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BACKGROUND: Direct oral anticoagulants (DOAs) have been shown to be as effective and at
least as safe as conventional anticoagulation for the prevention of recurrences in patients with
VTE. Whether this is the case in patients with cancer-associated VTE remains undefined.

METHODS: We performed a meta-analysis of randomized controlled trials with the aim of
assessing the efficacy and safety of DOAs in patients with VTE and cancer. MEDLINE, EMBASE,
and CENTRAL were searched up to December 2013 with no language restriction. The primary
outcome of the analysis was recurrent VTE. Data on major bleeding (MB) and clinically rele-
vant nonmajor bleeding were analyzed. Data were pooled and compared by ORs and 95% Cls.

RESULTS: Overall, 10 studies comparing DOAs with conventional anticoagulation for treat-
ment of VTE including patients with cancer were included in the review. Six studies were
included in the meta-analysis (two with dabigatran, two with rivaroxaban, one with edoxaban,
and one with apixaban), accounting for a total of 1,132 patients. VTE recurred in 23 of
595 (3.9%) and in 32 of 537 (6.0%) patients with cancer treated with DOAs and conven-
tional treatment, respectively (OR, 0.63; 95% CI, 0.37-1.10; I, 0%). MB occurred in 3.2%
and 4.2% of patients receiving DOAs and conventional treatment, respectively (OR, 0.77;
95% CI, 0.41-1.44; I2, 0%).

CONCLUSIONS: DOAs seem to be as effective and safe as conventional treatment for the pre-
vention of VTE in patients with cancer. Further clinical trials in patients with cancer-associated

VTE should be performed to confirm these results.
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Patients with malignancy have a fourfold to sevenfold
greater risk of VTE when compared with patients with-
out cancer."? The risk for recurrent VTE while on anti-
coagulant treatment is particularly high in patients with
cancer, as it is the cause of bleeding complications.>
Low-molecular-weight heparins (LMWHs) have been
shown to be more effective than and as safe as conven-
tional anticoagulation with initial LMWH followed by
vitamin K antagonists.5® Thus, LMWHs are currently
recommended over anticoagulation with vitamin K
antagonists for the treatment of VTE in patients with
cancer.!?

A risk for recurrence as high as 15% per year once anti-
coagulation treatment is withdrawn!® candidate patients
with cancer-associated VTE to indefinite anticoagulation
treatment. Thus, extended anticoagulant therapy beyond
3 months (and until cancer is cured) is recommended
in these patients; extended treatment is suggested even
in case of high bleeding risk.!” Consistent recommenda-
tions have been released by the different guidelines.!-4

Practical issues regarding the long-term use of LMWH
include the cost of the drug, the feasibility of long-
term parenteral therapy, quality of life, and also the
lack of evidence of their efficacy and safety when given
indefinitely.

New direct anti-Xa and anti-Ila oral anticoagulants
with no recommended need for laboratory monitoring
or dose adjustment have been shown in trials to be as
effective as and probably safer than conventional antico-
agulation for the treatment of VTE.!52! Their predictable
response, oral administration, and fixed-dose regimens
make direct oral anticoagulants (DOAs) attractive for
the treatment of VTE in patients with cancer. However,
only a minor proportion of patients with cancer (about
5%) was included in each of these trials. Thus, whether
the results of phase 3 trials also apply to the general pop-
ulation of patients with cancer remains undefined. We
performed a systematic review and a meta-analysis to
assess the efficacy and safety of DOAs in patients with
VTE and cancer.

Materials and Methods
Data Sources and Searches

A protocol for this review was prospectively developed detailing the
specific objectives; criteria for study selection; approach to assess study
quality, outcomes, and statistical methods. We performed an unrestricted
search in MEDLINE, EMBASE, and CENTRAL through December 17,
2013. The search strategy is reported in e-Table 1. No language restric-
tions were applied. Reference lists of retrieved articles and review articles
were manually searched for other relevant studies. The term ximelagatran
was excluded from the search because this drug was withdrawn from
clinical use.

Study Selection

Two reviewers (M. C. V. and F. G.) performed study selection inde-
pendently, with disagreements resolved through discussion and the
opinion of a third reviewer (C. B.). Studies were considered poten-
tially eligible for this systematic review if they met the following pre-
determined criteria: (1) they were phase 3 randomized clinical trials
(RCTs) or phase 2 RCTs; (2) DOAs were compared with therapeu-
tic doses of vitamin K antagonists in patients with VTE; (3) patients
defined as having “active cancer” were included; and (4) VTE recur-
rences and bleeding events were objectively assessed in both groups.
Phase 2 RCTs were eligible for inclusion if at least one of the evalu-
ated dosages was subsequently used in phase 3 trials. Studies could
be included in the meta-analysis if the following data were available:
number of patients with and without study outcomes (VTE recur-
rences and bleedings) among patients with cancer receiving DOAs
and among those receiving conventional treatment (heparin followed
by vitamin K antagonists). For duplicate publications, the most com-
plete was considered. To assess agreement between reviewers for study
selection, we used the k statistic, which measures agreement beyond
chance.?

