o ~NoYul AW N

A DA DDA DN WWWWWWWWWWNRDNDMNPDNODNDNDNOPNDNODNN 22 3 22 a2 3 A A
A WN 2 OCOVUONOULA, WN 2000 NOULTA, WN 2 O000OoONOULED~, WD - O

Apixaban outcomes in AF patients with single dose-reduction criterion:
ASPIRE 1-year results

Short title: Clinical outcomes of ASPIRE study

So-Ryoung Lee, MD, Pth’zTI, JungMin Choi, MD”, Soonil Kwon, MD', Hyo-Jeong Ahn, MDI,
Kyung-Yeon Lee, MD', Jong-Il Choi, MD, PhD, MHS, MS®, Sung Ho Lee, MD, PhD", Jung Ho
Heo, MD, PhD’, 1I-Young Oh, MD, PhD®, Young Keun On, MD, PhD’, Hee Tae Yu, MD, PhD®,
Kwang-No Lee, MD, PhD’, Nam-Ho Kim, MD, PhD'’, Hyung Wook Park, MD, PhD'"*'"?, Ki
Hong Lee, MD, PhDH’lz, Seung Yong Shin, MD, PhDB, Hyoung-Seob Park, MDM, Seongwook
Han, MD, PhD", Seil Oh, MD, PhD ', Gregory Y. H. Lip, MD*'*"", Jong-Sung Park, MD,
Pthg, Eue-Keun Choi, MD, PhD'* “on behalf of the ASPIRE investigators

'Department of Internal Medicine, Seoul National University Hospital, Seoul, Republic:ofKorea
*Department of Internal Medicine, Seoul National University College of Medicine,” Seoul,
Republic of Korea

*Department of Internal Medicine, Division of Cardiology, Korea University College of
Medicine and Korea University Anam Hospital, Seoul, Republic of Korea

*Division of Cardiology, Department of Internal Medicine, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea

*Department of Internal Medicine, Kosin University Gospel HospitalyBusan, Republic of Korea
Department of Internal Medicine, Seoul National University, Bundang Hospital, Gyeonggi,
Republic of Korea

"Department of Cardiology, Heart Vascular Stroke Institute, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul; Republic of Korea

*Department of Internal Medicine, Severance (Cardiovascular Hospital, Yonsei University
College of Medicine, Seoul, Republic of Korea

Department of Cardiology, Ajou University<Schoel of Medicine, Suwon, Republic of Korea
""Department of Internal Medicine, Wonkwang\University Hospital, Iksan, Republic of Korea
11Departrnent of Internal Medicine, Chonnam National University Hospital, Gwangju, Republic
of Korea

Department of Cardiovascular medicine, Chonnam National University Medical School,
Gwangju, Korea

PCardiovascular & Arrhythmia center, Chung-Ang University Hospital, Seoul, Republic of
Korea

“Division of Cardiolegy, \Department of Internal Medicine, Keimyung University Dongsan
Hospital, Daegu, Republie’of Korea

Gangsim Heart Clinic, Daegu, Republic of Korea

"Liverpool .Center for Cardiovascular Science at University of Liverpool, Liverpool John
Moores Uniyersity and Liverpool Chest and Heart Hospital, Liverpool, United Kingdom
""Department'of Clinical Medicine, Aalborg University, Aalborg, Denmark

"Depattment of Cardiology, Dong-A University Hospital, Busan, Republic of Korea

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq

© The Author(s) 2025. Published by Oxford University Press on behalf of the European Society of Cardiology. This is an Open Access
article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



O W 00 N ooul b~ wnN =

- A a4 A
(o T © 1 B N O A

"These authors have contributed equally to this work and share the first authorship

*First-First author

*A complete list of the ASPIRE investigators is provided in the Supplemental Material
(Supplemental Table 1).

Address for correspondence

Eue-Keun Choi, MD, PhD

Professor of Internal Medicine, Seoul National University College of Medicine and Seoul
National University Hospital,

101 Daehak-ro, Jongno-gu, Seoul 03080, Republic of Korea. Email: choiek17@snu.ac.kr

Or

Jong-Sung Park, MD, PhD

Department of Cardiology, Dong-A University Hospital,
26, Daesingongwon-ro, Seo-gu, Busan, Republic of Korea. Email: thinkmed@dauw.ac.kr

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



10

11

12

13

14

15

16

17

18

19

20

21

22

Abstract

Aims: This study, using a prospective cohort, evaluated the effectiveness and safety of off-label
reduced-dose apixaban versus the on-label dose in atrial fibrillation (AF) patients meeting a

single dose reduction criterion.

Methods and results: The efficAcy and Safety of aPixaban In Real-world practice in Korean
frail patients with AF (ASPIRE) study is a multicenter, prospective observational cohort
involving AF patients who met a single dose reduction criterion of apixaban. Patients were
divided into two groups: on-label standard dose (5 mg twice daily) and off-label reduced dose
(2.5 mg twice daily). The primary effectiveness outcome was stroke/systemic.embolism (SSE),
and the primary safety outcome was major bleeding. Of 1,944 patients<(mean age 74.3 + 7.9
years, 56% women), 997 (51%) were receiving off-label reduced\dose apixaban. The off-label
reduced dose group was older, had more comorbidities, higher"concomitant antiplatelet use, and
higher CHA,;DS,-VASc and HAS-BLED scores,~During follow-up (1.0 = 0.2 year), crude
incidence rates were 0.9 vs. 0.7 per 100 personh-years for SSE and 0.5 vs. 1.0 for major bleeding
in the on-label vs. off-label groups. After inverse probability of treatment weighting, the off-label
reduced dose group showed no significant differences in the risk of SSE (HR 0.67, 95% CI 0.28-
1.59, p=0.370) and major bleeding (HR 1.38, 95% CI 0.44-4.35, p=0.578) compared to the on-

label standard dose group.

