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ABSTRACT

Background and objectives: Remdesivir, an antiviral drug routinely used in the treatment of COVID-19 has not yet received FDA approval for use in patients with
advanced kidney disease defined as GFR < 30 mL/min/1.73 m2 There is concern that an excipient in Veklury (Gilead’s proprietary name for remdesivir) called
sulfobutylether-beta-cyclodextrin (SBECD), which is renally cleared, may accumulate and reach toxic levels in patients with advanced kidney disease. The aim of this
study was to summarize characteristics and incidence of adverse events of chronic kidney disease (CKD) patients who received remdesivir during hospitalization.
Design, setting, participants, and measurements.

We retrospectively studied patients admitted to one of several hospitals of the Mayo Clinic Foundation with the diagnosis of COVID-19 pneumonia and CKD.
Laboratory values were also measured when remdesivir was first administered and stopped. All analyses were performed in the overall patient group and three
separate subgroups of patients with a GFR > 15, a GFR < 15 and dialysis, and a GFR < 15 and no dialysis.

Results: A total of 444 CKD patients who were admitted to the hospital with COVID-19 pneumonia between May 2020 and September 2021 were included. Infor-
mation was collected on patient characteristics, hospitalization, and adverse events. In the overall cohort, median age was 72 years (Range: 21-100 years), 55.2 % of
patients were male, and most (86.5 %) were Caucasian. CKD stage was 3 for 114 patients (25.7 %), 4 for 229 patients (51.6 %), and 5 for 101 patients (22.7 %). A
total of 146 patients (32.9 %) were admitted to the ICU, 103 (23.2 %) died in the hospital, and 120 (27.0 %) were on dialysis. The proportion of patients with an
adverse event did not differ dramatically between the GFR > 15 (20.9 %), GFR < 15 and dialysis (30.2 %), and GFR < 15 and no dialysis (32.3 %) groups (P = 0.12).
Conclusion: Our results suggest that the use of remdesivir in patients with very severe CKD is safe, even in those who are not on renal replacement therapy.

Introduction

Remdesivir, a viral RNA-dependent RNA-polymerase inhibitor, was
developed by Gilead Science in collaboration with the Centers for Dis-
ease Control and Prevention (CDC) and the U.S. Army Medical Research
Institute of Infectious Diseases (USAMRIID) searching for treatments for
respiratory syncytial virus and hepatitis C. Although found ineffective in
treating Ebola virus disease (Yan and Muller, 2021), activity against
numerous other viruses, including SARS-CoV-1 and MERS-CoV), was
later documented (Mechineni et al., 2021). In October of 2020,
remdesivir became the first medication to receive FDA approval for the
treatment of COVID-19 (Rubin et al., 2020). The results of several trials
(Beigel et al., 2020; Goldman et al., 2020) support its use in hospitalized
patients with COVID-19, and recent data indicate that treatment of
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outpatients with high risk for disease progression is highly beneficial.
Despite its documented safety, concerns remain about the toxicity of
remdesivir, particularly in patients with reduced kidney function. An
excipient in Veklury (Gilead’s proprietary name for remdesivir) called
sulfobutylether-beta-cyclodextrin (SBECD), is renally cleared and may
accumulate and reach toxic levels in patients with advanced kidney
disease. Therefore, remdesivir is not recommended for patients with a
glomerular filtration rate (GFR) lower than 30 mL/min/1.73 m>. How-
ever, there is clinical evidence that remdesivir is dialyzable and may be
safe in patients with kidney disease (Pettit et al., 2020). REDPINE, a
large ongoing randomized clinical trial, is likely to add evidence in that
regard (https://clinicaltrials.gov/ct2/show/NCT04745351).

