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ABSTRACT

Introduction: The efficacy and safety of
rivaroxaban for the prevention of stroke and
systemic embolism have been demonstrated in
Asian and non-Asian patients with non-valvular
atrial fibrillation (NVAF) in multiple studies.
However, limited published data exist on its use
specifically in treatment-naı̈ve patients from the
Asia region. Patients in South Korea and Taiwan
can now receive rivaroxaban as first-line ther-
apy, allowing for data generation in this patient
group.

Methods: XaMINA was a prospective, real-
world, multicenter, single-arm, observational
cohort study of patients with NVAF in South
Korea and Taiwan naı̈ve to anticoagulation and
initiating rivaroxaban. The primary outcome
was major bleeding; secondary outcomes
included all-cause mortality, symptomatic
thromboembolic events, and treatment
persistence.
Results: In total, 1094 patients were included
and the follow-up was 1 year. The baseline
mean CHADS2 score was 1.63 ± 0.98, mean
CHA2DS2-VASc score was 2.92 ± 1.42, and
mean HAS-BLED score was 1.00 ± 0.75. The
primary outcome occurred in 20 (1.8%) patients
[incidence rate 2.1 events per 100 patient-years
(95% CI 1.35–3.25)]. Thromboembolic events
occurred in 9 (0.8%) patients, of whom 5 (0.5%)
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had stroke, 3 (0.3%) myocardial infarction, and
1 (0.1%) a transient ischemic attack. There were
no cases of non-central nervous system systemic
embolism, and 735 (67.2%) patients persisted
with rivaroxaban treatment for 1 year.
Conclusion: XaMINA demonstrated low inci-
dence rates of major bleeding events and
thromboembolic events in patients with NVAF
newly initiating rivaroxaban in South Korea and
Taiwan, consistent with previous real-world
studies reconfirming the results of the ROCKET
AF study.
Trial Registration: The trial was registered on
ClinicalTrials.gov (identifier NCT03284762) on
15 September 2017.

Keywords: Atrial fibrillation; Rivaroxaban;
Stroke; Non-vitamin K antagonist oral
anticoagulant; Thrombosis; Real-world
evidence; Direct oral anticoagulant

Key Summary Points

The XaMINA study investigated the safety
profile of rivaroxaban in treatment-naı̈ve
patients with non-valvular atrial
fibrillation from South Korea and Taiwan

The incidence rates of major bleeding and
thromboembolic events in XaMINA were
low and consistent with the data from
previous real-world studies and phase III
trials

INTRODUCTION

The global prevalence of atrial fibrillation (AF)
was estimated at 33 million in 2010, and this
number is only expected to increase with time
[1, 2]. In Asia alone it is expected that there will
be 72 million patients with AF by the year 2050,
which will be more than the number of cases in
Europe and the USA combined [3].

AF is associated with a 2- to 3.5-fold increase
in the risk of stroke compared with those
without the condition [1]. Anticoagulant ther-
apy is widely used in order to reduce the risk of
stroke in patients with AF [4]. Randomized
controlled trials of the direct oral anticoagu-
lants (DOACs; rivaroxaban, dabigatran, apixa-
ban, and edoxaban), including the ROCKET AF
study of rivaroxaban [5–8], have resulted in
their approval for the prevention of stroke and
systemic embolism (SE) in patients with AF
across multiple geographic regions, including
South Korea and Taiwan [9, 10].

Subsequent observational studies, including
several using data from the Korean and Tai-
wanese National Health Insurance databases,
have shown that DOACs also demonstrate a
consistent safety profile across the heteroge-
neous patient groups encountered in routine
clinical practice [11–26]. Most of these studies
were retrospective in nature. However, the
XANTUS program of studies, which investigated
the global real-world use of rivaroxaban for
stroke prevention in patients with non-valvular
AF (NVAF), collectively represents the largest
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prospective, observational study in this setting
(n = 11,121) [27].

Asian patients with AF are at an increased
risk of stroke, particularly hemorrhagic stroke,
compared withWhite patients [28]. However, in
Asian patients, antiplatelet agents have been
favored over oral anticoagulants for stroke pre-
vention, despite concerns regarding both their
safety and effectiveness in this setting [28]. This
is partly due to antiplatelet agents being con-
sidered a safer treatment option; higher inci-
dence rates of bleeding have been associated
with the use of vitamin K antagonists (VKAs) in
Asian patients compared with non-Asian
patients [3].

DOACs are at least as effective as VKAs, with
a lower risk of particularly serious types of major
bleeding in both Asian and non-Asian popula-
tions. The J-ROCKET AF study in Japanese
patients [29], and a subanalysis of patients from
South Korea and Taiwan in the phase III
ROCKET AF study [30], demonstrated a consis-
tent efficacy and safety profile with rivaroxaban
versus VKA in an East Asian population. Fur-
ther, the XANAP observational study [31], part
of the international XANTUS program [32]
(which also included XANTUS [11, 32] and
XANTUS-EL [33]), demonstrated low incidence
rates of major bleeding and stroke in patients
with AF receiving rivaroxaban in clinical prac-
tice, as did the XAPASS study in Japanese
patients [34]. These findings were consistent
with those from the wider XANTUS program
[11, 27]. Similar findings, for rivaroxaban and
for the DOAC class in general, have been
obtained from analyses of data from both the
Korean and Taiwanese National Health Insur-
ance databases [15–26]. Subanalyses of the pri-
mary trials of apixaban, dabigatran, and
edoxaban have also all shown that they
demonstrate similar efficacy and safety in Asian
patients compared with overall patient popula-
tions [35] or non-Asian populations [36, 37]. Of
particular note, the DOACs were associated
with lower or comparable risks of intracranial
hemorrhage, hemorrhagic stroke, and fatal
bleeding versus VKA in both the overall study
populations [5–8] and Asian subgroups [35–37].

