg
once daily, respectively, were promising.”® We per-
formed a large, randomized trial comparing the
use of dabigatran, at doses of 110 mg twice daily
and 150 mg twice daily, with warfarin.

METHODS

TRIAL DESIGN
The Randomized Evaluation of Long-Term Anti-
coagulation Therapy (RE-LY) was a randomized
trial designed to compare two fixed doses of dab-
igatran, each administered in a blinded manner,
with open-label use of warfarin in patients who
had atrial fibrillation and were at increased risk
for stroke. The design of this study has been de-
scribed previously.®

The study was funded by Boehringer Ingelheim
and was coordinated by the Population Health
Research Institute (Hamilton, ON, Canada), which
independently managed the database and per-
formed the primary data analyses. An operations
committee, with assistance from an international
steering committee and with participation by the
sponsor, was responsible for the design, conduct,

and reporting of the study. The study was approved
by all appropriate national regulatory authorities
and ethics committees of the participating centers.
All the authors vouch for the accuracy and com-
pleteness of the data and the analyses.

STUDY PARTICIPANTS
Patients were recruited from 951 clinical centers
in 44 countries. In brief, patients were eligible if
they had atrial fibrillation documented on elec-
trocardiography performed at screening or with-
in 6 months beforehand and at least one of the
following characteristics: previous stroke or tran-
sient ischemic attack, a left ventricular ejection
fraction of less than 40%, New York Heart Asso-
ciation class II or higher heart-failure symptoms
within 6 months before screening, and an age of
at least 75 years or an age of 65 to 74 years plus
diabetes mellitus, hypertension, or coronary ar-
tery disease. Reasons for exclusion were the pres-
ence of a severe heart-valve disorder, stroke with-
in 14 days or severe stroke within 6 months before
screening, a condition that increased the risk of
hemorrhage, a creatinine clearance of less than
30 ml per minute, active liver disease, and preg-
nancy. (Detailed inclusion and exclusion criteria
are available in Tables 1 and 2 of the Supplemen-
tary Appendix, available with the full text of this
article at NEJM.org.)

PROCEDURES
After providing written informed consent, all trial
participants were randomly assigned to receive
one of two doses of dabigatran, or to receive war-
farin, by means of a central, interactive, automated
telephone system. Dabigatran was administered, in
a blinded fashion, in capsules containing either
110 mg or 150 mg of the drug, to be taken twice
daily. Warfarin was administered, in an unblind-
ed fashion, in tablets of 1, 3, or 5 mg and was
adjusted locally to an international normalized
ratio (INR) of 2.0 to 3.0, with the INR measured
at least monthly. The time that the INR was with-
in the therapeutic range was calculated with the
use of the method of Rosendaal et al.,*® exclud-
ing INRs from the first week and after discon-
tinuation of the study drug. These data were re-
ported back to the participating centers with advice
for optimal INR control. Concomitant use of as-
pirin (at a dose of <100 mg per day) or other an-
tiplatelet agents was permitted. Quinidine use was
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permitted until 2 years after the trial started, when
the protocol was amended to prohibit its use, be-
cause of its potential to interact with dabigatran.

Follow-up visits occurred 14 days after ran-
domization, at 1 and 3 months, every 3 months
thereafter in the first year, and then every 4
months until the study ended. Liver-function test-
ing was performed monthly during the first year
of the follow-up period. On the basis of a pre-
specified evaluation of liver-function tests in at
least 6000 patients in the dabigatran group after
they had been followed for 6 months or more,
the data safety monitoring board recommended
that the frequency of liver-function testing be re-
duced, with such testing performed only at the
regular visits.

