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Abstract
Background: Prescriptions of off-label dosing non-vitamin Ktagonist oral anticoagulants

(NOACSs) are common for Asian patients with atribtiflation (AF).

Objective: To investigate the associations between inap@atgrdosing of NOACs and

clinical outcomes.

Methods: We used medical data from a multi-center heatthegstem in Taiwan including

2,068, 5,135, 2,589, 1,483, and 2,342 AF patieakmg) dabigatran, rivaroxaban, apixaban,
edoxaban and warfarin, respectively. The riskscfiemic stroke/systemic embolism (IS/SE)
and major bleeding of patients treated with undesity or over-dosing NOACs were

compared to on-label dosing NOACs and warfarin.

Results: Around 27% and 5% of AF patients were treatedh witder-dosing and over-dosing
NOACSs, respectively. Compared to on-label dosingder-dosing NOACs were associated
with a significantly higher risk of IS/SE (aHR 1,586%CI 1.25-2.02P<.001), while over-
dosing NOACs were associated with a significantghbr risk of major bleeding (aHR 2.01,
95%CI 1.13-3.56P=0.017). Compared to warfarin, the four on-labedidg NOACs were all
associated with a comparable risk of IS/SE andyaifgsantly lower risk of major bleeding,
while under-dosing NOACs were associated with ahdrgrisk of IS/SE (aHR 1.46;

P=0.012).

Conclusions: Around 3 in 10 Asian AF patients were treatechwatf-label dosing NOACs in
daily practice. Compared to on-label dosing, undsirty was associated with a higher risk of
IS/SE, while overdosing was associated with a higis& of major bleeding. Even for Asian
AF patients at a higher risk of bleeding, NOACs wdtostill be prescribed at the dosing

following clinical trial criteria and guideline remmendations.
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Introduction

Stroke prevention is central to the managemengaténts with atrial fibrillation (AF),
and long-term use of oral anticoagulants (OACSaitely reduces the risk of strok&he
non-vitamin K antagonist oral anticoagulants (NOA@sovide an alternative option to the
vitamin K antagonists (VKA, eg.warfarin) and arectming the preferred choice for stroke

prevention in guideline$®

Since routine monitoring of drug concentration igt mecessary for NOACSs, the
selection of appropriate dose of NOACs accordingtiie dosage criteria defined in
randomized controlled trials (RCTs) is very impattaNevertheless, prescriptions of off-
label dosing NOACs remained as a major probleniméndaily practice. In a previous report
from the United States, around 9.4% of AF patieateived off-label under-dosed NOACs,
which was associated with a worse clinical outcénféince the Asian population is
associated with a higher bleeding risk such asdnanial hemorrhage (ICH)physicians
generally tend to prescribe low-dose NOACs for Asid patients in daily clinical practice.
In Taiwan, full-dosed dabigatran (150mg twice dailsivaroxaban (20mg per day) and
apixaban (5mg twice daily) were prescribed in ohBfb, 6% and 38% of AF patients,
respectively’ Despite the high prescription rates of low-dosedATs, NOACs were still
associated with a comparable or even lower risksohemic stroke/systemic embolism
(IS/SE) compared to warfarin in some real-worldadiom Asian cohort5® These findings
raise a question about whether there should bevarldose of NOACs, so-called “Asian
dose”, for Asian AF patients. Since information aboenal function and body weight was
usually not available in prior real-world studi¢se actual percentages of these low-dose
NOACSs that were actually “off-label low-dose” arfeeir associations with clinical outcomes

remains unknown.
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In the present study, we aimed to compare thecairoutcomes of AF patients treated
with on-label or off-label dosing NOACs. We hypddieed that inappropriate dosing of
NOACs without following individual labeling dosagecommendations may be associated

with worse clinical outcomes in Asian AF patients.
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Methods

The study is based on data from the Chang GungaRds®atabase provided by Chang
Gung Memorial Hospital. The interpretation and dosions contained herein do not
represent the position of Chang Gung Memorial HaspgiCGMH). We conducted the
retrospective observational study by using theep#i data from the CGMH Medical
System. The CGMH Medical system composed of 3 maaching hospitals and 4 tertiary
care medical centers with a total of 10,050 bedbkamimits around 280,000 patients per year,
and is the largest healthcare provider in Taiwan.2015, the emergent and outpatient
department visits to CGMH Medical system were 500,@&nd 8,500,000, respectively,
approximately 1/10 of the Taiwanese medical serdorually. The advantage of CGMH
medical database is that each patient's detailet alecord, diagnosis, laboratory, and
imaging data are available. The personal inforrmagmd identification number of each
patient are encrypted and de-identified by usimgrsistent encrypting procedure; therefore,
informed consent was waived for this study. Oudgtwas approved by the Institutional

