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Abstract
Background Direct oral anticoagulants (DOACs) are recommended as first-line anticoagulants in patients with atrial fibril-
lation (AF). However, in patients with cancer and AF the efficacy and safety of DOACs are not well established.
Objective We performed a meta-analysis comparing available data regarding the efficacy and safety of DOACs vs vitamin 
K antagonists (VKAs) in cancer patients with non-valvular AF.
Methods An online search of Pubmed and EMBASE libraries (from inception to May, 1 2020) was performed, in addi-
tion to manual screening. Nine studies were considered eligible for the meta-analysis involving 46,424 DOACs users and 
182,797 VKA users.
Results The use of DOACs was associated with reduced risks of systemic embolism or any stroke (RR 0.65; 95% CI 0.52–
0.81; p 0.001), ischemic stroke (RR 0.84; 95% CI 0.74–0.95; p 0.007) and hemorrhagic stroke (RR 0.61; 95% CI 0.52–0.71; 
p 0.00001) as compared to VKA group. DOAC use was associated with significantly reduced risks of major bleeding (RR 
0.68; 95% CI 0.50–0.92; p 0.01) and intracranial or gastrointestinal bleeding (RR 0.64; 95% CI 0.47–0.88; p 0.006). Com-
pared to VKA, DOACs provided a non-statistically significant risk reduction of the outcomes major bleeding or non-major 
clinically relevant bleeding (RR 0.94; 95% CI 0.78–1.13; p 0.50) and any bleeding (RR 0.91; 95% CI 0.78–1.06; p 0.24).
Conclusions In comparison to VKA, DOACs were associated with a significant reduction of the rates of thromboembolic 
events and major bleeding complications in patients with AF and cancer. Further studies are needed to confirm our results.
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Highlights

• Anticoagulation in patients with atrial fibrillation and 
malignances is challenging due to cancer-related factors.

• The efficacy and safety of direct oral anticoagulants in 
cancer patients is not well established. In our meta-anal-
ysis the use of direct oral anticoagulants was associated 
with reduced risk of ischemic and hemorragic stroke, 

major bleedings and intracranial and gastrointestinal 
bleedings in comparison to vitamin K antagonists.

• Direct oral anticoagulants use was related to more effec-
tive and safer profile as compared to vitamin K antago-
nists and may represent a suitable anticoagulant strategy 
in cancer patients with atrial fibrillation.

Introduction

Atrial fibrillation (AF) is the most commonly diagnosed 
clinical arrhythmia and its prevalence increases with age, 
up to 18% at 85 years of age [1]. AF confers an increased 
risk of cardiovascular complications, including a fivefold 
risk of thromboembolic events, as such stroke and transient 
ischemic attack (TIA) [2], therefore anticoagulant therapy 
is recommended on the basis of individual thrombotic risk 
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determined by CHA2DS2VASc risk score [3]. Given the 
high prevalence of malignances and AF in the elderly, the 
progressive aging of population will probably lead to an 
increased prevalence of cancer in AF patients. Currently, 
up to 25% of AF population has comorbid cancer [4]. On the 
other hand, AF is commonly diagnosed in cancer patients 
and may be related to shared comorbid states, inflamma-
tion, direct tumor effect, complications of cancer surgery 
or anti-cancer therapy [5–8]. Anticoagulant management of 
AF population with cancer is challenging because of an the 
increased propensity for both thrombosis and bleeding of 
this population [7]. As a result, the search for an acceptable 
anticoagulation treatment is a major clinical issue, currently 
unsolved. Direct oral anticoagulants (DOACs) have been 
demonstrated non-inferior to vitamin K antagonists (VKAs) 
for stroke prevention in non-valvular AF patients [9–12] with 
even better safety profile. Therefore, current European Heart 
Rhythm Association guidelines [13] recommend DOACs 
over VKAs as preferred anticoagulation strategy in patients 
with AF who are eligible for DOAC therapy. However, these 
recommendations cannot be extended to AF patients with 
malignances because in randomized clinical trials (RCTs) of 
DOACs for stroke and systemic embolism prevention in AF, 
cancer patients were underrepresented. Nevertheless, post-
hoc analyses of RCTs of DOACs [14–17] and retrospective 
population or cohort studies [18–23] have shown promising 
results of DOACs compared to VKAs in non-valvular AF 
patients with cancer. Therefore, we aimed to systematically 
assess the available evidences in the literature regarding the 
safety and efficacy of DOACs in comparison to VKAs in 
patients affected by non-valvular AF and cancer.

Methods

Search strategy, selection criteria and outcomes

The present meta-analysis was performed according to 
Cochrane Collaboration and Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) state-
ments [24].

