
Vol:.(1234567890)

Journal of Thrombosis and Thrombolysis (2019) 48:400–412
https://doi.org/10.1007/s11239-019-01871-4

1 3

Efficacy and safety of direct oral anticoagulants 
versus low‑molecular‑weight heparin in patients with cancer: 
a systematic review and meta‑analysis

Ying Dong1 · Yi Wang1 · Rui‑Lian Ma1 · Ming Liu2 · Jun‑zhen Gao3 · Wu‑yun Su4 · Li Yan3 · Jian‑jun Sun1 

Published online: 6 May 2019 
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
The efficacy and safety of direct oral anticoagulants (DOACs) versus low-molecular-weight heparin (LMWH) are still 
debated in the treatment of patients with cancer, and the optimal duration of therapy remains uncertain. Electronic databases 
(PubMed, Embase, and Cochrane Library) were searched to retrieve studies on the efficacy and safety of DOACs versus 
LMWH in treating patients with cancer from January 1980 to October 2018. The primary efficacy and safety endpoints 
were recurrent venous thromboembolism (VTE) and major bleeding. Our study included two randomized controlled trials 
(RCTs) and nine observational studies, together comprising 4509 patients with cancer. The pooled estimates indicated that 
DOACs led to a modest reduction recurrent VTE in the RCTs [RR: 0.63, 95% confidence interval (CI), 0.42–0.96, P = 0.03] 
and in the observational studies (RR: 0.74, 95% CI, 0.58–0.93, P = 0.011), without increasing the risk of major bleeding for 
observational studies (P = 0.805), but increased for RCTs (P = 0.017). The same trends were observed in the rivaroxaban 
subgroup. Moreover, subgroup analyses according to the treatment duration indicated that DOACs significantly reduced the 
incidence of recurrent VTE (P = 0.006 at 6 months; P < 0.001 at 12 months) without significant differences in major bleed-
ing compared with LMWH at 6 or 12 months. Patients with cancer who received DOACs exhibited a significant reduction 
in recurrent VTE with no increased risk of major bleeding compared with LMWH. DOACs may be an alternative choice for 
long-term anticoagulant therapy in patients with cancer.
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Highlights

•	 Patients with cancer who received DOACs, particularly 
rivaroxaban, had significantly reduced risk of recurrent 
VTE with no significant effect on the risk of major 
bleeding, compared with those who received LMWH.

•	 DOACs can be used as an alternative strategy for longer 
treatment duration (6 or 12 months) of cancer-associ-
ated VTE.

•	 In future, it is necessary to need larger, well-designed 
RCT and real-world studies to assess the efficacy and 
safety of DOACs in patients with cancer, especially 
concerned with the issue of drug–drug interactions 
between DOACs and chemotherapeutic agents.

Introduction

Venous thromboembolism (VTE) is a common compli-
cation in patients with cancer, occurring in 20–30% of 
patients [1, 2]. In past years, international guidelines rec-
ommended Low-molecular-weight heparin (LMWH) for 3 
to 6 months as the first-line treatment for cancer-associated 
VTE [3–6]. However, subcutaneous injection of LMWH 
results in poor adherence for patients who require a longer 
duration of anticoagulant treatment [7, 8]. A large retro-
spective analysis showed fewer patients persist with inject-
able anticoagulants than oral anticoagulants due to con-
cerns of cost and self-injection [9]. Only 13% of patients 
remained on injectables at 6 months [10]. Therefore, the 
guidelines for antithrombotic therapy in patients with can-
cer who required long-term anticoagulation are still poorly 
followed in clinical practice. Reluctance to impose daily 
injections is one of the important reasons for poor adher-
ence to guidelines in clinical practice [11].

