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Abstract

Background

Standard treatment for venous thromboembolism (VTE) consistsegaih combined wit

vitamin K antagonists. Direct oral anticoagulants have been ingtsdigfor acute and
extended treatment of symptomatic VTE; their use could avoid peaktteatment and/or

laboratory monitoring of anticoagulant effects.
Methods

A prespecified pooled analysis of the EINSTEIN-DVT and EINSTPE studies comparg
the efficacy and safety of rivaroxaban (15 mg twice-dailyZbrdays, followed by 20 m
once-daily) with standard-therapy (enoxaparin 1.0 mg/kg twice-damg warfarin o
acenocoumarol). Patients were treated for 3, 6, or 12 months andefdlfow suspecte
recurrent VTE and bleeding. The prespecified noninferiority margin was 1.75.

Results

A total of 8282 patients were enrolled; 4151 received rivaroxaban and 4t8ived
standard-therapy. The primary efficacy outcome occurred in 86 (2it&dxaban-treate
patients compared with 95 (2.3%) standard-therapy-treated pdtiaztsrd ratio, 0.89; 95
confidence interval [CI], 0.66—1.19;dinferiority < 0.001). Major bleeding was observed in

N
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(1.0%) and 72 (1.7%) patients in the rivaroxaban and standard-therapy greppstively



(hazard ratio, 0.54; 95% CI, 0.37-0.79; p = 0.002). In key subgroups, including [fragile
patients, cancer patients, patients presenting with large alotisthose with a history of
recurrent VTE, the efficacy and safety of rivaroxaban wendas compared with standarg-
therapy.

Conclusion
The single-drug approach with rivaroxaban resulted in similécaeff to standard-therapy

and was associated with a significantly lower rate of majeedhg. Efficacy and safety
results were consistent among key patient subgroups.

Trial registration

EINSTEIN-PE: ClinicalTrials.gov, NCT00439777; EINSTEIN-DVT: dbalTrials.gov
NCT00440193.
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Introduction

Venous thromboembolism (VTE), the collective term for deep-vein thosia (DVT) and/or
pulmonary embolism (PE), is a relatively common cardiovasculsorditr. Each year,
approximately one to two cases per 1000 population present with acup¢osyatic VTE
[1,2]. Standard therapy for these patients consists of low-moleeelight heparin combined
with a vitamin K antagonist (VKA) [3,4]. Several direct oral aodéigulants have been
evaluated recently for the acute and extended treatment of symptomgti&\D], and their
use could obviate the need for parenteral treatment and laboratoryommgniof the
anticoagulant effect.

Two studies, EINSTEIN-DVT and EINSTEIN-PE, compared a singleg approach using
the oral, direct factor Xa inhibitor rivaroxaban with standard-therapy ¢musa enoxaparin
overlapping with and followed by a VKA for the treatment of DMIdér PE [8,9]. These
studies showed similar efficacy and a tendency towards a losidence of major bleeding
with rivaroxaban; the results formed the basis for regulatory agpafvrivaroxaban for
acute and extended treatment of DVT and/or PE [8,9].

Both studies used an identical design, treatment regimens, outconméiosesf and
adjudication processes to allow for arpriori pooled analysis based on individual patient
data. The aim of this analysis was to provide more preciseatstirof efficacy and safety, in
particular the pattern of bleeding events. In addition, the anadlsiwed more detailed
investigation of the efficacy and safety of rivaroxaban in kayical subgroups in which
VKA therapy is associated with an increase in complicationd) ascin patients who are
elderly or renally impaired, and in those with cancer [11-13]. Toexethe current analysis
focused on these groups of patients and, in addition, analyzed the perfoohawasxaban

in patients with previous VTE and in those presenting with a large clot burden.



Methods

Patients

Patients were potentially eligible if they had symptomaticTD&d/or PE. The major
ineligibility criteria were: a therapeutic dose of low-maikee-weight heparin, fondaparinux,
or unfractionated heparin for more than 48 hours; more than a siogke of a VKA;
treatment of the current episode with thrombectomy, a vena déeq ©r fibrinolytic
therapy; any contraindication listed in the local labeling eooxaparin, warfarin, or
acenocoumarol; or a creatinine clearance <30 ml/min.

Treatment regimens

Identical rivaroxaban and standard-therapy regimens were &alumboth trials. Patients
assigned to rivaroxaban were given 15 mg orally twice-dail1 days, followed by 20 mg
once-daily. Patients assigned to standard-therapy received enoxsyiacutaneously at a
dose of 1.0 mg/kg body weight twice-daily and either oral warfarinacenocoumarol
(international normalized ratio (INR), 2.0-3.0), started within 48 houes eihdomization.
Patients were treated for 3, 6, or 12 months, as determined locally.

