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Abstract

Introduction: Direct oral anticoagulants (DOACs) are substrates of efflux P-glycoprotein (P-gp) transporters,
and the hepatic enzyme cytochrome P450 plays an important role. Antiepileptic drugs (AEDs) may reduce
absorption or increase the metabolism of DOACs, thereby reducing their antithrombotic efficacy. However,
there is no evidence that concurrent use of metabolic inducers in patients taking DOACs is associated with
an increased risk of stroke or thrombotic events.

Methods: We analyzed adverse event cases submitted to the Food and Drug Administration Adverse Event
Reporting System (FAERS) from January 2010 to June 2023 and the Japanese Adverse Drug Event Report
(JADER) database to April 2023. We compared the proportion of cases reporting thromboembolic and
ischemic adverse events with the concomitant use of DOACs and first-generation drugs, such as phenytoin,
metabolically inducing AEDs, to the proportion of cases with DOACs and control AEDs, such as
levetiracetam.

Results: Compared with control AEDs, first-generation AEDs were associated with increased odds of
reporting outcomes (reporting odds ratio {ROR}: 1.79, 95% confidence interval {CI}: 1.52-2.10, p<0.0001).
Dabigatran, rivaroxaban, and apixaban were also similarly associated with increased reporting of outcome
(ROR: 1.74, 95% CI: 1.26-2.39, ROR: 1.58, 95% CI: 1.24-2.02, and ROR: 2.07, 95% CI: 1.48-2.90). Edoxaban
and JADER scores were not associated with patient outcomes.

Conclusion: We observed an increase in the odds of reporting anticoagulation treatment failure among
patients treated with DOACs and concomitant first-generation AEDs compared to those treated with control
AEDs in the FAERS database. Care should be taken when administering dabigatran, apixaban, and
rivaroxaban.

Categories: Neurology, Cardiology
Keywords: antiepileptic drug, drug interaction, oral anticoagulant therapy (oat), stroke, thrombotic event

Introduction

Anticoagulants are essential for treating complications of atrial fibrillation (AF). Direct oral anticoagulants
(DOACs) are recommended over warfarin in DOAC-eligible patients with AF in the 2019 guidelines for the
management of patients with AF and venous thromboembolism (VTE) [1,2]. Recent advances in stroke
treatment have dramatically reduced mortality rates associated with stroke. With the increased prevalence
of post-stroke survivors, the number of patients with post-stroke seizures (PSS) is expected to increase [3].
PSS is a significant complication of stroke, with a reported cumulative incidence of 9.0% [4]. Additionally,
mortality among stroke patients with AF is increasing as the population ages [5]. Therefore, many patients
require long-term antiepileptic drug (AED) treatment. In the Medicare population, one study reported that
initial AEDs, such as levetiracetam, were commonly prescribed for outpatients with PSS [6]. Therefore, it is
common for some patients to undergo concomitant treatment with DOAC-AEDs, which could lead to
pharmacological interactions with serious health consequences.

The gastrointestinal absorption of all DOACs is affected by P-glycoprotein (P-gp) transport [7]. The hepatic
enzyme cytochrome P450 also plays an essential role in apixaban and rivaroxaban metabolism. Dabigatran
etexilate, a prodrug of dabigatran and a thrombin inhibitor, is eliminated after esterase-mediated
hydrolysis. The anti-Xa anticoagulants - apixaban, rivaroxaban, and edoxaban - are, in addition to being P-
gp substrates, also substrates of the hepatic cytochrome P450 (CYP450) system, particularly

