BM

BMJ 2012;345:€7498 doi: 10.1136/bmj.e7498 (Published 13 November 2012)

Page 1 of 10

RESEARCH

Efficacy and safety of novel oral anticoagulants for
treatment of acute venous thromboembolism: direct
and adjusted indirect meta-analysis of randomised

controlled trials
©88] OPEN ACCESS

Benjamin D Fox visiting professor', Susan R Kahn professor of medicine®, David Langleben professor
of medicine', Mark J Eisenberg professor of medicine'?, Avi Shimony visiting scientist'*

'Center for Pulmonary Vascular Disease and Division of Cardiology, Lady Davis Institute, Jewish General Hospital, McGill University, Montreal,
QC, Canada H3T 1E2; 2Division of Internal Medicine and Department of Medicine, McGill University, Center for Clinical Epidemiology and Community

Studies, Lady Davis Institute, Jewish General Hospital, Montreal, QC

Abstract

Objective To critically review the effectiveness of the novel oral
anticoagulants (rivaroxaban, dabigatran, ximelagatran, and apixaban)
in the treatment of acute venous thromboembolism.

Design Systematic review and random effects meta-analysis. Data were
extracted independently by two investigators. An adjusted indirect
comparison was performed to compare between novel oral
anticoagulants.

Data sources Medline, Embase, and Cochrane Library (from inception
to April 2012). Hand searching of relevant scientific works and contact
with experts.

Study selection Randomised controlled trials of novel oral
anticoagulants compared with vitamin K antagonists for acute venous
thromboembolism. Selected outcomes were recurrent events, major
bleeding, and all cause mortality.

Results Nine studies met our inclusion criteria, involving 16 701 patients
evaluated for efficacy and 16 611 for safety. Data were stratified
according to different novel oral anticoagulants. For recurrent acute
venous thromboembolism, there were no significant differences in events
rates between any of the anticoagulants and conventional treatment
(rivaroxaban (four studies): relative risk 0.85, 95% confidence interval
0.55 to 1.31; dabigatran (two studies): 1.09, 0.76 to 1.57; ximelagatran
(two studies): 1.06, 0.62 to 1.80; and apixaban (one study): 0.98, 0.20
to 4.79). Rivaroxaban reduced the risk of major bleeding compared with
conventional treatment (0.57, 0.39 to 0.84), whereas other novel oral
anticoagulants did not (0.76 (0.49 to 1.18) for dabigatran; 0.54 (0.28 to
1.03) for ximelagatran; 2.95 (0.12 to 71.82) for apixaban). For all cause
mortality there were no significant differences between the novel oral
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anticoagulants and conventional treatment (0.96 (0.72 to 1.27) for
rivaroxaban; 1.00 (0.67 to 1.50) for dabigatran; 0.67 (0.42 to 1.08) for
ximelagatran; 6.89 (0.36 to 132.06) for apixaban). The adjusted indirect
comparison between rivaroxaban and dabigatran did not show superiority
of either drug over the others for major bleeding (0.75, 0.41 to 1.34) or
the other endpoints.

Conclusions Compared with vitamin K antagonists, the novel oral
anticoagulants had a similar risk of recurrence of acute venous
thromboembolism and all cause mortality, though rivaroxaban was
associated with a reduced risk of bleeding.

Introduction

Venous thromboembolism is a common condition that is
associated with considerable morbidity and mortality.' The
mainstay of treatment has been initial use of parenteral
anticoagulants followed by longer term use of oral vitamin K
antagonists.' While the vitamin K antagonists are effective at
preventing propagation and recurrence, they are also associated
with an increased risk of bleeding and the need for laboratory
monitoring.” In addition, they have potential for multiple
drug-drug interactions, which are often clinically important
because of their narrow therapeutic index. In the past decade
two classes of novel oral anticoagulants have been developed:
direct thrombin inhibitors and factor Xa inhibitors. Factor Xa
inhibitors prevent cleavage of prothrombin to thrombin, whereas
the direct thrombin inhibitors prevent thrombin from cleaving
fibrinogen.’ These agents have been extensively studied for
prophylaxis of acute venous thromboembolism, long term
anticoagulation for atrial fibrillation, and acute coronary

Extra material supplied by the author (see http://www.bmj.com/content/345/bmj.e7498?tab=related#webextra)

Supplementary data file, including database search strategy and supplementary figures [posted as supplied by author]

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

yBLAdoD Ag paroaloid 1sanb AQ £Z20Z UdIe 0Z Uo Jwod fg mmmy/:dny woly papeojumod 2102 J8qWIBAON £T U0 86729°Twag/9gTT 0T St paysiiand 1s1y :CINg


http://www.bmj.com/content/345/bmj.e7498?tab=related#webextra
http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/

