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Key Points
� Remdesivir was not approved in patients with eGFR ,30 ml/min per 1.73 m2, and safety data are extremely

limited.
� Compared with matched controls who did not receive remdesivir, there was no increased risk of cardiac, kid-

ney, liver, or neurologic adverse events.
� Hyperglycemia was more common in remdesivir-treated patients; this may be explained by concomitant dexa-

methasone use.

Abstract
Background Remdesivir is not currently approved for patients with eGFR,30 ml/min per 1.73 m2. We aimed to
determine the safety of remdesivir in patients with kidney failure.

Methods This study was a retrospective cohort study of patients with COVID-19 hospitalized between May 2020
and January 2021 with eGFR,30 ml/min per 1.73 m2 who received remdesivir and historical controls with
COVID-19 hospitalized between March 1, 2020 and April 30, 2020 prior to the emergency use authorization of
remdesivir within a large health care system. Patients were 1:1 matched by propensity scores accounting for
factors associated with treatment assignment. Adverse events and hospital outcomes were recorded by manual
chart review.

Results The overall cohort included 34 hospitalized patients who initiated remdesivir within 72 hours of hospital
admission with eGFR,30 ml/min per 1.73 m2 and 217 COVID-19 controls with eGFR,30 ml/min per 1.73 m2.
The propensity score–matched cohort included 31 remdesivir-treated patients and 31 nonremdesivir-treated
controls. The mean age was 74.0 (SD513.8) years, 57% were women, and 68% were white participants. A total of
26% had ESKD. Among patients who were not on dialysis prior to initiating remdesivir, one developed worsening
kidney function (defined as$50% increase in creatinine or initiation of KRT) compared with three in the historical
control group. There was no increased risk of cardiac arrythmia, cardiac arrest, altered mental status, or clinically
significant anemia or liver function test abnormalities. There was a significantly increased risk of hyperglycemia,
which may be partly explained by the increased use of dexamethasone in the remdesivir-treated population.

Conclusions In this propensity score–matched study, remdesivir was well tolerated in patients with eGFR ,30
ml/min per 1.73 m2.
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Introduction
There have been over 200 million cases of coronavirus
disease 2019 (COVID-19) worldwide as of August 10,
2021 (1). Severe COVID-19 can cause multiorgan
injury (2,3), and AKI has emerged as a common com-
plication of COVID-19. In the first wave of the pan-
demic, multiple studies demonstrated that the rate of
AKI among hospitalized patients was between 17%
and 37%; however, with improvements in care, the
rate of AKI has decreased (4–11). Nevertheless,
patients with low eGFR due to either AKI or preexist-
ing CKD and patients with ESKD have a significantly
increased risk of death from COVID-19 (12,13).

Remdesivir is the only antiviral treatment that has
been approved for the treatment of COVID-19 in
patients with severe COVID-19. However, because of
concerns about the drug’s potential toxicity in patients
with kidney disease related to both metabolism and
elimination of remdesivir and the potential accumula-
tion of its sulfobutylether-b-cyclodextrin (SBECD)
excipient, the Food and Drug Administration
approval states that remdesivir is not recommended
in patients with eGFR ,30 ml/min per 1.73 m2.
Remdesivir is a prodrug that, after it is metabolized to
remdesivir triphosphate, acts as an analog of ATP,
competing for incorporation by RNA-dependent RNA
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polymerase and interfering with viral RNA replication.
Rare but serious side effects of remdesivir include transa-
minitis and hypersensitivity/infusion reactions (14).
Given the limited duration of treatment (5 days) and rel-

atively low concentration of SBECD excipient, it has been
suggested that the benefits of remdesivir may outweigh
risks in select patients with eGFR ,30 ml/min per 1.73 m2

who present early in their disease course when antiviral
therapy is most likely to be effective (15). Thus, within our
health care network, off-label remdesivir was offered to
patients with eGFR ,30 ml/min per 1.73 m2 when infec-
tious diseases experts and nephrologists agreed that these
potential benefits outweighed risks. There is a small num-
ber of case series of remdesivir use in patients with eGFR
,30 ml/min per 1.73 m2; however, no prior series included
matched comparators. To address this knowledge gap, we
sought to compare the risk of key safety events and hospi-
tal outcomes in patients treated with remdesivir with
propensity score–matched patients who did not receive
remdesivir during the early phase of the first COVID-19
surge in Boston, Massachusetts when remdesivir was not
yet available (March 5, 2020 to April 30, 2020).

