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Key Points

e TSOACs are associated with
less major bleeding, fatal
bleeding, clinically relevant
nonmajor bleeding, and total
bleeding.

e The meta-analysis does not
show increased risk of major
gastrointestinal bleeding in
patients who received
TSOACs compared with
warfarin.

Vitamin K antagonists (VKAs) have been the standard of care for treatment of thromboembolic
diseases. Target-specific oral anticoagulants (TSOACs) have been developed and found to be
at least noninferior to VKAs with regard to efficacy, but the risk of bleeding with TSOACs
remains controversial. We performed a systematic review and meta-analysis of phase-3
randomized controlled trials (RCTs) to assess the bleeding side effects of TSOACs compared
with VKAs in patients with venous thromboembolism or atrial fibrillation. We searched
MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials; conference
abstracts; and www.clinicaltrials.gov with no language restriction. Two reviewers in-
dependently performed study selection, data extraction, and study quality assessment.
Twelve RCTs involving 102 607 patients were retrieved. TSOACSs significantly reduced the
risk of overall major bleeding (relative risk [RR] 0.72, P < .01), fatal bleeding (RR 0.53,
P < .01), intracranial bleeding (RR 0.43, P < .01), clinically relevant nonmajor bleeding
(RR 0.78, P < .01), and total bleeding (RR 0.76, P < .01). There was no significant
difference in major gastrointestinal bleeding between TSOACs and VKAs (RR 0.94,
P = .62). When compared with VKAs, TSOACs are associated with less major bleeding,
fatal bleeding, intracranial bleeding, clinically relevant nonmajor bleeding, and total bleeding. Additionally, TSOACs do not increase

the risk of gastrointestinal bleeding. (Blood. 2014;124(15):2450-2458)

Introduction

Vitamin K antagonists (VKAs) have been the standard of care for
thromboembolic diseases including venous thromboembolism (VTE)
and stroke from systemic embolism attributable to atrial fibrilla-
tion (AF). VKAs provide an estimated 95% relative risk (RR) re-
duction in recurrent VTE compared with the placebo.' In nonvalvular
AF (NVAF), VKAs are highly effective for the prevention of stroke
with arelative reduction of 65% compared with placebo.> Although
effective, the major obstacle to the use of VKAs is bleeding com-
plications. The rate of major bleeding among long-term users of
VKAs is 1.5% to 5.2% per year. The mortality rate from major
bleeding events exceeds 13%.>* Intracranial bleeding is the most
devastating complication of VKA use, comprising ~8.7% of all major
bleeding episodes and resulting in a 46% to 55% mortality rate.”®

Apart from hemorrhage, VKAs have several limitations including
the need for laboratory monitoring, dietary and drug interactions,
a slow onset of action, and a narrow therapeutic window. Target-
specific oral anticoagulants (TSOACs), which directly inhibit
coagulation factor Xa (rivaroxaban, apixaban, edoxaban, betrixaban,
and darexaban) or thrombin (dabigatran) have been developed to
overcome these limitations.

Recent clinical trials demonstrated that TSOACs were non-
inferior to VK As for the treatment of acute VTE’™ and extended use
of TSOAC:s reduced the risk of recurrent VTE when compared with

placebo.'®!! Furthermore, TSOACs demonstrated comparable or
better efficacy to VKAs with respect to the prevention of stroke or
systemic embolism in patients with AF.'%"!

Bleeding still remains a major concern of TSOACs. The risk of
bleeding from TSOACS is uncertain, and reported rates are conflicting
and heterogeneous. Despite some clinical trials reporting that TSOACs
are associated with lower risks of major bleeding,®'*'* other studies
suggest that the bleeding profiles are similar to that of VKAs.'*'® No-
tably, the real-world data suggest the observed bleeding risk is lower
than that experienced using warfarin.'” Although systematic reviews on
the efficacy and safety of TSOACs have been published, '8 there are
no systematic reviews examining the bleeding complications across
various indications of TSOACs. We therefore performed a systematic
review and meta-analysis to examine the impact of bleeding complica-
tions of TSOACs compared with the VKAs in patients with VTE or AF.

Methods

Selection criteria

Studies were included if they were phase-3 randomized controlled trials
(RCTs) of adult patients at least 18 years old who received a TSOAC
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(dabigatran, rivaroxaban, apixaban, edoxaban, betrixaban, or darexaban) for
the treatment of VTE (deep vein thrombosis [DVT] or pulmonary embolism
[PE]) or stroke and systemic embolism prevention from AF compared with
VKAs and reported the rate of bleeding between the groups. Studies that used
heparin or low-molecular-weight heparin (LMWH) followed by VKAs were
also included. There were no limitations based on blinding, language, or
publication status. We included unpublished trials if the methodology and
data met our eligibility criteria. We excluded studies of TSOACs used for
primary VTE prophylaxis or other indications (eg, mechanical heart valves,
acute coronary syndrome, and treatment of thrombus in left atrial appendage).
We excluded ximelagatran as this drug has been withdrawn from the market.
We excluded studies that used non-VKAs as the comparator (eg, aspirin,
heparin, and placebo). Cointervention with antiplatelet agent (aspirin or
clopidogrel) was allowed. The primary outcome of the review was major
bleeding as defined by the International Society on Thrombosis and Haemo-
stasis (ISTH)*' or as defined by the studies. The secondary outcomes included
fatal bleeding, intracranial bleeding, clinically relevant nonmajor bleeding, total
bleeding, and gastrointestinal (GI) bleeding (as defined by the studies).

Data sources and searches

The electronic searches were performed in MEDLINE, EMBASE, and the
Cochrane Central Register of Controlled Trials databases. The search strategy
for MEDLINE is available in supplemental Table 1 (available on the Blood Web
site). The search strategy was slightly modified for the other databases. The articles
published from inception to January 2014 were eligible for inclusion in this review.
A search for unpublished studies was performed in January 2014 using
www.clinicaltrials.gov. We also manually searched abstract books (January
2006 to January 2014) from the congresses of the American Society of
Hematology, European Hematology Association, ISTH, American College
of Cardiology, European Society of Cardiology, and American Heart
Association. Reference lists of relevant articles were manually reviewed.