Follow-up and outcome assessment

Both studies used the same protocol to ascertain outcomes. Paweatéollowed for the
intended treatment period and assessed at fixed intervals thatidestical in the two
treatment groups [8,9]. The prespecified efficacy outcome wagtsynatic recurrent VTE,
i.e. the composite of fatal or nonfatal PE or DVT [8,9]. The prespdcprincipal safety
outcome was clinically relevant bleeding, defined as the compafsiteajor and nonmajor
clinically relevant bleeding, as described previously [8,9]. Blegdias defined as major if it
was clinically overt and associated with a decrease in Hlemo level of>2.0 g/dl; if
bleeding led to the transfusion ®2 units of red cells; or if bleeding was intracranial or
retroperitoneal, occurred in another critical site, or contribudedeath. Nonmajor clinically
relevant bleeding was defined as overt bleeding that did not theetriteria for major
bleeding but was associated with medical intervention, unscheduledtosittaa physician,
interruption or discontinuation of study drug, or discomfort or impairneérdactivities of
daily life. We also prespecified to analyze net clinical dignwhich was defined as the
composite of the primary efficacy outcome and major bleeding.

Key clinical subgroups

Efficacy and safety outcomes were separately analyzedyirpiespecified subgroups of
patients, i.e. fragile patients, those with cancer, patients witexdous VTE, and patients
presenting with a large clot burden. Fragility was defined asoomaore of the following
criteria: age >75 years, calculated creatinine clearancemf&tin, or low body weight<{50
kg). The presence of cancer was categorized as known active aastady entry or cancer
diagnosed during treatment. The extent of DVT or PE was defised) dimited, if
thrombosis was not above the popliteal vein or PE was confirmedgitmla lobe involving
<25% of the vasculature of that lobe, or (ii) extensive, if thromhaosslved the common
femoral and/or iliac vein or if PE involved multiple lobes and @éid >25% of the entire



pulmonary vasculature. All other results for thrombosis and PE wkassified as
intermediate.

Statistical analysis

The EINSTEIN-DVT and EINSTEIN-PE studies were each desigoetest the hypothesis
that rivaroxaban would be noninferior to standard-therapy. Each stasl\yvent-driven and
required a number of events to provide 90% power using a margin fufr2lée upper limit
of the 95% confidence interval (ClI) for the estimated hazard, r@dd a two-sided alpha of
0.05. For the pooled analysis, the prespecified noninferiority margin was 1.75 [14].

The primary efficacy analysis was performed on an intentigretd basis with the use of a
Cox proportional hazards model stratified according to the quadifidVT or PE and the

intended duration of treatment, with adjustment for the presence arcabskactive cancer

at baseline.

Homogeneity of the DVT and PE evaluations was tested with thle-SBaon test of
gualitative interaction [15]. Weighted absolute risk differencestlaeid Cls were calculated
using the Mantel-Haenszel asymptotic method with the weightsl lnges sample sizes per
stratum.

To compare the pattern of major bleeding, the first event wagaazed as (i) fatal, (ii)
nonfatal, but in a critical organ or site, or (iii) associatedhitfall in hemoglobin and/or
need for transfusion. The mean time during which the INR was ithénapeutic range was
calculated after the discontinuation of enoxaparin, with correctionnferruptions in the
administration of VKAs or the use of concomitant heparins.

Results

Patients

Between March 2007 and March 2011, a total of 8282 patients were riaedaah 314 sites
in 38 countries; 4151 patients were assigned to receive rivaroxaban andet&3dssigned
to receive standard-therapy (Figure 1). The characterigtitke patients in the treatment
groups were similar at baseline in both studies (Table 1) [8,9].

Figure 1 Enrolment and outcomesVKA, Vitamin K antagonist.




Table 1 Demographic and clinical characteristics
EINSTEIN-DVT [8] EINSTEIN-PE [9] EINSTEIN pooled

Rivaroxaban Enoxaparin/lVKA Rivaroxaban Enoxaparin/VKA Rivaroxaban Enoxaparin/VKA
(N=1731) (N=1718) (N =2419) (N =2413) (N =4151) (N =4131)

Male sex—n (%) 993 (57.4) 967 (56.3) 1309 (54.1) 1247 (51.7) 2302 (55.5) 2214 (53.6)
Mean age—years + SD 55.8+16.4 56.4 +16.3 57.9+7.3 57.5+7.2 57.0+17.0 57.0+16.8
Risk factor associated with VTE—n (%)
Recent surgery or trauma 338 (19.5) 335 (19.5) 415 (17.2) 398 (16.5) 753 (18.1) 733 (17.7)
Previous VTE 336 (19.4) 330 (19.2) 455 (18.8) 489 (20.3) 791 (19.1) 819 (19.8)
Active cancer 118 (6.8) 89 (5.2) 114 (4.7) 109 (4.5) 232 (5.6) 198 (4.8)
Estrogen therapy 140 (8.1) 115 (6.7) 207 (8.6) 223 (9.2) 347 (8.4) 338 (8.2)
Immobilization 265 (15.3) 260 (15.1) 384 (15.9) 380 (15.7) 649 (15.6) 640 (15.5)
Known thrombophilic condition 107 (6.2) 116 (6.8) 138 (5.7) 121 (5.0) 245 (5.9) 237 (5.7)
Unprovoked VTE 1055 (60.9) 1083 (63.0) 1566 (64.7) 1551 (64.3) 2621 (63.1) 2634 (63.8)
Duration of study treatment—days (mean [SD])* 193.6 (89.3) 187.5 (92.5) 216.3 (98.7) 214.3 (98.9) 207.6 £+ 26328 +97.4

*Duration of actual study treatment after randomization until end afrtrent (safety population).
D, Standard deviatioryKA, Vitamin K antagonistyTE, Venous thromboembolism.