Data Extraction and Quality Assessment

Data were extracted and presented according to the Providing Innovative
Service Models and Assessment (PRISMA) criteria.?> For each study,
the following data were extracted independently by two authors (M. C. V.
and F G.): general data (study design, year of publication), popula-
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tion characteristics (number, mean age, sex), and treatment (therapeutic
indication, type of drug, dose, duration). Information on the following
outcomes was collected for the two treatment groups where available:
number of VTE recurrences, mortality, and major and clinically rele-
vant nonmajor bleedings. Outcomes were reported as defined in the
individual studies.

Study quality was assessed by two reviewers (M. C. V. and E G.) using
the Cochrane Collaboration’s tool to assess risk of bias in randomized
trials, which covers the following bias domains: selection bias, perfor-
mance bias, detection bias, attrition bias, and reporting bias.* High
quality was defined when at least six of the seven criteria within these
bias domains were satisfied. We resolved disagreements about study
data extraction and quality assessment by consensus or by discussion
with a third reviewer (C. B.).

Statistical Analysis

We determined pooled ORs and 95% ClIs for VTE recurrences in
patients with cancer who received heparin followed by vitamin K
antagonists or treatment with a DOA. Furthermore, the pooled ORs
of VTE recurrence and major or clinically relevant nonmajor bleed-
ing (clinically relevant bleeding) in the two treatment arms were
calculated.

Data were pooled by using the Mantel-Haenszel method?; we reported
results according to a fixed-effects model in the absence of significant
heterogeneity and to a random-effects model in the presence of sig-
nificant heterogeneity.?s We used the random effects model because it
accounts for variations between studies in addition to sampling error
within studies. The appropriateness of pooling data across studies was
assessed using the Cochran x? test and the I? test for heterogeneity,
which measure the inconsistency across the study results and describe
the proportion of total variation in study estimates that is due to hetero-
geneity rather than sampling error.26?” Statistically significant heteroge-
neity was considered to be present when P <.10 and I* > 50%. Funnel
plots were used to assess for publication bias.?

We planned to perform separate analyses of study period (6 months
and 12 months), studies including study drug (new anti-Xa and

I: 147#2 CHEST FEBRUARY 2015 :I



anti-Ila), and study drug approach with DOAs (ie, a single drug
and heparin/DOA). A meta-regression analysis was performed with
the following variables: mean value of time in therapeutic range
(TTR) and mean follow-up duration. Both data were derived from

the overall study population. The statistical analyses, forest plots,
and publication bias analyses were produced with Review Man-
ager release 5.1 (The Cochrane Collaboration) and STATA/SE 12
(StataCorp LP).

Results

Overall, 915 studies were found, and 26 were selected as
potentially relevant. The flow diagram for study selec-
tion is reported in Figure 1. Ten studies that reported
data on patients with cancer were included in the sys-
tematic review. Interobserver agreement for study selec-
tion was good (k = 0.87).

Baseline characteristics of the studies included in the
systematic review are reported in Table 1. All trials were
randomized. Reports on three phase 2 trials were selected
(one on apixaban?® and two on rivaroxaban) and
on seven phase 3 trials (one on apixaban,? three on
dabigatran,'-2 one on edoxaban,'¢ and two on rivaroxa-
ban'517). Study size ranged from 520 to 8,240 patients
and the rates of included patients with cancer ranged
from 2.5% to 9.4%.

All the phase 3 trials showed similar rates of VTE recur-
rence with respect to the comparator (heparin/vitamin K

Records identified through database

antagonists), and noninferiority was achieved for all
these trials. The rates of major and clinically relevant
nonmajor bleeding are shown in Table 1.

Meta-analysis

Ten studies were considered for the meta-analysis: Data
from two phase 2 trials, including a DOA regimen sub-
sequently used in phase 3 trials,?*? were not available;
one study reporting on the extended treatment of VTE
was excluded?; and one phase 2 study* was excluded
because it reported on a regimen not used in the phase
3 trial. Overall, six studies reported separate data on
VTE recurrences and bleeding events in patients with
cancer, and were included in the meta-analysis.

