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Abstract

Background: The mortality rate of novel coronaviral disease (COVID-19) patients undergoing dialysis is considerably
higher than that of patients with normal kidney function. As of August 2021, only remdesivir has been approved in
Japan as an antiviral drug for the treatment of COVID-19. However, in cases of kidney failure, remdesivir administration
should be considered only if the therapeutic benefits outweigh the risks because of concern about the accumula-
tion of its solubilizing excipient sulfobutylether-beta-cyclodextrin and subsequent renal tubular injury or liver injury.
Recently, reports from overseas indicating the safety of the use of remdesivir for COVID-19 patients on dialysis have
been gathered.

Case presentation: From June 2021, in our hospital, we started the administration of remdesivir to patients with
moderate cases of COVID-19 undergoing hemodialysis, with careful consideration of the dosage and timing. Since
then, six out of seven COVID-19 patients on hemodialysis who had received remdesivir have completely recovered.

In a patient who died, the initial dose of remdesivir was administered after the case developed into severe COVID-19.
All six patients who were able to start receiving remdesivir immediately at the stage of moderate COVID-19 recovered
and were discharged without the need for mechanical ventilation. While, two out of four patients before May 2021
who had not been administered remdesivir at admission became severe, transferred to another tertiary hospital,

and died. During and after remdesivir administration, no increase in serum transaminase to five times or more of the
normal upper limit was observed in any of the cases. There were no other adverse drug reactions, such as infusion
reaction, gastrointestinal symptoms, or anemia.

Conclusions: We were able to administer remdesivir to six Japanese patients with moderate COVID-19 on hemodial-
ysis safely. It is expected that the safe use of remdesivir will bring an increase in treatment options for moderate cases
of COVID-19 in dialysis patients as well as subsequent improvement in treatment outcomes. However, to confirm the
efficacy and safety of such use, further careful observation in more cases is required.
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Background

Since the end of 2019, novel coronavirus disease
(COVID-19) has been a pandemic worldwide, and in
Japan, over 1.3 million people have already been infected,
and more than 15 thousand have died as of August 2021.
Although the efficacy of vaccination is expected, it may
need substantial time before the completion of herd
immunity. Most chronic dialysis patients are elderly and
have reduced immunity due to kidney failure; thus, they
would be at very high risk of aggravation if they develop
COVID-19 pneumonia. Therefore, in Japan, all COVID-
19 patients on dialysis, regardless of severity, are indi-
cated for hospitalization. At the end of August 2021, in
Japan, according to a report by the COVID-19 Task Force
Committee of the Japanese Association of Dialysis Phy-
sicians, the Japanese Society for Dialysis Therapy, and
the Japanese Society of Nephrology, the mortality rate
of COVID-19 patients on dialysis was as high as 16.6%,
even considering that the mean age was high, compared
to the rate of 1.2% of the entire population, which was
reported by the Ministry of Health, Labor, and Welfare of
the country.

In the treatment of COVID-19, only three drugs,
remdesivir, dexamethasone, and baricitinib, had been
approved by the Ministry of Health, Labor, and Welfare
of Japan by the end of May 2021. Among these three
drugs, remdesivir is the only antiviral drug, and the lat-
ter two are anti-inflammatory drugs. Since July 2021,
the novel anti-severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) neutralizing antibody cocktail
“casirivimab/imdevimab” has been available, but the anti-
body drug is indicated only for COVID-19 patients who
are at high risk of aggravation and do not require oxygen
administration.

In the general population, there are many reports on
the effectiveness of remdesivir in moderate COVID-19
cases requiring oxygen administration. However, in cases
with an estimated glomerular filtration rate (eGFR) below
30 mL/min/1.73 m? remdesivir administration should
be considered only if the therapeutic benefits outweigh
the risks because of concern about the accumulation of
its solubilizing excipient sulfobutylether-beta-cyclo-
dextrin (SBECD) and subsequent renal tubular injury
or liver injury. Thus, the treatment options for COVID-
19 patients on dialysis who require oxygen administra-
tion are limited. In our hospital, until May 2021, we had
refrained from administering remdesivir to COVID-19
patients on dialysis, and as a result, two of four of those
cases had unfortunate outcomes. Consequently, effec-
tive and safe treatment strategies for such patients are
urgently needed.

