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Background: The distribution of anti-factor Xa activity (AXA) in patients with nonval-
vular atrial fibrillation (NVAF) taking edoxaban 15 mg has not been fully elucidated.
Methods and Results: The trough and peak AXA were measured in 19 NVAF pa-
tients taking edoxaban 15mg. We compared these results with those in patients tak-
ing edoxaban 30mg. The peak AXA differed significantly between the 15mg and the
30mg groups (0.74+0.401U/mL vs. 1.25+0.481U/mL, respectively; p<0.0001).

Conclusions: Peak but trough AXA in the patients receiving edoxaban 15mg were
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1 | INTRODUCTION

Edoxaban is a selective factor-Xa (FXa) inhibitor for the prevention
of stroke in patients with nonvalvular atrial fibrillation (NVAF).13
Since 2021, edoxaban 15 mg dose has been approved in Japan as
a new dose for very elderly patients with high bleeding risks. It is
recommended for patients aged 80years or older and had to be
considered ineligible for any oral anticoagulants at the approved
dose for one or more of the following reasons: low creatinine clear-
ance (15-30mL per minute), history of bleeding from a critical

area/organ or gastrointestinal bleeding, low body weight (<45kg),

significantly lower than those in patients receiving edoxaban 30 mg.

anticoagulant, anti-factor Xa, atrial fibrillation, edoxaban, stroke

continuous use of nonsteroidal anti-inflammatory drugs (NSAIDs),
and current use of an antiplatelet drug. In very elderly Japanese
patients with NVAF, 15 mg dose of edoxaban was superior to pla-
cebo in preventing stroke or systemic embolism and did not result
in a significantly higher incidence of major bleeding than placebo.*
However, the actual edoxaban concentration has not been eluci-
dated in daily clinical practice. Previous studies have shown that
chromogenic anti-factor Xa activity (AXA) is the most appropriate
assay to measure the pharmacodynamics of an FXa inhibitor and to
estimate plasma drug concentrations.>® The aims of the present

study were to determine the distribution of the steady-state trough
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and peak AXA values in very elderly Japanese NVAF patients re-

ceiving edoxaban 15 mg dose.

2 | METHODS

2.1 | Study design and subjects

This observational study of Japanese patients with NVAF on edoxa-
ban-15mg therapy was conducted during routine clinical practice
at Tosei General Hospital, Aichi, Japan. From March 1, 2022 to
September 30, 2022, we obtained consent from 19 patients taking
edoxaban 15mg to participate in this study and recorded their clini-
cal characteristics and the AXA levels. The prothrombin time (PT)
values are also evaluated in the part of the patients (in the 15 mg
group, 16 of 19 patients, and in the 30 mg group, 27 of 49 patients)
by the discretion of the attending physician.

All patients were aged 80years or older and had one or more
of the following facts: low creatinine clearance (15-30mL per
minute), history of bleeding from a critical area/organ or gastro-
intestinal bleeding, low body weight (<45kg), continuous use of
NSAIDs, and current use of an antiplatelet drug. Patients provided
written informed consent to participate, and this study was con-
ducted in accordance with the ethical policies of Tosei General
Hospital.

We also compared these data with AXA levels in patients tak-
ing edoxaban 30 mg dose obtained from a previous study we
conducted.’

Creatinine clearance was determined by the Cockcroft-Gault
formula.®

2.2 | Measuring AXA and PT

The HemoslL Liquid Heparin Kit (Instrumentation Laboratory,
Lexington, KY, USA) was used for measuring AXA as previously
reported.””!* AXA values at trough and peak times after repeated
edoxaban intake were measured >72h after the start of treatment.
The trough time was defined as that immediately before the intake
of edoxaban, and the peak time was defined as 2h after the intake
of edoxaban. Those time was defined according to a previous re-
port from our institution.” The peak and trough time of PT was
also defined as the same time. PT was determined with HemosIL

RecombiPlasTin (Instrumentation Laboratory).

2.3 | Statistical analysis

Categorical variables are presented as numbers and percentages,
and continuous variables are presented as mean+SD. To com-
pare parameters between groups, unpaired t-test and chi-squared
test was used. To compare AXA values and PT values, the Mann-
Whitney U-test was used. p<0.05 was considered to indicate
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statistical significance. All statistical software program (Ekuseru-

Tokei, BellCurve, Tokyo, Japan).

