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Abstract 
Patients with active cancer are at high risk of recurrent venous thromboembolism (VTE). Usual treatment includes low 
molecular weight heparin (LMWH), while vitamin K antagonists (VKAs) have also been used as substitutes for LMWH. 
Direct oral anticoagulants (DOACs) are considered a beneficial alternative to the usual treatment but are accompanied by 
an increased rate of bleeding compared to LMWH. We conducted a meta-analysis to evaluate the benefits and harms under 
a common denomination, namely the net clinical benefit (NCB), between DOACs and usual anticoagulation. The primary 
outcome was NCB-1, defined as non-fatal VTE, major non-fatal bleedings, and all-cause mortality). Co-primary outcomes 
were 1) NCB-2 (i.e., NCB-1 and clinically relevant non-major bleedings) and 2) NCB-3 (i.e., fatal or non-fatal VTE and 
major bleedings). A random-effects model was used to calculate outcome risk ratios and 95% confidence intervals (CI). 
Prospective Register of Systematic Reviews identification number CRD42021284238. We selected 8 studies (n = 4,4461 
patients; mean follow-up, 6 months). The NCB-1 and -2 were not different between DOACs and usual anticoagulation, while 
the NCB-3 showed a reduction of 28% (95% CI, 10–42%), favoring DOACs. Recurrent VTE was reduced by 40% (95% 
CI, 25–53%) with DOACs than the usual treatment. Different bleeding outcomes and all-cause mortality were not differ-
ent between treatments. All primary outcomes did not differ between DOACs and LMWH, while NCB-2 and NCB-3 were 
reduced with DOACs than VKAs. The NCB of DOACs was similar or more favorable to usual anticoagulation in patients 
with active cancer due to a substantial reduction of VTE and no bleeding excess.
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Highlights

•	 The net clinical benefit of direct anticoagulants is similar 
or more favorable to standard anticoagulation in patients 
with active cancer due to a substantial reduction of 
venous thromboembolism and no excess in bleedings

•	 The anticoagulation treatment should be individual-
ized in patients with active cancer. Thus, low molecular 
weight heparin may occasionally be preferred over direct 
anticoagulants.

•	 Vitamin K antagonists proved less beneficial in terms 
of a net clinical benefit than direct anticoagulants. How-
ever, their use may be reserved for special clinical indica-
tions or whenever the use of direct anticoagulants or low 
molecular weight heparin is limited because of socio-
economical barriers.

Introduction

Patients with active cancer are prone to developing venous 
thromboembolism (VTE), with higher rates of recurrence 
and bleeding complications when treated with vitamin K 
antagonists (VKAs) than with low-molecular-weight hepa-
rin (LMWH) [1–3]. However, daily subcutaneous injection 
of anticoagulant treatment for at least six months, as rec-
ommended by the guidelines [1, 2], negatively impacts the 
quality of life in cancer patients and may be non-affordable 
by economic means for health care systems or the individual 
patient. Thus, after a short course with LMWH, direct oral 
anticoagulants (DOACs) are used [1, 2] despite the increased 
rate of bleeding because of interactions with chemotherapy 
agents or surgical procedures [3]. Also, regarding LMWH, 
there is a lack of evidence supporting that the beneficial 
effects are extended over six months [1, 2], while their use 
may be limited by the economic burden, especially in low-
income countries. However, more recent guidelines based 
on moderate evidence suggest that anticoagulation treatment 
may be extended over six months [4, 5].
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In clinical trials for the secondary prevention of VTE 
[1, 2], the implemented DOACs were either the inhibitors 
of activated factor X (i.e., edoxaban, apixaban, and rivar-
oxaban) or the direct inhibitor of activated factor II (i.e., 
dabigatran). The main mechanistic advantages of DOACs vs. 
VKAs are (1) direct suppression of key plasma proteases vs. 
indirect coagulation inhibition through vitamin K-dependent 
factors, (2) convenience of use because of a standard daily 
dose vs. difficulties of use because of a variable daily dose, 
(3) minor vs. major drug and food interactions, (4) wide vs. 
narrower therapeutic window, and (5) no need of vs. manda-
tory laboratory monitoring [1, 2, 6]. In addition, compared 
to LMWH, DOACs are (1) less expensive, (2) administered 
orally, preventing the pain, local hematomas, and allergic 
reactions related to the subcutaneous LMWH injections, and 
(3) associated with higher rates of adherence and persistence 
to treatment [6].

