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Direct oral Xa inhibitors versus warfarin in patients with
cancer and atrial fibrillation: a meta-analysis
Matteo Casulaa,b, Federico Fortunia,b, Francesca Fabrisa,b,
Sergio Leonardia,b, Massimiliano Gnecchia,b, Antonio Sanzoa,
Alessandra Grecoc and Roberto Rordorfa

Aims Patients with cancer are at higher risk of atrial

fibrillation, thromboembolic complications and bleeding

events compared with the general population. The aim of

the present meta-analysis was to compare the efficacy and

safety of direct oral Xa inhibitor anticoagulants versus

warfarin in patients with cancer and atrial fibrillation.

Methods We searched electronic databases for

randomized controlled trials comparing direct oral Xa

inhibitor anticoagulants and warfarin in cancer patients. The

primary efficacy outcome was stroke or systemic embolism.

The primary safety outcome was major bleeding. A

subgroup analysis was performed to explore the outcome

differences between patients with active cancer or history of

cancer.

Results Three trials with a total of 3029 cancer patients

were included in the analysis. There was no statistically

significant difference in the risk of stroke or systemic

embolism [risk ratio (RR) 0.76; 95% confidence interval (CI)

0.52–1.10] between the two therapeutic strategies. Direct

oral Xa inhibitors significantly reduced the incidence of

major bleeding compared with warfarin (RR 0.79; 95% CI

0.63–0.99; P U 0.04; number needed to treat U 113). These

results were consistent both in patients with active cancer

and in those with history of cancer.

Conclusion In patients with cancer and atrial fibrillation,

direct oral Xa inhibitors have a similar efficacy and may be

safer compared with warfarin. These results are consistent

both in patients with active cancer and history of cancer.
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Introduction
Patients with cancer are at higher risk of atrial fibrillation

compared with the general population.1–3 Furthermore,

cancer per se and anticancer treatments have been asso-

ciated with thromboembolic complications and increased

bleeding risk.4–6 The best strategy to prevent embolic

events in cancer patients with atrial fibrillation has not yet

been defined. Considering the frequent need for invasive

procedures, drug-to-drug interactions with antineoplastic

agents and fluctuations in vitamin K absorption because

of common liver function abnormalities, mucositis and

diarrhea, antivitamin K anticoagulants have several lim-

itations in this context. Moreover, only about 12% of

cancer patients treated with warfarin are able to achieve

an international normalized ratio (INR) stably in the

therapeutic range.7–9 Direct oral anticoagulants

(DOACs) may represent a valid alternative because of

the more predictable dose–response relationship, shorter

half-life and fewer drug and food interactions compared

with warfarin. Nonetheless, their use in this population

has been scarcely investigated. In particular, no random-

ized controlled trials (RCTs) have directly compared

DOACs with warfarin in patients with atrial fibrillation

and cancer, even if some post hoc analysis of RCTs10–12

and observational studies13–18 have been conducted.

Furthermore, to our knowledge, no previous review

has ever evaluated outcome differences between patients

with active cancer and those with history of cancer.

Therefore, the aim of this study was to compare the

efficacy and safety of DOACs versus warfarin in patients

with cancer and atrial fibrillation. Moreover, we investi-

gated whether there was any difference according to the

presence of active cancer or history of cancer. In order to

obtain the most stringent estimate of treatment effects,

we excluded observational studies from the analyses.

Methods
The present study was conducted following the princi-

ples of the Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA).19

Data sources, search strategy and eligibility criteria
We searched MEDLINE, EMBASE and Cochrane elec-

tronic databases up to September 2019 for original data
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from RCTs, published in peer-reviewed journals, in

English language, that compared the efficacy and safety

outcomes of DOACs versus warfarin in patients with

cancer and atrial fibrillation. The keywords searched

included ‘atrial fibrillation’, ‘AF’, ‘nonvalvular atrial

fibrillation’, ‘malignancy’, ‘cancer’, ‘anticoagulant’, ‘war-

farin’, ‘vitamin-K antagonist’ (VKA), ‘direct oral antico-

agulant’, ‘novel oral anticoagulant’, ‘oral thrombin

inhibitors’, ‘oral factor Xa inhibitors’, ‘dabigatran’, ‘rivar-

oxaban’, ‘apixaban’ and ‘edoxaban’. The references of all

identified articles were reviewed to look for additional

studies of interest. Two investigators independently con-

ducted the search and the study selection (M.C. and

F.Fa.); the disagreements were solved by consensus.

