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Summary

Dabigatran was non-inferior to warfarin for prevention of recurrent
venous thromboembolism (VTE), and dabigatran had a lower rate of
bleeding compared with warfarin in two large-scale randomised trials,
RE-COVER and RE-COVER II. In this study, we investigate the efficacy
and safety of dabigatran versus warfarin according to the index event
that qualified the patient for enrollment, either symptomatic pulmon-
ary embolism (PE) with or without deep-vein thrombosis (DVT), or DVT
alone. We then analyse the anticoagulant effect of dabigatran vs war-
farin on patients enrolled with PE. The pooled dataset for the efficacy
analysis consisted of 2553 and 2554 patients who were randomised
to dabigatran and warfarin, respectively. Recurrent VTE/VTE-related
death during the study period and additional 30-day follow-up oc-
curred in 2.7 % of all patients on dabigatran and in 2.4 % on warfarin
(hazard ratio [HR] 1.09 [95 % confidence interval 0.77, 1.54]). In pa-
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Introduction

Pulmonary embolism (PE) is the third most common cause of car-
diovascular mortality in the United States and accounts for
100,000 to 180,000 deaths each year (1). Anticoagulation remains
the foundation of therapy for acute PE and deep-vein thrombosis
(DVT), collectively called venous thromboembolism (VTE). In
randomised controlled trials of novel anticoagulants compared
with warfarin, the frequency of recurrent VTE is the most com-
monly utilized endpoint to assess efficacy of therapy. This stan-
dard approach does not account for the broad spectrum of VTE
and gives equal weight to a potentially life-threatening PE and
clinically less important DVT. Using this traditional scheme, for
example, an acute popliteal DVT is assessed as a treatment failure
equal in magnitude to an acute extensive bilateral PE.

Dabigatran etexilate was compared with warfarin in the treat-
ment of acute VTE in two large scale randomised controlled trials,
RE-COVER (2) and RE-COVER II (3). These trials, which had
virtually identical protocols, compared six months of treatment
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tients with PE as their index event, recurrent VTE/VTE-related death
occurred in 2.9% vs 3.1% of patients (HR 0.93 [0.53, 1.64]). There
were significantly fewer major bleeding events in patients treated
with dabigatran than with warfarin (HR 0.60 [0.36, 0.99]). The pattern
was similar both in patients with PE and in those with DVT alone as
the index event. These analyses of the pooled dataset from the RE-
COVER and RE-COVER |l trials indicate that dabigatran is as effective
as warfarin in preventing recurrent VTE, regardless of whether pa-
tients present with symptomatic PE (with or without DVT) or with
symptomatic DVT alone. Dabigatran was also associated with a lower
risk of bleeding than warfarin, regardless of the index event.
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with dabigatran 150 mg twice daily vs dose-adjusted warfarin ther-
apy, following initial parenteral anticoagulation. In both trials, and
in a pooled analysis (3), dabigatran was non-inferior to warfarin
for prevention of recurrent VTE, and dabigatran had a lower rate
of bleeding. The current study is a pre-specified subgroup analysis
of pooled data from RE-COVER and RE-COVER II in which we
investigate the efficacy and safety of dabigatran vs warfarin ac-
cording to the index event that qualified the patient for enroll-
ment, either symptomatic PE with or without DVT, or DVT alone.
We then analyse the anticoagulant effect of dabigatran vs warfarin
on patients enrolled with PE.

Methods
Study population and trial design

The study design, population, and outcomes of the RE-
COVER and RE-COVER 1II trials have been published pre-
viously (2, 3). Patients > 18 years of age who had acute, symp-
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Table 1: Qualifying index VTE events in the RE-COVER and RE-COVER
Il pooled dataset.