BMJ 2012;345:€7498 doi: 10.1136/bmj.e7498 (Published 13 November 2012)

Page 2 of 10

RESEARCH

syndromes.* The role of the novel oral anticoagulants for
treatment of acute venous thromboembolism has also been
investigated in several randomised controlled trials, which were
typically designed and powered to show non-inferiority to
vitamin K antagonists in terms of recurrence of acute venous
thromboembolism and risk of bleeding. These trials were limited
in size and yielded inconclusive or conflicting results.
Furthermore, the results have yet to be incorporated in a
meta-analysis, which can reduce the amount of uncertainty
surrounding the treatment effects. We conducted a systematic
review and meta-analysis of randomised controlled trials for
treatment of acute venous thromboembolism to obtain a better
estimate of the benefits and risks of the different novel oral
anticoagulants compared with vitamin K antagonists.

Methods

Data sources and searches

We searched Medline, Embase, and the Cochrane Library. Each
database was searched from its inception date to 5 April 2012.
Conference abstracts were included in our search. The retrieved
articles were examined to eliminate potential duplicates or
overlapping data. No limits or language restriction were applied
during the search. The search string was: #1. (rivaroxaban OR
BAY 59-739) OR (apixaban or BMS-562247-01) OR (edoxaban
OR DU-176b) OR (betrixaban OR PRT054021) OR (darexaban
ORYMI150) ORLY-517717 OR GW813893 OR TAK-442 OR
PD0348292; #2. (dabigatran OR BIBR1048) OR ximelagatran
OR AZDO0837; #3. #2 OR #1; #4. deep venous thrombosis OR
deep vein thrombosis OR thrombophlebitis OR pulmonary
embolis* OR DVT OR PE; #5. #3 AND #4. We also hand
searched the references of relevant articles for additional clinical
trials not identified by the electronic search and contacted
experts. Finally we searched clinicaltrials.gov for information
on clinical trials that were terminated but unpublished.

Study selection

One reviewer (BDF) performed the database search and initial
screening of titles and abstracts. Two investigators (BDF, AS)
independently carried out full text screening of all eligible
articles. We included a study if participants were patients with
acute symptomatic venous thromboembolism (that is, deep vein
thrombosis or pulmonary embolism, or both) objectively
diagnosed with standard imaging techniques; the intervention
was treatment with a novel oral anticoagulants with or without
initial treatment with heparin; the comparison group was
treatment with vitamin K antagonists always with initial
treatment with heparin; the outcome was recurrent acute venous
thromboembolism, bleeding, or all cause mortality; and it was
a randomised controlled trial. Though the direct thrombin
inhibitor ximelagatran was withdrawn from the market in 2006
because of concerns over hepatotoxicity, we elected to include
these data for completeness.

Data extraction and quality assessment

Two reviewers (BDF and AS) independently extracted data on
to a computer spreadsheet, with discrepancies resolved by
consensus. Extracted data included first author, year of
publication, study design, characteristics of patients, length of
follow-up, drug and drug loading, and maintenance protocol.
The efficacy endpoint was recurrent acute venous
thromboembolism, as defined by the study protocol. Safety
endpoints were major bleeding and all cause mortality. Major
bleeding was defined uniformly across the studies (fatal
bleeding, bleed into critical site, fall of >20 g/L haemoglobin,

or requirement for transfusion of two or more units of blood),
whereas non-major bleeding was defined heterogeneously. If a
study was designed as a dose finding study, we extracted data
only for the dose that was used in subsequent clinical trials.
Each study was graded for potential bias into low, high, and
unclear according to the Cochrane Collaboration handbook.’

Data synthesis and analysis

Event data were pooled for recurrent acute venous
thromboembolism, major bleeding, and all cause mortality. In
the primary analysis we stratified the results by drug name. To
examine a possible class effect we did a secondary analysis
stratified by drug class. We used the DerSimonian and Laird
random effects model, which accounts for variability both within
studies and between studies, to estimate pooled risk ratios with
their 95% confidence intervals for event data.’ Forest plots were
created for each outcome. When there were no events in one
treatment group, we used a 0.5 continuity correction. Statistical
heterogeneity was assessed with the Cochrane Q statistic (P<0.1
was considered significant). We also calculated the I” statistic
to estimate the proportion of variation attributable to
heterogeneity between studies. For each analysis we assessed
publication bias with a funnel plot.