An online search of Pubmed, Cochrane Registry, Web of 
Science, Scopus and EMBASE libraries (from inception to 
May, 1 2020) was performed, in addition to manual screen-
ing. We used the following keywords: [(atrial fibrillation) 
OR (non-valvular atrial fibrillation)]; [(neoplasia) OR (neo-
plasm) OR (cancer) OR (malignancy) OR (tumor) OR (leu-
kemia) OR (lymphoma)]; [(non-vitamin K antagonists) OR 
(new oral anticoagulants) OR (novel oral anticoagulants) OR 
(direct oral anticoagulants) OR (direct thrombin inhibitors) 
OR (oral thrombin inhibitors) OR (factor Xa inhibitors) OR 
(NOACs) OR (DOACs) OR (dabigatran) OR (rivaroxaban) 
OR (apixaban) OR (edoxaban)]; [(vitamin K antagonists) 

OR (warfarin) OR (VKAs)]. No language restriction was 
applied.

Studies on patients with non-valvular AF and cancer with 
the following characteristics were considered eligible for the 
meta-analysis: (1) RCTs and post-hoc analysis of RCTs, (2) 
non-randomized prospective or retrospective cohort studies 
comparing any DOACs (apixaban, rivaroxaban, edoxaban 
and dabigatran) at any dose vs VKAs for stroke prevention, 
(3) if results on efficacy and/or safety of DOACs vs VKAs 
in non-valvular AF patients with malignances were clearly 
reported. Reviews, editorials, letters, meta-analysis, case 
reports and abstracts were excluded.

We evaluated the following efficacy outcomes: throm-
boembolic events, including any type of stroke or systemic 
embolism (SSE), ischemic stroke, hemorrhagic stroke, myo-
cardial infarction (MI), all-cause mortality and cardiovascu-
lar mortality. Among safety outcomes we included: major 
bleeding, non-major clinically relevant bleeding (NMCRB), 
any intracranial or gastrointestinal bleeding and any bleed-
ing (including major bleeding, non-major clinically relevant 
bleeding and minor bleeding). Major bleeding events were 
defined in accordance with the criteria of the International 
Society of Thrombosis and Haemostasis (ISTH) [25], 
whereas non-major clinically relevant major bleedings were 
defined as any bleeding that does not fit the criteria for the 
ISTH definition of major bleeding but does meet at least 
one of the following criteria: (1) requiring medical interven-
tion by a healthcare professional; (2) leading to hospitaliza-
tion or increased level of care; (3) prompting a face to face 
evaluation.

Two independent reviewers (MVM and AP) screened all 
abstracts and titles to identify potentially eligible studies, of 
which full text was subsequently interrogated. Agreement of 
the two reviewers was required for eligibility of studies for 
analysis. Disagreements regarding the inclusion or the clas-
sification of a study were solved by a third reviewer (CL).

Data extraction and quality assessment

Data extraction was performed by two reviewers (MVM 
and AP). For each study the following data were collected: 
first author and year of publication, study design, type of 
DOAC, population size, number of DOAC/VKA users, 
efficacy outcomes, safety outcomes, cancer types, propen-
sity-score-matched risk ratios (RRs) or adjusted RRs, or 
unadjusted RRs and corresponding 95% confidence inter-
vals (CIs). In studies reporting outcomes of different dos-
ages of the same DOAC, we pooled data to calculate the 
combined RRs.

Study quality was formally evaluated by two review-
ers (MVM and AP) using the Newcastle–Ottawa scale for 
post-hoc analysis of RCTs and cohort studies [26]. Three 
categories were included in the analysis, with some of 
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them having subcategories for assessment. Studies were 
subsequently classified into one of three categories: (i) 
high quality: 6–9 points; (ii) satisfactory quality: 3–5 
points; and (iii) unsatisfactory quality: 0–2 points [26].

Statistical analysis

Descriptive statistics is presented as means and stand-
ard deviations (SD) for continuous variables or number 
of cases (n) and as percentages (%) for dichotomous and 
categorical variables. Statistical analysis was performed 
using Review Manager (RevMan version 5.3, the Cochrane 
Collaboration, 2014; Oxford, United Kingdom). Statistical 
heterogeneity on each outcome of interest was quantified 
using  I2 statistic and the Cochrane Q test. Values of  I2 
statistic, ≤ 25%, 50%, and ≥ 75% indicated low, moderate, 
and high heterogeneity, respectively, whereas for Q sta-
tistic, substantial heterogeneity was defined as a p < 0.1. 
Data were pooled using a random effect model in con-
sideration of the expected heterogeneity among studies. 
For each study, the effect estimates chosen were the RRs 
and their corresponding 95% CIs, which were converted 
to their corresponding natural logarithms and standard 
errors. Sensitivity analysis was performed evaluating the 
effect of single study withdrawal on the pooled RR for 
each outcome. In addition, we also performed subgroup 
analyses based on the design of the study, the presence of 
propensity-score matched or adjusted RRs and we sepa-
rately analyzed patients with active cancer to investigate 
the efficacy and safety of DOACs in comparison to VKAs 
in this setting. A P value ≤ 0.05 was considered statisti-
cally significant.

