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Is There Enough Evidence to Avoid Remdesivir Use in Patients
with Severe Renal Impairment? A Review of the Pharmacological
and Clinical Literature
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Abstract

Although patients with severe renal impairment (SRI) typically experience more critical symptoms once infected with novel coronavirus, Severe
Acute Respiratory Syndrome Coronavirus-2, this population has often been excluded from randomized controlled trials (RCT) for Coronavirus
disease-2019 (COVID-19) treatment strategies. Of particular note, all RCTs for remdesivir (Veklury®), the only antiviral treatment approved by the
Food and Drug Administration for COVID-19 intervention, excluded patients with an estimated glomerular filtration rate less than 30 ml/min.
Regardless, some physicians have ventured to utilize this drug on patients with SRI, positing that the benefits might outweigh the risks of its use.
The intent of this literature review was to examine the pharmacology of remdesivir and evaluate the published clinical literature on the topic to
determine more definitively whether it might be safe to use in this population. A total of 59 articles were evaluated, seven of which contained
descriptions of SRI patients treated with remdesivir for COVID-19, for a total of 176 patients. Interestingly, none of the patients experienced severe
adverse reactions attributable to the use of remdesivir, and none of the investigators recommended against its use. While there is not yet clear
evidence to suggest improvement in mortality, decreased morbidity and duration of illness are likely to lower mortality rates among these patients.
Therefore, these findings suggest that, for patients with SRI diagnosed with COVID-19, the benefits of using remdesivir likely outweigh the risks.
RCTs are urgently needed to further elucidate outcomes among this population.

Keywords: Remdesivir, COVID-19, severe renal impairment, end stage renal disease, therapeutics

Siddetli bobrek yetmezligi (SRI) olan hastalar, yeni koronaviriis Agir Akut Solunum Sendromu Koronaviriis-2 ile enfekte olduktan sonra tipik olarak
daha kritik semptomlar gdstermelerine ragmen, bu poptilasyon Koronaviriis hastaligi-2019 (COVID-19) tedavi stratejileri icin genellikle randomize
kontrollii calismalarin (RCT) disinda birakilmistir. Ozellikle belirtmek gerekir ki, COVID-19 icin Gida ve ilac Dairesi tarafindan onaylanan tek antiviral
tedavi olan remdesivirin (Veklury®) biitiin RCT'leri, tahmini glomerdiler filtrasyon hizi 30 ml/dakikadan az olan hastalari kapsam disi birakmistir. Her
seye ragmen, bazi hekimler bu ilaci SRI'li hastalarda kullanma girisiminde bulunarak, yararlarinin kullaniminin risklerinden daha agir basabilecegini
One sirdiler. Bu literatiir taramasinin amaci, remdesivir farmakolojisini incelemek ve bu popiilasyonda kullaniminin glivenli olup olmadigini daha
kesin olarak belirlemek icin konuyla ilgili yaymlanmis klinik literatliri degerlendirmekti. Yedi tanesi COVID-19 icin remdesivir ile tedavi edilen SRI'li
hastalarin tanimlarini iceren toplam 59 makale ve 176 hasta degerlendirildi. ilging bir sekilde, hastalarin hicbiri remdesivir kullanimina atfedilebilecek
ciddi advers reaksiyonlar yasamadi ve hicbir arastirmaci remdesivir kullanimina karsi dneride bulunmadi. Mortaliteyi azalttigina dair heniiz net
kanit olmamakla birlikte, azalmig morbidite ve kisalmis hastalik siiresi, bu hastalarda 6liim oranlarint muhtemelen diistirmektedir. Bu nedenle, bu
bulgular, COVID-19 teshisi konan SRI'li hastalarda remdesivir kullanmanin yararlarinin muhtemelen risklerinden daha agir bastigini gdstermektedir.
Bu popiilasyonda remdesivir kullaniminin sonuclarini daha fazla aydinlatmak icin RCT'lere acilen ihtiyac vardir.
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Introduction

Severe renal impairment (SRI), defined in the literature as
estimated glomerular filtration rate (eGFR) <30 ml/min [chronic
kidney disease (CKD) stages 4 or 5], end stage renal disease
(ESRD), and/or reliance on renal replacement therapy (RRT)!, has
been observed to be associated with worse outcomes following
Coronavirus disease-2019 (COVID-19) infection®*. Patients
with SRI are more likely to require intensive care treatment,
undergo mechanical ventilation®, and generally experience
longer hospitalizations®. They more frequently succumb to
critical COVID-19-related symptoms, including a heightened
inflammatory response, venous thrombosis, and multi-system
organ failureP,