the CYP3A4 isoform [7]. Edoxaban is only affected by CYP3A4 via a minor pathway. Therefore, drugs that
induce P-gp efflux transporters and CYP450 enzymes, such as AEDs, may decrease DOAC plasma
concentrations and potentially impair efficacy. Some case reports suggest that stroke and systemic
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embolism can be caused by concomitant treatment with DAOCs-AEDs [8]. In particular, first-generation
AEDs, such as carbamazepine, have been reported to cause drug-drug interactions (DDI) with concomitant
DOACs and are defined as strong inducers [9]. In contrast, Wang et al. reported that concurrent DOACs use
with some AEDs was associated with an increased risk of major bleeding due to drug-drug interactions [10].
However, there is no evidence that the concurrent use of inducers in patients taking DOACs is associated
with an increased risk of stroke or thromboembolic events. Investigating the relationship between inducer
AEDs, particularly the strength of inducers and the risk of thromboembolism, may help guide medication
selection. Therefore, this study aimed to evaluate the association between concomitant use of DOACs and
inducer AEDs with thrombotic event risk using the FDA Adverse Event Reporting System (FAERS) and
Japanese Adverse Drug Event Report (JADER) database. This article was previously presented as a meeting
abstract at the 144th Annual Meeting of the Pharmaceutical Society of Japan on March 30, 2024.

Materials And Methods
FAERS and JADER analysis

Data Source

We analyzed the adverse event reports submitted to FAERS from January 2010 to June 2023 and JADER from
January 2004 to April 2023. FAERS is a publicly accessible database that aggregates and summarizes adverse
drug reaction reports from across the globe. Detailed data from FAERS were downloaded from the FDA
website [11]. We primarily used the reaction (REAC) and drug (DRUG) files, which contain information about
the adverse reaction and the associated drug.

The JADER database is also publicly accessible and contains information on cases reported by
pharmaceutical companies and medical institutions since 2004. Data from JADER were downloaded from the
pharmaceutical and medical devices agency website [12]. The JADER database comprises the following four
datasets: patient statistics (DEMO), drug information (DRUG), adverse events (REAC), and medical history
(HIST). The corresponding case data from the DRUG, REAC, and DEMO tables are combined using
identification numbers for each adverse event. We outsourced the process to INTAGE Healthcare Inc. (Tokyo,
Japan) as follows: they were combined into four datasets and extracted DOACs and AEDs in DRUG in the
JADER database. The institutional review board approval is not required for this study, as JADER and FAERS
data are publicly available.

Study Design

This retrospective, observational cohort study analyzed patients enrolled in the FAERS and JADER databases.

Studies utilizing the FAERS and JADER databases have been proposed to investigate potential associations
between drugs and adverse drug reactions, focusing on signal detection [13]. A flowchart of our study is
shown in Figure 1.

FAERS Database JADER Database
from January 2010 to June 2023 from January 2004 to April 2023
0=164,114 reports 2=830,079 reports

Dabigatran n=36,100
Apixaban n=50,811
Rivaroxaban n=70,010
Edoxaban n=7,193 Excluded

Non-AEDs n=829,734

Excluded
Non-AEDs n=160,575

Dabigatran + AEDs
Apixaban + AEDs
Rivaroxaban + AEDs n=1434
Edoxaban +AEDs =121

Dabigatran + AEDs  n=49
Apixaban + AEDs n=103
Rivaroxaban +AEDs n=79
Edoxaban +AEDs =125

| I
] ] + ]

Dabigatran + Inducer AEDs  n=409 Dabigatran + Control AEDs  n=412

Dabigatran + Inducer AEDs  n=409 Dabigatran + Control AEDs  n=412

Apixaban + Inducer AEDs =447 | | Apixaban + Control AEDs  n=717 Apixaban + Inducer AEDs =447 | | Apixaban + Control AEDs  n=717
Rivaroxaban + Inducer AEDs n=649 Rivaroxaban + Control AEDs n=784 Rivaroxaban + Inducer AEDs n=649 | | Rivaroxaban + Control AEDs n=784
Edoxaban + Inducer AEDs  0=37 Edoxaban + Control AEDs ~ n=84 Edoxaban + Inducer AEDs ~ 0=37 Edoxaban + Control AEDs ~ n=84

FIGURE 1: Flowchart of this study.

We included 164,114 reports in the FAERS database and 356 reports in the JADER.