Materials and Methods
Patient Population and Data Acquisition
We conducted an observational, retrospective cohort

study of hospitalized adults with COVID-19 within the
Mass General Brigham (MGB) health care system located
in the Boston region. Inclusion criteria for remdesivir-
treated patients were (1) receipt of remdesivir within 72
hours of hospital admission and (2) receipt of KRT or eGFR
,30 ml/min per 1.73 m2 on the basis of their creatinine
level just prior to the first dose of remdesivir administra-
tion. eGFR was calculated via the Chronic Kidney Disease
Epidemiology Collaboration equation (16). Patients were
excluded if they had begun remdesivir prior to transfer to
our health care system from an outside hospital because
we could not evaluate baseline laboratory studies in these
patients. Potential historical comparators were identified
using the MGB Research Patients Data Registry (RPDR) to
identify consecutive patients diagnosed with COVID-19 by
RT-PCR between March 1, 2020 and April 30, 2020 who
were hospitalized for .24 hours and had eGFR ,30 ml/
min per 1.73 m2 within the first 72 hours of admission. We
developed inclusion/exclusion criteria a priori to identify
candidates who would have qualified for remdesivir had
they been admitted after the emergency use authorization
(EUA) when remdesivir became available. Inclusion criteria
for historical comparators included (1) admission for
COVID-19 with oxygen saturation #94% on room air or
requiring supplemental oxygen within 72 hours of admis-
sion and (2) eGFR ,30 ml/min per 1.73 m2 or receiving
KRT within the first 72 hours of admission. Exclusion crite-
ria included (1) evidence of decompensated liver disease
within 72 hours of admission, (2) enrollment in a placebo-
controlled trial of remdesivir, (3) initiation of hospice care
prior to receiving COVID-19–directed therapies, or (4)
transfer from an outside facility.
Patient characteristics, including demographics, labora-

tory tests, diagnosis, and medications, were obtained from
MGB RPDR, which is the central data repository of MGB

used for research and quality improvement purposes
(17,18). Race/ethnicity was defined by incorporating race
data and primary language spoken using an algorithm
shown in Supplemental Table 1. Pretreatment creatinine
was defined by the serum creatinine value just prior to
remdesivir initiation. “Prehospital” baseline creatinine was
determined by chart review according to the following
algorithm. When available, the closest outpatient creatinine
value between 14 and 365 days prior to admission was
used; if not available, then the minimum serum creatinine
during the hospital stay was used. CKD was defined as a
“prehospital” baseline creatinine that corresponded to an
eGFR ,60 ml/min per 1.73 m2. Comorbidities were
defined by the presence of at least two diagnosis Interna-
tional Classification of Diseases (ICD) 9/10 codes using the
“diagnoses domain” (Supplemental Table 2). Baseline med-
ications were defined by at least one instance of a prescribed
medication within 1 year of baseline obtained from the
“medications domain” (Supplemental Table 3). Laboratory
studies were defined by the worst value within 72 hours of
admission. The sequential organ failure assessment
(SOFA) score was calculated according to the equation
by Vincent et al. (19) using the most severe values
obtained prior to remdesivir initiation or within 72 hours
from admission for patients and controls, respectively.