We performed a retrospective analysis of 444 hospitalized patients
with advanced kidney disease who received remdesivir for the treatment

Received 6 June 2022; Received in revised form 25 July 2022; Accepted 26 September 2022

Available online 13 October 2022

2590-1702/© 2022 The Author(s). Published by Elsevier Ltd on behalf of British Infection Association. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:Stancampiano.f@mayo.edu
www.sciencedirect.com/science/journal/25901702
https://www.sciencedirect.com/journal/clinical-infection-in-practice
https://doi.org/10.1016/j.clinpr.2022.100207
https://doi.org/10.1016/j.clinpr.2022.100207
https://doi.org/10.1016/j.clinpr.2022.100207
http://creativecommons.org/licenses/by-nc-nd/4.0/

F. Stancampiano et al.

of COVID-19 at several Mayo Clinic hospitals. We aimed to study the
incidence and type of adverse effects experienced by patients with a
GFR < 30 mL/min/1.73 m?, who received remdesivir on a compas-
sionate basis and define their clinical characteristics and incidence of
adverse events.

The assessment of adverse events in patients who receive SBECD
drugs, particularly when administered in the setting of multiple
comorbidities and/or acute critical illness, may be difficult. For instance,
much of the clinical experience with an SBECD drug was collected from
individuals who received intravenous voriconazole to treat systemic,
life-threatening fungal infections including candidemia and invasive
aspergillosis. Therefore, it may have been difficult to determine if an
adverse event was caused by the index drug, the excipient or simply was
a manifestation of the primary disease. There is also evidence indicating
SBECD does not accumulate in renal epithelial cells or lead to worsening
renal function (Luke et al., 2010; Oude Lashof et al., 2012).

Despite the limited clinical information on the actual risk associated
with the use of SBECD drugs, clinicians continue to focus their attention
on potential hepatic and renal toxicity, mainly based on the recom-
mendations by European and U.S. regulatory agencies (Dearani et al.,
2020; Aleem et al., 2021).

Aims

The aim of this study was to summarize clinical characteristics and
incidence of adverse events of patients with advanced kidney disease
who received remdesivir for the treatment of COVID-19 pneumonia.

Methods
Study subjects

A total of 444 CKD patients admitted to the Mayo Clinic hospitals
between May 2020 and September 2021 were included in this retro-
spective study. Information was collected on patient characteristics,
hospitalization, and adverse events by performing a retrospective re-
view of electronic medical records. Laboratory values were also
measured when remdesivir was first administered and stopped. As per
institutional protocol, patients received a 5-day course of intravenous
remdesivir consisting of a loading dose of 200 mg on day followed by
100 mg daily. All analyses were performed in the overall patient group
and three separate subgroups of patients with a GFR > 15, a GFR < 15
and dialysis, and a GFR < 15 and no dialysis. All patients had a history of
chronic kidney disease in stages 3 to 5, and a GFR of <30 mL/kg/1.73
m? at the time of hospital admission. The Mayo Clinic COVID-19 Risk
Score was used to predict severe disease (Nyman et al., 2022).

Statistical analysis

Continuous variables were summarized with the sample median and
range. Categorical variables were summarized with number and per-
centage of patients. Comparisons of patient characteristics and adverse
events of the GFR > 15, GFR < 15 and dialysis, and GFR < 15 and no
dialysis groups were made using a Kruskal-Wallis rank sum test
(continuous and ordinal variables or Fisher’s exact test (categorical
variables). Comparisons of laboratory values between when remdesivir
was first administered and stopped were made using a paired Wilcoxon
signed-rank test. P-values < 0.05 were considered as statistically sig-
nificant. All statistical tests were two-sided. Statistical analyses were
performed using R Statistical Software (version 4.0.3; R Foundation for
Statistical Computing, Vienna, Austria).