In the XANAP study, 13.5% of patients from
South Korea and 23.1% from Taiwan were
treatment naı̈ve. This is smaller than the 36.3%
seen in the overall XANAP patient population
[31] and the 31.8% in the pooled XANTUS
program population [27]. For South Korea, this
was likely the result of the reimbursement pol-
icy, which, at the time XANAP was conducted
and until recently, only allowed for the reim-
bursement of rivaroxaban after failure of an
alternative treatment [38]. However, it is not
clear why such a low proportion of patients
from Taiwan were treatment naı̈ve. This was in
contrast with both local treatment guidelines
[39, 40] and the international European Society
of Cardiology/European Heart Rhythm Associ-
ation guidelines [41], which recommend the
use of a DOAC in preference to a VKA for stroke
prevention in patients with AF. Although eligi-
ble patients with NVAF in both South Korea and
Taiwan are now able to receive rivaroxaban as
first-line anticoagulation therapy for stroke
prevention, there are limited real-world safety
data in this treatment-naı̈ve population.

The aim of the prospective, multicenter,
observational, single-arm XaMINA (Xarelto on
the prevention of stroke and non-central ner-
vous system systemic embolism in treatment-
naı̈ve Asian patients with non-valvular atrial
fibrillation) study was to investigate the safety
profile of rivaroxaban for the prevention of
stroke/non-central nervous system (CNS) SE in
treatment-naı̈ve patients with AF from Taiwan
and South Korea in routine practice.

METHODS

Study Design

XaMINA was a prospective, multicenter, obser-
vational, single-arm cohort study in patients
with NVAF in South Korea and Taiwan who
were naı̈ve to anticoagulation treatment and
who received rivaroxaban for the prevention of
stroke or non-CNS SE. The study was registered
at www.clinicaltrials.gov (NCT03284762) and
was funded by Bayer AG.
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Study Population

Patients were eligible for inclusion if they were
aged C 19 (South Korea) or C 20 (Taiwan) years,
had a diagnosis of NVAF, were naı̈ve to antico-
agulation treatment for the prevention of
stroke/non-CNS SE, provided informed consent
to participate, and were due to receive rivarox-
aban for the prevention of stroke/non-CNS SE.
The decision to initiate treatment with
rivaroxaban was made as per the physician’s
routine treatment practice. Patients were
excluded if they had any contraindications to
the use of rivaroxaban (according to the local
label), or if they were participating in an
investigational program with interventions
outside of routine practice.

Eligible patients were screened consecutively
and were documented in an anonymous log file
independent of therapy. Patients were permit-
ted to withdraw from the study at any point,
with no requirement to provide a reason. Study
centers in XaMINA were primary care practices,
internal medicine specialist practices, or out-
patient sites or clinics in South Korea and Tai-
wan. Data collection took place from September
2017 to September 2019 (Supplementary Mate-
rial Fig. S1).

Medication and Follow-Up

Prescription decisions for rivaroxaban were
solely at the discretion of the treating physician,
without interference from the study sponsor.
The dosage of rivaroxaban recommended in the
label for the prevention of stroke/non-CNS SE
differed between South Korea and Taiwan. In
South Korea, the approved doses were rivarox-
aban 20 mg once daily (od) for patients with
creatinine clearance (CrCl) C 50 ml/min and
rivaroxaban 15 mg od for patients with CrCl
15–49 ml/min [9]. In Taiwan, the approved
doses were rivaroxaban 15 mg or 20 mg od for
patients with CrCl[50 ml/min, and rivaroxa-
ban 10 mg or 15 mg od for patients with CrCl
15–50 ml/min [10].

The planned follow-up period was 1 year, or
until 30 days following the last dose of
rivaroxaban if patients discontinued before

1 year. Patients were followed up according to
routine medical practice and the frequencies of
visits and procedures were performed under
routine conditions. Investigators were asked to
collect data at baseline and approximately every
3 months thereafter. Data were collected on
patient demography, medical history, con-
comitant medication, current AF status, reasons
for discontinuation (if applicable), and adverse
events (AEs).

Study Outcomes

The primary outcome was major bleeding,
defined using the International Society on
Thrombosis and Haemostasis definition as fatal
bleeding, a fall in hemoglobin of C 2 g/dl,
transfusion of C 2 units of packed red blood
cells or whole blood, or bleeding occurrence at a
critical site (intracranial, intraspinal, intraocu-
lar, pericardial, intra-articular, intramuscular
with compartment syndrome, or retroperi-
toneal). Major bleeding events were collected as
treatment-emergent serious AEs (SAEs) or non-
serious AEs. An event was considered a treat-
ment-emergent AE (TEAE) if it started on or
after the first dose of rivaroxaban, or up to
2 days following the last dose. Further details on
the definitions used for AEs and SAEs can be
found in the Supplementary Material Table S1.

Secondary outcomes were TEAEs and SAEs,
all-cause mortality, non-major bleeding events,
symptomatic thromboembolic events, and per-
sistence with rivaroxaban treatment. Non-ma-
jor bleeding events were collected as SAEs or
non-serious AEs that did not fall into the cate-
gory of major bleeding, while symptomatic
thromboembolic events were collected as SAEs
or non-serious AEs. Where feasible, study out-
comes were also assessed in medically relevant
subgroups.