Treatment and follow-up

In the standard-therapy group, the median duration of enoxaparin éreatwas 6 days
(interquartile range, 4-9 days), and the INR at the end of enoxapmaimént was2.0 in
82.2% of patients. The mean percentage of time during which the #8Rmvthe therapeutic
range (2.0-3.0) was 61.7%; the corresponding percentages for an3INRurd <2.0 were
16.0% and 22.3%, respectively. In the rivaroxaban group, adherence to thes80%ain
93.5% of patients. The mean duration of study treatment was simiteth treatment arms
overall (207.6 = 95.9 days in the rivaroxaban group and 204.0 = 97.2 days in thedstandar
therapy group in the intention-to-treat population) and in prespecifigdnpaubgroups
(Table 2).



Table 2 Efficacy and safety outcomes and net clinical benefit in all patientnd selected patient subgroups

Patient group

Mean duration of treatment Recurrent venous thromboembolism Nonmajor clinically relevant and major bleeding Major bleeding Net clinical benefit
; Enoxaparin/ ) Enoxaparin/ . Enoxaparin/ . E in/ . E in/
Rivaroxaban p parin noxaparin noxaparin,
VKA Rivaroxaban VKA HR (95 % CI) Rivaroxaban VKA HR (95 % CI) Rivaroxaban VKA HR (95 % CI) Rivaroxaban VKA HR (95 % CI)
n/N (%) nIN (%) n/N (%) niN (%) n/N (%) nIN (%) n/N (%) niN (%)
Days + SD Days + SD

All

Fragile
Nonfragile

Cancer

No cancer

Previous DVT/PE
No previous DVT/PE
Clot burden (limited

207.6+959  204.0+97.2  86/4150 (2.1)  95/4131(2.3)  0.89 (0.66-1.19)  388/4130 (9.4) 412/4116 (1OD)0.81-1.06)  40/4130 (1.0) 72/4116 (1.7)0.54 (0.37-0.79)  134/4150 (3.2)69/4131 (4.1) 0.77 (0.61-0.97)

196.8+97.5 187.2+1025  21/791(2.7)  30/782(3.8)  0.68(0.39-1.18)  97/788 (12.3) 109/779 A48D)0.64-1.11)  10/788 (1.3)  35/779 (4.5) 0.27 (0.13-0.54)*  36/791 (4.6)  66/782 (8.4)  0.51 (0.34—
2101954 2080955  65/3359 (1.9)  65/3349 (1.9)  0.98 (0.69-1.38)  291/3342 (8.7) 303I33370(95 (0.81-1.12)  30/3342 (0.9) 37/3337 (1.1)0.80 (0.49-1.29)  98/3359 (2.9)103/3349 (3.1)  0.93 (0.71~1.23)

179.0+£96.9 167.7+103.1  16/316 (5.1)  20/281(7.1)  0.69 (0.36-1.33)  48/316 (15.2)  44/278 (AM)(0.62—1.41) 9/316 (2.8)  14/278 (5.0)  0.53(0.23-1.23)  26/316 (8.2) 37/281(13.2)  0.60 (0.36-
209.3+956  205.8+96.6  70/3834 (1.8)  75/3850 (1.9)  0.93 (0.67-1.29)  340/382BEBMB32 (9.6) 0.92 (0.79-1.06)  31/3820 (0'8) 58/3832 (1.5) 0.53 (0.34-0.82)  108/3834 (2.8)32/3850 (3.4) 0.81 (0.63-1.05)
250.0+102.0 2526+107.1  11/791(1.4)  25/819 (3.1)  0.45(0.25-0.97p/788 (8.9)  91/813 (11.2)  0.77 (0.57-1.06) 7/788 (0.9)  14/813 (1.7)  0.51(0.21-1.27)  20/791 (2.5)  39/819043)0.31-0.90)

1954 +90.3  192.0+90.8  75/3359(2.2) 70/3312(2.1)  1.04 (0.75-1.45)  3{8/8B45B21/3303 (9.7) 0.96 (0.82-1.12)  33/3342 (1.0) 58/3303 (1.8)54 (0.35-0.83)  114/3359 (3.4)30/3312 (3.9) 0.84 (0.66-1.08)
197.6+932  197.1+94.1 10/799 (1.3)  19/815(2.3)  0.51(0.24-1.10)  73/796 (9.2)  76/813(9.3)  0.97 (0.70-183296 (1.0)  11/813 (1.4)  0.75(0.30-1.87)  20/799 (2.5)  30/815(3.7)  0.65 (0.37-1.