Based on meta-analyses of subgroups of trials limited to 
active cancer patients, DOACs have proved efficacious and 
safe to replace traditional oral VKAs for managing recur-
rent VTE [7, 8]. However, the reduced efficacy of VKAs to 
prevent recurrent VTEs may be partially related to the lower 
time in the therapeutic range (i.e., < 70% of the time within 
the therapeutic range), even in the monitored setting of clini-
cal trials [9]. In addition, it should also be considered that 
different clinical conditions and scenarios prioritize the use 
of VKAs over DOACs, such as (1) no availability of DOACs 
(e.g., low-income countries), (2) empirical implementation 
by physicians dealing with cancer patients (physician iner-
tia), (3) impaired renal function (4) presence of thrombosis 
to arterial and venous segments, (5) presence of mechani-
cal valves, (6) antiphospholipid syndrome with an increased 
number of different antibodies, (7) extreme body weight and 
(8) previous treatment failure with DOACs [1, 6].

Based on meta-analyses, the benefit of DOACs over 
LMWH for recurrent VTE yielded conflicting results [10, 
11]. Furthermore, this controversy is extended to bleeding 
event rates, particularly in cancers of the gastrointestinal 
tract, challenging the safety profile of DOACs [6]. Overall, 
it remains largely unknown which might be the best alter-
native to a six-month LMWH anticoagulation treatment for 
secondary VTE prevention in patients with active cancer.

The net clinical benefit (NCB), an integrated measure 
of clinical effectiveness, defined as the sum of recurrent 
VTE and major bleeding events of DOACs vs. LMWH, was 
not different in a meta-analysis of trials including patients 
with active cancer [11]. However, the NCB in active cancer 
patients should be seen more broadly, including beyond the 
specific benefits and harms of the anticoagulant drug com-
parison (i.e., VTE recurrence and major bleeding events, 
respectively), all-cause mortality, and the clinically rel-
evant non-major bleeding events. Therefore, to shed light 
on these complex problems mentioned above, we conducted 

a systematic review and meta-analysis of trials or trial sub-
groups of patients with active cancer. On the same note, the 
comparison of DOACs vs. usual anticoagulation treatment 
(i.e., LWMH or VKAs) was examined to estimate the NCB, 
defined in various ways, as the primary outcome and the 
individual components of the NCB as secondary outcomes.

Methods

Trial eligibility

Focusing our search on Medline (via PubMed) and Cochrane 
Collaboration Library, from inception till 8 October 2021, 
without language restrictions, we tried to detect trials includ-
ing patients with a history of VTE and active cancer where 
the comparison between DOACs and LMWH followed or 
not by VKAs has been examined. Active cancer was defined 
as any cancer other than non-melanoma skin cancer that (1) 
was diagnosed in the 6 months before study inclusion, (2) 
required cancer treatment in the 6 months before randomiza-
tion, (3) was recurrent or metastatic, (4) was a hematologic 
malignancy not in complete remission, or (5) was newly 
diagnosed or recurrent after randomization. The search 
strategy was mainly organized around, but not limited to, 
the terms: DOACs, cancer, VTE, deep vein thrombosis, and 
pulmonary embolism. We also searched the reference list 
of previous relevant meta-analyses and abstracts presented 
in major cardiovascular conferences in the last 5 years. 
Only phase III randomized trials using a therapeutic dose 
of DOACs compared to a therapeutic dose of LMWH or 
warfarin were eligible for inclusion. However, we included 
subgroups of VTE trials in which randomized results for the 
same drug comparison were available for patients with active 
cancer at baseline or diagnosed during the individual-trial 
follow-up period. Trials were also included if randomization 
occurred on a background of other antithrombotic therapies. 
We excluded trials with patients (1) without active cancer as 
previously defined, (2) without a history of VTE, (3) with 
ages less than 18 years, non-randomized studies, trials com-
paring different doses of anticoagulant drugs or combination 
anticoagulant regimens, and phase II trials. We adhered to 
the Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) [12]. This review has been reg-
istered in PROSPERO (Prospective Register of Systematic 
Reviews) with identification number CRD42021284238.

