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Abstract

Introduction—It is unclear if direct oral anticoagulants (DOACS) are effective and safe
alternatives to low-molecular-weight heparin (LMWHSs) for the treatment of cancer-associated
venous thromboembolism (VTE). We aim to synthesize existing literature that compared DOACs
versus LMWHS in this high-risk population.

Materials and Methods—We conducted a systematic review using EMBASE, MEDLINE and
CENTRAL for all observational studies and randomized controlled trials (RCTs) (PROSPERO:
CRD42017080898). Two authors independently reviewed study eligibility, extracted data, and
assessed bias. Primary outcomes included 6-month recurrent VTE and major bleeding. Secondary
outcomes included clinically relevant non-major bleeding (CRNMB) and mortality.

Results—We screened 426 articles, reviewed 25 in full-text, and selected 13 and 2 for qualitative
and quantitative synthesis, respectively. Based on a meta-analysis of the 2 RCTs, DOACs had
lower 6-month recurrent VTE (42/725) when compared to LMWH (64/727) (RR: 0.65 (0.42—
1.01)). However, DOACs had higher major bleeding (40/725) when compared to LMWH (23/727)
(RR 1.74 (1.05-2.88)). Similarly, CRNMB was higher (RR 2.31 (0.85-6.28)) for patients
receiving DOACSs. There was no difference in mortality (RR 1.03 (0.85-1.26). Observational
studies were heterogeneous with high risks of bias but showed recurrent VTE rates consistent with
the meta-analysis.

Conclusions—DOACs were more effective than LMWHSs to prevent recurrent VTE but were
associated with a significantly increased risk of major bleeding as well as a trend toward more
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CRNMB. The absolute risk differences were small (2-3%) for both primary outcomes and may
reflect better compliance with DOACs than LMWHSs.
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Introduction

Methods

Cancer patients have a 4 to 7-fold increased risk of venous thromboembolism (VTE) which
includes deep vein thrombosis (DVT) and pulmonary embolism (PE) [1]. The management
of cancer-associated thrombosis (CAT) is challenging because cancer patients have higher
risk of recurrent VTE and major bleeding episodes compared to patients without cancer
[2,3]. For the past decade, subcutaneous low-molecular-weight heparin (LMWH) has been
the recommended treatment for CAT [4,5]. However, only approximately 50% of patients
adhere to long-term treatment with parenteral LMWH despite strong recommendations from
clinical practice guidelines [6]. Direct oral anticoagulants (DOACS), including dabigatran,
rivaroxaban, apixaban, and edoxaban, have been approved for the treatment of VTE in the
general population. All have demonstrated comparable effectiveness and safety to vitamin K
antagonists in the non-selected cancer subpopulation [7]. Network meta-analyses based on
indirect comparisons also suggest that DOACs may also have similar effectiveness and
safety to LMWHSs for the management of CAT [8,9]. However, clinical guidelines continue
to recommend LMWHSs over DOACSs as the preferred initial treatment of CAT due to the
lack of high quality data from dedicated trials [10]. Recently, DOACs have been compared
to LMWH in randomized controlled trials (RCTs) [11,12]. We hereby report the results of a
systematic review of all observational studies and a meta-analysis of RCTs comparing the
effectiveness and safety of DOACs versus LMWHs for the treatment of CAT.

Search Strategy

We conducted a systematic literature search using EMBASE, MEDLINE and the Cochrane
Central Register of Controlled Trials (CENTRAL) from all languages over a 10-year span
(January 15t 2007 to December 14t 2017). The full search strategy is available in the
Supplemental Appendix 1. We also performed a hand search of the American Society of
Clinical Oncology and the American Society of Hematology annual meeting abstracts in
2017. References of included studies and narrative reviews were reviewed for additional
studies. The systematic review protocol and search strategy were registered online
(PROSPERO: CRD42017080898).

Study Selection

Two authors (AL and MC) independently identified studies eligible for inclusion based on
an initial screen of reference titles and abstracts. Articles (including meeting abstracts) were
included for further review if they directly compared a DOAC (dabigatran, rivaroxaban,
apixaban or edoxaban) to a LMWH (dalteparin, enoxaparin, tinzaparin, nadroparin) for the
treatment of CAT and reported the primary or secondary outcomes. Randomized controlled
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trials (RCTSs), prospective and retrospective observational studies were included. Article
records were independently reviewed for inclusion in duplicate, and discrepancies were
resolved by consensus.