Conclusion: In‘Kotean patients with AF meeting a single dose reduction criterion of apixaban,
off-label réduced-dose apixaban showed no significant differences in SSE and major bleeding
compared to the on-label standard dose. These findings suggest that individualized

anticoagulation strategies, such as reduced dose apixaban, may be beneficial for patients with a
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high risk of bleeding.

Keywords: atrial fibrillation, apixaban, on-label standard dose, off-label reduced dose

Introduction

Oral anticoagulants (OACs), particularly direct oral anticoagulants (DOACs), are recommended
for stroke prevention in atrial fibrillation (AF) patients.(1-3) The primary recommendation for
reducing the dosage of DOAC:s is based on the officially published and approved criteria‘for dose
reduction.(4) In the pivotal ARISTOTLE trial, Apixaban at the standard dose (5mg twice daily)
was compared with warfarin in patients with AF, while a reduced dose of‘apixaban (2.5 mg twice
daily) was reserved for those meeting at least two of the following-criteria: age >80 years, body
weight <60 kg, or serum creatinine >1.5 mg/dL.(5) In the ARISTOTLE trial, a total of 428
patients received apixaban 2.5mg or placebo (4.7% 1n the apixaban group) according to the
above dose reduction criteria. Despite guidelines advising against reducing DOAC doses solely
due to bleeding concerns, off-label underdosing’is common in clinical practice.(6-8) Several
retrospective studies have suggested.that off<label reduced dose DOACs may increase the risk of
stroke and/or mortality withoutreducing bleeding risk.(6, 9, 10) Notably, for apixaban, such off-
label underdosing has been ‘associated with up to a fivefold increase in stroke risk compared to

the recommended dose.(9)

In Korean populations, off-label reduced dose apixaban has been associated with increased
stroke fisk.compared to the on-label standard dose.(8, 11) Nevertheless, among patients meeting
ohly one of the aforementioned criteria, there was no significant difference in the risk of

ischemic stroke and major bleeding between those receiving the on-label standard dose and those
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receiving an off-label reduced dose apixaban.(11) However, there is limited prospective data on
the clinical impact of off-label reduced dose apixaban in patients at high risk for bleeding who

meet the single dose reduction criterion.

This study assessed the effectiveness and safety of off-label reduced dose apixaban compared to
the on-label dose apixaban in AF patients, meeting the single dose reduction criterion for

apixaban in a prospective, multicenter, non-interventional cohort.

Methods

A more detailed description of the methods is presented in the Supplemental’Methods section.
The ASPIRE (Efficacy and Safety of Apixaban in Real-world Praeticein Korean Frail Patients
with Atrial Fibrillation) study was a prospective, multicenter, \non-interventional observational
investigation encompassing all geographic areas within South Korea across 32 participating
centers. The study protocol was approved by eachicenter's ethics committee and adhered to the
principles of the Declaration of Helsinki (H-2108-110-1245). It was registered on

ClinicalTrials.gov (NCT05773222), and informed consent was obtained from all participants.

Study population and design

Participants aged 19 years or older with non-valvular AF, who were prescribed apixaban and met
the single dose: reduction criterion, were screened. The criteria for apixaban dose reduction
included: (@) age 80 years or older, (ii) body weight 60 kg or less, and (iii) serum creatinine level
1.5 mg/dL or higher.(5) Exclusion criteria comprised: (i) vulnerability (as defined by Korean

Good~Clinical Practice) or disagreement with the study, (ii) patients who experienced clinical
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events, as outlined in the primary and secondary outcomes of the study, prior to enrollment while
on apixaban, and (iii) meeting two or more dose reduction criteria for apixaban. The choice of
apixaban dosage—5 mg twice daily (standard dose) or 2.5 mg twice daily (reduced dose)—was

at the discretion of the treating physicians.

Covariates

Demographic data, anthropometric measurements, blood pressure, and heart rate were recotded.
Baseline variables included comorbidities such as hypertension, diabetes mellitus, heart failure,
history of stroke/transient ischemic attack (TIA), bleeding, chronic kidney disease (CKD), liver
disease, and malignancy. Laboratory findings encompassed complete blood count, coagulation
parameters, and renal function tests. CHA,;DS,-VASc and HAS-BEED=scores were calculated
using participants’ comorbidities and laboratory data.(12) AF diagnosis included type, European
Heart rhythm association (EHRA) symptom classification, ‘and' rhythm control status. Baseline
pharmacological treatment data and anemia status were also documented. All available data for

each analysis was used without excluding entire'cases:

Follow-up and outcomes

The study was prospectively followed up to 12 months after enrollment, with recommended data
collection every 3 months.\The primary effectiveness outcome was the first stroke/systemic
embolism (SSE) during'folow-up. Secondary effectiveness outcomes included TIA, myocardial
infarction, cardiovaseular death, all-cause death, and a composite of thromboembolic events
(SSE, TIA, and’'myocardial infarction). The primary safety outcome was the first major bleeding
(the Imternational Society on Thrombosis and Haemostasis [ISTH] criteria), with secondary

safety outcomes including a composite of major bleeding and clinically relevant non-major
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bleeding [CRNMB], and a composite of major bleeding, CRNMB, and minor bleeding
events.(13) Apixaban dosing status, dose changes, and 12-month laboratory tests were monitored

during follow-up.

Statistical methods

Regarding baseline characteristics, continuous variables are expressed as mean # standard
deviation, while categorical variables are presented as numbers and percentages. Group
comparisons were conducted using various statistical tests including the Mann-Whitaey U, ‘chi-

square, Analysis of Variance, and Fisher’s exact tests.