Clot burden (intermediatt) ~ 215.0+945  206.1+96.4  41/1873 (2.2) 49/1881 (2.6)  0.82 (0.54-1.24)  181/1864 (9.7) 189/1876 (1951§0.78-1.17)  20/1864 (1.1) 32/1876 (1.7)0.62 (0.36-1.09)  65/1873 (3.5)81/1881 (4.3)  0.79 (0.57—1.10)
Clot burden (extensivé) 2058+97.8 2052+100.0 35/1364 (2.6) 26/1327 (2.0)  1.29 (0.78-2.15)  126/1359 (9.3) 134/1326 Q1901(0.71-1.15)  11/1359 (0.8) 28/1326 (2.1)0.36 (0.18-0.73)  48/1364 (3.5)56/1327 (4.2)  0.81 (0.55-1.19)

*For major bleeding, the p-value for the treatmgrdup x fragility interaction was 0.011, suggestirgerogeneity'For net clinical benefit, the p-value for the traant group x fragility
interaction was 0.017In this analysis, six DVT patients were randomitedivaroxaban but received comparafior recurrent VTE, the p-value for the treatmemiugr x previous DVT/PE
was 0.032. For all other outcomes and analysemtbeactions between treatment group and the sulpgrof fragility [yes/no], baseline cancer [yes/maevious DVT/PE [yes/no], clot burden
for outcomes [limited/intermediate/extensive]), M@eractionsWere larger than 0.05 (nonsignificant) calculabgdthe corresponding Cox proportional hazards n@oded the clot burden
analysis, a total of 71 patients in the rivaroxagesup and 68 patients in the enoxaparin/VKA grbag missing data. A further 43 and 40 patienthertvaroxaban and enoxaparin/VKA
groups, respectively, did not have confirmed DVd &t.

Cl, Confidence intervaDVT, Deep vein thrombosi$|R, Hazard ratioPE, Pulmonary embolismV/KA, Vitamin K antagonist.



Clinical outcomes

The primary efficacy outcome occurred in 86 (2.1%) rivaroxabaerdatcompared with 95
(2.3%) standard-therapy patients; hazard ratio, 0.89 (95% CI, 0.66 to dn¥33jded p <
0.001 for the noninferiority margin of 1.75 and two-sided p = 0.41 for supgriand
absolute risk reduction of 0.2% in favor of rivaroxaban (95% CI, —0.99048%) (Table 3;
Figure 2). No heterogeneity between the DVT and PE emllts was present (Gail-Simon
test of qualitative interaction, p = 0.29).



Table 3 Clinical outcomes

EINSTEIN-DVT

EINSTEIN-PE

EINSTEIN pooled

Outcome Rivaroxaban Enoxaparin/VKA Rivaroxaban Enoxaparin/VKA Rivaroxaban Enoxaparin/VKA
Efficacy
Intention-to-treat population—N 1731 1718 2419 2413 4150 4131
First recurrent VTE—n (%) 36 (2.1) 51 (3.0) 50 (2.1) 44 (1.8) 86 (2.1) 983)2.
Fatal PE 0 0 2 1 2 (<0.1) 1(<0.1)
Death (PE cannot be excluded) 2 6 8 5 10 (0.2) 11 (0.3)
DVT and PE 1 0 0 2 1(<0.1) 2 (<0.1)
DVT only 14 28 18 17 32 (0.8) 45 (1.1)
PE only 19 17 22 19 41 (1.0) 36 (0.9)
Death from any cause—n (%) 38 (2.2) 49 (2.9) 58 (2.4) 50 (2.1) 96 (2.3) 991)2.
PE/PE not ruled out 4 6 11 7 15 (0.4) 13 (0.3)
Bleeding 1 5 5 4 6 (0.1) 9 (0.2)
Cardiovascular 2 4 10 3 12 (0.3) 7(0.2)
Other 31 34 32 36 63 (1.5) 70 (1.7)
Safety
N 1718 1711 2412 2405 4130 4116
First major plus nonmajor clinically relevant blaegievent—n (%) 139 (8.1) 138 (8.1) 249 (10.3) pUTU4) 388 (9.4) 412 (10.0)
First major bleeding event—n (%)
Any 14 (0.8) 20 (1.2) 26 (1.1) 52 (2.2) 40 (1.0) TZ(1.
Fatal bleeding 1(<0.1) 5(0.3) 2 (<0.1) 3(0.1) 3(<0.1) 8(0.2)
Retroperitoneal 0 0 0 1(<0.1) 0 1(<0.1)
Intracranial 0 2(0.1) 2 (<0.1) 2 (<0.1) 2 (<0.1) 4 (<0.1)
Gl/thorax 1(<0.1) 3(0.2) 0 0 1(<0.1) 3(<0.1)
Nonfatal in a critical site* 3(0.2) 3(0.2) 7 (0.3) 26 (1.1) 10 (0.2) 29 (0.7)
Retroperitoneal 0 1(<0.1) 1(<0.1) 6 (0.2) 1(<0.1) 7(0.2)
Intracranial 2(0.1) 0 1(<0.1) 10 (0.4) 3(<0.1) 10 (0.2)
Intraocular 1(<0.1) 0 2 (<0.1) 2 (<0.1) 3(<0.1) 2 (<0.1)
Pericardial - - 0 2 (<0.1) 0 2 (<0.1)
Intra-articular 0 1(<0.1) 0 3(0.2) 0 4 (<0.1)
Adrenal/pulmonary/abdominal - - 3(<0.1) 2 (<0.1) 3(<0.1) 2 (<0.1)
Nonfatal, noncritical site but associated wittathih hemoglobir>2 g/dl and/or 10 (0.6) 12 (0.7) 17 (0.7) 25 (1.0) 27 (0.7) 31])0.
transfusiong2 units
Nonmajor clinically relevant bleeding—n (%) 126 (7.3) 119 (7.0) 228 (9.5) 227 (9.4) 354 (8.6) 46 83.4)

*Columns may fail to sum because of additional tieg events at other sitéRefers to all nonmajor clinically relevant bleediexents, not just the first event.
DVT, Deep-vein thrombosigl, GastrointestinalPE, Pulmonary embolisn¥/KA, Vitamin K antagonistyTE, Venous thromboembolism.