Outcomes, data extraction, and risk of bias 
assessment

The primary outcome of interest [11, 13] was defined arbi-
trarily as the number of any cause fatal events, recurrent non-
fatal VTE, and non-fatal major bleeding events (NCB-1). A 
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co-primary outcome comprised the NCB-1 and clinically 
relevant non-major bleeding events (NCB-2). An additional 
co-primary outcome was the number of fatal and non-fatal 
recurrent VTE and major bleeding events (NCB-3). The 
secondary outcomes were as follows: recurrent non-fatal 
VTE, recurrent fatal and non-fatal VTE, major non-fatal 
bleedings, fatal and non-fatal major bleedings, clinically 
relevant non-major bleedings, and all-cause mortality. The 
definition of outcomes reported in the original articles was 
retained. However, arterial thromboembolism cases were 
discarded. Unexplained death was counted as part of all-
cause mortality. Recurrent VTE was defined as new upper 
or lower limb deep vein thrombosis (symptomatic or asymp-
tomatic) or pulmonary embolism at the level of segmental 
or more proximal pulmonary arteries. Major bleeding and 
clinically relevant non-major bleeding events were defined 
according to ISTH (International Society on Thrombosis and 
Hemostasis) criteria [14]. We extracted individual second-
ary outcomes as tabulated in the included trials, under the 
provision that only the first event was counted in patients 
with more than one event. We separately extracted data for 
those with active cancer at baseline and follow-up for trials 
reporting a new active cancer diagnosis during follow-up. 
Co-primary outcomes were estimated by summing up the 
individual component outcomes. We also extracted the fol-
lowing clinical characteristics: age, gender, body weight, 
drug dose, lost-to-follow-up rate, mean follow-up period, 
and the prevalence of solid cancer at baseline.

Both research and data extraction were independently 
performed by two authors (H.M. and C.Th.), and any disa-
greements were resolved by discussion. In case of doubt 
or missing information, trial authors were consulted. The 
revised Cochrane Risk of Bias tool (RoB2) was used to 
assess the quality of all outcomes [15]. It is structured in five 
mandatory bias domains to address important pathways by 
which bias may be introduced in each trial outcome result; 
the overall risk of bias was qualitatively determined by the 
amount of bias in each risk domain. Whenever at least two 
domains had some concerns or a high risk of bias, the over-
all judgment arbitrarily defined the study as biased for our 
investigation.

Certainty of the evidence

The same two reviewers (H.M. and C.Th.) rated the qual-
ity of evidence separately for each co-primary and second-
ary outcome in the primary population analysis using the 
grading of recommendations, assessment, development, and 
evaluation (GRADE) approach [16]. The overall quality rat-
ing was made by using different evidence items (i.e., risk 
of bias, indirectness, inconsistency, imprecision, or other 
considerations). The quality of evidence grades is defined 
as “high”, “moderate”, “low”, or “very low”. Disagreements 

between the two review authors over the risk of bias in indi-
vidual studies and the quality assessment of the evidence 
were resolved through discussion.

Statistical analysis

All of the analyses were prespecified. In the primary anal-
ysis, we considered trials or trial subgroups to compare 
DOACs and usual anticoagulation treatment of patients 
diagnosed with active cancer at baseline or follow-up. In 
contrast, we only considered trials or trial subgroups with 
active cancer patients at baseline in a secondary analysis. 
We ran three sensitivity analyses, (1) trials with a low risk of 
bias, (2) trials with separate outcome data for patients with 
an on-treatment active cancer diagnosis, and (3) trials where 
the comparator was LMWH. We also run subgroup analyses 
to compare trials (1) reporting separate data for active cancer 
diagnosis at baseline and during follow-up, and (2) in which 
the comparator was LMWH vs. trials where warfarin was 
used after a different trial period under LMWH.

Risk ratio estimates with their 95% Confidence Inter-
val (CI) were calculated by the Mantel–Haenszel method 
using a random-effects model, where the log risk ratio for 
every trial was weighted according to the reciprocity of the 
variance. This model was chosen for all the meta-analyses 
because it avoids assuming that participants in the individual 
trials are sampled from populations where the intervention 
has the same quantitative effect. The influence of individ-
ual RCTs on pooled effect sizes was tested by excluding 
one trial at a time (sequential sensitivity analysis). If the 
point estimate of the combined effect size with a given trial 
excluded lay outside the CI of the overall estimated risk with 
all available trials, the trial in question was considered an 
excessive influence. The proportion of inconsistency across 
the studies not explained by chance was quantified with the 
I-squared and the chi-squared Q statistics (P > 0.1). In addi-
tion, Egger's regression test, Kendall’s tau with continuity 
correction test, and Duval and Tweedie's trim-and-fill test 
investigated the possibility of publication bias. All statistical 
analyses were done using the Comprehensive Meta-Analysis 
version 3.3.070 (Biostat, Englewood, New Jersey, USA). A 
p-value less than 0.05 indicated statistical significance in 
each analysis.