Along with increased morbidities, mortality rates from COVID-19
are also higher among patients with SRI. Within the CKD
population, the mortality rate may be greater than 30%, which
is considerable when compared to the 2-3% mortality observed
in the general population®, High mortality rates are, in part,
due to CKD-associated demographic factors and comorbidities,
including older age, hypertension, cardiovascular disease, and
diabetes; however, SRI-related serum markers alone, including
elevated baseline creatinine, blood urea nitrogen (BUN),
proteinuria, and hematuria, all correlate to increased risk for
in-hospital death, even when the abovementioned factors are
controlled®, Mortality rates are even more pronounced in
patients on RRT, ranging up to 42% in hospitalized patients!'.,
Once SRI patients are admitted to the ICU, these rates can
increase to almost 55% among patients with ESRDU",

While it is clear that there is an exigent need for interventions
in this population, few RCTs on COVID-19 therapies have
included patients with SRI. For example, in their review of 193
phase-3 randomized-controlled trials on possible COVID-19
therapies, Chewcharat et al.'? found that 83 (43.0%) excluded
patients with a medical history significant for pre-existing
kidney disease. All clinical trials for remdesivir (brand name
Veklury®), the only Food and Drug Administration (FDA)
approved COVID-19 treatment thus far, have excluded patients
with clinical indicators for kidney diseasel'®. As such, this
drug has not been recommended in patients with SR
Nonetheless, physicians have ventured to utilize remdesivir in
the SRI population out of a desperate need to intervene in this
at-risk and highly prevalent group, considering the benefits to
outweigh the risks.

The purpose of this review is to investigate the pharmacology
of the drug remdesivir and identify the reasons why it was
contraindicated in patients with SRI. We will also examine
research that has been conducted on remdesivir use in patients
with SRI. Finally, we will evaluate the data to determine whether,

despite the claims, remdesivir may be safe when used in this
population.

An online search of the international literature was conducted
using PubMed, Medline, and Google Scholar databases. We
searched for articles published since December 2019 using the
following criteria: "Remdesivir" AND "end-stage renal disease”
OR "ESRD" OR *“chronic kidney disease” OR “"CKD" OR "GS-
441524 OR “SBECD" OR "renal” OR "kidney.” We considered all
articles available in full-text format, written in English, that
discussed the use of remdesivir in patients with SRI, whether
those patients had severe CKD, ESRD, renal transplant, or were
on RRTs. We excluded papers that did not describe clinical
outcomes, described patients with eGFR >30 ml/min, described
remdesivir treatment for viruses other than COVID-19, described
the use of remdesivir in healthy populations, or described
patients with SRI who were not treated with remdesivir, except
for use in our general analysis.

We investigated 59 journal articles, seven of which met the
abovementioned criteria. These studies were based in Indial’:'8,
USAU9-20 “and Francel??, and contained a total of 176 patients
with clinical indicators for SRI. The salient findings of these
studies are summarized in Table 1. They will be described
following a brief introduction to the pharmacology of
remdesivir and related concerns regarding its use in renally-
impaired patients.

Remdesivir

1. Background: Remdesivir (brand name Veklury®), produced
by Gilead Sciences, Inc., was originally developed during the
2014-2016 Ebola outbreak in West Africa®l. On October 22,
2020, it became the first medication approved by the FDA
specifically for use in the treatment of adult and pediatric
patients 12 years or older, weighing at least 55 kg with Severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
(COVID-19) requiring hospitalization?¥. This approval came
five months after remdesivir received an Emergency Use
Authorization (EUA) in May 2020 as a result of its demonstrated
efficacy in the three randomized placebo-controlled trials:
The first, conducted by the National Institute of Allergy and
Infectious Disease, showed a reduction in median recovery
time by an average of 10 days compared to 15 days in the
placebo group (p<0.001)'". A decrease in overall mortality
was also seen, but not statistically significant, and there
was no significant difference in adverse events between
the groups. The greatest observed clinical benefit was seen
in patients on supplemental oxygen compared to those
requiring mechanical ventilation!. The second RCT showed a
statistically significant improvement in symptoms with a five-
day course of treatment compared to both a 10-day course
of treatment and standard of care treatment!'®, whereas the
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Table 1. Studies evaluating the use of remdesivir in patients with severe renal impairment