Review Board of the Chang Gung Medical Foundatif}i1802075B0).
Sudy cohort

The flowchart of study design and patient enrolltisrshown inFigure 1. The CGMH
medical database was retrospectively searcheddients= 20 years in whom new-onset
AF was diagnosed from January, 2010 to September 302018 (n = 53,852). There were
15,841 patients treated with OACs after Jurie 2012. Patients with a diagnosis of
pulmonary embolism or deep venous thrombosis (18) gost valvular surgery (n = 215),
mitral stenosis (n = 19), or end stage renal deséas= 94) were excluded from the present
study. Besides, patients whose information abodi/leeight and serum creatinine were not

available within 6 months before the dates when ©MA@re prescribed were also excluded
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(n =1,823). Finally, a total of 2,068, 5,135, 258,483, and 2,342 AF patients treated with
dabigatran, rivaroxaban, apixaban, edoxaban anfhsarrespectively, constituted the study

population.
Eligibility and dosage adjustment of NOACs

In the present study, the definitions of eligilyiland dosage adjustment criteria of four
NOACs are summarized ihable 1. Patients treated with NOACs were defined as lalfiel
underdosing”, “on-label dosing”, and “off-label adesing” generally based on the dosage
reduction criteria of pivotal NOACs randomized Isiand recommendations of international
society guideline$* Of note, there were no prospective dose-reduciiaria for patients
treated with dabigatran in the RE-LY stutifowever, dabigatran 110 mg bid was suggested
for patients aged > 80 years, age 75-80 yearsamitigh risk of bleeding or concomitant use
of verapamil based on the prior study and expeirtiops™® For rivaroxaban, Taiwan Food
and Drug Administration (FDA) approved either stamtdidose regimen (20mg/day for
patients with a creatinine clearance rate [CCr] »imin and 15mg/day for those with a
CCr <50 ml/min), following the ROCKET AF dosage teria, or low-dose regimen
(15mg/day for patients with a CCr >50 ml/min andntfdday for those with a CCr <50
ml/min), following the J-ROCKET AF dosage criteridor stroke prevention in AF
patients'®* Therefore, patients following either ROCKET-AF #ROCKET AF dosage
criteria for rivaroxaban were defined as on-labesidg in the present study. In case of
apixaban, if 2 of 3 criteria (age >80 years, bodgight <60 kg, and measured serum
creatinine_>1.5 mg/dl) were met, the dosage ofapax was reduced from 5 mg bid to 2.5
mg bid!? For patients with a CCr between 15-30 ml/min, apan 2.5 mg bid was
recommended’ For edoxaban, if any of 3 criteria (body weigh6& kg, CCr <50 ml/min,

and concomitant use of P-glycoprotein inhibitor)swaet, the daily dose of edoxaban was
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reduced from 60mg to 30 ntgThe off-label over-dosing was defined as the piptons of

NOACs at the full dose even when patients met theade reduction criteria mentioned
above. Conversely, the off-label under-dosing wefindd as the prescriptions of NOACs at
the reduced dose even when patients did not meetddsage reduction criteria. Of note,
prescriptions of dabigatran for patients with a G0 ml/min or use of rivaroxaban,
apixaban and edoxaban for patients with a CCr <{l&imwere defined as overdosing in our

study**
Sudy outcomes

We reported the clinical outcomes of IS/SE and mhleeding for AF patients treated
with NOACs. All study outcomes were defined on hiasis of the first discharge diagnosis to
avoid misclassification. The major bleeding evewexe defined as the total number of
hospitalized events of ICH, gastrointestinal blegdiand other sites of critical bleeding. The
follow-up period was defined as the duration frdra tdrug index date until the occurrence of
study outcomes, mortality, or until the end datehef study period (September™3@018),
whichever came first. The risks of clinical eveotsinderdosing and overdosing groups were
compared to that of on-label dosing group. Besitlesyisks of clinical events of NOACs in

each dosing groups were compared to that of watrfari
Satistical analysis

Data are presented as the mean value (standaratideViSD]) for continuous variables
and proportions for categorical variables. Diffaren between continuous values were
assessed using the unpaired two-tatitezist or one-way analysis of variance (ANOVA) when
the comparisons of 3 groups were performed. Diffees between nominal variables were

compared by the chi-squared test. The rates oicalirvents were assessed using the Cox

Downloaded for Anonymous User (n/a) at Aalborg Hospital from ClinicalKey.com by Elsevier on August 04, 2020.
For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights reserved.



regression analysis. The proportional hazards gssom was tested using Schoenfeld
residual test which showed no non-proportionality statistical significances were set ap a

<0.05.
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Results

The clinical characteristics of study populatioe ahown inTable 2. There were 7,764
(68.9%), 2,999 (26.6%), and 512 (4.5%) patientstére with on-label dosing, off-label under
dosing, and off-label over-dosing NOACS, respetyiv€Eompared to on-label dosing group,
patients receiving under-dosing NOACs were youngén a lower mean CHADS,-VASCc
and HAS-BLED scores, while patients receiving odesing NOACs were older and had
higher CHADS,-VASc and HAS-BLED scores. The CCr was higher imlerrdosing and
lower in over-dosing groups compared to on-labsimpone. Baseline medications were not
significantly different among three groups, excigpta higher prescription rate of verapamil

in the over-dosing group.