Figure 2 Kaplan—Meier curves.A. Primary efficacy outcomd. Principal safety outcome
andC. Major bleedingvKA, Vitamin K antagonist.

By day 21, at the end of twice-daily rivaroxaban administratior, ghmary efficacy
outcome had occurred in 39 (0.9%) rivaroxaban patients and in 50 (4t286lard-therapy
patients.

The principal safety outcome, a first major or nonmajor clingcedlevant bleeding event,
occurred in 388 (9.4%) rivaroxaban patients compared with 412 patients (10.0%4g |
standard-therapy group; hazard ratio, 0.93 (95% CI, 0.81 to 1.06) and absolwtdutdion,
0.6% (95% CI, —1.9% to 0.7%; p = 0.27) (Table 3, Figure 2). A first nidgeding was
observed in 40 (1.0%) rivaroxaban patients and in 72 (1.7%) standard-thetagntspa
(hazard ratio, 0.54; 95% CI, 0.37 to 0.79; p = 0.002; absolute risk reduction, Oi@%onof
rivaroxaban; 95% CI, —1.3% to —0.3%; p = 0.002). The difference was dederprimarily
by the reductions in the numbers of intracranial (five vs. 13), rettopeal (one vs. eight),
and gastrointestinal (including rectal and anal) bleeding eventss(12) (Table 3). By day
21, major bleeding had occurred in 16 (0.4%) rivaroxaban patients and in 33 (0.8%) standard-
therapy patients. The composite of recurrent VTE and major ble@agiglinical benefit)
was significantly improved in patients treated with rivaroxabaoumwing in 134 of 4150
patients in the rivaroxaban group compared with 169 of 4131 patients iraticdusl-therapy
group (Table 2, hazard ratio, 0.77; 95% CI, 0.61 to 0.97).

Fragile patients

In total, 1573 patients (19.0%) were categorized as fragile becduage (n = 1279),
moderate or severe renal impairment (n = 649), or low body wenght 107). Rates of
recurrent VTE were higher in fragile patients than in nonfrgggligents (rivaroxaban 2.7%
vs. 1.9%; standard-therapy 3.8% vs. 1.9%, respectively). In fragile @rfcagile patients,
the difference in recurrence rates between the rivaroxaban arahsd-therapy groups was
not statistically significant (Table 2). In contrast, a stadally significant difference for
major bleeding in favor of rivaroxaban (1.3%) compared with stantierasy (4.5%) was
observed in fragile patients (hazard ratio, 0.27; 95% CI, 0.13 to 0.54; absskuteduction,
3.2%; 95% CIl -4.9% to -1.6%), whereas such differences were not sewnfiagile
patients (0.9% vs. 1.1%; p = 0.01 for interaction). The effects on eet\WiTE and bleeding
were consistent across the individual components that defined tlle fragulation (Figure
3). In fragile patients, the net clinical benefit (hazard ratio, ®5% CI, 0.34 to 0.77) was
statistically significantly more favorable in rivaroxaban patientb(@ 2).

Figure 3 Efficacy and safety outcomes in fragile patients and subgroups. Rrimary
efficacy.B. Major bleedingCl, Confidence intervalHR, Hazard ratioVKA, Vitamin K
antagonist.

Active cancer

A total of 430 patients (5.2%) had known active cancer at baselimereas 167 patients
(2.0%) were diagnosed with cancer during the study. In those \aithec at baseline,
recurrent VTE was observed in six (2.6%) of 232 rivaroxaban patients anght (4.0%) of
198 standard-therapy patients, whereas major bleeding occurrec i2.6%6) of 232
rivaroxaban patients and in eight (4.1%) of 196 standard-therapy pafiemisg the 167



patients diagnosed with cancer during the study, recurrent VEEli&gnosed in 10 (11.9%)
of 84 rivaroxaban patients and in 12 (14.5%) of 83 standard-therapptpatie this group,
major bleeding occurred in three (3.6%) and six (7.3%) patients, respectively.