In the absence of trials making head to head comparisons
between novel oral anticoagulants, we performed an adjusted
indirect comparison using a single common comparator—that
is, vitamin K antagonists—using the Bucher technique.” We
excluded apixaban from the adjusted indirect comparison as it
was examined in only one small clinical trial and excluded
ximelagatran as it has been withdrawn from the market.
Therefore the adjusted indirect comparison was performed only
between rivaroxaban and dabigatran. We used the R statistical
software system v2.15.0 with the meta (v2.0.1) package for
statistical analysis.®® Certain endpoints of potential interest were
reported inconsistently between studies so pooling of data was
not appropriate. We summarised these data in a qualitative
review. The manuscript was drafted with reference to the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) checklist.'

Results
Study characteristics

Our search identified 1781 studies of interest, after removal of
duplicates (fig 1//). Most studies were eliminated during
screening as the indication for anticoagulation was not acute
venous thromboembolism. After we reviewed 20 full text
articles, nine studies with over 16 000 patients were suitable
for data extraction and pooled analysis. The trials evaluated two
factor Xa inhibitors (rivaroxaban (four randomised controlled
trials, n=8709) and apixaban (one trial, n=258)) and two direct
thrombin inhibitors (dabigatran (two trials, n=5107) and
ximelagatran (two trials, n=2627))."" Four studies were phase
II dose finding studies and five were phase III studies powered
for non-inferiority against vitamin K antagonists. The length of
follow-up ranged from two weeks to 12 months.

Rivaroxaban

Two small phase II studies (EINSTEIN-Dose and ODIXa)
looked at rivaroxaban in patients with acute deep vein
thrombosis and were primarily concerned with imaging
endpoints, though the endpoints of interest for our study were
also reported." "> The main phase III studies were performed
by the EINSTEIN investigators in a pair of open label
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non-inferiority studies. The EINSTEIN-DVT study enrolled
3449 patients with acute deep vein thrombosis and excluded
patients with symptomatic pulmonary embolism." The
EINSTEIN-PE study recruited 4832 patients with acute
symptomatic pulmonary embolism with or without symptomatic
deep vein thrombosis."* After the phase II studies, the EINSTEIN
investigators chose to load rivaroxaban at 15 mg twice a day
for two weeks followed 20 mg four times a day for the remainder
of the study. The rivaroxaban patients typically received one to
two doses of low molecular weight heparin before starting
rivaroxaban, whereas the patients randomised to vitamin K
antagonists received low molecular weight heparin concurrently
for five days or more, until the target international normalised
ratio was achieved.

Apixaban

A single published phase II study (Botticelli study) looked at
apixaban in patients with acute deep vein thrombosis." This
formed the basis for an ongoing clinical trial of apixaban for
the treatment of acute venous thromboembolism (clinicaltrials.
gov NCT00643201). In a similar design to the rivaroxaban
studies, the patients in the apixaban arm did not receive a full
course of low molecular weight heparin.

Dabigatran

The pivotal published study on dabigatran was RECOVER I,
which enrolled patients with deep vein thrombosis and
pulmonary embolism.'® This was a phase III non-inferiority,
double blind, double dummy trial, which included sham
monitoring of international normalised ratio and sham titration
of vitamin K antagonists in the experimental group. To obtain
regulatory approval, the study was repeated (RECOVER 1I)
with a similar design and the results published in abstract."” Both
patients who received dabigatran and those who received vitamin
K antagonists received a full five day course of low molecular
weight heparin before starting the study drug.

Ximelagatran

We found two published studies that looked at ximelagatran.
THRIVE I was a short phase II study (n=138) on patients with
acute deep vein thrombosis with an imaging endpoint.”* THRIVE
I also reported event data. The phase III, THRIVE II and
THRIVE V studies were reported together as one trial (referred
to as THRIVE II/V in this study)."” The THRIVE II/V trial
enrolled 2489 patients with acute deep vein thrombosis with or
without pulmonary embolism in a double blind, double dummy
randomised design similar to the RECOVER studies for
dabigatran. Patients randomised to ximelagatran received
dummy low molecular weight heparin with dummy vitamin K
antagonists during the initial phase of the study.

Risk of bias assessment

Of the nine studies, we assessed the risk of bias as low in four
studies and unclear in five studies (table 1/]). In the open label
studies (with the exception of the THRIVE I study), outcome
data were recorded with a routine structured technique and were
adjudicated by an independent committee blinded to study drug
allocation. In three of the five studies graded as having unclear
potential for bias this was due to only a single domain, with all
other domains classified as low potential for bias. One study
(RECOVER 1I) has been published only in abstract form, so
we could not completely assess potential biases or extract
demographic data.”” As its design was similar to RECOVER 1,
however, we assumed that its potential bias would be either low

or unclear at most. The funnel plots indicated low risk of
publication bias for all analyses (see supplementary fig 1).