Results

Trials and patients

Our searching strategy and the followed investigational 
procedure to identify the trials to be included are presented 
in Data Supplement Table S1 and Figure S1, respectively. 
We identified twelve eligible articles [17–28] reporting 
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results of four trials [17–20] and four trial subgroups 
[21–24]. Included studies and clinical characteristics of 
patients are depicted in Table 1. In four trials, an active 
cancer diagnosis was available at baseline [17–20]. In con-
trast, the same diagnosis was made at or after randomiza-
tion during the on-treatment follow-up period in the trial 
subgroups [21–24]. In the four trials [17–20], the com-
parator was LMWH during the entire follow-up period. In 
the subgroups of trials [21–24], bridging from LMWH to 
VKAs was attempted after a short period under LMWH 
or unfractionated heparin. In all trials, the definition of 
bleeding events was made according to the ISTH crite-
ria [14]. In contrast, in two trials, non-symptomatic limb 
thrombosis was not considered a deep vein thrombosis 
case [22, 24]. As shown in Table 1, the average follow-up 
period was 6 months, while both genders were equally rep-
resented across the studies. Less than 10% of cancers were 
hematological malignancies; among solid cancers, those 
of the gastrointestinal tract had a variable prevalence rang-
ing from 12 to 44%, while metastatic disease was noticed 
on average in 45% of all patients. Among the four trials 
specifically designed to study patients with active cancer 
[17–20], baseline index events of deep venous thrombosis 
or pulmonary embolism were reported in 60% of partici-
pants. Thus, along with our risk of bias assessment at the 
study level (Data Supplement, Table S2), five out of eight 
studies were considered low risk of bias.

Primary outcomes

In our primary analysis, the NCB-1 and -2 were not differ-
ent between DOACs and usual anticoagulation treatment. 
In contrast, for the same comparison, the NCB-3 showed 
a reduction of 28% (95% CI, 10–42%), favoring the treat-
ment with DOACs (Fig. 1). The heterogeneity among tri-
als was low for NCB-1 and -3, at variance with NCB-2, 
demonstrating a higher heterogeneity. In our secondary 
analysis, after excluding patients diagnosed with active 
cancer during follow-up (Data Supplement, Table S3), the 
summary effect estimates were similar to those of the pri-
mary analysis. However, the reduction of the NCB-3 was 
lower than the primary analysis (21% [95% CI, 3–36%]). 
Again, the heterogeneity was reduced for all outcomes 
compared to the primary analysis. We also report the 
primary outcome estimates, including only patients diag-
nosed with active cancer during the follow-up (Data Sup-
plement, Table S4). The risk estimates for primary out-
comes were different from the primary analysis. In the one 
study-removed analysis, we did not observe any excessive 
influence of individual studies on the overall estimate for 
all primary outcomes in all analyses (data not shown).

Secondary outcomes

In our primary analysis population, the effect of DOACs 
vs. usual anticoagulation agents (i.e., LMWH or VKAs) 
on secondary outcomes is reported in Table 2. Recurrent 
VTE events were, on average, reduced by 40% (95% CI, 
25–53%) with DOACs than the usual treatment. Differ-
ent bleeding outcomes and all-cause mortality were not 
different between treatment arms. The analysis restricted 
to patients diagnosed with active cancer only at rand-
omization yielded no different results (Data Supplement, 
Table S3). In this latter subgroup of patients, no second-
ary outcome favored DOACs over usual anticoagulation, 
excluding VTE events. By contrast, VTE events were not 
reduced when we considered only patients diagnosed with 
cancer post-randomization (Data Supplement, Table S4). 
In the one study-removed analysis, we did not observe any 
excessive influence of individual studies on the overall 
estimate for all secondary outcomes in all analyses (data 
not shown).

Sensitivity analyses

Including only the five studies with low-risk bias (Data 
Supplement, Table S5), co-primary outcomes were not 
different between groups. At the same time, VTE was 
lower with DOACs, and clinically relevant non-major 
bleeding events were lower with usual anticoagulation 
agents. In sensitivity analysis by different comparators 
(i.e., LMWH or VKAs), co-primary outcomes were not 
different between DOACs and LMWH. At the same time, 
NCB-2 and -3 were reduced with DOACs compared to 
VKAs (Fig. 2). Component outcomes by comparator drug 
are reported in Data Supplement, Table S5.

Publication bias

Graphic representations under the random-effects models 
for the component outcomes of primary and co-primary 
endpoints deny the presence of significant publication 
bias. Thus, publication bias cannot change the direction 
of the observed summary estimates according to the trim-
and-fill test. Specific analyses and graphic representations 
are presented in Data Supplement, Figure S2.

Certainty of the evidence

According to the GRADE approach, the evidence was 
rated as moderate for NCB-1 and NCB-3, while it was low 
for NCB-2. In addition, the level of evidence was down-
graded from the high level because of the inappropriate 
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blinding of participants and personnel or inconsistency for 
some component outcomes (Data Supplement, Table S6).