All events were adjudicated by the central
adjudication committee of five independent
physicians. For an event to be considered as
adjudicated, results from at least three physi-
cians were required.
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Management and Reporting of AEs

An AE was considered as any untoward medical
occurrence that occurred following the admin-
istration of rivaroxaban, but which did not
necessarily have a causal relationship with
rivaroxaban treatment. An AE was considered to
be serious (an SAE) if it resulted in death, was
life-threatening, required inpatient hospitaliza-
tion or prolonged existing hospitalization,
resulted in persistent or significant disability or
incapacity, was a congenital anomaly or birth
defect, or was considered to be medically
important. The outcomes of all reported AEs
were followed up and documented during the
course of the study, and up to 30 days after the
last dose of rivaroxaban. Any reported SAE or
pregnancy was forwarded immediately to the
local pharmacovigilance contact responsible for
SAE processing, and the outcome was followed
up and documented. For any serious drug-re-
lated AE that occurred after the end of the
study, standard procedures for spontaneous
reporting were followed.

Statistical Analysis and Sample Size
Calculation

XaMINA aimed to enroll a total of 1200
patients. This was based upon the assumption
that the incidence proportion of major bleeding
in treatment-naı̈ve patients would be 1.9%, as
observed in XANTUS AF [11]. In this case, a
sample size of 1200 patients would allow for the
estimation of the true incidence proportion of
major bleeding by means of an exact 95% con-
fidence interval (CI) with an entire width of
1.64 percentage points (Clopper–Pearson CI
1.22–2.86).

All analyses were exploratory and descrip-
tive. Statistical analyses were performed on the
safety population, which included all patients
who had a diagnosis of NVAF, were treatment-
naı̈ve, took at least one dose of rivaroxaban, and
had data collected for at least one post-baseline
timepoint. Incidence proportions and incidence
rates (events per 100 patient-years) with corre-
sponding 95% CIs were calculated. Events were
considered treatment emergent if they occurred

on or after the day of the first dose of rivarox-
aban, and up to 2 days following the final dose.
Categorical variables were analyzed as absolute
and relative frequencies, and continuous vari-
ables were analyzed with summary statistics,
and described by absolute value and as change
from baseline per analysis time point, if appli-
cable. All therapies documented were coded
using the World Health Organization Drug
Dictionary. Medical history and AEs were coded
using the latest version of the Medical Dic-
tionary for Regulatory Activities.

Data Management and Administrative
Organization

Where necessary, documented approval from
an independent ethics committee or institu-
tional review board at all participating centers
was obtained prior to commencement of the
study. Informed consent for the collection of
their data for the purposes of the study was
obtained in writing from all patients in
advance, and strict confidentiality procedures
were maintained with regard to patient data
and identifiers. XaMINA was conducted within
an approved indication in accordance with the
guidelines and regulations of the European
Medicines Agency (EMA), US Food and Drug
Administration (FDA), and applicable local
law(s) and regulations. The International Con-
ference on Harmonisation Good Clinical Prac-
tice Guideline, and their Guideline on Good
Pharmacovigilance Practice Modules VI and
VIII, were also followed.

RESULTS

Baseline Characteristics

A total of 1252 patients were screened at 38
study centers (28 in South Korea and 10 in
Taiwan), and 1216 patients were enrolled in the
study. Of the 36 patients who were screened but
not enrolled, 32 (2.56%) did not meet the
enrollment criteria for inclusion in XaMINA,
and 4 (0.32%) decided not to take part in the
study.
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A total of 1094 (90.0%) patients were inclu-
ded in the safety analysis. The most common
patient-level reason for non-inclusion in the
safety analysis set was enrolled patients not
being treatment naı̈ve, which occurred for 35
(2.9%) patients. However, 80 (6.6%) patients
were also not included as a result of the pre-
mature discontinuation of a study site (Fig. 1).
All the recruited patients at this site were
receiving rivaroxaban. There were 366 patients
who discontinued the study prematurely. Full
details on the reasons for the end of patient
observation can be found in the Supplementary
Material Table S2.

Similar proportions of patients received ini-
tial doses of rivaroxaban 15 mg od [488 (44.6%)]
and rivaroxaban 20 mg od [489 (44.7%)]. Of
those patients who received an initial dose of
rivaroxaban other than 15 mg or 20 mg, the
majority received 10 mg [113 (10.3%)].

There were 894 (81.7%) patients from 28
centers in South Korea in the safety analysis set
and 200 (18.3%) from 10 centers in Taiwan
(Table 1). The mean patient age was
70.1 ± 10.4 years, most patients were male
[648 (59.2%)], and the mean body mass index
was 25.2 ± 3.7. AF was paroxysmal in 418
(38.2%) patients, persistent in 240 (21.9%),
long-standing persistent in 16 (1.5%), and per-
manent in 54 (4.9%). For the remaining 366
(33.5%) patients, it was their first diagnosis of
AF. The mean CHADS2 [Congestive heart fail-
ure, Hypertension, Age C 75 years, Diabetes
mellitus, Stroke or transient ischemic attack
(TIA; 2 points)] score was 1.6 ± 1.0, mean
CHA2DS2-VASc [Congestive heart failure,
Hypertension, Age C 75 years (2 points), Dia-
betes mellitus, Stroke or TIA (2 points), Vascular
disease, Age 65–74 years, Sex category (female)]
score was 2.92 ± 1.42, and mean HAS-BLED
(Hypertension, Abnormal renal/liver function,
Stroke, Bleeding history or predisposition,
Labile international normalized ratio, Elderly,
Drugs/alcohol concomitantly) score was
1.0 ± 0.8.