Recently, reports from overseas indicating the safety
of the use of remdesivir for COVID-19 patients on
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dialysis have been gathered [1, 2]. Accordingly, we care-
fully started to administer remdesivir to patients with
moderate cases of COVID-19 undergoing hemodialy-
sis in our hospital in June 2021. Referring to the report
by Aiswarya et al. [1], remdesivir 100 mg was intrave-
nously infused (no initial loading) over a period of 2 h
three times per week and five times in total so that the
dosing would be completed 4 h before each hemodialy-
sis session. We obtained written consent for the use of
remdesivir with sufficient explanation. To avoid drug-
induced liver injury, serum transaminase was measured
before each dialysis session, and if the levels exceeded
five times the upper limit of each normal range, it was
planned to discontinue the administration of remdesivir
immediately.

In our hospital, we used the classification of severity for
COVID-19 presented by the Ministry of Health, Labor,
and Welfare of Japan. In the classification, a mild case
is defined as “percutaneous oxygen saturation (SpO,) of
96% or higher” and “no dyspnea or pneumonia on chest
computed tomography (CT) scan is observed’, a mod-
erate case I is defined as “SpO, between 95 and 94%” or
“dyspnea or pneumonia is observed, but the patient does
not need oxygen administration’, a moderate case II is
defined as “SpO, of 93% or less” or “the patient needs
oxygen administration’; and a severe case is defined as
“the patient needs management in the intensive care unit
or with mechanical ventilation”

Case presentation

We retrospectively observed all unvaccinated COVID-19
patients undergoing hemodialysis treated in our hospital
between March 2021 and August 2021. The character-
istics and clinical findings on admission and treatment
outcomes in all 11 patients are described in Table 1. All
three patients who died were over 70 years old, and the
deceased patients tended to have high serum C-reactive
protein (CRP) levels at admission.

In our hospital, remdesivir was generally not admin-
istered to COVID-19 patients undergoing hemodialysis
until May 2021, and two of four patients with moder-
ate COVID-19 rapidly developed into severe COVID-
19, transferred to another tertiary hospital, and died
(Table 1). One of the deceased patients received remdesi-
vir and tocilizumab after transferring to the tertiary hos-
pital, but he did not recover.

After June 2021, seven patients with moderate cases
of COVID-19 have been administered remdesivir, and
one of them has died (Table 1). In the patient who died,
the first administration of remdesivir was 32 h after
admission due to the timing of dialysis, and the respira-
tory condition rapidly became severe (SpO, of 87% with
5 L/min of oxygen administration) 4 h before the initial
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administration of the drug. Of the six patients who were
able to start receiving remdesivir immediately at the
stage of moderate COVID-19, all completely recovered
without the need for mechanical ventilation (Table 1),
although three patients had worsening pneumonia on
chest CT, and one of them received corticosteroid pulse
therapy and tocilizumab.

However, due to the very small number of cases, a sta-
tistical analysis could not be conducted on the differences
in clinical findings at admission and treatment outcomes
including the number of days to discharge between the
two groups.

No serious adverse drug reactions, such as infu-
sion reaction, gastrointestinal symptoms, or anemia,
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were observed in any patients treated with remdesi-
vir. Regarding liver injury, although a mild increase
in serum transaminase was observed in one case, and
the maximum values were less than five times the
upper limit of each normal range (Table 2). Therefore,
in the patient, remdesivir was administered in total of
five times as scheduled, and after discharge, his serum
transaminase normalized in the natural course. In other
cases, no increase in serum transaminase above the
normal upper limit was observed after drug adminis-
tration (Table 2).

We report in detail below the clinical course of six
patients who were able to start receiving remdesivir
immediately at the stage of moderate COVID-19.

