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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.

RESULTS

A total of 30 of the 1274 patients randomly assigned to receive dabigatran (2.4%),
as compared with 27 of the 1265 patients randomly assigned to warfarin (2.1%),
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-
inferiority margin). The hazard ratio with dabigatran was 1.10 (95% CI, 0.65 to
1.84). Major bleeding episodes occurred in 20 patients assigned to dabigatran
(1.6%) and in 24 patients assigned to warfarin (1.9%) (hazard ratio with dabigatran,
0.82; 95% CI, 0.45 to 1.48), and episodes of any bleeding were observed in 205 pa-
tients 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=0.05).

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.)
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ENOUS THROMBOEMBOLISM AFFECTS

1 to 2 adults per 1000 annually and is the

third most common cause of vascular death
after myocardial infarction and stroke.“2 The cur-
rent standard treatment is rapidly acting paren-
teral anticoagulation for 5 to 7 days followed by at
least 3 months of treatment with a vitamin K an-
tagonist.? Treatment with a vitamin K antagonist
requires frequent monitoring of the international
normalized ratio (INR), and multiple interactions
of vitamin K antagonists with foods and other
drugs have been reported.*

Dabigatran etexilate (hereafter termed dabiga-
tran) is an orally available, potent, direct inhibitor
of thrombin. It is rapidly converted by ubiquitous
esterases to the active drug, is administered in
fixed doses without the need for coagulation moni-
toring, is excreted by the kidney, and has a half-
life of 12 to 17 hours.> Dabigatran has similar ef-
ficacy and safety to enoxaparin for the prevention
of venous thromboembolism in patients who have
had elective hip or knee arthroplasty.>” Recently,
dabigatran, as compared with warfarin, was shown
to have superior safety with equivalent efficacy
(when it was administered at a dose of 110 mg
twice daily), or superior efficacy with similar
safety (wWhen it was administered at a dose of
150 mg twice daily), for the prevention of stroke
in patients with atrial fibrillation.® We compared
dabigatran, administered at a dose of 150 mg twice
daily, with warfarin for the treatment of acute ve-
nous thromboembolism.

METHODS

STUDY DESIGN

In the RE-COVER study, a double-blind, double-
dummy, randomized trial, we compared 6 months
of treatment with dabigatran, at a fixed dose of
150 mg twice daily, with dose-adjusted warfarin
therapy, after initial parenteral anticoagulation.
The study was funded, designed, and conducted,
and the data analyzed, by Boehringer Ingelheim in
conjunction with the steering committee, whose
members vouch for the accuracy and completeness
of the data and the analyses in this report. The
members of the steering committee wrote the
manuscript and made the decision to submit it for
publication.

STUDY PATIENTS
Patients were recruited from 228 clinical centers
in 29 countries. Patients 18 years of age or older

10.1056/NEJM0a0906598

who had acute, symptomatic, objectively verified
proximal deep-vein thrombosis of the legs or
pulmonary embolism and for whom 6 months of
anticoagulant therapy was considered to be an ap-
propriate treatment were potentially eligible. Ex-
clusion criteria were duration of symptoms longer
than 14 days, pulmonary embolism with hemo-
dynamic instability or requiring thrombolytic ther-
apy, another indication for warfarin therapy, recent
unstable cardiovascular disease, a high risk of
bleeding, liver disease with an aminotransferase
level that was two times the local upper limit of
the normal range, an estimated creatinine clear-
ance of less than 30 ml per minute, a life expec-
tancy of less than 6 months, a contraindication
to heparin or to radiographic contrast material,
pregnancy or risk of becoming pregnant, or a
requirement for long-term antiplatelet therapy
(£100 mg of acetylsalicylic acid daily was accept-
able). There were no weight restrictions. All pa-
tients provided written informed consent, and the
institutional review board at each participating
clinical center approved the study.