Incidence rates (IRs) were calculated as the number of events per 400 person-years (PY).
Survival analysis using the Kaplan-Meier method (log-rank test) and*Cox proportional hazards
regression assessed the risks of primary and secondary outcomes between the off-label low-dose
and on-label standard-dose apixaban groups (reference). 'Hazard ratios (HRs) with 95%
confidence intervals (ClIs) were calculated with stepwise adjustments: unadjusted, adjusted for
age, sex, comorbidities, concomitant antiplatelet'use and anemia. Furthermore, to compare the
clinical outcomes between the tweo ‘groups after balancing the differences of baseline
characteristics of the two groups, we performed an inverse probability of treatment weighting
(IPTW) analysis.(14) Propénsity, scores were generated using logistic regression, with matching
variables including démographics, comorbidities, and medications.(14, 15) Standardized mean
differences <0.X indicated well-balanced groups.(16) Post-matching survival analysis used log-

rank tests and €ox proportional hazards regression models, accounting for calculated weights.(15)

Statistical significance was defined as p< 0.05. All statistical analyses were conducted utilizing

SPSS version 25 (IBM Corp., Armonk, NY, USA).

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



10

11

12

13

14

15

16

17

18

19

20

21

Subgroup analysis

Subgroup analyses for SSE, death from any cause, and major bleeding compared on-label
standard dose to off-label reduced dose apixaban across age categories, body weight, serum
creatinine levels, CHA;DS,-VASc score, HAS-BLED score, and CKD Epidemiology
Collaboration equation estimate glomerular filtrate rate (EPI eGFR). These analyses used a

multivariable Cox proportional hazards regression model with adjustments.

Results

Figure 1 depicts the study flow. From March 2020 to September 2022, total2006 patients were
enrolled. After exclusions due to protocol violations, consent withdrawal, and loss to follow-up,
1944 patients were included in the analysis. Enrollment critetiaywere: 29.7% aged >80 years,
62.4% weighing <60 kg, and 7.9% with serum creatinine >1.5 mg/dL. Of the cohort, 48.7%
received on-label standard dose apixaban (5 mg twice daily), while 51.3% received off-label

reduced dose (2.5 mg twice daily) (Figure.l).

Baseline characteristics

Baseline characteristics of the. on-label standard dose apixaban and off-label reduced dose
apixaban groups are presented in Table 1. In comparison to the on-label standard dose group, the
off-label reduced dose’group exhibited older age and higher mean CHA,DS,-VASc and HAS-
BLED scores.~They had higher prevalence of hypertension, heart failure, prior stroke/TIA, prior
bleeding, and CKD. This group was also more likely to receive concomitant antiplatelet therapy.

Laboratory results showed greater prevalence of anemia and CKD stage 3a or greater with renal
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function impairment in the off-label reduced dose group. No significant differences were
observed in sex distribution or mean weight between groups. The standardized mean difference
plot before and after IPTW are presented in Supplemental Figure 1. After IPTW, baseline
characteristics of the two groups were well-balanced (standardized mean differences <0.1)

(Supplemental Table 2).

Primary and secondary outcomes

The crude IRs, unadjusted, adjusted, and weighted HRs, and Kaplan-Meier curves with log-rank
p-values of weighted IPTW population are presented in Table 2, Supplemental Table 3, and
Figure 2. During a mean follow-up period of 1.0 + 0.2 years, the on-label standard dose group
experienced 8 SSE events compared to 7 events in the off-label reédueced dose group (IR 0.9
versus 0.7 per 100 PY). Major bleeding events were observed in 5 patients in the on-label
standard dose group and 10 patients in the off-label reduced dose group (IR 0.5 versus 1.0 per
100 PY). Kaplan-Meier curve of weighted IPTW population showed no statistically significant
difference for both safety and effectiveness eutcomes between the two dosage groups (all log-
rank p >0.05). Post-matching Cox proportional hazards regression models with weights the oft-
label reduced dose group demonstrated’a comparable risk for SSE relative to the on-label
standard dose group (HR 0.67;95% CI 0.28-1.59, p=0.370). Regarding secondary effectiveness
outcomes, no significant differences were observed between the two groups after multivariable
adjustment. Post-matehing Cox proportional hazards regression models with weights revealed no
significant difference in the risk for major bleeding between off-label reduced dose groups and
the on-labely standard dose group (HR 1.38, 95% CI 0.44-4.35, p=0.578). For the secondary

safety_outcomes, no statistically significant differences were detected between the two groups
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Subgroup analysis

Subgroup analyses were conducted for predefined subgroups (Supplemental Table 4). No

significant interactions were observed in subgroup analyses.

Discussion

The key findings of this study are: (i) Patients at high risk for_bleeding (older age, higher
comorbidity burden, worse renal function) were more likely towreceive off-label reduced-dose
apixaban; and (ii) Off-label reduced-dose apixaban™ showed no significant differences in
effectiveness or safety compared to standard-dose, apixaban after multivariable adjustment and
IPTW. This study is the first prospective analysis to evaluate the safety and effectiveness of off-
label reduced-dose apixaban in patients meeting a single dose reduction criterion.