Table 2 Remdesivir administration and changes in serum transaminase levels

Case5 v v v v v
Day 1 2 3 4 5 6 7 8 9 10 11 12 13
AST (U/L) 64 45 41 37 35 20
ALT (U/L) 56 45 38 35 35 17
Ag (pg/mL) >5000 70.65
Case 6 v v v v v
Day 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
AST (U/L) 33 24 19 26 21 17 23 21 16
ALT (U/L) 42 32 24 30 26 19 18 10
Ag (pg/ml)  >5000 >5000 66.95
Case7 v v v v v
Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AST (U/L) 18 18 21 21 20 11
ALT (U/L) 16 15 16 16 29 13
Ag (pg/mL) >5000 2.15
Case 9 v v v v
Day 1 2 3 4 5 6 7 8 9 10 11
AST (U/L) 19 12
ALT (U/L) 18 12 16
Ag (pg/mL) >5000 22.36
Case 10 v v v v v
Day 1 2 3 4 5 6 7 8 9 10 11 12
AST (U/L) 21 18 24 33 61
ALT (U/L) 21 20 35 54 82
Ag (pg/mL) >5000 0.17
Case 11 v v v v v
Day 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21
AST (U/L) 17 14 17 14 10 10
ALT (U/L) 12 1" 13 21 18 12 10 12 15
Ag (pg/ml)  >5000 270 0.66

W remdesivir administration, AST: aspartate aminotransferase (reference value <30 U/L), ALT: alanine aminotransferase (reference value <35 U/L), Ag: severe acute

respiratory syndrome coronavirus 2 antigen (reference value < 1.34 pg/mL)
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Case 5

A woman in her 70 s had a medical history of develop-
ing acute aortic dissection (Stanford A) 2 years prior, for
which she underwent ascending aorta replacement and
mitral valve replacement. As she also developed acute
kidney injury at that time and her kidney function did
not recover, she initiated maintenance hemodialysis. This
time, she showed fever (37.7 °C) and decreased SpO,
(92%), and the polymerase chain reaction (PCR) test for
SARS-CoV-2 was positive at a chronic care medical facil-
ity. With a diagnosis of COVID-19, she was transferred to
our hospital.

On admission, since her SpO, decreased to 89%, nasal
oxygen support (2 L/min) was started. Then, the oxy-
gen flow rate was adjusted to maintain an SpO, of 93%
or more. Chest CT scan showed ground-glass opacity
in contact with the pleura on the upper lobe of the left
lung. Blood tests showed slightly elevated serum hepa-
tobiliary enzymes, such as aspartate aminotransferase
(AST) 64 U/L, alanine aminotransferase (ALT) 56 U/L,
and y-glutamyl transpeptidase (yGTP) 54 U/L (Table 2).
Serum bilirubin was within the normal range, and both
hepatitis B surface (HBs) antigen and hepatitis C (HCV)
antibody were negative. No morphological abnormalities
in the liver and biliary tract were observed in abdominal
CT scans. From the day of admission, similar to the treat-
ment protocol for COVID-19 cases with preserved kid-
ney function in our hospital, the anti-inflammatory drug
dexamethasone 6.6 mg/day was intravenously infused,
and heparin calcium 5000 units/day was subcutaneously
injected to prevent thromboembolism. From the second
hospital day, remdesivir 100 mg was administered by the
method as we mentioned earlier. The fever disappeared
the day after admission, and oxygen support was discon-
tinued on the fifth hospital day. Dexamethasone was also
discontinued on the seventh hospital day.

No increase in serum transaminase was observed after
the start of remdesivir (Table 2). No other adverse reac-
tions to remdesivir were observed. After meeting the dis-
charge criteria issued by the Ministry of Health, Labor
and Welfare of Japan, the patient returned to the previous
medical facility on the 13th day.

Case 6

A man in his 70 s had received hemodialysis for 21 years.
The cause of kidney failure was neurogenic bladder due
to spina bifida. This time, he showed fever, and the PCR
test for SARS-CoV-2 was positive at a chronic care medi-
cal facility on the day before transfer to our hospital.

