1JC Heart & Vasculature 55 (2024) 101512

Contents lists available at ScienceDirect = —
(CV/\RDI()\\()(}Y

EART &
VASCULATURE

IJC Heart & Vasculature

FI. SEVIER

journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature

L))

Check for

Real-world evidence of direct oral anticoagulants in patients with atrial | e
fibrillation and cancer: A meta-analysis

Xiuying Li ', Runkai Li ™', Wengen Zhu "', Dexi Wu "

@ Department of Gynecologic Oncology, Chongqing University Cancer Hospital & Chongqing Cancer Institute & Chongqing Cancer Hospital, Chongqing 400030, China
Y Department of Cardiology, the First Affiliated Hospital of Sun Yat-Sen University, 510080, Guangzhou, Guangdong, China

ARTICLE INFO ABSTRACT

Keywords:
Direct oral anticoagulants
Atrial fibrillation

Background: Several observational cohort studies have been conducted to investigate the effectiveness and safety
of direct oral anticoagulants (DOACs) compared with vitamin K antagonists (VKAs) in patients who have both
atrial fibrillation (AF) and cancer. Herein, we conducted a meta-analysis to present a comprehensive overview of

gi':zz;es the real-world evidence on DOACs in patients with AF and cancer.
Meta Methods: A comprehensive search strategy was performed in PubMed and Embase until February 2024 for studies

that enrolled AF patients with cancer who received DOACs or VKAs. The adjusted risk ratios (RRs) and 95%
confidence intervals (CIs) of each outcome were extracted and pooled by a random-effects model.

Results: Seven observational cohort studies were eligible for data extraction. The random-effects model analysis
indicated that compared with VKA use, the use of DOACs was significantly associated with reduced risks of stroke
or systemic embolism (RR=0.79, 95 % CI 0.64—0.97), major bleeding (RR=0.84, 95 % CI 0.71—0.99),
intracranial bleeding (RR=0.61, 95 % CI 0.54—0.69), and gastrointestinal bleeding (RR=0.87, 95 % CI
0.80—-0.95) in AF patients with concurrent cancer.

Conclusions: Compared with VKAs, the use of DOACs was associated with decreased risks of thrombotic and
bleeding events in AF patients with cancer. Data from real-world scenarios support the use of DOACs as a
favorable treatment option for this specific patient population.

1. Introduction

AF is one of the leading causes of cardiovascular diseases and related
morbidity [1]. AF patients are at a nearly fivefold higher risk of stroke-
related death than non-AF patients [2]. Besides, cancer and cancer-
related treatments are associated with an elevated risk of thrombotic
and hemorrhagic complications. Several risk factors are associated with
AF, such as aging, genetic susceptibility, smoking, alcohol, obesity or
overweight, diabetes, and coronary artery disease[3-5]. Also, coronary
artery disease has emerged as a relevant risk factor for cancers given that
inflammation is the common theme[6]. Accordingly, inflammation is
the common theme among AF, coronary artery disease, and cancer.
Among patients with AF and cancer, the risk of stroke or cerebrovascular
death is increased, emphasizing the importance of early anticoagulant
therapy to reduce stroke risk and mortality.

Vitamin K antagonists (VKAs), such as warfarin, have historically
been extensively used in clinical practice for anticoagulation in patients
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with AF. However, the use of warfarin is limited by the narrow thera-
peutic window. Due to the advantages of not requiring routine moni-
toring and being less affected by other medications, direct oral
anticoagulants (DOACs) have been demonstrated as a favorable treat-
ment option compared to warfarin [7]. DOACs are recommended as the
first-line anticoagulant drug in non-valvular AF patients [8].

However, it is still essential to conduct further research to examine
the effectiveness and safety of DOACs in patients with both AF and
cancer currently. Previous meta-analyses have been conducted on this
matter, but these analyses included both randomized controlled trials
(RCTs) and observational cohort studies. The decision to include RCTs in
these studies could potentially limit the representativeness of the pop-
ulation under investigation and make it difficult to generalize the results
to real-world scenarios. To address these limitations, we conducted a
meta-analysis that encompassed recently published observational cohort
studies to assess the real-world evidence on DOACs versus VKAs in pa-
tients with AF and cancer.
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2. Methods

We aimed to conduct this meta-analysis according to the guidance
from the Cochrane Handbook for Systematic Reviews and presented the
findings according to the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) checklists.