Manual chart review was performed by two physicians
(R.S. and M.E.S.) who reviewed each physician and nursing
note to determine adverse events for all case and control
patients. Remdesivir-treated patients were chart reviewed
for their entire remdesivir course plus 48 hours afterward
(typically corresponding to 7 days), and control patients
were chart reviewed for the first 7 days of hospitalization.
Clinical adverse events of interest were cardiac arrythmia,
cardiac arrest, seizure, and altered mental status. Labora-
tory adverse events of interest were transaminitis (more
than five times the upper limit of normal for aspartase ami-
notransferase [AST] and alanine aminotransferase [ALT]),
worsening kidney function, anemia (hemoglobin ,8 g/dl),
and hyperglycemia (blood glucose .200 mg/dl). Worsen-
ing kidney function was defined as a rise in serum creati-
nine $50% for all patients who were not on KRT prior to
baseline. For remdesivir-treated patients, the pretreatment
creatinine was the value just prior to the first administered
dose of remdesivir; for control patients, the admission cre-
atinine was used. All adverse events of interest were
defined a priori.

Our institutional review board approved the protocol
and waived the need for informed consent. Research was
conducted in accordance with the Helsinki Declaration.

Statistical Analyses
Baseline characteristics were described using means and

SDs or medians and interquartile ranges for continuous
variables and frequencies and percentages for categorical
variables.

To minimize bias from nonrandomized treatment
assignment, remdesivir-treated patients were matched to
nonremdesivir-treated controls using a propensity score
(PS). PSs were first determined on the basis of a multivari-
ate logistic regression model that estimated the probability
of receiving remdesivir. The covariates included in the
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logistic regression model were age; sex; race/ethnicity;
SOFA score; invasive mechanical ventilation within 72
hours after admission; pretreatment/admission creatinine
level; and history of hypertension, diabetes mellitus, ESKD,
and prior solid organ transplantation. For patients with
ESKD, the admission creatinine level was imputed as 10
mg/dl because the creatinine values for these patients are
modified by dialysis. We then matched the remdesivir-
treated patients and nonremdesivir-treated controls using
1:1 nearest neighbor greedy matching without replacement
and a caliper of 0.1 SD of the PS. Standardized differences
were calculated for the patients and controls before and
after matching (20,21).
Following PS matching, patient outcomes were exam-

ined using the McNemar test for binary outcomes (propor-
tion experiencing clinical adverse events, 28-day all-cause
mortality) and paired t test or Wilcoxon signed rank test
for continuous outcomes (lowest hemoglobin and highest
AST, ALT, and blood glucose), as appropriate. Statistical
analyses were performed using SAS Version 16. All P val-
ues were two sided, and P50.05 was considered statisti-
cally significant.

Results
Cohorts and Study Time Line
There were 40 individuals with eGFR ,30 ml/min per

1.73 m2 who received remdesivir at MGB between May 10,
2020 and Jan 31, 2021. Four patients were excluded due to
beginning remdesivir .72 hours after admission, and two
were excluded because they began remdesivir at an outside
hospital prior to transfer to our health care system. There
were 34 remdesivir-treated patients with eGFR ,30 ml/
min per 1.73 m2 who met inclusion criteria (Figure 1).

Historical Comparators
There were 1854 individuals who tested positive for

COVID-19 and were hospitalized within MGB between
March 5, 2020 and April 30, 2020. After applying the exclu-
sions shown in Figure 1, we included 217 potential histori-
cal comparators who were hospitalized with COVID-19
and an eGFR ,30 ml/min per 1.73 m2 or receiving KRT
(either chronically or acutely) within the first 72 hours of
admission.
Table 1 provides descriptive statistics for the remdesivir-