Discussion

The NCB of DOACs was similar or more favorable to usual 
anticoagulation strategies in patients with active cancer due 
to a substantial reduction of VTE events and no bleeding 
excess. Therefore, DOACs should be considered for the 
prevention of recurrent VTE in patients with active cancer 
unless a contraindication to oral administration emerges, like 
a gastrointestinal malignancy, problems of intake or absorp-
tion, drug interactions of DOACs with chemotherapeutic 
agents, or finally, in patients with severe renal impairment.

Our analysis has unique features compared to previ-
ous meta-analyses in the field. First, we used NCB as the 

primary outcome because, in patients with active cancer, the 
balance between thrombosis prevention and bleeding events 
is fragile, making the pros and cons of any eligible treatment 
largely unpredictable. Second, we did not examine only out-
comes of the same clinical importance following anticoagu-
lation treatment, namely VTE and major bleeding events. 
Nevertheless, we have also considered all-cause mortality 
and clinically relevant non-major bleedings. Indeed, patients 
with active cancer are mostly critically ill; therefore, a given 
treatment should not impact survival and avoid complica-
tions jeopardizing vital organ homeostasis, like those deriv-
ing from minor bleedings. Third, we refrained from using 
LMWH as the only comparator of DOACs. In the usual 
clinical practice, patients with active cancer receive an oral 
anticoagulation agent to minimize patient discomfort from 
daily injections and economic costs for the patient and the 
health system. Moreover, it is unknown whether the benefits 
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Fig. 1   Net clinical benefit of DOACs vs. standard anticoagulation 
treatment for the secondary prevention of venous thromboembolism 
in patients with active cancer. Panel A, net clinical benefit 1 (i.e., any 
cause of fatal events, recurrent non-fatal venous thromboembolism, 
and non-fatal major bleeding events); Panel B, net clinical benefit 2 
(i.e., any cause of fatal events, recurrent non-fatal venous thrombo-
embolism, and non-fatal major or clinically relevant non-major bleed-
ing events); Panel C, net clinical benefit 3 (i.e., fatal and non-fatal 
recurrent venous thromboembolism and major bleeding events). For 

study acronyms, refer to the abbreviation list. Within each forest plot, 
filled circles and lines represent the mean effect estimate and confi-
dence interval in each trial, respectively, while rectangles represent 
the summary effect estimate defined by the dotted vertical fine line 
and respective confidence interval. CI, confidence interval; DOACs, 
direct oral anticoagulants; LMWH, low-molecular-weight heparin; 
MH RR, Mantel–Haenszel risk ratio; n, number; VKAs, vitamin K 
antagonists

Table 2   Secondary outcomes in secondary prevention VTE trials in patients* with active cancer randomized to DOACs vs LMWH or warfarin

*Patients with active cancer diagnosed during follow-up were also included
CI confidence interval, DOACs direct oral anticoagulants, LMWH low-molecular weight heparin, n number, RR Mantel–Haenszel risk ratios, 
VTE venous thromboembolism

Outcome Trials or sub-
groups of trials, n

Events/n = 2273, 
DOACs group

Events/n = 2188, 
Warfarin group

RR (95% CI) 
Random-effects

I-squared, P-value

Non-fatal VTE 8 104 176 0.59 (0.46–0.75) 0%, 0.54
Fatal/non-fatal VTE 8 109 182 0.60 (0.47–0.75) 0%, 0.55
Non-fatal major bleedings 8 91 74 1.11 (0.70–1.76) 45%, 0.074
Fatal/non-fatal major bleedings 8 91 84 0.99 (0.66–1.47) 35%, 0.15
Clinically relevant non-major bleedings 8 252 223 1.09 (0.78–1.51) 68%, 0.003
All-cause mortality 8 558 548 1.00 (0.90–1.10) 0%, 0.61
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of LMWH are extended to periods beyond six months from 
the active cancer diagnosis. However, there is evidence that 
VTE recurrence remains common beyond six months, and 
the continuation of different anticoagulation strategies, even 
with a reduced dose of DOACs, has an acceptable safety 
profile [29, 30]. Fourth, our analysis included patients diag-
nosed with active cancer during follow-up recruited in trials 
designed not to study the recurrent VTE in cancer specifi-
cally. Therefore, our meta-analysis used an increased number 
of patients with active cancer. Finally, our sensitivity analy-
ses demonstrated that DOACs (1) reduce the more restricted 
NCB outcome compared either to LMWH or VKAs, (2) 
reduce the most expanded NCB outcome compared to 
VKAs, and (3) have no differential effect on co-primary 
outcomes in trials of low risk of bias, (4) are character-
ized by the same risk/benefit ratio compared with LMWH, 
since they protect better for VTE, but at the cost of a more 
increased clinically relevant non-major bleeding burden, and 
(5) have a more favorable NCB profile compared to VKAs 
as the result of a better VTE protection with no differential 
effect on bleeding events.

