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Abstract

Background: The anticoagulant edoxaban is used clinically at doses of 30-60 mg/day; however, we experienced a
patient who had taken an overdose of edoxaban of 750 mg. We investigated the pharmacokinetics of edoxaban in
this patient by using liquid chromatography-tandem spectrometry to estimate the follow-up period in emergency
clinical practice with this medicine.

Case presentation: The patient was a 57-year-old woman (body weight, 69 kg) who had taken a single oral dose
of 750 mg of edoxaban in a suicide attempt. She was emergently admitted to Kyoto Medical Center. The patient’s
edoxaban plasma concentrations during ambulance transport (8 h after oral administration) were ~ 4900 ng/ml, and
the concentration gradually decreased to ~ 10 ng/mL and to detectable but unmeasurable levels of ~ 1.0 ng/mL at
60 h and 100 h, respectively. The linear range of the relationship between the dose and plasma concentration was
assumed to have been exceeded during the first 8 h; however, the measured elimination rate of edoxaban was
similar to that visualized curves predicted by a simplified physiologically based pharmacokinetic model previously
established.

Conclusion: Simplified physiologically based pharmacokinetic models for creating visualized curves have proven to
be useful not only during drug discovery or chemical risk assessment but also in cases of medical poisoning. We
used a physiologically based pharmacokinetic model previously established for edoxaban to predict the
pharmacokinetics in the current case. It is hoped that the results of this study, which encompass drug monitoring
data in the patient and visualized pharmacokinetic prediction, will serve as an index when setting the treatment
and follow-up period in cases of drug overdose for medicines such as edoxaban in emergency clinical practice.
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Background

Direct oral anticoagulants have gained increasing
popularity for the treatment of venous thrombo-
embolism because of their wide therapeutic ranges
and predictable pharmacological effects [1, 2]. After
aspirin discontinuation, platelet reactivity increased to
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a great extent with a low-dose of anticoagulant edox-
aban [3]. However, a recent study reported that hos-
pitalizations as a result of bleeding events associated
with treatment with direct oral anticoagulants (apixa-
ban, dabigatran, and rivaroxaban) have been increas-
ing [4]. Despite initially not being recommended, the
monitoring of plasma concentrations of anticoagulants
should now be recognized as essential in emergency
situations and in special populations. However, only
limited information is available on the pharmacokinet-
ics of direct oral anticoagulants.
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Therapeutic drug monitoring is accepted to be the
clinical practice of measuring specific and drugs (such as
antibiotics) in blood samples from patients at designated
intervals to maintain a range of constant drug concen-
trations. For creating these visualized plasma concentra-
tion curves for limited antibiotics, some computer
system has been freely supported by the drug manufac-
turers or commercially provided by software houses.
However, many medicines in critical care area have not
been fully supported by simple and easy handling soft-
ware system for visualizing plasma concentration curves
in clinical hospital pharmacies [5, 6].

In general, drug monitoring of steady-state plasma
concentrations of individual patients in a clinical setting
could be predictable by complex and detailed physiolo-
gically based pharmacokinetic (PBPK) models consisting
of multiple compartments [7]. However, such PBPK
models are impractical for widespread daily use in clin-
ical hospital pharmacies to support the care of a verity
of patients. Against this background, we proposed sim-
ple PBPK models for drugs for practical use by paramed-
ical staff [8]. A prototype PBPK simulator [9] for
creating the visualized plasma concentration curves for
important medicines by easy input was provided by our
group and has been currently updated and modified.
Simple pharmacokinetic models and simulation systems
would be expected for the drug monitoring results even
in emergency rooms.

Case presentation

Here we describe the case of a woman who intentionally
took an overdose of edoxaban (usual clinical dose in the
range 30-60 mg/day). The patient’s plasma concentra-
tions during ambulance transport (~4900 ng/ml) after
an oral overdose of 750 mg of edoxaban gradually de-
creased to ~ 370 ng/mL at 28 h after administration. The
linear range for doses and plasma concentrations was as-
sumed to have been exceeded during the first 8 h be-
cause of saturated elimination. However, the predicted
plasma concentration curve showed a linear relationship.
We report herein the drug monitoring data and the re-
sults of pharmacokinetic modeling, which indicate that
such prediction is a suitable tool for application in an
emergency. The ethics committee of Kyoto Medical
Center approved this study.