No. of Date Reported
Reference !(’I:‘]et;g;s Location Study design ?rritfi{zlsl)t\i/on ?gﬁgﬁ&;vs{)‘& Outcomes Conclusions
with RDV administration
Thakare 46 India Single-center Median: HD | Infusion reaction | Mortality RDV was well-tolerated
et al.l'® observational 5 (Range: (1 patient) rate=30.4% among patients with ESRD
study of 157 HD 1-26) Gout (1 patient) Discharge and AKI. Controlled studies
patients with Transient rate=52.2% are needed to evaluate
ESRD or AKI behavioral Outcome pending | safety and efficacy.
admitted to the changes (5 at date of
ICU, 46 of whom patients) publication=17.3%
were treated with Grade 1 AST/
RDV ALT elevations (3
patients)
Pettit 20 USA Non-randomized | NR AST/ALT elevations | Mortality No significant difference in
et al.l" control study (2 patients) rate=25% frequency of adverse events
of 20 patients SCr elevations to between SRI and non-SRI
with SRI and 1.5x baseline (4 group, and there were no
115 without SRI patients) unexpected SBECD toxicities.
treated with RDV Recommend weighing the
benefits versus risks of using
RDV in this population
until further studies are
conducted evaluating its
safety.
Estiverne | 18 USA Multi-center, Median: SD | AST/ALT elevations | Mortality Only one patient
et al.21 observational, 7 (Range: (5 patients) rate=44% experienced worsening
retrospective SD 3-10.5) Increased SCr (4 Discontinuation kidney function attributed to
case-series of patients) rate=28% the administration of RDV,
18 patients with Hyperglycemia (2 | Discharge and the mortality rate was
eGFR <30 ml/min patients) rate=28% similar to that expected in
treated with RDV Anemia (1 patient) this population. The greatest
for COVID-19 Burning at benefit for RDV is in patients
infusion site (1 requiring supplemental
patient) oxygen versus mechanical
ventilation. Recommended
urgent further studies in
patients with SRI
Ackley 40 USA Multi-center NR AKI (2 patients- Mortality RDV did not result in
et al.l™ matched cohort not attributed to | rate=55.9% increased incidence of
of 347 patients RDV) EQT AKI among patients
treated with RDV, with eCrCl <30 ml/min
40 with eCrCl compared to those with
<30 ml/min eCrCl >30 ml/min. RDV could
be considered for severe
COVID-19 infections in this
population. Further study is
needed.
Aiswarya | 48 India Observational, HD 2 ACS (1 patient) Mortality Use of RDV in ESRD patients
et al.l prospective (Range HD | Worsening rate=20.8% was not associated with
study of 48 1-3) behavioral serious adverse events and
hemodialysis- disorder (1 was safe. It had more benefit
dependent patient) in reducing duration of
patients treated illness among patients who
with RDV received it within 48 hours

of admission.
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Table 1. Continued

No. of Date Reported
Reference !(’I:‘]etzﬁgés Location Study design ?rfitfi{zlsl)t\i/on ?gl\;g;f&;vslr)l;c/s Outcomes Conclusions
with RDV administration
Le 1 France Case study of HD 21 Persistent AKI Death due to For patients in ICU
et al.?? a patient with VAP-associated settings, particularly those
bilateral lung vasoplegic shock experiencing multiple organ
transplant one and sepsis failure, hemodialysis may
year prior to provide an effective means
diagnosis with of maintaining a patient's
COVID-19 treated tolerance to RDV, as it
with RDV removes both GS-441524
and SBECD. Further studies
are needed to determine
whether RDV is safe at
standard dosing.
Davis 3 USA Case study P1: HD2 P1: Mild P1: D/CHD 13 Although accumulation of
et al.29 describing P2: HD3 transaminitis P2: D/C HD 13 GS-441524 was observed
three patients P3: HD2 peaking on HD 7 P3: D/CHD 7 in all three patients, it was
with ESRD on (AST 71 UJL; ALT removed by hemodialysis,
hemodialysis 89 U/L) and RDV was well tolerated
following P2: None overall. Further studies are
treatment with P3: None needed to determine dosing
RDV strategies for renally-
impaired patients.