The proportions of different dosing groups of 4 NCs#are shown ifrigure 2. The
highest rate of on-label dosing was observed faaroxaban (81%), followed by edoxaban
(67%), apixaban (65%) and dabigatran (44%). For NDACs, the percentages of
underdosing (17%-48%) were higher than overdosixd006). Supplemental Figure 1
shows the percentages of patients receiving or-ldd&ng, under-dosing and over-dosing
NOACs in different groups stratified by age, CHIXS,-VASc and HAS-BLED scores.
Generally, underdosing was more common among ysupggents and those having a
CHA,DS,-VASc score <4, whereas over-dosing NOACs, exceptetioxaban, were more
common for elderly patients. Baseline charactesstf patients treated with each NOACs

are summarized iBupplemental Tables1to 4.

Clinical outcomes of patients treated with off-label dosing vs. on-label dosing NOACs

Overall, those 2,999 patients taking under-dosifQARs were associated with a

significantly higher risk of IS/SE (adjusted hazaatio [aHR] 1.59, 95% confidence interval
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[CI] 1.25-2.02;P < .001) and a similar risk of major bleeding (aHR® 95% CI 0.50-1.27;
P = 0.337) compared to 7,764 patients taking on-lalosing NOACSs, after the adjustment
for age, gender, CH®S,-VASc score, HAS-BLED score and COfigure 3A). Of note,
patients taking off-label under-dosing rivaroxalian= 858) and apixaban (n = 799) were
associated with a significantly higher risk of 1&8/8an those treated with on-label dosing

rivaroxaban (n = 4,191) and apixaban (n = 1,677).

In contrast, those 512 patients taking off-labeéredtosing NOACS were associated
with a significantly higher risk of major bleedifgHR 2.01, 95% CI 1.13-3.5€,= 0.017)
and a similar risk of IS/SE (aHR 1.24, 95% CI 02Z/@7;P = 0.415) than patients taking on-
label dosing NOACsHigure 3B). Over-dosing rivaroxaban (n = 86) was associatid a
significantly higher risk of IS/SE (aHR 2.53, 95% C.17-5.45;P = 0.018) and major

bleeding (aHR 3.06, 95% CI 1.10-8.495 0.032) compared to on-label dosing (n = 4,191).

Among patients receiving on-label dosing rivaroxalga = 4,191), 1,354 and 2,837 of
them followed the ROCKET-AF and J-ROCKET AF dostrgeria, respectively. Off-label
dosing rivaroxaban was associated with a highkrafidS/SE or major bleeding compared to
ROCKEK-AF (Supplemental Figure 2A) or J-ROCKET AF $Supplemental Figure 2B)
dosing regimen. These findings were generally cbest to the results of the main analysis

which pooled ROCKET-AF and J-ROCKET AF dosing tdgetas the on-label dosing

group.

Subgroup analysis

Supplemental Figure 3 shows the comparisons of off-label underdosing @mdabel
dosing in different subgroups of patients. Consisteith the results of principal analysis,

patients treated with off-label under-dosing NOA®@sre associated with a higher risk of
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ISS/E but a comparable risk of major bleeding tthense treated with on-label dosing across
all subgroups (all i >0.05). Supplemental Figure 4 shows the comparisons of off-label
overdosing and on-label dosing in different subgsowf patientsThe increased risk of
major bleeding for off-label over-dosing compared dn-label dosing was observed in

different subgroups (alli2>0.05).

Different NOAC dosing groups compared to warfarin

The clinical characteristics of patients taking NOA and warfarin are shown in
Supplemental Table 5. Those patients treated with NOACs (n = 11,275)ewader, had
more co-morbidities and higher mean Ci¥s,-VASc and HAS-BLED scores compared to
the warfarin group (n = 2,342). Patients takingrfaum-label dosing NOACs were all
associated with a comparable risk of IS/SE andyaifstantly lower risk of major bleeding
compared to those receiving warfarifigure 4A). In contrast, patients treated with off-label
under-dosing NOACSs, especially for rivaroxaban (aHB2, 95%CI 1.28-2.87 = 0.002)
and apixaban (aHR 1.71, 95%CI: 1.10-2.B6; 0.017), were associated with a significantly
higher risk of IS/SE than those treated with wanfgFigure 4B). Patients treated with off-
label over-dosing NOACs were associated with a aaige risk of IS/SE (aHR 1.13,
95%CI 0.66-1.93P = 0.663) and major bleeding (aHR 1.07, 95%CI 0.8®1P = 0.814)

compared to those treated with warfaifinglr e 4C).
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Discussion