Data on patients with cancer from the two trials with
dabigatran'®'® are reported as they are shown in the
pooled analyses.!*3! Data on patients with cancer from
the Apixaban for the Initial Management of Pulmonary
Embolism and Deep-Vein Thrombosis as First-line

searching (n = 915)
MEDLINE n = 662
EMBASE n =78

Additional records identified
through other sources
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(n=851)

CENTRALn =175 (n=0)
v ¥
Records after duplicates removed
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h 4 Records excluded (n = 825)

Not on VTE treatment (n = 286)
Not on NOAC (n = 186)
Not randomized trials (n = 353)
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Full-text articles assessed
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(n=26)

Full-text articles not
found (n= 1) e—

Full-text articles excluded (n = 15)
Ximelagatran (n=7)
Not randomized trials (n = 2)
No patient with cancer (n = 6)

A 4

Studies included in

(n=10)
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Studies included in
quantitative synthesis
(meta-analysis)
(n=6)

Figure 1 - Flow diagram for study
selection. NOAC = new oral
anticoagulant.
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TABLE 1 | Baseline Characteristics of the Studies Included in the Systematic Review

Overall Recurrent
Death, VTE or CRB,
Patients Study VTE-Related Study Included
With Active Drug vs Death, Study Drug vs in the
Study Study Study Study Randomized Cancer, Comparator, Drug vs Comparator, | Meta-
Study Year Design Phase Drug Dose Comparator Period Patients, No. No. (%) TTR, % % Comparator, % % analysis
AMPLIFY21 2013 | DB III | Apix. 10 mg bid Heparin/ 6 mo 5,395 169 (3.1) | 61 1.5 2.3 4.3 Yes
for 7 d VKA vs 1.9 vs 2.7 vs 9.7
followed
by 5 mg bid
BOTTICELLI28 2008 | Open (DB | II | Apix. 5 mg or Heparin/ 84-91d 520 37 (7.1)| 57 2.30r0.7 | 2.6 8.6 No
for apix. 10 mg bid VKA or 0.8 or 3.2 or 4.5
doses) or 20 mg qd vs 0 orl.7 or 8.9
vs 2.5 vs 7.9
EINSTEIN-DVT?5 | 2010 | Open III | Riv. 15 mg bid Heparin/ 12 moe 3,449 207 (6.0) | 57.7 | 2.2 2.1 8.1 Yes
for 3 wk VKA vs 2.9 vs 3.0 vs 8.1
followed by
20 mg qd
EINSTEIN-DVT | 2008 | Open (DB | II | Riv. 20 mg or Heparin/ 3 mop 543 51 (9.4)| 50.3 | 3.0 2.6 5.9 No
Dose- for riv. 30 mg or VKA or 6.0 or 3.6 or 6.0
Ranging?® doses) 40 mg qd or1.5 or 1.7 or 2.2
vs 3.6 vs 6.9 vs 8.8
EINSTEIN-PEY” | 2012 | Open III | Riv. 15 mg bid Heparin/ 12 moa 4,832 223 (4.6) | 62.7 | 2.4 2.1 10.3 Yes
for 3 wk VKA vs 2.1 vs 1.8 vs 11.4
followed by
20 mg qd
HOKUSAI6 2013 | DB III | Heparin/ | 60 mg once Heparin/ 12 moe 8,240 208 (2.5)| 63.5 | 3.2 3.2 8.5 Yes
Edox. daily or VKA vs 3.1 vs 3.5 vs 10.3
30 mg
once daily
ODIXa-DVT30 2007 | Open (DB | II | Riv. 10 or Heparin/ 12 wk 528 16 (3.0) | 60 2.7 (riv.) | 1.9 5.0 No
for riv. 20 or VKA vs 0.8 or 2.0 or 9.4
doses) 30 mg bid or1.8 or 10.7
or 40 mg qd or 2.6 or11.6
vs 0.9 vs 6.3
(any
bleeding)
(Continued)
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double blind; edox. = edoxaban; qd = each day; riv. = rivaroxaban; TTR = time in therapeutic range;

dabigatran; DB =

apix. = apixaban; CRB = major or clinically relevant nonmajor bleeding; dab. =

VKA

vitamin K antagonist.

aTreatment duration: 3 mo, 6 mo, or 12 mo.

bTreatment duration: 85 d.

<Treatment duration: 3 mo to 6 mo.

Therapy (AMPLIFY) study?' have been provided by
the AMPLIFY steering committee and reported as
presented at the European Society of Cardiology
Congress 2014.>> Quality assessment items are summa-
rized in e-Table 2.