RDV: Remdesivir, ESRD: End stage renal disease, AKI: Acute kidney injury, HD: Hospital day, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, SRI: Severe renal
impairment, NR: Not reported, SBECD: Sulfobutylether 3-cyclodextrin sodium, SD: Symptom day, SCr: Serum creatinine, eGFR: Estimated glomerular filtration rate, eCrCl: Estimated
creatinine clearance, EOT: End of treatment, ACS: Acute coronary syndrome, VAP: Ventilator-associated pneumonia, ICU: Intensive care unit, COVID-19: Coronavirus disease-2019

third trial showed no significant difference in efficacy or
safety between five and 10-day courses of treatment!®. Three
other randomized clinical trials of remdesivir are currently
active or recruiting2>?9,

2. Pharmacology: Remdesivir is a nucleoside analogue pro-
drug that is converted intracellularly to an active nucleoside
triphosphate, GS-443902. This active metabolite inhibits viral
replication through the RNA-dependent RNA polymerase, which
is required for early replication during the infectious cycle??%, It
acts on coronavirus by competing with endogenous nucleotides
for incorporation into the virus's replicating RNA, ultimately
resulting in termination of the growing RNA chain*'323l, [p
vitro studies determined that remdesivir is effective against a
SARS-CoV-2 isolate in human airway epithelial cells at a 50%
effective concentration (EC50) of 9.9 nM following 48 hours
of treatment!™. Remdesivir has also been shown to have
broad-spectrum activity against other coronaviruses [SARS-
CoV, Middle East Respiratory Syndrome (MERS)-CoV], some
filoviruses (Ebola virus, Marburg virus), and paramyxoviruses
(respiratory syncytial virus, Nipah virus, and Hendra virus)!'7.,

Standard dosing begins with a 200 mg loading dose, followed
by 100 mg per day for at least five and no more than 10 days!'3.
Due to limited oral bioavailability, a result of extensive first-
pass metabolism, it is administered intravenously (IV), either in
solution or lyophilized powder formulation!™'723, Remdesivir

quickly reaches peak plasma concentration by the end of
infusion, regardless of dosage, followed by rapid decline, with
a half-life of approximately one hour". The plasma protein
binding rate of remdesivir is 88% and 2% for its predominant
circulating metabolite, GS-441524, and it has wide tissue
distribution!™??7] Following administration, remdesivir is
almost immediately converted to GS-704277, an intermediate
alanine derivative, and then to GS-441524, the nucleoside
monophosphate analogue that is the primary circulating
metabolitel'32326] This intermediate, GS-441524, has a half-
life of 24.5 hours, while the active metabolite, GS-443902,
has a more prolonged half-life of 40 hours in peripheral blood
mononuclear cells?.

The pharmacokinetic (PK) profile of both remdesivir and
GS-441524 is linear between doses of 3 and 225 mg, with
remdesivir having no accumulation and GS-441524 reaching
steady state at day four, with accumulation of about 2-fold
with standard dosing!"7#*#., The day five AUC,_ was 1.56 h*ug/
ml for remdesivir and 2.23 h*ug/ml for GS-441524, and day five
peak plasma concentrations (C__ ) were 2.61 pg/ml and 0.142
ug/ml, respectively (see Table 2)01723,

Approximately 74% of the drug is renally-excreted, with the
majority concentration being GS-441524 (49%), followed by
remdesivir (10%) and other metabolites!’. This finding has led
researchers to theorize that plasma exposure to GS-441524
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Table 2. Comparison of pharmacokinetic parameters between healthya and severe renal impairment (SRI) patients (healthy/SRI)

Half-life (hours) AUC-day 5 (h x pg/ml) Cpax (ng/ml) Dialysance (%)
Remdesivir ~1, 2% (1.56, NR) 2.61, NR N/A, NR
GS-441524 25.3% NR (2.23, NR) 0.142, 1.47% N/A, 45-492022
SBECDY 2.0%,79.1% (NR, NR) NR, NR N/A, 46%°