Notable comorbidities included hyperten-
sion (n = 798, 72.9%), diabetes mellitus
(n = 293, 26.8%), congestive heart failure
(n = 176, 16.1%), and prior stroke/CNS SE or
TIA (n = 47, 4.3%).

CrCl C 50 ml/min occurred in 693 (63.3%)
patients and was\50 ml/min in 152 (13.9%)
patients. For the remaining 249 (22.8%)patients,
CrCl data were missing. Of the 693 patients who
had first available CrCl C 50 ml/min, 277
(40.0%) received an initial dose of rivaroxaban
15 mg od, while 365 (52.7%) received rivaroxa-
ban 20 mg od. Conversely, 84 (55.3%) of the 152
patients with an initial CrCl value\50 ml/min
received rivaroxaban 15 mg od, and 22 (14.5%)
received rivaroxaban 20 mg od. It should be
noted that the label-recommended dose of
rivaroxaban based upon CrCl differed between
South Korea and Taiwan. In South Korea, it was
rivaroxaban 20 mg od for CrCl C 50 ml/min and
rivaroxaban15 mgod forCrCl 15–49 ml/min [9].
In Taiwan, it was rivaroxaban 15 or 20 mg od for
CrCl[50 ml/min and rivaroxaban 10 mg or
15 mg od for CrCl 15–50 ml/min [10].

Primary Outcome

During the study, 22 major bleeding events
occurred in 20 patients (1.8%), with an inci-
dence rate of 2.10 events per 100 patient-years
(95% CI 1.35–3.25), and events increased grad-
ually over time (Fig. 2; Table 2). Most major
bleeding events were associated with a fall in
hemoglobin of C 2 g/dl and the transfusion
of C 2 units of packed red blood cells, with each
of these events occurring in 10 (0.9%) patients
[1.05 per 100 patient-years (95% CI 0.56–1.95)].
A fatal bleeding event occurred in only 1 (0.1%)
patient (0.10 per 100 patient-years; 95% CI
0.01–0.74), and critical site bleeding events
occurred in 4 (0.4%) patients (0.42 per 100
patient-years; 95% CI 0.16–1.11).

The most common site of major bleeding was
gastrointestinal [n = 10 (0.9%)], followedbyCNS
[n = 6 (0.5%)], pulmonary [n = 1 (0.1%)], and
genitourinary [n = 1 (0.1%)]. There were also
cases where the site of bleeding was missing
[n = 1 (0.1%)] or unknown [n = 2 (0.2%)]. The
major bleeding event occurred as the result of a
procedure or surgery in 1 (0.1%) case.
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Primary Outcome in Patient Subgroups
Major bleeding events in select patient sub-
groups are summarized in the Supplementary
Material Table S3. Of note, the incidence rate of
major bleeding events was higher in patients
who received rivaroxaban 10 mg od (n = 8, 8.6
per 100 patient-years; 95% CI 4.3–17.3) than
those who received rivaroxaban 15 mg od
(n = 5, 1.2 per 100 patient-years; 95% CI
0.5–2.9) or rivaroxaban 20 mg od (n = 6, 1.4 per
100 patient-years; 95% CI 0.6–3.0). There was
also a slightly higher incidence of events in
female patients (n = 10, 2.6 per 100 patient-
years; 95% CI 1.4–4.8) compared with male
patients (n = 10, 1.8 per 100 patient-years; 95%
CI 1.0–3.3). Incidence rates of major bleeding
events increased with higher CHADS2,
CHA2DS2-VASc, and HAS-BLED scores.

Secondary Outcomes

Non-major bleeding events occurred in 102
patients [9.3%, 11.4 per 100 patient-years (95%
CI 9.37–13.81); Table 2]. There were 9 [0.8%,
0.94 per 100 patient-years (95% CI 0.49–1.81)]
patients who had a symptomatic thromboem-
bolic event. Of these, 5 (0.5%) had a stroke, 3
(0.3%) experienced myocardial infarction, and
1 (0.1%) had a TIA. There were no cases of non-
CNS SE.

There were eight treatment-emergent deaths
[0.73%, 0.84 per 100 patient-years (95% CI
0.42–1.67); Table 2]. Four of these were due to
infectious disease, two were unexplained, one
was due to myocardial infarction, and one was
the result of ischemic stroke. In addition, there
were five deaths that were not considered to be
treatment emergent. Following adjudication, it
was determined that one death was caused by
intracranial bleeding, one was due to cancer,
and one was the result of infectious disease.

Fig. 1 Patient disposition during the study. AF atrial
fibrillation. aOne site withdrew early from the study
without completing the close-out procedure. Patient data

for this site were therefore not validated (83 patients
screened; 80 patients enrolled). bOther dose includes initial
rivaroxaban doses of 5 mg, 10 mg, or 30 mg
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There was also one death that was initially
unexplained but later confirmed as respiratory
failure, and one for which the cause was classi-
fied as ‘other’. Symptomatic thromboembolic
events and treatment-emergent deaths both
accumulated throughout the study, with no
appreciable peaks in incidence at any timepoint
(Fig. 2).

TEAEs occurred in 502 (45.9%) patients, with
85 (7.8%) of these considered to be related to
rivaroxaban treatment. Further details on the
TEAEs that occurred in XaMINA can be found in
the Supplementary Material Table S4. SAEs
occurred in 150 (13.7%) patients, and 18 (1.7%)
of these were determined to be related to
rivaroxaban treatment.