Off-label reduced dose prescriptionin Asian patients with AF has been frequently observed
across several studies.(7,9; 17) However, patient characteristics associated with this practice
vary by region. In Taiwany off-label underdosing was more common among younger patients
with fewer comorbidities.(9) Conversely, the Korean COmparison study of Drugs for symptom
control and‘complication prEvention of AF (CODE-AF) registry, found that off-label reduced
dosing oeeurred in more than one-third of the population, particularly among older patients with

lower body weight and reduced renal function.(7)

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Our previous analysis of the ASPIRE cohort detailed baseline characteristics and factors linked
to off-label reduced dosing(18) Patients at high risk for bleeding, especially those nearing a
second dose reduction criterion, were more likely to receive reduced doses, while those with
prior strokes were more often prescribed standard doses per labelling.(18) These findings
highlight the complexity of DOAC dosing in clinical practice. While established criteria provide
a foundation for dosing decisions, our results indicate that clinicians often consider a broader
range of patient characteristics when prescribing apixaban. This practice reflects ‘the
heterogeneity of the patient population and the need for individualized approaches to
anticoagulation therapy.

In this study, the outcomes between the on-label standard dose group and off-label reduced dose
groups did not show any statistically significant differences when ‘considering the baseline
differences between the groups. The trend was similar to the, previous study using Korean
nationwide claims database, which showed higher risk“of\ischaemic stroke, all-cause death, and
composite clinical outcomes but comparable risk _of major bleeding in the off-label reduced
apixaban dose group who already satisfied single dose reduction criteria.(11) Additionally, when
comparing all four DOACs, underdosed ‘patients did not show significant difference in clinical
outcomes from the labeled use group whereas overdosed patients showed worse clinical
outcomes in Asian AF patients.(19) In a meta-analysis on rivaroxaban dosing, J-ROCKET AF
criteria of reduction showed comparable safety and effectiveness among Asian patients.(20)
These results, while differing from earlier studies reporting increased stroke risk and no major
bleedingreduction in off-label dosing groups (9, 17, 21), suggest that outcomes may vary when
paticntsware assessed based on adherence to dose reduction criteria. This underscores the

importance of examining specific subgroups in off-label dosing studies. This aligns with findings
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from the ENGAGE AF-TIMI 48 trial, where the primary net clinical outcome improved with
lower dosing, while secondary outcomes showed no significant differences between low and
high doses. (22) Considering the net clinical benefit, balancing stroke and bleeding risks may
require a more individualized dosing approach, potentially diverging from standard on-label
recommendations. Our findings further suggest that in patients at high risk for bleeding, lower
doses may provide comparable net clinical benefits with reduced bleeding risks rather than
avoiding oral anticoagulation entirely. Prospective registry data also indicate no significant
differences in clinical outcomes between on-label and off-label dosing.

The ARISTOTLE trial established apixaban's official dosing protocol, using a 'standard dose of 5
mg twice daily and a reduced dose of 2.5 mg twice daily for patients meeting at least two
specific criteria, which demonstrated superior stroke prevention and reduced bleeding compared
to warfarin.(5) In the ARISTOTLE trial, patients with single dose réduction criterion accounted
for 22.8% of the total study population. These patients generally had a higher risk of bleeding
and thromboembolic events compared to those with no.dose reduction criteria. However, even in
this subgroup, apixaban 5 mg twice daily demonstrated similar benefits to the main ARISTOTLE
results, showing superiority over warfarin in reducing stroke, major bleeding, and intracranial
hemorrhage.(23) In the ARISTOTLE trial, patients in this subgroup were not included in the 2.5
mg twice daily regimen, making)it impossible to infer its clinical outcomes. Unlike ARISTOTLE,
our study evaluated the, clinical outcomes of patients meeting a single dose reduction criterion
who were prescribed either apixaban 5 mg or 2.5 mg twice daily at the physician’s discretion.
Our findings,indicate no significant difference in ischemic or bleeding outcomes compared to the
on-labeldoese in these single dose reduction criterion patients, suggesting that some individuals

may_ tolerate a lower dose without compromising efficacy or safety. Although this study is not a
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randomized controlled trial and cannot conclusively recommend dose reduction for patients
meeting the single dose reduction criterion, it highlights the need for individualized assessment
in specific populations without overriding existing guidelines.

Monitoring NOAC plasma concentrations may help determine appropriate individualized dosing
strategies for patients at high risk for bleeding. While oft-label reduced doses typically result in
lower plasma concentrations, the relationship between drug levels and clinical outcomes /s
complex.(24, 25) The ENGAGE AF-TIMI 48 trial showed that Asian patients, often with, lower
body weight, had reduced edoxaban concentrations and anti-factor Xa activity/butta higher
bleeding risk.(25) Another study found that some patients on off-label underdosed apixaban or
rivaroxaban still achieved acceptable peak plasma concentrations.(26) These findings highlight
the intricate relationship between drug levels and therapeutic outcomes, supporting the need for

individualized DOAC dosing, potentially with pharmacokinetic\monitoring.

Limitations

This study has certain limitations that should be acknowledged. First, our study was conducted at
a single tertiary medical center in Korea with a predominantly Asian patient population, which
may limit the generalizability of 'our findings to other racial or ethnic groups and different
healthcare systems. Previous,research has shown that there can be racial differences in both
stroke and bleeding outcomes, highlighting the need for caution when extrapolating these results
to more diverse or.non-Asian populations. (27, 28) Second, the relatively short mean follow-up
period /may net fully capture long-term outcomes or rare events in this chronic condition,
limiting the generalizability of the findings to long-term anticoagulation management. To address

this’ limitation, we are planning an extended cohort analysis with a longer follow-up duration,
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providing more comprehensive insights into the long-term effectiveness and safety of different
apixaban dosing strategies. Third, despite the use of IPTW and multivariable adjustments,
unmeasured confounders may still influence the results due to the study's observational design.
Our dataset did not capture the duration of apixaban use prior to enrollment, including potential
dose adjustments made for clinical reasons before study initiation. Additionally, changes in
apixaban dose or other medications, including antiplatelet therapy during follow-up, may have
also impacted the findings. Such data were not collected or included in this study and, thérefore,
could not be adjusted for. This should be considered when interpreting the results. Fourth, the
small number of events, particularly for primary outcomes, may have reduced~the statistical
power to detect significant differences. During the follow-up period, we-6bserved only 15 SSE (8
in the on-label group and 7 in the off-label group) and 15 major bleeding events (5 in the on-
label group and 10 in the off-label group). The confidence intervals in our results suggest some
degree of uncertainty, which is not uncommon in studi€s'with’a limited number of events. Fifth,
data on patient adherence to the prescribed apixaban regimen was unavailable, potentially
affecting the interpretation of effectiveness-and safety outcomes. Sixth, the findings are specific
to apixaban and may not be generalizable, to’ other direct oral anticoagulants. Lastly, the lack of
pharmacokinetic data limits the_interpretation of the relationship between dosing, drug levels,

and clinical outcomes.