VTE Recurrence

VTE recurrence was evaluated in six studies (two with
dabigatran,'®!° two with rivaroxaban,>'” one with edox-
aban,'s and one with apixaban?') and occurred in 23 of
595 patients (3.9%) treated with DOAs and in 32 of
537 patients (6.0%) treated with comparator. DOAs
were associated with a nonsignificant reduction in VTE
recurrence (OR, 0.63; 95% CI, 0.37-1.10; I2, 0%) (Fig 2).
Funnel plot inspection did not reveal publication bias
(e-Fig 1).

Bleeding Events

Major bleeding was evaluated in six studies and
occurred in 19 of 587 patients (3.2%) treated with
DOAs and in 22 of 527 patients (4.2%) treated with the
comparator.!5171921313331 DOAs were associated with a
nonsignificant reduction in major bleeding (OR, 0.77;
95% CI, 0.41-1.44; I2, 0%) (Fig 3A). Funnel plot inspec-
tion did not reveal publication bias (e-Fig 2).

Clinically relevant bleeding was evaluated in six studies
and occurred in 85 of 587 patients (14.5%) treated with
DOAs and in 87 of 527 patients (16.5%) treated with the
comparator.!5172131 A nonsignificant reduction in clini-
cally relevant bleeding was shown with the use of DOAs
(OR, 0.85;95% CI, 0.62-1.18; I2, 1% (Fig 3B). Funnel
plot inspection did not reveal publication bias (e-Fig 3).

Sensitivity Analysis

Sensitivity analysis including only high-quality studies
confirmed the results of the efficacy and safety analyses
in all the selected trials (e-Figs 4-7).

Subgroup Analyses

A subgroup analysis on studies comparing new anti-
Xa'51721 or anti-ITa" drugs with the comparator was per-
formed. The OR for recurrent VTE in the group
receiving anti-Xa drugs (four studies, 797 patients) was
0.56 (95% CI, 0.27-1.14) and was 0.77 (95% CI, 0.32-1.83)
in the group receiving anti-Ila drugs (two studies,
335 patients) (e-Figs 8, 9).

An analysis on studies reporting on a single-drug
approach with DOAs vs the use of heparin before DOA
administration was also performed. Three studies
(589 patients) were included in the analysis on the

479



DOA Comparator Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMPLIFY 2013 3 81 5 78 15.2% 0.56 [0.13, 2.43] L
EINSTEIN-DVT 2010 4 118 5 89 17.1% 0.59[0.15, 2.26] - "1
EINSTEIN-PE 2012 2 114 3 109  9.4% 0.63[0.10, 3.85] L
HOKUSAI 2013 4 109 7 99 22.0% 0.50[0.14, 1.77] - &
RECOVER | & 11 2013 10 173 12 162  36.3% 0.77[0.32, 1.83] —
Total (95% Cl) 595 537 100.0% 0.63 [0.37, 1.10] ‘
Total events 23 32
Heterogeneity: Chiz = 0.36, df = 4 (P = 0.99); I2 = 0% I I I I
0.01 0.1 1 10 100

Test for overall effect: Z=1.62 (P = 0.10)

Favors DOA Favors comparator

Figure 2 - Use of DOA and VTE recurrence in patients with cancer. df = degrees of freedom; DOA = direct oral anticoagulant; M-H = Mantel-Haenszel

method.

single-drug approach!5172! and three studies (429 patients)
reported on the heparin/DOA approach.'¢!® In studies
reporting on the single-drug approach, recurrent
VTE occurred in 2.8% of patients receiving DOAs and
4.7% of patients receiving comparator (OR, 0.59; 95% CI,
0.25-1.40). In studies reporting on heparin/DOA,
recurrent VTE occurred in 3.6% of patients receiving
heparin/DOA and in 5.8% of patients receiving com-
parator (OR, 0.60; 95% CI, 0.24-1.50) (e-Figs 10, 11).

Meta-regression analyses showed no association of
mean TTR values (P =.696) or mean follow-up dura-
tion (P = .819) with the effect size.

When patients from the Oral Direct Factor Xa Inhibitor
Rivaroxaban in Patients With Acute Symptomatic Deep
Vein Thrombosis (EINSTEIN) studies,** who were diag-
nosed with cancer during the studies, were included in
the analyses, the results concerning efficacy (1,299 patients;
OR, 0.67; 95% CI, 0.39-1.08; I2, 0%) and major bleeding
(1,283 patients; OR, 0.71; 95% CI, 0.40-1.25; I2, 0%)
were confirmed.