In patients with cancer, recurrent VTE occurred in 16 (5.1%) ofi®&6oxaban patients and
in 20 (7.1%) of 281 standard-therapy patients (hazard ratio, 0.69; 95% CIl{001383;
absolute risk reduction, 2.0%; 95% CI -5.8% to 1.8%). Of the 16 evertie mvaroxaban
group, 13 occurred while patients were still on assigned treatntiemtcorresponding
numbers in the standard-therapy group were 20 and 16 events. Major bleeclmged in
nine patients (2.8%) and in 14 patients (5.0%), respectively (hazerd&3; 95% CI, 0.23
to 1.23; absolute risk reduction, —2.2%; 95% CI, —5.4% to 1.0%). In patients witr ctioec
net clinical benefit (hazard ratio, 0.60; 95% CI, 0.36 to 0.99) was &alltsignificantly
more favorable in rivaroxaban patients (Table 2).

Extent of deep-vein thrombosis and pulmonary embadim at study entry

Among patients with limited thrombosis, recurrent VTE occurredlOn(1.3%) of 799
rivaroxaban patients compared with 19 (2.3%) of 815 standard-therapytpaln those with
an intermediate clot burden, these incidences were 2.2% (41 of 1873p&n {2 of 1881),
respectively. In patients with extensive clots, recurrent VTE feand in 2.6% (35 of 1364)
of rivaroxaban patients and in 2.0% (26 of 1327) of standard-therapy patients (Table 2).

Previous venous thromboembolism

Of the 1610 patients who had a previous venous thromboembolic event aestygdyl1l of
791 patients (1.4%) in the rivaroxaban group and 25 of 819 patients (3.18€) stahdard-
therapy group developed a recurrent venous thromboembolic event (hazar@.4&] 95%
Cl, 0.22 to 0.91). This compared with 75 of 3359 patients (2.2%) in the rivaroxatgm gr
and 70 of 3312 patients (2.1%) in the standard-therapy group who preséttteal fiwst
episode of VTE (hazard ratio, 1.04; 95% CI, 0.75 to 1.45). In patients wittopseViTE, the
net clinical benefit (hazard ratio, 0.52; 95% CI, 0.31 to 0.90) was ®&@llstsignificantly
more favorable in patients treated with rivaroxaban (Table 2).

Discussion

This prespecified pooled analysis of two large, randomized studirmtdathe efficacy and
safety of a single-drug approach with oral, fixed-dose rivaroxakesus the combination of
subcutaneous enoxaparin and INR-titrated VKA therapy in patietitsacute symptomatic
VTE. We found that rivaroxaban had similar efficacy as standemdypy and was associated
with a significantly lower rate of major bleeding. Efficaamyd safety results were consistent
among key patient subgroups. Overall, the rates of recurrent VTEhajod bleeding were
low in the standard-therapy group and were similar to those in cpatany clinical studies
[5,10,16,17].

Some limitations of our study should be noted. Firstly, we used arlaipeindesign that
could have biased assessment of outcomes. Nevertheless, effoetssmade to limit
investigator bias, including the requirement to use objective alidhieal tests to confirm
suspected recurrent VTE and the use of an independent committee, méobers were
blinded to treatment assignment, to adjudicate outcome events. Sedaonitilg, standard-



therapy arm the choice of VKA was limited to acenocoumarol artawin, which might not
have been the VKA of choice for some participating centers. HowiN@rmonitoring was
intensive and required assessment at least once a month. Thatieméspspent in the target
therapeutic range (INR, 2.0-3.0) was in line with that achieved inropotary studies [18].
Therefore, we believe the results obtained in this large, gltbdy,swith limited exclusion
criteria, are valid and can be generalized to typical patients with DVTraPH/0

Pooling the results of EINSTEIN-DVT and EINSTEIN-PE enabledauslerive clinically
relevant results for important subgroups of patients. Large clots dnstory of (multiple
episodes of) VTE are conditions that are of special concermioiahs. Here, the efficacy of
rivaroxaban was similar in patients presenting with small, nm¢eiate, or extensive DVT or
PE and was similar to standard-therapy. Likewise, the effichgivaroxaban was similar
both in patients presenting with a first episode of VTE and in thakeanhistory of one or
more episodes of VTE.

Bleeding is the most common complication of anticoagulant treatnre this analysis, it

occurred as often in patients receiving rivaroxaban as in patesgs/ing standard-therapy.
However, major bleeding, the most worrying complication, wagsstatly significantly less

frequent in patients treated with rivaroxaban. This reduction was mainly in fatal and
nonfatal critical-site bleeding, such as intracranial and rattopeal bleeding. It is well

known that VKA therapy is a challenge in patients who are eldbdye impaired renal
function, are frail, or have cancer. Particularly in these mpigtierivaroxaban yielded
favorable clinical results. In fragile patients, the incidencengjor bleeding was reduced
from 4.5% with standard-therapy to 1.3% with rivaroxaban. This trassiato averting one
major bleeding event for every 31 fragile patients treateth witaroxaban rather than
standard-therapy, and the risk of recurrent VTE remained sirnlgatients with cancer, the
incidence of both bleeding and recurrent VTE tended to be lower,ingsuita favorable

benefit—risk profile. However, selective inclusion of patients widncer might have

occurred: patients with a life expectancy of <3 months weotué&d, and, according to
guidelines, long-term subcutaneous low-molecular-weight hepatire iseatment of choice
for patients with VTE and cancer [19]. In addition, patients diagnestdd cancer after

randomization were retrospectively reclassified to the camreup. However, unless
rivaroxaban or standard-therapy could have differential effects rew diagnosis of cancer
during the trial, the principle of randomization was maintainadguan intention-to-treat
approach to the analysis. Therefore, we believe that in patietiiscamcer who develop
VTE, rivaroxaban may be considered as an alternative in those iceawhich the attending
physician would have given standard-therapy rather than long-ternrméd@cular-weight

heparin. Based on the observed results in patients with cancer,-toHesati comparison of
rivaroxaban with long-term low-molecular-weight heparin seems warranted.