Patients’ characteristics

There were 16 701 patients in the efficacy analysis (recurrence
of acute venous thromboembolism) and 16 611 in the safety
analysis (major bleeding and all cause mortality) (table 2|). The
mean age of patients ranged was 54-60 and 47-54% were men.
Trauma/surgery and previous acute venous thromboembolism
were the most common associated risk factors described, though
not all studies reported the same risk factors. In the comparison
arms, the international normalised ratio was moderately well
controlled, with 50-63% of measurements in the target range.

Primary analysis: stratification by drug name

For recurrent acute venous thromboembolism, we found no
evidence of difference between any of the novel oral
anticoagulants and the vitamin K antagonists for each
comparison (fig 2}). In the major bleeding meta-analysis (fig
3l)), the only drug associated with a decreased risk of major
bleeding was rivaroxaban (relative risk 0.57, 95% confidence
interval 0.39 to 0.84), with no evidence of heterogeneity between
studies (I’=0%). For all cause mortality (fig 4//), there was no
evidence of differences in outcome between any of the novel
oral anticoagulants and conventional treatment, with no evidence
of heterogeneity between studies.

Secondary analysis: stratification by
pharmacological class

For recurrent acute venous thromboembolism, there was no
evidence of difference between any of the drugs and vitamin K
antagonists, with evidence of no to mild heterogeneity
(I’=0-17%). In the major bleeding analysis, events occurred less
often with both the direct thrombin inhibitors (relative risk 0.68,
95% confidence interval 0.48 to 0.98) and the factor Xa
inhibitors (0.59, 0.40 to 0.85). There was no evidence of
heterogeneity in these comparisons (I’=0% for both). All cause
mortality was similar to that seen with vitamin K antagonists
for both classes of novel oral anticoagulants. There was evidence
of no to mild heterogeneity this analysis (’=0-20%). All forest
plots for the secondary analysis are provided in the
supplementary files.

Adjusted indirect comparison

The adjusted indirect comparison was performed for active trial
arms for rivaroxaban and dabigatran for each of the three
endpoints. In this analysis, a relative risk <1.0 favours
rivaroxaban and a relative risk >1.0 favours dabigatran. For
each of the endpoints, there was no evidence of benefit of either
drug over the other: relative risk 0.78 (0.49 to 1.24) for acute
venous thromboembolism; 0.75 (0.41 to 1.34) for major
bleeding; and 0.96 (0.59 to 1.58) for all cause mortality.

Qualitative summary
Rivaroxaban

In the large EINSTEIN studies there were fewer study
discontinuations among patients randomised to rivaroxaban
(10.7-11.3%) than among those randomised to vitamin K
antagonists (12.3-14.2%), driven by a high rate of withdrawal
of consent in the vitamin K antagonists arm. There was no
excess of increased liver enzyme activity, vascular events, or
dyspepsia in patients taking rivaroxaban compared with vitamin
K antagonists. The EINSTEIN study group introduced a novel
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endpoint “net clinical benefit,” a composite of recurrent acute
venous thromboembolism and major bleeding.” '* This
parameter was not reported in other trials, and without patient
level data we cannot calculate the net clinical benefit simply by
adding acute venous thromboembolism and major bleeding
events (H R Buller, personal communication). Of note,
rivaroxaban reduced the risk for the net clinical benefit (pooled
events from four randomised controlled trials: relative risk 0.79,
0.63 to 0.99).

Apixaban

Apixaban was associated with slightly increased rates of
non-major bleeding (11% v 8% vitamin K antagonists) and
discontinuation (13% v 8% vitamin K antagonists). Apixaban
was not associated with increased liver enzyme activity.

Dabigatran

Patients in the RECOVER I study had a higher rate of
discontinuation because of dyspepsia in the dabigatran arm
(2.9% v 0.6% for vitamin K antagonists). Non-major bleeding
was significantly decreased in the dabigatran arm of the
RECOVER I study (hazard ratio 0.71, 95% confidence interval
0.59 to 0.85). Dabigatran has been associated with increased
risk of myocardial infarction, though this was not specifically
noted in RECOVER 1.* Dabigatran was not associated with
increased liver enzyme activity.

Ximelagatran

In the THRIVE II/V study, more patients were withdrawn in
the ximelagatran arm of the study because of increased liver
enzyme activity (10.2% v 2.2% for vitamin K antagonists).
Ximelagatran was also associated with more vascular events
than vitamin K antagonists (0.8% v 0.08%), though these events
were not adjudicated by an independent expert committee.