Discussion

This study shows that the efficacy and safety profile of
new anti-Xa and anti-Ila drugs for VTE treatment in
patients with cancer is similar to that observed in

A DOA Comparator Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMPLIFY 2013 2 87 4 80 18.2% 0.45[0.08, 2.51] - 1
EINSTEIN DVT & PE 2013 6 232 8 196  37.7% 0.62[0.21, 1.83] — &
HOKUSAI 2013 5 109 3 99 13.4% 1.54[0.36, 6.61] -
RECOVER | & 11 2013 6 159 7 152 30.7% 0.81[0.27, 2.47]
Total (95% CI) 587 527 100.0% 0.77 [0.41, 1.44]
Total events 19 22
Heterogeneity: Chi2 = 1.40, df = 3 (P = 0.70); 12 = 0% I I I I
Test for overall effect: Z = 0.81 (P = 0.42) 001 01 ! 10 100
Favors DOA Favors comparator
B DOA Comparator Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
AMPLIFY 2013 11 87 18 80 21.0% 0.50[0.22, 1.13] - =7
EINSTEIN-DVT 2010 17 118 14 88 17.6% 0.89[0.41, 1.92] - =
EINSTEIN-PE 2012 14 114 10 108  11.5% 1.37[0.58, 3.24] -1
HOKUSAI 2013 20 109 25 99  27.4% 0.67 [0.34, 1.29] — =
RECOVER | & 11 2013 23 159 20 152 22.4% 1.12[0.59, 2.13]
Total (95% CI) 587 527 100.0% 0.85[0.62, 1.18] T
Total events 85 87
Heterogeneity: Chi? = 4.04, df = 4 (P = 0.40); I?= 1% f f f 1
Test for overall effect: Z = 0.96 (P = 0.34) 001 01 ! 10 100
Favors DOA  Favors comparator

Figure 3 - A, Use of DOA and major bleeding in patients with cancer. B, Use of DOA and clinically relevant bleeding in patients with cancer. See Figure 2

legend for expansion of abbreviations.
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patients without cancer. A favorable trend toward
reduction of recurrent VTE was observed without con-
cern in terms of clinically relevant bleedings.

We found a nonsignificant reduction of recurrent VTE
of about 40% in favor of DOAs compared with conven-
tional treatment with heparin followed by vitamin K
antagonists. The reduction was consistent across all
the included studies. Of note, the observed risk reduc-
tion in the patients with and without cancer overall is
about 10%.

LMWHs are currently recommended for the treatment
of VTE in patients with cancer. No clinical trial is cur-
rently available comparing LMWHs with new oral anti-
coagulants in patients with cancer.

A risk reduction of about 50% was observed with
dalteparin compared with conventional anticoagulation
in 672 patients with cancer included in the randomized
Comparison of Low-Molecular-Weight Heparin versus
Oral Anticoagulant Therapy for the Prevention of
Recurrent Venous Thromboembolism in Patients With
Cancer (CLOT) study.s However, particularly high rates
of recurrent VTE were observed in this study (about 8%
and 16% in patients randomized to dalteparin or conven-
tional anticoagulation, respectively). The improved level
of anticoagulation over time obtained with conven-
tional anticoagulation (heparin/vitamin K antagonists)
in phase 3 trials with DOAs compared with that of the
CLOT study (time in the range of about 60% compared
with 46%, respectively) could explain the lower recur-
rence rate observed with these agents (Table 1). On the
other hand, it is possible that patients with advanced
cancer that qualified for inclusion in the CLOT study
were excluded from phase 3 trials with DOAs. These
patients are known to have a particularly high risk for
recurrent VTE. A Cochrane systematic review and meta-
analysis on the efficacy and safety of LMWH and oral
anticoagulants for the long-term treatment of VTE in
patients with cancer was published in 2011.33 LMWH
compared with a vitamin K antagonist was shown to
significantly reduce recurrences of VTE (1,018 patients;
hazard ratio, 0.47; 95% CI, 0.32-0.71). An analysis was
also reported for dabigatran only, including the results
of the Efficacy and Safety of Dabigatran Compared to
Warfarin for 6-Month Treatment of Acute Symptomatic
Venous Thromboembolism (RECOVER) I study.

Our analysis shows that new anti-Xa and anti-ITa drugs
are probably as safe as heparin followed by vitamin K
antagonists for the treatment of VTE in patients with
cancer. Of note, the observed risk reduction in patients

journal.publications.chestnet.org

with and without cancer is about 30% for both major
bleeding and for clinically relevant bleeding in patients
receiving DOAs, with respect to heparin followed by
vitamin K antagonists.