In the present study, we investigated the assoastbetween inappropriate dosing of
four NOACs and clinical outcomes of Asian AF popigla in daily practice. Our principal
findings are as follows: (i) around 27% and 5% afignts were treated with off-label under-
dosing and overdoing NOACSs, respectively; (i) camgal to on-label dosing NOACs, off-
label under-dosing NOACs were associated with mifsigntly higher risk of IS/SE, whereas
off-label overdosing NOACs were associated withignificantly higher risk of major
bleeding; and (iii) compared to warfarin, all foom-label dosing NOACs were associated
with a comparable risk of IS/SE and a lower risknajor bleeding, whereas underdoing was
associated with a higher risk of IS/SE. These tsshighlighted the importance of
prescriptions of NOACs at the on-label dosing ef@nAsians AF patients who were more

prone to bleeding.

Prevalence of off-label dosing NOACs

Although there are various registry and administeatstudies investigating the
effectiveness and safety of NOACs for AF strokevprgion in real-world practice, a key and
fundamental limitation is the inability to calcuida€Cr due to the absence of data about body
weight and serum creatinine in most datasets, mgakirdifficult to distinguish whether
patients were actually treated with an appropidagng NOAC or not. Until now, there have
been few clinical studies evaluating the impactsnafpropriate dosing of NOACs in AF

patients.

In the ORBIT-AF (Outcomes Registry for Better Infeed Treatment of Atrial
Fibrillation) study, around 13% of patients receivNOACs at an inappropriate dosing

(underdoing in 9.4% and overdosing in 3.4%) whidrevassociated with an increased risk
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of clinical event$. Yao et al. studied 14,865 AF patients treated ajfiixaban, dabigatran, or
rivaroxaban.’” Among the 1,473 patients with a renal indicationdose reduction, 43% were
overdosed, which was associated with a higher oisknajor bleeding but no significant
difference in risk of stroke. Among the 13,392 eats with no renal indication for dose
reduction, 13% were potentially underdosed. Thidemdosing was associated with a higher
risk of stroke but no significant difference inkisf major bleeding in apixaban-treated
patients. Compared to these 2 studies from theedrsitates, the percentage (32%) of off-
label dosing, mainly due to underdosing (27%), Waher in our study including Chinese
AF patients. This reflects how physicians tendedptescribe low-dosed NOACSs, even
against the standard labeling, for Asian AF patigmbbably due to the concern of the higher

risk of bleeding for Asians and the lack of datgareling this issue.
Off-label dosing NOACs and clinical outcomes

Similar to previous studies of non-Asiahs,we showed that underdosing NOACs were
associated with an 59% and 46% increased risk HScompared to on-label dosing
NOACs and warfarin, respectively. Of note, the uddeang was not associated with a
significantly lower risk of major bleeding compartmon-label dosing NOACs, the reason
why they were often prescribed. The increased ofskS/SE for underdoing NOACs was
particularly evident for rivaroxaban and apixab@ur data are consistent with the previous
study by Yao et al. showing that under-dosed api®alm patients without severe renal
impairment was associated with a nearly 5-fold eased risk of stroke but without a
reduction of major bleeding when compared to thakeég on-label dosing apixabahFor
rivaroxaban, the off-label underdosing (10mg/day patients with a CCr >50 min/day)
defined in our study was associated with a 2-folcteased risk of IS/SE compared to on-

label dosing and warfarin, and therefore, should\maded.
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Interestingly, we did not observe a higher risk IBISE for patients treated with
underdoing dabigatran or edoxaban. Dabigatran 14 @wite daily was the only low-dosed
NOAC without any specified dosage criteria whichsweompared to warfarin in the
randomized trial. Lee et al. analyzed 1,834 non-valvular AF pati¢reated with warfarin,
dabigatran 156éng, and dabigatran 118g,'® and the dabigatran 110 mg group was further
classified as off-label or on-label dosing follogiiEuropean labeliny. The results indicate
that both on-label and off-label dabigatran 110 aigplayed a comparable efficacy and a
lower risk of major bleeding compared to warfaflfOur results were consistent with above
studies showing that even the guideline-discordaptof dabigatran 118g demonstrated a
similar efficacy compared to on-label dosing dabma or warfarin. However, further
prospective studies are necessary to evaluateptimal dosage of dabigatran in Asian AF

patients.