Results

Study selection, quality of evidence and patients 
characteristics

The literature search process identified 621 studies (Fig. 1). 
After excluding duplicate publications, reviews, editorials, 
letters, meta-analysis, case reports and abstracts, 28 studies 
were fully reviewed and 9 studies were considered eligible 
for the meta-analysis. In particular, the studies used for the 
analysis included 3 post-hoc analysis from RCTs [14–16] 
and 6 retrospective population-based cohort studies [18–23] 
involving 46,424 DOACs users and 182,797 VKA users 
(Table 1).

The post-hoc analysis from ROCKET AF [14], ARIS-
TOTLE [16] and ENGAGE AF-TIMI 48 [15] trials reported 
the efficacy and safety of rivaroxaban, apixaban and edoxa-
ban, respectively, versus VKA in patients with a history of 
cancer. Among the retrospective population-based cohort 

studies, 4 out 6 reported the management of non-valvular 
AF in cancer patients taking apixaban, rivaroxaban and 
dabigatran [18–21]. The remaining retrospective studies Wu 
et al. [22] and Yasui [23] included apixaban, rivaroxaban, 
dabigatran and edoxaban in the analysis.

The more prevalent malignances across the studies were 
gastrointestinal, breast and prostatic cancers (Supplemental 
Material, Table S1). All the studies but three reported the 
propensity-score-matched or adjusted RRs [20, 21, 23] for 
pre-specified outcomes. In 7 out 9 studies, major bleedings 
were considered according to the ISTH criteria [24], whereas 
one study [20] reported any diagnosis of gastrointestinal, 
lung and urinary bleedings as safety outcomes. Three out 
9 studies reported data on time-in-therapeutic range (TTR) 
[14, 15, 19]. Mean follow-up was at least 1 year for all 

Fig. 1  Study flow diagram. VTE venous thromboembolism
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included studies. Seven out 9 studies reported data about 
cancer status, while Ording et al. [20] and Sawant et al. [21] 
did not distinguish active cancer form remote cancer history. 
In particular, active cancer was defined differently across 
studies as newly diagnosed cancer during study period or 
diagnosed within last 6 months, and/or as actively treated 
cancer with ongoing cancer therapy (chemotherapy, radio-
therapy or surgery) or treated during the previous 6 months 
or year, and/or newly diagnosed neoplasm at imaging (Sup-
plemental material, Table S2).

All the studies included in the analysis had a moderate-
to-high quality as indicated by a Newcastle–Ottawa Scale 
score > 6 (Table 1).

Efficacy and safety of DOACs vs VKAs in cancer 
patients with AF

Table2 summarizes the RRs and 95% CI for study outcomes. 
The use of DOACs was associated with reduced risks of SSE 
(RR 0.65; 95% CI 0.52–0.81; p 0.001), ischemic stroke (RR 
0.84; 95% CI 0.74–0.95; p 0.007) and hemorrhagic stroke 
(RR 0.61; 95% CI 0.52–0.71; p 0.00001) as compared to 
VKA group. No statistically significant differences were 
found among DOACs and VKAs regarding the risks of car-
diovascular mortality (RR 0.76; 95% CI 0.53–1.09; p 0.14), 
all-cause mortality (RR 0.84; 95% CI 0.59–1.20; p 0.34) and 
myocardial infarction (RR 0.71; 95% CI 0.48–1.04; p 0.08).

In comparison to VKAs, DOACs was related to a statisti-
cally significant reduction of the risks of major bleeding (RR 
0.68; 95% CI 0.50–0.92; p 0.01) and intracranial or gastro-
intestinal bleeding (RR 0.64; 95% CI 0.47–0.88; p 0.006). 
However, DOACs provided a non-statistically significant 
risk reduction of the outcomes major bleeding or NMCRB 
(RR 0.94; 95% CI 0.78–1.13; p 0.50) and any bleeding (RR 
0.91; 95% CI 0.78–1.06; p 0.24) compared to VKAs. Forest 
plots regarding efficacy and safety outcomes are shown in 
Fig. 2 and Fig. 3, respectively.