In recent years, direct oral anticoagulants (DOACs) 
such as apixaban, edoxaban, rivaroxaban, and dabigatran, 
with the advantages of oral administration and no labora-
tory monitoring, have been widely used in the treatment 
of VTE in patients without cancer. The NCCN guideline 
has updated that edoxaban (level 1) and rivaroxaban (level 
2A) are considered preferred for treatment of cancer-asso-
ciated thrombosis (CAT) [12]. International Society on 
Thrombosis and Haemostasis (ISTH) also recommended 
DOACs are an acceptable alternative to LMWH for treat-
ment of CAT in patients with a low risk of bleeding [13]. 
However, the guidelines suggested DOACs for the treat-
ment of cancer associated VTE based on data from two 
randomized controlled trials (RCTs) [14, 15] and limited 
subgroup analyses of patients with cancer from landmark 

RCTs [16–19]. The efficacy and safety of DOACs are still 
debated in the treatment of patients with cancer. Prior 
meta-analyses studies that compared DOACs with LMWH 
followed by warfarin showed DOACs seem to be as effec-
tive and safe as conventional treatment for the prevention 
of cancer-associated VTE [20–24]. However, evidence 
comparing DOACs to LMWH, to date, remains limited. 
The published meta-analyses of head-to-head comparisons 
between DOACs and LMWH seem to suggest DOACs was 
better safety and efficacy than LMWH [25–27]. Moreover, 
two studies have been published in the 2 years since the 
meta- analyses were published. Streiff et al. showed that 
DOAC had significantly lower risk of recurrent VTE with-
out increasing the risk of bleeding compared with LMWH 
[28]. However, the study for Simmons et al. indicated that 
while DOAC appears to offer a reasonably effective ther-
apy, bleeding complications may be higher compared to 
LMWH [29]. So we included the two recently published 
observational studies and updated it. In addition, patients 
with cancer-associated VTE are at a high risk of becom-
ing thrombosis, and prolonging the duration of antico-
agulant therapy could reduce the incidence of recurrent 
VTE, albeit simultaneously increasing the risk of bleed-
ing. The specific meta-analyses on the duration of DOACs 
in patients with cancer are limited. The optimal duration 
of anticoagulant therapy for DOACs and LMWH remains 
uncertain. Assessment of the optimum duration for antico-
agulant therapy has been mainly concerned with balancing 
the incidence of ischemic complications (such as recur-
rent VTE) with bleeding complications. Therefore, we 
performed a new meta-analysis to investigate (1) whether 
DOACs has the same efficacy and safety as LMWH and (2) 
the optimal duration of therapy for DOACs and LMWH in 
patients with cancer.

Methods

Data sources, search strategy, and selection criteria

We conducted and reported this systematic review and 
meta-analysis in accordance with the Providing Innovative 
Service Models and Assessment criteria (PRISMA) and 
the Cochrane Handbook. To identify all the eligible studies 
of DOACs versus LMWH in patients with cancer, we per-
formed a systematic search, without language restrictions, 
on PubMed, Embase, and Cochrane Library from January 
1980 to October 2018. The following keywords were used 
as search terms: (“Oral Factor Xa Inhibitor” OR “direct oral 
anticoagulants” OR “rivaroxaban” OR “Dabigatran” OR 
“Apixaban” OR “edoxaban”) AND (“Low Molecular Weight 
Heparin” OR “dalteparin”) AND (“Cancer” OR “Tumor”) 
AND (“Venous Thromboembolism” OR “VTE”) (Fig. 1 for 
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the search strategy). We also performed a manual search of 
the reference lists of studies, reviews, and pertinent meta-
analyses on this topic.

The literature search was independently performed by two 
authors (Y.D. and Y.W.) using a standardized approach. Any 
disagreements between the two authors were settled by the 
primary author (R.L.M) until a consensus was reached. The 
studies included fulfilled the following inclusion criteria: 
(1) studies were case–control or cohort studies or RCTs; 
(2) studies compared DOACs with LMWH; (3) risk esti-
mates and 95% confidence intervals (CIs) were reported, 
and the VTE recurrences and/or bleeding outcomes required 
to calculate them were available; (4) patients with cancer 
were enrolled in the studies; and (5) studies included out-
comes measured in a follow-up period of ≥ 1 month. The 
primary efficacy and safety endpoints were recurrent VTE 
and major bleeding (defined according to the studies con-
cerned), respectively. The studies that met the following 
criteria were excluded: (1) repeated publication; (2) incom-
plete original data or relevant data cannot be obtained by 
contacting authors; and (3) basic science studies, review, 
or case reports.