treated patients and the historical comparator patients
before and after matching. Prior to matching, there were
substantial differences between the cohorts; historical
comparators had higher SOFA scores, lower admission cre-
atinine levels, and higher requirement for mechanical ven-
tilation within 72 hours, reflecting the high acuity of
COVID-19 in patients presenting in the first wave in Bos-
ton, Massachusetts (March and April 2020). A sufficiently
close match was found for 31 (of 34) remdesivir-treated
patients. After matching, some of the patient characteristics
achieved good balance between the patients and their com-
parators with a standardized difference ,0.1, whereas
other characteristics had suboptimal balance, with major
imbalance observed in sex and the prevalence of ESKD at
baseline (Table 1) (21). The clinical events and laboratory
findings in the three unmatched remdesivir-treated
patients are shown in Supplemental Table 4.
Figure 2 displays the incidence of clinical adverse events

of interest in the 31 remdesivir-treated patients and 31
matched historical comparators. There were no significant
differences in adverse events with the exception of an
increased incidence of hyperglycemia (glucose .200 mg/
dl) in patients treated with remdesivir. Hyperglycemia
occurred in 81% of patients treated with remdesivir

40 hospitalized with COVID-19 between
May 1, 2020 — January 31, 2021 with
eGFR < 30 who received remdesivir

Exclusions (6)
•    Began remdesivir > 72 hours

after admission (4)
•    Began remdesivir at an outside
     facility prior to transfer (2)

34 Remdesivir patients with eGFR < 30
who met inclusion criteria

1,854 hospitalized with COVID-19
between March 5, 2020 — April 30, 2020

258 patients with COVID-19 with eGFR < 30

217 potential historical comparators
with eGFR < 30 admitted with COVID-19

prior to remdesivir EUA

Propensity-score matched remdesivir-treated
cases (N=31) and historical comparators (N=31)

Exclusions (41)
•    O2 saturation > 94% and not
     requiring supplemental oxygen (26)
•    Enrolled in Remdesivir trial (8)
•    Hospice enrollment prior to COVID-
     19 treatment (6)
•    Outside hospital transfer (1)

Exclusions (1,622)
•    eGFR >30 within 72 hours of
     admission (1,622)

Figure 1. | Patient flow and exclusions. COVID-19, coronavirus disease 2019; EUA, emergency use authorization; O2, oxygen.
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compared with 55% of controls (P50.03). However, a total
of 25 of 31 (81%) remdesivir-treated patients also received
dexamethasone concurrently compared with three (10%)
controls. Among the six remdesivir-treated patients who
did not receive dexamethasone, three (50%) also had
hyperglycemia. There were no documented infusion reac-
tions. Figure 3 compares the most extreme values of the
laboratory adverse events of interest during the study
period (lowest hemoglobin and highest AST, ALT, and glu-
cose). Among the laboratory findings, there were no signifi-
cant differences between lowest hemoglobin or peak ALT;
only peak glucose was significantly different.
In-hospital creatinine trajectories are shown for the

patients who were not on KRT at baseline in Figure 4.
Among remdesivir-treated patients (Figure 4), only one
patient met predefined criteria for worsening kidney func-
tion due to initiation of KRT. AKI in this patients was likely
related to COVID-19 itself, shock requiring vasopressor
medications, and concomitantly, receiving multiple neph-
rotoxins, including tacrolimus, vancomycin, and high-dose
furosemide. Among the untreated historical comparators,
three patients experienced a .50% increase in serum creati-
nine (shown in red in Figure 4). Of them, the first patient
likely had AKI due to a combination of COVID-19 infec-
tion, hemorrhagic shock, lisinopril use, and poor oral
intake prior to admission. The second patient had septic
shock from intraabdominal infection and also was concur-
rently receiving lisinopril and hydrochlorothiazide. The
third patient also experienced AKI attributed to septic
shock.

Remdesivir was discontinued early in four patients
(14%) due to safety concerns: twice due to elevated trans-
aminase levels and twice due to concerns regarding low
eGFR, despite neither of these two patients experiencing
$50% increase in serum creatinine. The first had decom-
pensated congestive heart failure in addition to COVID-19,
was receiving high-dose continuous furosemide infusion,
and had a rise in creatinine from 2.39 to 3.28 mg/dl prior
to discontinuation of remdesivir. The second had an
improving creatinine from 2.53 to 2.28 mg/dl; however, the
medical team withheld further doses of remdesivir due to
eGFR remaining ,30 ml/min per 1.73 m2.