In case of edoxaban, our results indicated thaltatiél under-dosing edoxaban was not
associated with a significantly higher risk of I&/8ompared to on-label dosing edoxaban
(@aHR 1.43, 95% CI 0.53-3.89) or warfarin (aHR 1.898% CI 0.64-3.65). However, our
results should not be interpreted as off-label whoking edoxaban could be prescribed for
Asian AF patients since the non-significant incesasrisk of IS/SE may be because of the
relatively small sample size of edoxaban usersunstudy. Furthermore, even with on-label
dosing edoxaban, the risk of major bleeding was higher than off-label underdosing
edoxaban and still significantly lower than wanfagaHR 0.39, 95% CI 0.15-0.99). Therefore,
off-label low-dosing edoxaban should generally @& considered for the Asian AF

population.

Limitations

15
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There are several limitations of the present studyst, the present study is a
retrospective study, and therefore, the results fiiee individual NOAC may be confounded
by the bias of prescriptions (e.g., a perceiveklmay result in conscious avoidance in use of
specific NOAC in specific patient populations). 8ed, our study was performed in an
intention to treat desigmnd did not take the changes of dosages of NOAGshwhay result
in different categorizations of patients into caiesations. Third, there was no universal and
pre-specified algorithm for the measurements ofybmdight and serum creatinine due to the
retrospective and observational study design. Alghowe have excluded patients without
information of body weight and serum creatininehwit6é months before the prescriptions of
OACs, there was only 69% of patients whose dat& werasured within 3 months of NOAC
prescriptions. Lastly, the Chang Gung Researchldaamwe used in the present study were
based on the closed CGMH Medical System withoueres link to protect each patient’s
privacy. Therefore, data from other medical cargteays outside CGMH were not available,
and underestimations of medical activities for sgragents were possible. However, CGMH
database represented 1/10 of the whole Taiwanedeahservice and included data about
laboratory examinations. Its large sample size avallable data of body weight and CCr

enabled us to investigate the issue about off-ldbsing NOACs.

Conclusion

Around 3 in 10 Asian AF patients were treated vatfilabel dosing NOACs in daily
practice. Compared to on-label NOAC dosing, undgrdpwas associated with a higher risk
of IS/SE without a lower risk of major bleeding Vehioverdosing was associated with a
higher risk of major bleeding without a lower riskIS/SE. Even for Asian AF patients at a
higher risk of bleeding, NOACs should still be msed at the dosing following clinical

trial criteria and guideline recommendations.
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Figure Legends

Figure 1 A flowchart of patient enrollment. A total of 2,068, 5,135, 2,589, 1,483, and
2,342 AF patients treated with dabigatran, rivab@ag apixaban, edoxaban and warfarin,
respectively, have constituted the study population

AF = atrial fibrillation; NOACs = non-vitamin K aagonist oral anticoagulants; OACs = oral

anticoagulants

Figure 2 Proportions of different dosing groups of 4 NOACs. Overall, around 69%, 27%

and 5% of patients were treated with on-label dpsaoif-label under dosing, and off-label
over-dosing NOACSs, respectively. For all NOACs, tercentages of underdosing (17%-
48%) were higher than overdosing (2-10%).

NOACSs = non-vitamin K antagonist oral anticoagusant

Figure 3 Clinical outcomes of patients treated with off-label dosing vs. on-label dosing
NOACs. Compared to on-label dosinginder-dosing NOACs were associated with a
significantly higher risk of IS/SE and a similaskiof major bleedingHigure 3A), while
over-dosing NOACS were associated with a signifigamgher risk of major bleeding and a
similar risk of IS/SE Figure 3B).

*Adjustment for age, gender, CHBS,-VASc score, HAS-BLED score and CCr

aHR = adjusted hazard ratio; CCr = creatinine eleee rate; Cl = confidence interval; IS/SE

= ischemic stroke/systemic embolism; NOACs = ndamin K antagonist oral anticoagulant

Figure 4 Clinical outcomes of NOACs in different dosing groups compared to warfarin.
Patients taking four on-label dosing NOACs wereaalsociated with a comparable risk of

IS/SE and a significantly lower risk of major blésglcompared to those receiving warfarin
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(Figure 4A). In contrast, patients treated with off-label ardosing NOACs were associated
with a significantly higher risk of IS/SE than tleosreated with warfarinFjgure 4B).
Patients treated with off-label over-dosing NOAGarevassociated with a comparable risk of
IS/SE and major bleeding compared to those traattdwarfarin Figure 4C).