Conclusion

In this ‘prospective cohort of Korean AF patients meeting a single dose reduction criterion, oft-

label reduced-dose apixaban was not associated with a higher risk of stroke/systemic embolism
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or major bleeding compared to on-label standard dosing. These findings suggest the potential
value of individualized anticoagulation strategies (e.g., reduced dose apixaban), particularly for
patients at high risk for bleeding. Further research, including randomized controlled trials, is
warranted to investigate alternative apixaban dosing strategies for patients at high risk of

bleeding, which may be particularly relevant for East Asian populations.

Funding

This study was supported by grants from the Patient-Centered Clinical Research. Cogrdinating
Center (PACEN) funded by the Ministry of Health & Welfare, Republic of Korea-(grant number:
HC21C0028), by the Korea Medical Device Development Fund grant-funded by the Korea
government (the Ministry of Science and ICT, the Ministry of Trade; Industry and Energy, the
Ministry of Health & Welfare, the Ministry of Food and “Drug Safety) (Project Number:

HI20C1662, 1711138358, KMDF PR 20200901 0173), and Chong Kun Dang.

Disclosures

So-Ryoung Lee: Speaking fees from Bayer, BMS/Pfizer, Biosense Webster, Daiichi-Sankyo,
Sanofi-Aventis, Daewoong Pharmaceutical Co., Samjinpharm, Seers Technology, Biotronik,
Boston Scientific and*Medtronic and is a consultant for Biosense Webster. EKC: Research grants
or speaking ‘fees“from Abbott, Bayer, BMS/Pfizer, Biosense Webster, Chong Kun Dang,
DaewoongyPharmaceutical Co., Daiichi-Sankyo, DeepQure, Dreamtech Co., Ltd., Jeil

Pharmaceutical Co. Ltd, Medtronic, Samjinpharm, Samsung Electronics Co., Ltd., Seers

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



10

11

Technology, and Skylabs.
GYHL: Consultant and speaker for BMS/Pfizer, Boehringer Ingelheim, Anthos and Daiichi-
Sankyo. No fees are received personally. All other authors have reported that they have no

relationships relevant to the contents of this paper to disclose.

Acknowledgements

None.

Data availability statement

The data underlying this article will be shared on reasonable request.to’the corresponding author.

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



Co~NouThhwNn =

VVUTUVTUTUODRADNDNMNDNDNDAMDANDANDRNDNWOWDWWWWWWWWWNRDRNODNPDNPDNDNDDNODNDNODND 222222 a3
AN _,rOVOVONOUTMAWN P OOVOONOOUTMNWN_,POOVOONOOTULIMNWN_,POCOONOULINWN O

References

1. Chao TF, Joung B, Takahashi Y, Lim TW, Choi EK, Chan YH, et al. 2021 Focused Update Consensus
Guidelines of the Asia Pacific Heart Rhythm Society on Stroke Prevention in Atrial Fibrillation: Executive Summary.
Thromb Haemost. 2022;122(1):20-47.

2. Wang Y, Guo Y, Qin M, Fan J, Tang M, Zhang X, et al. 2024 Chinese Expert Consensus Guidelines on the
Diagnosis and Treatment of Atrial Fibrillation in the Elderly, Endorsed by Geriatric Society of Chinese Medical
Association (Cardiovascular Group) and Chinese Society of Geriatric Health Medicine (Cardiovascular Branch):
Executive Summary. Thromb Haemost. 2024;124(10):897-911.

3. Lee SR, Choi EK, Kwon S, Jung JH, Han KD, Cha MJ, et al. Effectiveness and Safety of Direct Oral
Anticoagulants in Relation to Temporal Changes in Their Use. Circ Cardiovasc Qual Outcomes.
2020;13(3):e005894.

4. Steinberg BA, Shrader P, Thomas L, Ansell J, Fonarow GC, Gersh BJ, et al. Off-Label Dosing of Non-
Vitamin K Antagonist Oral Anticoagulants and Adverse Outcomes: The ORBIT-AF II Registry. ] Am Coll Cardiol.
2016;68(24):2597-604.

5. Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, et al. Apixaban versus
warfarin in patients with atrial fibrillation. N Engl J Med. 2011;365(11):981-92.
6. Sandhu A, Kaltenbach LA, Chiswell K, Shimoga V, Ashur C, Pribish A, et al. Off-Label/Dosingjef Direct

Oral Anticoagulants Among Inpatients With Atrial Fibrillation in the United States. Circ Cardiovase Qual' Outcomes.
2023;16(12):e010062.

7. Lee SR, Lee YS, Park JS, Cha MJ, Kim TH, Park J, et al. Label Adherence for Non=Vitamin K Antagonist
Oral Anticoagulants in a Prospective Cohort of Asian Patients with Atrial Fibrillation. Yonsei Med J.
2019;60(3):277-84.