2.1. Inclusion and exclusion criteria

We included studies that met the following inclusion criteria: 1)
study design: observational cohort studies reporting adjusted risk ratios
(RRs) and 95 % confidence intervals (Cls); 2) population: patients with
AF and cancer; 3) comparison: DOACs (dabigatran, rivaroxaban, apix-
aban, or edoxaban) versus VKAs; 4) outcomes: the effectiveness out-
comes included stroke or systemic embolism (SSE), whereas the safety
outcomes included major bleeding, intracranial bleeding, and gastro-
intestinal bleeding. RCTs and post hoc analyses of RCTs were not
included. Certain publication types (e.g., reviews, preprint, case series,
case reports, editorials) with no sufficient data for analysis were also
excluded. We also excluded studies with no adjusted data.

2.2. Literature retrieval

Two authors (XY-L and RK-L) independently and systematically
searched the two common databases (PubMed and Embase) until
February 2024 for studies reporting the observational data of DOACs
compared with VKAs in patients with AF and cancer. The following
keywords were applied in the literature searches: (1) “atrial fibrillation”,
(2) “cancer” OR “malignancy” OR “tumor”, (3) “non-vitamin K antago-
nist oral anticoagulants” OR “direct oral anticoagulants” OR “DOACs”
OR “DOACs” OR “dabigatran” OR “rivaroxaban” OR “apixaban” OR “e-
doxaban”, and (4) “vitamin K antagonists” OR “warfarin” OR “couma-
din” OR “acenocoumarol” OR “phenprocoumon”. Supplemental Table 1
shows the search strategies of this meta-analysis. In this study, we
applied no linguistic restrictions in the literature searches.

2.3. Study selection and data extraction

Two authors (XY-L and RK-L) first screened the titles and abstracts of
the searched records using the search strategies mentioned above, and
then picked up the relevant studies. Second, the full texts of potential
studies found in the first phase were screened to select the final studies
of this meta-analysis. If facing disagreements, we could resolve these
issues via consultation with the corresponding authors (WG-Z and DX-
W). After that, the following characteristics were mainly collected:
first author, publication year, data source, study period, study design,
age and sex, type or dose of DOACs, VKA type, follow-up period, and
outcome data.

2.4. Study quality assessment

The Newcastle-Ottawa Scale (NOS) was used to assess the quality
assessment of observational cohort studies. The NOS contained three
domains with a total of 9 points, namely the selection of cohorts (4
points), the comparability of cohorts (2 points), and the assessment of
the outcome (3 points). According to the previous publications[9,10], a
NOS of < 6 points was regarded as low quality in this meta-analysis.

2.5. Statistical analyses

All the statistical analyses of this study were performed using the
Review Manager version 5.4 software (the Cochrane Collaboration
2014, Nordic Cochrane Centre Copenhagen, Denmark). The consistency
among the included studies was examined using the Cochrane Q test and
12 statistic. We defined a P-value < 0.1 for the Q statistic, or 12 > 50 % as
substantial heterogeneity. In the pooled analysis, the adjusted RRs and
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95 %CIs were converted to the natural logarithms (Ln[RR]) and stan-
dard errors, which were pooled by a random-effects model with an in-
verse variance method. In addition, we performed the subgroup analysis
based on the DOAC type (dabigatran, rivaroxaban, and apixaban).
Edoxaban was not included in the subgroup analysis due to the limited
data. We assessed the publication bias for the reported effect estimates
using the funnel plots.

3. Results
3.1. Study selection

As shown in Supplemental Figure 1, a total of 880 studies were
identified in the electronic databases of PubMed and Embase. We first
screened the titles and abstracts of these records and eliminated 852
studies that did not meet our inclusion criteria. Among the remaining 28
studies, we proceeded to review the full texts. By carefully comparing
the content of each study to our predetermined criteria for inclusion and
exclusion, we finally included 7 studies [11-17].

The baseline patient characteristics of these included studies are
presented in Table 1. This table presents baseline data, such as de-
mographics, DOAC types, and cancer types, allowing for a comprehen-
sive comparison across the included studies. Furthermore, in order to
assess the quality of the included studies, we used the NOS tool. All 7
observational cohort studies obtained scores of 6 points or higher,
indicating their acceptable quality.