FAERS: FDAAdverse Event Reporting System; JADER: Japanese Adverse Drug Event Report database; AED:
antiepileptic drug

We included 164,114 reports from the FAERS database and 356 reports from the JADER database. Reports
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that did not include DOACs under the “suspect product active ingredients” or “concomitant product names”
in the FAERS database were excluded. Since multiple adverse drug reactions can be associated with a single
case, duplicate entries were removed using the unique identifiers primary ID and case ID. This study did not
adjust for potential confounders such as age, comorbidities, or concurrent medications. Therefore, cases
with missing gender or age values were not excluded. Adverse events in the analysis dataset were classified
according to the standards of the Medical Dictionary for Regulatory Activities (MedDRA) version 26.0. We
assessed ischemic stroke or thromboembolic events associated with DOACs alone, DOACs in combination
with inducer AEDs, and DOACs with control AEDs. We compared the proportion of case-reporting ischemic
stroke or thromboembolic events with inducer AEDs with those with control AEDs. In addition, we reported
the proportion of cases with ischemic stroke or thromboembolic events with dabigatran, rivaroxaban,
apixaban, and edoxaban.

Materials

Cases about various manifestations of ischemic stroke or thromboembolic events were identified by
following keywords: cerebrovascular accident, cerebrovascular disorder, cerebral infarction, stroke, transient
ischemic attack, venous thrombosis, pulmonary embolism, pulmonary thrombosis, anticoagulation drug
level decrease, or anticoagulation drug level below. Therefore, cases whose reports contained “embolic and
thrombotic events, venous,” and “ischemic central nervous system vascular conditions” were included in our
analysis. We also investigated the years of reporting, age, and sex of patients in each database. Cases
involving DOACs were identified by the generic and brand names of the four approved direct oral
anticoagulants as follows: dabigatran, rivaroxaban, apixaban, and edoxaban. Cases involving AEDs were
identified by antiepileptic medication using the “suspect product active ingredients” and “concomitant
product names” in the FAERS.

Inducer AEDs include phenytoin, phenobarbital, carbamazepine, and topiramate. In addition, inducer AEDs
were classified as weak inducer AEDs (topiramate) and strong inducer AEDs (phenytoin, phenobarbital, and
carbamazepine) based on observed trends. The control AEDs were lamotrigine, levetiracetam, and
lacosamide. Signal detection of an interaction between DOACs and levetiracetam in combination has been
shown [14], but it was included as a control because it was suggested that it may not be an important P-gp
inducer in humans [15,16]. They were identified based on their generic and brand names.

Statistical analysis

Descriptive statistical analysis was performed, and categorical variables such as age and sex were
represented as frequencies and percentages. The statistical analysis conducted in this study was based on
data mining techniques for disproportionality analysis in pharmacovigilance [13]. A 2x2 contingency table
was created to identify drug combinations that resulted in disproportionate adverse events. The reported
odds ratios (RORs) were calculated as (axd)/(bxc) and expressed as point estimates with 95% confidence
intervals (CIs). A signal was identified if the lower bound of the 95% CI for the ROR exceeded 1.0 [17].
Statistical significance was determined using the chi-square test. These techniques provide quantitative
measures for detecting the association between a particular drug and a particular adverse drug event. The
ROR compares the odds of ischemic stroke or thromboembolic events in adverse event reports involving
DOACs alone versus those involving DOACs with concomitant AEDs. In addition, the ROR compares the odds
of ischemic stroke or thromboembolic events associated with DOACs and inducer AEDs to the odds
associated with DOACs and control AEDs. Trends among the three groups (strong inducers, weak inducers,
and the control group) were analyzed using the Cochran-Armitage trend test. All analyses were performed
using the SAS University Edition software (Cary, NC: SAS Institute).