Results

Of the 444 study patients, 350 (78.8 %) had a GFR > 15, 63 (14.2 %)
had a GFR < 15 and dialysis, and 31 (7.0 %) had a GFR < 15 and no
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dialysis. A summary of patient demographic and clinical characteristics
and hospitalization information is displayed in Table 1 for the overall
group and the three patient subgroups. In the overall cohort, median age
was 72 years (Range: 21-100 years), 55.2 % of patients were male, and
most (86.5 %) were Caucasian. Median BMI was 30.4 (Range: 2.9-79.9
%) and median Charlson comorbidity score was 7 (Range: 2-15). CKD
stage was 3 for 114 patients (25.7 %), 4 for 229 patients (51.6 %), and 5
for 101 patients (22.7 %). A total of 146 patients (32.9 %) were admitted
to the ICU, 103 (23.2 %) died in the hospital, and 120 (27.0 %) were on
renal replacement therapy (RRT). The median length of remdesivir
treatment was 5 days. When comparing characteristics of the three GFR
subgroups, significant differences were noted for age (P < 0.001), race
(P < 0.001), stage of CKD (P < 0.001), and RRT (P < 0.001).A total of
102 patients (23.0 %) experienced an adverse event, the most common
of which were septic shock (11.5 %), nausea or vomiting (3.8 %), and
pulmonary embolism (3.2 %) (Table 2). The proportion of patients with
an adverse event did not differ dramatically when comparing the GFR >
15 (20.9 %), GFR < 15 and RRT (30.2 %), and GFR < 15 and no RRT
(32.3 %) groups (P = 0.12). Generalized seizure was more common for
the GFR < 15 and RRT group (3.2 %) compared to the other two sub-
groups (both 0.0 %, P = 0.044). There were no other statistically sig-
nificant differences in adverse events when comparing the three
examined GFR/RRT subgroups (all P > 0.13, Table 2). Comparisons of
laboratory values between when remdesivir was first administered and
when remdesivir was stopped are shown in Table 3. In the overall pa-
tient group, there were significant differences between these two time
points regarding hemoglobin (P < 0.001), WBC (P < 0.001), platelets (P
< 0.001), AST (P < 0.001), total bilirubin (P = 0.012), and GFR (P <
0.001).

Study limitations

The main limitation of this study is the retrospective design, which
may have introduced biases into the data collection. Additionally, the
sample sizes of several of the patient subgroups that were examined
(particularly the two GFR < 15 subgroups) were relatively small, and
therefore, the possibility of a type II error (i.e., a false-negative finding)
is important to consider. We cannot conclude that no true difference
exists simply due to the occurrence of a non-significant p-value in this
study.

Discussion

Our study showed that hospitalized COVID-19 patients with
advanced kidney disease defined as a GFR < 30 mL/1.73 m? had an
incidence of adverse events of 23 % (102/444). Of those, the most
common were septic shock (11.5 %), nausea or vomiting (3.8 %), and
pulmonary embolism (3.2 %), with similar proportions in patients with a
GFR of greater or <15 mL/1.73 m?, with or without RRT. The diagnosis
of septic shock was made in accordance with the 2021 Surviving Sepsis
Campaign guidelines (Evans et al., 2021). Four major studies were
conducted to assess the efficacy of remdesivir, but comparing their re-
sults has been difficult due to differences in design, length of treatment,
dosing schedule, and endpoints (Beigel et al., 2020; Beigel, 2021; Wang
et al., 2020; Spinner et al., 2020; Consortium WHOST et al., 2021). In
the NIH-sponsored Adaptive COVID-19 Treatment Trial (ACTT-1), the
overall incidence of adverse events was 24.62 % for remdesivir
compared to 31.59 % in those who received placebo.

A placebo-controlled study conducted in China in the early stages of
the pandemic, yielded a very high withdrawal rate after 66 % of
remdesivir patients experienced adverse events. Moreover, 18 % of the
serious adverse events ultimately contributed to the discontinuation of
that trial (Wang et al., 2020). Our lower adverse event rate may have
been the result of a shorter treatment course of 5 days compared to 10
days in ACTT-1, and also the evolution of COVID-directed therapy. Our
patients were treated with therapeutics that were not utilized in the
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Table 1
Patient characteristics.
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Median (minimum, maximum) or No. (%) of patients

