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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 DOACsS vs vitamin
K antagonists (VKASs) 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.

Keywords Atrial fibrillation - Cancer - Direct oral anticoagulants - Vitamin K antagonists

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

e Direct oral anticoagulants use was related to more effec-

e Anticoagulation in patients with atrial fibrillation and
malignances is challenging due to cancer-related factors.
e 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,
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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 (TTA) [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 (DOACSs) have been
demonstrated non-inferior to vitamin K antagonists (VKASs)
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
DOAC: 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 VKASs 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 VKASs 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)
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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 I statistic and the Cochrane Q test. Values of I?
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

621 records
identified
through
database
searching

L 506 records
534 records excluded based
after duplicates | _lon title/abstract
removed screening
19 full-text
articles
excluded, with
reasons:
- cancer patients
with VTE (n=10)
- case reports
] (n=4)
28 full-text - studies not
articles assessed =l including
for eligibility warfarin (n=5)
1
9 studies
included in the
meta-analysis

Fig. 1 Study flow diagram. VTE venous thromboembolism

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
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Table 2 Efficacy and Safety of DOACs vs VKAs in patients with cancer and atrial fibrillation

Propensity-score matched Active cancer cohorts

cohorts

Post-hoc analyses

Retrospective cohorts

Random-effects model Fixed-effects model

Outcome

p-value

p-value RR and 95% CI

p-value RR and 95% CI

p-value RR and 95% CI  p-value RR and 95% CI  p-value RR and 95% CI

RR and 95% CI

0.46 (0.27-0.78) 0.004
0.63 (0.40-0.99) 0.05

N.A

0.53(0.32-0.86) 0.01

0.76 (0.54-1.07) 0.11

0.61 (0.49-0.80) 0.0004

0.65 (0.52-0.81) 0.0001  0.68 (0.59-0.79) <0.00001
0.85 (0.75-0.97) 0.01

0.84 (0.74-0.95) 0.007

SSE

0.65 (0.42-1.01) 0.06

0.90 (0.88-0.93) <0.00001 0.78 (0.38-1.58) 0.49

Ischemic Stroke

N.A

0.36 (0.04-3.24) 0.36

0.61 (0.51-0.73) 0.00001 0.36 (0.04-3.24) 0.36

0.81 (0.21-3.11) 0.76

Hemorragic Stroke 0.61 (0.52-0.71) 0.00001 0.61 (0.54-0.69) 0.00001

0.91 (0.34-2.43) 0.85
0.82(0.53-1.27) 0.37

0.84 (0.56-1.26) 0.40

0.78 (0.51-1.19) 0.25

0.69 (0.49-0.96) 0.03

0.71 (0.48-1.04) 0.08
0.76 (0.53-1.09) 0.14

MI

0.76 (0.53-1.09) 0.14

0.76 (0.53-1.09) 0.14

N.A
0.66 (0.30-1.43) 0.29

N.A

0.76 (0.53-1.09) 0.14

CV Death

0.84 (0.59-120) 0.34  0.74 (0.48-1.14) 0.17

1.01 (0.73-1.09) 0.96
0.83 (0.65-1.06) 0.13

0.92 (0.81-1.04) 0.18

0.84 (0.59-1.20) 0.34

All-cause Death

MB

0.62 (0.42-0.90) 0.01

0.67 (0.49-0.92) 0.01

0.53 (0.33-0.94) 0.03

N.A

0.82 (0.71-0.96) 0.01
0.94 (0.78-1.13) 0.50

0.68 (0.50-0.92) 0.01

0.94 (0.78-1.13) 0.50 0.75 (0.52-1.07) 0.11

0.94 (0.78-1.13) 0.50

N.A

0.94 (0.78-1.13) 0.50

MB or CRNMB

0.65 (0.46-0.94) 0.02
0.95 (0.81-1.12) 0.53

0.30 (0.05-1.68) 0.17 0.58 (0.39-0.87) 0.008
0.95(0.81-1.12) 0.55

0.64 (0.44-0.92) 0.02

0.83 (0.71-0.97) 0.02
0.92 (0.83-1.02) 0.10

IC or GI Bleeding  0.64 (0.47-0.88) 0.006

0.93 (0.74-1.18) 0.56

0.87 (0.64-1.18) 0.37

0.91 (0.78-1.06) 0.24

Any Bleeding

The RRs for each outcome obtained by pooling data using a random-effects model and different sensitivity analyses are shown

CI confidence interval, CV cardiovascular, /C intracranial, GI gastrointestinal, MI myocardial infarction, MB major bleeding, NMCRB non-major clinically relevant bleeding, RR relative risk,

