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with severe COVID-19 requiring extracorporeal membrane oxygenation (ECMO). A 63-year-old American
man who underwent mechanical ventilation and ECMO for severe COVID-19 was administered remdesivir
for ten days. The loading dosage was 200 mg at 7 PM on day 12 and 100 mg daily at 0:00 PM from day
13-21, administered within 1 h. The pharmacokinetic analysis was performed. The serum creatinine con-

gzmoergf,'ir centration was within the normal range of 0.5-0.7 mg/dL during treatment. According to the pharmaco-
Severe COVID-19 kinetic analysis, the plasma concentrations of remdesivir and GS-441524 4 h after administration (C4) were
Extracorporeal membrane oxygenation 662 ng/mL and 58 ng/mL, respectively, and the concentrations 18 h after administration (C;g) were
Pharmacokinetics analysis 32 ng/mL and 44 ng/mL, respectively. Therefore, the half-life of remdesivir and GS-441524 was 3.2 and
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35.1 h, respectively. Monitoring the plasma concentrations of remdesivir and GS-441524 in patients un-
dergoing ECMO may be necessary.

© 2021 The Author(s). Published by Elsevier Ltd.
CC_BY_NC_ND_4.0

Introduction

Remdesivir, a nucleotide analog prodrug administered under
compassionate use, resulted in clinical improvements in 68% of
coronavirus disease (COVID-19) patients [1]. A phase Il trial in cri-
tically ill hospitalized COVID-19 patients also showed clinical im-
provements in 64.5% of patients after five days of treatment and
accelerated the time to recovery by 31% [2]. Remdesivir has a very
short blood half-life of approximately 1 h. However, when hydro-
lyzed in the body, remdesivir becomes a circulating metabolite, GS-
441524, with a half-life of approximately 27 h [3]. We report the
pharmacokinetic data on remdesivir in a severe COVID-19 patient
who required invasive ventilator support and extracorporeal
membrane oxygenation (ECMO).

Case report

A 63-year-old American man with a medical history of obesity
embarked on a cruise ship. He developed fever, nasal discharge, sore
throat, and cough six days before admission. The result of the
polymerase chain reaction test for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) was positive, and he was trans-
ferred to our hospital. He had no history of smoking. Upon
admission, his vital signs revealed a temperature of 102.3°F and ar-
terial oxygen saturation of 99% on 2 L of oxygen administration.
Chest computed tomography revealed multiple pan-lobular con-
solidations just below the pleura of the bilateral lower lungs. The
result of the blood tests is shown in Table 1.

The patient was diagnosed with COVID-19 pneumonia, and lo-
pinavir-ritonavir (LPV/r) 400 mg/100 mg twice daily was adminis-
tered. On day 4 of hospitalization, the patient was intubated, and
ventilator support was initiated owing to the exacerbation of re-
spiratory failure. On day 6, he was subcutaneously injected with
180 pg interferon-alpha. Despite a high fraction of inspired oxygen
and positive end-expiratory pressure, his oxygenation status wor-
sened, and subcutaneous emphysema developed. Veno-venous
ECMO with silicone-coated polypropylene membranes was im-
plemented on day 8 via the right femoral vein for blood drainage and
the right internal jugular vein for blood return.(Fig. 1).

With his wife’s consent, we administered remdesivir on com-
passionate use from day 12-21 (10 days) after LPV/r was dis-
continued. The loading dosage was 200 mg at 7:00 PM on day 12,
then 100 mg daily at 0:00 PM from day 13-21 administered within
1 h. His serum creatinine concentration was 0.53 mg/dL (estimated
glomerular filtration rate, 118.3 mL/min/1.73 m?) on day 12 and was
within the normal range of 0.5-0.7 mg/dL during remdesivir treat-
ment. Administration of extracellular fluid increased his body
weight from 89 kg at admission to 108 kg on day 12. Lung perme-
ability and respiratory status improved with treatment, and ECMO
was liberated on day 27. The patient was extubated on day 34 with
no re-exacerbation of pneumonia. After rehabilitation, he was
discharged on day 87.

For pharmacokinetic analysis, the patient’s blood was collected
from a central venous catheter placed in the left internal jugular vein
at 7:00 AM (5:00 PM on day 17 only), and plasma concentrations
were measured in the remaining samples on days 13, 14, 17, 18, and
20-26. Therefore, values of days 13, 14, 18, and 20-26 revealed 18 h
after administration (Cqg), and that of day 17 was revealed 4 h after
administration (C4). Each sample was measured using liquid chro-
matography-mass spectrometry, calibrated, and evaluated using the
internal standard method. Coefficients of determination (R?) of re-
mdesivir and GS-441524 were 0.997 and 0.993, respectively. All
values were measured twice, and the mean concentrations were
graphed.

Plasma concentrations of remdesivir and GS-441524 peaked on
the third day of treatment. The C,4 values on day 17 of remdesivir and
GS-441524 were 662 ng/mL and 58 ng/mL, respectively, and the Cqg
values on day 18 were 32 and 44 ng/mL, respectively.