3 | RESULTS

The characteristics of the patients are shown in Table 1. Nineteen
patients receiving edoxaban 15 mg, and 49 patients receiving 30
mg, consistent with the dose recommendation, were included. In
the 15 mg group, the mean age was significantly higher (87.5+4.1
vs. 78.5+ 6.9 years, respectively; p<0.001) and the mean creatinine
clearance was significantly lower (28.6 + 9.4 vs. 44.7 + 16.7 years, re-
spectively; p<0.001).

The reasons for oral anticoagulant ineligibility in the 15 mg group
are shown in Table 2. Steady-state AXA values were compared be-
tween edoxaban 15 mg group and 30 mg group and the distribution
of the AXA values were shown in Figure 1. The trough AXA values
were not significantly different between the two groups (0.19 +0.12
vs. 0.12+0.111U/mL, respectively; p=0.08). On the other hand, the
peak AXA values in the 15 mg group were significantly lower than
those of the 30 mg group (0.74+0.40 vs. 1.25+0.481U/mL, respec-
tively; p<0.001).

The PT values were compared between edoxaban 15 mg group
and 30 mg group and the distribution of the AXA values were
shown in Figure 2. The PT values showed no significant differ-
ence between the two groups for both trough and peak values.
However, there was a trend of lower peak values observed in the

15 mg group.

4 | DISCUSSION

In this study, we reported the results of trough and peak AXA val-
ues in very elderly Japanese NVAF patients treated with edoxaban
15 mg. To our knowledge, this is the first report of the distribution
of steady-state AXA values in Japanese very elderly patients with
NVAF on edoxaban 15 mg dose therapy in daily clinical practice. The
main finding of the present study was that the peak AXA levels in
edoxaban 15 mg group were significantly lower than those in edoxa-
ban 30 mg. Considering that creatinine clearance of the 15 mg group
was significantly lower than that of the 30 mg group, this significant
low peak edoxaban concentration in the 15 mg group indicates that
15 mg edoxaban is an extremely low-dose setting even for very el-
derly patients who are concerned that drug concentration tends to
rise.

Oral anticoagulant treatment for the prevention of stroke in
very elderly patients with NVAF is challenging because of comor-
bid bleeding risks.*? In such a situation, the ELDERCARE-AF trial
showed that edoxaban 15 mg dose was superior to placebo in pre-
venting stroke or systemic embolism without significantly increasing
major bleeding events for very elderly Japanese patients with NVAF
who were not appropriate candidates for standard dose of any oral
anticoagulants.4 In response to the result of this trial, edoxaban 15
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TABLE 1 Baseline patient characteristics.

Age (years)
Male gender, n (%)
Body weight (kg)
Paroxysmal atrial fibrillation, n (%)
Serum creatinine (mg/dL)
Mean creatinine clearance (mL/min)
Mean CHADS?2 score, n (%)
0

v N =

3
Congestive heart failure, n (%)
Hypertension, n (%)
Age >75years, n (%)
Diabetes mellitus, n (%)
Baseline stroke/transient ischemic attack/systemic embolism, n (%)
Previous anticoagulants, n (%)
None
Warfarin
Dabigatran
Rivaroxaban
Apixaban
Edoxaban (30mg OD)
Peak AXA (IU/mL)
Trough AXA (IU/mL)

Peak PT (s)
Trough PT (s)

15mg dose (n=19) 30mg dose (n=49) p value
87.5+4.1 78.5+6.9 <0.001
11 (57.9) 24 (49.0)

49.4+8.2 52.0+8.9 0.31
8(36.8) 22 (44.9)

1.28+0.39 1.05+0.48 0.019
28.6+9.4 44.7+16.7 <0.001
3.6+1.0 22+11 <0.001

0 2(4.1)

1(5.3) 10 (20.4)

0 21(42.9)

18 (94.7) 16 (32.7)

19 (100) 23(46.9) <0.001
16 (84.2) 29 (59.2) 0.065
19 (100) 36(73.5) 0.013
10 (52.6) 10(20.4) 0.009