Qualifying event? Dabigatran Warfarin Total
(N =2553) (N=2554) (N=5107)
No symptomatic PE, n (%) 1758 (68.9) 1747 (68.4) 3505 (68.6)
Symptomatic DVT only 1755 (68.7) 1744 (68.3) 3499 (68.5)
Neither symptomatic PE 3 (0.1) 3(0.1) 6 (0.1)
nor symptomatic DVT
Symptomatic PE, n (%) 795 (31.1) 807 (31.6) 1602 (31.4)
Symptomatic PE and 226 (8.9) 240 (9.4) 466 (9.1)
symptomatic DVT
Symptomatic PE only 569 (22.3) 567 (22.2) 1136 (22.2)

aResults of objective testing for initial symptomatic DVT/PE performed locally.
If a patient had more than one event, the last event prior to randomisation
was classified as the qualifying event. DVT, deep-vein thrombosis; PE, pul-
monary embolism.

tomatic, objectively verified proximal DVT of the legs, or PE,
and for whom six months of anticoagulant therapy was con-
sidered to be an appropriate treatment, were eligible for inclu-
sion. Patients received parenteral anticoagulation and were
randomised to warfarin or warfarin-placebo, taken in parallel
with the parenteral anticoagulant. The latter was continued for
> 5 days, until the International Normalised Ratio (INR) was >
2 at two consecutive measurements. After discontinuing par-
enteral therapy, patients continued warfarin (therapeutic INR
range, 2.0-3.0) or received dabigatran 150 mg twice daily for
six months (double-dummy, ‘oral-only’ treatment period).
Randomisation was stratified according to the presence or ab-
sence of symptomatic PE at baseline. Testing for initial symp-
tomatic DVT/PE was performed locally. If a patient had more
than one event, the last event prior to randomisation was clas-
sified as the qualifying event (e.g. for a patient who first had a
DVT then subsequently a PE, PE would be designated as the
index event).

Index event:
symptomatic DVT alone

Index event:
symptomatic PE

Table 2: Demographics, baseline character-
istics and risk factors for VTE recurrence of

patients with symptomatic DVT alone and

Dabigatran Warfarin Dabigatran Warfarin with symptomatic PE as the index event.
N = 1758 N = 1747 N =795 N = 807

Age, mean, years (+ SD) 545 (+15.8) 543(x16.2) 55.6(£16.3) 55.6(x16.2)
Male, n (%) 1100 (62.6) 1090 (62.4) 420 (52.8) 431 (53.4)
Race

White 1536 (87.4) 1504 (86.1) 670 (84.3) 689 (85.4)

Black 30 (1.7) 32 (1.8) 24 (3.0) 19 (2.4)

Asian 192 (10.9) 211 (12.1) 100 (12.6) 99 (12.3)
Non-Hispanic 1694 (96.4) 1665 (95.3) 781 (98.2) 796 (98.6)
Weight, mean, kg (+ SD) 83.7(+18.9) 83.1(+18.8)  85.8(x20.5) 84.7(x19.4)
BMI, mean, kg/m? (+ SD) 28.4 (+5.4) 28.2 (+5.4) 29.1 (£6.2) 28.8 (+6.1)
Creatinine clearance, mean, ml/min  106.8 (+ 41.9) 105.6 (= 38.8) 107.5 (+43.0) 106.2 (+ 44.0)
(+SD)
Risk factors for recurrent VTE, n (%)

Previous VTE 392 (22.3) 351 (20.1) 183 (23.0) 173 (21.4)

Active cancer at baseline or dur- 121 (6.9) 119 (6.8) 52 (6.5) 43 (5.3)
ing study

Thrombophilia? 125 (7.1) 124 (7.1) 84 (10.6) 75 (9.3)

Recent prolonged immobilisation 231 (13.1) 254 (14.5) 135(17.0) 127 (15.7)

Current smoker 409 (23.3) 409 (23.4) 140 (17.6) 144 (17.8)
Concomitant therapy

CV medication 907 (51.6) 891 (51.0) 433 (54.5) 447 (55.4)

At least one antithrombotic, 532 (30.3) 484 (27.7) 239 (30.1) 213 (26.4)

anticoagulant
or NSAID

aMore than half of patients were not tested for thrombophilia: no index PE, dabigatran 1221 (69.5 %),
warfarin 1198 (68.6 %); with index PE, dabigatran 455 (57.2 %), warfarin 487 (60.3 %). BMI, body mass
index; CV, cardiovascular; DVT, deep-vein thrombosis; PE, pulmonary embolism; SD, standard deviation;

VTE, venous thromboembolism.
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Table 3: Efficacy and safety outcomes by

. Outcome
treatment group and index event.