3.2. Effectiveness outcomes between DOACs and VKAs

As shown in Fig. 1, a total of 5 included studies reported the effec-
tiveness outcomes between DOACs and VKAs in patients with AF and
cancer. Deitelzweig et al and Shah et al reported the data of apixaban,
dabigatran, and rivaroxaban, respectively. Chan et al, Mehta et al, and
Pardo San et al reported a mixed of DOACs compared with VKAs.
Therefore, a total of 9 effect estimates were included in the pooled
analysis. The random-effects model analysis indicated that compared
with VKA use, the use of DOACs was significantly associated with a
reduced risk of SSE (RR=0.79, 95 % CI 0.64—0.97; I? = 52 %) (Fig. 1).

3.3. Safety outcomes between DOACs and VKAs

A total of 6, 3, and 3 studies were included for major bleeding,
intracranial bleeding, and gastrointestinal bleeding, respectively. In the
pooled analysis, compared with VKA use, the use of DOACs was signif-
icantly associated with decreased risks of major bleeding (RR=0.84, 95
% CI 0.71—0.99; 2 =78 %), intracranial bleeding (RR=0.61, 95 % CI
0.54—0.69; I = 0 %), and gastrointestinal bleeding (RR=0.87, 95 % CI
0.80—0.95; I? = 0 %) in patients with AF and cancer (Fig. 2).

3.4. Subgroup analysis

We further performed the subgroup analysis based on the DOAC
types. As results, dabigatran (RR=0.93, 95 % CI 0.68—1.26; =0 %),
rivaroxaban (RR=0.86, 95 % CI 0.68—1.08; I> = 0 %), or apixaban
(RR=0.77, 95 % CI 0.45—1.31; 12 = 54 %) and VKAs had a similar risk
of SSE (Pinteraction = 0.82) (Fig. 3). For the safety outcomes (Fig. 4),
dabigatran (RR=0.80, 95 % CI 0.68—0.94; =1 %) and apixaban
(RR=0.58, 95 % CI 0.50—0.66; I> = 0 %) compared with VKAs were
associated with a lower risk of major bleeding. However, the use of
rivaroxaban did not show a significant reduction in major bleeding risk
compared to VKAs.

3.5. Publication bias

In order to evaluate the possible presence of publication bias, we
conducted an assessment using funnel plots (Supplemental Figures 2 and



Table 1
Baseline characteristics of the included studies of this meta-analysis.
Studies Study type Data source Study period Sample size Age Female DOAC type and VKA TTR for Follow-up time Cancer types NOS tool
N) (years) sex (%) dose type VKA (years) (points)
users
Ording-2021 Observational Danish National NA 1476 78 41.6 % DA, API, RIV, NA NA 1.0 Gastrointestinal 7
cohort Patient Registry EDO; standard
dose DOAC (59
%) and reduced
dose (41 %)
Shah-2018 Observational Market Scan January 16,096 74 40 % DA, API, RIV Warfarin NA 1.0 Breast (19.2 %), Gastrointestinal 8
cohort databases, the 2010- (12.7 %), Lung (12.3 %),
United States December Genitourinary (29.2 %), Gyneco-
2014 oncological (2.4 %), Hematological
(9.8 %), Others (14.4 %)
Pardo Sanz- Observational AMBER-AF NA 637 75.4 100 % NA NA NA 2.8 Breast 7
2019 cohort registry,Oncology
and Cardiology
Departments,
Spain
Atterman- Observational Swedish Patient January 2006 8228 75.1 36.5 % NA Warfarin NA 1.0 Prostate(27.2 %),Gastrointestinal 7
2021 cohort register and (19.1 %),Pancreatic(1.0 %),Lung
December (6.8 %),Breast(9.1 %),Gynecological
2017 (4.9 %),Urological(35.6 %),
Intracranial(1.3 %),Hematological
(10.7 %),Metastasized (9.2 %),
Others(14.4 %)
Chan-2021 Observational Taiwan (NHIRD June 2012- 7955 77.0 41.9 % DA, API, RIV, Warfarin 23.9 % DOACs:1.45, NA 8
cohort and CGMH) December [NHIRD]; [NHIRD] [NHIRD] EDO; 71 %, 91 [CGMH] Warfarin: 1.73
2017 2153 %, 71 %, and
[CGMH] 95 % users
taking low-dose
API (2.5
mgBID)
, DA (110 mg
BID), EDO (30
mg QD), and
RIV (15/10 mg
QD)
Deitelzweiget- Observational U.S. (Multi-center) January 40,271 NA NA DA, API, RIV; Warfarin NA Warfarin: 0.63, Breast (17 %), Genitourinary(14 %), 8
2021 cohort 2013- API, DA,and APL: 0.5, DA: lung (13 %), and Gastrointestinal
September RIV users 0.61, RIV: 0.59 (13 %)
2015 (73 %, 81 %,
and 69 %) on
standard dose
Mehta-2022 Observational SEER-Medicare 2010-2016 7675 76.6 48.1 % DA, API, RIV, Warfarin 0.64 Prostate (22.2 %), Breast (19.6 %), 7
cohort EDO Lung (19.3 %), Colorectal (14.5 %),
Others