Variable N All patients (N = 444) GF > 15 (N = 350) GFR < 15 and RRT (N = 63) GFR < 15 and no RRT (N = 31) P-value
Patient characteristics
Age (years) 444 72 (21, 100) 73 (27, 100) 69 (26, 92) 72 (21, 95) <0.001
Sex (male) 444 245 (55.2 %) 192 (54.9 %) 37 (58.7 %) 16 (51.6 %) 0.81
Race 443 <0.001
Caucasian 383 (86.5 %) 310 (88.8 %) 47 (74.6 %) 26 (83.9 %)
African American 36 (8.1 %) 29 (8.3 %) 3 (4.8 %) 1 (3.2 %)
Asian 5 (1.1 %) 1 (0.3 %) 3 (4.8 %) 1 (3.2 %)
Other 19 (4.3 %) 9 (2.6 %) 6 (9.5 %) 4 (12.9 %)
Ethnicity (not Hispanic or Latino) 444 425 (95.7 %) 335 (95.7 %) 61 (96.8 %) 29 (93.5 %) 0.82
BMI 443 30.4 (2.9, 79.9) 30.7 (2.9, 76.1) 28.9 (17.7, 79.9) 29.7 (16.6, 51.7) 0.22
Charlson comorbidity score 444 7 (2,15) 7 (2,14) 8(2,12) 7 (2,15) 0.96
Mayo clinic site 444 0.95
Florida 113 (25.5 %) 89 (25.4 %) 16 (25.4 %) 8 (25.8 %)
Arizona 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Rochester 82 (18.5 %) 65 (18.6 %) 10 (15.9 %) 7 (22.6 %)
Health system 249 (56.1 %) 196 (56.0 %) 37 (58.7 %) 16 (51.6 %)
Vaccinated 444 137 (30.9 %) 109 (31.1 %) 19 (30.2 %) 9 (29.0 %) 1.00
Mayo Clinic COVID-19 Risk Score 444 6 (0, 11) 6 (0,11) 6(3,11) 6 (1,10) 0.096
Stage of chronic kidney disease 444 <0.001
3 114 (25.7 %) 109 (31.1 %) 0 (0.0 %) 5 (16.1 %)
4 229 (51.6 %) 217 (62.0 %) 4 (6.3 %) 8 (25.8 %)
5 101 (22.7 %) 24 (6.9 %) 59 (93.7 %) 18 (58.1 %)
Hospitalization information
ICU during hospitalization 444 146 (32.9 %) 114 (32.6 %) 21 (33.3 %) 11 (35.5 %) 0.95
Mechanical ventilation 444 85 (19.1 %) 68 (19.4 %) 14 (22.2 %) 3(9.7 %) 0.35
Died in the ICU 444 80 (18.0 %) 65 (18.6 %) 10 (15.9 %) 5(16.1 %) 0.90
ECMO 444 7 (1.6 %) 6 (1.7 %) 1 (1.6 %) 0 (0.0 %) 1.00
Died in the hospital outside of the ICU 364 23 (6.3 %) 17 (6.0 %) 4 (7.5 %) 2 (7.7 %) 0.72
Died in the hospital (ICU or non-ICU) 444 103 (23.2 %) 82 (23.4 %) 14 (22.2 %) 7 (22.6 %) 1.00
RRT 444 120 (27.0 %) 57 (16.3 %) 63 (100.0 %) 0 (0.0 %) <0.001
Other COVID-19 treatments
Tocilizumab 444 25 (5.6 %) 20 (5.7 %) 2(3.2%) 3(9.7 %) 0.40
Monoclonal antibodies 444  6(1.4%) 6 (1.7 %) 0 (0.0 %) 0 (0.0 %) 0.74
Dexamethasone 444 313 (70.5 %) 251 (71.7 %) 40 (63.5 %) 22 (71.0 %) 0.42
Codex 444 7 (1.6 %) 7 (2.0 %) 0 (0.0 %) 0 (0.0 %) 0.76
Cp 444 73 (16.4 %) 57 (16.3 %) 11 (17.5 %) 5(16.1 %) 0.97
Tofacitinib 444 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 1.00
Baricitinib 444 11 (2.5 %) 10 (2.9 %) 0 (0.0 %) 1(3.2%) 0.49
Ravilumab 444 3(0.7 %) 3 (0.9 %) 0 (0.0 %) 0 (0.0 %) 1.00
Lenzilumab 444 2 (0.5 %) 2 (0.6 %) 0 (0.0 %) 0 (0.0 %) 1.00
MMPD 444 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 1.00
Camostat 444 0(0.0 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 1.00
Length of remdesivir treatment (days) 444 5(1, 35) 5(1, 35) 5(1, 10) 5@, 6) 0.25

P-values result from a Kruskal-Wallis rank sum test (continuous and ordinal variables) or Fisher’s exact test (categorical variables).

early stages of the pandemic and a high percentage of them received
dexamethasone (Tomazini et al., 2020).