OUTCOMES
The primary study outcome was stroke or system-
ic embolism. The primary safety outcome was ma-
jor hemorrhage. Secondary outcomes were stroke,
systemic embolism, and death. Other outcomes
were myocardial infarction, pulmonary embolism,
transient ischemic attack, and hospitalization. The
primary net clinical benefit outcome was the com-
posite of stroke, systemic embolism, pulmonary
embolism, myocardial infarction, death, or major
hemorrhage. Stroke was defined as the sudden on-
set of a focal neurologic deficit in a location con-
sistent with the territory of a major cerebral ar-
tery and categorized as ischemic, hemorrhagic, or
unspecified. Hemorrhagic transformation of ische-
mic stroke was not considered to be hemorrhagic
stroke. Intracranial hemorrhage consisted of hem-
orrhagic stroke and subdural or subarachnoid
hemorrhage. Systemic embolism was defined as
an acute vascular occlusion of an extremity or or-
gan, documented by means of imaging, surgery,
or autopsy. Major bleeding was defined as a re-
duction in the hemoglobin level of at least 20 g
per liter, transfusion of at least 2 units of blood,
or symptomatic bleeding in a critical area or or-
gan. Life-threatening bleeding was a subcategory
of major bleeding that consisted of fatal bleed-
ing, symptomatic intracranial bleeding, bleeding
with a decrease in the hemoglobin level of at least
50 g per liter, or bleeding requiring transfusion
of at least 4 units of blood or inotropic agents or
necessitating surgery. All other bleeding was con-
sidered minor.

An international team of adjudicators reviewed

documents in local languages after blinding, or
documents were translated by an independent
group and were centrally blinded. Each primary
and secondary outcome event was adjudicated by
two independent investigators who were unaware
of the treatment assignments. All transient ische-
mic attacks were reviewed to ensure that strokes
had not been missed. To detect possible unre-
ported events, symptom questionnaires were reg-
ularly administered to patients, and adverse-event
and hospitalization reports were scrutinized for
unreported primary or secondary outcomes.

STATISTICAL ANALYSIS
The primary analysis was designed to test wheth-
er either dose of dabigatran was noninferior to
warfarin, as evaluated with the use of Cox propor-
tional-hazards modeling. To satisfy the noninfe-
riority hypothesis, the upper bound of the one-
sided 97.5% confidence interval for the relative
risk of an outcome with dabigatran as compared
with warfarin needed to fall below 1.46. This non-
inferiority margin was derived from a meta-analy-
sis of trials of vitamin K antagonists as compared
with control therapy in patients with atrial fibril-
lation, with the margin defined according to the
upper bound of the 95% confidence interval for
the relative risk of the primary outcome in the con-
trol group versus the warfarin group.** The mar-
gin of 1.46 represents half the 95% confidence
interval of the estimated effect of control therapy
over warfarin. To account for testing of both dab-
igatran doses against warfarin, we planned to de-
termine whether the higher of the two one-sided
P values for the two doses was less than 0.025, in
which case both treatments would be declared to
be noninferior. If the higher of the two one-sided
P values was 0.025 or greater, the lower of the
two was required to be less than 0.0125 to per-
mit a claim of statistical significance. All analyses
were based on the intention-to-treat principle. Af-
ter noninferiority of both doses of dabigatran was
established, all subsequent P values were reported
for two-tailed tests of superiority. Cox regression
was used to calculate relative risks, confidence in-
tervals, and P values. Chi-square testing was used
to compare rates of medication discontinuation
and adverse events.

We planned to enroll 15,000 patients, an en-
rollment that we estimated would provide 84%
power to evaluate the noninferiority of each dose
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of dabigatran. Two protocol changes were made by
the operations committee during the enrollment
period, without knowledge of emerging treatment
effects. These were the enforcement of balanced
enrollment of patients who had not received long-
term therapy with a vitamin K antagonist (i.e.,
had a total lifetime use of <61 days) and those who
had (i.e., had a total lifetime use of >61 days), and
an increase in the sample size to 18,000 patients
to maintain the statistical power in case of a low
event rate. An independent data safety monitor-
ing board reviewed the unblinded study data and
performed two prespecified interim analyses of
efficacy, with a plan to recommend study termi-
nation if the benefit of dabigatran exceeded 3 SD
from unity of the parameter estimate and if that
benefit persisted on repeat analysis 3 months
later.

RESULTS

CHARACTERISTICS OF THE STUDY PATIENTS
A total of 18,113 patients were enrolled between
December 22, 2005, and December 15, 2007. The
three treatment groups were well balanced with
respect to baseline characteristics (Table 1). The
mean age of the patients was 71 years, and 63.6%
were men. Half the patients had received long-term
therapy with vitamin K antagonists. The mean
CHADS, score was 2.1 (Table 1).