Results from studies with different agents have been
combined in this meta-analysis, but the analysis is not
powered to show differences among individual agents.
However, there were no signs of heterogeneity when
the outcomes of recurrent VTE or clinically relevant
bleeding were analyzed, thus suggesting that the results,
in terms of efficacy and safety, are consistent across all
the new agents included in our study. Pooled results
from the EINSTEIN trials on DVT and on pulmonary
embolism, as well as from the RECOVER I and II trials,
showed a trend toward reduction in primary efficacy
outcome in favor of both the anti-Xa and the anti-Ila
drugs (2.6% vs 4.0% and 3.5% vs 4.7%, respectively) in
patients with cancer.!%3

For their fixed-dose regimens and oral administration,
DOAs are clinically attractive drugs for the treatment
of VTE in patients with cancer. This is mainly due to
the improved feasibility of long-term treatment. How-
ever, some disadvantages could derive from unknown
interactions between these agents and anticancer ther
apies as well as from chemotherapy-related vomiting.
Moreover, potential interactions between DOAs and
azole-antimycotic agents, commonly used in patients
on chemotherapy, should be considered. In this view,
our results should be considered as hypothesis gener-
ating and further ad hoc clinical trials with individual
DOAs should be conducted to confirm their efficacy
and safety in this setting.

Our study has some limitations in addition to those
intrinsic to the meta-analysis approach, which combines
heterogeneous datasets. As an aggregated data meta-
analysis based on study subgroups, we could not adjust
for TTR, for type of VTE, and type and stage of cancer.
Meta-regression analyses were performed applying to
patients with cancer mean TTRs and mean follow-up
duration of the overall study populations, as separate
data on patients with cancer were not available. The
rationale for these analyses was the assumption that
those values found in the overall study populations could
apply to the subpopulations of patients with cancer. The
term “active cancer,” which is used across all the studies,
is not better defined in the study protocols of the indi-
vidual studies. Patients with cancer for whom treatment
with LMWH was considered more appropriate were
not included in some of the studies. Thus, it is debatable
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whether patients with cancer included in the analyzed
clinical trials are representative of patients with cancer
overall. Moreover, the small percentage of patients with

cancer included in the studies (Table 1) did not allow

us to reach an adequate sample and a more precise esti-
mation of pooled effect sizes. In fact, to demonstrate a
reduction in VTE recurrence from 5% to 3%, at least
1,500 patients should have been analyzed. Last, LMWH
is the most common anticoagulant used for the treat-
ment of VTE in patients with cancer. So the comparator

Conclusions

of this meta-analysis is not the usual medical treatment;
in many countries, vitamin K antagonists are still used
in patients with cancer and VTE.

New anti-Xa and anti-IIa drugs seem to be at least as
effective and safe as conventional anticoagulant treat-
ment with vitamin K antagonists for prevention of
VTE recurrence in cancer patients. Ad hoc clinical trials
should be conducted to confirm our results.

Acknowledgments

Author contributions: M. C. V. served as
principal author, had full access to all of the
data in the study, and takes responsibility for
the integrity of the data and the accuracy of
the data analysis. M. C. V., E. G., and C. B.
contributed to the study concept and design
and data analysis; M. C. V,, E. G,, G. A,, and
C. B. contributed to data acquisition and
interpretation; M. C. V. and E. G. contributed
to drafting of the manuscript; and G. A. and
C. B. contributed to revision of the
manuscript.

Financial/nonfinancial disclosures: The
authors have reported to CHEST the
following conflicts of interest: Dr Agnelli
reports receiving personal fees from
Boehringer Ingelheim GmbH, Sanofi SA,
Daiichi-Sankyo Co Ltd, Bristol-Myers Squibb,
and Bayer AG. Dr Becattini has received
speaker fees from Bayer HealthCare (Bayer AG)
and Boehringer Ingelheim GmbH. The
remaining authors have reported no conflicts
exist with any companies/organizations whose
products or services may be discussed in this
article.

Additional information: The e-Tables and
e-Figures can be found in the Supplemental
Materials section of the online article.

References

1. Blom JW, Doggen CJ, Osanto S,
Rosendaal FR. Malignancies, prothrom-
botic mutations, and the risk of venous
thrombosis. JAMA. 2005;293(6):715-722.

2. Heit JA, Silverstein MD, Mohr DN,
Petterson TM, O’Fallon WM, Melton L] III.
Risk factors for deep vein thrombosis
and pulmonary embolism: a population-
based case-control study. Arch Intern
Med. 2000;160(6):809-815.

3. Hutten BA, Prins MH, Gent M, Ginsberg J,
Tijssen JG, Biiller HR. Incidence of recur-
rent thromboembolic and bleeding com-
plications among patients with venous
thromboembolism in relation to both
malignancy and achieved international
normalized ratio: a retrospective analysis.
J Clin Oncol. 2000;18(17):3078-3083.

