
Zhou et al. 
World Journal of Surgical Oncology           (2024) 22:69  
https://doi.org/10.1186/s12957-024-03341-5

REVIEW Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

World Journal of
Surgical Oncology

Efficacy and safety of direct oral 
anticoagulants versus low-molecular-weight 
heparin for thromboprophylaxis after cancer 
surgery: a systematic review and meta-analysis
Hong Zhou1†, Ting‑Ting Chen1†, Ling‑ling Ye1, Jun‑Jie Ma2*† and Jin‑Hua Zhang1*† 

Abstract 

Background Direct oral anticoagulants (DOACs) used as an alternative to low‑molecular‑weight heparin (LMWH) 
for thromboprophylaxis after cancer surgery for venous thromboembolic events (VTE) remains unclear. This study 
aimed to investigate the efficacy and safety of DOACs versus LMWH in these patients.

Materials and methods A search of EMBASE, MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), 
and Web of Science was carried out and included all randomized controlled trials (RCTs) and observational studies 
that directly compared DOACs with LMWH for thromboprophylaxis in patients after cancer surgery through July 25, 
2023. The primary efficacy and safety outcomes were VTE, major bleeding, and clinically relevant non‑major bleeding 
(CRNMB) within 30 days of surgery. The risk of bias was assessed using the Cochrane Risk of Bias 2 (RoB2) tool for RCTs 
and ROBINS‑I tool for non‑randomized studies. This study was registered in PROSPERO (CRD42023445386).

Results We retrieved 5149articles, selected 27 for eligibility, and included 10 studies (three RCTs and seven observa‑
tional studies) encompassing 3054 patients who underwent postoperative thromboprophylaxis with DOACs (41%) 
or LMWH (59%). Compared to LMWH thromboprophylaxis, DOACs had a comparable risk of VTE (RR:0.69[95% CI:0.46–
1.02],  I2 = 0%), major bleeding (RR:1.55 [95% CI:0.82–2.93],  I2 = 2%), and CRNMB (RR, 0.89 [95% CI, 0.4–1.98],  I2 = 31%) 
during the 30‑day postoperative period. Subgroup analysis of VTE and major bleeding suggested no differences 
according to study type, extended thromboprophylaxis, tumor types, or different types of DOAC.

Conclusion DOACs are potentially effective alternatives to LMWH for thromboprophylaxis in patients undergoing 
cancer surgery, without increasing the risk of major bleeding events.
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Introduction
Venous thromboembolic events (VTEs), including 
deep vein thrombosis (DVT) and pulmonary embolism 
(PE), remain major causes of morbidity and mortality in 
patients with cancer [1]. Patients with cancer increased 
sevenfold risk of venous thrombosis compared with non-
cancer patients (odds ratio [OR], 6.7; 95% confidence 
interval [CI], 5.2–8.6) [2]. Surgical trauma increases 
the risk of developing VTE. This increased twofold risk 
of VTE in patients with known cancer vs. non-cancer 
patients undergoing the same surgery [3]. Education for 
the risk assessment and prophylaxis of VTE and consid-
ering guidelines are important for making the optimal 
thromboprophylaxis decision [4]. Current guidelines [5–
8] recommend the use of VTE prophylaxis with 7–10 days 
of low-molecular-weight heparin (LMWH) or unfraction-
ated heparin in patients who underwent cancer-related 
surgery, and 4 weeks extended-duration LMWHs proph-
ylaxis for abdominal-pelvic surgery because of the sig-
nificantly reduced incidence of VTE without increasing 
bleeding complications or mortality [9, 10].

However, the use of subcutaneous low-molecular-
weight heparin has some limitations such as injection 
site reaction, pain, bruising, and bleeding, which may 
impair the quality of life of patients [7]. Patients taking 
apixaban demonstrated good adherence, with signifi-
cantly increased adherence from 3 to 25% compared 
with enoxaparin [11]. Currently, the use of DOACs as 
an effective and safe option for the treatment of can-
cer-associated thrombosis in selected cancer patients 
has been supported by the results of several high-
quality randomized controlled trials (RCTs) [6, 12–16]
and is strong recommended in guidelines [17–20]. 
However, evidence to support the use of direct oral 
anticoagulants as an alternative to LMWH for the 
prophylaxis of postoperative VTE in patients with can-
cer is insufficient. Recently, three randomized clini-
cal trials showed evidence for the safety and efficacy 
of two direct oral anticoagulants for extended throm-
boprophylaxis of malignant neoplasms after surgery 
[5, 21, 22], and apixaban and rivaroxaban were weakly 
recommended as options for extended pharmacologi-
cal thromboprophylaxis after cancer surgery [17].