In the meta-analysis by Mulder et al. [11], the estimated 
NCB was the composite of fatal and non-fatal VTE and 
major bleeding events, thus resembling our NCB-3. Only tri-
als using LMWH as a comparator were used [17–20], while 
the comparison of DOACs vs. VKAs was discarded. Other 
differences compared to the present report are the following: 
(1) they considered unexplained deaths in one trial [17] as 
deaths related to pulmonary embolism, (2) they conducted 

their primary analysis including only the three trials with 
baseline symptomatic VTE [17, 19, 20], and thus one out of 
four trials [18] was excluded because of inclusion of patients 
with incidental VTE, and (3) unpublished data from three 
trials [18–20] were used to homogenize the results not avail-
able in our case. Our analysis cannot be compared with the 
direct comparison between DOACs and LMWH by Ros-
sel et al. [10] because only two trials were used [22, 23]. 
By contrast, recurrent VTE and major bleeding estimates 
reported by Haykal et al. [31] for comparing DOACs and 
LMWH were not substantially different from our relevant 
sensitivity analysis. Although no difference in pooled esti-
mates was detected for benefits and harms between RCTs 
and observational studies in the analysis by Gu et al. [32], 
our study estimates did not differ for the same outcomes in 
a larger number of RCTs available in our analysis.

Different limitations are acknowledged. First, different 
DOACs were used, and the generalization to all DOACs 
can only be extrapolated. However, no study significantly 
impacted the summary estimate for all outcomes in a sen-
sitivity analysis of a sequential exclusion of one study 
each time. Second, composite outcomes like the NCB 
may introduce bias and should be interpreted with caution 
because composite outcomes (1) may not have the same 
clinical importance, (2) may have different incident rates 
making the composite outcome clinically unbalanced, 
and (3) may integrate different component relative risk 
changes, making the overall combined effect estimate a 
“by-chance” finding. Third, we acknowledge that the time 
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Fig. 2   Comparator-related sensitivity analyses for net clinical ben-
efit effect of DOACs vs. comparator (i.e., LMWH or VKAs) for the 
secondary prevention of venous thromboembolism in patients with 
active cancer. Panel A, net clinical benefit 1 (i.e., any cause of fatal 
events, recurrent non-fatal venous thromboembolism, and non-fatal 
major bleeding events); Panel B, net clinical benefit 2 (i.e., any cause 
of fatal events, recurrent non-fatal venous thromboembolism, and 
non-fatal major or clinically relevant non-major bleeding events); 

Panel C, net clinical benefit 3 (i.e., fatal and non-fatal recurrent 
venous thromboembolism and major bleeding events). Comparison 
between DOACs and LMWH (upper part, I) or vitamin K antagonists 
(lower part, II). For study acronyms, refer to the abbreviation list. CI 
confidence interval, DOACS direct oral anticoagulants, LMWH low 
molecular weight heparin, MH-RR Mantel–Haenszel risk ratios, n 
number
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in the therapeutic ratio was suboptimal in VKAs trials, 
ranging from 54 to 64%. However, this phenomenon is 
not different from the inadequate anticoagulation control 
observed in the usual clinical practice, modifying the risk 
of ischemic and hemorrhagic outcomes compared to 70% 
or above the optimal target [33]. Fourth, although statisti-
cal heterogeneity was low to moderate for most outcomes, 
it was reduced in sensitivity analyses of most homogene-
ous populations, suggesting that the studied populations 
across studies had at least different clinical characteristics. 
Fifth, trials comparing DOACs to warfarin post-hoc subset 
data were used, and several types of bias were potentially 
introduced at variance with trials comparing DOACs to 
LMWH. Sixth, the quality of our risk estimates according 
to GRADE was low to moderate because of bias for the 
blinding procedure in the risk of bias assessment and the 
notable heterogeneity between studies for some outcomes. 
We finally acknowledge the following issues. The time and 
dosing of the LMWH and DOACs co-administration in 
different studies may introduce bias of inequal compari-
son compared to traditional anticoagulation treatments, 
and not all studies share a similar treatment protocol for 
different DOACs.

Conclusion

LMWH, having been considered for years as the pivotal 
treatment in the context of cancer-associated VTE, an 
entity governed by the unstable equilibrium due to the 
frequently recurrent thromboembolic and bleeding risk, 
are now getting a strong rival that offers several competi-
tive advantages. In comparing DOACs with other anti-
coagulant strategies to prevent recurrent VTE in patients 
with active cancer, the balance between benefits and 
harms favors DOACs. However, anticoagulant treatment 
should be individualized in patients with active cancer, 
and LMWH agents may occasionally be preferred over 
DOACs. Although VKAs proved less beneficial in terms 
of an NCB than DOACs, their use may be reserved for 
special clinical indications or whenever the use of DOACs 
or LMWH is limited, mostly because of socio-economical 
barriers, especially in low-income countries. Future trials 
may compare the efficacy and safety of DOACs in specific 
cancer settings, while future guidelines may consider eco-
nomic issues for drafting updated recommendations.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11239-​022-​02717-2.

