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On May 1, 2020, after review of yet unpublished data from available clinical
trials, the US Food and Drug Administration issued an emergency use authorization (EUA) to permit the use of
remdesivir, a nucleotide analog that inhibits viral RNA-dependent RNA polymerase (RDRP), for treatment of adults
and children hospitalized with severe coronavirus disease 2019 (COVID-19).
EUA was granted after an interim analysis of 606 recoveries in the randomized,
placebo-controlled National Institute of
Allergy and Infectious Diseases Adaptive
Covid-19 Treatment Trial (n51063 participants from 47 United States sites and
21 international sites). Remdesivir reduced the median time to recovery (11
versus 15 days; hazard ratio, 1.31; 95%
conﬁdence interval, 1.12 to 1.54;
P,0.001) compared with placebo, and
overall mortality among patients treated
with remdesivir was 8.0% compared
with 11.6% among those treated with placebo (P50.59).1 Notably, patients with severe AKI and ESKD were excluded from
this and all other remdesivir trials on the
basis of eGFR cutoffs (either 50 or 30 ml/
min per 1.73 m2) (Table 1). As a result, the
EUA fact sheet for health care providers
states the following.1
The pharmacokinetics of remdesivir have
not been evaluated in patients with renal
impairment. Adult and pediatric patients
(.28 days old) must have creatinine clearance determined and full-term neonates
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($7 days to #28 days old) must have serum
creatinine determined before dosing. Remdesivir is not recommended in adults and
pediatric patients (.28 days old) with
eGFR less than 30 mL per minute or in
full-term neonates ($7 days and #28 days
old) with serum creatinine $1 mg/dL
unless the potential beneﬁt outweighs the
potential risk. (emphasis added)

Severe COVID-19 infection leads to AKI
in up to 20%–40% of critically ill patients,
and the ESKD population has a higher risk
for exposure and is at increased risk for severe infection. Yet, many of these patients
may not be considered for treatment with
this potentially beneﬁcial agent. Here, we
review what is known about remdesivir
and the potential risks of its administration
in patients with impaired kidney function.

200 mg once followed by 100 mg daily for
a total of 5–10 days in adults and children
$40 kg. Pharmacokinetic data among individuals with normal kidney function demonstrated that remdesivir and its active
metabolite are predominantly (74%) renally
eliminated. The plasma t1/2 of parent remdesivir is short (1–2 hours), but the t1/2 of the
active metabolite remdesivir triphosphate is
approximately 20–25 hours,4 with wide distribution to most tissues.6,7 Concerns about
the drug’s potential toxicity in patients with
kidney disease relate both to remdesivir’s actions and to the potential accumulation of its
sulfobutylether-b-cyclodextrin (SBECD)
carrier.

RISKS OF REMDESIVIR
REMDESIVIR

Replication of the single-stranded RNA genome of severe acute respiratory syndrome
coronavirus 2 depends on an RDRP. Remdesivir is a prodrug that, after metabolized to
remdesivir triphosphate, acts as an analog of
ATP, competing for incorporation by RDRP
and interfering with viral RNA replication
(Figure 1). Originally developed as an investigational agent for Ebola, it has activity
against severe acute respiratory syndrome
coronavirus 2 in vitro and in animal models.4,5 Remdesivir has a molecular weight of
602.6 g/mol with limited water solubility. It
is administered intravenously at a dose of

Because remdesivir triphosphate is a weak
inhibitor of mammalian DNA and RNA polymerases, it is considered to have low potential for mitochondrial toxicity.1 Although
other nucleotide/nucleoside antivirals (i.e.,
tenofovir) can lead to mitochondrial injury
in renal tubular epithelial cells, kidney
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Table 1. Summary of available clinical trial data
Trial Name/NCT No.

Study Design

NIAID ACTT-1 study

Double-blind, placebocontrolled RCT

NCT04292899

Compassionate use
program

NCT04257656

N, Population
1063 hospitalized adult
patients, international

eGFR
Cutoff

Remdesivir
Duration, d

30

10

Randomized, open-label trial 197 adults with severe
COVID-19, international

50

5 versus 10

Open label, multicenter,
nonrandomized

.1200 adults, 76 children
with COVID-19,
international

30

10

Double-blind, placebocontrolled RCT

237 adults with severe
COVID-19, China

30

10

Outcomes
Interim analysis: median
time to recovery 11 versus
15 d; P,0.001; mortality
8% versus 11.6%; P50.06
70% clinical recovery and
59% clinical recovery by
14 d in 5- and 10-d groups
Report of 61 treated
patients, 8 lost to followup; 36 of 53 improved at a
median follow-up of 18 d2
No difference in time to
clinical improvement;
equivalent number of
renal AEs in placebo and
remdesivir arms3