Data extraction and quality assessment

Independent data selection, extraction, and evaluation by the 
two researchers (Y.D. and Y.W.) were designed in accord-
ance with the inclusion and exclusion criteria. The following 
details were recorded from each study: general data (study 
design, year of publication), population characteristics 
(number, mean age, sex, country), and treatment (therapeutic 
indication, type of drug, does, duration) (Table 1). The New-
castle–Ottawa Scale (NOS) for observational studies was 
used to assess the methodological quality of the included 
studies [30]. The quality of the included RCTs was assessed 
using the Cochrane risk of bias assessment [31].

Outcomes assessed

The primary analysis focused on assessing VTE recurrence 
and major bleeding in patients with cancer who received 

LMWH or treatment with DOACs. Taking into account the 
effect of the potential heterogeneity, we conducted some 
subgroup analyses for different factors, such as study design, 
drug and the follow-up duration. Firstly, we performed sub-
group analyses based on study design (cohort study or RCT). 
Moreover, a subgroup analysis of rivaroxaban in patients 
with cancer was performed. Finally, we examined the rela-
tionship between the duration of DOACs and the risk of 
the endpoints. LMWH for 3–6 months was considered as 
the preferred option for the treatment of cancer-associated 
VTE with a high-grade recommendation [12, 32, 33]. 
However, American society of clinical oncology (ASCO) 
and French guidelines suggested that LMWH should be 
extended beyond 6 months as long as cancer is active and 
the risk of VTE recurrence persists [34, 35]. Simultane-
ously, DOACs have been recommended for the treatment 
of VTE in cancer patients in recent years [12, 13, 33], but 
the duration of treatment is different (Table 2). In our study, 
through a systematic screening of the literature, we found 
that this study focused on short-term (3 months), mid-term 
(6 months) and long-term (12 months) interventions for 
anticoagulant therapy, without reporting 6–12 months or 
beyond 12 months interventions. So a subgroup meta-anal-
ysis was performed according to the duration of treatment 
with LMWH and DOACs. We explored efficacy and safety 
of LMWH and DOACs in short-term (3 months), mid-term 
(6 months) and long-term (12 months) anticoagulation dura-
tions, respectively.

Statistical analysis

In the presence of heterogeneity, we used a random-effects 
model because its assumptions account for the presence of 
variability among studies. The Q test and I2 statistic were 
used to investigate heterogeneity among the studies [36]; 
a P value of < 0.05 for the Q test was considered indicative 
of significant heterogeneity [37]. The adjusted effect esti-
mates of odds ratio, RR, and hazard risk between DOACs 
and LMWH were extracted. The reported event frequencies 
were used to calculate RRs with 95% CI in each study. The 
endpoint outcomes were relatively uncommon and the odds 
ratios in the case–control studies were close to 1; hence, the 
odds ratios were considered approximations of RR [38]. We 
calculated the absolute risk reduction (ARR), 95% CI, and 
number needed to treat (NNT) of the endpoint events. In 
addition, we performed a sensitivity analysis by removing 
each individual study from the meta-analysis and used quali-
tative Egger’s [39] or Begg’s [40] test to check for potential 
publication bias. All the reported P-values are two sided, 
and a P-value < 0.05 was considered statistically significant. 
STATA 12.0 software (StataCorp LP, College Station, TX) 
was used to perform statistical analysis. Our study was reg-
istered with PROSPERO, number CRD42019122535.