Acknowledgements  None.

Funding  None.

Declarations 

Conflict of interest  All authors declare no conflict of interest regarding 
the present work, and they have no involvements that might raise the 
question of bias in the work reported or in the conclusions, implica-
tions, or opinions stated.

References

	 1.	 Konstantinides SV, Meyer G, Becattini C et al (2020) 2019 ESC 
guidelines for the diagnosis and management of acute pulmonary 
embolism developed in collaboration with the European Respira-
tory Society (ERS). Eur Heart J 41:543–603

	 2.	 Key NS, Khorana AA, Kuderer NM et al (2020) Venous throm-
boembolism prophylaxis and treatment in patients with cancer: 
ASCO clinical practice guideline update. J Clin Oncol 38:496–520

	 3.	 Prandoni P, Lensing AWA, Piccioli A et al (2002) Recurrent 
venous thromboembolism and bleeding complications during 
anticoagulant treatment in patients with cancer and venous throm-
bosis. Blood 100:3484–3488

	 4.	 Lyman GH, Carrier M, Ay C et al (2021) American society of 
hematology 2021 guidelines for management of venous throm-
boembolism: prevention and treatment in patients with cancer. 
Blood Adv 23(5):927–974

	 5.	 Streiff MB, Holmstrom B, Angelini D et al (2021) Cancer-asso-
ciated venous thromboembolic disease, Version 2.2021, NCCN 
clinical practice guidelines in oncology. J Natl Compr Canc Netw 
15(19):1181–1201

	 6.	 Short NJ, Connors JM (2014) New oral anticoagulants and the 
cancer patient. Oncologist 19:82–93

	 7.	 Vedovati MC, Germini F, Agnelli G, Becattini C (2015) Direct 
oral anticoagulants in patients with VTE and cancer: a systematic 
review and meta-analysis. Chest 147:475–483

	 8.	 Brunetti ND, Gesuete E, De Gennaro L et al (2017) Direct oral 
anticoagulants compared with vitamin-K inhibitors and low-
molecular-weight-heparin for the prevention of venous thrombo-
embolism in patients with cancer: a meta-analysis study. Int J 
Cardiol 230:214–221

	 9.	 Palareti G, Legnani C, Lee A et al (2000) A comparison of the 
safety and efficacy of oral anticoagulation for the treatment of 
venous thromboembolic disease in patients with or without malig-
nancy. Thromb Haemost 84:805–810

	10.	 Rossel A, Robert-Ebadi H, Combescure C et al (2019) Antico-
agulant therapy for acute venous thrombo-embolism in cancer 
patients: a systematic review and network meta-analysis. PLoS 
ONE 14:e0213940

	11.	 Mulder FI, Bosch FTM, Young AM et al (2020) Direct oral anti-
coagulants for cancer-associated venous thromboembolism: a 
systematic review and meta-analysis. Blood 136:1433–1441

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

	13.	 Feuring M, Schulman S, Eriksson H et al (2017) Net clinical ben-
efit of dabigatran vs. warfarin in venous thromboembolism: analy-
ses from RE-COVER®, RE-COVER™ II, and RE-MEDY™. J 
Thromb Thrombolysis 43:484–489

	14.	 Schulman S, Kearon C (2005) Definition of major bleeding in 
clinical investigations of antihemostatic medicinal products in 
non-surgical patients. J Thromb Haemost 3:692–694

	15.	 Sterne JAC, Savovic J, Page MJ et al (2019) RoB 2: a revised tool 
for assessing risk of bias in randomised trials. BMJ 366:l4898

	16.	 Schünemann H, Brożek J, Guyatt G, Oxamn A (2013) The 
GRADE Working Group GRADE handbook for grading quality 

https://doi.org/10.1007/s11239-022-02717-2


101Net clinical benefit of DOACs vs. usual anticoagulation treatment in venous thromboembolism…

1 3

of evidence and strength of recommendations [Internet]. Available 
from:gdt.guidelinedevelopment.org/app/handbook/handbook.html

	17.	 Agnelli G, Becattini C, Meyer G, Investigators C (2020) Apixaban 
for the treatment of venous thromboembolism associated with 
cancer. N Engl J Med 382:1599–1607