8. Yao X, Shah ND, Sangaralingham LR, Gersh BJ, Noseworthy PA. Non-Vitamin K Antagonist Oral
Anticoagulant Dosing in Patients With Atrial Fibrillation and Renal Dysfunction. J Am Coll Cardiol.
2017;69(23):2779-90.

9. Chan YH, Chao TF, Chen SW, Lee HF, Yeh YH, Huang YC, et al. Off-label dosing of non-vitamin K
antagonist oral anticoagulants and clinical outcomes in Asian patients, with atrial fibrillation. Heart Rhythm.
2020;17(12):2102-10.

10. Nielsen PB, Skjeth F, Segaard M, Kjaeldgaard IN, LipGY, Larsen TB. Effectiveness and safety of reduced
dose non-vitamin K antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: propensity
weighted nationwide cohort study. Bmj. 2017;356:j510.

11. Lee SR, Choi EK, Park SH, Jung JH, Han KD, Oh Sy et al. Off-label underdosed apixaban use in Asian
patients with non-valvular atrial fibrillation. Eur Heart J Cardiovasc Pharmacother. 2021;7(5):415-23.

12. Lane DA, Lip GY. Use of the CHA(2)DS(2)-VASc and HAS-BLED scores to aid decision making for
thromboprophylaxis in nonvalvular atrial fibrillation. Circulation. 2012;126(7):860-5.

13. Schulman S, Kearon C. Definition‘of major'bleeding in clinical investigations of antihemostatic medicinal
products in non-surgical patients. J Thromb Haemost. 2005;3(4):692-4.

14. Heinze G, Jiini P. An overview of.the objectives of and the approaches to propensity score analyses. Eur
Heart J. 2011;32(14):1704-8.

15. Austin PC, Stuart EA. Meving towards best practice when using inverse probability of treatment

weighting (IPTW) using the propensity score to estimate causal treatment effects in observational studies. Stat Med.
2015;34(28):3661-79.

16. Zhang Z, Kim HJ, Lonjon G, Zhu Y. Balance diagnostics after propensity score matching. Ann Transl Med.
2019;7(1):16.

17. Lee KN/ChoidJI, Boo KY, Kim DY, Kim YG, Oh SK, et al. Effectiveness and Safety of Off-label Dosing
of Non-vitamin K Antagonist Anticoagulant for Atrial Fibrillation in Asian Patients. Sci Rep. 2020;10(1):1801.

18. Chei JypLee SR, Kwon S, Ahn HJ, Lee KY, Park JS, et al. Clinical characteristics of apixaban prescription
in AF patients'with single dose-reduction criterion: the ASPIRE (efficAcy and safety of aPixaban in rEal-world
practice/in Korean frail patients with atrial fibrillation) study. Front Cardiovasc Med. 2024;11:1367623.

19. YuHT, Yang PS, Jang E, Kim TH, Uhm JS, Kim JY, et al. Label Adherence of Direct Oral Anticoagulants
Dosing and Clinical Outcomes in Patients With Atrial Fibrillation. ] Am Heart Assoc. 2020;9(12):e014177.
20: Chan YH, Chan CY, Chen SW, Chao TF, Lip GYH. Comparisons of effectiveness and safety between on-

label”dosing, off-label underdosing, and off-label overdosing in Asian and non-Asian atrial fibrillation patients

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



CoNoOuTh~ WN =

NN m —m
—_OowVwWoo~NOoOOUTM~hWN O

I\
\)

treated with rivaroxaban: a systematic review and meta-analysis of observational studies. Europace. 2023;25(10).

21. Wu X, Hu L, Liu J, Gu Q. Off-Label Underdosing or Overdosing of Non-vitamin K Antagonist Oral
Anticoagulants in Patients With Atrial Fibrillation: A Meta-Analysis. Front Cardiovasc Med. 2021;8:724301.
22. Steffel J, Ruff CT, Yin O, Braunwald E, Park JG, Murphy SA, et al. Randomized, Double-Blind

Comparison of Half-Dose Versus Full-Dose Edoxaban in 14,014 Patients With Atrial Fibrillation. J Am Coll Cardiol.
2021;77(9):1197-207.

23. Alexander JH, Andersson U, Lopes RD, Hijazi Z, Hohnloser SH, Ezekowitz JA, et al. Apixaban 5 mg
Twice Daily and Clinical Outcomes in Patients With Atrial Fibrillation and Advanced Age, Low Body Weight, or
High Creatinine: A Secondary Analysis of a Randomized Clinical Trial. JAMA Cardiol. 2016;1(6):673-81.

24. Yeo M, Lee SR, Choi EK, Choi J, Lee KY, Ahn HJ, et al. Plasma apixaban concentrations and thrombin
generation assay parameters in response to dose reduction for atrial fibrillation. Br J Clin Pharmacol. 2024.
25. Chao TF, Chen SA, Ruff CT, Hamershock RA, Mercuri MF, Antman EM, et al. Clinical outcomes,

edoxaban concentration, and anti-factor Xa activity of Asian patients with atrial fibrillation compared with non=
Asians in the ENGAGE AF-TIMI 48 trial. Eur Heart J. 2019;40(19):1518-27.

26. Suwa M, Morii I, Kino M. Rivaroxaban or Apixaban for Non-Valvular Atrial Fibrillation - Efficacy. and
Safety of Off-Label Under-Dosing According to Plasma Concentration. Circ J. 2019;83(5):991-9.

217. Kang DS, Yang PS, Kim D, Jang E, Yu HT, Kim TH, et al. Racial Differences in Aschemic and
Hemorrhagic Stroke: An Ecological Epidemiological Study. Thromb Haemost. 2024;124(9):883-92,

28. Kang DS, Yang PS, Kim D, Jang E, Yu HT, Kim TH, et al. Racial Differences in Bleeding ‘Risk: An
Ecological Epidemiological Study Comparing Korea and United Kingdom Subjectsi Thromb Haemost.
2024;124(9):842-51.