RANDOM ASSIGNMENT AND TREATMENT
Before randomization, the diagnosis of venous
thromboembolism was established with the use
of compression ultrasonography or venography of
leg veins and ventilation—perfusion lung scanning,
angiography, or spiral computed tomography of
pulmonary arteries. Additional baseline examina-
tion of the initially nonexamined leg or legs with
the use of compression ultrasonography and, in
case of symptomatic deep-vein thrombosis, exami-
nation of the pulmonary arteries with the use of
perfusion lung scanning or spiral computed to-
mography were required to be performed within
72 hours after randomization. We used a computer-
generated randomization scheme with variable
block sizes, stratified according to presentation
(pulmonary embolism or deep-vein thrombosis
without symptomatic pulmonary embolism) and
the presence or absence of active cancer. Staff
members at the clinical centers called an interac-
tive voice-response system that randomly assigned
subjects to one of the supplied medication Kits.
The treatment-group assignment was concealed
from all the investigators and their staff at the
coordinating center and the clinical centers and
from the clinical monitors.

Patients were assigned in a 1:1 ratio to receive
a fixed dose of dabigatran (150 mg twice daily
taken orally) or warfarin. Initial treatment with
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an approved parenteral anticoagulant (generally
unfractionated heparin administered intrave-
nously or low-molecular-weight heparin admin-
istered subcutaneously) was usually started be-
fore random assignment. Warfarin or a placebo
that looked identical to warfarin was generally
started on the day of random assignment and
was adjusted to achieve an INR of 2.0 to 3.0 on
a point-of-care coagulometer that was programmed,
in conjunction with the randomization schedule,
to yield either a true INR or a sham INR (“single-
dummy phase”). Administration of dabigatran or
a placebo that looked identical to dabigatran was
initiated, and the parenteral anticoagulant was
stopped, once the parenteral anticoagulant had been
given for at least 5 days and the true or sham
INR was recorded as 2.0 or higher on 2 consecu-
tive days. The first dose of dabigatran was given
within 2 hours before the time that the next dose
of initial parenteral therapy would have been due
or at the time of discontinuation of intravenous
unfractionated heparin. Active dabigatran and war-
farin-like placebo or active warfarin and dabiga-
tran-like placebo were then given for 6 months
(“double-dummy phase”).

FOLLOW-UP AND OUTCOME MEASURES
Patients were assessed at 7 days and then monthly
until 6 months and were told to contact their
study site immediately if symptoms developed that
were suggestive of venous thromboembolism or
bleeding. An additional follow-up visit was sched-
uled for 30 days after completion of the study, un-
less the patient had discontinued the study drug
before 6 months, had started open-label antico-
agulant therapy, or had been enrolled in another
trial. Symptoms suggestive of recurrent venous
thromboembolism were evaluated with the use
of the same diagnostic methods that had been
used for the initial diagnosis. Bleeding was de-
fined as major if it was clinically overt and if it
was associated with a fall in the hemoglobin level
of at least 20 g per liter, resulted in the need for
transfusion of 2 or more units of red cells, in-
volved a critical site, or was fatal. Less severe
bleeding episodes were classified as minor and
were subcategorized as clinically relevant bleed-
ing (see the Supplementary Appendix, available
with the full text of this article at NEJM.org) or
nuisance bleeding. Other adverse events, results
of liver-function tests and other laboratory mea-
sures, occurrence of acute coronary syndromes,
and adherence (quantified by capsule counts) were
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routinely assessed. All suspected outcome events
and deaths were classified by central adjudication
committees, whose members were unaware of the
treatment assignments.

STATISTICAL ANALYSIS
The trial was designed to determine whether
6 months of dabigatran therapy was as effective
as 6 months of warfarin therapy (i.e., noninferior)
and to compare the safety of the two treatments.
The sample size was determined on the basis of
an expected rate of the primary efficacy outcome
of 2% at 6 months in each group and a require-
ment that the study would have 90% power to
exclude a hazard ratio of 2.75 and an absolute
increase in risk of 3.6 percentage points for the
primary outcome with dabigatran, at a one-sided
alpha level of 0.025. These noninferiority mar-
gins were estimated to correspond to preserva-
tion of 57% (for assessment of hazard ratio) and
75% (for assessment of difference in risk) of the
lower boundary of the 95% confidence interval
for the efficacy of warfarin as compared with no
anticoagulation, as assessed in four studies that
compared discontinuing warfarin therapy at 4 to
6 weeks with continuing it for 3 to 6 months.1°13
We anticipated that the data from up to 20% of
the randomly assigned patients might not be able
to be analyzed. A sample size of 2550 patients,
with 1275 in each group, and an expected total of
46 events satisfied these requirements. No formal
interim analyses were planned or performed. The
data and safety monitoring board monitored safe-
ty and efficacy end points.