Overall mortality rate during the hospital stay was 19%
(six of 31) in remdesivir-treated patients and 23% (seven of
31) in historical comparators (P50.71).

Discussion
In this retrospective cohort study, we examined the risk of

clinical and laboratory adverse events in hospitalized
patients with COVID-19 who had eGFR ,30 ml/min per
1.73 m2 and received remdesivir compared with historical
controls who were hospitalized prior to EUA for remdesivir.
This is the first report that used matched historical compara-
tors with eGFR ,30 ml/min per 1.73 m2. Our PS-matched
algorithm was designed to predict both the chances of
receiving remdesivir and the chances of adverse in-hospital
outcomes (22). Our study also included a detailed chart
review to ensure accurate matching on appropriate indica-
tors of severity of illness bolstered by comprehensive review

Table 1. Patient characteristics pre- and postmatch

Recipient
Variables
(Matched)

Patients on
Remdesivir

Prematch, N534
Controls

Prematch, N5217

Patients on
Remdesivir

Postmatch, N531
Controls

Postmatch, N531
Standard
Differencea

Age, yr, mean (SD) 70.2 (16.5) 74.6 (13.2) 71.4 (16.6) 72.0 (15.3) 20.0382
Women 22 (64.7%) 120 (55.3%) 21 (67.7%) 17 (54.8%) 0.2673
White race 17 (50.0%) 153 (70.5%) 16 (51.6%) 14 (45.2%) 0.1294
SOFA score, mean

(SD)
6.5 (2.4) 7.8 (3.7) 6.6 (2.5) 6.3 (2.9) 0.1311

Admission
creatinine, mg/dl,
mean (SD)b

3.1 (2.4) 2.9 (1.7) 3.2 (2.5) 3.2 (2.7) 20.0030

Hypertension 32 (94.1%) 192 (88.5%) 29 (93.5%) 30 (96.8%) 20.1508
Diabetes mellitus 29 (85.3%) 138 (63.6%) 26 (83.9%) 26 (83.9%) 0
ESKD 14 (41.2%) 50 (23%) 13 (41.9%) 10 (32.3%) 0.2013
SOT 4 (11.8%) 5 (2.3%) 2 (6.5%) 2 (6.5%) 0
Mechanical

ventilation within
first 72 h

7 (20.6%) 68 (31.3%) 7 (22.6%) 7 (22.6%) 0

Each remdesivir-treated patient was matched 1:1 with a potential comparator who was admitted in March or April 2020 prior to
the emergency use authorization of remdesivir. The results presented here are the means (SDs) or counts (percentages). SOFA,
sequential organ failure assessment; SOT, solid organ transplant.
aA standardized (mean) difference is a measure of distance between two group means in terms of a variables and is a conventional
metric used to evaluate the quality of a match. By convention, a standardized mean difference of ,0.1 is considered a well-
balanced covariate.
bAdmission creatinine for patients not on dialysis only. For patients on KRT prior to baseline, a baseline creatinine of 10 mg/dl
was imputed for the purpose of matching.
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of all physician and nursing notes by two physicians for
both patients and matched controls to ensure rigorous cap-
ture and adjudication of predefined adverse events. We
found no significant difference in key clinical adverse events
of interest. Lowest hemoglobin and highest AST and ALT
values were similar between remdesivir-treated patients and
historical comparators, whereas hyperglycemia was more
common in remdesivir-treated patients. The rate of hyper-
glycemia was extremely high in the cohort treated with