Therefore, we present the results of a systematic 
review and meta-analysis of all RCTs and observa-
tional studies comparing the efficacy and safety of 
DOACs and LMWH for postoperative VTE prophy-
laxis in cancer patients undergoing surgery.

Materials and methods
This work was reported in line with the PRISM, Supple-
mentary file 1 (Preferred Reporting Items for System-
atic Reviews and Meta-Analysis)2020 [23] and AMSTA, 

Supplementary file 2 (Assessing the Methodological 
Quality of systematic reviews) Guidelines [24]. The sys-
tematic review protocol and search strategy were reg-
istered in the PROSPERO International Prospective 
Register of Systematic Reviews (ID number and hyper-
link: CRD42 02344 5386).

Search strategy
We conducted a systematic literature search using 
EMBASE (1947 to July 25, 2023), MEDLINE via Pub-
Med (1946 to July 25, 2023), the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL, searched July 
25, 2023), and Web of Science (1985 to July 25, 2023), 
and searched www. clini caltr ials. gov for completed and 
ongoing research, as well as references of narrative 
reviews, and included trials from all languages through 
July 25, 2023. The complete search strategy is available 
in Supplementary Table 1.

Inclusion and exclusion criteria
We included articles that included conference abstracts 
if they met the following criteria: (1) randomized con-
trolled trials (RCTs) and observational studies; (2) adult 
patients (18 years old or older) who underwent cancer-
related surgery; (3) directly compared DOAC (dabi-
gatran, rivaroxaban, apixaban, betrixaban, or edoxaban) 
to LMWH (dalteparin, enoxaparin, tinzaparin, or 
nadroparin) for thromboprophylaxis; and (4) reported 
primary efficacy or safety outcomes. The meta-analysis 
excluded case reports, review articles, descriptive arti-
cles, animal trials, non-cancer surgery, non-compara-
tive observational studies, not DOACs vs. LMWH, and 
lacking the outcomes of interest.

Outcome measures
The primary efficacy outcome was VTE, defined as 
asymptomatic or symptomatic DVT of the lower extrem-
ity with or without PE, reported within the 30-day post-
operative period. The primary safety outcome was major 
bleeding and clinically relevant non-major bleeding 
(CRNMB), defined according to the International Soci-
ety on Thrombosis and Haemostasis [8, 25].

Data extraction and risk of bias assessment
Two investigators (HZ and TTC) independently selected 
the title and abstract, and extracted the data. Discrepan-
cies were resolved by consensus and were reviewed by 
a third investigator. The quality of RCTs was identified 
using the Cochrane Risk of Bias 2 (RoB2) tool [26] and 
observational studies were assessed using the Risk of Bias 
in Non-randomized Studies (ROBINS-I) Tool [27] inde-
pendently by two investigators (HZ and TTC). The RoB2 
tool assesses five domains: adequacy of the randomization 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023445386
http://www.clinicaltrials.gov
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process, deviations from intended interventions, miss-
ingness of outcome data, measurement of the outcome, 
and selection of the reported result. The ROBINS-I tool 
assesses seven domains: confounding, selection of par-
ticipants, classification of intervention, deviations from 
intended intervention, missing data, measurement of out-
comes, and selection of the reported result.

Statistical analysis
Forest plots of comparative relative risk (RR) and 95% 
confidence of primary efficacy and safety outcomes were 
calculated and pooled using the Mantel–Haenszel ran-
dom effects model in Revman 5.3 software [28]. Heter-
ogeneity across the trials was assessed using Cochran’s 
Q test and the  I2 statistic [29]. Subgroup analyses were 
performed according to study design (RCTs versus 
observational studies), extended thromboprophylaxis, 
and different tumor types. Sensitivity analyses were 
conducted to determine the robustness of the results by 
using the leave-one-out method. We did not evaluate 
publication bias because fewer than ten studies reported 
primary efficacy or safety outcomes [30].