Not surprisingly, seizures were more common in our subgroup of
patients with the poorest kidney function who required RRT. Approxi-
mately 10 % of patients with kidney failure and one-third of those with
uremic encephalopathy develop seizures (Sazgar, 2021). Although their
incidence is unknown, seizures have been occasionally reported as the
presenting symptom of COVID-19 infection (Anand et al., 2020). In the
ACTT-1, the incidence of seizures was lower in the placebo group (0.19
%, 1/516) compared to the remdesivir group (0.38 %, 2/532) but
without statistical significance due to the low number of events (https://
clinicaltrials.gov/ct2/show/results/NCT04280705). Additionally, a re-
view of the World Health Organization global database revealed that
remdesivir was not statistically associated with neurologic or psychiatric
adverse events (Lee et al., 2021).

Remdesivir is not recommended for use in patients with a GFR < 30
mL/1.73 m (Mechineni et al., 2021) due to lack of sufficient safety data
and concerns about toxicity, mainly due to accumulation of the renally
excreted excipient sulfobutylether-beta-cyclodextrin (SBECD) (https://
www.gilead.com/-/media/files/pdfs/medicines/covid-19/veklury/
veklury pi.pdf). However, some of those concerns appear unjustified.
Although most clinical studies on remdesivir have excluded patients
with advanced renal disease, there is no clear evidence that the drug-

excipient complex is nephrotoxic at usual dosing.

In our study, there was no significant decline in GFR after 5 days of
remdesivir administration in any of the subgroups; on the contrary, the
GFR improves in those with a baseline above 15 mL/1.73 m (Mechineni
et al., 2021). Biancalana et al. reported that renal function improved
after the administration of remdesivir in patients with COVID-19
pneumonia and CKD III. A higher GFR had prognostic value in their
univariate analysis (Biancalana et al., 2021). The renal function of our
patients, which was much poorer than Biancalana’s cohort at study
entry, may have improved due to organ recovery induced by COVID-19
directed therapy, or simply as the result of fluid administration in pa-
tients who were febrile and hypovolemic at the time of hospital
admission (Biancalana et al., 2021). Ackley et al. reported that COVID-
19 patients with a GFR higher or lower than 30 mL/kg/1.73 m? had
similar rates of acute kidney injury and end of treatment after remdesivir
treatment (Ackley et al., 2021). However, their cohort with advanced
renal dysfunction (GFR < 30/ml/kg/1.73 m?) only contained 44 pa-
tients. There is evidence that remdesivir protects mice from acute kidney
injury exposed to lipopolysaccharide-activated macrophages by inhib-
iting inflammatory pathways, but this mechanism has not been vali-
dated in humans (Yin et al., 2021).

Thakare et al. also studied the renal function of patients with CKD at
baseline who received remdesivir. Although most of their patients were
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Table 3
Laboratory measurements.

Table 2
Adverse events.
Adverse event N All GF > GFR < GFR < P-
patients 1S (N 15 and 15 and value
N = = 350) RRT (N no RRT
444) =63) N=
31)
Any adverse 444 102 73 19 10 0.12
event (23.0 %) (20.9 (30.2 (32.3
%) %) %)
Nausea or 444 17 (3.8 13 (3.7 3 (4.8 1(3.2 0.89
vomiting %) %) %) %)
Hypersensitivity 444  2(0.5%) 2(0.6 0 (0.0 0 (0.0 1.00
reaction %) %) %)
Generalized 444  2(0.5%) 0(0.0 2 (3.2 0 (0.0 0.044
seizure %) %) %)
Rash 444  0(0.0%) 0(0.0 0 (0.0 0 (0.0 1.00
%) %) %)
Bacteremia 444 13 (29 1029 2(3.2 1(3.2 1.00
%) %) %) %)
Septic shock 444 51 (11.5 35 10 6 (19.4 0.13
%) (10.0 (15.9 %)
%) %)
DVT 444 11 (2.5 8 (2.3 1.6 2 (6.5 0.28
%) %) %) %)
Pulmonary 444 14 (3.2 9 (2.6 348 2 (6.5 0.21
embolism %) %) %) %)
Hematologic 444 5 (1.1 %) 4 (0.9 0 (0.0 1(0.3 0.42
%) %) %)
Renal 444  9(2.0%) 8(1.8 1(0.3 0 (0.0 1.00
%) %) %)
Neurologic 444  4(09%) 3(0.7 0 (0.0 1(0.3 0.34
%) %) %)
Cardiovascular 444  4(09%) 3(0.7 0 (0.0 1(0.3 0.34
%) %) %)
Infectious 444  2(0.5%) 2(0.5 0 (0.0 0 (0.0 1.00
%) %) %)
GI 444 2 (0.5 %) 2 (0.5 0 (0.0 0 (0.0 1.00
%) %) %)
Allergic 444  2(0.5%) 2(0.5 0 (0.0 0 (0.0 1.00
%) %) %)