Data extraction and quality assessment
Data were extracted by the first author and were assessed

for completeness and accuracy by a second reviewer

(F.Fo.). The extracted data were collected in a dedicated

electronic database and included: study details, patients

characteristics, medications, cancer site, atrial fibrillation

form (i.e. paroxysmal or persistent), risk scores (CHADS2,

CHA2DS2-VASc and HAS-BLED), safety and efficacy

outcomes (complete details on the extracted data are

available in the Supplemental Digital Content – data

extracted, http://links.lww.com/JCM/A291). The quality

of the included RCTs was assessed using the Cochrane

risk of bias assessment.20

Outcomes
The primary efficacy outcome was stroke or systemic

embolism. The secondary efficacy outcomes were ische-

mic stroke, myocardial infarction, venous thromboembo-

lism (VTE), all-cause death and cardiovascular death. The

primary safety outcome was major bleeding; secondary

safety outcomes were major or clinically relevant nonmajor

bleeding, intracranial bleeding, fatal or life-threatening

bleeding and any bleeding. Outcome events were defined

based on the definition used in each original trial.

Furthermore, the net clinical benefit was estimated as

the sum of stroke, systemic embolism and major bleeding.

Statistical analysis
The extracted data were analyzed using the open-source

statistical software ProMeta 3 and Review Manager ver-

sion 5.3 (Copenhagen: The Nordic Cochrane Centre,

The Cochrane Collaboration, 2014). The heterogeneity

across the included studies was evaluated by using the

Cochrane Q, Tau2 and I2 statistics. I2 index describes the

percentage of total variation across the studies that is

because of heterogeneity rather than chance. I2 values of

25, 50, and 75% were attributed to small, moderate, and

large amounts of heterogeneity. Considering the non-

negligible clinical heterogeneity across the included

studies, the effect size was estimated using a random-

effect model as risk ratio (RR) and relative 95% confi-

dence interval (CI). For the endpoints that differed

significantly in the two groups (i.e. P< 0.05), absolute

risk reduction (ARR) or increase and number needed to

treat (NNT) or to harm (NNH) were calculated. A

subgroups analysis was performed to assess the consis-

tency of our results between patients with active cancer

and those with history of cancer, as defined in the

included studies (Table 1). A leave-out-one sensitivity

analysis was performed to evaluate the influence of each

study on the pooled results. Moreover, two sensitivity

analyses based on fixed effect model and incidence rate

ratio were performed. A univariate meta-regression was

conducted to examine the impact of age, BMI, female sex,

CHADS2, CHA2DS2-VASC, HAS-BLED scores, use of

ACE inhibitors or angiotensin receptor blockers, aspirin,

beta blockers, prior use of VKA, prevalence of diabetes,

heart failure, arterial hypertension, prior stroke, transient

ischemic attack (TIA) or systemic embolism, type of atrial

fibrillation, cancer site and follow-up duration on the out-

comes of interest. According to the Cochrane handbook20

considering the small number of studies included in the

analysis the publication bias was not evaluated.
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Table 1 Study characteristics

First
author

Year of
publication Original trial

Number of
patients
with cancer Treatment Control

Primary
efficacy outcome

Primary safety
outcome

Active cancer
definition

Median
follow-up
(years)

Chen 2019 ROCKET AF 640 Rivaroxaban
(20 mg or
15 mg OD)

Warfarin All-cause stroke
or SE

Major or CRNMB ‘Actively treated
cancer’ (if
receiving cancer
treatment with
hormonal or ChT
agents)

1.9

Melloni 2017 ARISTOTLE 1236 Apixaban (5 mg
or 2.5 mg
b.i.d.)