Results
Characteristic reporting in the FAERS and JADER

The overall number of reports was the highest for rivaroxaban (1,434 reports) and edoxaban (125 reports) in
the FAERS and JDAER databases, respectively (Table 7). The reporting year in the FAERS database showed a
sharp increase in dabigatran use from 2011, with apixaban being the most recent. Dabigatran, apixaban, and
rivaroxaban showed similar trends, whereas edoxaban was the most recently reported drug in the JADER.
FAERS had a higher percentage of patients with unknown age and sex than JADER. However, the percentage
of reports by age for each drug showed a similar trend, with dabigatran, apixaban, and rivaroxaban in the 70-
80 years age range and edoxaban in the 80-90 years age range. The reported rate of stroke or VTE was higher
among patients aged 60-90 years. Except for edoxaban, stroke or VTE was more frequently reported in men.
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FAERS

Reporting

year

2020-

2023

2017-

2019

2014~

2016

2011-

2013

<2010

Age (years)

<50

50-60

60-70

70-80

80-90

90<

Unknown

Male

Female

Unknown

Dabigatran (n=821)

Al
reports,

n (%)

127

(15.5)

249

(30.3)

189

(23.0)

251

(30.6)

4(05)

49 (6.0)

60 (7.3)

155

(18.9)

246

(30.0)

177

(21.6)

15 (1.8)

113

(13.8)

432

(52.6)

364

(44.3)

25 (3.0)

Stroke or
VTE
reports, n

(%)

11 (22.4)

11(18.3)

41(26.5)

67 (27.2)

47 (26.6)

3(20.0)

116 (26.9)

85 (23.4)

Apixaban (n=1,164)

Al
reports,

n (%)

614

(52.7)

395

(33.9)

143

(12.3)

7(0.6)

5(0.5)

109

(9.4)

68 (5.8)

193

(16.6)

262

(22.5)

250

(215)

46 (4.0)

232

(19.9)

516

(44.3)

604

(51.9)

44 (3.8)

Stroke or
VTE
reports, n

(%)

11(10.1)

10 (14.7)

17 (8.8)

51(19.5)

44 (17.6)

4(87)

85 (16.5)

63 (10.4)

Rivaroxaban (n=1,434)

Stroke or
All

VTE
reports,

reports, n
n (%)

(%)
310

(21.6)

427

(29.8)

585

(40.8)

110

@.7)

0000 -

224
55 (24.6)
(15.6)

185
36(19.5)
(12.9)

293
72 (24.6)
(20.4)

304
60 (19.7)
(21.2)

192
56 (29.2)
(13.4)

35(24) 13(37.1)

193

(135)

638
175 (27.4)
(44.5)

133 (18.5)
(50.0)

78 (5.4)

Edoxaban (n=121)

Al
reports,

n (%)

78

(64.5)

38

(31.4)

5(4.1)

0(0.0)

0(0.0)

8(6.6)

3(25)

6(5.0)

(12.4)

23

(19.0)

10 (8.3)

56

(46.3)

48

(39.7)

33

(27.3)

40

(33.1)

Stroke or
VTE
reports, n

(%)

2(25.0)

1(333)

2(33.3)

3(20.0)

4(17.4)

1(10.0)

7(14.6)

13 (36.4)

JADER

Reporting

year

2020-

2023

2017-

2019

2014-

2016

2011-

2013

<2010

<50

50-60

60-70

70-80

80-90

90<

Unknown

Male

Female

Unknown

Dabigatran (n=49)

Al
reports,

n (%)

7(14.3)

0(0.0)

2(4.1)

1(20)

35

(71.4)

(26.5)

1(20)

Stroke or
VTE
reports, n

(%)

0(0.0)

0(0.0)

2(14.3)

0(0.0)

1(6.7)

0(0.0)

3(86)

0(0.0)

Apixaban (n=103)

All

reports,

n (%)

(32.0)

1

(39.8)

(27.2)

1(1.0)

0(0.0)

2(1.9)

4(3.9)

(14.6)

45

(43.7)

(31.1)

4(3.9)

1(1.0)

(53.4)

48

(46.6)

0(0.0)

TABLE 1: Reporting baseline characteristics in the FAERS and JADER.