Study selection

Two reviewers (C.C.-A. and T.I.) performed the study selection indepen-
dently based on the defined inclusion and exclusion criteria. Disagreements
were resolved through discussion or through a third reviewer (W.L.). The
K statistic was used to assess the agreement between reviewers for study
selection. A k value of 0.75 or more indicates excellent agreement.*? For trials
that reported results in more than 1 publication, we extracted data from the
most complete publication and used the other publications to clarify the
data. The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement for reporting of systematic reviews and meta-analyses
of randomized clinical trials was followed.?*

Data extraction

Two reviewers (C.C.-A. and T.I.) performed data extraction independently
using standardized data extraction sheets. Discrepancies between the
reviewers were resolved by consensus or through a third reviewer (W.L). The
following data were extracted from the included trials: study design, year of
publication, source of funding, population characteristics (number of patients,
mean or median age, and sex), therapeutic indication (VTE or AF), in-
terventions (type of TSOAC and duration of treatment), treatment in the
control arm, cointerventions, mean time in therapeutic range (TTR) during
VKA therapy, and relevant information related to bleeding (major bleeding
[as per ISTH or defined by the study], fatal bleeding, intracranial hemorrhage,
clinically relevant nonmajor bleeding, total bleeding, and GI bleeding).

Quality assessment

In order to ascertain the validity of eligible randomized trails, 2 reviewers
(C.C.-A. and T.L) independently assessed study quality using the methods
specified in the Cochrane Handbook for Systematic Reviews of Interven-
tions.?*> This tool evaluates the following domains: allocation sequence
generation, allocation concealment, methods of blinding, completeness of
outcome data, selective outcome reporting, and other risks of bias. A
judgment of “Yes” indicates a low risk of bias, “No” indicates a high risk of bias,
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and “Unclear” indicates an unclear risk of bias. Disagreement was resolved by
discussion or through a third reviewer (W.L). Rating of the overall quality of
evidence was performed using the Grading of Recommendations Assessment,
Development, and Evaluation system for systematic reviews.>*

Data synthesis and analysis

Primary analyses. Baseline characteristics of the included studies were
summarized using descriptive statistics. Results from the different TSOACs
were pooled to perform an overall comparison with VKAs. We calculated
a pooled RR and corresponding 95% confidence interval (CI) for the out-
comes of major bleeding and other secondary outcomes using the Mantel-
Haneszel random-effects model. A P value <<.05 was considered statistically
significant. The rationale for the use of a random-effects model was based on
the assumption that there was heterogeneity in the individual studies as
a result of variation in indication for treatment, types of TSOAC, duration of
treatment, and individual patients’ characteristics.>> Forest plots were created
for each outcome. Absolute risk differences with 95% ClIs and the number
needed to treat (NNT) were reported. All analyses were performed using
Review Manager (RevMan, version 5.2; the Nordic Cochrane Centre, the
Cochrane Collaboration, 2012, Copenhagen, Denmark).

Heterogeneity between individual studies was formally assessed using the
I? statistic ([Q — degrees of freedom]/Q X 100).%2 An IZ of 0 to 40% was
considered unimportant heterogeneity; 30% to 60%, moderate heterogeneity;
and 50% to 90%, substantial heterogeneity. An I of 75% to 100% indicates
that variability in the effect estimate is attributable to considerable
heterogeneity.?? In order to assess for publication bias, we investigated the
funnel plots of effect size vs standard error of the effect estimate. Potential
publication bias was considered if the visual inspection of the funnel plots
revealed substantial asymmetry.*®

Subgroup analyses. We performed 2 prespecified a priori subgroup
analyses, namely the indication for anticoagulation (AF vs VTE) and types of
TSOAC (dabigatran, rivaroxaban, apixaban, and edoxaban).

Sensitivity analyses. We performed 3 sensitivity analyses. The first was
based on the quality of the studies to demonstrate the robustness of the effect
estimates when studies with a high risk of bias were excluded. Studies were
considered low quality if there was a lack of blinding or if there was a “No”
response in the Risk of Bias Assessment table (supplemental Figure 2). We
also repeated our analyses based on the duration of treatment (=12 months
and >12 months). Finally, because we used the random-effects model in the
primary analyses, we performed an analysis using a fixed-effects model.

Results
Study identification and selection

Using electronic searches in MEDLINE, EMBASE, and the
Cochrane Central Register of Controlled Trials, 7937 citations
were obtained. An additional 28 studies were identified from hand
searching conference proceedings (supplemental Figure 1). After
removal of 2675 duplicates, we screened 5290 references through
title and abstract review. Of these, 77 studies underwent full-text
review. After full-text review, 65 studies were excluded. Reasons
for exclusion were duplicate or multiple publications, nonphase-3
RCTs, did not use VK As as the comparator, and unpublished data. A
total of 12 studies were included (4 evaluating dabigatran”'"'>%7;
4, rivaroxaban'*162%2%; 2, apixaban8'13; and 2, edoxaban9’27) en-
rolling 102 607 patients. Agreement between reviewers was ex-
cellent, with a k agreement of 0.96. Among 12 RCTs, 57 850 patients
were assigned to receive TSOACsS, and 44 757 to receive VKAs. The
quality of the evidence was moderate to high for all outcomes.

Baseline characteristics

The main characteristics of the included studies are summarized in
Table 1, and the baseline characteristics of the patients are shown in
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Table 2. Baseline patient characteristics
Age Concomitant Isolated PE or PE with
Study TSOACs VKAs TTR  Male (%) Mean CHADS2 ASA (%) DVT (%) DVT (%)
1. RE-COVER,” 2009 55.0 = 15.8* 544 + 16.2*  59.9 58.4 NA NA 1749 (69) 786 (31)
2. RE-LY,'2 2009 71.4 + 8.6* 71.6 = 8.6* 64 63.6 21 39.8% NA NA
(dabigatran 110),
715 = 8.8*
(dabigatran 150)
3. EINSTEIN-DVT,'® 2010 55.8 + 16.4* 56.4 * 16.3*  57.7 56.8 NA NA 3405 (99) 23 (1)
4. ARISTOTLE, " 2011 70 (63-76)t 70 (63-76)t  62.2 64.7 21 5632 (30.9) NA NA
5. ROCKET AF,' 2012 73 (65-78)t 73 (65-78)t 55 60.3 3.48 (rivaroxaban), 5205 (36.5) NA NA
3.46 (warfarin)
6. EINSTEIN-PE,?® 2012 57.9 * 7.3* 57.5 + 7.2* 62.7 52.9 NA NA 0(0) 4832 (100)
7. J-ROCKET AF,%® 2012 71.0 (34-89)t 71.2 (43-90)t 65 80.6 3.25 NA NA NA
8. AMPLIFY,? 2013 57.2 = 16* 56.7 + 16* 61 58.7 NA NA 3532 (65) 1836 (34)
9. ENGAGE-AF-TIMI- 48,'° 2013 72 (64-78)t 72 (64-78)t  64.9 61.9 2.8 29.3% NA NA
10. RE-MEDY,"" 2013 55.4 + 15.0* 53.9 + 15.3* 65.3 61 NA NA 1860 (65.1) 994 (34.8)
11. HOKUSAI-VTE,® 2013 55.7 * 16.3* 55.9 + 16.2* 635 57.2 NA NA 4921 (59.7) 3319 (40.3)
12. RE-COVER 11,27 2014 54.7 = 16.2* 55.1 = 16.3* 57 60.6 NA NA 1750 (68.1) 816 (31.8)

CHADS?2 score, 1 is given for point for CHF, HTN, age =75y, and DM; 2 points are given for previous stroke or TIA, and systemic embolism.