Warfarin Stroke or SE MB (ISTH) ‘Active (or recent)
cancer’ (active or
treated within the
past 1 year)

1.8

Fanola 2018 ENGAGE
AF-TIMI 48

1153 Edoxaban
(60 mg or
30 mg OD)

Warfarin Time to 1st stroke
or SE

MB (ISTH) Postrandomization
‘new or recurrent
malignancy’

2.8

b.i.d., bis in die; ChT, chemotherapy; CRNMB, clinically relevant nonmajor bleeding; ISHT, international society of thrombosis and haemostasis; MB, major bleeding; OD,
once a day; SE, systemic embolism.
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Results
Included studies
Four hundred and fifty-two records were retrieved through

database searching and 35 studies were assessed as full text

for potential eligibility. Three post hoc analysis of three

RCTs10–12 on direct Xa oral inhibitors were included in the

final analysis (Figure S1 – Supplemental Digital Content,

http://links.lww.com/JCM/A291). No data regarding can-

cer patients on dabigatran were found. Characteristics of

the included studies and patients are presented in Table 1

and Table 2, respectively (for more details see Supple-

mental Digital Content Table S1 and Table S2, http://

links.lww.com/JCM/A291). Mean age for the included

population was 75.6� 1.2 years, and 32% were women.

Mean follow-up period was 2.2� 0.6 years. Mean CHADS2

score was 2.9� 0.6 and the mean HAS-BLED score was

2.6� 0.4. Table S3 (Supplemental Digital Content, http://

links.lww.com/JCM/A291) presents the frequencies of the

different cancer sites in the included studies. The most

common cancer sites were prostate (23%), gastrointestinal

tract (22.2%), breast (12.1%) and genitourinary tract

(10.6%). The risk of bias assessment showed high quality

for all the studies included.

Efficacy outcomes
All the three studies included reported data on the

efficacy primary outcome. There was no statistically

significant difference in the risk of stroke or systemic

embolism (RR 0.76; 95% CI 0.52–1.10) in cancer patients

treated with direct oral Xa inhibitors versus warfarin

(Fig. 1). The risk of ischemic stroke, myocardial infarc-

tion, VTE, all-cause death and cardiovascular death were

also not significantly different in patients with cancer

treated with direct oral Xa inhibitors versus those treated

with warfarin (Table S4 – Supplemental Digital Content,

http://links.lww.com/JCM/A291). These results were

consistent across patients with active cancer and those

with history of cancer (Figure S2, Supplemental Digital

Content, http://links.lww.com/JCM/A291) and, overall,

across the performed sensitivity analyses (Table S5

and S6 – Supplemental Digital Content, http://

links.lww.com/JCM/A291). The meta-regression did
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Fig. 1
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Favours (DOXal)      Favours (warfarin)

ARISTOTLE
ENGAGE AF-TIMI 48
ROCKET AF
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33
8
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TotaI events

Heterogeneity: Tau2 = 0.00; Chi2 = 1.65, df = 2 (P = 0.44);  I2 = 0%
Test for overall effect: Z = 1.48 (P = 0.14)

Heterogeneity: Tau2 = 0.00; Chi2 = 0.10, df = 2 (P = 0.95);  I2 = 0%
Test for overall effect: Z = 2.06 (P = 0.04)
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621
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329

26.9%
53.2%
20.0%

1.08 (0.53, 2.22)
0.72 (0.43, 1.20)
0.54 (0.23, 1.23)

Total (95% CI) 1680 1345 100.0% 0.76 (0.52, 1.10)

– Major bleeding

Study or subgroup
DOXal warfarin

Events Total Events Total Weight
Risk ratio

M-H, Random, 95% CI
ARISTOTLE
ENGAGE AF-TIMI 48
ROCKET AF

24
98
23

615
758
309

32
63
33

TotaI events 145 128

621
395
331

19.4%
60.7%
20.0%

0.76 (0.45, 1.27)
0.81 (0.61, 1.09)
0.75 (0.45, 1.24)

Total (95% CI) 1682 1347 100.0% 0.79 (0.63, 0.99)

Stroke or systemic embolism and major bleeding in patients with cancer [direct oral Xa inhibitors (DOXaI) versus warfarin].