FAERS: FDAAdverse Event Reporting System; JADER: Japanese Adverse Drug Event Report; VTE: venous thromboembolism

Stroke or
VTE
reports, n

(%)

0(0.0)

0(0.0)

0(0.0)

2(4.4)

4(12.5)

0(0.0)

4(7.3)

2(42)

Rivaroxaban (n=79)

Al
reports,

n (%)

23

(29.1)

23

(29.1)

26

(32.9)

7(89)

0(0.0)

6(76)

5(6.3)

9(11.4)

30

(38.0)

25

(31.6)

4(5.1)

0(0.0)

52

(65.8)

27

(34.2)

0(0.0)

Stroke or
VTE
reports, n

(%)

1(16.7)

0(0.0)

1(11.1)

4(133)

1(4.0)

0(0.0)

5(9.6)

2(7.4)

Edoxaban (n=125)

Al
reports,

n (%)

0(0.0)

0(0.0)

11(8.8)

4(32)

0(0.0)

Stroke
or VTE
reports,

n (%)

1(9.1)

2(15.4)

2(11.1)

3(88)

3(50.0)

(15.4)

5(8.3)

FAERS Analysis

During the review period, 164,114 reports included DOACs. The proportion of reports of stroke or VTE was
higher among patients treated with AEDs (23.1%) than among patients treated with dabigatran alone (11.9%)
(reporting odds ratio {ROR}: 2.22; 95% confidence interval {CI}: 1.89-2.62) (Table 2). Similar findings were

observed with apixaban and rivaroxaban.
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FAERS
Variables

Stroke or VTE reports, n (%) Total, n (%) ROR 95% CI p-Value
Dabigatran - - 2.22 1.89-2.62 <0.0001
Dabigatran 4,206 (11.9) 35,279 (97.7) - - -
Dabigatran+AEDs 190 (23.1) 821 (2.3) - - -
Apixaban - - 2.33 1.96-2.77 <0.0001
Apixaban 3,053 (6.2) 49,647 (97.7) - - -
Apixaban+AEDs 154 (13.2) 1,164 (2.3) - - -
Rivaroxaban - - 2.29 2.01-2.60 <0.0001
Rivaroxaban 7,382 (10.8) 68,577 (98.0) - - -
Rivaroxaban+AEDs 310 (21.6) 1,433(2.0) - - -
Edoxaban - - 1.31 0.84-2.02 0.2531
Edoxaban 1,225 (17.3) 7,072 (98.3) - - -
Edoxaban+AEDs 26 (21.5) 121 (1.7) - - -

TABLE 2: Stroke or VTE event reports and all other adverse event reports with each DOACs only
and DOACs concomitant AEDs in FAERS.

AEDs were defined as carbamazepine, phenytoin, phenobarbital, topiramate, lamotrigine, levetiracetam and lacosamide.

DOAC: direct oral anticoagulants; AED: antiepileptic drug; VTE: venous thromboembolism; ROR: reporting odds ratio; Cl: confidence interval

During the review period, 3,539 reports included concomitant DOACs, inducer AEDs, and control AEDs.
Almost all reports used dabigatran (9.1%), rivaroxaban (40.5%), and apixaban (32.9%), and edoxaban was
used in only 121 (3.4%) cases (Table 3).

FAERS Inducer AEDs (n=1,542) All AEDs (n=3,539)
Dabigatran, n (%) 409 (49.8) 821 (9.1)
Apixaban, n (%) 447 (38.4) 1,164 (32.9)
Rivaroxaban, n (%) 649 (45.3) 1,433 (40.5)
Edoxaban, n (%) 37 (29.8) 121 (3.4)

JADER
Dabigatran, n (%)
Apixaban, n (%)
Rivaroxaban, n (%)

Edoxaban, n (%)

TABLE 3: Baseline characteristics included in FAERS and JADER.