GZ0Z yoJe 2z uo sasn Ausianiun bBuy-buny)d Aq G1L#8808/810seAd/dAdlus/ee0L 0L /10p/a1o1e-aoueApe/daolya/woo dno-ojwapeoe//:sdpy woly papeojumoq



Table 1. Baseline characteristics of the whole study population according to apixaban dose.

Apixaban dose

Total On-label Off—label p-
(n=1944) standard dose reduced dose  value
(n=947) (n=997)
Single dose reduction criteria
Age >80 years 578 (29.7%) 242 (25.6%) 336 (33.6%) <0.001
Body weight <60 kg 1213 (62.4%) 654 (69.1%) 559 (62.4%) <0.001
Creatinine >1.5 mg/dL 153 (7.9%) 51 (5.4%) 102 (10.2%) <0.001
Age, years 743+79 725+82 76.0+ 7.1 <0.001
<65 221 (11.4%) 150 (15.8%) 71 (7.1%) <0.001
65-74 669 (34.4%) 397 (41.9%) 272 (27.3%) <0,001
75-79 476 (24.5%) 158 (16.7%) 318 (31.9%) <0.001
Sex (female) 1084 (55.8%) 533 (56.3%) 551 (55.3%) 0:652
Bodyweight (kg) 60.1 £10.0 59.8+£9.7 60.4+10.3 0.073
<50 247 (12.7%) 105 (11.1%) 142 (14.2%) 0.037
51-60 966 (49.7%) 549 (58.0%) 417 (41.8%) <0.001
>60 731 (37.6%) 293 (30.9%) 438.(43°9%) <0.001
CHA:DS:—VASc score 35+14 34+14 3. 74 ¥3 <0.001
>3 1494 (76.9%) 679 (71.7%) 815.(81.7%) <0.001
HAS-BLED score * 1.6 £0.9 1.6+£0.9 1.7+£0.9 0.015
>3 248 (12.8%) 113 (11.9%) 135 (13.5%) 0.209
Comorbidities
Hypertension 1381 (71.0%) 652 (68:8%) 729 (73.1%) 0.038
Diabetes Mellitus 608 (31.3%) 284(30.0%) 324 (32.5%) 0.233
Heart failure 464 (23.9%) 201 (21.2%) 263 (26.4%) 0.008
Prior stroke/TIA 207 (10.6%) 125 (13.2%) 82 (8.2%) <0.001
Prior bleeding 138 (7.1%) 50 (5.3%) 88 (8.8%) 0.002
CKD 213 (11.0%) 64 (6.8%) 149 (14.9%) <0.001
Not on dialysis 173 (8:9%) 54 (5.7%) 119 (11.9%) <0.001
On dialysis 25.(1.3%) 8 (0.8%) 17 (1.7%) 0.092
Previous Kkidney transplantation 14 (0.7%) 2 (0.2%) 12 (1.2%) 0.010
Liver disease 74.(3/8%) 33 (3.5%) 41 (4.1%) 0470
Malignancy 265 (13.6%) 120 (12.7%) 145 (14.5%) 0.229
Antiplatelet use** 125 (6.6%) 44 (4.8%) 81 (8.4%) 0.002
SAPT 105 (5.6%) 36 (1.9%) 69 (3.7%) 0.624
DAPT 7(0.4%) 4(0.2%) 3(0.2%) 0.211
Prior OAC 1444 (74.3%) 707 (74.7%) 737 (73.9%) 0.249
Prior VKA 54 (2.8%) 23 (2.4%) 31 (3.1%) 0.361
Prior DOAC 1390 (71.5%) 684 (72.2%) 706 (70.8%) 0.139
Apixaban 829 (42.6%) 437 (46.1%) 392 (39.3%) 0.001
Dabigatran 99 (5.1%) 51(5.4%) 48 (4.8%) 0.561
Edoxaban 315 (16.2%) 131 (13.8%) 184 (18.5%) 0.005
Rivaroxaban 147 (7.6%) 65 (6.9%) 82 (8.2%) 0.253
Atrial fibrillation type
Not.determined 84 (4.3%) 31(3.3%) 53 (5.3%) 0.027
Paroxysmal 1010 (52.0%) 499 (52.7%) 511 (51.3%) 0.526
Non paroxysmal 850 (43.7%) 417 (44.0%) 433 (43.4%)
Persistent 685 (35.2%) 325 (34.3%) 360 (36.1%) 0.055
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Long-standing persistent 91 (4.7%) 48 (5.1%) 43 (4.3%) 0.456
Permanent 73 (3.8%) 43 (4.5%) 30 (3.0%) 0.078
EHRA classification
I 460 (23.7%) 218 (23.0%) 242 (24.3%) 0.516
ITa 774 (39.8%) 379 (40.0%) 395 (39.6%) 0.856
ITb 236 (12.1%) 98 (10.3%) 138 (13.8%) 0.018
11} 56 (2.9%) 20 (2.1%) 36 (3.6%) 0.048
v 2(0.1%) 1 (0.1%) 1 (0.1%) 0.971
Unknown 416 (21.4%) 231 (24.4%) 185 (18.6%) 0.002
Lab
Haemoglobin (g/dL) *** 13.0+1.8 132+1.8 12.8+1.7 <0.001
fermale 51‘2‘;‘/3‘;‘41)3 (men <13 g/dL,  5»3 769%) 222 (23.4%) 301(302%)  <0.001
Platelet (x10°/pl) 207.2+69.0 209.1 £ 65.0 205.4+72.6 0.175
PT INR #**** 1.2+£0.5 1.2+£03 1.2+0.7 0.822
Creatinine (mg/dL) 1.0+ 0.7 0.9+0.6 1.1+0.8 <0:001
CrCl (ml/min) 56.2+17.5 60.1+17.0 525+17.1 <0.001
CrCl <50 (ml/min) 716 (36.8%) 271 (28.6%) 445 (44.6%) <0.001
eGFR (MDRD) (mL/min/1.73m?) 72.3+£23.1 76.2+21.5 686 £24.0 <0.001
eGFR (CKD-EPI) 71.0+20.0 75.1+18.3 67.0%20.8 <0.001
(mL/min/1.73m?)
Stage 1 (eGFR >90) 269 (13.8%) 180 (19.0%) 89 (8.9%) <0.001
Stage 2 (60 <eGFR <90) 1086 (55.9%) 559 (59.0%) 527 (52.9%) 0.030
Stage 3a (45 <eGFR <60) 337(17.3%) 135 (14.3%) 202 (20.3%) <0.001
Stage 3b (30 <eGFR <45) 151 (7.8%) 54 (5.7%) 97 (9.7%) 0.001
Stage 4 (15 <eGFR <30) 42 (2.2%) 6 (0:6%) 36 (3.6%) <0.001
Stage 5 (eGFR <15) 15 (0.8%) 3 (0.3%) 12 (1.2%) 0.023
* n= 1881
** n=1886
**% n=1726
kdkk n:520