remdesivir; however, 81% of these patients also concurrently
received dexamethasone compared with 10% of historical
control patients. This is because all control patients were
admitted in March or April 2020, prior to the routine use of
dexamethasone for COVID-19 at our center. This change in
the standard of care occurred in June 2020 with the release
of data from the Randomised Evaluation of COVID-19 Ther-
apy (RECOVERY) trial, after which hospitalized patients
with severe COVID-19 routinely received dexamethasone
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Figure 2. | Percentage of patients experiencing clinical events of interest. Clinical outcomes were adjudicated by two physicians who
reviewed each physician and clinical nursing note for the 5-day remdesivir course 148 hours after remdesivir treatment (black bars) and
the first 7 days of admission for historical comparators (gray bars). The only clinical event that was significantly increased in patients
treated with remdesivir was the incidence of hyperglycemia (defined by glucose .200), which occurred in 81% of patients treated with
remdesivir compared to 55% of controls. A total of 25 of 31 (81%) remdesivir-treated patients also received dexamethasone concurrently
compared with three of 31 (10%) controls. Among the six remdesivir-treated patients who did not receive dexamethasone, three (50%)
also had hyperglycemia .200 mg/dl. There were no significant differences in any of the other adverse events. ALT, alanine aminotransfer-
ase; AST, aspartate aminotransferase; HGB, hemoglobin; ULN, Upper limit of normal.
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(23). Our study was not powered to show treatment effec-
tiveness, and the finding of insignificantly improved mortal-
ity in remdesivir-treated patients must be considered in light
of the changing standard of care for COVID-19 over the
study period and the known improvement in in-hospital
mortality over time among hospitalized patients with
COVID-19 (24).
Although a prior study demonstrated that remdesivir

may be associated with bradycardia (25), we found no dif-
ference between the rates of bradycardia in remdesivir-
treated patients and matched controls. This is reassuring
given that patients with eGFR ,30 ml/min per 1.73 m2 are
likely to have higher exposure to the active metabolite of
remdesivir and are more likely to have cardiovascular dis-
ease at baseline. Overall, the high rate of clinical events in

the control group reflects the severity of COVID-19 among
hospitalized patients as well as the high comorbidity bur-
den and frailty of patients with eGFR ,30 ml/min per 1.73
m2; this highlights the importance of benchmarking com-
parisons against appropriately matched controls.

Prior single-center and multicenter patient series of off-
label remdesivir use in patients with ESKD have suggested
that it is safe and well tolerated. Our finding that clinically
significant transaminase elevations were rare and not
increased with remdesivir treatment confirms all prior
reports of remdesivir in patients with eGFR ,30 ml/min
per 1.73 m2 (26–29). Pettit et al. (27) found no significant
increase in adverse events or increases in ALT, AST, or
serum creatinine when remdesivir was given to patients
with eGFR ,30 ml/min per 1.73 m2 compared with
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Figure 3. | Box plots showing laboratory results in remdesivir-treated patients and controls. Box plots for the highest ALT, AST, and glu-
cose and lowest hemoglobin for remdesivir-treated patients show interquartile range (box), median (line), and whiskers with 5th and 95th
percentiles. Outliers are shown with solid circles. Only peak glucose significantly differed between matched remdesivir-treated patients
and historical controls.
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patients with eGFR .30 ml/min per 1.73 m2, and they
found that none of the transaminase or creatinine eleva-
tions were attributed to remdesivir use. Estiverne et al. (30)
found that among 18 patients with eGFR ,30 ml/min per
1.73 m2 who received remdesivir, there were two cases of
transaminitis (ALT or AST more than five times the upper

limit of normal), both of which were attributed to shock
liver. Aiswarya et al. (29) studied 48 patients with ESKD on
dialysis treated with remdesivir at a single hospital in India
and noted that remdesivir was well tolerated, but one
patient experienced acute coronary syndrome after the first
dose of remdesivir. Relatedly, our study provides
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Figure 4. | Creatinine trends among patients who were not on KRT at baseline. Serum creatinine values for each patient throughout the
study period are shown on a log2 scale. Patients shown in red had $50% rise in serum creatinine or initiation of KRT. Initiation of KRT in
one remdesivir-treated patient is demarcated by a dialysis machine icon.
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reassurance, as there were no cases of cardiac arrest and no
increased risk of cardiac arrythmia in the remdesivir-
treated patients compared with historical controls.
Two analyses of the World Health Organization pharma-