The primary analysis for efficacy was a com-
parison between the groups of the time to the
first occurrence of the composite end point of
symptomatic venous thromboembolism or death
associated with venous thromboembolism in the
6 months after random assignment, as assessed
by the hazard ratio calculated with the use of the
Cox model and the difference in risk calculated
with the use of Kaplan—-Meier estimates. Both sum-
mary statistics were adjusted for the initial pre-
sentation (i.e., pulmonary embolism or deep-vein
thrombosis) and for the presence or absence of
active cancer at baseline (the interaction between
active cancer and symptomatic pulmonary embo-
lism was also included in the Cox model).

We tested for noninferiority by comparing the
upper boundary of the 95% confidence interval
for the hazard ratio with the predefined margin
of 2.75 and the upper boundary of the 95% con-
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fidence interval for the difference in risk with
the predefined margin of 3.6 percentage points.
If noninferiority was established by both criteria,
testing for superiority of dabigatran was to be
performed.

We analyzed efficacy according to a modified
intention-to-treat principle, since patients who did
not receive any study drug were excluded from all
analyses, as was prespecified in the protocol. For
safety analyses, including bleeding episodes, events
were considered from the time of the first intake
of the study drug to 6 days after the last intake of
the study drug; these analyses were performed on
the basis of the patient’s actual treatment with
the study drug. The 6-day period after the last in-
take of the study drug was not included in the
analysis if patients started open-label anticoagulant
therapy or if they were enrolled in the RE-MEDY
study (ClinicalTrials.gov number, NCT00329238),
a double-blind trial comparing dabigatran and
warfarin for extended treatment of venous throm-
boembolism. All safety analyses and secondary
efficacy analyses were predefined.

RESULTS

PATIENTS
From April 2006 through November 2008, a total
of 2564 patients were randomly assigned to a
study group; 78.5% of the patients were from Eu-
rope or North America. Seven patients in the dab-
igatran group and 18 in the warfarin group did
not receive any study medication (4 did not meet
the inclusion criteria for venous thromboembo-
lism, 11 met the exclusion criteria, 5 withdrew
consent, 4 never took the study drug, and 1 had
another reason). A total of 1274 patients in the
dabigatran group and 12065 in the warfarin group
were included in the analysis of efficacy. One pa-
tient who was assigned to receive dabigatran mis-
takenly received warfarin during the entire study;
this patient did not have any outcome event and
was included as part of the warfarin group in the
safety analysis. There were no significant differ-
ences between the groups in baseline character-
istics (Table 1).

TREATMENT AND FOLLOW-UP
Parenteral anticoagulation was given for a mean
of 10 days in both treatment groups. The details
of the treatment given are shown in Table 1. The
mean number of INR values obtained in the war-