On admission to our hospital, the patient showed fever
(39.0 °C) and decreased SpO, (92%). Nasal oxygen sup-
port (1 L/min) was started immediately. On chest CT
scan, ground-glass opacity was observed near the pleura
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on the dorsal side of the lower lobe of the right lung.
From the day of admission, 6.6 mg/day dexamethasone
was intravenously infused, and 10,000 units/day heparin
calcium was subcutaneously injected. From the second
hospital day, remdesivir infusion was started and admin-
istered a total of five times. On the second hospital day,
the oxygen demand disappeared. On the fifth hospital
day, the fever disappeared, and then intravenous dexa-
methasone was discontinued on the seventh day.

There was neither elevation of serum transaminase
(Table 2) nor any other adverse drug reactions. On the
18th day, all these treatments were completed, and the
next day, the patient returned to the previous medical
facility.

Case?7

A man in his 40 s who previously visited another hospi-
tal because of dyspnea urgently initiated maintenance
hemodialysis due to end-stage kidney disease with type
2 diabetes 17 days before transfer to our hospital. In the
previous hospital, a PCR test for SARS-CoV-2 was per-
formed due to fever, and the result was positive. On the
same day, a COVID-19 cluster occurred at that hospital,
making it difficult to manage dialysis patients there, so
the patient was transferred to our hospital.

When admitted to our hospital, the patient had no
symptoms, his body temperature was 36.9 °C, and his
SpO, was maintained at 95% without oxygen support.
Chest CT showed congestion in both hilar regions and a
large amount of bilateral pleural effusion, but no appar-
ent pneumonia was observed. The cardiothoracic ratio
was 54.9% on chest X-ray, and marked pitting edema was
found on both lower legs. His consciousness was clear,
his blood pressure was 195/111 mmHg, his pulse rate was
93/min, his respiratory rate was 20/min, and his SARS-
CoV-2 antigen level was >5000 pg/mL. In the blood test,
white blood cell (WBC) and CRP were within normal
range at 7200/mm? and 0.10 mg/dL, respectively. Plasma
brain natriuretic peptide was as high as 2156.9 pg/mL.

Initially, we considered the patient to have a mild case
of COVID-19 and did not administer remdesivir because
there was no obvious finding suggestive of the pres-
ence of pneumonia. Although his body weight had been
reduced from 94.0 to 79.2 kg in the previous hospital by
a total of eight sessions of dialysis, we assessed that the
slight decrease in SpO, at transfer to our hospital had
been due to residual body fluid excess and continued to
remove the body fluid further by dialysis.

However, on the third hospital day, despite a further
body fluid removal of 2.6 L after transfer, cough and dysp-
nea appeared. The patient’s body temperature increased
rapidly to a maximum of 38.6 °C with chills, and the SpO,
dropped to less than 93%, requiring nasal oxygen support
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of 2 L/min Chest CT images showed that congestion and
bilateral effusion were significantly reduced, but multiple
new ground-glass opacities were observed mainly near
the pleura in bilateral lung fields (Fig. 1). We diagnosed
him with a moderate II case of COVID-19 that was at
high risk for aggravation of pneumonia and thus started
to administer intravenous remdesivir.

Anticoagulant therapy with heparin calcium was
avoided because the patient’s left eye had been blind, his
right eye had shown severe loss of visual acuity due to
diabetic proliferative retinopathy, and the treatment had
not been completed. Therefore, nafamostat mesylate was
used as an anticoagulant during dialysis. For anti-inflam-
matory effects, dexamethasone 6 mg/day was orally
administered.

During the clinical course, no adverse reactions to rem-
desivir were observed (Table 2). Fever was resolved on
the seventh hospital day, dexamethasone was discontin-
ued on the 10th day, and the oxygen demand disappeared
on the 12th day. On the 13th day, remdesivir was discon-
tinued with a total of five doses. In addition to COVID-
19 treatment, the patient’s body fluid volume was also
corrected by dialysis. On the 15th day, he returned to the
previous hospital.

Case9

A woman in her 50 s with type 2 diabetes had been on
dialysis for 2 years. She was admitted to our hospital
because she had a cough for 2 days and a fever (37.3 °C)
for 1 day and tested positive for SARS-CoV-2 PCR at a
local clinic.