—_ O VWO NO UTDhwN =

—_

Categorical variables were presented as apercentage and continuous variables were presented as
mean and standard deviation.

Abbreviation: CKD, chronic kidney.disease; CrCl, Creatinine clearance; DAPT, dual antiplatelet
therapy; DOAC, direct oral anticoagulant, eGFR, estimated glomerular filtration rate; EHRA,
European Heart Rhythm Association; EPI, Epidemiology Collaboration equation; MDRD,
modification of diet in renal disease;; PT INR, prothrombin time international normalized ratio;
SAPT, single antiplatelet therapy; TIA, transient ischemic attack; VKA, Vitamin K antagonist.
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Table 2. Incident rate and hazard ratios of clinical outcomes

Events IR per Unadjusted Weighted
100 PY HR (95% CI) HR (95% CI)
Primary outcome: Stroke/systemic embolism
On-label standard dose 8 0.9 1.00 (reference) 1.00 (reference)
Off-label reduced dose 7 0.7 0.84 (0.30-2.31) 0.67 (0.28-1.59)
p-value 0.731 0.370
Secondary outcomes
TIA
On-label standard dose 3 0.3 1.00 (reference) 1.00 (reference)
Off-label reduced dose 1 0.1 0.32 (0.03-3.06) 0.42 (0.04-4.08)
p-value 0.322 0.455
MI
On-label standard dose 2 0.2 1.00 (reference) 1.00 (reference)
Off-label reduced dose 2 0.2 1.04 (0.15-7.40) 1.31 (0.11-14.56)
Effectiveness p-value 0.967 0.822
Death from cardiovascular cause
On-label standard dose 2 0.2 1.00 (reference) 100 (reference)
Off-label reduced dose 2 0.2 0.96 (0.14-6.82) 0.69 (0.09-5.01)
p-value 0.967 0.714
Death from any cause
On-label standard dose 5 0.5 1.00 (reference) 1.00 (reference)
Off-label reduced dose 17 1.8 3.26 (1.20-8.84) 2.63 (0.93-7.45)
p-value 0.020 0.068
Composite of stroke/systemic embolism/TIA/MI
On-label standard dose 13 1.4 1.00 (reference) 1.00 (reference)
Off-label reduced dose 10 1.1 0:73 (0.32—-1.67) 0.67 (0.28-1.59)
p-value 0.463 0.370
Secondary outcomes: Major bleeding
On-label standard dose 5 0.5 1.00 (reference) 1.00 (reference)
Off-label reduced dose 10 1.0 1.91 (0.65-5.58) 1.38 (0.44-4.35)
p-value 0.238 0.578
Secondary outcomes
Major bleeding and clinically relévant nonmajor bleeding
Safety On-label standard dose 12 1.3 1.00 (reference) 1.00 (reference)
Off-label reduced dose 21 2.2 1.67 (0.82-3.40) 1.55(0.70-3.42)
p-value 0.154 0.278
Composite of major, clinically relevant nonmajor bleeding, and minor bleeding
On-label standard dose 57 6.4 1.00 (reference) 1.00 (reference)
Off-label reduced.dose 59 6.4 1.00 (0.69-1.43) 0.83 (0.52-1.33)
p-value 0.966 0.451

Abbreviation: CI, confidencé interyal, HR, hazard ratio; IR, incidence rate; MI, myocardial infarction; PY,
person-years; TIA, transient ischemic attack.
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Figure 1. Study Flow. The overall enrollment flow is presented.

Patients aged 219 years who are receiving apixaban k
for stroke prevention of non-valvular atrial fibrillation

n=2006 o)
» Subjects with protocol violation (n=6) )

+ Consent withdrawal (n=4)
* No follow up visit (n=52) )
Final study population }
n=1944 )

Age 280 years Bodyweight <60 kg Serum creatinine 21.5 mg/dL
n=578 n=1213 n=153

On-label standard dose Off-label reduced dose
n=947 n=997
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Figure 2. Kaplan-Meier curves of clinical outcomes after inverse probability of

treatment weighting. After IPTW, Kaplan-Meier curves showed comparable risks for most

outcomes, except for stroke/systemic embolism.
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Abbreviations: CRNMB, clinically relevant non major bleeding; IPTW, inverse probability of

treatment weighting; MI, myocardial infarction; TIA, transient ischemic attack.
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