Discussion

This systematic review, meta-analysis, and adjusted indirect
comparison of the novel oral anticoagulants compared with
vitamin K antagonists for the treatment of acute venous
thromboembolism showed no significant differences in the risk
of recurrence and the risk of all cause mortality. There was a
significant reduction in major bleeding with rivaroxaban. The
magnitude of the reduction in major bleeding was less apparent
for other novel oral anticoagulants and did not reach
significance. Importantly, the sample sizes of the individual
randomised controlled trials included in our meta-analysis were
too small to provide reliable conclusions about the efficacy and
safety of the novel oral anticoagulants. By pooling data across
trials, we reduced the uncertainty surrounding the treatment
effects and obtained more precise 95% confidence intervals.

Novel findings

As far as we know, this study is the first overall analysis of the
novel oral anticoagulants for treatment of acute venous
thromboembolism. The clinical trials in our systematic review
were all funded by industry and powered for dose finding or for
non-inferiority compared with conventional treatment. The
non-inferiority design has certain advantages, such as potentially
reducing the sample size, and the results can often be sufficient
to obtain regulatory approval, but there are important nuances
to their interpretation.”’ The most important factor is the size of
the “margin of inferiority,” which in the aforementioned studies
was the upper confidence limit for the target event’s hazard

ratio (2.0 in EINSTEIN-PE, 2.0 in EINSTEIN-DVT, and 2.75
in RECOVER ) or an absolute risk difference (4% in THRIVE
11/V)." '* 19 In EINSTEIN-PE and RECOVER 1, the study
hazard ratios for recurrent acute venous thromboembolism were
above 1.0 (that is, tending towards favouring vitamin K
antagonists) and the upper confidence limit of the hazard ratio
was close to but still within the margin of inferiority. By pooling
results in this meta-analysis, the upper confidence limit of the
relative risk for these agents moved closer to the point estimate,
which suggests that these drugs are indeed non-inferior to the
vitamin K antagonists in a total sample of over 16 000 patients.

All of the novel oral anticoagulants (except in the small apixaban
study) showed a trend towards lower rates of major bleeding
compared with vitamin K antagonists, but this was significant
only for rivaroxaban. This finding should be interpreted with
caution for two reasons. Firstly, the rivaroxaban studies
accounted for more than 53% of the participants in the whole
meta-analysis so this finding might simply reflect the larger
sample size. Secondly, in the indirect analysis comparing
rivaroxaban with dabigatran there was no clear evidence of
advantage for either drug, though the relative risk still trended
towards rivaroxaban.

We also performed an adjusted indirect comparison analysis to
evaluate potential risks/benefits of one novel oral anticoagulant
over the other. The analysis of dabigatran and rivaroxaban did
not show significant differences between the two drugs—the
point estimate tended to favour rivaroxaban but the upper
confidence limit crossed 1.0 in every case. Loke and Kwok
published an adjusted indirect comparison of rivaroxaban and
dabigatran based on studies on acute venous thromboembolism
prophylaxis in orthopaedics, with low molecular weight heparin
as the common comparator.”> Rivaroxaban was found to be
superior to dabigatran, but there was a trend towards increased
bleeding. Differences in therapeutic regimen and selection of
patients could explain these discrepancies with our results.
Clearly without properly executed clinical trials comparing the
different novel oral anticoagulants it is not possible to know
which might have the best efficacy and safety profile.

We also stratified pooling and meta-analysis of event data by
pharmacological class (direct thrombin inhibitors or factor Xa
inhibitor). The factor Xa inhibitors also decreased major
bleeding, driven by the rivaroxaban studies, as discussed above.
In addition, the direct thrombin inhibitors showed a reduction
in risk of major bleeding compared with vitamin K antagonists
treatment (five studies, n=7734, see supplementary figure),
whereas neither dabigatran or ximelagatran significantly reduced
bleeding in our analysis by drug (fig 2|/). These findings should
be interpreted cautiously because ximelagatran was withdrawn
from the market in 2006.