Inducer AEDs (n=147)
22 (15.0)
65 (44.2)
38 (25.9)

43 (55.8)

All AEDs (n=345)
49 (14.2)

103 (29.9)

79 (22.9)

125 (36.2)

Inducer AEDs were defined as carbamazepine, phenytoin, phenobarbital, and topiramate. All AEDs were defined as carbamazepine, phenytoin,
phenobarbital, topiramate, lamotrigine, and levetiracetam. Inhibitor drugs were defined as strong CYP3A4 inhibitors, moderate CYP3A4 inhibitors,
inhibitors of P-gp, and antiplatelet drugs.

FAERS: FDAAdverse Event Reporting System; JADER: Japanese Adverse Drug Event Report database; AED: antiepileptic drug
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Variables

DOACs
Inducer
AEDs’
Control
AEDs™
Dabigatran
Inducer
AEDs’
Control
AEDs”
Apixaban
Inducer
AEDs’
Control
AEDs”
Rivaroxaban
Inducer
AEDs"
Control
AEDs”
Edoxaban
Inducer
AEDs’

Control
AEDs"”

FAERS

The outcomes of concomitant use of DOACs and all AEDs were reported in 739 reports. The proportion of
reports involving outcomes was higher among patients treated with inducer AEDs (26.3%) than among
patients treated with control AEDs (16.7%) (reporting odds ratio {ROR}: 1.79, 95% confidence interval {CI}:
1.52-2.10) (Table ).

Stroke or VTE reports, Total, n

n (%)

406 (26.3)

333 (16.7)

126 (30.8)

84 (20.4)

86 (19.2)

74 (10.3)

181 (27.9)

154 (19.6)

13 (35.1)

21(25.0)

(%)

1,542
(43.6)

1,997
(56.4)

409
(49.8)

412
(50.2)

447
(38.4)

717
(61.6)

649
(45.3)

784
(54.7)

37 (30.6)

84 (69.4)

ROR

1.79

95% Cl

1.52-
2.10

1.26-
2.39

1.48-
2.90

1.24-
2.02

0.70-
3.75

p-Value

<0.0001

0.0006

<0.0001

0.0002

0.2531

JADER

Stroke or VTE
reports, n (%)

13 (3.8)

18 (5.2)

4(9.8)

3(7.9)

4(9.3)

11 (13.4)

Total n
(%)

147
(42.6)

198
(57.4)

27
(55.1)

22
(44.9)

38
(36.9)

65
(63.1)

41
(51.9)

38
(48.1)

43
(34.4)

82
(65.6)

ROR

0.997

NA

95%
Cl

0.93-
1.07

NA

0.86-
1.07

0.89-
1.17

0.84-
1.09

Value

0.9367

NA

0.4679

0.7711

0.5015

TABLE 4: Stroke or VTE event reports and all other adverse event reports with each DOACs in

FAERS and JADER.

*Inducer AEDs were defined as carbamazepine, phenytoin, phenobarbital, and topiramate.

**Control AEDs were defined agents as lamotrigine, levetiracetam, and lacosamide.

DOAC: direct oral anticoagulants; AED: antiepileptic drug; VTE: venous thromboembolism; ROR: reporting odds ratio; Cl: confidence interval

In addition, dabigatran, apixaban, and rivaroxaban showed a trend toward higher rates of stroke or VTE with
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FAERS
Variables

Dabigatran

Strong inducer AEDs’

Weak inducer AED

Control AEDs”™

Apixaban

Strong inducer AEDs’

Weak inducer AED

Control AEDs”™

Rivaroxaban

Strong inducer AEDs

Weak inducer AED

Control AEDs ™

Edoxaban

Strong inducer AEDs

Weak inducer AED

Control AEDs ™

increasing inducer strength among the three groups (all p-values for trends <0.001) (Table 5).

Stroke or VTE reports, n (%) Total, n (%)
111 (33.7) 329 (40.1)
15 (18.8) 80 (9.7)
84 (20.4) 412 (50.2)
75 (21.8) 343 (29.5)
11 (10.6) 104 (8.9)
74 (10.3) 717 (61.6)
145 (34.1) 425 (29.7)
36 (16.1) 224 (15.6)
154 (19.6) 784 (54.7)
13 (35.1) 37 (30.6)
0 (0.0) 0(0.0)

21 (25.0) 84 (69.4)

TABLE 5: Stroke or VTE event reports and all other adverse event reports with each DOAC and
inducer strength AED in FAERS.