AUC: Area under the curve; C,,.: Peak plasma concentration; NR: Not rated; N/A: Not applicable

aAll data on healthy patients based on standard dosing'”
"SBECD data based on voriconazole administration3®

SBECD: Sulfobutylether B-cyclodextrin sodium

may be elevated in individuals with decreased renal clearance
capacity!'3:23:26],

Additionally, the limited water solubility of remdesivir
necessitates incorporation of a carrier molecule, which, in
this case, is a large, cyclic oligosaccharide, sulfobutylether
B-cyclodextrin - sodium (SBECD)®2%2 This excipient is
also utilized in other water-insoluble drugs, namely the
IV infusion of antifungal voriconazole, and its PKs had
mainly been evaluated through the study of that drug®-?,
until the advent of its use in remdesivir*®. Sulfobutylether
B-cyclodextrin sodium is removed from the body primarily via
renal excretion, with a half-life of approximately two hours
for patients with normal renal function (see Table 2)¥2829), The
lyophilized powder form of remdesivir contains three grams of
SBECD per 100 mg dose, whereas the liquid solution contains
six grams per 100 mg dose!®. Similarly to GS-441524, SBECD
is removed from the body primarily through renal excretion,
which has also led to concern that SBECD may accumulate in
the plasma of individuals who suffer from insufficient renal
functionl317),

The most common side effects reported during clinical
evaluation included transaminase elevation, headache, nausea,
and rash. Less commonly reported adverse effects involved the
incidence of hypersensitivity and infusion-related reactions!'.

Concerns About Remdesivir Use in Patients with SRI

1. Clinical trials: As stated previously, all three clinical trials
for remdesivir excluded patients with eGFR <30 ml/min, with
two of those trials excluding patients with eGFR <50 ml/
mint121418 While under EUA, remdesivir use for treatment
of patients with an eGFR below the 30 ml/min threshold was
not recommended, “unless the potential benefit outweigh[ed]
the potential risk™" However, following FDA approval, this
clause was removed, and now states that remdesivir must be
discontinued if eGFR falls below 30 ml/mint™. This limitation
may be attributed to several factors, including findings of
severe renal toxicity in animal studies™, the incidence of acute
kidney injury (AKI) in patients with COVID-19 contributing to
increased mortality risk™5%, and, finally, concern regarding

potentially toxic accumulation of the carrier SBECD and
metabolite GS-441524 in patients with renal impairment{*'7l,
Each of these factors will now be evaluated based on current
available research.

2. Renal injury in animal studies: During preclinical studies of
remdesivir it was discovered that, when administering a slow
bolus IV of the drug to rhesus monkeys and rats, both animal
models experienced severe renal toxicity!*"”l. These injuries
were seen in doses as low as 5 mg/kg/day for seven days in
male rhesus monkeys, and the observed abnormal findings
included increased BUN, serum creatinine, renal tubular
atrophy, basophilia and urinary casts. They resulted even when
systemic exposures of the predominant metabolite, GS-441524,
were at levels as low as 0.1 times the recommended human dose
exposurel™'7. However, it should be noted that rodent models,
in particular, are not effective for evaluating the effects of
remdesivir in humans, as they have limitations including rapid
enzymatic degradation of the pro-drug, lower half-life of the
active metabolite, GS-443902, and resistance to MERS-CoV®!.
Also, these renal injury findings were not seen in clinical trial
participants!'.

3. The incidence of AKI in patients with COVID-19: Just
prior to FDA authorization in the United States, and while still
under conditional marketing authorization by the European
Medicines Agency (EMA), the EMA announced that their
Pharmacovigilance Risk Assessment Committee were reviewing
a potential safety signal following reports of AKI in patients
treated with remdesivir®. The EMA acknowledged that the
signal did not necessarily represent a causal relationship, and
that COVID-19 infection in and of itself was a known cause of
AKI, but reported plans to continue to monitor this potential
riskE",

Related to this concern, a study of international
pharmacovigilance reporting of the combination of terms
“acute renal failure” and "remdesivir" from February to August
2020, identified a statistically significant disproportionality
signal, with 138 observed cases located compared to the nine
expected (p<0.0001)B2. However, the investigators identified
that multiple confounding variables might play a role in their
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findings, including virally-mediated renal injury, co-prescription
of nephrotoxic drugs, and international variations in reporting®2.