SSE stroke or systemic embolism

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% CI1 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% C1 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% C1 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
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Fig.2 Forest plots showing the SSE Risk Ratio Risk Ratio
. log[Risk Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
comparison between DOACs vs Chen 2019 -0.654 0.439  5.1%  0.52[0.22, 1.23] =
VKA in patients with cancer Fanola 2018 -0.315 0.224 12.3% 0.73[0.47, 1.13] —T
Kim 2018 -1.492 0.362 6.8% 0.22 [0.11, 0.46] —
and AF. The RRs for efficacy Melloni 2017 0.086 0.37  6.6%  1.09[0.53,2.25] —
outcomes are shown AD all- Ording 2017 -0.376 0.154 16.7% 0.69 [0.51, 0.93] -
. Sawant Api -0.14 0.189 14.3% 0.87 [0.60, 1.26] T
cause death, CVD cardiovas- Sawant Dabi -0.431 0.247 11.1%  0.65 [0.40, 1.05] —
cular death, DOAC direct oral Sawant Riva -0.274 0.165 15.9% 0.76 [0.55, 1.05] —
i lant. HS h hagi Wu 2020 -0.868 0.286 9.3% 0.42 [0.24, 0.74] —_—
anticoagulant, emorrhagic Yasui 2019 -0.56 0.752  2.0%  0.57[0.13, 2.49] —
stroke, IS ischemic stroke, MI
dial inf: . SSE Total (95% CI) 100.0% 0.65 [0.52, 0.81] *
myocardial infarction, Heterogeneity: Tau? = 0.05; Chi? = 16.52, df = 9 (P = 0.06); I = 46% b ; ; |
stroke or systemi boli Test for overall effect: Z = 3.91 (P < 0.0001) 0.01 0.1 10 100
ystemic embolism Ve - £= 3. - DOACs VKAs
IS Risk Ratio Risk Ratio
log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
Chen 2019 -1.05 0.591 1.1% 0.35[0.11, 1.11] S
Fanola 2018 -0.357 0.248 5.2% 0.70[0.43, 1.14] /T
Kim 2018 -1.492 0.362 2.8% 0.22 [0.11, 0.46] I
Melloni 2017 0.464 0.426 2.1% 1.59[0.69, 3.67] [
Ording 2017 -0.31 0.166 9.2% 0.73[0.53, 1.02] ™
Sawant Api 0.038 0.026 23.0% 1.04 [0.99, 1.09] u
Sawant Dabi -0.195 0.024 23.1% 0.82[0.79, 0.86] L
Sawant Riva -0.116 0.026 23.0% 0.89 [0.85, 0.94] =
Shah Api -0.343 0.673 0.9% 0.71[0.19, 2.65] e E—
Shah Dabi -0.117 0.236 5.6% 0.89[0.56, 1.41] /T
Shah Riva -0.301 0.314 3.5% 0.74 [0.40, 1.37] I
Yasui 2019 0.136 0.903 0.5% 1.15 [0.20, 6.73] ——
Total (95% CI) 100.0% 0.84 [0.74, 0.95] ¢
Heterogeneity: Tau? = 0.02; Chi? = 66.61, df = 11 (P < 0.00001); I> = 83% k + t J
Test for overall effect: Z = 2.70 (P = 0.007) 0.01 0.1 DOACs VKAs 1o 100
HS Risk Ratio Risk Ratio
log[Risk Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Chen 2019 -1.022 1.121 0.5% 0.36 [0.04, 3.24] -
Ording 2017 -0.445 0.43 3.3% 0.64 [0.28, 1.49] —
Sawant Api -0.341 0.114 31.1% 0.71[0.57, 0.89] -
Sawant Dabi -0.689 0.11 32.5% 0.50 [0.40, 0.62] -
Sawant Riva -0.457 0.11 32.5% 0.63 [0.51, 0.79] -
Total (95% CI) 100.0% 0.61 [0.52, 0.71] ¢
Heterogeneity: Tau? = 0.01; Chi? = 5.28, df = 4 (P = 0.26); |12 = 24% k + t J
Test for overall effect: Z = 6.24 (P < 0.00001) 0.01 0.1 DOACs VKAs 10 100
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analysis including the 6 out 9 studies reporting propensity-  or gastrointestinal bleeding (RR 0.58; 95% CI 0.39-0.87;
score matched or adjusted RRs consistently showed that  p 0.008), whereas a strong tendency towards risk reduction
DOAC use was related to a significant reduction in the risk of ischemic stroke (RR 0.64; 95% CI 0.42-1.01; p 0.06)
of SSE (RR 0.53; 95% CI 0.32-0.86; p 0.01), major bleed-  was found across DOAC group as compared to VKA group
ing (RR 0.67; 95% CI 0.49-0.92; p 0.01) and intracranial (Table 2). When considering patients with active cancer,
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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

DOACSs 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) DOAC:s 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
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of DOAC:s 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 DOAC:s 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. VKASs) 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
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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 DOAC:S 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
DOAGC:s 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.
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