Symptomatic Dabigatran  Warfarin P-value

PE asindex  Events/n (%) Events/n (%) (interaction)
event
VTE or VTE-related death? No 45/1758 (2.6) 3711747 (2.1) e
Yes 23/795 (2.9) 25/807 (3.1) '
Components of the primary endpoint
VTE-related death? No 0/1758 (0) 0/1747 (0)
0.9999
Yes 2/795 (0.3) 3/807 (0.4)
Non-fatal PE? No 9/1758 (0.5) 8/1747 (0.5)
0.9789
Yes 14/795 (1.8) 13/807 (1.6)
DVT® No 36/1758 (2.0) 291747 (1.7)
0.4299
Yes 71795 (0.9) 9/807 (1.1)
PE No 11/1758 (0.6) 10/1747 (0.6) A
(fatal or non-fatal* Yes 16/7952.0)  16/807 (2.0) '
MBEP No 20/1697 (1.2) 32/1694 (1.9)
0.7598
Yes 41759 (0.5) 8/768 (1.0)
MBE/CRBEP No 73/1697 (4.3) 134/1694 (7.9) e
Yes 36/759 (4.7) 55/768 (7.2) '
Any bleeding® No 230/1697 (13.6)  328/1694 (19.4) DEE
Yes 1247759 (16.3)  175/768 (22.8) '

aUntil the end of the post-treatment period. *During the double-dummy period. CRBE, clinically relevant
non-major bleeding event; DVT, deep-vein thrombosis; MBE, major bleeding event; PE, pulmonary em-
bolism; VTE, venous thromboembolism.

Study outcomes

Outcomes were centrally adjudicated. The primary efficacy out-
come was recurrent, symptomatic, objectively confirmed VTE or
VTE-related death, from the time of randomisation (i.e. start of
parenteral therapy plus either warfarin or warfarin-placebo) to the
end of the pre-specified post-treatment follow-up (6 months + 30
days). Safety outcomes included assessment of major bleeding
events (MBEs), the composite of MBEs or clinically relevant non-
major bleeding events (CRBEs), and any bleeds. In this analysis,
bleeding events were assessed from the start of the six-month
double-dummy period (treatment with oral dabigatran or warfa-
rin alone) until the end of the six-month treatment period. Thus,
the safety analysis excludes events associated with parenteral ther-
apy either in combination with warfarin or with warfarin-placebo
prior to commencing dabigatran treatment, and compares dabi-
gatran with warfarin at their full pharmacological effect.

Statistical analyses

The population for efficacy analysis consisted of patients who were
randomised and received at least one dose of study medication.
The safety analysis set consisted of patients who received dabi-
gatran or warfarin during the six-month double-dummy, oral-only
treatment period. Patients were categorised into two subgroups ac-
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cording to their qualifying event for study entry (index event), i.e.
as symptomatic PE (occurring with or without symptomatic
DVT), or no symptomatic PE (for those with symptomatic DVT
only or with neither symptomatic PE nor symptomatic DVT being
objectively confirmed). The hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for within-subgroup treatment comparisons
were based on the Cox regression analysis model, stratified by
study. P-values for treatment/subgroup interaction were from the
Cox model, stratified by study, with treatment and subgroup as
main factors. Statistical analyses were performed with SAS® ver-
sion 9.2 (Cary, NC, USA). The study was approved by the ethics
committee or institutional review board in all jurisdictions, and
patients provided written consent.

Results
Patients

The pooled dataset for the efficacy analysis consisted of 2553 and
2554 patients who were randomised to dabigatran and warfarin,
respectively, and received at least one dose of study medication (3).
The safety analysis for bleeding events included 2456 and 2462 pa-
tients who received dabigatran and warfarin, respectively, during
the six-month double-dummy oral-only treatment period. 31.4%
of patients (31.1% of the dabigatran group and 31.6% of the war-
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farin group) in the pooled dataset had symptomatic PE as their
index event (P> Table 1). Of patients with PE as the index event,
71% had symptomatic PE alone; the remainder had symptomatic
PE with DVT.