Conclusions

The prespecified, individual, patient data meta-analysis presentednoirded more than
8000 patients and shows that rivaroxaban can be used as a single-daartagdpr the

treatment of acute symptomatic DVT and/or PE. Particulartiiose patients in whom VKA
therapy is associated with an increase in complications, usgapbxaban resulted in an
important safety advantage.



Abbreviations

DVT, Deep-vein thrombosis; INR, International normalized ratio; PE, Pul@mbolism;
VKA, Vitamin K antagonist; VTE, Venous thromboembolism

Competing interests

Bayer HealthCare and Janssen Pharmaceuticals supported thisvatoelyinvolved in the
design of the trial, and collected and analyzed the data. MHRebeised research support
and honoraria, and participated in advisory boards for Bayer HealthEamefi-aventis,
Boehringer Ingelheim, GlaxoSmithKline, Daiichi Sankyo, LeoPharfihaomboGenics, and
Pfizer. AWAL and SDB are employees of Bayer HealthCarerrRaeeuticals. RB has
received research support from Bayer HealthCare PharmadsutBristol-Myers Squibb,
Boehringer and Daiichi Sankyo, and participated in scientific advisoards organized by
all of the former companies. BvB has been an Advisory Board nreimbBayer HealthCare
Pharmaceuticals. HB has received research grant support fromSuies National
Foundation, Daiichi Sankyo, and Bayer Schering Pharma as well asaharfor lectures or
consultancy from Pfizer and Bayer Schering Pharma. TAB hasvest consultancy fees
from Pfizer Australia, GlaxoSmithKline Australia, Amgen Aa$i, Boehringer Ingelheim,
Bayer Australia, and Daiichi Sankyo. ATC has served on advisory bfmrBsyer, Bristol-
Myers Squibb, Daiichi Sankyo, Johnson & Johnson, Pfizer, Portola, and Sambfhaa
received consulting fees, lecture fees, support for manuscriparateon, and payment for
the development of educational presentations from Astellas, AsgaZgeBayer, Boehringer
Ingelheim, and Bristol-Myers Squibb. BLD is a member of steecmmgmittees for Bayer
and Daiichi Sankyo. HD is a member of the study managemenoandiimation Committee
for the EINSTEIN study program; has received grants from B&ghering Pharma; and has
participated as a board member for Daiichi Sankyo, SanofiHayemd GlaxoSmithKline.
GER has received consulting fees or honoraria from ICTOM/BéigalthCare, Takeda
R&D, and Quintiles. PSW has received research support fronoB¥sters Squibb, Pfizer;
has participated on scientific advisory boards for Bayer SdaphdPharma, Pfizer, and
Boehringer Ingelheim; and has received honoraria from Bayer Sgheharma, Pfizer, and
Biomerieux.

Authors’ contributions

MHP and AWAL created the initial draft version of this manuscAfitauthors made critical
revisions of the manuscript for important intellectual content, apprtheedinal version of
the manuscript for submission, and contributed to the study concept,n dasd)
implementation.

Authors’ information

The EINSTEIN study group Writing Committee:

Martin H Prins, Anthonie WA Lensing, Rupert Bauersachs, Bonno van rBeHenri
Bounameaux, Timothy A Brighton, Alexander T Cohen, Bruce L Davidson, Hieéusus,
Gary E Raskob, Scott D Berkowitz, Philip S Wells

The members of the Writing Committee take responsibility ier dontent and integrity of
this article.



Acknowledgments

The investigators thank Alice Benson, Katharina Miller, and Akos f fRam Bayer

HealthCare Biometry for statistical assistance. The imegsts would also like to thank
David Whitford for editorial assistance in the preparation of tlaauscript, with funding

from Bayer HealthCare Pharmaceuticals and Janssen ScientificsAHB(C.

Appendix

Members of the EINSTEIN Investigators are listed in the supghany information
(Additional file 1).

References

1. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’Fallon WM, IMa LJ IlI: Trends
in the incidence of deep vein thrombosis and pulmonary emhbem: a 25-year
population-based study Arch Intern Med 1998,158:585-593.

2. Oger Eincidence of venous thromboembolism: a community-based study Western
France. EPI-GETBP Study Group. Groupe d’Etude de la Thrombos de Bretagne
Occidentale. Thromb Haemost 2000,83:657—-660.

3. Prandoni P, Lensing AW, Buller HR, Carta M, Cogo A, Vigo M, GagarRuol A, ten
Cate JW:Comparison of subcutaneous low-molecular-weight heparin withniravenous
standard heparin in proximal deep-vein thrombosisLancet 1992,339:441-445.