10.1056/NEJM0a0906598

farin group over the course of 6 months was 16.
The INR was in the therapeutic range 60% of the
time (Table 1), improving from 53% during the
first month to 66% during the last month. Over-
all, the INR was below the therapeutic range 21%
of the time and above the therapeutic range 19%
of the time. The study drug was stopped before
6 months in 204 patients (16.0%) in the dabiga-
tran group (126 because of an adverse event, 21
because of nonadherence, 9 because of loss to
follow-up, 39 because of withdrawal of consent,
and 9 for other reasons) and in 183 patients (14.5%)
in the warfarin group (102 because of an adverse
event, 35 because of nonadherence, 6 because of
loss to follow-up, 36 because of withdrawal of con-
sent, and 4 for other reasons). The observation
time for the assessment of efficacy was shorter
than 6 months in 101 patients (7.9%) in the dab-
igatran group (47 because of an adverse event, 13
because of nonadherence, 16 because of loss to
follow-up, 22 because of withdrawal of consent,
and 3 for other reasons) and 97 patients (7.7%) in
the warfarin group (40 because of an adverse event,
20 because of nonadherence, 11 because of loss
to follow-up, 25 because of withdrawal of con-
sent, and 1 for other reasons). Although it was
intended that all patients who stopped the study
drug owing to an adverse event or who were con-
sidered to show nonadherence would complete
6 months of follow-up, this did not always occur.
After completion of 6 months in this trial, 506
patients in the dabigatran group and 541 patients
in the warfarin group gave additional informed
consent and were randomly assigned a second time
to receive treatment with dabigatran or warfarin
as extended secondary prophylaxis, as part of the
double-blind RE-MEDY study.

EFFICACY
The investigators suspected that recurrent venous
thromboembolism had occurred or that a death
had been related to recurrent venous thrombo-
embolism in 134 patients in the dabigatran group
and 130 patients in the warfarin group. After
central adjudication, the primary outcome for ef-
ficacy was confirmed in 30 patients in the dab-
igatran group (2.4% of all patients in the dabiga-
tran group) and 27 patients in the warfarin group
(2.1% of all patients in the warfarin group). The
difference in risk was 0.4 percentage points (95%
confidence interval [CI], —0.8 to 1.5; hazard ra-
tio, 1.10; 95% CI, 0.65 to 1.84) (Fig. 1). As com-
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Table 1. Characteristics of the Patients and Treatments.*
Dabigatran Warfarin
Characteristic (N=1273) (N=1266) P Value
Age —yr 55.0+15.8 54.4+16.2 0.42
Median 56 55
Range 18-93 18-97
Female sex — no. (%) 535 (42.0) 520 (41.1) 0.6
Race — no. (%) 0.14
White 1212 (95.2) 1195 (94.4)
Black 36 (2.8) 31 (2.4)
Asian 25 (2.0) 40 (3.2)
Weight — kg 85.5+19.2 84.2+18.3 0.10
Median 84 82
Range 38-175 39-161
Body-mass indexi 28.9+5.7 28.415.5 0.03
Estimated creatinine clearance — ml/min§ 105.8+40.7 104.4+39.9 0.40
Type of index event — no. (%) 0.96
Deep-vein thrombosis only 880 (69.1) 869 (68.6)
Pulmonary embolism only 270 (21.2) 271 (21.4)
Both deep-vein thrombosis and pulmonary embolism 121 (9.5) 124 (9.8)
Neither deep-vein thrombosis nor pulmonary embolism¢| 2(0.2) 2(0.2)
Cancer — no. (%) 64 (5.0) 57 (4.5) 0.60
Previous venous thromboembolism — no. (%) 327 (25.7) 322 (25.4) 0.92
Parenteral anticoagulation
Treatment before randomization — days
Median 3.0 3.0
Interquartile range 2.0-4.0 2.0-4.0
Treatment after randomization, in the single-dummy phase — days||
Median 6.0 6.0
Interquartile range 5.0-8.0 5.0-8.0
Unfractionated heparin — no. (%) 144 (11.3) 164 (13.0)
Low-molecular-weight heparin — no. (%) 1138 (89.4) 1148 (90.7)
Fondaparinux — no. (%) 50 (3.9) 36 (2.8)
Double-dummy phase¥*
Exposure to study drug — days 163.4+50.3 163.9+50.2
Adherence to study regimen — no. (%) 1248 (98.0) 1234 (97.5)
Percent of the time that INR was in the therapeutic range NA 59.9+22.9

Plus—minus values are means +SD. The numbers in the two groups represent the number of patients treated with

dabigatran or warfarin, rather than the number assigned to the treatment (one patient who was assigned to receive

dabigatran mistakenly received warfarin during the entire study). The P values were calculated with the use of

Student’s t-test for creatinine clearance, the Wilcoxon—-Mann-Whitney test for age and weight, Fisher’s exact test for

sex, cancer, and previous venous thromboembolism, and the chi-square test by class for race and type of index event.