4. Prandoni P, Lensing AW, Piccioli A, et al.
Recurrent venous thromboembolism
and bleeding complications during anti-
coagulant treatment in patients with

482 Original Research

10.

11.

12.

cancer and venous thrombosis. Blood.
2002;100(10):3484-3488.

. Heit JA, Mohr DN, Silverstein MD,

Petterson TM, O’Fallon WM, Melton L] IIIL.
Predictors of recurrence after deep vein
thrombosis and pulmonary embolism:

a population-based cohort study. Arch
Intern Med. 2000;160(6):761-768.

. Lee AY, Levine MN, Baker RI, et al;

Randomized Comparison of Low-
Molecular-Weight Heparin versus Oral
Anticoagulant Therapy for the Prevention
of Recurrent Venous Thromboembolism
in Patients with Cancer (CLOT)
Investigators. Low-molecular-weight
heparin versus a coumarin for the pre-
vention of recurrent venous thromboem-
bolism in patients with cancer. N Engl J
Med. 2003;349(2):146-153.

. Meyer G, Marjanovic Z, Valcke J, et al.

Comparison of low-molecular-weight
heparin and warfarin for the secondary
prevention of venous thromboembolism
in patients with cancer: a randomized
controlled study. Arch Intern Med.
2002;162(15):1729-1735.

. Hull RD, Pineo GF, Brant RF, et al;

LITE Trial Investigators. Long-term
low-molecular-weight heparin versus
usual care in proximal-vein throm-
bosis patients with cancer. Am ] Med.
2006;119(12):1062-1072.

. Deitcher SR, Kessler CM, Merli G, Rigas R,

Lyons RM, Fareed J; ONCENOX
Investigators. Secondary prevention of
venous thromboembolic events in patients
with active cancer: enoxaparin alone ver-
sus initial enoxaparin followed by warfarin
for a 180-day period. Clin Appl Thromb
Hemost. 2006;12(4):389-396.

Kearon C, Akl EA, Comerota AJ, et al.
Antithrombotic therapy for VTE disease:
antithrombotic therapy and preven-

tion of thrombosis, 9th ed: American
College of Chest Physicians evidence-
based clinical practice guidelines. Chest.
2012;141(2_suppl):e419S-e494S.

Chong LY, Fenu E, Stansby G,
Hodgkinson S; Guideline Development
Group. Management of venous thromboem-
bolic diseases and the role of thrombophilia
testing: summary of NICE guidance.
BM]. 2012;344:€3979.

Baglin TP, Keeling DM, Watson HG;
British Committee for Standards in
Haematology. Guidelines on oral
anticoagulation (warfarin): third

edition-2005 update. Br ] Haematol.
2006;132(3):277-285.

13. Lyman GH, Khorana AA, Kuderer NM,
et al; American Society of Clinical
Oncology Clinical Practice. Venous
thromboembolism prophylaxis and treat-
ment in patients with cancer: American
Society of Clinical Oncology clinical
practice guideline update. J Clin Oncol.
2013;31(17):2189-2204.

14. Barni M, Falanga A, Mandala M, et al.
Venous thromboembolism and cancer:
guidelines of the Italian Association of
Medical Oncology (AIOM). Italian
Association of Medical Oncology website.
http://www.aiom.it/C_Common/Download.
asp?file=/$Site$/Attivita_Scientifica/
Linee_Guida/2013/Tromboembolismo_
W9_27.09.2013.pdf. Published 2013.
Accessed October 2, 2013.

15. Bauersachs R, Berkowitz SD, Brenner B,
et al; EINSTEIN Investigators. Oral
rivaroxaban for symptomatic venous
thromboembolism. N Engl ] Med. 2010;
363(26):2499-2510.

16. Biiller HR, Décousus H, Grosso MA, et al;
Hokusai-VTE Investigators. Edoxaban
versus warfarin for the treatment of
symptomatic venous thromboembolism.
N Engl ] Med. 2013;369(15):1406-1415.

17. Biiller HR, Prins MH, Lensin AW, et al;
EINSTEIN-PE Investigators. Oral rivar-
oxaban for the treatment of symptomatic
pulmonary embolism. N Engl ] Med.
2012;366(14):1287-1297.

18. Schulman S, Kearon C, Kakkar AK, et al;
RE-COVER Study Group. Dabigatran
versus warfarin in the treatment of acute
venous thromboembolism. N Engl ] Med.
2009;361(24):2342-2352.

19. Schulman S, Kakkar AK, Goldhaber SZ,
et al; RE-COVER I Trial Investigators.
Treatment of acute venous thrombo-
embolism with dabigatran or warfa-
rin and pooled analysis. Circulation.
2014;129(7):764-772.