Patient characteristics were mostly similar across patients with PE
and those with DVT alone as the index event, and across treatment

groups (P>Table 2). However, among those with PE as the index
event, there was a higher proportion of women, a higher prevalence
of risk factors for VTE recurrence (thrombophilia, recent prolonged
immobilisation), and a lower proportion of current smokers.

Total mean duration of treatment with study medication was
similar between subgroups with PE and with DVT alone as the index

VTE and VTE-Related Death®
Symptomatic PE as index event
No
Yes

Components of the Primary Endpoint

VTE related death®
Symptomatic PE as index event
No®

Hazard Ratio
(95% CI)

Yes

Non-fatal PE®
Symptomatic PE as index event
No

Yes

Symptomatic DVT?
Symptomatic PE as index event
No

Yes

Fatal or Non-Fatal PE?
Symptomatic PE as index event
No

Yes

MBE®
Symptomatic PE as index event
No
Yes -

MBE or CRBE®
Symptomatic PE as index event
No
Yes

Any Bleeding Event®
Symptomatic PE as index event
No
Yes

‘.

0.0

Favours Dabigatran

1.0 2.0 3.0 4.0 5.0

Favours Warfarin

Figure 1: Forest plot of efficacy and safety outcomes by treatment group and index event. 2Until the end of the post-treatment period. ®During the
double-dummy period. CRBE, clinically relevant non-major bleeding event; DVT, deep-vein thrombosis; HR, hazard ratio; MBE, major bleeding event; PE, pul-

monary embolism; VTE, venous thromboembolism.
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event, in both treatment groups (162-164 days). The mean time
from index event symptoms to randomisation was 6.1 days among
patients with index PE and 7.6 days in those with index DVT.

Efficacy outcomes

In the overall pooled population, recurrent VTE/VTE-related
death during the study period and additional 30-day follow-up oc-
curred in 2.7 % of all patients on dabigatran and in 2.4 % on warfa-
rin (HR 1.09 [95% CI 0.77, 1.54]). In patients with baseline DVT
alone, with dabigatran vs warfarin, recurrent VTE/VTE-related
death occurred in 2.6 % vs 2.1% of patients (HR 1.20 [0.78, 1.86]).
In patients with PE as their index event, recurrent VTE/VTE-re-
lated death occurred in 2.9% vs 3.1% of patients (HR 0.93 [0.53,
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1.64]) (> Table 3, B> Figure 1). Cox regression analyses showed no
statistically significant interaction (P = 0.48), indicating similar
treatment effects regardless of index event (P Table 3). There were
also no significant differences in rates of PE (fatal or non-fatal), for
dabigatran vs warfarin-treated patients, regardless of the index
event (PTable 3, »Figure 1). Cox regression analyses again
showed no statistically significant interactions (» Table 3). Recur-
rent PE (fatal or non-fatal) was more frequent in patients with PE
vs those with DVT alone as an index event (occurring in 2.0% vs
0.6 % of patients), irrespective of treatment (P Table 3). »>Figure 2
shows cumulative event rates for VTE and VTE-related death with
dabigatran and warfarin, in patients with PE and with DVT alone
as their index event. P>Figure 3 shows cumulative event rates for
PE in the same format. Additional analyses do not indicate any
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sex-related efficacy or safety differences in patients treated with
dabigatran compared with warfarin.

Safety outcomes

In the overall population, there were significantly fewer MBEs in pa-
tients treated with dabigatran than with warfarin (HR 0.60 [0.36,
0.99]). The pattern was similar, although without statistically signifi-
cant differences, both in patients with PE and in those with DVT
alone as the index event. MBEs with dabigatran vs warfarin in pa-
tients with baseline DVT alone occurred in 1.2% vs 1.9 % of patients
(HR 0.62 [0.35, 1.08]). In patients with baseline PE, MBEs occurred
in 0.5% vs 1.0% of dabigatran vs warfarin patients, respectively (HR

0.50 [0.15, 1.67]) (> Table 3). MBE/CRBEs and any bleeds were sig-
nificantly less frequent with dabigatran than with warfarin in pa-
tients with PE as well as those with DVT alone as the index event
(> Table 3). Cox regression analyses showed no statistically signifi-
cant treatment-by-index-event interaction for any of these bleeding
endpoints, indicating a similar pattern of treatment effects for dabi-
gatran vs warfarin, regardless of the index event (P Table 3).