P-values result from Fisher’s exact test.

on RRT, the ones who were not completed the treatment with a slightly
improved GFR (Thakare et al., 2021).

Luke et al. reported renal and hepatic injury due to cell vacuolation in
animal models exposed to voriconazole; however, the serum concen-
tration of SBECD, its solubilizing agent, was 50-100 times higher than
the ones reached during a standard remdesivir infusion course of 5 to 10
days (Luke et al., 2010; Sorgel et al., 2021). SBECD is also easily
removed by continuous replacement therapy and RRT (Luke et al.,
2012). In a study of 166 patients with reduced renal dysfunction who
received voriconazole, Neofytos et al.found that neither the adminis-
tration route nor the baseline renal function were predictors of wors-
ening kidney disease (Neofytos et al., 2012).

Hematologic abnormalities that include eosinopenia, monocytosis,
lymphocytopenia, and anemia, as well as elevation of liver enzymes
levels have been described in patients with COVID-19 (Mao et al., 2021;
Hasel et al., 2022). As shown in Table 3, our patients experienced a
significant improvement in hemoglobin, white cell count, platelet count,
and AST levels during the course of the remdesivir infusion. These
favorable changes do not necessarily relate to the administration of
remdesivir but instead, to an overall improvement of hemodynamic
conditions and reduced inflammatory burden.

Conclusions

To our knowledge, this is the most extensive retrospective study of
patients with a GFR < 30 mL/1.73 m? who received remdesivir for the
treatment of COVID-19 pneumonia. Our results suggest that the use of
remdesivir in patients with very severe CKD is safe, even in those who