AF=atrial fibrillation; DOACs = direct oral anticoagulants; VKAs = vitamin K antagonists; TTR=time in therapeutic range; API=Apixaban; DA=Dabigatran; RIV=Rivaroxaban; EDO=edoxaban; NOS=Newcastle-Ottawa
Scale; CGMH=Chang Gung Memorial Hospital; NHIRD=Taiwan National Health Insurance Research Database; SEER=Surveillance Epidemiology and End Results; NA=not available.
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Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Chan-2021[CGMH] -0.528 0.125 18.0% 0.59 [0.46, 0.75] —
Deitelzweig-2021[API] -0.528 0.14 16.9% 0.59 [0.45, 0.78] —
Deitelzweig-2021[DA] -0.128 0.245 10.4% 0.88 [0.54, 1.42] i
Deitelzweig-2021[RIV] -0.198 0.142 16.8% 0.82 [0.62, 1.08] —T
Mehta-2022 0.344 0.215 12.0% 1.41[0.93, 2.15] T
Pardo Sanz-2019 -0.094 0.397 5.4% 0.91[0.42, 1.98] I E—
Shah-2018([API] -0.342 0.667 2.2% 0.71[0.19, 2.63]
Shah-2018[DA] -0.117 0.237 10.8% 0.89 [0.56, 1.42] e
Shah-2018[RIV] -0.301 0.318 7.5% 0.74 [0.40, 1.38] e
Total (95% CI) 100.0%  0.79 [0.64, 0.97] <o

ity: 2 - - Chi? = = = R = b + + + + J
Heterogeneity: Tau’ = 0.05; Chi® = 16.83, df = 8 (P = 0.03); I = 52% %1 02 G b : 10

Test for overall effect: Z = 2.27 (P = 0.02)

Favours [DOACs] Favours [VKAs]

Fig. 1. Stroke or systemic embolism of DOACs versus VKAs in atrial fibrillation patients with cancer DOACs = direct oral anticoagulants; VKAs = vitamin K
antagonists; RR=risk ratio; CI=confidence interval; API=Apixaban; DA=Dabigatran; RIV=Rivaroxaban; CGMH=Chang Gung Memorial Hospital.

Study or Subgroup

log[Risk Ratio]

Risk Ratio

SE Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

1.2.1 Major bleeding

Chan-2021[CGMH] -0.315 0.132 10.2%
Chan-2021[NHIRD] -0.315 0.132 10.2%
Deitelzweig-2021([API] -0.545 0.078 12.2%
Deitelzweig-2021[DA] -0.274 0.146 9.7%
Deitelzweig-2021[RIV] -0.051 0.056 12.8%
Mehta-2022 -0.105 0.131 10.2%
Ording-2021 0.104 0.243 6.4%
Pardo Sanz-2019 0.425 0.255 6.1%
Shah-2018[API] -0.994 0.392 3.5%
Shah-2018[DA] -0.041 0.145 9.7%
Shah-2018[RIV] 0.086 0.164 9.0%
Subtotal (95% CI) 100.0%

0.73 [0.56, 0.95]
0.73 [0.56, 0.95]
0.58 [0.50, 0.68]
0.76 [0.57, 1.01]
0.95 [0.85, 1.06]
0.90 [0.70, 1.16]
1.11 [0.69, 1.79]
1.53 [0.93, 2.52]
0.37[0.17, 0.80]
0.96 [0.72, 1.28]
1.09 [0.79, 1.50]
0.84 [0.71, 0.99]