As described in the EMA announcement, several studies have
noted a high incidence of AKI among patients hospitalized
with COVID-19, regardless of treatment intervention. In their
study of 3,993 hospitalized patients, Chan et al.*® reported that
AKI occurred in 46%. Ng et al.*¥ found that of 5,449 patients
admitted with COVID-19, 36.6% developed AKI. Differentiating
whether AKI is a virally-mediated complication or remdesivir-
related toxicity presents a difficult challenge, particularly in
patients with SRI, as they are already at heightened risk for
developing AKI|5,

Two studies have sought to counter the concern that remdesivir-
related toxicity may be associated with AKI: In an observational
study of 224 patients, 99 of whom were treated with remdesivir
and 125 receiving supportive care, the investigators found that
remdesivir use was not associated with significantly increased
risk for AKI®S., Also, in their (pre-print) meta-analysis of 18 cross-
sectional studies, including 15,135 hospitalized patients, Xu et
al.B® found no statistically significant association between the
use of remdesivir and increased risk for AKI. However, neither of
these studies looked specifically at patients with SRI.

Literature Review and Discussion Regarding Published Data

The risks of remdesivir use in patients with SRI remained purely
theoretical until several studies were published evaluating
its effects in this population. A total of seven studies were
identified through a literature review, including five focused
on general use of remdesivir in SRI patients, and two which
more specifically discussed the active circulating metabolite of
concern, GS-441524. The findings from these studies will now
be described (see Table 1).

1. Clinical findings: In the first study, 46 patients with ESRD and
CKD were admitted to the ICU for COVID-19, and were treated
with a standard course of remdesivirl'®. The investigators found
that remdesivir was well-tolerated overall, with no reactions
severe enough to result in treatment discontinuation, and no
renal function abnormalities attributable to the drug itself.
Side effects included one case of gout, one infusion reaction,
five cases of transient behavioral changes, and three cases of
liver enzyme elevations. The mortality rate among their study
group was 30.4%, which is comparable to that of the general
population of patients with CKD#, but lower than that seen in
other studies of CKD patients admitted to the ICU".

The second was a retrospective chart review of 135 patients
following treatment with remdesivir, 20 of whom had been
diagnosed with SRIM. The investigators found that, compared
to the patients without SRI, the overall rate of adverse events
secondary to remdesivir was not significantly different (30%

vs. 11%, p=0.26), despite seeing increased rates of serum
creatinine elevation and alanine aminotransferase/aspartate
aminotransferase (ALT/AST) elevations in the SRI group.
However, they did observe a significantly higher mortality rate
in the SRI group (25%) compared to non-SRI patients (3.5%,
p=0.004)". This increased mortality rate was attributed to
pre-existing disorders, as well as their associated morbidities,
rather than the drug remdesivir in and of itselfl". It was also
lower than that generally seen in the published literature”-%137),
The investigators concluded with the recommendation that
remdesivir be used in patients with SRI to reduce the time to
recovery, reflecting that its benefits outweighed the risk of its
usel'l.

In a multi-center, observational, retrospective case series of
adults treated with remdesivir for COVID-19, a total of 18 patients
with eGFR <30 ml/min were included®". The investigators found
that, over the course of treatment, two patients developed ALT
elevations greater than five times the upper limit of normal;
however, these elevations were not attributed to remdesivir.
They also observed three cases of ALT abnormalities attributed
to remdesivir, but none with elevations high enough to result
in discontinuation. A majority of the patients with eGFR <30
ml/min not on RRT at the start of treatment experienced
improved creatinine levels, but the condition of four patients
worsened to a state which required RRT, with one of those cases
being attributed to remdesivir. Other observed adverse events
attributed to remdesivir included two cases of hyperglycemia,
one case of anemia, and one case of burning sensation at the
infusion site. Despite these events, researchers concluded that
treatment was generally well-tolerated, although no impact
on mortality was seen, and the overall 28-day mortality rate
was 44% (8/18 patients)?". All of the patients who died were
under intensive care at the time of remdesivir initiation, which
is consistent with indications that intervention with remdesivir
is most effective in patients solely in need of supplemental
oxygen!™, as well as the higher rate of mortality among
patients with a concurrent renal insufficiency disorder-9137, In
general, remdesivir was found to be safe in these patients, and
particularly beneficial among those not requiring mechanical
ventilation®,