*Adjustment for age, gender, CHBS,-VASc score, HAS-BLED score and CCr

Abbreviations were the same as Figure 3.
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Table 1. Definitions of digibility and dosage adjustments of NOACs

On-label dosing

Off-label under-dosing

Off-label over-dosing

abigatran

dabigatran 110 mg bid if any of three criteria waet:
- age >80 years
- age 75-80 years with a high risk of bleeding
- concomitant use of verapamil
OR
dabigatran 150 mg bid if none of the dosage redncti
criteria was met

dabigatran 110 mg bid for patients withg
any dosage reduction criteria

wdabigatran 150 mg bid if any

dosage reduction criteria was met
OR

use of dabigatran if CCr <30 ml/min

ivaroxaban

rivaroxaban 20 mg (ROCKET-AF) or 15 mg (J-ROCKET)AHR
qd if CCr>50 ml/min
OR

rivaroxaban 15 mg (ROCKET-AF) or 10 mg (J-ROCKET)AK

gd if CCr <50 ml/min

Frivaroxaban 10 mg qd if CCr >50 ml/mir

rivaroxaban 20 mg qd if CCr <50 ml/min
OR
use of rivaroxaban if CCr <15 ml/min

POARBSITSIUDI [TV U BIASS[H 02020 UDIAT0) U0 KBS WIBAINOYTIM S35N JBU10 ON “AJU0 35N [euos.ad 1o;

‘0202 ‘¥0 1SNBNY U0 Jo1nes 3 Apupo Ao fealut|D wouy e1dsoFPI0g Y e (e/u) Jssn snolwAuouy 10} pepelRiMod

pixaban

apixaban 2.5 mg bid if > 2 of 3 criteria were met
- aged >80 years
- serum creatinine >1.5 mg/dl
- body weight <60 kg
OR
apixaban 2.5 mg bid if CCr between 15-30 ml/min

apixaban 2.5 mg bid if the dosage
reduction criteria were not met

OR

apixaban 5 mg bid for patients who met
the dosage reduction criteria

OR
use of apixaban if CCr <15 ml/min




apixaban 5 mg bid if the dosage reduction criteseéae not met|

Edoxaban

edoxaban 30 mg qd if any of three criteria was met:
- body weight <60 kg
- CCr <50 ml/min
- use of P-glycoprotein inhibitor
OR
edoxaban 60 mg qd if none of the dosage reductiteria
was met

edoxaban 30 mg qd for patients who dig
not meet the dosage reduction criteria
OR
use of edoxaban 15 mg qd

| edoxaban 60 mg qd for patients who me
the dosage reduction criteria
OR
use of edoxaban if CCr <15 ml/min

"panRsal SIYBU ||V "ou| BINSS[T '0202® B LAdoD "uossiwad Inoylim sasn[IBUI0 ON "AUO 36N feuosiad 10

‘0202 ‘70 1snbBny U0 B1nas|3 Ag Wod A8 [ealulD woly jeyidsoH Bioqey e (e/u) Josn snowAuouy 10} papeojumoq

CCr = creatinine clearance rate



Table 2. Baseline characteristics of AF patientstreated with NOACs

"PanEsal SIYB L ||V "oul BI1M8sS[T '0202® B LAdoD "uossiwled 1noyim sasn Jeyio oN “Ajuo asn peuos.ied Jo4

g Overall On label Off-label Off-label P value

ei—i (n=11,275) dose under-dosing over-dosing (ANOVA)

5 (n = 7,764) (n = 2,999) (n =512)

Easel ine characteristics

§ Age, yrs 74.21+10.40 74.87+10.63 71.70+9.41 78.9049.23 <.001

§ Female, n (%) 4684 (42%) 3281 (42%) 1132 (38%) 271 (53%) <.001

‘Ej Body weight, kg 65.44+14.23 64.81+14.32 68.45+13.32 57.37£13.7 <.001

g CHA,DS,-VASC score 3.49+1.60 3.57+1.61 3.21+1.54 3.89+1.51 <.001

z HAS-BLED score 2.77+1.23 2.80+£1.22 2.67+1.23 2.93+1.19 <.001

Past medical history, n (%)

(2_? Chronic lung disease 3264 (29%) 2299 (30%) 802 (37% 163 (32%) 0.004

% Chronic liver disease 2205 (20%) 1510 (19%) 6064P0 89 (17%) 0.301

8 Congestive heart failure 1205 (11%) 882 (11%) B 48 (9%) 0.003

j; Hypertension 8464 (75%) 5891 (76%) 2182 (73%) 391 (76%) 0.003

%‘ Hyperlipidemia 4816 (43%) 3332 (43%) 1270 (42%) 214 (42%) 0.761

;: Diabetes mellitus 3855 (34%) 2700 (35%) 981 (33%) 174 (34%) 0.128

_% Previous stroke 1973 (17%) 1391 (18%) 493 (16%) 89 (17%) 0.195

_§ Ischemic heart disease 1345 (12%) 903 (12%) B38%] 61 (12%) 0.305
Gout 1797 (16%) 1284 (17%) 423 (14%) 90 (18%) 0.005
Malignancy 1792 (16%) 1236 (16%) 458 (15%) 98 (19%) 0.086