NA denotes not applicable.

Race was determined by the investigator.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

Creatinine clearance was estimated according to the Cockcroft-Gault method.

In the case of two patients in each group, the diagnosis of venous thromboembolism was made locally and was sub-

sequently not confirmed by the central adjudication committee.

| In the single-dummy phase, patients received a parenteral anticoagulant agent and warfarin or warfarin-like placebo.
Some patients received more than one parenteral anticoagulant during this phase.

** |n the 6-month double-dummy phase, patients received only the oral treatment (dabigatran and warfarin-like placebo

or warfarin and dabigatran-like placebo). Adherence was assumed if a pill count of dabigatran or the dabigatran place-

bo indicated an intake of between 80% and 120% of the prescribed dose.

A

10.1056/NEJM0A0906598 NEJM.ORG

Downloaded from www.nejm.org on December 6, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

pared with warfarin, dabigatran was noninferior
with regard to the prevention of recurrent or fatal
venous thromboembolism (P<0.001 for the crite-
ria of both hazard ratio and the difference in
risk). The results for the components of the pri-
mary end point are shown in Table 2. There was
no significant difference in efficacy in predefined
subgroups (see the Supplementary Appendix).
Since noninferiority was established, we tested for
superiority and found that it was not reached.

SAFETY
A total of 20 patients in the dabigatran group (1.6%)
and 24 patients in the warfarin group (1.9%), had
major bleeding episodes (hazard ratio, 0.82; 95%
CI, 0.45 to 1.48) (Fig. 2). The sites of major bleed-
ing events in the dabigatran group were gastroin-
testinal (nine events), urogenital (five), intraartic-
ular (one), intramuscular (one), or other (six), and
the sites in the warfarin group were urogenital
(six events), gastrointestinal (five), intraarticular
(four), intracranial (three), intramuscular (three),
or other (four); some patients had bleeding at
more than one site. INR values were not obtained
when bleeding occurred, in order to avoid un-
blinding of the treatment assignment. A total of
71 patients in the dabigatran group (5.6%), as
compared with 111 in the warfarin group (8.8%),
had major or clinically relevant nonmajor bleed-
ing (hazard ratio, 0.63; 95% CI, 0.47 to 0.84;
P=0.002). The relative risk of bleeding with dab-
igatran as compared with warfarin was similar
among the subgroups (data not shown). The only
type of bleeding that showed a trend to higher
incidence in the dabigatran group was gastroin-
testinal hemorrhage (Table 2).

There were 115 patients in the dabigatran group
(9.0%) and 86 patients in the warfarin group
(6.8%) who had an adverse event that led to dis-
continuation of the study drug (hazard ratio, 1.33;
95% CI, 1.01 to 1.76; P=0.05). The number of
patients who died, had an acute coronary syn-
drome, or had an elevation of the alanine amino-
transferase level or the aspartate aminotrans-
ferase level exceeding three times the upper limit
of normal while taking the study drug did not
differ significantly between the treatment groups
(Table 3). A combination of an alanine amino-
transferase level exceeding three times the upper
limit of normal and bilirubin exceeding twice the
upper limit of normal was seen in two patients in
the dabigatran group (of whom one had pancre-

4.0+
X 3.5+
“
= 3.0
2 254 Dabigatran
=
5 | X
g 2.0 r_'_,_r'_'_- Warfarin
U 1.5+ I —m—
-
13
®  1.01
E
& 05
0.0+E T T T T T 1
0 1 2 3 4 5 6
Months since Randomization
No. at Risk
Dabigatran 1274 1238 1221 1203 1192 1181 1024
Warfarin 1265 1215 1204 1194 1187 1174 998
Figure 1. Cumulative Risk of Recurrent Venous Thromboembolism or
Related Death during 6 Months of Treatment among Patients Randomly
Assigned to Dabigatran or Warfarin.

atic cancer and the other had cholangitis) and four
patients in the warfarin group (of whom three
had pancreatic cancer and one had uterine cancer
with liver metastases). There were no significant
differences between the two treatment groups in
the frequency of any adverse events (Table 3) ex-
cept for dyspepsia (2.9% in the dabigatran group
vs. 0.6% in the warfarin group, P<0.001).