Heterogeneity: Tau? = 0.05; Chi’ = 44.80, df = 10 (P < 0.00001); I = 78%

Test for overall effect: Z = 2.03 (P = 0.04)

1.2.2 Intracranial bleeding

Atterman-2021 -0.478 0.062 93.0%
Chan-2021[CGMH] -0.58 0.254 5.5%
Ording-2021 -1.139 0.502 1.4%
Subtotal (95% ClI) 100.0%

0.62 [0.55, 0.70]
0.56 [0.34, 0.92]
0.32 [0.12, 0.86]
0.61 [0.54, 0.69]

Heterogeneity: Tau? = 0.00; Chi’ = 1.83, df = 2 (P = 0.40); I’ = 0%
Test for overall effect: Z = 8.24 (P < 0.00001)

1.2.3 Gastrointestinal bleeding

Atterman-2021 -0.128 0.047 88.4%
Chan-2021[CGMH] -0.261 0.163 7.3%
Ording-2021 -0.051 0.213 4.3%
Subtotal (95% ClI) 100.0%

0.88 [0.80, 0.96]
0.77 [0.56, 1.06]
0.95 [0.63, 1.44]
0.87 [0.80, 0.95]

Heterogeneity: Tau? = 0.00; Chi’ = 0.78, df = 2 (P = 0.68); I> = 0%
Test for overall effect: Z = 3.04 (P = 0.002)
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Fig. 2. Safety outcomes of DOACs versus VKAs in atrial fibrillation patients with cancer DOACs = direct oral anticoagulants; VKAs = vitamin K antagonists;
RR=risk ratio; CI=confidence interval; API=Apixaban; DA=Dabigatran; RIV=Rivaroxaban; CGMH=Chang Gung Memorial Hospital; NHIRD=Taiwan National

Health Insurance Research Database.

3). These funnel plots provide a visual representation of the distribution
of effect sizes observed in different included studies.

4. Discussion

The findings from our meta-analysis suggested that, when compared
with VKAs, the use of DOACs was associated with a lower risk of SEE in
patients with both AF and cancer. Additionally, it was also found that
DOACs were associated with a reduced risk of bleeding events compared
to VKAs. Overall, the current real-world evidence supports the use of
DOAG: as a favorable treatment option for AF patients with concurrent
cancer.

In AF patients, the presence of cancer was associated with increased
risks of ischemic and bleeding events. Fauchier et al found that cancer
can be a powerful predictor of mortality in AF patients[18]. AF is
already a high-risk factor for thromboembolism due to the tendency to

form atrial thrombi. When AF is combined with malignant diseases, the
risk of thromboembolism becomes even higher [19]. Malignant diseases
create a high hypercoagulable state in the body, meaning the blood is
more prone to clotting. This, in combination with the already increased
risk of clot formation due to AF, further enhances the likelihood of a
thromboembolic event. Additionally, certain cancer treatments, partic-
ularly novel angiogenesis inhibitors, can exacerbate the risk of both
thromboembolism and bleeding during anticoagulant therapy for AF.
The use of DOACs in AF patients with concomitant cancer is still not
well established. Several studies have examined the effectiveness and
safety of DOACs compared with VKAs in patients who have both AF and
cancer [20,21]. A prior meta-analysis conducted by Barbarawi et al,
including 3 post hoc analyses of RCTs and 8 retrospective cohorts, found
that DOACs reduced the incidence of SSE and major bleeding events
compared with warfarin in patients with both AF and cancer [20]. In
another meta-analysis including 3 post hoc analyses of RCTs and 5
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Study or Subgroup log[Risk Ratio]

Risk Ratio

SE_Weight IV, Random, 95% CI

Risk Ratio
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IV, Random, 95% CI