FOLLOW-UP DATA
Final follow-up visits occurred between Decem-
ber 15, 2008, and March 15, 2009. The median
duration of the follow-up period was 2.0 years, and
complete follow-up was achieved in 99.9% of pa-
tients, with 20 patients lost to follow-up. The rates
of discontinuation for 110 mg of dabigatran, 150
mg of dabigatran, and warfarin were 14.5%, 15.5%,
and 10.2%, respectively, at 1 year and 20.7%, 21.2%,
and 16.6% at 2 years. Aspirin was used continu-
ously during the treatment period in 21.1%, 19.6%,
and 20.8% of patients receiving 110 mg of dab-
igatran, 150 mg of dabigatran, and warfarin, re-
spectively. In the warfarin group, the mean per-
centage of the study period during which the INR
was within the therapeutic range was 64%.

PRIMARY OUTCOME
Stroke or systemic embolism occurred in 182 pa-
tients receiving 110 mg of dabigatran (1.53% per
year), 134 patients receiving 150 mg of dabigatran
(1.11% per year), and 199 patients receiving war-

farin (1.69% per year) (Table 2 and Fig. 1). Both
doses of dabigatran were noninferior to warfarin
(P<0.001). The 150-mg dose of dabigatran was also
superior to warfarin (relative risk, 0.66; 95% con-
fidence interval [CI], 0.53 to 0.82; P<0.001), but
the 110-mg dose was not (relative risk, 0.91; 95%
Cl, 0.74 to 1.11; P=0.34). Rates of hemorrhagic
stroke were 0.38% per year in the warfarin group,
as compared with 0.12% per year in the group that
received 110 mg of dabigatran (relative risk with
dabigatran, 0.31; 95% CI, 0.17 to 0.56; P<0.001) and
0.10% per year in the group that received 150 mg
of dabigatran (relative risk, 0.26; 95% CI, 0.14 to
0.49; P<0.001).

OTHER OUTCOMES
Rates of death from any cause were 4.13% per year
with warfarin, as compared with 3.75% per year
with 110 mg of dabigatran (relative risk with dab-
igatran, 0.91; 95% CI 0.80 to 1.03; P=0.13) and
3.64% per year with 150 mg of dabigatran (rela-
tive risk, 0.88; 95% CI, 0.77 to 1.00; P=0.051). The
rate of myocardial infarction was 0.53% per year
with warfarin and was higher with dabigatran:
0.72% per year in the 110-mg group (relative risk,
1.35; 95% CI, 0.98 to 1.87; P=0.07) and 0.74% per
year in the 150-mg group (relative risk, 1.38, 95%
CI, 1.00 to 1.91; P=0.043).

BLEEDING
The rate of major bleeding was 3.36% per year in
the warfarin group, as compared with 2.71% per
year in the group that received 110 mg of dabiga-
tran (relative risk with dabigatran, 0.80; 95% CI,
0.69 to 0.93; P=0.003) and 3.11% per year in the
group that received 150 mg of dabigatran (rela-
tive risk, 0.93; 95% CI, 0.81 to 1.07; P=0.31) (Ta-
ble 3). Rates of life-threatening bleeding, intra-
cranial bleeding, and major or minor bleeding were
higher with warfarin (1.80%, 0.74%, and 18.15%,
respectively) than with either the 110-mg dose of
dabigatran (1.22%, 0.23%, and 14.62%, respective-
ly) or the 150-mg dose of dabigatran (1.45%, 0.30%,
and 16.42%, respectively) (P<0.05 for all compar-
isons of dabigatran with warfarin). There was a
significantly higher rate of major gastrointestinal
bleeding with dabigatran at the 150-mg dose than
with warfarin.

The net clinical benefit outcome consisted of
major vascular events, major bleeding, and death.
The rates of this combined outcome were 7.64%
per year with warfarin and 7.09% per year with
110 mg of dabigatran (relative risk with dabiga-
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Table 1. Baseline Characteristics of the Study Participants, According to Treatment Group.*

Characteristic
Age —yr
Weight — kg
Blood pressure — mm Hg
Systolic
Diastolic
Male sex — no./total no. (%)
Type of atrial fibrillation — no./total no. (%)
Persistent
Paroxysmal
Permanent
CHADS, scorey
0 or 1 — no./total no. (%)
2 — no./total no. (%)
3-6 — no./total no. (%)

Previous stroke or transient ischemic attack — no./total

no. (%)