ASA, acetylsalicylic acid; NA, not applicable.
*Mean =+ standard deviation.
tMedian (minimum-maximum).

Table 2. Indications for anticoagulation were VTE (7 trials) and for
stroke and systemic embolism prevention from AF (5 trials). The
patients were treated for 1.6 to 2.0 years in most of the AF trials, whereas
patients in the VTE trials were treated for 3 to 12 months. All of the 12
studies were sponsored by pharmaceutical companies. The mean (or
median) age of participants ranged from 70 to 73 years (AF) and 54 to
57 years (VTE). TTR in patients receiving VKAs ranged from 55%
to 65%.

Study quality

The risk of bias assessment is demonstrated in supplemental Figure 2.
The method used to generate the random sequence and allocation
concealment was inadequately reported in 1 study.?® The EINSTEIN
DVT,'® EINSTEIN PE,*® and RE-LY'? trials were not blinded.
TSOAC: are typically dose reduced in patients with renal impairment,

which may also have contributed to bias in the bleeding outcomes.
Visual inspection of funnel plots for all outcomes suggested no
evidence of publication bias supplemental Figure 3.

Major bleeding

In the 12 RCTs comparing TSOACs with VKAs with a target INR
of 2 to 3, major bleeding as defined by the studies or using ISTH
criteria®! occurred in 2320 of 57 850 (4%) of the patients treated
with TSOACs and in 2081 of 44 757 (4.64%) of the patients
treated with VKAs. The pooled RR for major bleeding was 0.72
(95% C1, 0.62-0.85), P < .01, > = 78%. (Figure 1). The absolute
risk difference for major bleeding was —0.64%, with an NNT of
156 using TSOACs compared with VKAs. The sensitivity analysis
using a fixed-effects model had no effect on our results supplemental
Figure 4.

TSOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Major bleeding
EINSTEIN-DVT, 2010 14 1718 20 1711 4.0% 0.70[0.35, 1.38] .
RE-MEDY, 2013 13 1430 25 1426 4.2% 0.52[0.27, 1.01] ]
RE-COVER I, 2014 15 1279 22 1289 4.3% 0.69 [0.36, 1.32] /1
RE-COVER, 2009 20 1274 24 1265 5.0% 0.83[0.46, 1.49] -1
AMPLIFY, 2013 15 2676 49 2689 5.1% 0.31[0.17, 0.55] -
J-ROCKET AF, 2012 26 639 30 639 5.9% 0.87 [0.52, 1.45] -1
EINSTEIN-PE, 2012 26 2412 52 2405 6.6% 0.50[0.31, 0.80] -
HOKUSAI-VTE, 2013 56 4118 66 4122 8.8% 0.85[0.60, 1.21] ™
ARISTOTLE, 2011 327 9088 462 9052 13.8% 0.70[0.61, 0.81] -
ROCKET AF, 2011 395 7111 386 7125 13.8% 1.03[0.89, 1.18] T
RE-LY, 2009 741 12091 421 6022 14.2% 0.88[0.78, 0.98] '
ENGAGE-AF-TIMI-48, 2013 672 14014 524 7012 14.3% 0.64 [0.57, 0.72] -
Subtotal (95% CI) 57850 44757 100.0% 0.72[0.62, 0.85] L 2
Total events 2320 2081

Heterogeneity: Tau? = 0.04; Chi? = 48.96, df = 11 (P < 0.00001); I = 78%
Test for overall effect: Z = 3.98 (P < 0.0001)

Total (95% CI) 57850 44757 100.0%
Total events 2320 2081

Heterogeneity: Tau? = 0.04; Chi* = 48.96, df = 11 (P < 0.00001); I* = 78%
Test for overall effect: Z = 3.98 (P < 0.0001)

Test for subgroup differences: Not applicable

0.72 [0.62, 0.85] L

005 02 1 5 20
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Figure 1. Major bleeding events comparing target-specific anticoagulants with VAKs.
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TSOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

RE-MEDY, 2013 0 1430 1 1426 0.4% 0.33[0.01, 8.15]

RE-COVER I, 2014 0 1279 1 1289 0.4% 0.34 [0.01, 8.24]

RE-COVER, 2009 1 1274 1 1265 0.5% 0.99 [0.06, 15.86]

AMPLIFY, 2013 1 2676 2 2689 0.7% 0.50 [0.05, 5.54] - 1

J-ROCKET AF, 2012 1 639 3 639 0.8% 0.33[0.03, 3.20] —

EINSTEIN-DVT, 2010 1 1718 5 1711 0.9% 0.20[0.02, 1.70] —

EINSTEIN-PE, 2012 2 2412 3 2405 1.3% 0.66 [0.11, 3.97]

HOKUSAI-VTE, 2013 2 4118 10 4122 1.7% 0.20 [0.04, 0.91]

ROCKET AF, 2011 27 7111 55 7125 19.0% 0.49[0.31, 0.78] .