Table 2 Population characteristics

Original
trial Age Female BMI

Prior stroke,
TIA or SE Hypertension Heart failure

Prior use
of VKA ASA PAF CHADS2 CHA2DS2-VASc HAS-BLED

(years) (%) (kg/m2) (%) (%) (%) (%) (%) (%)

ROCKET AF 72.2 39.7 28.2 54.7 90.5 62.5 62.4 36.5 17.6 3.5 – 2.8
ARISTOTLE 70.3 35.2 – 19.5 87.5 35.4 57.2 30.9 – 2.1 3.4 1.7
ENGAGE

AF-TIMI 48
72.1 37.6 28.7 28.3 93.6 57.4 59.0 – 25.4 2.8 4.3 2.5

ACEi, ACE inhibitors; ARBs, angiotensin receptor blockers; ASA, aspirin; BB, beta blockers; PAF, paroxysmal atrial fibrillation; SE, systemic embolism; TIA, transient
ischemic attack; VKA, vitamin K antagonists.
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not show any significant impact of age, BMI, female sex,

risk scores, concomitant drugs, medical history, cancer

site and follow-up duration on the effect size.

Safety outcomes
Direct oral Xa inhibitors significantly reduced the risk of

major bleeding compared with warfarin in the study pop-

ulation [RR 0.79; 95% CI 0.63–0.99; P¼ 0.04 (Fig. 1);

NNT 113]. This finding was consistent between sub-

groups of patients with active cancer or history of cancer

(Chi2¼ 0,00; P¼ 0.95) (Fig. 2) and, overall, across the

performed sensitivity analyses (Tables S5 and S6 - Sup-

plemental Digital Content, http://links.lww.com/JCM/

A291). Direct oral Xa inhibitors significantly reduced also

intracranial bleeding in the cancer population (RR 0.12;

95% CI 0.02–0.63; P¼ 0.013; NNT 68) compared with

warfarin. No statistically significant differences were found

for all the other safety secondary outcomes (Table S4 –

Supplemental Digital Content, http://links.lww.com/

JCM/A291). As for the efficacy outcomes, all the per-

formed meta-regressions did not show any significant

impact of the potential moderators on the effect size.

Subgroup analysis
Our findings were consistent between patients with

active cancer and those with history of cancer for all

the studied outcomes (Figure S2 and S3 – Supplemental

Digital Content, http://links.lww.com/JCM/A291).

Net clinical benefit
The risk for the composite of stroke, systemic embolism

or major bleeding was significantly lower for patients with

atrial fibrillation and cancer treated with direct oral Xa

inhibitors compared with those treated with warfarin [RR

0.78; 95% CI 0.64–0.94; P¼ 0.008 (Fig. 3); NNT 64].
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Fig. 2
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Major bleeding in subgroups (active cancer and history of cancer) [direct oral Xa inhibitors [DOXaI] versus warfarin].

Fig. 3
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0.68 (0.44, 1.03)
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Net clinical benefit [direct oral Xa inhibitors (DOXaI) versus warfarin].
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Discussion
Our study-level meta-analysis pooled data from three

post hoc analyses of RCTs10–12 comparing the efficacy

and safety of direct oral Xa inhibitors versus warfarin in

patients with atrial fibrillation and cancer. The analyses

showed that the use of direct oral Xa inhibitors exerts

similar protection against thromboembolic events com-

pared with warfarin but is associated with a lower risk of

major bleedings. As demonstrated for the general popu-

lation,10–12 direct oral Xa inhibitors reduced also the risk

of intracranial bleeding in cancer patients. These results

were consistent both in patients with active cancer and in

those with history of cancer and led to a significantly

higher net clinical benefit of direct oral Xa inhibitors

compared with warfarin (NNT 64).