0 5(10.2) 0.15

4(21.1) 24 (50.0)

1(5.3) 20(40.8)

1(5.3) 2(4.1)

3(15.8) 2(4.1)

1(5.3) 1(2.0)

9 (47.4) - -

0.74+0.40 1.25+0.48 <0.001

0.19+0.12 0.12+0.11 0.080
15mg dose (n=16) 30mg dose (h=27) p value
141+1.8 16.2+3.9 0.06
11.9+0.7 119+1.6 0.93

Note: The PT values were evaluated in the part of the patients (in the 15 mg group, 16 of 19 patients, and in the 30 mg group, 27 of 49 patients) by

the discretion of the attending physician.

TABLE 2 Reasons for oral coagulant ineligibility in the patients
taking edoxaban 15mg OD.

Severe kidney impairment (creatinine clearance <30mL/ 4(21.1)

min), n (%)

History of bleeding from critical area or organ, n (%) 4(21.1)
Intracranial 0
Gastrointestinal 0
Intraocular 0
Others? 4(21.1)

Low body weight (£45kg), n (%) 5(26.3)

Continuous use of NSAIDs, n (%) 0

Use of an antiplatelet drug, n (%) 5(26.3)
Aspirin 0
Clopidogrel 4(21.1)
Other 1(5.3)

*The details are as follows (bloody sputum: 2, iron deficiency anemia: 2).

The exact source of bleeding is unknown in either patient.

mg dose has been approved in Japan as a new dose for very elderly
patients with bleeding risk factors.

The results of our study that the peak AXA levels in edoxaban
15 mg group were significantly lower than those in edoxaban 30
mg were comparable to the results from the pharmacokinetics of
edoxaban-15mg dose in the ELDERCARE-AF study.'® Edoxaban
plasma concentrations in the ELDERCARE-AF patients were re-
ported slightly higher than the edoxaban-15mg group in ENGAGE
AF-TIMI 48, lower than the ENGAGE AF-TIMI 48 high dose reduced
to 30mg group, but similar to the Japanese severe renal impairment
patients.’®> Under these pharmacokinetics, edoxaban 15 mg dose
has resulted in a significant reduction in stroke events and although
not statistically significant, approximately twice as many major
bleeding events compared to placebo, suggesting that this dose set-
ting may manage to balance the risk-benefit in very elderly AF pa-
tients with high bleeding risk. Furthermore, in the ELDERCARE-AF
study, edoxaban concentration was significantly higher both in the
trough and peak in patients with severe renal failure or low body



HIRAMATSU ET AL.

AXA (IU/mL)

25

-
o

= e

15mg trough

15mg peak 30mg trough 30mg peak
FIGURE 1 Distribution of steady-state trough and peak anti-
factor Xa activity (AXA) values of the 15 mg group and the 30 mg
group. The trough AXA value did not significantly differ between
the groups. On the other hand, the peak AXA in the 15 mg group
was significantly lower than that of the 30 mg group. Horizontal
line in boxes represents medians. Tops and bottoms of boxes
indicate 75th and 25th percentile, respectively. Tops and bottoms
of bars indicate maximum and minimum non-outliers, respectively.
Circles indicate outliers above or below 1.5 times interquartile
range from the 75th and 25th percentiles.
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FIGURE 2 Distribution of trough and peak PT values of the

15 mg group and the 30 mg group. The PT values showed no
significant difference between the two groups for both trough
and peak values. However, there was a trend of lower peak

values observed in the 15 mg group. Horizontal line in boxes
represents medians. Tops and bottoms of boxes indicate 75th and
25th percentile, respectively. Tops and bottoms of bars indicate
maximum and minimum non-outliers, respectively. Circles indicate
outliers above or below 1.5 times interquartile range from the 75th
and 25th percentiles. The PT values were evaluated in the part

of the patients (in the 15 mg group, 16 of 19 patients, and in the
30 mg group, 27 of 49 patients) by the discretion of the attending
physician.

weight, then we should pay attention depending on the patient's
background when administering edoxaban 15 mg dose in very el-
derly patients with high bleeding risk.