ARISTOTLE, 2011 34 9088 55 9052 22.0% 0.62[0.40, 0.94] =

RE-LY, 2009 51 12091 39 6022 23.1% 0.65[0.43, 0.99] i

ENGAGE-AF-TIMI-48, 2013 53 14014 59 7012 29.3% 0.45[0.31, 0.65] -

Total (95% CI) 57850 44757 100.0% 0.53 [0.43, 0.64] ¢

Total events 173 234

ity 2 — . i2 = = - .12 = NO, t + + 4
Heterogeneity: Tau? = 0.00; Chiz = 5.25, df =11 (P = 0.92); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 6.30 (P < 0.00001)

Figure 2. Fatal bleeding events

Subgroup analysis by indication for anticoagulation (VTE vs AF)
provided the same results as the primary analysis. In contrast,
subgroup analysis by type of TSOACs demonstrated a significant
reduction in major bleeding for the trials evaluating dabigatran
(RR 0.86 [95% CI, 0.77-0.96], P = .006, I* = 0%) and edoxaban
(RR 0.70 [95% CI, 0.54-0.90], P = .006, I* = 55%), but not
for rivaroxaban (RR 0.78 [95% CI, 0.54-1.12], P = .18, I = 68%)
or apixaban (RR 0.49 [95% CI, 0.22-1.10], P = .08, I> = 87%)
(supplemental Figure 5). Analysis using a fixed-effects model
resulted in all TSOACs except rivaroxaban demonstrating statisti-
cally significant reductions in major bleeding (data not shown).

Fatal bleeding

Fatal bleeding occurred in 173 of 57 850 (0.30%) patients treated
with TSOACs and in 234 of 44 757 (0.52%) patients treated with
VKAs in the 12 studies reporting this outcome (Figure 2). TSOACs
were associated with a statistically significant reduction in fatal
bleeding (RR 0.53 [95% CI, 0.43-0.64], P < .01, I* = 0%). The
pooled absolute risk reduction was —0.22%, resulting in an
NNT of 454. Analysis with a fixed-effects model did not change
the results. Subgroup analyses based on indication for anticoagulation

Favours [TSOACs] Favours [VKAs]
comparing TSOACs with VAKs.

and type of TSOACs provided similar results as the primary
analysis.

Intracranial bleeding

Intracranial bleeding occurred in 297 of 57 850 (0.51%) patients
treated with TSOACs and in 485 of 44 757 (1.08%) patients treated
with VKAs in the 12 studies reporting this outcome (Figure 3).
TSOAC:s were associated with a significant reduction in intracranial
bleeding (RR 0.43 [95% CI, 0.37-0.50], P < .01, I* = 2%). The
pooled absolute risk reduction was —0.57%, resulting in an NNT of
185. Analysis with a fixed-effects model did not change the results.
Subgroup analyses based on indication for anticoagulation and type
of TSOAC:s provided similar results as the primary analysis.

Clinically relevant nonmajor bleeding

A total of 11 studies provided information for this outcome. Clinically
relevant nonmajor bleeding occurred in 4688 of 45774 (10.24%)
patients treated with TSOACSs and in 4280 of 38 750 (11.05%)
patients treated with VKAs (Figure 4). TSOACs were associated
with a significant reduction in clinically relevant nonmajor bleeding
(RR0.78 [95% CI, 0.68-0.90], P < .01, 1> = 89%). The pooled absolute

TSOACs VKA Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
RE-COVER, 2009 0 1274 3 1265 0.3% 0.14[0.01, 2.74]
EINSTEIN-DVT, 2010 2 1718 2 1711 0.6% 1.00 [0.14, 7.06]
RE-COVER II, 2014 2 1279 2 1289 0.6% 1.01[0.14, 7.14]
RE-MEDY, 2013 2 1430 4 1426  0.8% 0.50 [0.09, 2.72] - 1
AMPLIFY, 2013 3 2676 6 2689 1.2% 0.50[0.13, 2.01] L
EINSTEIN-PE, 2012 3 2412 12 2405 1.4% 0.25[0.07, 0.88]
J-ROCKET AF, 2012 5 639 10 639 2.0% 0.50[0.17, 1.45] I
HOKUSAI-VTE, 2013 5 4118 18 4122 2.3% 0.28[0.10, 0.75]
ROCKET AF, 2011 55 7111 84 7125 18.6% 0.66 [0.47, 0.92] -
ARISTOTLE, 2011 52 9088 122 9052 20.3% 0.42[0.31, 0.59] -
RE-LY, 2009 66 12091 90 6022 21.1% 0.37 [0.27, 0.50] -
ENGAGE-AF-TIMI-48, 2013 102 14014 132 7012 31.0% 0.39[0.30, 0.50] =
Total (95% CI) 57850 44757 100.0% 0.43 [0.37, 0.50] ¢
Total events 297 485
Heterogeneity: Tau? = 0.00; Chi2 = 11.26, df = 11 (P = 0.42); I?= 2% 0.61 of1 : 1:0 160

Test for overall effect: Z = 10.95 (P < 0.00001)

Favours [TSOACs] Favours [VKAs]

Figure 3. Intracranial bleeding events comparing TSOACs with VAKs.
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TSOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
RE-COVER I, 2014 49 1279 80 1289 6.8% 0.62[0.44, 0.87] -
RE-COVER, 2009 51 1274 87 1265 6.9% 0.58[0.42, 0.82] -
RE-MEDY, 2013 67 1430 120 1426 7.7% 0.56 [0.42, 0.74] -
J-ROCKET AF, 2012 112 639 94 639 8.4% 1.19[0.93, 1.53] I
EINSTEIN-DVT, 2010 126 1718 119 1711 8.6% 1.05[0.83, 1.34] T
AMPLIFY, 2013 103 2691 215 2704 8.8% 0.48 [0.38, 0.61] -
EINSTEIN-PE, 2012 228 2412 235 2405 9.8% 0.97 [0.81, 1.15] -
ARISTOTLE, 2011 286 9088 415 9052 10.2% 0.69 [0.59, 0.80] -
HOKUSAI-VTE, 2013 298 4118 368 4122 10.2% 0.81[0.70, 0.94] -
ROCKET AF, 2011 1185 7111 1151 7125 11.2% 1.03[0.96, 1.11] r
ENGAGE-AF-TIMI-48, 2013 2183 14014 1396 7012 11.3% 0.78 [0.74, 0.83] -
Total (95% ClI) 45774 38750 100.0% 0.78 [0.68, 0.90] ¢
Total events 4688 4280
YR 2 — . i2 = - S22 = o, ; t t {
Heterogeneity: Tau? = 0.04; Chi* = 93.69, df = 10 (P < 0.00001); I> = 89% 0.05 02 1 5 20

Test for overall effect: Z = 3.46 (P = 0.0005)

Favours [TSOACs] Favours [VKAs]

Figure 4. Clinically relevant nonmajor bleeding events comparing TSOACs with VAKs.

risk reduction was —1.01%, resulting in an NNT of 99. Analysis with a
fixed-effects model did not change the results. The subgroup analysis
according to type of TSOACs revealed a significant reduction in
clinically relevant nonmajor bleeding in patients treated with dabigatran,
apixaban, and edoxaban, but not in patients treated with rivaroxaban
(supplemental Figure 6).