In all cases, remdesivir dosing begins with a 200-mg intravenous loading dose followed by 100 mg intravenously daily. Currently available clinical trial data
supporting remdesivir use are shown. NCT, national clinical trial; NIAID ACTT-1, National Institute of Allergy and Infectious Diseases Adaptive Covid-19 Treatment
Trial; RCT, randomized, controlled trial; AE, adverse event.

toxicity occurs after prolonged exposure and
therefore, would be extraordinarily rare to
occur within a 5- or 10-day therapy course.8
Notably, toxicology studies in rhesus monkeys showed kidney injury and casts at doses
of 5, 10, and 20 mg/kg for 7 days, considerably higher than the EUA dose.1 Available
data from a single randomized, controlled
trial in COVID-19 did not demonstrate an
increased risk of renal adverse events in patients randomized to receive remdesivir.3 In
addition, signiﬁcant renal adverse events
were not reported when remdesivir was
used in a clinical trial for Ebola.9
Transaminase elevations have been
reported in healthy volunteers and

COVID-19–infected patients receiving remdesivir. Under the EUA, liver function
tests must be monitored daily, and remdesivir is discontinued in patients with alanine
aminotransferase more than ﬁve times the
upper limit of normal.1 Infusion-related reactions have also been reported.

RISK OF SBECD CARRIER
ACCUMULATION

Because remdesivir has limited water
solubility, the intravenous preparation
contains the vehicle SBECD. SBECD
is a large, cyclic oligosaccharide that is

Figure 1. Mechanism of action of remdesivir. Remdesivir triphosphate leads to delayed
chain termination after three additional bases have been added.
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predominantly excreted through glomerular ﬁltration with a t1/2 of elimination of ,2 hours in patients with normal
kidney function.10 Animal studies have
associated SBECD accumulation with
liver necrosis and renal tubule obstruction, 11 which occurred in animals at
doses 50- to 100-fold higher than expected for a 5- to 10-day remdesivir course.
Each 100 mg of lyophilized powder and
solution of remdesivir contain 3 and 6 g
of SBECD, respectively, well below the
maximum recommended safety threshold dose of 250 mg/kg per day of SBECD.
Much of what is known about the
pharmacokinetics and clinical effects of
SBECD in kidney failure is gleaned from
literature of intravenous voriconazole,
which also uses this carrier. Although
oral voriconazole is preferred for patients with renal failure, intravenous
therapy may be necessary in patients
with invasive fungal infections who are
critically ill with poor gut perfusion that
limits oral absorption. In this setting,
short courses are generally well tolerated, without signiﬁcant adverse events
noted despite documented accumulation of SBECD above levels in patients
with normal kidney function.10–14 Further, SBECD is readily removed by
continuous RRT and hemodialysis, and
signiﬁcant accumulation only occurs in
JASN 31: ccc–ccc, 2020
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patients when dialysis is held for prolonged periods.12 Although SBECD exposure is higher than in patients with
normal kidney function, RRT seems to
keep this exposure within a limit that is
generally considered safe. Although
numbers are limited, liver function test
elevation attributed to SBECD use in patients with kidney failure was rare and
transient.10,13
Conclusive data on the safety of remdesivir among individuals with
eGFR,30 ml/min per 1.73 m2 are lacking. Nevertheless, the limited duration
of treatment (5–10 days) and relatively
low concentration of SBECD carrier suggest that its beneﬁts may outweigh risk in
select patients with eGFR,30 ml/min
per 1.73 m2. Patients without underlying
liver disease who are expected to undergo continuous or intermittent dialysis or those with AKI expected to be
transient may be the best initial candidates to receive remdesivir. Ultimately,
patients or their surrogates should be informed of the lack of information in patients with eGFR,30 ml/min per
1.73 m2 and should consent for use in
this emergency setting.
Evaluating treatments for patients
with COVID-19 who have AKI and
ESKD is a major unmet clinical need
given that these patients are at high risk
of suffering excess morbidity and mortality. Of note, favipiravir, another
RDRP inhibitor under investigation for
treatment of COVID-19, is also predominantly excreted through the urine; thus,
patients with eGFR,20 ml/min per
1.73 m2 are also excluded from clinical
trials (NCT04358549). Although the
World Health Organization’s Solidarity
trial, which allows clinician discretion
in enrolling patients, 15 may include
some patients with kidney disease, an
urgent need remains for dedicated trials
in patients with COVID-19 who have
eGFR,30 ml/min per 1.73 m 2 . Although this is not a unique example of
the exclusion of patients with kidney
disease from clinical trials assessing critical treatments, 16 the magnitude and
pace of the current pandemic and the
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vulnerability of these patients create an
immediate call to action for trials and
systematic retrospective studies that can
inform clinical decision making and increase access to a potentially life-saving
therapy in this patient population.