Results
Study selection and characteristics
A total of 5149 articles were identified and screened for 
titles and abstracts, and 27 full-text articles were selected 

for eligibility. A detailed screening process is presented 
below in the form of a PRISMA flow diagram produced 
by the tool [31] (Fig. 1). A total of 10 studies (three RCTs 
[21, 22, 32] and 7observational studies [33–39]), encom-
passing 3054patients, were included in the systematic 
review. Of the 10 studies, eight (three RCTs [21, 22, 32] 
and five observational studies [34, 36–39]) were included 
in the pooled analysis comparing the efficacy and safety of 
thromboprophylaxis after cancer surgery within 30 days. 
The types of cancer included gynecological malignancies 
(n = 5), urological malignancies (n = 3), Pancreatic adeno-
carcinoma (n = 1) and lung cancer (n = 1). The included 
studies used rivaroxaban (n = 4), apixaban (n = 4), and 
dabigatran (n = 1); one observational study used these 
three drugs. The characteristics of the included studies 
are summarized in Table 1.

Risk of bias
Two of the three randomized controlled trials were adju-
dicated to a low risk of bias [21, 32] and one had some 
concern because the trial was stopped due to a lower-
than-expected event rate [22] (Fig. 2A). All seven obser-
vational studies had at least a moderate risk of bias due 
to confounding of the effect of intervention in this study, 
such as the type and duration of surgery, age and the 
presence of other VTE risks. 3 observational studies 
[33, 36, 37] were adjudicated to a moderate risk of con-
founding bias by using a multivariate logistic regression 

Fig. 1 PRISMA flowchart
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analysis method that controlled for the confounding 
domain (Fig. 2B). Most observational studies had a bias 
of missing data [33, 34, 36–39]; however, one study that 
used a modified intention-to-treat analysis for compli-
ance was adjudicated to a low risk of bias due to missing 
data [39] (Fig. 2B).Risk-of-bias plots were created by the 
tool [40].

Efficacy and safety outcomes
Primary efficacy outcome
Of the 10 studies, 30-day clinical VTE was assessed in 8 
studies (3 RCTs [21, 22, 32] and 5 observational studies 
[34, 36–39]). We pooled the outcome by 30 days postop-
erative comparisons between DOAC and LMWH. Dur-
ing the 30-day postoperative period, DOACs (36/1019) 

Fig. 2 Risk of bias assessment. A Risk of bias for randomized controlled trials, B Risk of bias for observational studies
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had a comparable incidence of VTE when compared to 
LMWH (62/1338) (3.5% vs. 4.6%, RR:0.69[95% CI:0.46–
1.02], P value for Cochran Q = 0.92,  I2 = 0%; Fig.  3A). 
Meanwhile, we also pooled the data from 4 studies (1 
RCT [20] and 3 observational studies [32, 33, 37]) and 
showed no significant difference between both groups 
for postoperative VTE within 90  days (Supplementary 
Fig. 1A).

Primary safety outcome
30-day major bleeding was reported in 8 studies (3 RCTs 
[21, 22, 32] and 5 observational studies [34, 36–39]). 
There was no statistically significant difference in the 
incidence of major bleeding with DOAC (24/1019) com-
pared with LMWH (18/1338) (2.4% vs. 1.3%, RR: 1.55 
[95% CI: 0.82–2.93], Cochran Q = 0.4,  I2 = 2%; Fig.  3B). 
The result of 90-day major bleeding pooled data from 
3 studies (1 RCT [20] and 2 observational studies [34, 
37]) were consistent with those above (Supplementary 
Fig. 1B). CRNMB was reported in 5 studies (3 RCTs [21, 
22, 32] and 2 observational studies [34, 39]). DOACs had 
a comparable risk of CRNMB when compared to LMWH 
(3.4% vs. 4.2%, RR, 0.89 [95% CI, 0.4–1.98], P value for 
Cochran Q = 0.22,  I2 = 31%; Fig. 3C).

Subgroup analysis
We conducted a subgroup analysis of 30-day VTE and 
major bleeding according to the study type (RCTs versus 
observational studies), duration of thromboprophylaxis 
(extended versus non-extended), tumor type (gyneco-
logic malignancy, urological malignancy, and lung can-
cer), and different types of DOAC. The results showed 
no significant differences and were summarized in Sup-
plementary Fig.  2A–4B. In addition, sensitivity analyses 
were conducted to show no significant influence on the 
results of sequential removal of each study (Supplemen-
tary Table 2).