Fig. 1   Search strategy for PubMed
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Results

Literature search

We identified 208 potentially eligible articles in our initial 
electronic search. In total, 38 duplicate articles were elimi-
nated, and 151 irrelevant citations were excluded by reading 
the abstract. A total of 19 studies were evaluated in detail. 
Finally, 11 studies [14, 15, 28, 29, 41–47] were included in 
our meta-analysis after excluding eight studies (two stud-
ies compared between oral anticoagulant and parenteral 
anticoagulant in patients with cancer [48, 49], one study 
compared between LMWH and DOACs in patients with 
cancer-related stroke [50], one study compared the treat-
ment duration between injectable and oral anticoagulants 
[51], four studies compared between LMWH for treatment 
with followed by VKAs and DOACs in patients with cancer 
[16–19]). A manual search did not identify any new eligible 
studies. Figure 2 shows the flowchart of the studies.

Study characteristics

A total of 4509 patients from 11 studies were included 
(1868 patients who received DOAC and 2641 patients who 
received LMWH). Two RCTs met the inclusion criteria (one 
on edoxaban [14], one on rivaroxaban [15]), and nine obser-
vational studies were included (six on rivaroxaban, three on 
other DOAC) [28, 29, 41–47]. Among the included studies, 
1 study was performed in multi-country [14], 1 study in Brit-
ain [15], 1 study in Brazil [47] and 8 studies in America [28, 
29, 41–46]. The methodological quality of the RCTs and 
cohort studies was assessed using the Cochrane risk of bias 
assessment (Table S1) and NOS (Table S2), respectively. 
The mean score of the RCTs included in the analysis was 
6.5. Of the cohort studies, six studies were of high quality 
(NOS ≥ 7) [28, 29, 41, 42, 45, 46], whereas three studies 
were of low quality (NOS ≤ 6) [43, 44, 47] (Table S1). The 
mean score of the nine observational studies was 6.9. The 
follow-up period of the studies was > 1 month. The main 
characteristics of the studies are shown in Table 1, includ-
ing previous pulmonary embolism (PE), DVT, duration 
of follow-up, type of cancer, and methodological quality 
assessment scores.

Global analysis of DOACs versus LMWH in patients 
with cancer

The global analysis included all studies. DOACs decreased 
VTE recurrence by 21% from 11.45% to 9.01% (pooled 
RR: 0.72, 95% CI, 0.60–0.85, P < 0.001; ARR: 2.44%, 
95%CI, 0.62%–4.26%, NNT = 41, I2 = 0%) compared with Pr
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LMWH. Similarly, RCTs subgroup (pooled RR: 0.63, 95% 
CI, 0.42–0.96, P = 0.03, I2 = 13.2%) and observational 
studies subgroup (pooled RR: 0.74, 95% CI, 0.58–0.93, 
P = 0.011, I2 = 3.3%) indicated that DOACs reduced the 
risk of VTE recurrence compared with LMWH.

Safety analysis showed that there was no significant dif-
ference in major bleeding for global analysis (pooled RR: 
1.21, 95% CI, 0.94–1.55, P = 0.143; ARR: 1.36%, 95%CI, 
0%–2.72%, NNT = 74, I2 = 0%) and observational studies 
subgroup (pooled RR: 1.04, 95% CI, 0.77–1.39, P = 0.789, 

Table 2   International treatment 
guidelines for the treatment 
of cancer-associated venous 
thromboembolism

LMWH Low-molecular-weight heparin; DOACs Direct oral anticoagulants; NCCN National comprehensive 
cancer network; ASCO American society of clinical oncology; ACCP American college of chest physi-
cians; ISTH International society on thrombosis and haemostasis

Guidelines Long-term treatment Treatment duration

NCCN (2018) [12] LMWH Preferred for first 6 months
DOACs At least 6 months

ISTH (2018) [13] LMWH Patients with high risk of bleeding for 3-6 months
DOACs Patients with low risk of bleeding and no drug–

drug interactions for 3-6 months
ACCP (2016) [33] LMWH Preferred for over3 months

DOACs (Grade 2C) At least 3 months
ASCO (2014) [34] LMWH At least 6 months

DOACs DOACs are not recommended

Fig. 2   Flow chart of study selection
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I2 = 0%). However, the result of RCTs subgroup showed that 
DOACs increased in major bleeding (pooled RR: 1.78, 95% 
CI, 1.11-2.87, P = 0.017, I2 = 0%) compared with LMWH. 
Figure 3 shows the risk of recurrent VTE and major bleed-
ing in patients with cancer receiving DOACs and LMWH.