Table 1 Baseline demographics and clinical characteristics

Rivaroxaban
(n5 1094)

Age, years, mean ± SD 70.1 ± 10.4

\65, n (%) 287 (26.2)

C 65– B 75, n (%) 393 (35.9)

[75, n (%) 414 (37.8)

Sex, male, n (%) 648 (59.2)

Weight, kg, mean ± SD 66.7 ± 12.7

BMI, kg/m2, mean ± SD 25.2 ± 3.7

First available CrCl, ml/min, n (%)

\15 2 (0.2)

C 15–\30 23 (2.1)

C 30–\50 127 (11.6)

C 50– B 80 379 (34.6)

[80 314 (28.7)

Missing 249 (22.8)

Existing comorbidities, n (%)

Congestive heart failure 176 (16.1)

Hypertension 798 (72.9)

Diabetes mellitus 293 (26.8)

Prior stroke/non-CNS SE/TIA 47 (4.3)

Prior MI 41 (3.8)

AF type, n (%)

First diagnosed 366 (33.5)

Paroxysmal 418 (38.2)

Persistent 240 (21.9)

Long-standing persistent 16 (1.5)

Permanent 54 (4.9)

Medication at baseline

Antithrombotic agents

Cardiac therapy

82 (7.50)

142 (13.0)

Beta blockers 196 (17.9)

RAS-acting agents 243 (22.2)

Table 1 continued

Rivaroxaban
(n5 1094)

Lipid-modifying agents 195 (17.8)

Calcium channel blockers 155 (14.2)

Diuretics 116 (10.6)

Vasoprotectives 64 (5.9)

Peripheral vasodilators 17 (1.6)

Antihypertensives 17 (1.6)

CHADS2 score, mean ± SD 1.63 ± 0.98

CHA2DS2-VASc score,

mean ± SD

2.92 ± 1.42

HAS-BLED score,

mean ± SD

1.00 ± 0.75

AF atrial fibrillation, BMI body mass index, CHA2DS2-
VASc Congestive heart failure, Hypertension,
Age C 75 years (2 points), Diabetes mellitus, Stroke or
transient ischemic attack (2 points), Vascular disease, Age
65–74 years, Sex category (female), CHADS2 Congestive
heart failure, Hypertension, Age C 75 years, Diabetes
mellitus, Stroke or transient ischemic attack (2 points),
CNS central nervous system, CrCl creatinine clearance,
HAS-BLED Hypertension, Abnormal renal/liver function,
Stroke, Bleeding history or predisposition, Labile interna-
tional normalized ratio, Elderly, Drugs/alcohol concomi-
tantly, MI myocardial infarction, RAS renin–angiotensin
system, SD standard deviation, SE systemic embolism, TIA
transient ischemic attack
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The mean duration of rivaroxaban treatment
in XaMINA was 301.4 ± 123.6 days. A total of
735 (67.2%) patients in the safety analysis
population persisted with rivaroxaban for the
full 12-month observation period, with 359

(32.8%) patients discontinuing during the same
period.

There were 84 patients (7.7%) who changed
their dose of rivaroxaban during the study; 74
(6.8%) of these changed their dose once, while
10 (0.9%) changed their dose either two or three
times. There were 24 (2.2%) patients who
increased their dose once, but there were no
further dose increases in any of these patients.
Conversely, 66 (6.0%) patients decreased their
dose once, and an additional 2 (0.2%) decreased
their dose either two or three times. Treatment
interruption occurred 120 times throughout the
observation period, with 108 (9.9%) patients
interrupting therapy at least once. The main
reasons for a change in rivaroxaban dose or a
treatment interruption were AEs (n = 44, 4.0%)
and ‘other’ (n = 44, 4.0%). Other reasons were
invasive procedures/surgeries (n = 18, 1.6%),
subject choice (n = 17, 1.6%), supply issues due
to health system (n = 5, 0.5%), insufficient
therapeutic effect (n = 2, 0.2%), and dentistry
(n = 4, 0.4%).

Secondary Outcomes in Patient Subgroups
Secondary outcomes that occurred in selected
patient subgroups are detailed in the Supple-
mentary Material Table S5. Incidence rates of
non-major bleeding were similar in patients
receiving different doses of rivaroxaban and
higher in patients with normal CrCl than in
those with renal impairment, but this should be
interpreted with caution because of the small
number of patients with non-major bleeding
and renal impairment. There were too few
symptomatic thromboembolic events to deter-
mine if the incidence rates increased according
to CHADS2 and CHA2DS2-VASc scores.

TEAEs occurred more frequently in patients
receiving rivaroxaban 10 mg od than either
rivaroxaban 15 mg od or rivaroxaban 20 mg od.
However, similar proportions of AEs were con-
sidered to be drug related across all rivaroxaban
doses. A similar trend was seen for SAEs,
although these were more often considered
drug related in patients who received the
rivaroxaban 10 mg od dose.

Fig. 2 Cumulative rates (Kaplan–Meier plot) of a major
bleeding events (primary outcome), b symptomatic throm-
boembolic events, and c all-cause death
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DISCUSSION

XaMINA is the first prospective real-world study
of treatment-naı̈ve patients with NVAF from

South Korea and Taiwan receiving rivaroxaban
for the prevention of stroke/SE. The results of
XaMINA indicate that rivaroxaban had a reas-
suringly low incidence of bleeding events in this
population.