Our finding could be explained by the fact that warfarin

has several limitations compared with DOACs, which are

magnified in patients with cancer and atrial fibrillation. As

a matter of fact, chemotherapeutic drugs have strong

pharmacologic interaction with warfarin and cancer

patients have often liver function abnormalities, muco-

sitis and diarrhea leading to fluctuations in vitamin K

absorption.7–9 Indeed, it has been reported that in the

real world, only around 12% of patients with cancer

treated with warfarin are able to obtain an INR stably

in the therapeutic range.7 DOACs, because of a more

predictable dose–response relationship, shorter half-life

and the less important drug and food interactions com-

pared with warfarin, can overcome many of these draw-

backs. Nevertheless, no clinical or pharmacokinetic data

are yet available on the interactions between DOACs and

most antineoplastic drugs as summarized in the European

Heart Rhythm Association practical guide on the use of

nonvitamin K antagonist oral anticoagulant for atrial

fibrillation.21

We conducted for the first time a subgroup analysis to

evaluate any differences in the incidence of safety and

efficacy outcomes between patients with active cancer

and those with history of cancer. This analysis confirmed

that our findings were consistent in both populations for

all the studied outcomes. Although further dedicated

studies are needed, our data suggest a more favorable

net clinical benefit of DOACs compared with warfarin in

both active cancer patients and those with history

of cancer.

Outside of cancer, DOACs have already been evaluated

in several other conditions associated with an increased

thrombotic and hemorrhagic risk and in which warfarin

has known limitations. A recent meta-analysis evaluating

the efficacy and safety of DOAC versus vitamin K

antagonists in the elderly (�75 years) observed a signifi-

cant reduction in systemic embolism in favor of DOACs

versus vitamin K antagonists. In the same analysis,

DOACs reduced the risk of intracranial bleeding, hem-

orrhagic stroke, and fatal bleeding.22 Although, there are

very few randomized data in patients with chronic kidney

disease (CKD), in two recent meta-analyses of observa-

tional studies, DOACs showed a significant reduction in

stroke and systemic embolism in patients with atrial

fibrillation and CKD, as well as a reduction in major

bleeding, when compared with warfarin.23,24 The Food

and Drug Administration approved the use of reduced-

dose dabigatran (75 mg twice daily) in patients with atrial

fibrillation and a creatinine clearance of 15–29 ml/min, as

well as the use of apixaban (5 mg twice daily) in stable

atrial fibrillation patients on hemodialysis.25 A further

category of patients with atrial fibrillation at increased

thrombotic risk are those with concomitant vascular

disease. These patients, whether they have coronary

artery disease (CAD) or peripheral artery disease

(PAD), are usually also treated with antiplatelet therapy

after an acute event or percutaneous intervention,

increasing their bleeding risk.26,27 In patients with atrial

fibrillation and concomitant CAD, recent systematic

reviews and meta-analyses showed the superiority of a

DOAC-strategy in relation to a vitamin K antagonist-

strategy with regard to the risk of bleeding.28–30 Only a

few patients with PAD were enrolled in ROCKET-AF31

and ENGAGE AF-TIMI 48.32 The incidence of major or

clinically relevant nonmajor bleeding was higher for

patients with PAD who were treated with rivaroxaban

than with warfarin. On the other hand, among patients

receiving edoxaban or warfarin, there was no interaction

between treatment and PAD status with regard to major

bleeding.33 Our results, alongside the previous consider-

ations, highlight that DOACs could be considered at least

as effective and perhaps safer than warfarin even in

complex patients such as the elderly and patients with

CKD, CAD or PAD.