ACEI = angiotensin-converting-enzyme inhibitor; AFatrial fibrillation; ALT = alanine aminotransferase; ARB angiotensin Il receptor
antagonists; CHADS,-VASc = congestive heart failure, hypertension, @ggears or older, diabetes mellitus, previousksttransient ischemic
attack, vascular disease, age 65 to 74 years, éetdAIS-BLED = hypertension, abnormal renal or lifimction, stroke, bleeding history, labile
INR, age 65 years or older, and antiplatelet dnugleohol use; NOAC = non-vitamin K antagonist aaticoagulant; NSAIDs = non-steroidal

Basdlinelaboratory data
Hemoglobin, g/dI 12.95+2.15 12.88+2.15 13.25+2.07 12.31+2.30 <.001

g Platelet, x 1000/Ul 202.63+£73.46 202.08+70.04 26471.07 197.61+76.07 0.083
§§ Creatinine clearance, ml/min 60.89+29.12 58.75+29.6 69.73+25.87 41.65+23.17 <.001
é% ALT, U/L 31.09+83.85 30.51+87.69 31.86+66.42 35.32+110.38 4170.
géaseline medications, n (%)
2 Use of NSAIDs 1543 (14%) 1043 (13%) 417 (14%) 83 (16%) 0.192
%E Use of ACEI/ARB 6151 (55%) 4279 (55%) 1606 (54%) 62562%) 0.166
ﬁﬁ’ Use of loop diuretics 3247 (29%) 2320 (30%) 767426 160 (31%) <.001
g% Use of amiodarone 2399 (21%) 1609 (21%) 683 (23%) 07 (21%) 0.065
%g Use of dronedarone 410 (4%) 270 (3%) 123 (4%) 17 (3%) 0.279
i% Use of quinidine 0(0%) 8 (0%) 1 (0%) 1 (0%) 0.392
§§ Use of beta-blocker 6582 (58%) 4492 (58%) 1794 (60% 296 (58%) 0.174
éi Use of diltiazem 2145 (19%) 1484 (19%) 563 (19%) 98 (19%) 0.919
E":% Use of verapamil 494 (4%) 375 (5%) 68 (2%) 51 (10%) <.001
%i Use of digoxin 1811 (16%) 1279 (16%) 457 (15%)* 75 (15%)*t 0.198
i% Use of statin 3687 (33%) 2539 (33%) 993 (33%) 155 (33%) 0.449




anti-inflammatory drugs
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Patients with newly-diagnosed AF
from 2010/01/01-2018/09/30

(n=53,852)
-
Exclusion if no OACs were
prescribed after 2012/06/01
(n = 38,011)
.
4 N
AF patients
treated with OACs
after 2012/06/01
n=15,841
N ( ) Y
([ Exclusion if diagnosis of A
pulmonary embolism or deep
L vein thrombosis (n = 73) )
4 N
Exclusion if valvular surgery
(n =215)
\, J
4 N
Exclusion if diagnosis of
mitral stenosis (n = 19)
\, J
4 N
Exclusion if diagnosis of
end stage renal disease (n = 94)
L
(" Non-valvular AF patients A ( o \
treated with OACs Exclusion if
after 2012/06/01 no baseline data of
L (n = 15,440) y body weight and
serum creatinine
(n=1,823)

\_ J
" nNoacs  \( )

(n=11,275) .
Dabigatran (n = 2,068) Warfarin
Rivaroxaban (n = 5,135) (n=2,342)

Apixaban (n = 2,589)

\ Edoxaban(n=1,483) / \ /
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All NOACs
11,275

Dabigatran
2,068

Over-dosing
163 (8%

Off-label over-dosing
512 (5%

r-dosing

6)

Rivaroxaban Apixaban Edoxaban
5,135 2,589 1,483
Over-dosing Over-dosing Over-dosing

86 (29 113 (4 150 (10%
) )




A. Off-label under-dosing vs. On-label dosing
Under On label

IS/SE

Event

Event

(%/yr) (%/yr) aHR*
All NOACs 2.20 1.60 —o- 1.59
Dabigatran 2.04 1.72 — P 1.07
Rivaroxaban 2.68 1.56 —— 2.00
Apixaban 2.89 1.67 —— 1.76
Edoxaban 2.04 1.72 ® 1.43
Major bleeding aHR*
All NOACs 0.46 0.76 —e— 0.80
Dabigatran 0.41 0.53 ® 0.80
Rivaroxaban 0.45 0.86 o—1— 0.62
Apixaban 0.53 0.59 ® 0.83
Edoxaban 0.68 0.73 ® 1.27
o.(l)s 0.13 o.;o z.(lm s.(l)o 32:00
Favor under-dosing Favor on-label dosing
B. Off-label over-dosing vs. On-label dosing
Over On label
/st il
All NOACs 2.33 1.60 —to— 1.24
Dabigatran 1.48 1.72 of—— 0.89
Rivaroxaban 4.33 1.56 —_———— 2.53
Apixaban 0.90 1.67 ® 0.51
Edoxaban 1.77 1.72 ® 1.44
Major bleeding aHR*
All NOACs 2.01 0.76 —— 2.01
Dabigatran 2.61 0.53 ° 2.95
Rivaroxaban 2.44 0.86 ° 3.06
Apixaban 0.89 0.59 o 0.89
Edoxaban 0.88 0.73 ® 1.25
0.03 0.13 0.50 2.00 8.00 32.00