20. Schulman S, Kearon C, Kakkar AK,
et al; RE-MEDY Trial Investigators;
RE-SONATE Trial Investigators. Extended
use of dabigatran, warfarin, or placebo in
venous thromboembolism. N Engl ] Med.
2013;368(8):709-718.

21. Agnelli G, Buller HR, Cohen A, et al;
AMPLIFY Investigators. Oral apixaban
for the treatment of acute venous throm-
boembolism. N Engl ] Med. 2013;369(9):
799-808.

I: 147#2 CHEST FEBRUARY 2015 :I



22.

23.

24.

25.

26.

27.

McGinn T, Wyer PC, Newman TB,
Keitz S, Leipzig R, For GG; Evidence-
Based Medicine Teaching Tips Working
Group. Tips for learners of evidence-
based medicine: 3. Measures of observer
variability (kappa statistic). CMA]J.
2004;171(11):1369-1373.

Moher D, Liberati A, Tetzlaff ], Altman
DG; PRISMA Group. Preferred reporting
items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ.
2009;339:b2535.

Higgins JP, Altman DG, Getzsche PC,

et al; Cochrane Bias Methods Group;
Cochrane Statistical Methods Group. The
Cochrane Collaboration’s tool for assess-
ing risk of bias in randomised trials. BMJ.
2011;343:d5928.

Egger M, Smith GD, Altman DG,
Chalmers I. Systematic Reviews in Health
Care: Meta-Analysis in Context. 2nd ed.
London, England: BMJ Books; 2001.
Higgins JP, Thompson SG. Quantifying
heterogeneity in a meta-analysis. Stat
Med. 2002;21(11):1539-1558.

Cochran WG. The combination of

estimates from different experiments.
Biometrics. 1954;10(1):101-129.

journal.publications.chestnet.org

28.

29.

30.

Buller H, Deitchman D, Prins M,
Segers A; Botticelli Investigators,
Writing Committee. Efficacy and safety
of the oral direct factor Xa inhibitor
apixaban for symptomatic deep vein
thrombosis. The Botticelli DVT dose-
ranging study. ] Thromb Haemost.
2008;6(8):1313-1318.

Buller HR, Lensing AW, Prins MH, et al;
Einstein-DVT Dose-Ranging Study
investigators. A dose-ranging study eval-
uating once-daily oral administration
of the factor Xa inhibitor rivaroxaban

in the treatment of patients with acute
symptomatic deep vein thrombosis: the
Einstein-DVT Dose-Ranging Study.
Blood. 2008;112(6):2242-2247.

Agnelli G, Gallus A, Goldhaber SZ, et al;
ODIXa-DVT Study Investigators.
Treatment of proximal deep-vein throm-
bosis with the oral direct factor Xa inhib-
itor rivaroxaban (BAY 59-7939): the
ODIXa-DVT (Oral Direct Factor Xa
Inhibitor BAY 59-7939 in Patients With
Acute Symptomatic Deep-Vein Thrombosis)
study. Circulation. 2007;116(2):180-187.

. Schulman S, Eriksson H, Goldhaber SZ,

et al. Influence of active cancer on the
efficacy and safety of dabigatran

32.

33.

34.

35.

versus warfarin for the treatment of
acute venous thromboembolism: a
pooled analysis from RE-Cover and
RE-Cover II [abstract]. Blood. 2013;122:
582.

Raskob G, Buller H, Angchaisuksiri P,
et al. Edoxaban for long-term treat-
ment of venous thromboembolism in
cancer patients [abstract]. Blood. 2013;
122:211.

Agnelli G, Buller HR, Cohen A, et al.
Apixaban for the treatment of venous
thromboembolism in cancer patients:
data from the AMPLIFY trial [abstract].
European Heart Journal. 2014;35(suppl 1):
994.

Prins MH, Lensing AW, Bauersachs R,
et al; EINSTEIN Investigators. Oral
rivaroxaban versus standard therapy for
the treatment of symptomatic venous
thromboembolism: a pooled analysis of
the EINSTEIN-DVT and PE randomized
studies. Thromb J. 2013;11(1):21.

Akl EA, Vasireddi SR, Gunukula S, et al.
Anticoagulation for the initial treatment
of venous thromboembolism in patients

with cancer. Cochrane Database Syst Rev.
2011;(6):CD006649.

483



	Direct Oral Anticoagulants in Patients With VTE and Cancer: A Systematic Review and Meta-analysis
	Materials and Methods
	Data Sources and Searches
	Study Selection
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Meta-analysis
	VTE Recurrence
	Bleeding Events
	Sensitivity Analysis
	Subgroup Analyses

	Discussion
	Conclusions
	Acknowledgments
	References