ACKNOWLEDGMENTS
The authors thank Xavier Vela Parada for
medical illustration of Figure 1.
This work is solely the responsibility of the
authors and does not necessarily represent
the ofﬁcial views of the National Institutes of
Health.

DISCLOSURES
A. Kim has served on an advisory board for Biomarin, Inc. (gene therapy). M. Sise discloses personal fees and participation in scientiﬁc advisory
boards for Gilead in the area of viral hepatitis. All
remaining authors have nothing to disclose.

FUNDING
M. Sise reports funding from National Institute
of Diabetes and Digestive and Kidney Diseases
grant DK117014.

REFERENCES
1. US Food and Drug Administration: Fact
Sheet for Health Care Providers Emergency
Use Authorization (EUA) of Remdesivir (GS5734ä), Silver Spring, MD, US Food and
Drug Administration, 2020
2. Grein J, Ohmagari N, Shin D, Diaz G,
Asperges E, Castagna A, et al.: Compassionate use of remdesivir for patients with
severe COVID-19 [published online ahead of
print April 10, 2020]. N Engl J Med doi:
10.1056/NEJMoa2007016
3. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y,
et al.: Remdesivir in adults with severe
COVID-19: A randomised, double-blind,
placebo-controlled, multicentre trial. Lancet
395: 1569–1578, 2020
4. Sheahan TP, Sims AC, Graham RL,
Menachery VD, Gralinski LE, Case JB, et al.:
Broad-spectrum antiviral GS-5734 inhibits
both epidemic and zoonotic coronaviruses.
Sci Transl Med 9: eaal3653, 2017

PERSPECTIVES

5. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M,
et al.: Remdesivir and chloroquine effectively
inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 30:
269–271, 2020
6. Warren TK, Jordan R, Lo MK, Ray AS,
Mackman RL, Soloveva V, et al.: Therapeutic
efﬁcacy of the small molecule GS-5734
against Ebola virus in rhesus monkeys. Nature 531: 381–385, 2016
7. Gilead R: Summary on Compassionate Use,
Amsterdam, European Medicines Agency,
2020
8. Herlitz LC, Mohan S, Stokes MB,
Radhakrishnan J, D’Agati VD, Markowitz GS:
Tenofovir nephrotoxicity: Acute tubular necrosis with distinctive clinical, pathological,
and mitochondrial abnormalities. Kidney Int
78: 1171–1177, 2010
9. Mulangu S, Dodd LE, Davey RT Jr, Tshiani
Mbaya O, Proschan M, Mukadi D, et al.;
PALM Writing Group; PALM Consortium
Study Team: A randomized, controlled trial
of Ebola virus disease therapeutics. N Engl
J Med 381: 2293–2303, 2019
10. Kiser TH, Fish DN, Aquilante CL, Rower JE,
Wempe MF, MacLaren R, et al.: Evaluation of
sulfobutylether-b-cyclodextrin (SBECD) accumulation and voriconazole pharmacokinetics in critically ill patients undergoing
continuous renal replacement therapy. Crit
Care 19: 32, 2015
11. Luke DR, Tomaszewski K, Damle B, Schlamm
HT: Review of the basic and clinical pharmacology of sulfobutylether-beta-cyclodextrin (SBECD). J Pharm Sci 99: 3291–3301,
2010
12. Luke DR, Wood ND, Tomaszewski KE, Damle
B: Pharmacokinetics of sulfobutyletherb-cyclodextrin (SBECD) in subjects on hemodialysis. Nephrol Dial Transplant 27:
1207–1212, 2012
13. Hafner V, Czock D, Burhenne J, Riedel KD,
Bommer J, Mikus G, et al.: Pharmacokinetics of
sulfobutylether-beta-cyclodextrin and voriconazole in patients with end-stage renal failure during treatment with two hemodialysis
systems and hemodiaﬁltration. Antimicrob
Agents Chemother 54: 2596–2602, 2010
14. von Mach MA, Burhenne J, Weilemann LS:
Accumulation of the solvent vehicle sulphobutylether beta cyclodextrin sodium in critically ill patients treated with intravenous
voriconazole under renal replacement therapy. BMC Clin Pharmacol 6: 6, 2006
15. World Health Organization: “Solidarity”
Clinical Trial for COVID-19 Treatments, Geneva, Switzerland, World Health Organization, 2020
16. Kitchlu A, Shapiro J, Amir E, Garg AX, Kim SJ,
Wald R, et al.: Representation of patients
with chronic kidney disease in trials of cancer
therapy. JAMA 319: 2437–2439, 2018

Remdesivir in Kidney Disease

3