covigilance database have identified that reports of AKI are
more commonly reported after remdesivir use compared
with other medications used to treated COVID-19 (hydrox-
ycholoroquine, dexamethasone, and tocilizumab) (31,32);
however, reporting bias exists in pharmacovigilance data-
bases. Wongboonsin et al. (33) reported a case of worsening
kidney function in a remdesivir-treated patient with
biopsy-proven osmotic tubulopathy, which can occur when
the kidney tubules become overwhelmed with an indigest-
ible carbohydrate load, suggesting that there is a risk of
nephrotoxicity from accumulation of the SBECD excipient;
this is the only reported case to date in the literature, and
this patient also had severe collapsing focal segmental glo-
merulopathy triggered by COVID-19, suggesting that
osmotic tubulopathy is rare (33). Estiverne et al. (30) also
reported one patient with worsening kidney function that
was possibly attributed to remdesivir. However, it is
important to note that this and all prior series have not had
historical comparators with COVID-19 who did not receive
remdesivir, and it is important to note that COVID-19 is
associated with high rates of AKI in hospitalized patients
(4,34). In this regard, our comparison of creatinine trends
between remdesivir-treated patients and historical controls
in this study is reassuring; the vast majority of remdesivir-
treated patients had stable to improving serum creatinine
(Figure 4). Biancalana et al. (35) evaluated a cohort of 80
elderly patients receiving remdesivir and found that many
experienced a rise in eGFR during treatment; they specu-
lated that remdesivir might promptly counteract severe
acute respiratory syndrome coronavirus 2–mediated injury
and attenuate systemic inflammation. Buxeda et al. (36)
reported that remdesivir was safe in a series of 51 kidney
transplant recipients and that early use (within 48 hours of
hospitalization) was associated with a trend toward short-
ened hospital length of stay.
Our study had several limitations. This is a single health

care system, and therefore, this limits generalizability;
despite this, our matched cohort was racially and ethnically
diverse. Our sample size was small, and we were only able
to find appropriate matches for 31 of the 34 remdesivir-
treated patients; even so, there were still differences
between the matched groups. We chose historical controls
from the first wave (prior to remdesivir’s EUA) because
selecting controls who did not receive remdesivir after
EUA would have introduced significant indication bias;
however, the rapidly changing standard of care during the
pandemic, including use of corticosteroids and changes in
supportive care, makes it challenging to identify appropri-
ate controls. A much larger study will be needed to have a
robust estimate of safety. However, this study is among the
largest series of off-label use in this population. Our study
is also limited by the retrospective ascertainment of clinical
outcomes and the fact that investigators were not blinded
to treatment assignment. The fact that safety outcomes
were predefined and that every physician and nursing note
was reviewed by two investigators minimizes this bias.
Acute kidney disease and CKD are among the most

important risk factors for adverse outcomes in patients

with COVID-19. Exclusion of patients with kidney disease
from clinical trials of lifesaving therapies is an important
problem that the COVID-19 pandemic has highlighted
(37,38). Although conclusive data on the safety of remdesi-
vir among individuals with eGFR ,30 ml/min per 1.73 m2

are lacking, our report adds to a growing body of data sug-
gesting that a short course of remdesivir may be safe in the
patients with AKI, advanced CKD, and ESKD. Definitive
safety and efficacy data will follow from the Study to Eval-
uate the Efficacy and Safety of Remdesivir in Participants
with Severely Reduced Kidney Function Who Are Hospi-
talized for Coronavirus Disease 2019, a randomized, con-
trolled trial recruiting patients with severe COVID-19 who
have eGFR ,30 ml/min per 1.73 m2 (39).
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