No significant heterogeneity was observed in the evalu-
ated endpoints (P ≥ 0.28). When we sequentially omitted 
each study from the analysis, the results were not affected. 
All the results were confirmed by the fixed-effects model.

Rivaroxaban versus LMWH in patients with cancer

In this analysis, 3746 patients with cancer were included 
from seven studies [15, 28, 29, 41–43, 47]. Of these, one 
study was RCT [15] and six studies were observational stud-
ies [28, 29, 41–43, 47]. The results showed that rivaroxaban 
caused a significant reduction in VTE recurrence (pooled 
RR: 0.74, 95% CI, 0.60–0.91, P = 0.005, I2 = 1.4%). Com-
pared with LMWH, rivaroxaban was associated with a non-
significant reduction in major bleeding (pooled RR: 1.08, 

95% CI, 0.80–1.46, P = 0.615, I2 = 0%). Figure 4 shows the 
risk of recurrent VTE and major bleeding in patients with 
cancer receiving rivaroxaban and LMWH.

No significant heterogeneity was observed in the evalu-
ated endpoints (P ≥ 0.41). Sensitivity analysis showed that 
the result was not affected after excluding each study. All 
results were confirmed by the fixed-effects model.

Effect of duration of DOACs versus LMWH in patients 
with cancer

Considering the effect of the anticoagulation duration, we 
conducted a subgroup analysis for different periods. It was 
found that the studies focused on intervention durations of 
3 [29, 42, 46], 6 [14, 15, 28, 41–44, 46, 47], and 12 [14, 28, 
29, 44–46] months for anticoagulation treatment.

The 3-month subgroup analysis included three studies 
[29, 42, 46] with overall 623 patients (n = 253, DOACs 
group; n = 370, LMWH group). There was no difference 
in VTE recurrence (P = 0.056, I2 = 0%) or major bleeding 

Fig. 3   Risk of a recurrent VTE and b major bleeding in patients with cancer receiving DOACs and LMWH
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(P = 0.751, I2 = 0%). However, for the 6-month [14, 15, 28, 
41–44, 46, 47] and 12-month [14, 28, 29, 44–46] subgroup 
analyses, the DOACs group showed a moderate reduction 
in VTE recurrence at 6 months (pooled RR: 0.74, 95% CI, 
0.60–0.92, P = 0.006, I2 = 2.1%) and a significant reduction 
in VTE recurrence at 12 months (pooled RR: 0.72, 95% 
CI, 0.59–0.86, P<0.001, I2 = 0%). There was no significant 
effect on the risk of major bleeding in the 6-month sub-
group (P = 0.200, I2 = 0%) or 12-month subgroup (P = 0.067, 
I2 = 0%) compared with treatment with LMWH. Figure 5 
shows the risk of recurrent VTE and major bleeding in 
patients with cancer receiving DOACs and LMWH accord-
ing to different duration.

All the results were confirmed using the fixed-effects 
model. No heterogeneity was observed in the analysis of 
each result (all P > 0.38). Moreover, when we sequentially 
excluded each study from all the pooled analyses, the results 
were not affected.

Publication bias

Visual inspection of the funnel plots did not show any evi-
dence of obvious asymmetry for VTE recurrence or major 

bleeding in the DOACs versus LMWH group or the rivar-
oxaban versus LMWH group. Egger’s and Begg’s tests 
revealed no significant publication bias for study outcomes 
for DOACs versus LMWH (VTE recurrence Egger’s test 
P = 0.306, Begg’s test P = 0.102; major bleeding Egger’s test 
P = 0.896, Begg’s test P = 0.243) or for rivaroxaban versus 
LMWH (VTE recurrence Egger’s test P = 0.818, Begg’s test 
P = 0.453; major bleeding Egger’s test P = 0.936, Begg’s test 
P = 0.293) (Fig. 6).