Value when remdesivir
was first administered

Value when remdesivir
was stopped

Lab measure N Median N Median P-value
(minimum, (minimum,
maximum) maximum)
All patients
Hemoglobin 444  11.5 (5.6, 29.9) 444  10.9 (5.6, 18.6) <0.001
WBC 444 6.8 (0.8, 159.5) 444 8.1 (0.6, 243.0) <0.001
Platelets 444 179.0 (6.2, 444 214.5 (4.4, <0.001
995.0) 960.0)
INR 105 1.2 (0.9,7.5) 100 1.7 (1.0, 10.6) 0.23
APTT 428  32.0 (14.6, 22 39.5 (26.0, 0.80
223.0) 101.0)
AST 432 39.0 (8.0, 399  33.0(10.0, <0.001
1703.0) 2929.0)
ALT 432 23.0 (0.5, 399 25.0 (5.0, 0.16
1735.0) 771.0)
Alkaline 422 81.0 (0.4, 400 81.0(0.3, 0.26
phosphatase 555.0) 547.0)
Total bilirubin 227 0.4 (0.1, 10.3) 385 0.4 (0.1, 9.2) 0.012
Direct 444 0.2 (0.0, 4.7) 158 0.2(0.1, 3.5) 0.89
bilirubin
GFR 444 23.0 (2.0, 90.0) 444 28.0 (15.0, <0.001
90.0)
GFR > 15
Hemoglobin 350 11.7 (5.6, 29.9) 350 11.1 (7.3, 18.6) <0.001
WBC 350 6.7 (0.8, 159.5) 350 8.2(0.6, 243.0) <0.001
Platelets 350 176.5(19.6, 350 211.5 (4.4, <0.001
541.0) 573.0)
INR 207 1.2(0.9,7.5) 72 1.7 (1.0, 10.6) 0.71
APTT 81 32.0 (14.6, 18 41.5 (26.0, 0.86
129.0) 101.0)
AST 336  40.0 (13.0, 313  34.0(11.0, <0.001
1703.0) 2929.0)
ALT 341  25.0 (0.5, 314  26.0 (6.0, 0.18
1735.0) 771.0)
Alkaline 340  77.0 (0.4, 314  80.0 (0.3, 0.50
phosphatase 555.0) 547.0)
Total bilirubin 333 0.4 (0.1,7.3) 305 0.4 (0.1, 6.7) 0.028
Direct 177 0.2 (0.0, 0.9) 124  0.2(0.1, 2.0) 0.80
bilirubin
GFR 350 25.0 (15.0, 350 30.0 (15.0, <0.001
90.0) 90.0)
GFR < 15 and RRT
Hemoglobin 63 10.5 (7.0, 13.6) 63 10.1 (5.6, 13.6) 0.023
WBC 63 7.6 (2.2, 24.0) 63 7.4 (2.1, 29.8) 0.89
Platelets 63 180.0 (6.2, 63 211.0 (75.0, <0.001
522.0) 515.0)
INR 41 1.2 (0.9, 4.8) 19 1.9 (1.0, 4.5) 0.26
APTT 14 32.0 (26.0, 3 27.0 (26.0, 1.00
223.0) 41.0)
AST 61 34.0 (12.0, 58 30.0 (10.0, 0.036
268.0) 159.0)
ALT 60 19.5 (5.0, 70.0) 57 19.0 (5.0, 60.0) 0.70
Alkaline 61 93.0 (39.0, 58 95.0 (34.0, 0.59
phosphatase 268.0) 391.0)
Total bilirubin 58 0.3(0.2,2.2) 53 0.3 (0.1, 3.3) 0.46
Direct 33 0.2 (0.1, 1.5) 25 0.2(0.1,1.1) 0.93
bilirubin
GFR 63 15.0 (2.0, 15.0) 63 15.0 (15.0, 0.006
44.0)
GFR < 15 and no RRT
Hemoglobin 31 11.1 (7.4, 14.8) 31 10.7 (5.7, 13.4) 0.017
WBC 31 7.0 (3.4, 38.9) 31 8.8 (2.6, 39.3) 0.64
Platelets 31 194.0 (73.0, 31 245.0 (60.0, 0.005
995.0) 960.0)
INR 19 1.2 (1.0, 3.6) 9 1.3 (1.1, 3.9) 0.28
APTT 10 29.0 (23.0, 1 32.0 (32.0, N/A!
45.0) 32.0)
AST 31 32.0 (8.0, 94.0) 28 27.0 (15.0, 0.044
64.0)
ALT 31 17.0 (8.0, 49.0) 28 18.0 (5.0, 82.0) 0.35
Alkaline 31 82.0 (45.0, 28 81.0 (45.0, 0.26
phosphatase 251.0) 232.0)
Total bilirubin 31 0.3 (0.2, 10.3) 27 0.3(0.2,9.2) 0.24

(continued on next page)
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Table 3 (continued)

Value when remdesivir
was stopped

Value when remdesivir
was first administered

Lab measure N Median N Median P-value
(minimum, (minimum,
maximum) maximum)
Direct 17 0.2 (0.1, 4.7) 9 0.2 (0.1, 3.5) 0.59
bilirubin
GFR 31 15.0 (15.0, 31 18.0 (15.0, <0.001
15.0) 90.0)

P-values result from a paired Wilcoxon signed rank test. ! A p-value is not
provided as there was only one patient with a measure when remdesivir was
stopped.

are not on renal replacement therapy. An ongoing placebo-controlled
trial in which remdesivir is given to COVID-19 patients with GFR <
30 (REDPINE) is expected to complete enrollment and yield additional
information on the safety of this antiviral agent later this year.
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