Table 2 Primary and secondary outcomes

Rivaroxaban (n5 1094)

Incidence
proportion,
n (%)

Incidence rate,
events per 100 patient-years
(95% CI)

Primary outcome

Major bleeding 20 (1.83) 2.1 (1.4–3.3)

Fatal 1 (0.09) 0.1 (0.01–0.7)

Hemoglobin decrease C 2 g/dl 10 (0.91) 1.1 (0.6–2.0)

Transfusion of C 2 units of packed red blood cells/whole blood 10 (0.91) 1.1 (0.6–2.0)

Bleeding events at critical sites 4 (0.37) 0.4 (0.2–1.1)

Secondary outcomes

Non-major bleeding events 102 (9.3) 11.4 (9.4–13.8)

Thromboembolic events (stroke, SE, TIA, and MI) 9 (0.8) 0.9 (0.5–1.8)

Stroke/SE 5 (0.5) 0.5 (0.2–1.3)

Stroke 5 (0.5) 0.5 (0.2–1.3)

Primary hemorrhagic 1 (0.1) –

Primary ischemic 3 (0.3) –

Hemorrhagic transformation 0 –

No hemorrhagic transformation 2 (0.2) –

Unknown 1 (0.1) –

Missing 2 (0.2) –

SE 0 0

TIA 1 (0.1) 0.1 (0.01–0.7)

MI 3 (0.3) 0.3 (0.1–1.0)

All-cause death 8 (0.7) 0.8 (0.4–1.7)

TEAEs 502 (45.9) –

SAEs 150 (13.7) –

Rivaroxaban persistence at 1 year 735 (67.2) –

CI confidence interval, MI myocardial infarction, SAE serious adverse event, SE systemic embolism, TEAE treatment-
emergent adverse event, TIA transient ischemic attack
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The findings of this study complement the
results of the previously published XANTUS
[11], XANAP [31], and XAPASS [34] real-world
studies, which explored the safety of rivaroxa-
ban in global, East Asian, and Japanese popu-
lations, respectively. Only a proportion of
patients in these previous studies were treat-
ment naı̈ve. The findings from XaMINA also
complement clinical trial results from the
ROCKET AF [5, 30, 42] and J-ROCKET AF [29]
studies, which investigated the efficacy and
safety of rivaroxaban for the prevention of
stroke/SE in patients with AF in global and
Japanese populations, respectively.

Baseline characteristics in XaMINA were
generally consistent with those from the East
Asian and Japanese populations studied in
XANAP and XAPASS, respectively [31, 34], and
also with the non-Asian population studied in
XANTUS (Table 3) [11]. An expected, but nota-
ble, exception to this is the proportion of
patients in each study who had a prior stroke,
non-CNS SE, or TIA, which was much lower in
XaMINA (4.3%) than in XANAP (32.8%) [31],
XAPASS (23.4%) [34], or XANTUS (19.0%) [11].
This difference is also reflected in the baseline
CHADS2 and CHA2DS2-VASc scores seen in each
study (Table 3) [11, 31, 34]. These differences
are likely related to the fact that patients in
XaMINA were treatment naı̈ve, because those
patients who have already had a prior throm-
boembolic event would be more likely to be
receiving anticoagulant treatment. In addition,
there was a relatively high proportion of
patients in XaMINA for whom it was their first
diagnosis of AF (33.5% compared with 22.2% in
XANAP, none reported in XAPASS, and 18.5%
in XANTUS). This means there may have been
less time for an event to occur in XaMINA than
in the other studies.

XaMINA showed a similar incidence of
major bleeding to previous studies, with inci-
dence rates of 2.1 per 100 patient-years in
XANTUS [11], 1.5 per 100 patient-years in
XANAP [31], and 1.8 per 100 patient-years in
XAPASS [34]. However, there were very few fatal
bleeding events in all the studies, with inci-
dence rates of 0.1 per 100 patient-years in
XaMINA, and 0.2 per 100 patient-years in
XANAP, XANTUS, and XAPASS [11, 31, 34].

Major bleeding events in critical organs occur-
red less frequently in XaMINA (0.4 per 100
patient-years) than in XANAP and XAPASS (0.8
per 100 patient-years in each case) [31, 34] or
XANTUS (0.7 per 100 patient-years) [11], while
those associated with a fall in hemoglobin
of C 2/dl or a requirement for transfusion
of C 2 g/dl of packed red blood or whole blood
were slightly higher in XaMINA when com-
pared with XANAP [31] and XAPASS [34]
(although similar to XANTUS [11]) (Table 3).
The reasons for these differences in bleeding
rates are unknown, and it is challenging to
ascertain whether such small differences in
incidence rates are significant or have an
underlying cause. These findings are consistent
with analyses of the Korean and Taiwanese
National Health Insurance databases, which
also showed that rivaroxaban is associated with
low incidence rates of major bleeding in these
populations [16, 17, 20].

It is also of note that incidence rates of major
bleeding in XaMINA, XANAP, XANTUS, and
XAPASS were lower than those seen in the
ROCKET AF trial (3.6 per 100 patient-years) [5],
the East Asian subanalysis of ROCKET AF (3.4
per 100 patient-years) [30], and the J-ROCKET
AF clinical trial (3.0 per 100 patient-years) [29].
This likely reflects the fact that patients inclu-
ded in ROCKET AF had higher baseline HAS-
BLED scores than in the real-world studies
(Table 3).