The patient was a 57-year-old woman (body weight,
69 kg) who had taken a single oral dose of 750 mg of
edoxaban as a suicide attempt. She was emergently ad-
mitted to Kyoto Medical Center. The patient was then
administered vitamin K (20 mg) as primary treatment.
To assess the effects of treatment, plasma samples were
collected from the patient at seven time points (8, 28,
36, 52, 60, 76, and 100 h after oral administration) and
were frozen. The patient gave written informed consent
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to take part in this study and for publication. Concentra-
tions of edoxaban in the plasma samples were analyzed
using liquid chromatography—tandem mass spectrom-
etry assays according to previously described methods
[10]. Under the present conditions, edoxaban in plasma
was measurable (> 2.0 ng/mL) or detectable (> 0.20 ng/
mL) and each time point.

A simplified PBPK model consisting of gut, liver, and
central compartments was previously set up for patients
receiving normal clinical oral doses of edoxaban [10].
This model was employed in the current study without
making changes to the input parameters, such as the
physiological hepatic blood flow rate (96.6 L/h), the hep-
atic volume (1.5L), the urinary volume (1.5 L/day), and
the body weight (70 kg). Calculated parameters for the
PBPK model for absorption rate constant, fraction
absorbed x intestinal availability, volume of systemic cir-
culation, hepatic intrinsic clearance, hepatic clearance,
and renal clearance were 1.33 1/h, 0.700, 127 L, 30.3 L/h,
40.2 L/h, and 10.0 L/h, respectively, as described previ-
ously [10]. The 95% confidence intervals (Cls) were esti-
mated for the fitted intrinsic hepatic clearance values
using 100 virtual subjects created using random num-
bers, as described previously [10]. The mean hepatic
clearance in the previous PBPK model was approxi-
mately 2-fold to a total clearance of 21.8 L/h for edoxa-
ban (shown in the package insert of edoxaban in Japan).
The predicted human virtual output C,,,x and AUCy_y4
values extrapolated from the previous PBPK model were
consistent with those taken from reported means in sub-
jects, supporting the relatively good fitting results
(within roughly a two-fold range of predictions) as de-
scribed previously [10].

The clinical laboratory results for the patient who had
taken a single oral dose of 750 mg of edoxaban are
shown in Table 1. Prolonged activated partial thrombo-
plastin times and prothrombin times, as markers for
blood coagulation disorder, were observed from the be-
ginning of hospitalization to 13 h after the oral dose; no
bleeding occurred during this time. These parameter
values had decreased to the normal levels at 28 h, and
these normal levels were maintained up to 60 h after oral
doses. Other laboratory test results for hemoglobin,
hematocrit, and platelet count were essentially stable
during the 60-h observation period. It was assumed that
apparent normal renal function of the subject and pos-
sible little interactions with concomitant drugs shown in
Table 1 would not cause any saturation of edoxaban
clearance.

Discussion and conclusions

The measured plasma concentrations of edoxaban after
the single oral overdose are shown in Fig. 1. The plasma
concentration of edoxaban at 8h after administration
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Table 1 Clinical laboratory results in a patient who had taken a single oral overdose of 750 mg of edoxaban

Time after administration (h) of oral dose

8 13 28 36 52 60
Activated partial thromboplastin time (s) 594 430 309 262 26.1 259
Prothrombin time (s) 548 337 149 134 115 115
International normalized ratio 434 269 1.21 1.09 0.94 094
Hemoglobin (g/dL) 128 121 119 121
Hematocrit (%) 36.2 352 364 334
Platelet count (per pL) 197,000 168,000 187,000 170,000
Serum creatinine (mg/dL) 0.76 0.82 093 0382 083 0.73
Creatinine clearance (mL/min) 89 82 73 82 81 93

Concomitant drugs for this subject were fluvoxamine, lorazepam, valproic acid, promethazine, quazepam, levomepromazine, sertraline, quetiapine, esomeprazole,
and polycarbophil calcium, which might not substantially affect the edoxaban pharmacokinetics

was 4920 ng/mL, and the concentrations gradually de-
creased to 368 ng/mL, 154 ng/mL, and 31 ng/mL at 28,
36, and 52 h after administration. The plasma concentra-
tion was still at a measurable level of around 7 ng/mL
even 60 and 76h after administration. Edoxaban in
plasma was detectable (~ 1.8 ng/mL), but was judged to
be unmeasurable (i.e., below the measurable level of 2.0
ng/mL), 100 h after administration.