Prior myocardial infarction — no./total no. (%)
Heart failure — no./total no. (%)
Diabetes mellitus — no./total no. (%)
Hypertension — no./total no. (%)
Medications in use at baseline — no./total no. (%)

Aspirin

ARB or ACE inhibitor

Beta-blocker

Dabigatran,
110 mg

71.4+8.6
82.9+19.9

130.8+17.5
77.0£10.6
3865/6015 (64.3)

1950/6011 (32.4)
1929/6011 (32.1)
2132/6011 (35.4)
2.121.1
1958/6014 (32.6)
2088/6014 (34.7)
1968/6014 (32.7)
1195/6015 (19.9)

1008/6015 (16.8)
1937/6015 (32.2)
1409/6015 (23.4)
4738/6015 (78.8)
2404/6013 (4

3987/6013

0.0
6.3
3784/6013 (62.9

6
6

Dabigatran,
150 mg

71.5+8.8
82.5+19.4

131.0<17.6
77.0£10.6
3840/6076 (63.2)

1909/6075 (31.4)
1978/6075 (32.6)
2188/6075 (36.0)
2.2+1.2
1958/6076 (32.2)
2137/6076 (35.2)
1981/6076 (32.6)
1233/6076 (20.3)

1029/6076 (16.9)
1934/6076 (31.8)
1402/6076 (23.1)
47956076 (78.9)

2352/6075 (38.7)
40536075 (66.7)
3872/6075 (63.7)

Warfarin
71.6+8.6
82.7+19.7

131.2+17.4
77.1£10.4
3809/6022 (63.3)

1930/6021 (32.0)
2036/6021 (33.8)
20556021 (34.1)
2.121.1
1859/6022 (30.9)
223076022 (37.0)
1933/6022 (32.1)
1195/6022 (19.8)

968/6022 (16.1)
1922/6022 (31.9)
1410/6022 (23.4)
4750/6022 (78.9)

2442/6017
3939/6017

40.6
65.5
3719/6017 (61.8

Amiodarone

Stating:

Proton-pump inhibitor
H,-receptor antagonist

Long-term VKA therapy

2698/6013 (44.
812/6013 (13.

2667/6075

)
)
)
4)
9
5) 8476075

)
)
)
7)
4)
8)

832/6017 (13.
0)  256/6017

225/6013 (3. 241/6075 3)
2)  2929/6022 (48.6)

10.9)
43.9) 26736017 (44.
13.9)

7)
3011/6015 (50.1)  3049/6076 (50.

( ( (
( ( (
( ( (
624/6013 (10. 665/6075 ( 644/6017 (10.
( ( (
( ( (
( (4. (4.
( ( (

* Plus-minus values are means +SD. ARB denotes angiotensin-receptor blocker, and ACE angiotensin-converting

enzyme.

7 The CHADS, score is a measure of the risk of stroke in which congestive heart failure, hypertension, an age of 75 years
or older, and diabetes mellitus are each assigned 1 point and previous stroke or transient ischemic attack is assigned
2 points; the score is calculated by summing all the points for a given patient.*”

i Statins are defined here as 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors.

§ Long-term therapy with a vitamin K antagonist (VKA) denotes a total lifetime use of a VKA of 61 or more days.

tran, 0.92; 95% CI, 0.84 to 1.02; P=0.10) and 6.91%
per year with 150 mg of dabigatran (relative risk,
0.91; 95% CI, 0.82 to 1.00; P=0.04).

COMPARISON OF DABIGATRAN DOSES
As compared with the 110-mg dose, administra-
tion of the 150-mg dose of dabigatran reduced the
risk of stroke or systemic embolism (P=0.005).

This difference was driven mostly by a decrease
in the rate of stroke with ischemic or unspecified
cause, whereas rates of hemorrhagic stroke were
similar in the two dabigatran groups. There was
no significant difference in the rates of death from
either vascular causes or any cause between the
two doses. On the other hand, as compared with
the 110-mg dose, the 150-mg dose of dabigatran
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0.044 Warfarin
0.8 Dabigatran,
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L; 0.4+
£ Pt
5 0.00- T T T T T
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0.2
0.0 T - T —T— T T
0 6 12 18 24 30
Months
No. at Risk
Warfarin 6022 5862 5718 4593 2890 1322
Dabigatran, 110 mg 6015 5862 5710 4593 2945 1385
Dabigatran, 150 mg 6076 5939 5779 4682 3044 1429
Figure 1. Cumulative Hazard Rates for the Primary Outcome of Stroke or Systemic Embolism, According to Treat-
ment Group.

was associated with a trend toward an increased
risk of major bleeding (P=0.052) and also with
increased risks of gastrointestinal, minor, and any
bleeding. The net clinical benefit was almost iden-
tical for the two doses.