*Strong inducer AEDs were defined as carbamazepine, phenytoin, and phenobarbital. Weak Inducer AEDs were defined as topiramate.

**Control AEDs were defined agents as lamotrigine, levetiracetam, and lacosamide.

DOAC: direct oral anticoagulants; AED: antiepileptic drug; VTE: venous thromboembolism; ROR: reporting odds ratio; Cl: confidence interval; FAERS:
FDAAdverse Event Reporting System

JADER Analysis

During the review period, 345 studies reported on the use of DOACs and AEDs. Of these, 147 reports
included concomitant use of DOACs and first-generation AEDs, and 198 included concomitant DOACs and
control AEDs. All reports included dabigatran (14.2%), rivaroxaban (22.9%), apixaban (29.9%), and edoxaban
(36.2%) (Table 4).

Outcomes were reported in 31 reports of concomitant use of DOACs and all AEDs (9.0%). The proportion of
reports involving outcomes did not differ between first-generation AEDs (3.8%) and control AEDs (5.2%)
(reporting odds ratio {ROR}: 0.997, 95% CI: 0.93-1.07) (Table 3). First-generation AEDs did not differ for
each DOAC (apixaban: ROR: 0.96, 95% CI: 0.86-1.07, rivaroxaban: ROR: 1.02, 95% CI: 0.89-1.17, and
edoxaban: ROR: 0.95, 95% CI: 0.84-1.09, respectively) (Table 3). Dabigatran had no data. These criteria were
based on reports that included both DOACs and first-generation AEDs.

Discussion
Characteristic reporting in the FAERS and JADER

Dabigatran was the first DOAC approved in the United States and Japan. Edoxaban was developed in Japan
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and was the first Xa inhibitor approved for most indications. In contrast, rivaroxaban has the most
indications in the United States. Margraff and Bertram reported that adverse effects reported by patients
represented an average of 9% (91% were from healthcare professionals), with the highest patient reporting
rates observed in the United States (48%) [18]. This result may be reflected in the difference in the ratio of
the number of cases reported by the FAERS and JADER. Stroke tends to occur more frequently in men at
younger ages, but this trend reverses in women at older ages [19]. Additionally, women are reported to have
a lower incidence of VTE compared to men [20]. In this study, the incidence of stroke or VTE tended to be
higher in men than in women in terms of the number of reports, which may have contributed to the higher
number of VTE cases observed.

FAERS and JADER analysis

This study found that patients who concomitantly used DOACs and inducer AEDs were more likely to
experience failure of anticoagulation therapy compared to control AED users. In addition, the finding that
edoxaban did not produce signals compared with apixaban, rivaroxaban, and dabigatran is noteworthy.
Stroke and VTE events were rare outcomes due to the reporting of 1,116 stroke or systemic embolism events
in 79,302 DOAC-treated patients with AF and 118,124 patient-years of follow-up (0.94/100 patient-years)
[21]. However, the outcome is clinically important, as patients with both AF and VTE take DOACs for an
extended period of time.

All DOACs are substrates for the efflux of P-gp transporters. Rivaroxaban and apixaban also depend on
cytochrome P450 metabolism. Although CYP3A4 is related to the metabolic processes of edoxaban, it is
minimal (10%), and dabigatran does not undergo CYP metabolism [22]. In typical use, edoxaban has drug-
drug interactions, which might influence fewer metabolic pathways than apixaban and rivaroxaban in
CYP3A4. Di Gennaro et al. reported a significant interaction between carbamazepine and apixaban in
patients with AF who had a transient ischemic attack (TTA), but edoxaban administered to patients after TIA
occurrence did not show a significant interaction with carbamazepine [23]. We believe that this result may
be due to the differences in their pharmacokinetic profiles. Edoxaban was approved for the prevention of
VTE after major orthopedic surgery in Japan, the first approval worldwide in 2011. Therefore, the number of
edoxaban event reports is greater than that of other DOACs in the JADER database than in the FAERS
database. In fact, all studies in the systematic review of the edoxaban group were very small [8].