Predicted virtual plasma concentration curves (with
95% ClIs based on the variation in hepatic intrinsic
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Fig. 1 Measured (circles) and estimated (lines) plasma
concentrations of edoxaban in a patient who took an excessive
single oral dose of 750 mg. The plasma concentration curve after
virtual administration of 750 mg of edoxaban (solid line) is shown
with the 95% confidence interval (broken lines) based on the
hepatic intrinsic clearance values of 100 virtual subjects created
using random numbers, as described previously [10]. The open circle
at 100 h indicates that edoxaban was detectable, but below the
measurable limit, using the present liquid chromatography-tandem
mass spectrometry system

clearance values) are plotted along with the measured
plasma concentrations of edoxaban versus time after the
overdose administration (Fig. 1). The observed concen-
trations in the patient who took an overdose of 750 mg
edoxaban were higher than the 95% CI of the predicted
plasma concentration curves. The measured AUCy_;g9
was calculated to be 759 ug h/L, which was 3-fold to
the predicted AUCy_ 190 (24.6 ug h/L) in the linear
model. However, the disappearance rate of edoxaban,
even for such a large overdose, generally matched the
slope predicted by the PBPK model. It was assumed that
the linear range was exceeded at least up to 8 h after oral
administration, presumably because of metabolic satur-
ation during the process. A lesson from this overdosed
case was that later phase of edoxaban would be within
the linear range, but initial phase might be out of range
of linearity probably because of saturated elimination
caused by the overdose. Visualized pharmacokinetic pre-
diction curves by simple simulators will serve as an
index when setting the treatment and follow-up period
in the future cases of drug overdose for medicines such
as edoxaban in emergency clinical practice. These obser-
vations could help in understanding the predictive
pharmacokinetics of edoxaban, in setting the follow-up,
and in determining whether to administer gastric lavage
and/or blood products in the patients.

User-friendly bioanalytical techniques are still required
to predict plasma concentrations of edoxaban in routine
clinical practice and in phase IV clinical trials ongoing
worldwide. At present, no drug that selectively neutral-
izes the anticoagulant effects of edoxaban has been mar-
keted in Japan. According to patient interview forms,
edoxaban is difficult to remove by hemodialysis. There-
fore, the administration of concentrated red blood cells
or fresh frozen plasma transfusion are considered as
symptomatic treatments in patients whose plasma con-
centrations of oral thrombin or factor Xa inhibitors have
become dangerously high [11]. In the current patient,
blood coagulation disorder was observed; however, the
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patient was followed up for 100 h, because of the possi-
bility of asymptomatic effects. Because the pharmacokin-
etics of edoxaban overdose were unknown, a clear
follow-up period has not been set for emergency clinical
practice.

In the present study, by using drug monitoring data
and the results of pharmacokinetic prediction, we re-
vealed the pharmacokinetics of edoxaban in a patient
who took an overdose. It was evident that the PBPK
model constructed as part of a previous study based on
normal clinical oral doses of edoxaban [10] without any
making changes with visualized blood concentration
curves of drugs could be applied successfully in the clin-
ical setting. Application of the PBPK model simulators
may help in understanding the pharmacokinetics of
edoxaban, in setting the follow-up period, and in deter-
mining whether to administer blood products and/or
gastric lavage. Furthermore, this type of PBPK model
simulator may be applicable for patients who have taken
overdoses of other drugs.

The simplified PBPK model applied here is useful not
only in the drug discovery or chemical risk assessment
field but also in the management of poisoning. The sim-
plified model simulator has the advantage that it can be
handled by clinicians who are not experts in pharmaco-
kinetics. Especially, in hospitals without systems for
measuring blood levels of drugs routinely, the simplified
PBPK model simulator should be of use. It is hoped that
the results of this study with drug monitoring data and
pharmacokinetic prediction will serve as an index when
setting the treatment period in cases of overdoses of
drugs such as edoxaban.