	18.	 McBane RD 2nd, Wysokinski WE, Le-Rademacher JG et  al 
(2020) Apixaban and dalteparin in active malignancy-associated 
venous thromboembolism: the ADAM VTE trial. J Thromb Hae-
most 18:411–421

	19.	 Raskob GE, van EsVerhamme NP et al (2018) Edoxaban for the 
treatment of cancer-associated venous thromboembolism. N Engl 
J Med 378:615–624

	20.	 Young AM, Marshall A, Thirlwall J et al (2018) Comparison of 
an oral factor Xa inhibitor with low molecular weight heparin in 
patients with cancer with venous thromboembolism: results of a 
randomized trial (SELECT-D). J Clin Oncol 36:2017–2023

	21.	 Raskob GE, van Es N, Segers A, Hokusai-VTE investigators et al 
(2016) Edoxaban for venous thromboembolism in patients with 
cancer: results from a non-inferiority subgroup analysis of the 
Hokusai-VTE randomised, double-blind, double-dummy trial. 
Lancet Haematol 3:e379-387

	22.	 Agnelli G, Buller HR, Cohen A et al (2015) Oral apixaban for the 
treatment of venous thromboembolism in cancer patients: results 
from the AMPLIFY trial. J Thromb Haemost 13:2187–2191

	23.	 Prins MH, Lensing AW, Brighton TA et al (2014) Oral rivaroxa-
ban versus enoxaparin with vitamin K antagonist for the treatment 
of symptomatic venous thromboembolism in patients with cancer 
(EINSTEIN-DVT and EINSTEIN-PE): a pooled subgroup analy-
sis of two randomised controlled trials. Lancet Haematol 1:e37-46

	24.	 Schulman S, Goldhaber SZ, Kearon C et al (2015) Treatment with 
dabigatran or warfarin in patients with venous thromboembolism 
and cancer. Thromb Haemost 114:150–157

	25.	 Schulman S, Kearon C, Kakkar AK et al (2009) Dabigatran versus 
warfarin in the treatment of acute venous thromboembolism. N 
Engl J Med 361:2342–2352

	26.	 Schulman S, Kakkar AK, Goldhaber SZ et al (2014) treatment of 
acute venous thromboembolism with dabigatran or warfarin and 
pooled analysis. Circulation 129:764–772

	27.	 The EINSTEIN Investigators (2010) Oral rivaroxaban for symp-
tomatic venous thromboembolism. N Engl J Med 363:2499–2510

	28.	 The EINSTEIN–P.E. Investigators, (2012) Oral rivaroxaban for 
the treatment of symptomatic pulmonary embolism. N Engl J Med 
366:1287–1297

	29.	 Vasanthamohan L, Boonyawat K, Chai-Adisaksopha C, Crowther 
M (2018) Reduced-dose direct oral anticoagulants in the extended 
treatment of venous thromboembolism: a systematic review and 
meta-analysis. J Thromb Haemost 16:1288–1295

	30.	 Moik F, Colling M, Mahé I, Jara-Palomares L, Pabinger I, Ay C 
(2022) Extended anticoagulation treatment for cancer-associated 
thrombosis-rates of recurrence and bleeding beyond 6 months: a 
systematic review. J Thromb Haemost 20:619–634

	31.	 Haykal T, Zayed Y, Deliwala S et al (2020) Direct oral anticoagu-
lant versus low-molecular-weight heparin for treatment of venous 
thromboembolism in cancer patients: an updated meta-analysis of 
randomized controlled trials. Thromb Res 194:57–65

	32.	 Gu ZC, Yan YD, Yang SY et al (2020) (2020) Direct versus con-
ventional anticoagulants for treatment of cancer associated throm-
bosis: a pooled and interaction analysis between observational 
studies and randomized clinical trials. Ann Transl Med 8:95

	33.	 Bode K, Hindricks G, Ten Berg JM, Whittaker P (2020) Antico-
agulant plus antiplatelet therapy for atrial fibrillation: cost-utility 
of combination therapy with non-vitamin K oral anticoagulants 
vs. warfarin. Herz 45:564–571

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Net clinical benefit of DOACs vs. usual anticoagulation treatment in venous thromboembolism and active cancer: systematic review and meta-analysis
	Abstract 
	Graphical Abstract
	Highlights
	Introduction
	Methods
	Trial eligibility
	Outcomes, data extraction, and risk of bias assessment
	Certainty of the evidence
	Statistical analysis

	Results
	Trials and patients
	Primary outcomes
	Secondary outcomes
	Sensitivity analyses
	Publication bias
	Certainty of the evidence

	Discussion
	Conclusion
	Acknowledgements 
	References