ADVERSE EVENTS AND LIVER FUNCTION
The only adverse effect that was significantly more
common with dabigatran than with warfarin was
dyspepsia (Table 4). Dyspepsia occurred in 348
patients (5.8%) in the warfarin group and in 707
patients (11.8%) and 688 patients (11.3%) in the
110-mg and 150-mg dabigatran groups, respective-
ly (P<0.001 for both comparisons) (Table 4). Ele-
vations in the serum aspartate aminotransferase or
alanine aminotransferase level of more than
3 times the upper limit of the normal range did
not occur more frequently with dabigatran, at ei-
ther dose, than with warfarin.

SUBGROUP ANALYSES
For the subgroups shown in Figure 2, no signifi-
cant interaction was seen with the treatment ef-
fect of dabigatran (at either dose). There was no
significant interaction between the treatment ef-
fect of dabigatran and presence or absence of long-
term therapy with a vitamin K antagonist. Although

80% of the dabigatran dose is renally excreted,
there was no significant interaction in the treat-
ment effect of dabigatran across levels of the base-
line calculated creatinine clearance.

DISCUSSION

We compared two fixed-dose regimens of dabiga-
tran (110 mg twice daily and 150 mg twice daily),
administered in a blinded fashion, with adjusted-
dose warfarin, administered in an unblinded fash-
ion, in patients who had atrial fibrillation and were
at risk for stroke. Both dabigatran doses were non-
inferior to warfarin with respect to the primary
efficacy outcome of stroke or systemic embolism.
In addition, the 150-mg dose of dabigatran was
superior to warfarin with respect to stroke or sys-
temic embolism, and the 110-mg dose was supe-
rior to warfarin with respect to major bleeding.
Previous studies seeking to identify a safe and
effective alternative to warfarin for patients with
atrial fibrillation have all had specific limitations.
The combination of clopidogrel and aspirin was
more effective than aspirin alone!® but less effec-
tive than warfarin.'* Subcutaneous idraparinux
was more effective than warfarin but was associ-
ated with a substantially higher risk of bleeding.>
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Table 4. Discontinuation of the Study Drug, Adverse Events, and Liver Function According to Treatment Group.*

Dabigatran, 110 mg

Variable (N=6015)

Study-drug discontinuation

Discontinued at 1 yr{ 862 (15)

Discontinued at 2 yr 1161 (21)

Reason for discontinuation
Patient’s decision 440 (7.3)
Outcome event 192 (3.2)
Serious adverse eventi: 163 (2.7)
Gastrointestinal symptoms§ 134 (2.2)
Gastrointestinal bleeding 58 (1.0)

Adverse eventsq]
Dyspepsiai| 707 (11.8)
Dizziness 486 (8.1)
Dyspnea 557 (9.3)
Peripheral edema 473 (7.9)
Fatigue 399 (6.6)
Cough 344 (5.7)
Chest pain 312 (5.2)
Back pain 316 (5.3)
Arthralgia 270 (4.5)
Nasopharyngitis 337 (5.6)
Diarrhea 377 (6.3)
Atrial fibrillation 330 (5.5)
Urinary tract infection 273 (4.5)
Upper respiratory tract infection 288 (4.8)

Liver function

ALT or AST >3x ULN 124 (2.1)
ALT or AST >3x ULN with concurrent 13 (0.2)

bilirubin >2x ULN

Hepatobiliary disorder**
Serious adverse event 33 (0.5)
Non-serious adverse event 101 (1.7)

Dabigatran, 150 mg
(N=6076)

number of patients (percent)

935 (16)
1211 (21)

34 (0.6)
109 (1.8)

Warfarin (N=6022)

33 (0.5)
112 (1.9)

* ALT denotes alanine aminotransferase, AST aspartate aminotransferase, and ULN upper limit of the normal range.
7 Rates of discontinuation at 1 and 2 years were higher with dabigatran than with warfarin (P<0.001). The rates are based on

Kaplan—Meier estimates.