Comparisons with other studies

The novel oral anticoagulants have been tested in clinical trials
for other indications, including thromboprophylaxis in atrial
fibrillation, medical and surgical inpatients, and acute coronary
syndromes.* These studies often used different doses to those
used in the acute venous thromboembolism studies. In addition,
the comparator arm might have been placebo, parenteral
anticoagulants, or vitamin K antagonists, depending on the
study. For example, patients with acute coronary syndromes
were at a higher risk of bleeding (2.2% for rivaroxaban in the
ATLAS ACS 2-TIMI 51 trial) as they were typically treated
with antiplatelet agents.” In contrast, in atrial fibrillation studies,
the novel oral anticoagulants were associated with similar risk
of major bleeding (relative risk 0.88, 95% confidence interval
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0.71 to 1.09).* In our study the rate of major bleeding in the
included studies ranged from 0.4% to 1.73%. Similarly, after
lower limb orthopaedic surgery patients have a lower risk of
first acute venous thromboembolism (0.5-1.0%) than the higher
risk of recurrent acute venous thromboembolism seen in the
trials analysed in our study (1.4-4.6%).” Thus, we believe that
comparison of our results with these prophylaxis studies would
be invalid. In line with the results from these studies, however,
it seems that novel oral anticoagulants might be an effective
and safe alternative to conventional treatment for acute venous
thromboembolism.

Limitations

Our study has several potential limitations. Firstly, we pooled
studies with both deep vein thrombosis and pulmonary embolism
under the umbrella diagnosis of acute venous thromboembolism.
While trial designers might have had specific reasons for
separating the two presentations for regulatory or potential safety
reasons, it is accepted in clinical practice that they are
fundamentally the same. For example, in the THRIVE II/V
study, clinically silent but radiologically proved pulmonary
embolism was seen in 37% of patients, which is consistent with
previous literature.'” We therefore contend that pooling of deep
vein thrombosis/pulmonary embolism studies together is
medically correct and allows pooling of a larger number of
patients to obtain more precise treatment effects. Secondly, most
randomised controlled trials had an open label design because
of the complexity and futility of monitoring international
normalised ratio in the novel oral anticoagulant arm. All
outcomes, however, were assessed by blinded observers and all
efficacy and safety outcomes were adjudicated by a committee
in each trial, and acute venous thromboembolism outcomes
required confirmation with imaging.”® Thirdly, clinical trials are
underway for apixaban (clinicaltrials.gov NCT00643201) and
edoxaban (clinicaltrials.gov NCT009861154), and further
meta-analysis will be required on this subject in due course. In
the interim, we believe that this systematic review of all
available randomised controlled trials offers the most
comprehensive appraisal of the literature to date. Fourthly,
durations of follow-up and treatment varied between randomised
controlled trials, which could limit the interpretation of the
meta-analysis for a specific length of treatment. Our analyses,
however, have shown little or no heterogeneity between
randomised controlled trials for all outcomes. Fifthly, in
common with many clinical trials, study participants might have
been younger, healthier, and more closely monitored than the
general population with acute venous thromboembolism. This
could limit the generalisablility of our findings. Finally,
secondary outcomes such as minor bleeding and adverse events
were not pooled, and we could not perform subgroup analysis
according to the aetiology of acute venous thromboembolism
because of the lack of patient level data. These analyses might
be important to guide the clinical management in different
groups of patients with acute venous thromboembolism.

Conclusions

In conclusion, the novel oral anticoagulants had similar efficacy
and mortality profiles compared with conventional
anticoagulation with vitamin K antagonists. Rivaroxaban was
associated with lower risk of major bleeding. Given the lack of
evidence from our adjusted indirect comparison to suggest the
superiority of any one novel oral anticoagulant over another,
there remains a need for large randomised controlled trials
powered to directly compare these novel agents.
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What is already known on this topic

Traditional treatment of acute venous thromboembolism with vitamin K antagonists is effective but is complex to manage and is associated

with an increased risk of bleeding

Novel anticoagulants that do not require laboratory monitoring are available and have been evaluated in clinical trials, although without
clear cut results as to the superiority of one treatment over the other

What this study adds

A meta-analysis of all available data showed that the novel oral anticoagulants are associated with a similar risk of recurrence of acute
venous thromboembolism compared with standard treatment with vitamin K antagonists

The novel oral anticoagulant rivaroxaban (a factor Xa inhibitor) was associated with a reduced risk of bleeding
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Tables

| Characteristics of studies of novel oral anticoagulants for treatment of acute venous thromboembolism, grouped by class and
drug name

Study Patients Novel oral anticoagulant Design Efficacy Safety Duration Risk of bias