Steffel et al. reported that for patients with AF, concomitant use of strong inducers such as phenytoin was
not approved [24]. In our study, the number of reported stroke cases tended to be higher for the more
strongly inducing AEDs, which is consistent with these reports. However, the steps that should be taken to
minimize the risk of treatment failure in patients with AF using this drug combination remain unclear.
DOACs were approved at a fixed dose that did not require time-division multiplexing while achieving
effective and safe anticoagulation. However, these promises have only been partially fulfilled. According to
these guidelines, drug-level measurements can guide therapy in patients where significant drug interactions
cannot be avoided; drug-level measurements can guide therapy. However, the safe and effective drug level
ranges of DOACs have not been clearly defined or widely accepted. Conversely, Acton et al. reported that
compared with the use of non-enzyme-inducing (EI) antiseizure medications (ASMs), the use of EI ASMs
with DOACs was not associated with a difference in the risk of thromboembolic events [25]. Thus, the
significance of these DDIs is still largely unknown, with only occasional case reports available [8]. In
addition, the available data point to a possible increased risk of thrombotic events between DOACs and
AEDs; however, they are insufficient to draw definitive conclusions for each DOAC [8].

DOACs have been reported to be effective and safe in several large clinical trials for AF and VTE [26]. The
incidence of stroke or VTE in patients with atrial fibrillation is less than approximately 2% per year [26].
However, in patients not receiving anticoagulants, the risk of such events exceeds 5% [27]. PSS patients
require AEDs to control seizures in addition to taking DOACs. Therefore, it is important to understand the
characteristics of these drugs before selecting an AED. Although current guidelines lack robust
recommendations for treating PSS and epilepsy, a prospective cross-sectional single-center study reported
that lacosamide, when used in combination with an NOAC in patients with post-stroke epilepsy and AF, did
not increase the risk of ischemic events [28]. Additionally, a study in Australia reported a shift toward the
use of newer-generation AEDs, such as levetiracetam and valproate, as well as carbamazepine, for PSS and
epilepsy [29]. Therefore, we believe that our future research utilizing large-scale healthcare claims data may
help to further clarify these issues.

Our study had several limitations. It was based on the FAERS and JADER databases and is susceptible to
confounding variables such as patient comorbidities, concurrent medications, and lifestyle factors that are
not adequately controlled for, as well as bias. In particular, reliance on spontaneous adverse event reports
introduces reporting bias, as underreporting and selective reporting may affect the accuracy of the findings.
Additionally, we could not fully address issues such as case duplications, differences in coding practices, lack
of adjusted analyses, and lack of a true denominator. While this study establishes an association between
DOAC-AED interactions and thrombotic events, it does not confirm a direct causal relationship.
Furthermore, edoxaban, which had relatively few reports, may require further investigation. Although the
FAERS and JADER databases contain extensive data on real-world adverse outcomes, they provide limited
information on patient characteristics such as age, weight, doses, adherence, liver function, renal function,
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or potential drug interactions. However, these studies did not include laboratory measurements. Therefore,
drug levels among patients with and without drug interactions cannot be used to support a causal
mechanism for the observed associations. It is also difficult to control for factors that may confound the
relationship between medication and outcome occurrence because factors such as the dose of the drug used
and renal function cannot be determined.

Conclusions

This study suggests that the concomitant use of dabigatran, rivaroxaban, apixaban, P-gp, and enzyme-
inducing AEDs may reduce the treatment efficacy and increase the risk of serious thrombotic and stroke
events. On the other hand, although no signal was detected for edoxaban, this may be due to its different
pharmacokinetic profile. However, the available data were insufficient to exclude potential DDI. The current
evidence is limited and statistically underpowered to draw definitive conclusions regarding clinical
significance. Therefore, well-designed clinical and epidemiological studies are warranted.
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