In fact, in our study, the trough AXA values in the edoxaban
15 mg dose patients were the same as the trough AXA values in

. - 3 1129
Sowwal of O%Zéy/_wl LEYJ_

the edoxaban 30 mg dose patients. The result was slightly differ-
ent from the ELDERCARE-AF trial, in which the trough edoxaban
concentrations were lower than the ENGAGE AF-TIMI 48 high-dose
reduced to 30mg group.*'* This difference may be related to the
fact that the mean creatinine clearance in our study was lower than
the mean creatinine clearance in the ELDERCARE-AF trial (28.6 +9.4
and 36.7 +14.3mL/min, respectively).

The PT values showed no significant difference between the two
groups for both trough and peak values. Compared to AXA values, it
showed lower sensitivity, but there was a trend of lower peak values.
Suzuki et al. evaluated the responses of PT to plasma edoxaban con-
centration in Japanese NVAF patients taking edoxaban 30 or 60 mg,
and reported the correlation coefficient was 0.911 with the same
reagent as ours.'® In addition, their results showed that the mean
trough PT was 12.3s and the mean peak PT was 16.0s, which was
close to the PT values in the edoxaban 30 mg group in our study
especially in the peak.

This study had some limitations. First, it was conducted
at a single center with a small number of enrolled patients.
Additionally, because of the short observation period in our
study and the absence of stroke, systemic embolism or bleed-
ing events, we have not been able to discuss patient outcomes.
Furthermore, since the baseline patient characteristics are dif-
ferent between edoxaban 15 mg and 30 mg groups, several fac-
tors affecting AXA may be related to other than dose. Second,
the peak time was defined as 2h after drug administration ac-
cording to a previous report, but the actual peak concentration
may differ among individual patients, especially in elderly people
with impaired kidney function. Third, the different chromogenic
AXA assays available on the market may show different relation-
ships with plasma edoxaban concentration depending on the re-
agent,” so the results of this study might be different had other

reagents been used.

5 | CONCLUSION

The distribution of AXA values among very elderly Japanese pa-
tients with NVAF and who were taking edoxaban 15 mg dose in daily
clinical practice was investigated at steady state. The peak AXA val-
ues of the 15 mg group were significantly lower than that of the
30 mg group. On the other hand, the trough AXA values were not

significantly different between the two groups.

ACKNOWLEDGMENTS
We gratefully acknowledge the help of the laboratory technicians at
Tosei General Hospital, Aichi, Japan.

CONFLICT OF INTEREST STATEMENT

The authors declare that there are no conflicts of interest.

DATA AVAILABILITY STATEMENT
The deidentified participant data will not be shared.



HIRAMATSU ET AL.

mwl L EY_‘%”M”/ a O%MJ//”M

ETHICS STATEMENT

It conforms to the Declaration of Helsinki and the Ethical Guidelines
for Clinical Studies issued by the Ministry of Health, Labour and
Welfare, Japan. The present study was approved by the Medical Ethics
Committee of Tosei General Hospital. Reference number: no. 1007.

PATIENT CONSENT STATEMENT
Patients provided written informed consent to participate, and this
study was conducted in accordance with the ethical policies of Tosei

General Hospital.

IRB INFORMATION
The present study was approved by the medical ethics committee of

Tosei General Hospital. Reference number: No.1007.

ORCID

Shotaro Hiramatsu "= https://orcid.org/0009-0000-8944-9936

Yusuke Sakamoto "= https://orcid.org/0000-0002-5959-1445

REFERENCES

1. Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD,
Halperin JL, et al. Edoxaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2013;369:2093-104.

2. Yamashita T, Koretsune Y, Yasaka M, Inoue H, Kawai Y, Ymaguchi T,
et al. Randomaized, multicenter, warfarin-controlled phase Il study
of edoxaban in Japanese patients with non-valvular atrial fibrilla-
tion. Circ J. 2012;76:1840-7.

3. JCS Joint Working Group. Guidelines for pharmacotherapy of atrial
fibrillation (2013): digest version. Circ J. 2014;78:1997-2021.

4. Okumura K, Akao T, Yoshida M, Kawata O, Okazaki S, Akashi K,
et al. Low-dose edoxaban in very elderly patients with atrial fibrilla-
tion. N Engl J Med. 2020;383:1735-45.