A second multi-center, retrospective chart review, compared
outcomes between 40 patients with an estimated creatinine
clearance (eCrCl) <30 ml/min and 307 patients with eCrCl >30
ml/min who received the lyophilized powder preparation of
remdesivir'®, The investigators found no significant difference
in the frequency of AKI 48 hours post-completion of treatment
between patients with eCrCl <30 and eCrCl >30 ml/min (5%
vs. 2.3%, p=0.283), nor did they find a significant difference in
early discontinuation due to AST/ALT elevations (0% vs. 3.9%,
p=0.374). Similar to the studies mentioned previously, the
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30-day mortality rate was higher among patients with eCrCl
<30 ml/min (50% vs. 16.2%, p<0.001). This difference was
accounted for by underlying variables such as the increased age
of these patients, increased number and range of comorbidities,
medications, and greater likelihood of mechanical ventilation
requirement!™. The investigators concluded that remdesivir
may serve as a viable option for patients with SRl who are
experiencing severe COVID-19 infections®!,

One observational, prospective study looked specifically at
outcomes in 48 patients on hemodialysis following treatment
with remdesivir for COVID-19". The results indicated that
remdesivir was well tolerated, no significant elevations in AST/
ALT were observed, and a significant decline in serum C-reactive
protein was seen among all participants (p<0.001), along with
an improvement in oxygen requirement among 68.5% of
the patients on low-flow oxygen support at admission. The
investigators also found that, when administered within 48
hours of hospitalization, remdesivir shortened hospitalization by
an average of 5.5 days (p=0.001). Despite this benefit, mortality
rates were not improved among those who started remdesivir
early (within 48 hours) compared to those whose treatment
was initiated later (after 48 hours of admission) (p=0.34)".
However, while the overall mortality of 20.8% was comparable
to other ESRD patients with COVID-19 infection being treated
within the same facility (17.9%), it was lower than that seen in
other studies of patients with ESRD#38!_ It was concluded that
that remdesivir use in ESRD patients was safe, and especially
beneficial if used soon after hospital admission!.

Overall, these five studies indicate that remdesivir is likely safe
for use in patients with SRI, particularly if started early in the
course of treatment. However, due to the lack of randomized
controlled trials, and the paucity of studies conducted so far,
further research is needed to fully elucidate its role in the care
of these patients.

2. The question of metabolite and excipient accumulation in
patients with SRI: The final point of concern related to the
use of remdesivir in SRI patients is the potentially pathogenic
roles of the major circulating metabolite, GS-447524 and
the excipient SBECD. Two papers thus far have examined GS-
441524 in this population (see Table 1): First, in a case report of
a double-lung transplant patient who had received remdesivir
late in his clinical course®, the accumulation of GS-441524
was observed to a trough concentration (C_ ) of 0.563 ug/
ml, more than four times the peak plasma concentration (C__)
observed in healthy adults (see Table 2)U'32338, This patient
experienced renal failure 3-days post initiation of remdesivir,
and was placed on hemodialysis, wherein 59% of G5-441524
was removed®??. Whether accumulation of this metabolite
contributed to the patient's renal injury is not definitive, as
it likely resulted from multiple factors, including coinfections,

the use of immunosuppressants and multiple antibiotics, and
prolonged hospitalization. However the investigators concluded
that, should accumulation of GS-441524 be suspected as
the cause of kidney injury, it can be effectively removed by
hemodialysis??.

In the second, the investigators monitored levels of GS-441524
in three patients with ESRD requiring hemodialysis following
a five-day course of remdesivir treatment®?. They noted
that the half-life of remdesivir was approximately twice as
long in patients with ESRD compared to healthy adults (~2h
versus ~1h), and that Cmax for GS-441524 reached a level 10
times higher than the C__ at day five among healthy adults
(1.47 pg/ml vs. 0.142 pg/ml)2°21 however this level declined
quite dramatically following administration of hemodialysis,
with resultant concentrations 45-49% lower than pre-dialysis
levels (see Table 2). Despite accumulation of the GS-441524
metabolite, the drug itself was well tolerated by all of the
observed patients, and all patients were discharged following
treatment®,

Related to the metabolite GS-441524 is the transient
appearance of GS-704277, which has been associated with the
incidence of renal toxicity in rat models through activity against
organic anion transporters (OATs)?, However, this can likely be
excluded as GS-704277is not a human OAT substratel'”. As such
it is not likely to impact the renal system in the same manner
as it does in the rat model!"7?2, Of note, a recent pharmacologic
evaluation concluded that GS-441524 should be investigated as
a possible safe and efficacious alternative to remdesivir, lending
credence to it being an unlikely point of concern in for toxicity
in the SRI population®?.