Favor over-dosing

Favor on-label dosing
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95% Cl
[1.25-2.02]
[0.62-1.87]
[1.37-2.92]
[1.07-2.91]
[0.53-3.89]
95% Cl

[0.50-1.27]
[0.29-2.21]
[0.28-1.38]
[0.29-2.34]
[0.22-7.40]

95% Cl
[0.74-2.07]
[0.36-2.17]
[1.17-5.45]
[0.07-3.80]
[0.32-6.46]
95% Cl

[1.13-3.56]
[1.12-7.77]
[1.10-8.49]
[0.11-7.31]

P value
<.001
0.800
<.001
0.026
0.484

P value
0.337
0.662
0.243
0.722
0.796

P value
0.415
0.790
0.018
0.512
0.633

P value
0.017
0.029
0.032
0.911

[0.13-11.82] 0.847



A. On-label dosing
On label Warfarin

IS/SE (E;;:rt) (E;:rt) aHR*
All NOACs 1.60 2.07 0.95
Dabigatran 1.72 1.08
Rivaroxaban 1.56 0.97
Apixaban 1.67 0.93
Edoxaban 1.72 1.13
Major bleeding aHR*
All NOACs 0.76 2.14 —o— 0.52
Dabigatran 0.53 —_— 0.37
Rivaroxaban 0.86 —o— 0.54
Apixaban 0.59 —_—— 0.38
Edoxaban 0.73 ® 0.39
o.<.)3 o..13 o.;o z.c.)o s.(I)o 32..00
Favor NOACs Favor warfarin
B. Off-label under-dosing
Under Warfarin
s/5€ e aHRe
All NOACs 2.20 2.07 —o— 1.46
Dabigatran 2.04 Jo— 1.24
Rivaroxaban 2.68 —— 1.92
Apixaban 2.89 —— 1.71
Edoxaban 2.04 ——e 1.53
Major bleeding aHR*
All NOACs 0.46 2.14 —e— 0.39
Dabigatran 0.41 —— 0.40
Rivaroxaban 0.45 ® 0.33
Apixaban 0.53 ® 0.36
Edoxaban 0.68 ® 0.55
o.<.)3 o.is o.el;o z.c.)o s.tI)o 32..00
Favor NOACs Favor warfarin
C. Off-label over-dosing
Over Warfarin
IS/SE (E;;:rt) (EZZ":) aHR*
All NOACs 2.33 2.07 _.I: 1.13
Dabigatran 1.48 —_ 0.92
Rivaroxaban 4.33 P E— 2.53
Apixaban 0.90 PY 0.43
Edoxaban 1.77 ® 1.13
Major bleeding aHR*
All NOACs 2.01 2.14 —lo— 1.07
Dabigatran 2.61 —t—— 1.16
Rivaroxaban 244 —t1—o 1.67
Apixaban 0.89 ® 0.46
Edoxaban 0.88 ® 0.58
0.(.)3 0..13 o.;u 2.(.)0 8.(I)0 32..00
Favor NOACs Favor warfarin

95% Cl
[0.73-1.22]
[0.70-1.65]
[0.73-1.29]
[0.60-1.45]
[0.27-4.08]
95% Cl

[0.38-0.71]
[0.19-0.73]
[0.39-0.75]
[0.20-0.74]
[0.15-0.99]

95% Cl
[1.09-1.96]
[0.83-1.87]
[1.28-2.87]
[1.10-2.66]
[0.64-3.65]

95% Cl
[0.24-0.64]
[0.20-0.80]
[0.15-0.73]
[0.15-0.85]
[0.13-2.32]

95% Cl
[0.66-1.93]
[0.40-2.14]
[1.17-5.50]
[0.06-3.09]
[0.27-4.08]
95% Cl

[0.60-1.90]
[0.55-2.43]
[0.61-4.59]
[0.06-3.32]
[0.08-4.25]
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P value
0.668
0.734
0.833
0.760
0.889

P value
<.001
0.004
<.001
0.004
0.047

P value
0.012
0.296
0.002
0.017
0.335

P value
<.001
0.009
0.006
0.019
0.418

P value
0.663
0.852
0.019
0.398
0.864

P value
0.814
0.696
0.319
0.440
0.597