Sensitivity analysis

Sensitivity analysis was performed evaluating the effect 
of single study withdrawal on the pooled RR for each out-
come. The use of DOACs was consistently associated with 
decreased risk of SSE, ischemic stroke and hemorrhagic 
stroke also after excluding each study in turn. The RRs 
for each outcome did not change when calculated with a 
fixed-effect model-based analysis (Table 2). Similar rates of 
efficacy and safety outcomes were obtained when pooling 
the data derived from the 6 retrospective population-based 
cohort studies, whereas DOACs and VKAs yielded the same 
efficacy and safety in cancer patients with AF when pooling 
data from the 3 post-hoc analysis (Table 2). Noteworthy, the Ta
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analysis including the 6 out 9 studies reporting propensity-
score matched or adjusted RRs consistently showed that 
DOAC use was related to a significant reduction in the risk 
of SSE (RR 0.53; 95% CI 0.32–0.86; p 0.01), major bleed-
ing (RR 0.67; 95% CI 0.49–0.92; p 0.01) and intracranial 

or gastrointestinal bleeding (RR 0.58; 95% CI 0.39–0.87; 
p 0.008), whereas a strong tendency towards risk reduction 
of ischemic stroke (RR 0.64; 95% CI 0.42–1.01; p 0.06) 
was found across DOAC group as compared to VKA group 
(Table 2). When considering patients with active cancer, 

Fig. 2  Forest plots showing the 
comparison between DOACs vs 
VKAs in patients with cancer 
and AF. The RRs for efficacy 
outcomes are shown AD all-
cause death, CVD cardiovas-
cular death, DOAC direct oral 
anticoagulant, HS hemorrhagic 
stroke, IS ischemic stroke, MI 
myocardial infarction, SSE 
stroke or systemic embolism
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DOACs were still associated with reduction of the rates of 
SSE (RR 0.46; 95% CI 0.27–0.78; p 0.004), ischemic stroke 
(RR 0.63; 95% CI 0.40–0.99; p 0.05), major bleeding (RR 
0.62; 95% CI 0.42–0.90; p 0.01) and intracranial or gastro-
intestinal bleeding (RR 0.65; 95% CI 0.46–0.94; p 0.02) as 
compared to VKAs. The forest plots of sensitivity analyses 
are shown in Figure S1-S10 (Supplemental Material).

Discussion

To our knowledge, this is the largest meta-analysis compar-
ing efficacy and safety of DOACs versus VKAs in patients 
with malignancies. The main findings of our study are as fol-
lows: (1) DOACs use resulted in lower rates of any stroke or 
systemic embolism, as compared to VKAs use; (2) DOACs 
were associated with safer profile risk than VKAs, as the use 

Fig. 3  Forest plots showing the comparison between DOACs vs VKAs in patients with cancer and AF. The RRs for safety outcomes are shown 
GIB gastrointestinal bleeding, IC intracranial; MB: major bleeding, NMCRB non-major clinically relevant bleeding
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of DOACs resulted in a statistically significant reduction of 
major bleedings and intracranial or gastrointestinal bleed-
ings; (3) in comparison to VKAs, DOACs were found to be 
non-inferior for the outcomes MI, cardiovascular death, all-
cause death, major bleeding or non-major clinically relevant 
bleeding and any bleeding.

The best anticoagulation management in cancer patients 
is still debated in consideration of the unique clinical risk 
profile carried by malignancies. Indeed, cancer patients 
have higher rates of venous thromboembolism (VTE) and 
arterial thrombosis for inflammatory cytokines, tumor vas-
cular invasion and vasculotoxic cancer therapies, whereas 
cancer-related thrombocytopenia and chemotherapy-related 
bone marrow suppression increase bleeding complications 
[6–8]. As a result, in the past years concerns about bleed-
ing complications and paucity of data have led to an under-
use of DOACs in cancer patients with non-valvular AF. As 
reported by Ording et al. [20] from Danish population-based 
medical databases, only 15% of patients with cancer and 
AF are currently prescribed DOACs (vs. VKAs) in clini-
cal daily practice. However, mounting evidences are dem-
onstrating that DOACs could represent a valid choice in 
patients with cancer. Actually, Select-D Trial and Hokusai 
VTE Cancer trial respectively demonstrated that rivaroxaban 
and edoxaban were non-inferior to low-molecular-weight 
heparin (LMWH) in treatment of cancer-related VTE [28, 
29], although at cost of increased bleeding complications. 
As a result, rivaroxaban and edoxaban are currently rec-
ommended for VTE treatment as alternative to LMWH in 
cancer patients with low gastrointestinal and genitourinary 
bleeding risk, low drug-drug interactions with DOACs and 
on the basis of patients’ preferences [30, 31]. The recently 
published ADAM VTE trial and Caravaggio Trial have 
shown the efficacy of apixaban as compared to dalteparin 
in the prevention of recurrence of cancer-related VTE, with 
similar bleeding rates among the study arms [32, 33]. Our 
meta-analysis is consistent with the effectiveness of DOACs 
in the management of cancer-related thrombosis. A previous 
meta-analysis by Deng et al. [34] found that DOACs were 
associated to statistically significant reduced rates of the 
composite outcome SSE, but no differences were found for 
the outcomes ischemic stroke. In line with previous report, 
in our analysis DOACs were related with lower rates of SEE, 
but in addition we found a significantly reduction of the 
outcomes ischemic stroke and hemorrhagic stroke in com-
parison to VKAs. Interestingly, better efficacy in prevent-
ing thromboembolic events was associated with a reduced 
risk of major bleeding or gastrointestinal and intracranial 
bleedings as compared to VKAs, while no differences where 
found for the outcomes major bleeding or clinically relevant 
non-major bleeding and any bleeding. An apparently better 
safety profile of DOACs in comparison to VKAs in cancer 
patients has never been clearly demonstrated so far, as in the 