Total bleeding

Data on total bleeding were reported in 8 studies. Total bleeding
occurred in 11429 of 45970 (24.86%) patients treated with
TSOACs and in 10002 of 32 877 (30.42%) patients treated with
VKAs (Figure 5). TSOACs were associated with a significant
reduction in total bleeding (RR 0.76 [95% CI, 0.71-0.82], P < .01,
I> = 86%). The pooled absolute risk reduction was —5.56%,
resulting in an NNT of 18. Reanalysis with a fixed-effects model
did not change the results. Subgroup analyses according to indication
of anticoagulation and type of TSOACs provided similar results.

Major Gl bleeding

Data on major GI bleeding were available from 11 studies. Of these,
major GI bleeding occurred in 1123 of 53 753 (2.09%) patients

treated with TSOACs and in 690 of 40 650 (1.70%) patients treated
with VKAs (Figure 6). There was no difference in the risk of GI
bleeding between TSOACs and VKAs (RR 0.94 [95% CI,
0.75-1.99], P = .62, =71 %). Analysis with a fixed-effects model
did not change the results. Subgroup analysis according to indication
of anticoagulation demonstrated that TSOACs were associated with
a significant reduction in the risk of major GI bleeding in patients
with VTE (RR 0.64 [95% CI, 0.41-0.99], P = .04, I* = 16%), but
not in patients with AF (supplemental Figure 7). The subgroup
analysis according to type of TSOACs provided similar results to
the primary analysis.

Sensitivity analyses

Sensitivity analyses evaluating only the high-quality studies
(excluding studies with lack of blinding), did not change the
findings from the primary analysis for all outcomes (supplemental
Figures 8-11). Similarly, sensitivity analyses according to duration
of treatment confirmed the results of the primary analysis except
for the patients who were treated with TSOACs =12 months,
where a marginally lower RR of GI bleeding was observed
(supplemental Figure 12).

TSOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
9.1.1 Any bleeding
RE-LY, 2009 3717 12091 2142 6022 15.7% 0.86 [0.83, 0.90] 2009 -
RE-COVER, 2009 205 1274 277 1265 8.7% 0.73[0.62, 0.86] 2009 -
ARISTOTLE, 2011 2356 9088 3060 9052 15.6% 0.77 [0.73, 0.80] 2011 -
HOKUSAI-VTE, 2013 895 4118 1056 4122 13.8% 0.85[0.78, 0.92] 2013 -
ENGAGE-AF-TIMI-48, 2013 3364 14014 2114 7012 15.6% 0.80[0.76, 0.83] 2013 -
RE-MEDY, 2013 277 1430 373 1426 10.1% 0.74 [0.65, 0.85] 2013 -
AMPLIFY, 2013 415 2676 695 2689 11.8% 0.60 [0.54, 0.67] 2013 —
RE-COVER Il, 2014 200 1279 285 1289 8.7% 0.71[0.60, 0.83] 2014 -
Subtotal (95% CI) 45970 32877 100.0% 0.76 [0.71, 0.82] <*
Total events 11429 10002
Heterogeneity: Tau? = 0.01; Chi? = 48.99, df = 7 (P < 0.00001); I> = 86%
Test for overall effect: Z = 7.62 (P < 0.00001)
Total (95% Cl) 45970 32877 100.0% 0.76 [0.71, 0.82] <*
Total events 11429 10002

Heterogeneity: Tau? = 0.01; Chi? = 48.99, df = 7 (P < 0.00001); I* = 86%
Test for overall effect: Z = 7.62 (P < 0.00001)
Test for subgroup differences: Not applicable

05 07 1 15 2
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Figure 5. Total bleeding events comparing TSOACs with VAKs.
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TSOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

RE-MEDY, 2013 5 1430 8 1426  3.6% 0.62 [0.20, 1.90]

RE-COVER, 2009 9 1274 5 1265 3.7% 1.79[0.60, 5.32]

RE-COVER I, 2014 6 1279 10 1289 4.2% 0.60 [0.22, 1.66]

J-ROCKET AF, 2012 6 639 12 639  45% 0.50[0.19, 1.32]

AMPLIFY, 2013 7 2676 18 2689 53% 0.39[0.16, 0.93]

EINSTEIN-DVT,PE 2010/2012 15 4151 26 4131 8.1% 0.57 [0.30, 1.08] - - |

ARISTOTLE, 2011 105 9088 119 9052 16.3% 0.88 [0.68, 1.14] I

ROCKET AF, 2011 224 7111 154 7125 17.7% 1.46 [1.19, 1.78] =

RE-LY, 2009 385 12091 148 6022 18.1% 1.30 [1.07, 1.56] =

ENGAGE-AF-TIMI-48, 2013 361 14014 190 7012 18.4% 0.95[0.80, 1.13] -

Total (95% Cl) 53753 40650 100.0% 0.94 [0.75, 1.19]

Total events 1123 690

Heterogeneity: Tau? = 0.07; Chi2 = 30.97, df = 9 (P = 0.0003); I = 71% sz 0f5 ; 2 5

Test for overall effect: Z =0.50 (P = 0.62)

Favours [TSOACs] Favours [VKAs]

Figure 6. Major Gl bleeding events comparing TSOACs with VAKs.

Discussion

This systematic review and meta-analysis compared the risk of
bleeding associated with TSOACs (dabigatran, rivaroxaban, apix-
aban, and edoxaban) with that of VKAs administered to a target INR
of 2.0 to 3.0 in patients with VTE or AF. Although there were several
previous systematic reviews investigating the efficacy and safety
of TSOACs compared with conventional treatment, most of these
reviews focused on a particular AF?03037 o yTE!8:19:3839 population.
To our knowledge, this is the first comprehensive analysis of bleeding
outcomes from 12 phase-3 RCTs across 2 major indications for
anticoagulation that incorporated >100 000 patients.

The results of the meta-analysis indicate that the use of TSOACs
is associated with significant reductions in the risk of major bleed-
ing (RR 0.72; NNT 156), fatal bleeding (RR 0.53; NNT 454),
intracranial bleeding (RR 0.43; NNT 185), clinically relevant
nonmajor bleeding (RR 0.78; NNT 99), and total bleeding (RR
0.76; NNT 18), but not in major GI bleeding.