Data Extraction and Quality Assessment

Two authors (AL and MC) independently extracted the data. Primary outcomes of interest
included 6-month incidence of recurrent VTE and major bleeding. Secondary outcomes of
interest included incidence of clinically relevant non-major bleeding (CRNMB) and all-
cause mortality. Outcomes were defined according to those used in the included studies.
Major and CRNMB episodes were usually defined according to the criteria of the
International Society on Thrombosis and Haemostasis [13,14]. The qualities of RCTs were
assessed using the Cochrane Risk of Bias Tool and qualities of observational studies were
assessed using the ROBINS-I tool from the Cochrane Method group [15,16]. Selective
reporting bias for the included RCTs was assessed by identification of studies in trial
registry and comparison of reported outcomes and those listed from the protocols.
Publication bias was examined by funnel plots of study results plotted against sample size.

Statistical Analysis

Results

Pooled proportions, relative risk (RR), risk difference (RD), and 95% confidence intervals of
primary and secondary outcomes over a 6-month follow-up period were generated from
included RCTSs. Forest plots of comparative RRs (DOACSs versus LMWH) were created
using the Revman 5.3 software. Analyses were conducted using the Mantel-Haenszel
random effects model (DerSimonian-Laird analysis) [17]. Heterogeneity between trials were
assessed by visual inspection of forest plots and by the percentage of total variation across
studies above chance alone (12 statistic) [18].

Study selection and characteristics

A total of 426 articles and abstracts met the initial search criteria. Out of the 426 screened
articles, 25 were selected for full text review including 13 and 2 that were selected for
qualitative and quantitative synthesis, respectively (Figure 1). The study characteristics are
depicted in Table 1. There were 2 RCTs, 9 observational retrospective cohort studies, and 2
retrospective claims database studies.

Observational studies

There were significant heterogeneities in the patients’ selection, outcome reporting, and
duration of follow-up periods among different observational studies [19-29]. Therefore,
pooled proportions of the primary and secondary outcome events were not generated. The
outcomes of individual studies are summarized within Table 1. Most studies used
rivaroxaban (DOAC) and enoxaparin (LMWH). The on-treatment duration of DOAC was
usually longer than that of LMWH. All studies except one reported lower rates of recurrent
VTE for patients using DOAC as compared to those on LMWH [27]. The major bleeding
and CRNMB outcomes were heterogeneous across different studies. Two studies that only
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included gastrointestinal and gynecological cancers reported higher rates of major bleeding
episodes for patients on a DOAC [23,27].

Synthesis of randomized controlled trials

Two RCTs (HOKUSAI-Cancer and SELECT-D) were included for the analysis [11,12].
Baseline characteristics for both trials are shown in Table 1. Approximately, 30 to 50% of
the included CAT were incidentally detected and a majority of patients had metastatic
disease. The HOKUSAI-Cancer and SELECT-D trials compared edoxaban and rivaroxaban
to dalteparin, respectively. Overall, DOACs (42/725) had a lower incidence of 6-month
recurrent VTE when compared to LMWHs (64/727) (RR: 0.65 (95% Cl: 0.42-1.01; 12:
17%)) (RD: -0.03 (-0.06-0.00)) (Figure 2A). However, DOACs (40/725) had a higher
incidence of 6-month major bleeding when compared to LMWHSs (23/727) (RR: 1.74 (95%
Cl: 1.05-2.88; 12: 0%)) (RD: +0.02 (0.00-0.04)) (Figure 2B). Similarly, CRNMB was higher
(RR: 2.31 (95% CI: 0.85-6.28; 12: 78%)) (RD: +0.06 (0.01-0.12)) for patients with CAT
receiving a DOAC (Figure 2C). There was no difference in mortality (RR: 1.03 (95% CI:
0.85-1.26; 12: 15%) (RD: +0.01 (-0.04-0.06)) (Figure 2D). Finally, there did not appear to
be a publication bias across studies based on visual inspection of the funnel plots (data not
shown).