DISCUSSION

In this large, double-blind trial involving patients
with acute venous thromboembolism, we compared
6 months of treatment with dabigatran, adminis-
tered at a dose of 150 mg twice daily, with warfa-
rin therapy, after initial treatment with parenteral
anticoagulation. We showed that dabigatran is
noninferior to warfarin (when warfarin is dose-
adjusted to achieve and maintain an INR in the
range of 2.0 to 3.0) in the prevention of recur-
rent events. Venous thromboembolism or relat-
ed deaths occurred in 30 patients in the dabiga-
tran group as compared with 27 patients in the
warfarin group.

Dabigatran is an effective anticoagulant agent
because direct thrombin inhibitors suppress throm-
bus growth by inhibiting both fibrin-bound and
free thrombin, which converts fibrinogen to fi-
brin.** In the RE-COVER study, treatment with
dabigatran was as effective as warfarin therapy,
which achieved INR values within the therapeu-
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Table 2. Efficacy and Bleeding Outcomes.

Dabigatran Warfarin Hazard Ratio
Outcome (N=1274) (N=1265) (95% Cl)*
Efficacy analysist
Primary end point of venous thromboembolism or related death
— no. of subjects (%)
During the study period 30 (2.4) 27 (2.1) 1.10 (0.65-1.84)
During the study period plus an additional 30-day follow-upi: 34 (2.7) 32 (2.5) 1.05 (0.65-1.70)
Secondary end point — no. of subjects (%)
Symptomatic deep-vein thrombosis 16 (1.3) 18 (1.4) 0.87 (0.44-1.71)
Symptomatic nonfatal pulmonary embolism 13 (1.0) 7 (0.6) 1.85 (0.74-4.64)
Death related to venous thromboembolism 1(0.1) 3(0.2) 0.33 (0.03-3.15)
All deaths 21 (1.6) 21(L7)  0.98(0.53-1.79)
Safety analysis{
Major bleeding event — no. of subjects (%) 20 (1.6) 24 (1.9) 0.82 (0.45-1.48)
Fatal event — no. of events 1 1
Bleeding into critical organ — no. of events 1 9
Intracranial 0 3
Hemarthrosis 1 5
Hemoptysis 0 1
Event resulting in fall in hemoglobin level or need for blood 20 (1.6) 18 (1.4)
transfusions — no. of subjects (%)
Major or clinically relevant nonmajor bleeding event — no. of 71 (5.6) 111 (8.8) 0.63 (0.47-0.84)
subjects (%)
Any bleeding event — no. of subjects (%) 205 (16.1) 277 (21.9) 0.71 (0.59-0.85)
Site of bleeding event — no. of events||
Intracranial 0 3
Intraocular** 8 9
Retroperitoneal** 4 1
Intraarticular or intramuscular 8 27
Gastrointestinal 53 35
Urogenital 53 95
Nasal** 40 107
Other 137 205

)|
I

The hazard ratio was estimated with the use of the Cox model, including treatment, active cancer at baseline, symp-
tomatic pulmonary embolism at baseline, and the interaction between active cancer and symptomatic pulmonary em-
bolism at baseline as factors.

The efficacy analysis was based on the number of randomly assigned patients who received at least one dose of study
drug and who had events during the 6-month treatment period, regardless of early discontinuation of study drug.
The extension of the study period (to day 224) was prespecified as a primary end point for the hazard ratio analysis in
the trial’s statistical-analysis plan. Although the analysis includes events during the 30-day extension, it does not re-
flect the true incidence of the end point after anticoagulation was discontinued, since more than 500 patients in each
group were enrolled in an extended-treatment study with double-blind design, and additional patients received open-
label anticoagulants.