On admission, her body temperature was 37.8 °C, her
SpO, was 95% without oxygen administration, and her
chest CT scan showed no apparent pneumonia. She
began taking dexamethasone 6 mg/day and started an
intravenous remdesivir infusion. During the clinical
course, no adverse reactions to remdesivir were observed

Fig. 1 Chest CT image of pneumonia. (Case 7)
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(Table 2). Heparin calcium was not administered because
she was being treated for fundus hemorrhage due to dia-
betic retinopathy. Nafamostat mesylate was used as the
anticoagulant during dialysis. On the sixth hospital day, a
new, slight ground-glass opacity was observed on a chest
CT scan, but no subjective symptoms or deterioration of
SpO, was observed, and the patient was discharged on
the 11th day.

Case 10

A man in his 40 s had been on dialysis for 2 years. He
had type 2 diabetes, obesity (body mass index: 35.0 kg/
m?), bronchial asthma, and sleep apnea syndrome requir-
ing continuous positive airway pressure at night. He had
developed fever (38.5 °C) and chills on the day before
admission and had tested positive for SARS-CoV-2 PCR
at a local clinic.

On admission, since the SpO, was as low as 88%, oxy-
gen administration at 2 L/min was started. Chest CT
scan showed mild pneumonia. Based on those findings
and comorbidities, the risk of aggravation was considered
to be high. Subcutaneous heparin calcium 10,000 units/
day and oral dexamethasone 6 mg/day were started on
the first hospital day, and intravenous remdesivir infu-
sion was started on the second hospital day. After that,
although the serum AST and ALT had increased to
33 IU/L and 54 IU/L on the ninth hospital day, respec-
tively, they did not exceed five times the upper limit of
each normal range (Table 2), and remdesivir was admin-
istered five times as scheduled.

The patient’s pneumonia steadily resolved, and he was
discharged from our hospital on the 12th day. At dis-
charge, serum AST and ALT were as high as 61 IU/L and
82 IU/L, respectively (Table 2), but then spontaneously
normalized to 18 IU/L and 16 IU/L, respectively, at his
local dialysis clinic.

Case 11

A man in his 60 s had been on dialysis for 2 years. He
had type 2 diabetes, obesity (body mass index: 30.5 kg/
m?), sleep apnea syndrome, secondary polycythemia,
and angina with a history of percutaneous coronary
intervention four times in total. He had developed fever
(38.3 °C) 5 days before admission and had tested positive
for SARS-CoV-2 PCR at his local dialysis clinic 3 days
before admission. On the day of admission, while receiv-
ing hemodialysis at the clinic, not only fever, cough, and
dysgeusia but also a drop to 94% in SpO, were observed,
and he was transferred to our hospital.

At transfer to our hospital, 1 L/min of oxygen adminis-
tration was started. Chest CT scan showed mild pneumo-
nia. Based on the patient’s comorbidities and past history,
the risks of aggravation of pneumonia and development
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of thromboembolism were considered to be high. We
immediately started to administer subcutaneous heparin
calcium 10,000 units/day and oral dexamethasone 6 mg/
day. Furthermore, in order to start remdesivir adminis-
tration as soon as possible, we rescheduled hemodialy-
sis 2 days earlier than the regular timing and started to
infuse remdesivir on the second hospital day.

Despite those treatments, the SpO, dropped further to
86% at 1 L/min of oxygen administration, and thus the
oxygen flow rate was increased to 4 L/min on the sev-
enth hospital day. Since chest CT scans showed a marked
enlargement of ground-glass opacities on the eighth
hospital day, corticosteroid pulse therapy (intravenous
methyl-prednisolone 500 mg/day for 3 days) was per-
formed between the ninth and 11th hospital days, and
tocilizumab 800 mg (8.5 mg/kg) was infused on the 13th
day.

Subsequently, the patient’s pneumonia rapidly
improved, and oxygen administration was discontinued
on the 18th day. Finally, he was discharged from our hos-
pital on the 21st day without any adverse drug reactions
including liver injury (Table 2).