Discussion

These analyses of the pooled dataset from the RE-COVER and
RE-COVERII trials indicate that dabigatran is as effective as war-
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farin in preventing recurrent VTE, regardless of whether patients
present with symptomatic PE (with or without DVT) or with
symptomatic DVT alone. The overall risk of VTE recurrence and/
or VTE-related death was higher in patients who presented with
PE compared with those with DVT alone, regardless of treatment.
Furthermore, patients with PE at baseline were three times more
likely to suffer recurrent PE than those with baseline DVT alone
(2.0% vs 0.6% of patients). Likewise, patients with DVT at base-
line were twice as likely to suffer recurrent DVT as those who had
PE at baseline (1.9% vs 1% for the combined treatment groups).
These findings are consistent with data from a patient-level meta-
analysis of seven prospective studies in patients with a first acute
VTE (4).

Dabigatran was also associated with a lower risk of bleeding
than warfarin, regardless of the index event. MBEs showed a simi-
lar pattern of results with dabigatran vs warfarin in patients both
with PE and with baseline DVT alone, although this did not reach
statistical significance. However, in the total pooled dataset (not
stratified by index event), the lower risk of MBEs with dabigatran
vs warfarin was statistically significant: 1.0% vs 1.6% (HR 0.60
[0.36, 0.99]) (3). The risk reduction with dabigatran vs warfarin
was significant for MBEs/CRBEs: 4.3% vs 7.9% in patients with
baseline DVT alone (HR 0.53 [0.40, 0.70]) and 4.7% vs 7.2% in
patients with baseline PE (HR 0.65 [0.43, 0.99]). The incidence of
any bleeding was also significantly lower in the dabigatran than in
the warfarin groups, irrespective of the index event.

In our dataset, patients with PE represented one-third of the
overall study population, which reflects the epidemiology of VTE
(5). By pooling data from RE-COVER and RE-COVER II, we in-
cluded 1600 patients with PE in our pre-specified analysis, thus in-
creasing the statistical power to evaluate efficacy and safety.

Rivaroxaban is the only novel oral anticoagulant that was com-
pared with warfarin in a large-scale trial of patient presenting ex-
clusively with symptomatic acute PE (6). There were no significant
differences between rivaroxaban and warfarin either for recurrent
VTE or for MBEs/CRBEs, although the risk of MBEs was lower
with rivaroxaban (1.1%) compared with warfarin (2.2%). Edox-
aban in HOKUSAI-VTE (7) and apixaban in AMPLIFY (8) were
non-inferior compared with warfarin for the efficacy endpoint of
preventing recurrent VTE. In these latter trials, bleeding event
rates were lower with the novel agents compared with warfarin.

There are limitations to these analyses. Information on the ex-
tent of PE was not collected from investigators at baseline. Patents
with very extensive PE might have been excluded by investigators.
Strengths of these analyses include the double-blind, double-
dummy design. Furthermore, the two protocols were virtually
identical, and RECOVER II replicated the results of RECOVER.
Both trials had pre-specified stratification and analysis according
to presence or absence of symptomatic PE at baseline.

Conclusions

Our findings support the use of dabigatran as a fixed-dose oral
anticoagulant regimen for patients presenting with symptomatic
acute PE. Dabigatran had a lower risk of bleeding compared with
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What is known about this topic?

e Dabigatran is noninferior to warfarin for prevention of recurrent
venous thromboembolism (VTE).

o Dabigatran has a lower rate of bleeding than warfarin when used
to prevent recurrent VTE.

What does this paper add?

e Dabigatran is as effective as warfarin regardless of whether pa-
tients present with symptomatic pulmonary embolism (PE) (with
or without deep-vein thrombosis [DVT]) or with symptomatic DVT
alone.

o The overall risk of VTE recurrence was higher in patients who
presented with PE compared with those with DVT alone, regard-
less of whether they received dabigatran or warfarin.

e Patients with PE at baseline were three times more likely to suffer
recurrent PE than those with baseline DVT alone.

warfarin, regardless of whether patients initially presented with
symptomatic PE or DVT.
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