Factor Xa inhibitor—rivaroxaban

EINSTEIN-PE, Symptomatic pulmonary Rivaroxaban: 15 mg twice a day Open label, randomised, ITT PP 3,6,0r12 Low
2012" embolism, n=4832 for 3 weeks, 20 mg four times a  non-inferiority months

day thereafter
EINSTEIN-DVT, Proximal deep vein Rivaroxaban: 15 mg twice a day Open label, randomised, ITT PP 3,6,0r12 Low
2010" thrombosis, n=3449 for 3 weeks, 20 mg four times a  non-inferiority months

day thereafter
EINSTEIN-Dose, Proximal or extensive distal ~Rivaroxaban: 20-40 mg four times Open label, randomised, PP PP 12 weeks Unclear
2008" deep vein thrombosis, n=216 a day, 20 mg four times a day phase Il

extracted
ODIXa, 2007" Proximal deep vein Rivaroxaban: 10-40 mg four times Open label, randomised, ITT PP 12 weeks Unclear

thrombosis, n=212 a day, 20 mg four times a day phase Il
extracted

Factor Xa inhibitor—apixaban

Botticelli, 2008™ Proximal or extensive distal Apixaban: 5-20 mg four times a  Open label, randomised, ITT PP 12-13 weeks Unclear
deep vein thrombosis, n=258 day, 5 mg four times a day phase Il
extracted

Direct thrombin inhibitor—dabigatran

RECOVER I, All acute venous Dabigatran: 150 mg twice aday Double blind, randomised, — — 6 months Unclear
20117 thromboembolism, n=2568 non-inferiority

RECOVER |, All acute venous Dabigatran: 150 mg twice aday Double blind, randomised, ITT PP 6 months Low
2009" thromboembolism, n=2539 non-inferiority

Direct thrombin inhibitor—ximelagatran

THRIVE II/V, 2005 Proximal deep vein Ximelagatran: 36 mg twice a day Double blind, randomised, ITT PP 6 months Low
thrombosis, n=2489 non-inferiority

THRIVE I, 2003  Proximal deep vein Ximelagatran: 24-60 mg twice a  Open label, randomised, ITT PP 2 weeks Unclear
thrombosis, n=138 day, 36 mg extracted phase Il

ITT=intention to treat; PP=per protocol.
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| Participants in studies of novel oral anticoagulants (NOA) for treatment of acute venous thromboembolism (VTE). Figures are
percentages of patients unless stated otherwise, absolute numbers of patients in each group are given in table 3

Mean age (years) Men (%) INR control (%) Previous VTE (%) Malignancy (%) Trauma/surgery (%)

Study NOA Control NOA Control <2.0 2.0-3.0 >3.0 NOA Control NOA Control NOA Control
Factor Xa inhibitor—rivaroxaban

EINSTEIN-PE™ 57.9 57.5 54 5 22 63 16 19 20 5 5 17 16
EINSTEIN-DVT™ 55.8 56.4 57 56 24 58 16 19 19 6 5 19 19
EINSTEIN-Dose"' 58 57 47 51 29 50 20 21 29 8 7 19 24
ODIXa" 57.5 58.4 57 61 — 60 — — — — — — —
Factor Xa inhibitor—apixaban

Botticelli"® 56 59 64 63 21 57 22 28 24 8 8 19 27
Direct thrombin inhibitor—dabigatran

RECOVER Il — — — — — — — — — — — — —
RECOVER I' 55 54.4 58 58 21 60 19 25 25 5 4 — —
Direct thrombin inhibitor—ximelagatran
THRIVE II/V*® 56.7 57.1 53 53 — 61 —_ 22 21 13 14 — —
THRIVE I"® 60.5 58.2 54 56 — — — 14 14 3 1 0 10

INR=international normalised ratio.
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Figures

Records identified through Additional records identified
database searching (n=2118)  through other sources (n=1)

{

Records after 338 duplicates removed (n=1781)

f

Records screened (n=1781)

/

Full text articles assessed for eligibility (n=20)

Full text articles excluded (n=11):
Long term anticoagulation trials (n=3)
Narrative reviews (n=7)

Case series (n=1)

Studies included in qualitative synthesis (n=9)

{

Studies included in quantitative synthesis (meta-analysis) (n=9)
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Fig 1 Flow diagram of search strategy for studies of novel oral anticoagulants for treatment of acute venous thromboembolism

Events/total

Study Novel oral Vitamin K
anticoagulants antagonists

Risk ratio (95% CI)

Rivaroxaban

EINSTEIN-DVT!? 36/1731 51/1718 ~I.—L7
EINSTEIN-PE™* 50/2419 44/2413 :
EINSTEIN-DOSE"? 3/115 7/100 ——————t—
OXIDa'? 2/100 1/112
Random effects model 91/4365 103/4344 i
Heterogeneity 1°’=38%, P=0.185
Apixaban
Botticelli-DVT'® 3/130 3/128
Random effects model 3/130 3/128 T
Heterogeneity I’>=NA, P=1
Dabigatran
RECOVER 6 30/1274 27/1265
RECOVER II*” 30/1279 28/1289