4 P<0.001 for the comparison of either dose of dabigatran with warfarin.
§ Gastrointestinal disorders included pain, vomiting, and diarrhea.

9§ The adverse events listed are those that were reported in more than 5% of patients in any of the three treatment groups.

| Dyspepsia was defined to include the coding terms abdominal pain upper, abdominal pain, abdominal discomfort, and dyspepsia.
** Hepatobiliary disorders were classified as serious adverse events if they consisted of clinical or biochemical liver dysfunction re-
quiring hospitalization, most frequently cholelithiasis or cholecystitis. Hepatobiliary disorders classified as adverse events were

most frequently cholelithiasis, cholecystitis, abnormal hepatic function, and jaundice.
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Ximelagatran, an earlier direct thrombin inhibitor,
appeared to be similar to warfarin with respect
to efficacy and safety but was found to be hepa-
totoxic.'® In our serial measurement of liver func-
tion, we did not find evidence of hepatotoxicity
with dabigatran.

The rate of myocardial infarction was higher
with both doses of dabigatran than with warfarin.
An explanation might be that warfarin provides
better protection against coronary ischemic events
than dabigatran, and warfarin is known to reduce
the risk of myocardial infarction.'” However, rates
of myocardial infarction were similar between pa-
tients with atrial fibrillation who were receiving
warfarin and those who were receiving ximelaga-
tran, another direct thrombin inhibitor.2® The ex-
planation for this finding is therefore uncertain.

The most devastating complication of warfarin
therapy is intracranial hemorrhage, especially hem-
orrhagic stroke. As compared with aspirin, war-
farin doubles the risk of intracranial hemorrhage.*
Thus, our finding that the rate of this complica-
tion with both doses of dabigatran was less than
one third the rate with warfarin, without a reduc-
tion in the efficacy against ischemic stroke, sug-
gests an important advantage of dabigatran. The
rate of major bleeding with warfarin was higher
in our study than in some previous trials.1:13:14
This is partly explained by the more inclusive defi-
nition of major bleeding in our study. There was
an increase in the rate of gastrointestinal bleed-
ing with the higher dabigatran dose, despite the
overall lower rates of bleeding at other sites. To
enhance absorption of dabigatran, a low pH is re-
quired. Therefore, dabigatran capsules contain
dabigatran-coated pellets with a tartaric acid core.
This acidity may partly explain the increased inci-
dence of dyspeptic symptoms with both dabiga-
tran doses and the increased risk of gastrointes-
tinal bleeding with the 150-mg dose.

The benefit of dabigatran may be explained in
part by the twice-daily dosing regimen. Since dab-
igatran has an elimination half-life of 12 to 17
hours, twice-daily dosing reduces variability in the
anticoagulation effect, especially as compared with
the anticoagulation effect of warfarin, which is
difficult to control. Warfarin broadly inhibits co-
agulation (inhibiting factors II, VII, IX, and X and
proteins C and S). By selectively inhibiting only
thrombin, dabigatran may have antithrombotic ef-

Figure 2 (facing page). Relative Risk of the Primary Out-
come of Stroke or Systemic Embolism with Dabigatran
versus Warfarin, According to Subgroup.

Ethnic group was self-reported. Long-term therapy with
a vitamin K antagonist (VKA) denotes a total lifetime
use of a VKA of 61 days or more. The body-mass index
is the weight in kilograms divided by the square of the
height in meters. The CHADS, score is a measure of
the risk of stroke in which congestive heart failure, hy-
pertension, an age of 75 years or older, and diabetes
mellitus are each assigned 1 point and previous stroke
or transient ischemic attack is assigned 2 points; the
score is calculated by summing all the points for a giv-
en patient.'? Creatinine clearance was calculated ac-
cording to the Cockcroft—-Gault method. The squares
with horizontal lines are hazard ratios and correspond-
ing 95% confidence intervals; the sizes of squares are
proportional to the sizes of the subgroups. PPI de-
notes proton-pump inhibitor.

ficacy while preserving some other hemostatic
mechanisms in the coagulation system and thus
potentially mitigating the risk of bleeding.