meta-analysis by Deng et al. [34] DOACs showed borderline 
significant reduction of major bleeding and the reduction of 
gastrointestinal or intracranial bleeding was not consistent 
among different sensitivity analyses. Conversely, we found 
a statistically significant lower rates of major bleeding and 
gastrointestinal and intracranial bleeding that was consistent 
in all sensitivity analysis but one including only post-hoc 
analyses of RCTs. The better results obtained with DOACs 
vs VKAs on thromboembolic and bleeding events may be 
driven by different factors, as the pharmacodynamic and 
pharmacokinetic features of VKAs, whose anticoagula-
tion activity relies on TTR. As previously reported by Kim 
et al. [35], the obtaining of an optimal range of international 
normalized ratio (INR) is difficult in patients with malig-
nances receiving cancer therapy, so that the prevalence of 
patients with active cancer reaching a TTR > 60% during 
follow-up is as high as 10%. Although a suboptimal TTR 
during VKA therapy reduces anticoagulant activity and 
accounts for lower VKA efficacy, Kim et al. [19] showed 
that also in patients with optimal TTR DOACs still were 
more effective and safer than VKAs. Moreover, the ben-
efits of DOACs over VKAs could be enhanced in patients 
with active cancer status, that has been defined in different 
ways across studies as a newly diagnosed cancer or a can-
cer receiving therapy during the study period or a cancer 
that received specific therapy within 6 months/1 year before 
starting anticoagulation (Supplemental material, Table S2). 
Patients with active cancer are more likely to undergo inva-
sive anticancer treatment, such as surgery or biopsy, or phar-
macologic anticancer therapy that may interact with antico-
agulant drugs. Hence, active cancer is more likely associated 
to anticoagulant therapy interruption, reported as high as 
69.2% by Fanola et al. [15] and 29% by Melloni et al. [16], 
for safety concerns about surgery or drug-drug interactions. 
In this setting, DOACs may offer advantages over VKAs 
in terms of both efficacy and safety outcomes, because of 
their short onset time, short half-life, low inter- and intra-
individual variability and drug-drug interactions. Moreover, 
VKA interruption requires heparin bridging with increased 
risk of bleedings. The outcomes of DOACs in patients with 
active cancer have never been largely described so far, but as 
noted above, this is a high-risk population in which imbal-
ance of thrombotic and bleeding risks may lead to serious 
outcomes. Hence, we performed a sensitivity analysis pool-
ing data regarding efficacy and safety of DOACs vs VKAs 
only in patients with AF and active cancer and we showed 
for the first time in this peculiar population that DOACs 
use is related to stronger thromboembolic risk reduction and 
more favorable risk profile than VKAs, lowering the rates 
of the outcomes SSE, ischemic stroke, major bleeding and 
gastrointestinal or intracranial bleeding.

This meta-analysis is the largest comparing efficacy and 
safety of DOACs vs VKAs in patients with non-valvular AF 
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and cancer so far, and clearly shows that DOACs may be 
considered a suitable anticoagulant agent in this challeng-
ing subgroup of patients. DOACs use was related to a more 
effective and safer profile as compared to VKAs and signifi-
cantly lowered the rates of SSE, ischemic and hemorrhagic 
stroke, VTE, major bleeding and gastrointestinal and intrac-
ranial bleeding. In addition, DOACs represent a handy thera-
peutic strategy, not requiring frequent monitoring of INR 
and with less expected drug-drug interactions, providing 
a less burdensome alternative to a highly frail population. 
Moreover, our analysis confirms the favorable efficacy and 
safety profile of DOACs in cancer patients recently outlined 
by Giustozzi et al. in a meta-analysis of RCTs comparing 
safety and efficacy of DOACs vs LMWH in the treatment of 
cancer-related VTE [36, 37]. Although the choice of antico-
agulant therapy should be tailored on patients’ preferences 
and bleeding risk profile, taken together these evidences are 
hypothesis-generating, suggesting that the use of DOACs 
may represent a reasonable choice in cancer patients with 
AF. Prospective randomized trials evaluating the efficacy 
and safety profiles of DOACs vs VKAs in cancer patients 
with AF are eagerly awaited, in order to give more confi-
dence to physicians that are involved in clinical daily man-
agement of this troublesome population.