Random effects model 60/2553 55/2554
Heterogeneity 1>=0%, P=0.954

Ximelagatran
THRIVE 11/V?? 26/1240 24/1249

THRIVE I'® 1/65 2/73
Random effects model 27/1305 26/1322
Heterogeneity 1>=0%, P=0.594

0.1 10
Favours Favours
novel oral vitamin K
anticoagulant antagonist

Risk ratio (95% CI)

0.70 (0.46 t0 1.07)
1.13 (0.76 to 1.69)
0.38 (0.10t0 1.42)
2.24 (0.21 to 24.33)
0.85 (0.55 t0 1.31)

0.98 (0.20 to 4.79)
0.98 (0.20 to 4.79)

1.10 (0.66 to 1.84)
1.08 (0.65 to 1.80)
1.09 (0.76 to 1.57)

1.09 (0.63 to 1.89)
0.56 (0.05 to 6.05)
1.06 (0.62 to 1.80)

Fig 2 Relative risk for recurrent venothromboembolism with novel anticoagulants v traditional treatment with vitamin K

antagonists
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Events/total

Study Novel oral Vitamin K Risk ratio (95% CI) Risk ratio (95% CI)
anticoagulants antagonists

Rivaroxaban

EINSTEIN-DVT!? 14/1718 20/1711 — 0.70 (0.35 to 1.38)
EINSTEIN-PE4 26/2412 52/2405 - 0.50 (0.31 to 0.80)
EINSTEIN-DOSE™ 1/135 2/137 — 0.51 (0.05 to 5.53)
OXIDa'? 2/117 0/126 _._—, 5.38 (0.26 t0 110.96)
Random effects model 43/4382 74/4379 <+ 0.57 (0.39 t0 0.84)

Heterogeneity 1°’=0%, P=0.426

Apixaban
Botticelli-DVT'® 1/128 0/126 —_————  2.95(0.12t071.82)
Random effects model 1/128 0/126 s .95 (0.12 10 71.82)

Heterogeneity I’>=NA, P=1

Dabigatran
RECOVER 6 20/1274 24/1265 - 0.83 (0.46 t0 1.49)
RECOVER II*” 15/1279 22/1289 —l:-- 0.69 (0.36 to 1.32)
Random effects model 35/2553 46/2554 < 0.76 (0.49 t0 1.18)

Heterogeneity I°>=0%, P=0.678

Ximelagatran

THRIVE 11/V*® 14/1240 26/1249 —H 0.54 (0.28 to 1.03)
THRIVE I8 0/62 0/73 ' -
Random effects model 14/1305 26/1322 <] 0.54 (0.28 t0 1.03)
Heterogeneity I’>=NA, P=1

0.01 0.1 1 10 100

Favours Favours

novel oral vitamin K

anticoagulant antagonist

Fig 3 Relative risk for major bleeding with novel anticoagulants v traditional treatment with vitamin K antagonists

Events/total

Study Novel oral Vitamin K Risk ratio (95% CI) Risk ratio (95% CI)
anticoagulants antagonists

Rivaroxaban

EINSTEIN-DVT!? 38/1718 49/1711 i 0.77 (0.51 t0 1.17)
EINSTEIN-PE4 58/2412 50/2405 1.16 (0.80 to 1.68)
EINSTEIN-DOSE"? 4/135 5/137 —— 0.81 (0.22 to 2.96)
OXIDa'? 0/117 0/126 -

Random effects model 100/4382 104/4379 ¢ 0.96 (0.72 to 1.27)

Heterogeneity 1°=2.7%, P=0.358

Apixaban
Botticelli-DVT'® 3/128 0/126 —+———— 6.89 (0.36 0 132.06)
Random effects model 3/128 0/126 e (.89 (0.36 t0 132.06)

Heterogeneity I’>=NA, P=1

Dabigatran

RECOVER 6 21/1274 21/1265 0.99 (0.56 t0 1.81)
RECOVER II*” 25/1279 25/1289 I 1.01 (0.58 to 1.74)
Random effects model 46/2553 46/2554 L 2 1.00 (0.67 to 1.50)

Heterogeneity I°>=0%, P=0.971

Ximelagatran

THRIVE 11/V?? 28/1240 42/1249 - 0.67 (0.42 to 1.08)
THRIVE |28 0/65 0/73 : -
Random effects model 28/1305 42/1322 <5 0.67 (0.42 t0 1.08)

Heterogeneity I’>=NA, P=1
0.01 0.1 il 10 100

Favours Favours
novel oral vitamin K
anticoagulant antagonist

Fig 4 Relative risk for all cause mortality with novel anticoagulants v traditional treatment with vitamin K antagonists
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