Our finding is consistent with the previous systematic
reviews'>>*38 that TSOACs are associated with lower major bleed-
ing. We observed statistically significant heterogeneity for major
bleeding (I*> = 78%) and clinically relevant nonmajor bleeding
(I = 89%). The observed heterogeneity can potentially be ex-
plained by the different TSOACs included in this review. The
subgroup analyses demonstrated that the risk reduction of bleeding
from trials evaluating rivaroxaban was not significantly different
compared with VKAs. One potential explanation is that the results
of trials evaluating rivaroxaban are mainly driven by ROCKET
AF'* and J-ROCKET AF,?® and these 2 trials enrolled AF patients
with relatively high CHADS?2 scores that are known to place such
patients at high risk of bleeding.*® Other heterogeneity might be
explained by differences in baseline patient characteristics in the
AF and VTE trials that we included in this review. Therefore, the
pooled estimates of these outcomes should be interpreted as a whole
for all TSOACsS and not for any 1 individual TSOAC.

Despite the low incidence of fatal and intracranial bleeding
with warfarin (0.52% and 1.08%, respectively), our meta-analysis
demonstrated that TSOAC:s are associated with a further reduction of
these events. This finding was similar to the previous systematic
review, !8:20:30.31.35 Moreover, the observed outcomes are consistent
for all prespecified subgroup and sensitivity analyses. The mechanism
for the lower rate of intracranial bleeding with the TSOACs compared
with VKAs is unclear. One postulated mechanism is that warfarin

is associated with greater thrombin suppression in the brain and
pathological thrombosis at sites of atherosclerotic plaque disruption.*'
This might support the selection of a TSOACs compared with VKAs
in patients considered to be at high risk of intracranial bleeding who
require anticoagulant treatment.

An increased rate of GI bleeding has been identified with
TSOACs. Two early RCTs evaluating dabigatran in AF patients
reported that dabigatran 150 mg twice daily increased risk of major
GI bleeding compared with warfarin (RR 1.50 [95% CI, 1.19-1.89],
P < .001); this was not seen with dabigatran 110 mg twice daily.'>
Likewise, rivaroxaban 20 mg once daily was associated with
increased rate of major GI bleeding compared with warfarin (3.2% vs
2.2%, P < .001)."* One of the mechanism of TSOAC-associated GI
bleeding might be explained from the active drugs remaining in the
GI tract and precipitating bleeding from vulnerable lesions.** The
previous systematic reviews reported that TSOACs were associated
with significantly increased risk of GI bleeding compared with
standard care (warfarin, LMWH, and LMWH followed by warfarin
or placebo).’®** However, our meta-analysis did not demonstrate
that TSOAC:s increase the rate of major GI bleeding (RR 0.94 [95%
CIL, 0.88-1.34], P = .62). The discrepancy of this finding might be
explained from the difference of the population and the comparators
included in the reviews. Again, the observed heterogeneity is likely
attributable to the different TSOACs and baseline characteristics of
the patients in the review. When trials were grouped according to
indication for treatment, we found that the risk of GI bleeding in
patients with VTE was significant lower with TSOACs (RR 0.64
[95% (1, 0.41-0.99], P = .04). In contrast, there was no difference
in the rates of GI bleeding between TSOACs and VKAs among
AF patients. Patients with AF are typically older and have more
comorbidities compared with VTE patients, which may make them
vulnerable to GI bleeding from TSOACs.

The strengths of this review include the rigorous methodologic
approach and large number of included patients. We included
12 large RCTs evaluating 4 TSOACs (dabigatran, rivaroxaban,
apixaban, and edoxaban) across 2 major indications. We included
>100 000 patients in the meta-analysis and consequently have the
statistical power to detect differences in uncommon outcomes
including fatal bleeding and intracranial bleeding. In contrast to
previous studies,'8**3338 we only included studies using VKAs as
the comparator to generate more precise estimates of risk.

There are several limitations to this study. First, there were
differences in the study population, type of TSOACs evaluated, and
duration of treatment that may have contributed to the heterogeneity
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observed in the results. However, our sensitivity analyses did not
demonstrate different findings for most of the outcomes. Second,
because this was a study-level meta-analysis, we were unable to
compare the outcome in patient subgroups by use of antiplatelet agents.
In an analysis of the RE-LY data, the concomitant use of single or dual
antiplatelet agents was associated with an increased risk of major
bleeding.** Data from the ARISTOTLE trial found that concomitant
aspirin therapy increased bleeding, but the combination of apixaban and
aspirin was associated with less major bleeding compared with wartarin
and aspirin (hazard ratio [HR] 0.75 [95% CI, 0.59-0.94]).*> Moreover,
we could not test for interaction for particular subgroups, for example,
the elderly or patients with renal impairment. Third, we included 3
studies (RELY, EINSTEIN DVT, and EINSTEIN PE) that did not
have concealed treatment allocation. We addressed this concern in the
sensitivity analyses that included only studies with a low risk of bias
and did not observe any differences in outcomes. Fourth, we did not
perform a network meta-analysis. Therefore, we could not compare
the bleeding complications between various types of TSOACs. Fifth,
we only investigated for the safety profile, particularly bleeding side
effects, but not for efficacy of the anticoagulants. Finally, the results of
this meta-analysis should not be generalized to patients taking TSOACs
for indications other than VTE or stroke prevention from AF (eg, VTE
prophylaxis following orthopedic surgery or in medically ill patients).

META-ANALYSIS OF BLEEDING COMPLICATIONS FROM TSOACs
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In conclusion, when compared with VKAs administered to a
target INR of 2.0 to 3.0, TSOACsS are associated with less major
bleeding, fatal bleeding, intracranial bleeding, clinically relevant
nonmajor bleeding, and total bleeding. Additionally, TSOACs do
not appear to increase the risk of GI hemorrhage.

Authorship

Contribution: C.C.-A., W.L., and M.C. designed the methods;
C.C.-A.and T.I. performed study selection, data extraction, study
quality assessment, and analysis; C.C.-A. drafted the manuscript;
and W.L. and M.C. critically revised the manuscript.

Conflict-of-interest disclosure: M.C. sat on advisory boards for
Janssen, Leo Pharma, Portola, and AKP America; his institution has
received funding for research projects from Leo Pharma; and he
received funding for presentations from Leo Pharma, Bayer,
Celgene, Shire, and CSL Behring. The remaining authors declare
no competing financial interests.

Correspondence: Mark Crowther, Room L208, 50 Charlton Ave
East, St. Joseph’s Hospital, Hamilton, ON L8N 4A6, Canada; e-mail:
crowthrm @mcmaster.ca.