Qualitative assessment

The risk of bias for each study is depicted in Figure 3. Both RCTs had a low risk for bias
with the exception to blinding of participants and personnel due to the open study design;
however, both had blinded and independent adjudication process for outcome assessment
[11,12]. All 9 observational cohort studies had bias due to confounding and missing data
[19-27]. Most studies also had selection bias due to treatment bias and inappropriate
exclusion criteria (e.g. excluding patients who did not have certain duration of
anticoagulation). Finally, the 2 claims database based studies had low risk for confounding
given inverse weighting by the propensity score of treatment; however, both used recurrent
VTE and major bleeding outcome measures that had not been appropriately validated in this
specific patient population and could not be adjudicated [28,29].

Discussion

To our knowledge, this is the first systematic review and meta-analysis to summarize the
incidence of recurrent VTE and major bleeding episodes in over 5000 patients with CAT
managed with DOACs when directly compared with LMWHSs. While we included
observational studies in the systematic review, our meta-analysis is only based on the RCTs.
We believe that our literature review and data synthesis will provide clinicians with new
insight to help decision making for patients with CAT.

The reported 6-month proportions of recurrent VTE and major bleeding episodes for
patients receiving LMWH in our meta-analysis are similar to those previously reported in
other CAT-related trials [4,5]. This provides reassurance about the generalizability of our
findings to current clinical practice. Overall, the rates of recurrent VTE in patients treated
with DOACs seemed to be lower to those receiving LMWHSs. However, the risk difference of
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major bleeding and CRNMB episodes demonstrated a similarly higher risk of bleeding in
patients treated with DOACs compared to those on LMWHS. It is important to note that
although statistically important, the absolute risk differences between treatments with
DOACSs versus LMWHs are small for both recurrent VTE (=3% (6% to 0%)) and major
bleeding (+2% (0 to +4%)). Compliance with DOACs was generally better than compliance
with LMWHs likely leading to longer time on treatment with DOACS. In the Hokusai-
Cancer study, 15% of DOAC patients compared to 4% of LMWH patients discontinued
study treatment due to “patient decision for inconvenience of dosing” [11]. Differential
compliance could explain the differences in effectiveness and safety but would also reflect
the real-world difficulty to adhering to long-term treatment with parenteral LMWHs.
Furthermore, the risk of major bleeding differs between our study and that of Posch et al [9].
This difference is likely reflective of the heterogeneity of cancer patients and the
confounding from indirect comparisons in the prior network meta-analysis.

The increase in major bleeding episodes related to DOACSs seems to be limited to the upper
gastrointestinal tract in the Hokusai-Cancer study. Subgroup analysis showed a significant
interaction between edoxaban treatment and increased major bleeding in patients with
gastrointestinal cancers [11]. Similarly, the Select-D trial stopped enrolling patients with
gastroesophageal cancers at the recommendation of the independent Data Safety Monitoring
Committee (DSMB) due to more than expected gastrointestinal bleeding [12]. The single
observational study that only included all gastrointestinal cancer patients also reported a
high incidence of major bleeding complications [27]. While we did not have sufficient data
to perform a dedicated subgroup meta-analysis for patients with and without gastrointestinal
cancers, this will warrant future exploration and confirmation for appropriate patient
selection.

Strengths of our study include the inclusion of both interventional and observational trials
and abstracts to assess for publication bias and generalizability. Limitations of our study
include the relatively small number of RCTs included in the meta-analysis. However, there
is little heterogeneity between the 2 studies for our primary outcomes of recurrent VTE and
major bleeding episodes. CRNMB has demonstrated more heterogeneity and will require
inclusion of more trials to determine its significance. Although we decided not to pool data
from observational studies due to confounding and selection bias, the overall rates of
recurrent VTE reported in these “real world” studies are consistent with the finding of our
meta-analysis of RCTs. Furthermore, it is important to note that with exception of the largest
Hokusai-Cancer trial which used edoxaban as the DOAC of choice, a majority of the other
trials assessed rivaroxaban. Therefore, it remains unclear if the findings can be extrapolated
to other DOAC:s including apixaban or dabigatran. Lastly, results of any meta-analysis
should be interpreted in the context of the included studies. While both RCTs included
patients with advanced cancer, very few had hematologic malignancies or hematopoietic cell
transplantation and patients expected to have higher risk of bleeding (i.e. thrombocytopenia)
were excluded from these trials. An individualized approach assessing the risk and benefits
of the different anticoagulation regimens is required to tailor the management of CAT in
these special patient populations [30].
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In conclusion, for the treatment of CAT, DOACS (especially edoxaban and rivaroxaban)