Discussion

Three therapeutic agents against COVID-19 were
approved by the Ministry of Health, Labor, and Welfare
of Japan by the end of May 2021: remdesivir, dexametha-
sone, and baricitinib. The latter two have anti-inflamma-
tory effects and are expected to suppress cytokine storms
associated with COVID-19, but among those approved
drugs in Japan, only remdesivir is expected to have direct
antiviral effects. Recently, the anti-SARS-CoV-2 neutral-
izing antibody casirivimab/imdevimab was added to the
treatment options for COVID-19, especially in the early
phase. However, the antibody drug is indicated only for
patients who do not need oxygen administration. Other
candidate agents include the antiviral drug favipiravir
and the anti-inflammatory drug tocilizumab, but their
effectiveness has not yet been proven.

Remdesivir is an adenosine nucleotide analog prodrug,
and its metabolized active form competes with adenosine
triphosphate (ATP) for incorporation into ribonucleic
acid (RNA) and inhibits the action of viral RNA-depend-
ent RNA polymerase. This results in the termination
of RNA transcription and a decrease in viral RNA pro-
duction [3]. The drug has been recognized as a promis-
ing antiviral agent against a wide array of RNA viruses,
including SARS/middle east respiratory syndrome
(MERS)-coronavirus, in cultured cells, mice, and nonhu-
man primate models [4].

Reports on the efficacy of remdesivir in human
COVID-19 are also increasing. In a randomized, dou-
ble-blind, placebo-controlled multicenter trial from
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China, although not statistically significant, patients
receiving remdesivir (n=158) had a numerically faster
time to clinical improvement than those receiving pla-
cebo (n=78) among patients with a symptom duration
of 10 days or less [5]. In addition, another randomized
controlled trial conducted in ten countries, includ-
ing Europe, the United States, and Asia, showed that
remdesivir was superior to placebo in shortening the
time to recovery in adults who were hospitalized with
COVID-19 and had evidence of lower respiratory tract
infection (median recovery time 10 days vs. 15 days)
[6]. However, the subgroup analysis did not show an
effect in severe cases receiving high-flow oxygen ther-
apy, mechanical ventilation, or extracorporeal mem-
brane oxygenation (ECMO). In a meta-analysis of four
randomized controlled trials including two previously
mentioned trials (n=7334), although patients given
remdesivir were not associated with a significant reduc-
tion in the meantime to clinical improvement or mor-
tality, they were more likely to demonstrate recovery
and had higher rates of hospital discharge [7].

On the other hand, in mortality trials of four repur-
posed antiviral drugs, remdesivir, hydroxychloroquine,
lopinavir, and interferon beta-la (Solidarity Trial), rec-
ommended by World Health Organization expert groups,
those four drugs had little or no effect on hospitalized
patients with COVID-19, as indicated by overall mortal-
ity, initiation of ventilation, and duration of hospital stay
[8].

It is possible that differences in the phase of remdesi-
vir administration and disease severity between studies
caused such discrepancies in outcome. In the clinical
course of COVID-19, the main pathogenesis is consid-
ered to be virus proliferation several days after the onset
and thereafter an excessive immune response [9]. There-
fore, it is proposed to administer antiviral drugs mainly in
moderate cases in the earlier phase and then anti-inflam-
matory drugs in severe or critical cases [10]. Accordingly,
in Japan, the indication for the use of remdesivir has been
expanded from “severe COVID-19 cases” to “patients
with pneumonia due to SARS-CoV-2, including moder-
ate cases”.

However, in cases with decreased kidney function, the
excretion of SBECD, which solubilizes excipient remde-
sivir, would be delayed. Since there are concerns about
subsequent liver injury or renal tubular injury due to its
accumulation, it is stated that remdesivir administration
in cases with eGFR below 30 mL/min/1.73 m? should be
considered only if the therapeutic benefits outweigh the
risks.