References

1. Kearon C, Gent M, Hirsh J, et al. A comparison of 11. Schulman S, Kearon C, Kakkar AK, et al; 21. Schulman S, Kearon C; Subcommittee on Control
three months of anticoagulation with extended RE-MEDY Trial Investigators; RE-SONATE of Anticoagulation of the Scientific and
anticoagulation for a first episode of idiopathic Trial Investigators. Extended use of dabigatran, Standardization Committee of the International
venous thromboembolism. N Engl J Med. 1999; warfarin, or placebo in venous thromboembolism. Society on Thrombosis and Haemostasis.
340(12):901-907. N Engl J Med. 2013;368(8):709-718. Definition of major bleeding in clinical

2. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: 12. Connolly SJ, Ezekowitz MD, Yusuf S, et al; investigations of antihemostatic medicinal
antithrombotic therapy to prevent stroke in RE-LY Steering Committee and Investigators. products in non.—surg'ucal patients. J Thromb
patients who have nonvalvular atrial fibrillation. Dabigatran versus warfarin in patients with atrial Haemost. 2005;3(4):692-694.

Ann Intern Med. 2007;146(12):857-867. fibrillation. N Engl J Med. 2009;361(12): 22. Higgins JP, Green S. eds. Cochrane handbook for
1139-1151. systematic reviews of interventions. Version

3. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, . g
Criins HJ. Lip GY. A novel user-friendly score 13. Granger CB, Alexander JH, McMurray JJ, et al; 5.1.0. http://www.cochrane-handbook.org.
(HAS-BLED) to assess 1-year risk of major ARISTOTLE Committees and Investigators. Accessed January 10, 2014.
bleeding in patients with atrial fibrillation: the Euro Apixaban versus warfarin in patients with atrial 23. Liberati A, Altman DG, Tetzlaff J, et al. The
Heart Survey. Chest. 2010;138(5):1093-1100. fibrillation. N Engl J Med. 2011;365(11):981-992. PRISMA statement for reporting systematic

4. Gage BF, Yan Y, Miligan PE, et al. Clinical 14. Patel MR, Mahaffey KW, Garg J, et al; ROCKET reviews and meta-analyses of studies that
classification schemes for pre’dicting hemorrhage: AF Investigators. Rivaroxaban versus warfarin in szllj;z:s;g: Cz;s,l?,:?;/: r;‘;;);s.zggg!?r;zzt(f;
results from the National Registry of Atrial gggvﬁévfg'g;_a;;? fibrillation. N Engl J Med. 2011; Weswoa. ’ ’ ’
Fibrillation (NRAF). Am Heart J. 2006;151(3): (10): :

713719, 15. Giugliano RP, Ruff CT, Braunwald E, et al; 24. Sjggﬁn‘;”sﬂx’}‘nﬁ:‘ogfc'tgf E‘H‘AeDtEa;v?dZﬁEeE
5. Linkins LA, Choi PT, Douketis JD. Clinical impact ENGAGE ?F'_TI_MI 48t' In\t/esu_gt;:totrs_. lEf_ci)o_)l(la?an profiles ar{d éummary of findings tables. J Clin
of bleeding in patients taking oral anticoagulant Versus wartarin in patients with atria’ forfation. Epidemiol. 2011;64(4):383-394.
A N Engl J Med. 2013;369(22):2093-2104. ’
therapy for venous thromboembolism: a meta- DerSi ian R. Laird N. M vsis in clinical
analysis. Ann Intern Med. 2003;139(11):893-900.  16. Bauersachs R, Berkowitz SD, Brenner B, etal; 25 DerSimonian R, Laird N. Meta-analysis in clinica
: I trials. Control Clin Trials. 1986;7(3):177-188.
6 F MC. Go AS. Ch Y et al. Death and EINSTEIN Investigators. Oral rivaroxaban for
: d_an%_n f ° rf nang ,_etad._ tea a_nl d symptomatic venous thromboembolism. N Engl J ~ 26. Sterne JA, Sutton AJ, loannidis JP, et al.
e;z?aégni:mgvn?or?:;;ezscfﬁ 3 A;,r;;a;rgngf an Med. 2010;363(26):2499-2510. Recommendations for examining and interpreting
120(8):700-705. ' ’ ' 17. Southworth MR, Reichman ME, Unger EF. funnel plot asymmetry in meta-analyses of
Dabigatran and postmarketing reports of randomised controlled trials. BMJ. 2011;343:d4002.
7. g;hg'gsg Ffvs'?e:mg C, KangF A{‘~ etal; bleeding. N Engl J Med. 2013;368(14):1272-1274.  27. Schulman S, Kakkar AK, Goldhaber SZ, et al;
- u roup. Dabigatran versus . i i
warfarin in the tre);tment of acu?e venous 18. Sardar P, Chatterjee S, Mukherjee D. Efficacy RE-COVER |l Trial Investigators. Treatment of
thromboembolism. N Engl J Med. 2009:361(24): and safety of new oral anticoagulants for acute venous thromboembohslm Wl'th dal}lgatran
2342.935. extended treatment of venous thromboembolism: or we?rfann ?nd pooled analysis. Circulation.
. systematic review and meta-analyses of 2014;129(7):764-772.

8. Agnell_l G, Buller HR, Cohen A, et al; AMPLIFY randomized controlled trials. Drugs. 2013;73(11): 28. Hori M, Matsumoto M, Tanahashi N, et al;
Investigators. Oral apixaban for the treatment of 1171-1182. J-ROCKET AF study investigators. Rivaroxaban
;8:?3’:&%?33;%’3:06mb0||3m- N Engl J Med. 19. Fox BD, Kahn SR, Langleben D, Eisenberg MJ, vs. warfarin in Japanese patients with atrial

s : . Shimony A. Efficacy and safety of novel oral fibrillation — the J-ROCKET AF study —. Circ J. 2012;
9. Buller HR, Décousus H, Grosso MA, et al; anticoagulants for treatment of acute venous 76(9):2104-2111.
Hokusai-VTE Investigators. Edoxaban versus thromboembolism: direct and adjusted indirect 29. Biiller HR, Prins MH, Lensin AW, et al;
warfarin for the treatment of symptomatic venous meta-analysis of randomised controlled trials. EINSTEIN-PE Investigators. Oral rivaroxaban
thromboembolism. N Engl J Med. 2013;369(15): BMJ. 2012;345:7498. for the treatment of symptomatic pulmonary
1406-1415. 20. DentaliF, Riva N, Growther M, Turpie AG, Lip GY, embolism. N Engl J Med. 2012;366(14):

10. Agnelli G, Buller HR, Cohen A, et al; PLIFY-EXT Ageno W. Efficacy and safety of the novel oral 1287-1297.
Investigators. Apixaban for extended treatment of anticoagulants in atrial fibrillation: a systematic 30. Ruff CT, Giugliano RP, Braunwald E, et al.

venous thromboembolism. N Engl J Med. 2013;
368(8):699-708.

review and meta-analysis of the literature.
Circulation. 2012;126(20):2381-2391.