Limitations

Our study presents some limitations. First, the meta-anal-
ysis only includes post-hoc analysis of RCT or retrospec-
tive population-based cohorts. The observational nature of 
reported data may affect the generalizability of our findings 
that should be considered as exploratory. However, prospec-
tive RCTs on this field are currently missing and we included 
in the analysis the best evidence produced so far. Second, all 
but three studies reported the adjusted RRs or propensity-
score matched RRs. Including in the analysis unadjusted 
data for confounders may reduce the validity of the study. 
However, we performed a sensitivity analysis excluding the 
studies reporting only unadjusted RRs that confirmed the 
main findings of our study. Third, active cancer has been 
associated with worse outcomes [16, 27]. We performed a 
subgroup analysis on safety and efficacy of different anti-
coagulation strategies in patients with active cancer but the 
lack of information about type of cancer treatment and the 
heterogeneity among the studies regarding the definition of 
active cancer may have affected our results that need to be 
confirmed. Fourth, we did not perform an analysis on the 
basis of different cancer stages due to the lack of this infor-
mation in the majority of the included studies. Fifth, TTR 
for VKA was reported only in few studies. The lack of TTR 
did not allow concluding that DOACs are superior to VKAs 
because a suboptimal TTR may have affected VKA safety 

and efficacy as shown by Kim et al. [19]. Finally, cancer 
population included in this meta-analysis is heterogeneous 
and some studies, as such the post-hoc analysis of ROCKET-
AF trial [14] and the study by Sawant et al. [21], excluded 
patients with life-expectancy < 2 years and < 1 year, respec-
tively, possibly with advanced cancer. However, the inclu-
sion of large population-based, real-life studies in the analy-
sis might have possibly overcome this pitfall.

Conclusions

In patients with cancer and non-valvular AF, the use of 
DOACs is associated with a significant reduction of throm-
boembolic and bleeding events and this result is consistent 
among patients with active cancer. Prospective randomized 
studies are needed to confirm our findings and address gaps 
in evidence.

Funding Open access funding provided by Università degli Studi di 
Roma La Sapienza within the CRUI-CARE Agreement.

Compliance with ethical standards 

Disclosure The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Chugh SS, Havmoeller R, Narayanan K et al (2014) Worldwide 
epidemiology of atrial fibrillation: a Global Burden of Disease 
2010 study. Circulation 129(08):837–847

 2. Camm AJ, Lip GY, De Caterina R et al (2012) Focused update of 
the ESC guidelines for the management of atrial fibrillation: an 
update of the 2010 ESC guidelines for the management of atrial 
fibrillation. Eur Heart J 33:2719–2747

 3. Hu WS, Lin CL (2018) Impact of atrial fibrillation on the devel-
opment of ischemic stroke among cancer patients classified by 
CHA2DS2-VASc score-a nationwide cohort study. Oncotarget 
9:7623–7630

 4. Melloni C, Shrader P, Carver J et al (2017) Manage-ment and out-
comes of patients with atrial fibril- lation and a history of cancer: 
the ORBIT-AF registry. Eur Heart J Qual Care Clin Outcomes 
3:192–197

http://creativecommons.org/licenses/by/4.0/


428 M. V. Mariani et al.

1 3

 5. Farmakis D, Parissis J, Filippatos G (2014) Insights into onco-
cardiology: atrial fibrillation in cancer. J Am Coll Cardiol 
63:945–953

 6. Piazza G (2013) Venous thromboembolism and cancer. Circula-
tion 128:2614–2618

 7. Aronson D, Brenner B (2018) Arterial thrombosis and cancer. 
Thromb Res 164(1):S23–S28

 8. Kamphuisen PW, Beyer-Wesyendorf J (2014) Bleeding compli-
cations during anticoagulant treatment in patients with cancer. 
Thromb Res 133(2):S49-55

 9. Connolly SJ, Ezekowitz MD, Yusuf S et al (2009) RE-LY steer-
ing committee and investigators. Dabigatran versus warfarin in 
patients with atrial fibrillation. N Engl J Med 361(12):1139–1151

 10. Patel MR, Mahaffey KW, Garg J et al (2011) ROCKET AF inves-
tigators. Rivaroxaban versus warfarin in nonvalvular atrial fibril-
lation. N Engl J Med 365(10):883–891