Discussion

In this comprehensive meta-analysis of two RCTs and nine 
observational studies, we compared the efficacy and safety 
of DOACs and LMWH for treating cancer-associated VTE 
in 4509 patients. Our results indicated that DOACs, par-
ticularly rivaroxaban, were associated with a significantly 
lower risk of recurrent VTE and no increased risk of major 
bleeding in patients with cancer than LMWH. Moreover, the 
administration of DOACs provided significant reductions in 
recurrent VTE than LMWH, with no differences in the risk 

Fig. 4   Risk of recurrent VTE and major bleeding in patients with cancer receiving rivaroxaban and LMWH
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of major bleeding in patients with cancer for the 6-month 
and 12-month subgroups.

Currently, some guidelines recommend LMWH as 
the first-line treatment of cancer-associated VTE [3–5]. 
LMWH have several advantages over VKA, including fewer 
drug–drug interactions with chemotherapeutic agents, pre-
dictable dose response, no need for therapeutic drug moni-
toring, and shorter half-life allowing a greater flexibility dur-
ing periprocedural management. Similarly, DOACs offer all 
of these advantages, with the addition of an oral route to 
preclude injections [20]. Data on the efficacy and safety of 
DOACs compared with LMWH in patients with cancer was 
based on the two direct head-to-head RCTs. The SELECT-
D trial, which was a randomized, open-label, multicenter 
pilot trial, compared rivaroxaban with dalteparin to assess 

their efficacy in the treatment of cancer-associated VTE 
[15]. The results showed that rivaroxaban reduced the rate 
of recurrent VTE but increased the risk of bleeding. The 
Hokusai VTE Cancer trial enrolled 1050 cancer patient with 
VTE to receive edoxaban or dalteparin for 6–12 months. 
Edoxaban (7.9%) was lower rate of recurrent venous throm-
boembolism than dalteparin (11.3%) but with higher rate 
of major bleeding than dalteparin (14.6% vs. 11.1%) [14]. 
Both trials reported the higher rates of gastrointestinal bleed-
ing. The two RCTs are included in our global analysis. Our 
meta-analysis for RCTs subgroup indicated that DOACs 
decreased recurrent VTE (P = 0.03) but increased the risk 
of major bleeding (P = 0.017). The increased bleeding may 
be attributed to enrolling a high proportion of patients with 
gastrointestinal cancer [43.9% (177/403) for SELECT-D 

Fig. 5   Risk of a recurrent VTE and b major bleeding in patients with cancer receiving DOACs and LMWH according to duration
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trial and 29.2% (305/1046) for Hokusai VTE Cancer trial] 
[15, 52]. The real-world study findings DOACs were sig-
nificantly reduced risk of recurrent VTE (P = 0.011) and no 
increased risk of major bleeding (P = 0.805) in patients with 
cancer than LMWH. Therefore, DOACs may be an effective 
alternative to LMWH for the treatment of cancer-associated 
VTE in patients without gastrointestinal cancer. Simultane-
ously, several RCTs (NCT02744092, NCT02585713, and 
NCT02583191) are ongoing to compare the safety and effi-
cacy of DOACs with those of LMWH in patients with can-
cer. The information obtained will empower patients with 
cancer and physicians to make more informed choices about 
anticoagulation strategies to manage VTE.

The optimal duration of anticoagulation treatment in 
patients with cancer-associated thrombosis (CAT) remains 
uncertain. In patients with VTE and active cancer, practice 
guidelines recommended extended anticoagulant therapy for 
at least 3 [3] or 3–6 [4] months. Some reports have discussed 
the length of anticoagulation to treat CAT [53, 54]. The evi-
dence-based recommendations are lacking, particularly for 
DOACs. To address the optimal duration of anticoagulation, 
our subgroup analyses according to the treatment duration 
indicated that DOACs significantly reduced the incidence of 

recurrent VTE without increasing the risk of major bleed-
ing in the 6-month and 12-month subgroups. A population-
based cohort study showed that the VTE recurrence per 
100 person-years in patients with active cancer was 54.0 
for 1–2 months, 15.1 for 3–6 months, 6.1 for 1–2 years, and 
1.7 for 5–10 years [55]. Our study provided evidence for the 
duration of anticoagulation with DOACs for the treatment of 
cancer-associated VTE. The longer treatment duration with 
DOACs may be required.