were more effective than LMWHSs to prevent recurrent VTE but were associated with a small

but significantly increased risk of major bleeding as well as a trend toward more CRNMB.
Subgroup analyses from RCTs and observational studies suggest that patients with
gastrointestinal cancer receiving DOACs may be at the highest risk for bleeding and DOACs
should be used carefully in these patients. Future works should focus on assessing additional
DOAC:s (e.g. apixaban) as well as the appropriate selection of cancer patients for the
appropriate and safe use of DOACs for the treatment of CAT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. LMWHs have been the treatment of choice for cancer associated VTE
. DOAC:s are more effective than LMWHSs to prevent recurrent VTE in cancer
patients
. DOAC:s are associated with a higher risk of major bleeding compared to
LMWHSs
. Effectiveness and safety may reflect better compliance with DOACs

compared to LMWHs
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# of records identified # of additional records
through database searching: identified through other
449 total (315 embase, 69 sources: 24 meeting
medline, 65 central) abstracts from 2017

I |
!

# of records screened
for title and abstract # of records excluded:
after duplicates 401 irrelevant

removed: 426

# of full-text articles
excluded: 12

- 6 duplicate abstract

# of full-text articles - 4 wrong comparator
assessed for

eligibility: 25 - 2 wrong population
# of studies included # of studies included in
in qualitative quantitative synthesis
synthesis: 13 (meta-analysis): 2

Figure 1.
PRISMA flow diagram for study inclusion and exclusion.
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Test for overall effect: Z = 0.33 (P = 0.74)

Figure 2.

Favours DOAC Favours LMWH

(A) DOAC LMWH Risk Ratio Risk Ratio
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Test for overall effect: Z = 1.92 (P = 0.06) Favours DOAC Favours LMWH

(B) DOAC LMWH Risk Ratio Risk Ratio

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

Raskob 2017 29 522 17 524 73.5% 1.71[0.95, 3.08] Hl—

Young 2017 11 203 6 203 26.5% 1.83 [0.69, 4.86] T

Total (95% CI) 725 727 100.0% 1.74 [1.05, 2.88]) L 2

Total events 40 23

Heterogeneity. Tau? = 0.00; ChiZ = 0.01, df = 1 (P = 0.91); P = 0% [ + ¥ J
5 0.01 0.1 10 100

Test for overall effect: Z = 2.17 (P = 0.03) Favours DOAC Favours LMWH

(©) DOAC LMWH Risk Ratio Risk Ratio

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

Raskob 2017 64 522 43 524 57.6% 1.49[1.04, 2.16] Hl-

Young 2017 25 203 6 203 42.4% 4.17 [1.75, 9.94] —a—

Total (95% CI) 725 727 100.0% 2.31[0.85, 6.28] (-

Total events 89 49

Heterogeneity. Tau? = 0.42; ChiZ = 4.60, df = 1 (P = 0.03); I = 78% [ + + 4y
K 0.01 0.1 10 100

Test for overall effect: Z = 1.64 (P = 0.10) Favours DOAC Favours LMWH

(D) DOAC LMWH Risk Ratio Risk Ratio

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

.Raskob 2017 140 522 127 524 69.1% 1.11 (0.90, 1.36]

Young 2017 48 203 54 203 30.9% 0.89[0.63, 1.24)

Total (95% CI) 725 727 100.0% 1.03 [0.85, 1.26)

Total events 188 181

i L ; Chi? = = = ;12 = I + + 4 : {
Heterogeneity. Tau 0.00; Chi 1.18,df = 1 (P = 0.28); | 15% b1 o> G T 3 3 0

Forest plots of relative risks (RRs) for pooled outcome comparisons between DOAC and
LMWH from randomized controlled trials. (A) VTE recurrence by 6-month, (B) major
bleeding by 6-month, (C) clinically relevant non-major bleeding (CRNMB) by 6-month, (D)
overall mortality by 6-month. Gray boxes superimposing RR estimates are proportional to
the weight of the included study. Heterogeneity between trials were assessed by the 12

statistic.
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Figure 3.

Risk of bias summary. Cochrane Risk of Bias Tool for randomized controlled trials is used

to assess bias for the randomized trials (Raskob 2017 and Young 2017). ROBINS-I is used

to assess bias for the observational studies. + low risk, — high risk, ? unclear/insufficient

information.
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