Discussion

Since COVID-19 treatment methods with antiviral drugs were not
established in March 2020 [4] and the remdesivir was one of the
candidate treatments for severe COVID-19, we have evaluated the
pharmacokinetic data of remdesivir. Remdesivir inhibits SARS-CoV-2
in human cells in vitro [5]. The half-life of remdesivir is short, and
when hydrolyzed to GS-441524, a nucleoside analog, in the plasma,
its half-life is approximately 27 h [3]. A previous study reported

Table 1
Blood test results of the patient on admission.
WBC 3980 /mm?> Alb 3.7 g/dL CRP 10.41 mg/dL
Neutrophil 711 % T-bil 0.4 mg/dL BNP 12.6 pg/mL
Lymphophil 23.6 % AST 44 IU/L Troponin [ <0.010 ng/mL
RBC 421 x 10* /mm?> ALT 53 IU/L HBs Ag -)
Hb 13.3 g/dL LDH 251 IU/L HCV Ab (-)
Ht 37.8 % ALP 741 U/L HIV Ag/Ab (-)
PLT 8.1 x10* JuL GGT 287 ng/mL
PT 114 s CK 34 mg/dL Arterial blood gas
APTT 25 s BUN 11.6 mg/dL pH 7.53
FDP 4.7 mg/dL Cre 0.85 mg/dL pCo2 27 mmHg
Na 133 mEq/L p02 94 mmHg
K 41 mEq/L HCO3- 22.6 mmol/L
Cl 101 mEq/L Lactate 0.9 mg/dL

Abbreviations

WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; Ht: hematocrit; PLT: platelet; PT: prothrombin time; APTT: activated partial thrombin time; FDP: fibrin degradation
product; Alb: albumin; T-bil: total-bilirubin; AST: asparate transaminase; ALT: alanine transaminase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; GGT: gamma-
glutamyl transferase; CK: creatine kinase; BUN: blood urea nitrogen; Cre: creatinine; Na: sodium; K: serum potassium; Cl: serum chloride; CRP: C-reactive protein; BNP: brain

natriuretic peptide
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Fig. 1. Plasma concentrations of remdesivir and GS-441524. (A) Plasma concentrations of remdesivir and GS-441524 during the remdesivir administration period. ( ')

Remdesivir 200 mg administered in 1 h, (

) Remdesivir 100 mg administered in 1 h. (B) The plasma concentrations of remdesivir and GS-441524 4 h after administration (C4) on

day 17 were 662 ng/mL and 58 ng/mL, respectively. However, the concentrations of remdesivir and GS-441524 18 h after administration (C;g) were 32 ng/mL and 44 ng/mL,
respectively. The peak values of remdesivir and GS-441524 were calculated to be 1576 ng/mL and 63 ng/mL, respectively, and the trough values were calculated to be 11 ng/mL and
40 ng/mL, respectively. The following formulas were used to calculate the values. The half-life (hr) =Ty, =In2 x (1/kel) = In2 x (T¢45-Tc4)/(InC4-InCyg). The peak value (ng/mL) = Co
=C4 x 2M(Tca-Tco)/(T1j2)}. The trough value (ng/mL) = Ca3 = Cyg % (1/2)M(Tc23-Tcas)/(T112)}. Kel: elimination rate constant (hr!), T: time of blood sampling.

pharmacokinetic data of remdesivir and GS-441524 within the first
24 h of administration in a patient with normal renal function. The
plasma concentration of remdesivir immediately after administra-
tion (Cg) was 3317 ng/mL, with a sharp decrease to 171 ng/mL at 1 h
(C;) and below the quantification limit at 24h (Cp4). The con-
centrations of plasma GS-441524 were 113 ng/mL, 184 ng/mL, and
93 ng/mL at Co, Cq, and Cyy4, respectively [6]. Another study in 23
patients with normal renal function (creatinine clearance >90 mL/
min) revealed that the half-lives of remdesivir and GS-441524 on
Days 7 and 14 combined were 0.92-1.09 h and 23.3-35.5 h, respec-
tively. The peak concentrations of remdesivir and GS-441524 were
3220 and 231 ng/mL, respectively [7]. In our patients, the plasma
concentrations of both remdesivir and GS-441524 were lower than
those in previous studies [6,7]. Additionally, the plasma concentra-
tion of remdesivir was not within the quantification limit, although
blood samples were obtained 18 h after administration. Moreover,
the half-life of remdesivir was three times longer than that reported
in the manufacturer’s sheet. Despite insufficient knowledge re-
garding the pharmacokinetics of remdesivir, we hypothesized that
using ECMO might significantly affect its pharmacokinetics via these

mechanisms: sequestration into and release from the circuit, in-
crease in the volume of distribution (Vd), and decrease in the ex-
cretion rates [8].

An association has been reported between the adsorption to
ECMO and log P values, which indicates the compound’s liposolu-
bility and could lead to increased Vd. Midazolam and propofol have
high adsorption, with log P values of 3.9 and 4.0, respectively [9]. The
log P of remdesivir is 3.2, and it may be adsorbed to the circuit, al-
though the log P of GS-441524 is - 1.79 [10]. Lipophilic drugs and
highly protein-bound drugs are significantly sequestered in the cir-
cuit [8]. The protein binding rate of remdesivir is as high as 87.9%
[11], and drugs with higher protein binding were found to have
higher losses despite similar lipophilicity [12]. The prolonged re-
mdesivir half-life in our patient was possibly influenced by the
increase in extracellular fluid during ECMO, which could increase Vd.
Furthermore, although no interactions have been reported, lopi-
navir/ritonavir might have affected the pharmacodynamics or
adsorption to ECMO.

This study was limited by the lack of data for days 15, 16, and 19.
To our knowledge, this is the first case report to investigate the
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plasma concentrations of remdesivir and GS-441524 in patients
undergoing ECMO. Remdesivir is one of the few effective drugs
against COVID-19; however, further investigation of the pharmaco-
kinetics of remdesivir during ECMO is necessary. Further studies are
warranted as there are limits to the generalizability of a single case
study compared to a broader observational cohort study.
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