Discussion
To the best of our knowledge, this is the first systematic 
review and meta-analysis to directly compare the effec-
tiveness and safety of DOACs and LMWH for thrombo-
prophylaxis in postoperative patients by combining RCTs 
and observational studies. In this systematic review and 
meta-analysis, DOACs and LMWH for thromboprophy-
laxis seemed to have similar efficacy and safety profiles in 
terms of subsequent venous thromboembolism and clini-
cally relevant bleeding complications. The results did not 
seem to differ between RCTs and observational studies, 
extended thromboprophylaxis, or tumor type.

The degree of VTE risk in patients undergoing can-
cer surgery varies according to the type and duration 
of surgery, immobilization status of the patient and the 

presence of other VTE risks in the cancer surgery patient 
[4]. In our meta-analysis, there was a low 30-day post-
operative rate of VTE between the DOAC and LMWH 
groups (3.5% vs. 4.6%), which is similar to that previously 
reported in other cancer-related surgery trials [21, 22]. 
One RCT of lung cancer with non-extended prophylaxis 
included in the studies showed a higher incidence of VTE 
and MB than other studies of abdominopelvic cancer 
with extended prophylaxis. However, subgroup analy-
sis suggested no difference according to the duration of 
thromboprophylaxis (extended or non-extended) and 
tumor type (gynecologic malignancy, urological malig-
nancy, and lung cancer). Lung cancer is associated with 
a higher risk of VTE than other malignant solid organ 
tumors [41, 42]. Extended thromboprophylaxis reduced 
the tenfold risk of pulmonary embolism in patients who 
underwent resection of primary lung cancer and was 
independently associated with a reduction in postopera-
tive PE [43]. Therefore, DOACs might be an efficacious 
alternative to LMWH for extended thromboprophylaxis 
to reduce risk of VTE in patients undergoing lung cancer 
resection surgery, and further studies are warranted.

Regarding the safety of major bleeding and CRNMB, 
no statistical significance was found in our meta-analysis. 
Previous studies have shown that patients with gastroin-
testinal cancer have a high rate of major hemorrhage [44, 
45]. However, updated meta-analyses of randomized tri-
als found that major bleeding occurred more frequently 
with DOACs, but there was no difference in the risk of 
overall major bleeding between DOACs and LMWH for 
cancer-related venous thromboembolism [46–48].

The results of the present study should be interpreted 
with caution because of the following limitations. 
First, the number of three RCTs in the meta-analysis 
was small, and seven of the ten included studies were 
observational studies, which may have introduced bias. 
However, the subgroup analysis suggested no differ-
ences between RCTs and observational studies, and 
the outcomes of observational studies were consistent 
with those of RCTs. Second, the types of medications 
used were mainly apixaban and rivaroxaban. Future 
studies are encouraged to investigate other DOACs 
used in VTE prophylaxis in cancer-related surgery. 
Therefore, we used a subgroup analysis to reduce the 
impact of these potential limitations. Thirdly, although 
the long-term effect of DOAC versus LMWH in post-
operative thromboprophylaxis is consistent with the 
30-day effect, there are few included studies and more 
RCTs of long-term effects are needed. Lastly, the tumor 
type was mainly gynecologic malignancy and urologi-
cal malignancy, and additional evidence is expected 
for gastrointestinal malignancies and other malignant 
tumors.
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Fig. 3 Forest plots of relative risks (RRs) for pooled outcome by 30 days postoperative comparisons between DOAC and LMWH, stratified by study 
design. A VTE, B Major bleeding, C Clinically relevant non‑major bleeding (CRNMB)
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Conclusion
DOACs are equivalent to LMWH in preventing post-
operative VTE as thromboprophylaxis after cancer-
related surgery. These findings suggest that oral DOACs 
(apixaban and rivaroxaban) are potentially effective and 
safe alternatives to subcutaneous LMWH for throm-
boprophylaxis in patients undergoing cancer surgery. 
Further studies are needed for thromboprophylaxis in 
patients with gastrointestinal malignancies and other 
tumors undergoing surgery.
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