An area of more focused attention has been the role of the
excipient, SBECD, in patients with renal impairment. Similar
to GS-441524, the concern in these patients lies in the fact
that it, too, is renally-cleared!. Although animal studies have
shown that accumulated plasma levels of SBECD contributes
to subsequent development of liver necrosis and renal tubular
obstruction, the doses utilized in these studies were 50- to
100-times higher than expected in the longest recommended
course of remdesivir treatment, 10 days!'.

The greatest dosage of SBECD that would be found in the
remdesivir solution contains 6 g per 100 mg'3. This is well
below the safety threshold dose of 250 mg/kg/day as
recommended by the EMAI'4 It is also similar to the dose
found in voriconazole, which contains 6.4 grams of SBECD,
a dose which has not been associated with renal adverse
events!". However, SBECD can accumulate significantly in
patients with ESRD: In their study of 13 patients treated with
five days of IV voriconazole, Luke et al.B? found that the mean
T2 of SBECD was 2.1 hours in normal subjects and 79.1 hours
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among those receiving dialysis; however dialysis successfully
removed 46% of the SBECD and shortened the half-life
to 5.0 hours (see Table 2). Despite the significant half-life
prolongation, investigators concluded that clinical doses of
SBECD are unlikely to result in adverse events, even in patients
with renal insufficiency®?. Although no specific studies have
been conducted elucidating the role of SBECD in remdesivir
in the SRI population, neither studies of voriconazole nor
remdesivir have shown evidence of nephrotoxicity, even in
patients with underlying renal diseasel"+'¥. This has resulted in
the recommended use of remdesivir despite concerns related
to SBECD accumulation®l.

Due to the lack of RCTs on remdesivir in patients with SRI, and
as a result of the fact that it remains one of the only approved
medications for the treatment of COVID-19 infection, its
use thus far has been a matter of weighing benefits against
potential consequences. We have evaluated the primary
areas of concern regarding the drug, such as toxicities in
animal studies, the association with AKI, and the question of
metabolite and excipient accumulation, and, based on current
evidence, determined them to be more theoretically than
clinically relevant. While some concerns remain, including the
EMA announcement regarding a potential safety signal related
to remdesivir use and AKI, and the findings of GS-441524 and
SBECD accumulation in patients with SRI not on RRT, the results
are clear: Among the studies published, there were no serious
adverse side effects or worsening of the clinical syndrome
related to the administration of remdesivir. More importantly,
of the investigators who evaluated remdesivir use in the clinical
population, none oppose its use in patients with SRII'78-22, Until
evidence becomes available that this medication results in worse
outcomes than the virus itself, its use should be considered in
this population.

What is clear is that, as the COVID-19 pandemic rages
on, patients with SRI are dying at startling rates: In a case
report of 94 patients on hemodialysis, 42% of patients
expired after being hospitalized for COVID-19%8, Individuals
who have received kidney transplants are also at increased
risk of mortality from COVID-19, with rates nearing 300,
The highest mortality rates can be seen among SRI patients
admitted to the ICU: According to their multicenter cohort
study of 65 ICUs in the United States, Gupta et al.l'"! found
that the 28-day mortality was 47.1% for patients with CKD
and 54.7% for patients with ESRD.

Therefore, it is suggested by the authors that remdesivir is likely
safe to use in patients with renal insufficiency, provided they
are apprised of the lack of RCT safety data in patients with eGFR
<30 ml/min and closely monitored. By limiting viral replication,

and thus reducing viral load in these patients, clinical symptoms
will be mitigated. This will allow patients to be discharged
from the hospital sooner, likely reducing high morbidity and
mortality rates!"”'®'%, |n conclusion, prudent use of the antiviral
medication remdesivir will allow clinicians to fill a critical gap in
the management of patients with SRl who are diagnosed with
COVID-19.
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