1.3.1 Dabigatran
Deitelzweig-2021 -0.128 0.245 40.4% 0.88 [0.54, 1.42] —.—
Mehta-2022 0.174 0.383 16.5% 1.19 [0.56, 2.52] B e E—
Shah-2018 -0.117 0.237 43.1% 0.89 [0.56, 1.42] T
Subtotal (95% CI) 100.0% 0.93 [0.68, 1.26]
Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 2 (P = 0.78); I> = 0%
Test for overall effect: Z = 0.47 (P = 0.64)
1.3.2 Rivaroxaban
Deitelzweig-2021 -0.198 0.142 68.7%  0.82(0.62, 1.08] —
Mehta-2022 0.131 0.28 17.7% 1.14 [0.66, 1.97] b —
Shah-2018 -0.301 0.318 13.7% 0.74 [0.40, 1.38] —_— 1
Subtotal (95% CI) 100.0% 0.86 [0.68, 1.08] <>
Heterogeneity: Tau? = 0.00; Chi* = 1.35, df = 2 (P = 0.51); I = 0%
Test for overall effect: Z = 1.31 (P = 0.19)
1.3.3 Apixaban
Deitelzweig-2021 -0.528 0.14 53.7% 0.59 [0.45, 0.78] —
Mehta-2022 0.199 0.32 33.3% 1.22 [0.65, 2.28) —
Shah-2018 -0.342 0.667 13.0% 0.71[0.19, 2.63]
Subtotal (95% CI) 100.0% 0.77 [0.45, 1.31] e
Heterogeneity: Tau? = 0.12; Chi? = 4.34, df = 2 (P = 0.11); I* = 54%
Test for overall effect: Z = 0.97 (P = 0.33)

0.1 0.2 0.5 2 5 10

Test for subgroup differences: Chi? = 0.40, df = 2 (P = 0.82), I = 0%

2
Favours [DOACs] Favours [VKAs]

Fig. 3. Subgroup analysis of effectiveness outcomes for different DOACs versus VKAs in atrial fibrillation patients with cancer DOACs = direct oral an-
ticoagulants; VKAs = vitamin K antagonists; RR=risk ratio; CI=confidence interval.

Study or Subgroup log[Risk Ratio]

Risk Ratio

SE Weight 1V, Random, 95% CI

Risk Ratio

IV, Random, 95% CI

1.4.1 Dabigatran
Chan-2021[NHIRD] -0.416 0.169 24.0% 0.66 [0.47, 0.92] —
Deitelzweig-2021 -0.274 0.146 32.0% 0.76 [0.57, 1.01] —
Mehta-2022 -0.174 0.245 11.5% 0.84 [0.52, 1.36] 1
Shah-2018 -0.041 0.145 32.5% 0.96 [0.72, 1.28] —a—
Subtotal (95% CI) 100.0% 0.80 [0.68, 0.94] <&
Heterogeneity: Tau? = 0.00; Chi® = 3.04, df = 3 (P = 0.39); I’ = 1%
Test for overall effect: Z = 2.65 (P = 0.008)
1.4.2 Rivaroxaban
Chan-2021[NHIRD] -0.236 0.147 10.5% 0.79 [0.59, 1.05] —
Deitelzweig-2021 -0.051 0.056 72.2% 0.95 [0.85, 1.06] [ |
Mehta-2022 -0.198 0.159 9.0% 0.82 [0.60, 1.12] e
Shah-2018 0.086 0.164 8.4% 1.09 [0.79, 1.50] 1T
Subtotal (95% CI) 100.0% 0.93 [0.85, 1.02] L
Heterogeneity: Tau? = 0.00; Chi? = 2.94, df = 3 (P = 0.40); I = 0%
Test for overall effect: Z = 1.51 (P = 0.13)
1.4.3 Apixaban
Chan-2021[NHIRD] -0.431 0.233 8.7% 0.65 [0.41, 1.03] |
Deitelzweig-2021 -0.545 0.078 77.4% 0.58 [0.50, 0.68] L 3
Mehta-2022 -0.562 0.208 10.9% 0.57 [0.38, 0.86] —_—
Shah-2018 -0.994 0.392 3.1% 0.37[0.17, 0.80]
Subtotal (95% CI) 100.0% 0.58 [0.50, 0.66] L 2
Heterogeneity: Tau? = 0.00; Chi? = 1.55, df = 3 (P = 0.67); I’ = 0%
Test for overall effect: Z = 8.03 (P < 0.00001)

0.1 0.2 0.5 2 5 10

Test for subgroup differences: Chi? = 32.88, df = 2 (P < 0.00001), I> = 93.9%

Favours [DOACs] Favours [VKAs]

Fig. 4. Subgroup analysis of safety outcomes for different DOACs versus VKAs in atrial fibrillation patients with cancer DOACs = direct oral anticoagulants;
VKAs = vitamin K antagonists; RR=risk ratio; CI=confidence interval; NHIRD=Taiwan National Health Insurance Research Database.

retrospective cohort studies, there was no significant difference in SSE
and major bleeding between the DOAC and VKA groups [21].