Abbreviations
Cls: Confidence intervals; PBPK: Physiologically based pharmacokinetic

Acknowledgments
The authors greatly thank Ayane Nakano and Shiori Hina for their technical
support, and David Smallbones for copyediting a draft of this article.

Authors’ contributions

KA, ST, SB, and KN monitored the patients and carried out acquisition of the
patient data. KA, MS, and HY conceived the pharmacokinetic study and
drafted the manuscript. ST, SB, and KN analyzed the patient medical data
and helped to draft the manuscript. All authors have read and approved the
final manuscript.

Funding
Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included in this
published article and are also available from the corresponding author on
reasonable request.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Kyoto Medical Center.

Consent for publication
Informed consent was obtained from the patient.

(2020) 6:20

Page 4 of 4

Competing interests
The authors declare that they have no competing interests.

Author details

'Laboratory of Drug Metabolism and Pharmacokinetics, Showa
Pharmaceutical University, 3-3165 Higashi-tamagawa Gakuen, Machida, Tokyo
194-8543, Japan. *Kyoto Medical Center, Fushimi-ku, Kyoto 612-8555, Japan.

Received: 9 May 2020 Accepted: 4 September 2020
Published online: 11 September 2020

References

1. Lu G, Conley PB, Leeds JM, Karbarz MJ, Levy GG, Mathur VS, et al. A phase 2
PK/PD study of andexanet alfa for reversal of rivaroxaban and edoxaban
anticoagulation in healthy volunteers. Blood Adv. 2020;4:728-39.

2. Parasrampuria DA, Truitt KE. Pharmacokinetics and pharmacodynamics of
edoxaban, a non-vitamin K antagonist oral anticoagulant that inhibits
clotting factor Xa. Clin Pharmacokinet. 2016;55:641-55.

3. Franchi F, Rollini F, Garcia E, Rivas Rios J, Rivas A, Agarwal M, et al.
Effects of edoxaban on the cellular and protein phase of coagulation in
patients with coronary artery disease on dual antiplatelet therapy with
aspirin and Clopidogrel: results of the EDOX-APT study. Thromb
Haemost. 2020;120:83-93.

4. Marco Garbayo JL, Koninckx Canada M, Perez Castello |, Faus Soler MT,
Perea RM. Hospital admissions for bleeding events associated with
treatment with apixaban, dabigatran and rivaroxaban. Eur J Hosp Pharm.
2019;26:106-12.

5. Aoyama T, Hirata K, Yamamoto Y, Yokota H, Hayashi H, Aoyama Y, et al.
Semi-mechanistic autoinduction model of midazolam in critically ill patients:
population pharmacokinetic analysis. J Clin Pharm Ther. 2016;41:392-8.

6. Aoyama T, Hirata K, Hirata R, Yamazaki H, Yamamoto Y, Hayashi H, et al.
Population pharmacokinetics of fluconazole after administration of
fosfluconazole and fluconazole in critically ill patients. J Clin Pharm Ther.
2012,37:356-63.

7. Jamei M, Marciniak S, Feng K, Barnett A, Tucker G, Rostami-Hodjegan A. The
Simcyp population-based ADME simulator. Expert Opin Drug Metab Toxicol.
2009;5:211-23.

8. Kamiya Y, Otsuka S, Miura T, Takaku H, Yamada R, Nakazato M, et al. Plasma
and hepatic concentrations of chemicals after virtual oral administrations
extrapolated using rat plasma data and simple physiologically based
pharmacokinetic models. Chem Res Toxicol. 2019;32:211-8.

9. Takano R, Yamazaki H. Appication of human physiologically based
pharmacokinetic models for chemical risk accessment (in Japanese) CICSJ
Bulletin, vol. 30; 2012. p. 46.

10.  Yamazaki-Nishioka M, Kogiku M, Noda M, Endo S, Takekawa M, Kishi H, et al.
Pharmacokinetics of anticoagulants apixaban, dabigatran, edoxaban and
rivaroxaban in elderly Japanese patients with atrial fibrillation treated in one
general hospital. Xenobiotica. 2019;49:1001-6.

11. Kaatz S, Kouides PA, Garcia DA, Spyropolous AC, Crowther M, Douketis JD,
et al. Guidance on the emergent reversal of oral thrombin and factor Xa
inhibitors. Am J Hematol. 2012;87(Suppl 1):5141-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