When analyzing the outcomes of VTE recurrence and 
major bleeding, our study combined different DOACs. 
However, the results showed no heterogeneity. Presently, 
compared with other DOACs, rivaroxaban is used more 
for the treatment of cancer-associated VTE. Therefore, we 
performed a subgroup analysis of rivaroxaban in patients 
with cancer. The pooled results showed a significant reduc-
tion in recurrence VTE (P = 0.005), without increasing the 
risk of major bleeding (P = 0.615), compared with LMWH, 
which is consistent with the DOACs analysis. The results of 
previous meta-analyses have indicated that rivaroxaban was 
not inferior to LWMH for the treatment and prevention of 
cancer-associated VTE [27, 56]. In addition, after the pre-
viously published meta-analysis, two observational studies 

Fig. 6   Funnel plot with pseudo 95% confidence limits for the risk of endpoints: a recurrent VTE for DOACs versus LMWH; b major bleeding 
for DOACs versus LMWH; c recurrent VTE for rivaroxaban versus LMWH; d major bleeding for rivaroxaban versus LMWH
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were published [28, 29], but the results were not consistent. 
Streiff et al. showed rivaroxaban had significantly lower risk 
of recurrent VTE and bleeding compared to those treated 
with LMWH in cancer patients with VTE [28]. However, the 
other study indicated the risk of recurrent VTE and bleed-
ing were no differences between rivaroxaban and LMWH 
at 12 months [29]. So we included the two published stud-
ies to perform an updated meta-analysis. The results sup-
ported that rivaroxaban may be more effective and safer than 
LMWH.

Three strengths of our study should be highlighted. First, 
we included RCTs and “real-world” studies to evaluate the 
efficacy and safety of DOACs, respectively. Although the 
majority of observational studies introduce potential uni-
dentified confounders and selection bias, the overall inci-
dence of recurrent VTE in these “real-world” studies were 
consistent with the result of our RCT subgroup. Moreover, 
subgroup analysis based on the anticoagulation duration was 
performed to reduce bias. In addition, individual DOAC 
analysis was completed to assess the efficacy and safety of 
rivaroxaban in patients with cancer.

Several limitations of our study should be considered. 
First, the current evidence from RCTs is not specifically 
designed to assess the effects on VTE and major bleeding 
of DOACs in patients with cancer, and the data included in 
our study predominantly comprised the results of subgroup 
analyses. Therefore, differences in the baseline characteris-
tics of patients may introduce bias when randomly assigned. 
Second, the definition of active cancer was not consistent 
across included studies. Third, not all studies classified the 
types or stages of cancer, or the type of VTE. Therefore, 
it was not possible to aggregate data to complete the sub-
group analysis. The risk of thrombosis in different types of 
cancer may affect the outcome of the endpoint in each study 
[57]. Fourth, as an aggregated data meta-analysis based on 
study subgroup, we could not adjust for race/ethnicity due 
to the evidence in the Asian population was limited. A trial 
with rivaroxaban to compare steady-state trough (Cmin, ss) 
and peak (Cmax, ss) concentrations between Asians and 
Caucasians found Asians had lower Cmin, ss and Cmax, 
ss than Caucansians [58]. Therefore, further clinical trials 
are needed to evaluate the safety and efficacy of DOACs in 
Asian patients with cancer. Finally, drug–drug interactions 
for DOACs were not reported in the included studies.

Conclusion

Patients with cancer who received DOACs, particularly 
rivaroxaban, had significantly reduced risk of recurrent VTE 
with no significant effect on the risk of major bleeding, com-
pared with those who received LMWH. In addition, treat-
ment with DOACs for 6–12 months may be more effective 

for the prevention of recurrent VTE in patients with cancer 
than LMWH. DOACs may be an alternative choice for long-
term anticoagulant therapy in patients with cancer.
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