Although major bleeding occurred in too few
patients for a formal comparison, it is
notable that the incidence rate of major bleed-
ing events in XaMINA was higher in patients
who received rivaroxaban 10 mg od (8.6 per 100
patient-years) than in those who received
rivaroxaban 15 mg od (1.2 per 100 patient-
years) or 20 mg od (1.4 per 100 patient-years). A
similar trend towards higher incidence rates of
bleeding associated with lower doses of DOAC
was also seen in XANAP, XAPASS, and XANTUS
[11, 31, 34], and in analyses of data from the
Dresden NOAC Registry for rivaroxaban, dabi-
gatran, and apixaban [43–45]. This finding from
XaMINA lends further support to a previously
proposed explanation that physicians might
tend to prescribe lower doses of DOACs to
patients with a higher risk of bleeding, resulting
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Table 3 Baseline characteristics and major outcomes from ROCKET AF, J-ROCKET AF, ROCKET AF East Asia,
XANTUS, XANAP, XAPASS, and XaMINA [5, 11, 29–31, 34]

ROCKET
AF global
(n5 7131)

J-ROC-
KET AF
(n 5 639)

ROCKET
AF
East Asia
(n5 468)

XANTUS
(n5 6784)

XANAP
(n5 2273)

XAPASS
(n5 9578)

XaMINA
(n5 1094)

Baseline characteristics

Age, years,

mean

73a 71 70 71.5 70.5 73.2 70.1

Weight, kg,

mean

– – 67.3 83 66 61.4 66.7

CrCl\50 ml/

min, %

20.7 22 – 9.4 16.3 23.8 13.9

Congestive

heart

failure, %

63 41 39 19 20 24.8 16.1

Hypertension,

%

90 80 79 75 74 75.0 72.9

Diabetes, % 40 39 38 20 27 22.3 26.8

Prior stroke/

SE/TIA, %

55 64 65 19 33 23.4 4.3

Mean

CHADS2
score

3.5 3.3 3.2 2.0 2.3 2.2 1.6

Mean

CHA2DS2-

VASc score

– – 4.4 3.4 3.7 3.4 2.9

Mean HAS-

BLED score

2.8 – 2.9 2.0 2.1 1.5 1.0

Use of

rivaroxaban

15 mg od

dose, %

20.7 – – 21 44 (? 6%

on

10 mg)

– 45 (? 10% on

10 mg; 0.3% on

5 mg; 0.1% on

30 mg)

Major outcomes (events per 100 patient-years)

Major bleeding 3.6 3.0 3.4 2.1 1.5 1.8 2.1

Fatal 0.2 0.1 0.2 0.2 0.2 0.2 0.1
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Table 3 continued

ROCKET
AF global
(n5 7131)

J-ROC-
KET AF
(n5 639)

ROCKET
AF
East Asia
(n5 468)

XANTUS
(n5 6784)

XANAP
(n5 2273)

XAPASS
(n5 9578)

XaMINA
(n5 1094)

In critical organ 0.8 1.5 0.7 0.7 0.8 0.8 0.4

ICH 0.5 0.8b 0.6 0.4 0.7 0.7 0.5

GI 2.0 1.3b – 0.9 0.5 – 0.8

Non-major bleeding 11.8 15.4 17.4 15.4 11.2 6.0 11.4

Stroke/SE 1.7 1.3 2.6 0.8 1.9 1.6 0.5

Stroke 1.7 1.6b 2.6 0.7 1.7 1.6 0.5

Ischemic 1.3 1.1b 2.1 0.5b 0.9b 1.1 0.3b

Hemorrhagic 0.3 0.5b 0.5 0.2b 0.4b 0.5 0.1b

SE \0.1 0.2b 0 0.1 0.1 0.1 0

MI 0.9 0.5b 1.0 0.4 0.5 0.1 0.3

Thromboembolism

(stroke, SE, TIA, MI)

– – – 1.8 2.6 1.8c 0.9

All-cause death 1.9 1.1b 2.6 1.9 2.0 2.5 0.8

Hemoglobin drop 2.8 1.5 3 0.9 0.1 0.6 1.1

Transfusions 1.6 0.5 1.2 0.9 0.6 0.2 1.1

All bleeding – – – * 17.5 * 12.7 7.6 13.5

Major bleeding ?

clinically relevant

non-major bleeding

15 18 21 – – – –

Unknown type of

stroke

0.1 0 0.1 0 0.2b – 0.2b

AE 81b – – 40b 50.3 – 45.9

SAE – 24b 23.2b 18b 15.6 – 13.7b

1-year persistence – – – 80 66 66 67.2b

AE adverse event, CHA2DS2-VASc Congestive heart failure, Hypertension, Age C 75 years (2 points), Diabetes mellitus,
Stroke or transient ischemic attack (2 points), Vascular disease, Age 65–74, Sex category (female), CHADS2 Congestive
heart failure, Hypertension, Age C 75 years, Diabetes mellitus, Stroke or transient ischemic attack (2 points), CNS central
nervous system, CrCl creatinine clearance, GI gastrointestinal, HAS-BLED Hypertension, Abnormal renal/liver function,
Stroke, Bleeding history or predisposition, Labile international normalized ratio, Elderly, Drugs/alcohol concomitantly, ICH
intracranial hemorrhage, MI myocardial infarction, od once daily, SAE serious adverse event, SE systemic embolism, TIA
transient ischemic attack
aMedian age
bIncidence proportion
cStroke, non-CNS SE, and MI
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in an association between these lower doses and
higher incidence rates of bleeding events
[43–45]. Unfortunately, patients receiving lower
than recommended doses of DOACs may have
inadequate protection against stroke, while
remaining at risk of bleeding as a result of their
clinical characteristics [46–48]. This scenario
may have been the case in XaMINA.