Many issues are still unsettled in the management of

anticoagulant therapy in patients with atrial fibrillation

and cancer and there are no guidelines concerning the use

of DOACs in this population. Cancer patients are

extremely heterogeneous, and this impacts the choice

regarding the best anticoagulation strategy. Different

types of cancer lead to different risks of thromboembolic

and bleeding events; tumor staging, time from cancer

diagnosis and antitumoral drugs may also influence these

risks.34 There is evidence that some novel antineoplastic

drugs themselves (e.g. ibrutinib) are independent risk

factors for the development of incident atrial fibrilla-

tion.35 In this context also drug interactions play a role

of paramount importance in the choice of the specific

anticoagulant drug. Considering the high number of

variables involved, we think that further studies are

needed in order to optimize the stratification of throm-

boembolic and bleeding risk and to define the best

anticoagulant strategy for each patient. The currently

available tools, apart from HEMORR2HAGES score,

do not consider whether a neoplastic disease is present,

and no one considers its characteristics. The ability of the

574 Journal of Cardiovascular Medicine 2020, Vol 21 No 8
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CHADS2 and CHA2DS2-VASc scores to predict cerebral

ischemic events in cancer patients with atrial fibrillation

is still under investigation.36–38 To our best knowledge,

no bleeding risk stratification tool has been validated in

this specific population even if HEMORR2HAGES and

ABC scores, in addition to the HAS-BLED score, are

frequently used for this purpose. Moreover, close atten-

tion must be paid to certain high-risk features, such as

intracranial metastases, severe thrombocytopenia, or

actively bleeding high-risk cancer.39 In a real-world

study, among 394 cancer patients with confirmed atrial

fibrillation diagnosis, only 155 patients (40%) were trea-

ted with anticoagulant therapy (21.9% with oral anti-

coagulants and 78.1% with low-molecular-weight

heparin).40 The general under-prescription reported in

this study highlights the safety concerns in the anti-

coagulation management of these patients in the clinical

practice, requiring further targeted studies.

Despite the open questions mentioned above, taking into

account the results of our analysis and the limitations of

warfarin in patients with cancer, direct oral Xa inhibitors

may represent an alternative option safer and at least as

effective as warfarin in this population. Moreover, our

results add important information suggesting that the

efficacy and safety of direct oral Xa inhibitors are similar

in patients with active cancer and those with inactive

cancer. Dedicated RCTs and real-world studies are

needed to shed light on this topic.

Limitations
Our study has some limitations. First, we chose to include

in our analysis only data from RCTs introducing an

intrinsic selection bias. Trial populations are indeed

strictly selected, and the external validity of their results

is not guaranteed. This limitation is particularly impor-

tant for the post hoc analysis of the ROCKET AF trial in

which patients with a life expectancy of less than 2 years

were excluded. However, we think that the overall con-

sistence of our results also in the active cancer population

(i.e. patients who mostly developed cancer after their

enrollment in the RCT) can mitigate this limitation.

Second, we had no access to the individual patient data,

and therefore, conducted a study-level analysis to evalu-

ate the outcomes. Third, patients across the included

studies were heterogeneous and this may result in uncon-

trolled confounding. Further studies are, therefore,

needed in order to better define the more appropriate

strategy for each patient within a high inter-individual

heterogeneity. This high heterogeneity and the limited

data available prevented us from performing a subgroup

analysis to evaluate outcomes in different types of cancer

and to evaluate the effect of different drugs and doses.

Moreover, considering the small number of included

studies, the results of the meta-regressions conducted

to examine the impact of potential moderators on the

effect size are limited. The protocol of this systematic

review and meta-analysis was not prespecified. The

inclusion of three post hoc analyses of RCTs limits the

extent of our results to the entire cancer population with

atrial fibrillation. Finally, no data were available on the

use of dabigatran for patients with atrial fibrillation and

cancer, so we could not extend our analysis to the direct

oral thrombin inhibitors.

Conclusion
In patients with cancer and atrial fibrillation, direct oral

Xa inhibitors have similar efficacy and may be safer

compared with warfarin. These results are consistent

both in patients with active cancer and history of cancer.

No data fulfilling our inclusion criteria were available on

the use of dabigatran in patients with cancer and

atrial fibrillation.
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