4. The Columbus Investigatord:ow-molecular-weight heparin in the treatment of
patients with venous thromboembolismN Engl J Med 1997,337:657—662.

5. Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, ErikesdBaanstra D,
Schnee J, Goldhaber Sz, for the RE-COVER Study Grbapigatran versus warfarin in
the treatment of acute venous thromboembolismN Engl J Med 2009,361:2342—-2352.

6. Schulman S, Kearon C, Kakkar AK, Schellong S, Eriksson H, Baanskaame AM,
Friedman J, Mismetti P, Goldhaber SZtended use of dabigatran, warfarin, or placebo
in venous thromboembolismN Engl J Med 2013,368:709-718.

7. Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, PoaRaskob GE,
Weitz JI, AMPLIFY-EXT Investigators:Apixaban for extended treatment of venous
thromboembolism.N Engl J Med 2013,368:699—-708.

8. The EINSTEIN Investigators:Oral rivaroxaban for symptomatic venous
thromboembolism.N Engl J Med 2010,363:2499-2510.

9. The EINSTEIN-PE Investigator@ral rivaroxaban for the treatment of symptomatic
pulmonary embolism.N Engl J Med 2012,366:1287-1297.



10. Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, Masiukiew, Pak
R, Thompson J, Raskob GE, Weitz JI, AMPLIFY Investigat@sal apixaban for the
treatment of acute venous thromboembolismN Engl J Med 2013,369:799-808.

11. Hutten BA, Lensing AW, Kraaijenhagen RA, Prins M¥#fety of treatment with oral
anticoagulants in the elderly. A systematic reviewDrugs Aging 1999,14:303-312.

12. Bauersachs R, Lensing AWA, Pap A, Decousudéineed for a rivaroxaban dose
reduction in renally impaired patients with symptomatic venous thromboembolism
[abstract]. J Thromb Haemost 2013,11:30—-31. Abstract AS 20.2.

13. Prandoni P, Lensing AWA, Piccioli A, Bernardi E, Simioni P, Girol8, Marchiori A,
Sabbion P, Prins MH, Noventa F, Girolami Recurrent venous thromboembolism and
bleeding complications during anticoagulant treatment in patiats with cancer and
venous thrombosisBlood 2002,100:3484—-3488.

14. Prins MH, Lensing AWADerivation of the non-inferiority margin for the evaluation
of direct oral anticoagulants in the treatment of venous throrhoembolism. Thromb J
2013,11:13.

15. Gail M, Simon RTesting for qualitative interactions between treatment efcts and
patient subsetsBiometrics 1985,41:361-372.

16. van Gogh Investigators, Biller HR, Cohen AT, Davidson B, Decous@alys AS,
Gent M, Pillion G, Piovella F, Prins MH, Raskob GHraparinux versus standard
therapy for venous thromboembolic diseaseN Engl J Med 2007,357:1094-1104.

17. Zondag W, Mos IC, Creemers-Schild D, Hoogerbrugge AD, DekkersDadma J,
Eijsvogel M, Faber LM, Hofstee HM, Hovens MM, Jonkers GJ, Varitkgan KW, Kruip
MJ, Vlasveld T, De Vreede MJ, Huisman M8utpatient treatment in patients with acute
pulmonary embolism: the Hestia Study.J Thromb Haemost 2011,9:1500-1507.

18. Erkens PM, Ten Cate H, Buller HR, Prins MBenchmark for time in therapeutic
range in venous thromboembolism: a systematic review and naetanalysis. PLoS One
2012,7:e42269.

19. Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, Goldhabéte®&on
ME, Wells PS, Gould MK, Dentali F, Crowther M, Kahn SRkiatithrombotic therapy for
VTE disease: antithrombotic therapy and prevention of thromhosis, 9th ed: American
College of Chest Physicians evidence-based clinical practicgiidelines. Chest 2012,
141:¢419S—-e494S.

Additional file

Additional _file_1 as DOCX
Additional file 1 Members of the EINSTEIN Investigators.



8282 Patients were randomized
in the pooled analysis
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Rivaroxaban Enoxaparin/VKA HR (95% CI)
n/N % n/N % Favors Favors
Rivaroxaban Enoxaparin/VKA
Nonfragile 65/3359 1.9 65/3349 1.9 "‘L
Fragile 21/791 2.7 30/782 3.8 ——
Age >75 years 15/656 2.3 23/627 3.7 ——
Creatini I
reatinine ciearance 11/332 33 11/322 3.4 ——
<50 ml/min
Body weight <50 kg 3/42 74 2/66 3.0 4
T T 1
0.1 1 10 100
Rivaroxaban Enoxaparin/VKA HR (95% CI)
n/N % n/N % Favors Favors
Rivaroxaban Enoxaparin
VKA
Nonfragile 30/3342 0.9 37/3337 1.1 —
Fragile 10/788 1.3 35/779 4.5 ——
Age >75 years 8/655 1.2 28/624 4.5 ——
Creatinine clearance
. 3/329 0.9 13/320 4.1 —_——
<50 ml/min
Body weight <50 kg 0/42 0.0 3/65 4.6 Nonestimable
T T 1
Figure 3 0.01 0.1 1 10
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