The incidence rates of bleeding events,
treatment-emergent symptomatic thromboem-
bolic events, and AEs in XaMINA were either
lower or comparable with those seen in the
XANAP, XAPASS, and XANTUS studies
[11, 31, 34]. While the incidence rates of major
bleeding events were broadly consistent
between XaMINA, XAPASS, and XANTUS, they
were somewhat lower in XANAP (Table 3)
[11, 31, 34]. Incidence rates of non-major
bleeding events in XaMINA were consistent
with those reported in the other studies
[5, 11, 29–31, 34].

The incidence rate of thromboembolism in
XaMINA was lower than that seen in XANAP,
XAPASS, and XANTUS, as were rates of stroke
and SE (Table 3) [11, 31, 34]. Again, this may
reflect the lower baseline CHADS2 and
CHA2DS2-VASc scores seen in XaMINA com-
pared with the other studies, and the fact that,
as previously mentioned, more patients in
XaMINA were treatment naı̈ve, had not had a
prior stroke, and were presenting with their first
diagnosis of AF. However, this lower rate of
thromboembolism is still of interest given the
higher stroke risk previously reported in Asian
versus non-Asian patients. Similarly, at 0.8 per
100 patient-years, the mortality rate in XaMINA
was lower than that seen in other real-world
studies (rates were 2.0, 1.9, and 2.5 per 100
patient-years in XANAP, XANTUS, and XAPASS,
respectively [11, 31, 34]). Notably, the majority
of these deaths in XaMINA were the result of
infectious diseases or unknown causes, with
only two due to thromboembolic events.

AEs occurred in 46% of patients in XaMINA,
and SAEs occurred in 14%, which is comparable
with both XANAP and XANTUS (Table 3)
[11, 31]. Only a small proportion of these events
were related to rivaroxaban treatment. One-year
treatment persistence in XaMINA was similar to
that in XANAP and XAPASS [31, 34], but

slightly lower than in XANTUS [11]. The most
frequent reason for a change or interruption in
treatment was due to AEs, accounting for 4% of
treatment interruptions. A similar trend was
also seen with the mean treatment durations,
which were comparable across the Asian
XaMINA, XANAP, and XAPASS studies [31, 34],
but longer in the global XANTUS study (Table 3)
[11]. This may indicate that measures to
encourage further follow-up might be war-
ranted in Asian countries.

Although no other prospective studies
assessing the efficacy and safety of DOACs in
anticoagulation-naı̈ve Asian patients have been
published to date, several retrospective studies
have been published based on the Korean
National Health Insurance database
[15, 20, 49, 50]. The results from XaMINA
broadly align with findings from these studies.
The incidence rate per 100 patient-years for
major bleeding events varied between 2.07 and
2.79 for patients receiving rivaroxaban, 1.67
and 2.05 for patients receiving dabigatran, 1.62
and 1.85 for patients receiving apixaban, and
1.65 and 2.45 for patients receiving edoxaban
[20, 49, 50].

Data on CrCl were missing for 22.8% of
patients in XaMINA, meaning that it was not
always possible to determine whether patients
received rivaroxaban doses based upon their
renal function, as per the local label. Even in
patients with known CrCl, further analyses
would be required to determine if patients
received local label-recommended doses
according to renal function, because the label-
recommended doses of rivaroxaban differed
between South Korea [9] and Taiwan [10]. A
large proportion of patients also had missing
CrCl data in XANAP (48.5%) and XANTUS
(34.4%) [11, 31]. In XANTUS, as in XaMINA,
event rates in patients with missing CrCl data
were very low [11, 27, 31]. Therefore, it was
suggested that physicians might not have con-
sidered renal function testing necessary in these
patients, or that renal function was assessed
without being documented [11, 31]. This may
have also been the case in XaMINA.
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Limitations and Strengths

Limitations
XaMINA had a single-arm, open-label study
design, which may have introduced bias as a
result of patient and physician knowledge of
treatment. This single-arm design was used
because comparison with a VKA would not have
reflected clinical practice, and comparison to
another DOAC would have introduced alterna-
tive bias. Additionally, due to the non-inter-
ventional nature of the study, interference with
patient management was not allowed, which
may have resulted in missing data. For example,
the fact that a large number of patients did not
have a CrCl value recorded limits the interpre-
tation of findings based upon subgroup analysis
of renal function. Patient follow-up was based
upon routine care, meaning that follow-up time
may have differed among physicians. The
planned sample size was 1200 patients and,
although 1216 patients were enrolled, the
number of patients valid for determination of
safety outcomes was 1094; although fewer than
anticipated, this number remained adequate to
achieve the aim of the study.

Strengths
As a prospective, non-interventional study, the
results of XaMINA reflect the use of rivaroxaban
in treatment-naı̈ve patients in a real-world,
clinical setting. Steps were also taken to limit
the potential for bias as much as possible. To
reduce selection bias, physicians were asked to
document consecutive patients who received
rivaroxaban, and eligible patients were enrolled
consecutively. Data verification was also per-
formed in at least 5% of study centers to reduce
reporting bias.

CONCLUSIONS

Results from the real-world XaMINA study of
patients with NVAF from Taiwan and South
Korea who were naı̈ve to anticoagulation, and
initiated on rivaroxaban for the prevention of
stroke/SE, showed that rivaroxaban was associ-
ated with low incidence rates of the primary
outcome of major bleeding events. Similar

results were seen for secondary outcomes,
including thromboembolic events and mortal-
ity, and treatment persistence was similar to
that seen in previous studies. These findings
were consistent with the similar real-world
XANAP, XAPASS, and XANTUS studies, which
studied similar outcomes across a variety of
global populations.
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