SBECD is also included in intravenous polyconazole.
It was reported that the half-life was 2.1+0.4 h in nor-
mal subjects and 79.1£24.5 h in dialysis patients on the
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interdialytic day and that 4-h hemodialysis shortened it
to5.0+1.4h[11].

According to the drug information on remdesivir
published by the pharmaceutical company, 74% of it is
excreted in the urine, the molecular weight is 602.58, and
the protein binding rate is as high as 87.9, suggesting a
low removal rate by dialysis. In adults with normal kidney
function, the initial loading dose of remdesivir is 200 mg,
followed by 100 mg from the second day. The median
plasma half-life of the drug at 100 mg IV in healthy adult
subjects is 0.96 h.

To remove SBECD by hemodialysis, Aiswarya D et al.
administered remdesivir to hemodialysis patients 4 h
before each dialysis session considering that 75-93% of
remdesivir itself transfers to tissues in 4 h [1]. In their
report, remdesivir 2.5 mg/kg (maximum: 100 mg) was
administered up to six times for 21 moderate cases
(43.8%) and 27 severe cases (56.2%), and there were no
events of significant liver function test alterations [1].
Ultimately, one patient with a moderate case and nine
patients with severe cases died. Remdesivir administra-
tion was started within 48 h of admission in 29 cases and
after that in 19 cases; as a result, early administration of
the drug shortened the duration of hospitalization by a
mean of 5.5 days [1].

While, Thakare et al. reported that among 46 cases
with kidney failure, including 16 end-stage kidney dis-
ease cases and 30 acute kidney injury cases, remdesivir
administration at the same dose as for cases with normal
kidney function, which was 200 mg initially and followed
by 100 mg/day, induced a slight elevation in AST and/or
ALT in three cases, but it did not exceed five times the
upper limit of each normal range [2].

As mentioned above, since COVID-19 patients on
dialysis have an extremely high risk of becoming severe,
we started to administer the antiviral drug remdesivir
for moderate cases of COVID-19 in June 2021. Since
the report by Thakare et al. had included the cases with
residual kidney function and the report by Aiswarya et al.
had examined the dose setting of remdesivir for cases
with kidney failure in more detail, we referred to the find-
ings of Aiswarya et al. The dose of the drug was reduced,
and it was carefully administered to avoid adverse drug
reactions while considering the timing with dialysis. We
also paid attention to physical findings, blood cell counts,
and serum transaminase levels during and after admin-
istration of the drug. As a result, no significant adverse
drug reactions occurred.

In conclusion, since June 2021, six out of seven COVID-
19 patients on hemodialysis who received remdesivir
have completely recovered. In particular, all six patients
who started to receive remdesivir immediately at the
stage of moderate COVID-19 recovered without serious
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adverse drug reactions. Considering that two out of four
patients before May 2021, who had not been adminis-
tered remdesivir at admission, became severe COVID-19
and died, it is expected that administration of the drug at
the stage of moderate COVID-19 may be effective even
in Japanese hemodialysis patients. Most recently, Kikuchi
et al. reported in a nationwide cohort study of Japanese
COVID-19 patients on dialysis that the mortality risk
was significantly lower in patients who were treated
with remdesivir [12]. Our findings are consistent with
their results. While, in our observation, both of the two
patients, who started receiving remdesivir after becom-
ing severe COVID-19, got worse and died. We hope that
future large-scale observational studies will also reveal
the efficacy of remdesivir stratified by the phase of the
drug administration and disease severity. Throughout
further accumulation of knowledge on remdesivir admin-
istration to COVID-19 patients on dialysis, it is expected
that the treatment options for those patients will increase
and then the treatment outcomes will improve.

Although the present study is an observation of a very
small number of cases and is thus insufficient for statis-
tical analysis on the efficacy and safety of remdesivir in
Japanese COVID-19 patients on dialysis, we consider
the findings to be valuable information because it is the
first report describing that no serious adverse drug reac-
tions such as severe liver injury were found in a detailed
observation of Japanese COVID-19 patients on dialysis
receiving remdesivir. However, further large-scale obser-
vational studies are required to confirm the safety of rem-
desivir administration in those patients.
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