 11. Granger CB, Alexander JH, McMurray JJ et al (2011) ARISTO-
TLE committees and investigators. Apixaban versus warfarin in 
patients with atrial fibrillation. N Engl J Med 365(11):981–992

 12. Giugliano RP, Ruff CT, Braunwald E et al (2013) ENGAGE AF-
TIMI 48 investigators. Edoxaban versus warfarin in patients with 
atrial fibrillation. N Engl J Med 369(22):2093–2104

 13. Kirchhof P, Benussi S, Kotecha D et al (2016) ESC guidelines for 
the management of atrial fibrillation developed in collaboration 
with EACTS. Europace 18(11):1609–1678

 14. Chen ST, Hellkamp AS, Becker RC, Berkowitz SD, Breithardt G, 
Fox K, Hacke W, Halperin JL, Hankey GJ, Mahaffey KW, Nessel 
CC, Piccini JP, Singer DE, Patel MR, Melloni C (2019) Efficacy 
and safety of rivaroxaban versus warfarin in patients with nonval-
vular atrial fibrillation and a history of cancer: observations from 
ROCKET AF. Eur Heart J Qual Care Clin Outcomes 5:145–152

 15. Fanola CL, Ruff CT, Murphy SA, Jin J, Duggal A, Babilonia NA, 
Sritara P, Mercuri MF, Kamphuisen PW, Antman EM, Braun-
wald E, Giugliano RP (2018) Efficacy and safety of edoxaban in 
patients with active malignancy and atrial fibrillation: analysis of 
the ENGAGE AF-TIMI 48 trial. J Am Heart Assoc 7:e008987. 
https ://doi.org/10.1161/JAHA.118.00898 7

 16. Melloni C, Dunning A, Granger CB, Thomas L, Khouri MG, 
Garcia DA, Hylek EM, Hanna M, Wallentin L, Gersh BJ, Doug-
las PS, Alexander JH, Lopes RD (2017) Efficacy and safety of 
apixaban versus warfarin in patients with atrial fibrillation and a 
history of cancer: insights from the ARISTOTLE trial. Am J Med 
130:1440–1448

 17. Flack KF, Desai J, Kolb JM, Chatterjee P, Wallentin LC, Ezekow-
itz M, Yusuf S, Connolly S, Reilly P, Brueckmann M, Ilgenfritz J, 
Aisenberg J (2017) Major gastrointestinal bleeding often is caused 
by occult malignancy in patients receiving warfarin or dabigatran 
to prevent stroke and systemic embolism from atrial fibrillation. 
Clin Gastroenterol Hepatol 15:682–690

 18. Shah S, Norby FL, Datta YH, Lutsey PL, MacLehose RF, Chen 
LY, Alonso A (2018) Comparative effectiveness of direct oral 
anticoagulants and warfarin in patients with cancer and atrial 
fibrillation. Blood Adv 2:200–209

 19. Kim K, Lee Y, Kim T, Uhm J, Pak H, Lee M, Joung B (2018) 
Effect of non-vitamin K antagonist oral anticoagulants in atrial 
fibrillation patients with newly diagnosed cancer. Korean Circ J 
48:406

 20. Ording AG, Horváth-Puhó E, Adelborg K, Pedersen L, Prandoni 
P, Sørensen HT (2017) Thromboembolic and bleeding complica-
tions dur- ing oral anticoagulation therapy in cancer patients with 
atrial fibrillation: a Danish nationwide population-based cohort 
study. Cancer Med 6(06):1165–1172

 21. Sawant AC, Kumar A, Mccray W et al (2019) Superior safety 
of direct oral anticoagulants compared to Warfarin in patients 
with atrial fibrillation and underlying cancer: a national veterans 
affairs database study. J Geriatr Cardiol 16(9):706–709. https ://
doi.org/10.11909 /j.issn.1671-5411.2019.09.006

 22. Wu VC, Wang CL, Huang YT et al (2020) Novel oral anticoagu-
lant versus Warfarin in cancer patients with atrial fibrillation: an 
8-year population-based cohort study. J Cancer 11(1):92–99. https 
://doi.org/10.7150/jca.36468 

 23. Yasui T, Shioyama W, Oboshi M, Oka T, Fujita M (2019) Oral 
anticoagulants in Japanese patients with atrial fibrillation and 
active cancer. Intern Med 58(13):1845–1849

 24. Knobloch K, Yoon U, Vogt PM (2011) Preferred reporting items 
for systematic reviews and meta- analyses (PRISMA) statement 
and publication bias. J Craniomaxillofac Surg 39:91–92

 25. Schulman S, Kearon C (2005) Subcommittee on Control of Anti-
coagulation of the Scientific and Standardization Committee of 
the International Society on Thrombosis and Haemostasis. Defini-
tion of major bleeding in clinical investigations of anti-hemostatic 
medicinal products in non-surgical patients. J Thromb Haemost 
3:692–694

 26. Wells GA, Shea B, O CONNELL D, Peterson J, Welch V, Losos 
M, Tugwell P. The Newcastle Ottawa Scale (NOS) for assess-
ing the quality of nonrandomised studies in meta-analyses. 2014. 
Available at: https ://www.ohri.ca/progr ams/clini cal_epide miolo 
gy/oxfor d.asp. Accessed February 25, 2019.