The stringent enrollment and exclusion criteria in RCT studies
effectively reduce the impact of confounding factors on the estimation of
treatment effectiveness and safety, enhancing the reliability of the
findings in a restricted and well-defined population cohort [22]. How-
ever, due to the stringent criteria, the study population may not always
fully represent the comprehensive characteristics of the target popula-
tion. Particularly, when considering the population with concomitant

cancer and AF, this issue becomes even more pronounced. Due to the
variations in tumor types and stages among different patients, as well as
the presence of multiple comorbidities and diverse medication regimens
in this patient population, standardizing anticoagulation treatment in-
terventions becomes challenging, resulting in a high degree of hetero-
geneity within cohorts. The strict inclusion criteria of RCTs often result
in the enrollment of only a small proportion of patients, limiting the
generalizability of the study population to real-world settings.

In observational cohort studies, researchers have the freedom to
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include a broader range of patients with varying characteristics and
conditions, replicating the diversity seen in real-world clinical practice.
Observational cohort studies can capture a more realistic representation
of how medications work in different patient populations[23]. Consid-
ering the substantial heterogeneity in both the study population and
anticoagulation strategies, observational cohort studies may provide a
more realistic representation of drug safety and effectiveness in the real-
world settings.

Although our meta-analysis intentionally excluded post hoc analyses
of RCTs to focus on real-world observational data, it needs further dis-
cussion regarding the differences between findings from RCTs and
observational studies. Our current study reported a reduced risk of
gastrointestinal bleeding associated with DOACs compared to VKAs,
which contrasts with the findings of post hoc analyses of RCTs. This
discrepancy may be attributed to confounding factors inherent in
observational studies, particularly confounding by indication and pa-
tient selection biases. In real-world settings, physicians may preferen-
tially prescribe DOACs to patients perceived to have a lower risk of
bleeding, thus leading to a more favorable safety profile for DOACs in
these studies. These factors likely contributed to our findings of a lower
risk of gastrointestinal bleeding with DOACs. Future research could
conduct well-designed prospective studies with larger sample sizes to
further clarify the effectiveness and safety of DOACs versus VKAs in
patients with both AF and cancer.

4.1. Limitations

There were several limitations that should be considered in this meta-
analysis. First, all the studies included in this analysis were observa-
tional cohort studies. While the studies have been evaluated using the
NOS and have achieved scores of at least six points, there may still be the
presence of selection bias and uncontrolled confounding factors due to
the inherent limitations of this study design. Second, there was clinical
heterogeneity among the different studies. This heterogeneity arises
from variations in factors such as the type and dosage of DOACs, in-
ternational normalized ratio levels during VKA use, the specific types of
tumors, tumor staging, and the different treatments that patients
received for their tumors. Third, it was important to consider the follow-
up time of the included studies. In some cases, the follow-up period was
relatively short, limiting the ability to comprehensively assess the long-
term effects of anticoagulation. Lastly, due to the lack of consistent data
on specific cancer types in the included studies, we were unable to
perform a subgroup analysis stratified by cancer type. Future studies
should address this limitation by exploring the differential effects of
anticoagulants in various malignancies.

4.2. Future direction

The available research data comparing edoxaban with VKAs are
limited, and we therefore did not perform the corresponding subgroup
analysis. Therefore, the conclusions drawn regarding edoxaban’s supe-
riority should be interpreted with caution. Although we conducted the
subgroup analysis based on the DOAC types regarding SSE and major
bleeding events, due to the limited number of studies available for
analysis, it was not feasible to conduct a subgroup analysis to examine
the specific bleeding types associated with intracranial and gastroin-
testinal bleeding or other adverse outcomes. In addition, the number of
included studies in each DOAC group was also limited. To further
elucidate the results and develop more appropriate anticoagulation
treatment strategies for AF patients with cancer, well-designed clinical
studies with larger sample sizes are needed. Moreover, several factors
such as tumor types, tumor staging, and different treatments for tumors
should be considered in the further studies.

1JC Heart & Vasculature 55 (2024) 101512

5. Conclusions

Compared with VKAs, the use of DOACs was associated with
decreased risks of thrombotic and bleeding events in AF patients with
cancer. Data from real-world scenarios support the use of DOACs as a
favorable treatment option for this specific patient population.
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