The use of open-label warfarin could have in-
troduced a bias in the reporting or adjudication
of events. This risk was reduced by the implemen-
tation of several validated procedures, including
blinded evaluation of outcome events. The unex-
pectedly different rates of myocardial infarction
and gastrointestinal bleeding among the three
treatment groups support an absence of bias.
Control of anticoagulation with warfarin in our
study was similar to that in previous international
clinical trials, even though half our patients had
not previously had extensive treatment with war-
farin.1017

The net clinical benefit outcome, which is a
measure of the overall benefit and risk, was simi-
lar between the two doses of dabigatran, owing
to the lower risk of ischemia with the 150-mg
dose and the lower risk of hemorrhage with the
110-mg dose. These findings suggest that the dose
of dabigatran could potentially be tailored to take
into consideration the risk characteristics of a spe-
cific patient, although this concept was not spe-
cifically tested in our trial.

In conclusion, we compared two doses of dab-
igatran with warfarin in patients who had atrial
fibrillation and who were at risk for stroke. As
compared with warfarin, the 110-mg dose of dab-
igatran was associated with similar rates of stroke
and systemic embolism and lower rates of major
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Hazard Ratio with P Value Hazard Ratio with P Value
Dabigatran Dabigatran, 110 mg for Dabigatran, 150 mg  for
Subgroup Patients 110 mg 150 mg Warfarin (95% ClI) Interaction (95% Cl) Interaction
total no. % per yr

Al patients 18113 153 111 169 —— -

Long-term VKA therapy H 0.72 1 0.81
No 9123 157 107 167 — ——
Yes 8,989 149 115 1.70 —— ——

Sex 0.96 0.24
Male 11,514 135 110 1.49 —B— ——
Female 6598 186 114  2.03 —.— —-

Body-mass index | 0.71 i 0.21
<28 9131 178 117 201 —— -
228 8,962 128 1.04 1.34 —— ——

Weight 0.48 0.42
<50 kg 376 258 224 5.04 - . = :
50-99 kg 14629 166 114 177 —— 4
=100 kg 3099 080 087  0.94 00— i

Ethnic group E 0.22 E 0.10
European or Arab 12,679 135 1.03 1.35 —— ——
Other 5,433 197 132 2.52 —— —— :

Creatinine clearance \ 0.60 . 0.54
<50 ml/min 3,505 215 152 2.78 —a— —.—
50-79 ml/min 8766 170 120 176 —— ——
280 ml/min 586 094 075 098 [} —a—

CHADS, score i 0.44 S 0.82
Oorl 5775 106 065 105 n— ——
2 6,455 143 084 1.38 —— —i—
=3 5882 212 188 268 —,— —,—

Symptomatic heart failure . 0.42 | 0.33
Yes 4904 190 144 185 —.— ——
No 13203 140 100 163 ——— . |

Hypertension E 0.06 :l 0.58
Yes 14283 146 120 178 —— B
No 3829 179 078 136 . —a—

Diabetes , : 0.25 T 0.76
Yes 4221 176 146 232 —a— ' ——
No 13,891 146 101 1.50 —— _ -,

Stroke or TIA E . 0.65 o E 0.34
Yes 3,623 2.32 2.07 2.74 —a— ——.
No 14489 133 087 143 —— |

Region . 0.91 Co 0.11
North America 6533 119 111 151 — . ' ——
South America 1,134 182 091 1.68 : T
Western Europe 3941 153 126 143 - ———
Central Europe 2,829 122 078 1.06 —il- L —
South Asia 1134 335 084 400 o— -
East Asia 1,648 187 177 2.28 - . L
Other 1072 195 088 227 o— —.

Aspirin use at baseline i - 0.70 \ 0.93
Yes 7198 166 126 192 —a—— ' . ——
No 10,910 144 103 1.53 —— ——

Amiodarone use at baseline E " 0.06 . E 0.13
Yes 1,933 0.66 0.54 1.55 ——| —a—
No 16174 163 118 170 ——

PPl use at baseline , . 0.33 , 0.18
Yes 2491 122 163 177 —————— -
No 15,616 158 1.03 1.67 —J— |

05 10 Ls 05 1.0 15
Dabigatran Better ~Warfarin Better Dabigatran Better ~Warfarin Better
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hemorrhage; the 150-mg dose of dabigatran was
associated with lower rates of stroke and systemic
embolism but with a similar rate of major hem-
orrhage.
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