 27. Laube ES, Yu A, Gupta D et al (2017) Rivaroxaban for stroke pre-
vention in patients with nonvalvular atrial fibrillation and active 
cancer. Am J Cardiol 120(02):213–217

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

 29. 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

 30. Farge D, Frere C, Connors JM et al (2019) 2019 International 
clinical practice guidelines for the treatment and prophylaxis of 
venous thromboembolism in patients with cancer. Lancet Oncol 
20(10):e566–e581

 31. Kraaijpoel N, Carrier M (2019) How I treat cancer-associated 
venous thromboembolism. Blood 133(4):291–298

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

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

 34. Deng Y, Tong Y, Deng Y, Zou L, Li S, Chen H (2019) Non-vita-
min K antagonist oral anticoagulants versus Warfarin in patients 
with cancer and atrial fibrillation: a systematic review and meta-
analysis. J Am Heart Assoc 8(14):e012540

 35. Lee YJ, Park JK, Uhm JS et al (2016) Bleeding risk and major 
adverse events in patients with cancer on oral anticoagulation 
therapy. Int J Cardiol 203:372–378

 36. Giustozzi M, Agnelli G, Del Toro-Cervera J et al (2020) Direct 
oral anticoagulants for the treatment of acute venous thrombo-
embolism associated with cancer: a systematic review and meta-
analysis. Thromb Haemost 120(7):1128–1136

 37. Lavalle C, Mariani MV, Fedele F (2020) Factor Xa inhibitors 
in the prevention of cancer-related venous thromboembolism: 
lessons learned by clinical trials. Future Oncol. https ://doi.
org/10.2217/fon-2020-0696

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

https://doi.org/10.1161/JAHA.118.008987
https://doi.org/10.11909/j.issn.1671-5411.2019.09.006
https://doi.org/10.11909/j.issn.1671-5411.2019.09.006
https://doi.org/10.7150/jca.36468
https://doi.org/10.7150/jca.36468
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.2217/fon-2020-0696
https://doi.org/10.2217/fon-2020-0696


429Direct oral anticoagulants versus vitamin K antagonists in patients with atrial fibrillation…

1 3

Affiliations

Marco Valerio Mariani1  · Michele Magnocavallo1 · Martina Straito1 · Agostino Piro1 · Paolo Severino1 · 
Gino Iannucci2 · Cristina Chimenti1 · Massimo Mancone1 · Domenico Giovanni Della Rocca3 · 
Giovanni Battista Forleo4 · Francesco Fedele1 · Carlo Lavalle1

 Michele Magnocavallo 
 michele.magnocavallo@uniroma1.it

 Martina Straito 
 martina.straito@uniroma1.it

 Agostino Piro 
 agostino.piro@uniroma1.it

 Paolo Severino 
 paolo.severino@uniroma1.it

 Gino Iannucci 
 gino.iannucci@uniroma1.it

 Cristina Chimenti 
 cristina.chimenti@uniroma1.it

 Massimo Mancone 
 massimo.mancone@uniroma1.it

 Domenico Giovanni Della Rocca 
 domenicodellarocca@hotmail.it

 Giovanni Battista Forleo 
 forleo.me@gmail.com

 Francesco Fedele 
 Francesco.fedele@uniroma1.it

 Carlo Lavalle 
 carlolavalle@yahoo.it

1 Department of Cardiovascular, Respiratory, Nephrology, 
Anesthesiology and Geriatric Sciences, Sapienza University 
of Rome, Viale del Policlinico 155, 00161 Rome, Italy

2 Department of Translational and Precision Medicine, 
Sapienza University of Rome, Rome, Italy

3 Texas Cardiac Arrhythmia Institute, St. David’s Medical 
Center, Austin, TX, USA

4 Department of Cardiology, Luigi Sacco Hospital, Milan, Italy

http://orcid.org/0000-0002-9480-1209

	Direct oral anticoagulants versus vitamin K antagonists in patients with atrial fibrillation and cancer a meta-analysis
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Highlights
	Introduction
	Methods
	Search strategy, selection criteria and outcomes
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study selection, quality of evidence and patients characteristics
	Efficacy and safety of DOACs vs VKAs in cancer patients with AF
	Sensitivity analysis

	Discussion
	Limitations
	Conclusions
	References