5. Cuker A, Deborah M, Siegal DM, Crowther MA, Garcia DA.
Laboratory measurement of the anticoagulant activity of the non-
vitamin K oral anticoagulants. J Am Coll Cardiol. 2014;64:1128-39.

6. BarrettY, Wang Z, Frost C, Shenker A. Clinical laboratory measure-
ment of direct factor Xa inhibitors: anti-Xa assay is preferable to
prothrombin time assay. Thromb Haemost. 2010;104:1263-71.

7. Douxfils J, Chatelain C, Chatelain B, Dogné JM, Mullier F. Impact
of apixaban on routine and specific coagulation assays: a practical
laboratory guide. Thromb Haemost. 2013;110:283-94.

10.

11.

12.

13.

14.

15.

16.

Cuker A, Husseinzadeh H. Laboratory measurement of the an-
ticoagulant activity of edoxaban: a systemic review. J Thromb
Thrombolysis. 2015;39:288-94.

Osanai H, Ajioka M, Masutomi T, Kuwayama T, Ishihama S,
Takahashi M, et al. Distribution of anti-factor Xa activity in pa-
tients on edoxaban therapy for non-valvular atrial fibrillation. Circ
J.2016;80:745-6.

Cockcroft DW, Gault MH. Prediction of creatinine clearance from
serum creatinine. Nephron. 1976;16:31-41.

OsanaiH, Ajioka M, Masutomi T, Kuwayama T, Ishihama S, Sakamato
Y, et al. Measurement of anti-factor Xa activity in patients on apix-
aban for non-valvular atrial fibrillation. Circ J. 2015;79:2584-90.
Kato ET, Giugliano RP, Ruff CT, Koretsune Y, Yamashita T, Kiss RG,
et al. Efficacy and safety of edoxaban in elderly patients with atrial
fibrillation in the ENGAGE AF-TIMI 48 trial. J Am Heart Assoc.
2016;5(5):e003432.

Yamashita T, Igawa Y, Fukuzawa M, Hayashi T, Henning S, Okumura
K, et al. Pharmacokinetics od edoxaban 15 mg in very elderly
patients with nonvalvular atrial fibrillation: a subanalysis of the
ELDERCARE-AF Study. Thromb Haemost. 2024. https://doi.org/
10.1055/s-0044-1785511

Chao T, Chen S, 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;40:1518-27.

Koretsune Y, Yamashita T, Kimura T, Fukuzawa M, Abe K, Yasaka
M, et al. Short-term safety and plasma concentrations of edoxaban
in Japanese patients with non-valvular atrial fibrillation and severe
renal impairment. Circ J. 2015;79:1486-95.

Suzuki S, Morishima Y, Takita A, Yagi N, Otsuka T, Arita T, et al.
Responses of prothrombin time and activated partial thromboplas-
tin time to edoxaban in Japanese patients with non-valvular atrial
fibrillation: characteristics of representative reagents in Japan (CVI
ARO 7). Heart Vessel. 2019;34:2011-20.

How to cite this article: Hiramatsu S, Osanai H, Sakai Y, Sogo
Y, Tanaka Y, Matsumoto H, et al. Distribution of anti-factor
Xa activity in patients with nonvalvular atrial fibrillation
receiving 15 mg dose of edoxaban. J Arrhythmia.
2024;40:1126-1130. https://doi.org/10.1002/joa3.13139



https://orcid.org/0009-0000-8944-9936
https://orcid.org/0009-0000-8944-9936
https://orcid.org/0000-0002-5959-1445
https://orcid.org/0000-0002-5959-1445
https://doi.org/10.1055/s-0044-1785511
https://doi.org/10.1055/s-0044-1785511
https://doi.org/10.1002/joa3.13139

	Distribution of anti-­factor Xa activity in patients with nonvalvular atrial fibrillation receiving 15 mg dose of edoxaban
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Study design and subjects
	2.2  |  Measuring AXA and PT
	2.3  |  Statistical analysis

	3  |  RESULTS
	4  |  DISCUSSION
	5  |  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	PATIENT CONSENT STATEMENT
	IRB INFORMATION
	ORCID
	REFERENCES