The safety analysis of bleeding events was performed on the basis of the number of patients treated with dabigatran
(1273) or warfarin (1266), rather than the number assigned to the treatment (1 patient who was assigned to receive
dabigatran mistakenly received warfarin instead throughout the study). Events that occurred during the 6-month
treatment period plus a 6-day washout period were included.

Included in this category were patients in whom there was a reduction in hemoglobin level of at least 20 g per liter or
who required a transfusion of at least 2 units of whole blood or red cells.

Patients may have had more than one type of bleeding event.

** None of these bleeding episodes were adjudicated as major bleeding.
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Figure 2. Cumulative Risks of a First Event of Major Bleeding and of Any
Bleeding among Patients Randomly Assigned to Dabigatran or Warfarin.
The hazard ratio with dabigatran for major bleeding at 6 months was 0.82
(95% Cl, 0.45 to 1.48; P=0.38), and the hazard ratio with dabigatran for any
bleeding at 6 months was 0.71 (95% Cl, 0.59 to 0.85; P<0.001).

tic INR range 60% of the time — a rate that is
consistent with good-quality management of war-
farin dosing.'s

The rates of bleeding with dabigatran were
similar to or lower than those with warfarin. There
were 20 major bleeding events in the dabigatran
group as compared with 24 in the warfarin group,
and there were fewer episodes of nonmajor bleed-
ing with dabigatran than with warfarin. These
findings are consistent with data on bleeding from
the Randomized Evaluation of Long-Term Antico-
agulation Therapy trial (RE-LY; NCT00262600),® in
which open-label dabigatran and warfarin thera-
pies were compared in patients with atrial fibril-
lation. In the RE-LY trial, major bleeding and in-
tracranial bleeding were less frequent among
patients receiving dabigatran (at a dose of 150 mg
twice daily) than among those receiving warfarin,
and in both the RE-LY trial and the current study,
the incidence of nonmajor bleeding was reduced
with dabigatran. Clinically relevant nonmajor
bleeding is an important factor to consider, since
its management is time-consuming and costly®

10.1056/NEJM0a0906598

and since bleeding is the most important reason
for the perception of decreased health and quality
of life among patients treated with warfarin.'”

In trials of the only previously available oral
direct thrombin inhibitor, ximelagatran, nonin-
feriority with respect to warfarin was achieved in
the treatment of recurrent venous thromboem-
bolism, and rates of major bleeding were similar
in both treatment groups.'® However, toxic effects
to the liver occurred with prolonged exposure to
ximelagatran.®® In contrast, there was no evidence
of hepatic toxic events associated with dabigatran
in the current study or in studies in which it was
used for other indications.”#2° Dyspepsia, which
was observed in 3% of the patients in the dab-
igatran group, was the only adverse event attrib-
utable to dabigatran in our study. The mechanism
for increased dyspepsia among patients receiving
dabigatran therapy is currently unknown. None of
the other adverse events differed significantly be-
tween the treatments.

In the current study, the average age of the
patients was 55 years, more than 90% had a
creatinine clearance that was higher than 50 ml
per minute, and 95% of the study population was
white. Therefore, additional studies should be per-
formed that involve patients whose baseline char-
acteristics differ markedly from this population.
A limitation of the study is that the first dose of
dabigatran, which has a rapid onset of effect,
was given only after initial parenteral anticoagu-
lation therapy had been administered for a me-
dian of 9 days (interquartile range, 8 to 11). Thus,
there are no data to support the use of dabiga-
tran monotherapy for acute venous thromboem-
bolism. We chose to treat patients in the dabiga-
tran group with initial parenteral anticoagulation,
because treatment of acute venous thromboem-
bolism with ximelagatran alone appeared to be
associated with a higher early rate of recurrent
venous thromboembolism than did treatment with
enoxaparin and warfarin.*® The median total du-
ration of parenteral therapy of 9 days is longer
than the typical duration of treatment when war-
farin and heparin are started simultaneously;
however, the duration of heparin therapy (5 days
as compared with 10 days) has not been shown
to influence the efficacy of long-term anticoagu-
lation.21,22