Comparison of the efficacy and safety of new oral
anticoagulants with warfarin in patients with atrial


mailto:crowthrm@mcmaster.ca
http://www.cochrane-handbook.org
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

2458

31.

32.

33.

34.

35.

From www.bloodjournal.org by guest on January 1, 2018. For personal use only.

CHAI-ADISAKSOPHA et al

fibrillation: a meta-analysis of randomised trials.
Lancet. 2014;383(9921):955-962.

Gomez-Outes A, Terleira-Fernandez Al,
Calvo-Rojas G, Suarez-Gea ML, Vargas-Castrillon
E. Dabigatran, rivaroxaban, or apixaban

versus warfarin in patients with nonvalvular

atrial fibrillation: a systematic review and meta-
analysis of subgroups. Thrombosis. 2013;2013:
640723.

Pancholy SB, Sharma PS, Pancholy DS, Patel
TM, Callans DJ, Marchlinski FE. Meta-analysis of
gender differences in residual stroke risk and
major bleeding in patients with nonvalvular atrial
fibrillation treated with oral anticoagulants. Am J
Cardiol. 2014;113(3):485-490.

Dogliotti A, Paolasso E, Giugliano RP. Novel oral
anticoagulants in atrial fibrillation: a meta-analysis
of large, randomized, controlled trials vs warfarin.
Clin Cardiol. 2013;36(2):61-67.

Mitchell SA, Simon TA, Raza S, et al. The efficacy
and safety of oral anticoagulants in warfarin-
suitable patients with nonvalvular atrial fibrillation:
systematic review and meta-analysis. Clin Appl/
Thromb Hemost. 2013;19(6):619-631.

Chatterjee S, Sardar P, Biondi-Zoccai G,
Kumbhani DJ. New oral anticoagulants and the
risk of intracranial hemorrhage: traditional and
Bayesian meta-analysis and mixed treatment
comparison of randomized trials of new oral

36.

37.

38.

39.

BLOOD, 9 OCTOBER 2014 - VOLUME 124, NUMBER 15

anticoagulants in atrial fibrillation. JAMA Neurol.
2013;70(12):1486-1490.

Sardar P, Chatterjee S, Wu WC, et al. New oral
anticoagulants are not superior to warfarin in
secondary prevention of stroke or transient
ischemic attacks, but lower the risk of intracranial
bleeding: insights from a meta-analysis and
indirect treatment comparisons. PLoS ONE.
2013;8(10):677694.

Mantha S, Ansell J. An indirect comparison of
dabigatran, rivaroxaban and apixaban for atrial
fibrillation. Thromb Haemost. 2012;108(3):476-484.

Castellucci LA, Cameron C, Le Gal G, et al.
Efficacy and safety outcomes of oral
anticoagulants and antiplatelet drugs in

the secondary prevention of venous
thromboembolism: systematic review and network
meta-analysis. BMJ. 2013;347:f5133.

van der Hulle T, Kooiman J, den Exter PL,
Dekkers OM, Klok FA, Huisman MV.
Effectiveness and safety of novel oral
anticoagulants as compared with vitamin K
antagonists in the treatment of acute symptomatic
venous thromboembolism: a systematic review
and meta-analysis. J Thromb Haemost. 2014;
12(3):320-328.

Oldgren J, Alings M, Darius H, et al. Risks for
stroke, bleeding, and death in patients with atrial
fibrillation receiving dabigatran or warfarin in

41.

42.

43.

44,

45.

relation to the CHADS2 score: a subgroup
analysis of the RE-LY trial. Ann Intern Med. 2011;
155(10):660-667, W204.

Dale B, Eikelboom JW, Weitz JI, et al. Dabigatran
attenuates thrombin generation to a lesser extent
than warfarin: could this explain their differential
effects on intracranial hemorrhage and
myocardial infarction? J Thromb Thrombolysis.
2013;35(2):295-301.

Desai J, Kolb JM, Weitz JI, Aisenberg J.
Gastrointestinal bleeding with the new oral
anticoagulants—defining the issues and the
management strategies. Thromb Haemost. 2013;
110(2):205-212.

Holster IL, Valkhoff VE, Kuipers EJ, Tjwa ET.
New oral anticoagulants increase risk for
gastrointestinal bleeding: a systematic review and
meta-analysis. Gastroenterology. 2013;145(1):
105-112.e15.

Dans AL, Connolly SJ, Wallentin L, et al.
Concomitant use of antiplatelet therapy with
dabigatran or warfarin in the Randomized
Evaluation of Long-Term Anticoagulation Therapy
(RE-LY) trial. Circulation. 2013;127(5):634-640.

Alexander JH, Lopes RD, Thomas L, et al.
Apixaban vs. warfarin with concomitant aspirin in
patients with atrial fibrillation: insights from the
ARISTOTLE trial. Eur Heart J. 2014;35(4):
224-232.


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on January 1, 2018. For personal use only.

,__0(“'1 Y O 5, ®
(¥
9. 2014 124: 2450-2458
(D d0i:10.1182/blood-2014-07-590323 originally published
® online August 22, 2014

The impact of bleeding complications in patients receiving
target-specific oral anticoagulants: a systematic review and
meta-analysis

NERICAN
030198

Chatree Chai-Adisaksopha, Mark Crowther, Tetsuya Isayama and Wendy Lim

Updated information and services can be found at:
http://www.bloodjournal.org/content/124/15/2450.full.html

Articles on similar topics can be found in the following Blood collections
Free Research Articles (4835 articles)
Thrombosis and Hemostasis (1125 articles)

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests

Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints

Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society
of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.


http://www.bloodjournal.org/content/124/15/2450.full.html
http://www.bloodjournal.org/cgi/collection/free_research_articles
http://www.bloodjournal.org/cgi/collection/thrombosis_hemostasis
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