Our trial provides data to support dabigatran as
a fixed-dose oral treatment for acute deep-vein
thrombosis and pulmonary embolism. For pa-
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Table 3. Adverse Events during the Double-Dummy Phase and during the Total Period of Treatment.*

Event Dabigatran Warfarin P Value}
Double-Dummy  Total Period Double-Dummy  Total Period
Phase of Treatment Phase of Treatment
(N=1226) (N=1273) (N=1214) (N=1266)
Any event — no. of subjects (%) 770 (62.8) 844 (66.3) 792 (65.2) 856 (67.6) 051
Serious event — no. of subjects (%) 147 (12.0) 165 (13.0) 133 (11.0) 150 (11.8) 0.43
Event leading to discontinuation of study drug — 97 (7.9) 115 (9.0) 79 (6.5) 86 (6.8) 0.05
no. of subjects (%)
Events with an incidence of at least 3% — no. of
subjects (%)
Headache 60 (4.9) 79 (6.2) 64 (5.3) 88 (7.0) 0.50
Pain in extremity 59 (4.8) 64 (5.0) 69 (5.7) 71 (5.6) 0.57
Nausea 43 (3.5) 49 (3.8) 43 (3.5) 58 (4.6) 041
Diarrhea 46 (3.8) 57 (4.5) 34 (2.8) 38 (3.0) 0.06
Nasopharyngitis 47 (3.8) 50 (3.9) 53 (4.4) 54 (4.3) 0.74
Dyspnea 33 (2.7) 413.2) 47 (3.9) 53 (4.2) 0.24
Back pain 42 (3.4) 46 (3.6) 44 (3.6) 50 (3.9) 0.73
Arthralgia 45 (3.7) 48 (3.8) 30 (2.5) 33 (2.6) 0.12
Peripheral edema 41 (3.3) 43 (3.4) 45 (3.7) 48 (3.8) 0.65
Dyspepsia 36 (2.9) 39 (3.1) 7 (0.6) 9(0.7) <0.001
Acute coronary syndrome — no. of subjects (%)§
Any 4(0.3) 5(0.4 3(0.2) 3(0.2) 0.73
Myocardial infarction 3(0.2) 4(0.3) 2 (0.2) 2 (0.2) 0.69
Abnormal liver-function tests — no. of subjects/
total no. (%)
AST >3 xULN 33/1204 (2.7) 381220 (3.1) 20/1188 (1.7)  25/1199 (2.1) 0.14
ALT >3 xULN 35/1204 (2.9)  42/1220 (3.4) 42/1188 (3.5)  46/1199 (3.8) 0.68
ALT >3 xULN plus bilirubin >2 xULN 2/1195 (0.2) 2/1055 (0.2) 4/1182 (0.3) 4/1106 (0.4) 0.69

* In the double-dummy phase, patients received only the oral treatment (dabigatran and warfarin-like placebo or warfarin and dabigatran-like
placebo). The total period of treatment included the single-dummy phase (in which patients received a parenteral anticoagulant agent and
warfarin or warfarin-like placebo) and the double-dummy phase. A 6-day washout period was included in both cases. ALT denotes alanine
aminotransferase, AST aspartate aminotransferase, and ULN upper limit of normal.

7 The P values are for the comparison between the two groups during the total treatment period. The P value for adverse events leading to
discontinuation of treatment was calculated with the use of the Cox model, including treatment, active cancer at baseline, symptomatic pul-
monary embolism at baseline, and the interaction between active cancer and symptomatic pulmonary embolism at baseline as factors. The
P values for acute coronary syndrome, myocardial infarction, and ALT exceeding three times the upper limit of normal plus bilirubin exceed-
ing two times the upper limit of normal were calculated with the use of Fisher’s exact test. The P values for the rest of the events were cal-
culated with the use of the chi-square test.

i Bleeding events are not presented in this table; epistaxis and hematuria occurred in 3% or more of patients in the warfarin group.

§ Included in this category are acute coronary syndromes that were classified as definite or likely by the independent adjudication committee.
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