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Introduction
 — Kidney disease is a major risk factor for mortality from COVID-19¹

• COVID-19–associated acute kidney injury (AKI) has been shown to 
correlate with higher mortality and long-term loss of renal function²

• Increased COVID-19 mortality risk has been observed in select 
populations receiving renal replacement therapy (RRT) and chronic 
dialysis³

• There are no conventional antiviral treatment options for hospitalised 
individuals with severely reduced kidney function due to chronic kidney 
disease (CKD; estimated glomerular filtration rate [eGFR]  
<30 mL/min/1.73 m²), end-stage kidney disease (ESKD), or AKI

 — Remdesivir (RDV ) is a broad-spectrum antiviral drug approved for 
individuals with COVID-19 who have an eGFR ≥30 mL/min/1.73 m² and are 
either hospitalised or not hospitalised but at risk for progression to severe 
disease⁴

 — When RDV was initially approved for the treatment of COVID-19, the 
pharmacokinetics (PK) of RDV and the safety of its metabolites and its 
sulfobutylether-β-cyclodextrin sodium (SBECD)  excipient had yet to be 
established in those with low eGFR

 — Pending PK and safety data in moderate-to-severe renal insufficiency, it 
was initially recommended that RDV only be used in those with eGFR  
<30 mL/min/1.73 m² if the potential benefits outweighed the potential risks⁵

Objective
 — To evaluate the efficacy, safety, and PK of RDV in participants hospitalised 

for COVID-19 pneumonia with moderately and severely reduced kidney 
function (eGFR <30 mL/min/1.73 m²) or AKI

Methods
 — REDPINE was a Phase 3, randomised, double-blind, placebo-controlled, 

parallel-group, multicentre study conducted internationally at 55 centres 
across 5 countries (Brazil, Portugal, Spain, the United Kingdom, and 
the United States; EudraCT Registration Number: 2020-005416-22; 
ClinicalTrials.gov Identifier: NCT04745351)

 — Eligible participants had confirmed severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection, were hospitalised with severe 
COVID-19, were aged ≥12 years, weighed ≥40 kg, had oxygen saturation 
≤94% on room air or required oxygen supplementation, and had eGFR  
<30 mL/min/1.73 m² due to either CKD or AKI
• Kidney transplant recipients with reduced allograft function were eligible
• Individuals who required invasive or noninvasive mechanical ventilation, 

extracorporeal membrane oxygenation, or RRT for AKI were excluded
 — Participants were randomly assigned (2:1) to receive intravenous RDV  

(200 mg on Day 1 followed by 100 mg once daily on Days 2-5) or 
placebo to match, in addition to standard-of-care therapy (Figure 1)

 — Randomisation was stratified by chronic dialysis requirement, high-flow 
oxygen requirement, and region (United States vs ex–United States)

 — Enrolment was halted after 249 participants were randomised because of 
ongoing challenges with recruitment
• Low enrolment was due in part to loss of clinical equipoise at many study 

centres, such that patients were often receiving treatment with RDV 
outside the scope of the trial

 — The primary endpoint (composite of all-cause mortality or invasive 
mechanical ventilation [IMV] through Day 29) was analysed with a stratified 
log-rank test using the randomisation strata; the hazard ratio (HR) and 95% 
confidence interval (CI) were estimated using a Cox model with stratification 
factors as covariates

 — Adverse events (AEs) and serious AEs (SAEs) were collected for all 
participants from Day 1 to 29 and summarised using descriptive statistics
• Treatment-emergent AEs (TEAEs), serious TEAEs, and TEAEs leading 

to discontinuation were defined as AE/SAEs occurring on or after the first 
dose date up to the last dose date plus 30 days

• Following hospital discharge, events were collected by phone on Days 29 
and 60

 — PK parameters for RDV, its renally eliminated metabolite (GS-441524), 
and SBECD were determined using liquid chromatography-tandem mass 
spectrometry

Results
Participants

 — Of the 258 participants screened, 243 were randomised and treated (RDV, 
n = 163; placebo, n = 80)

 — Demographic and select baseline disease characteristics are displayed in 
Table 1
• Although eligible per the protocol, no participants aged 12 to 17 years 

were enrolled
• Despite randomisation, placebo-enrolled patients were more often ≥65 

years of age
• At baseline, 89 (37%) participants had ESKD requiring chronic dialysis 

(RDV, 59 [36%]; placebo, 30 [38%])
• Most participants (198 [81%]) had no high-flow oxygen requirements, with 

no difference between groups (P = 0.95)
• Proportionally, more solid-organ transplant recipients were randomly 

assigned to the RDV group (RDV, 35 [21%]; placebo, 7 [9%])
Efficacy

 — Kaplan–Meier estimates for all randomised and treated participants with 
all-cause death or IMV by Day 29 were 30% for the RDV group and 34% for 
the placebo group (HR, 0.82;95% CI, 0.50-1.32; P = 0.61; Figure 2A)

 — All-cause death by Day 29 occurred in 41 (25%) and 23 (29%) participants 
in the RDV and placebo groups, respectively (HR, 0.83; 95% CI, 0.50-1.39; 
P = 0.39)

 — There were no statistically significant differences observed for the primary 
efficacy endpoint between the RDV and placebo groups by kidney disease 
status (Figure 2B-2D)

Safety
 — Overall, 193 (79%) participants had ≥1 TEAE, including 131 (80%) in the 

RDV group and 62 (78%) in the placebo group (Table 2)
• The most frequently reported TEAE (n [%]) in the RDV group was 

hypotension (18 [11%]), whereas respiratory failure (10 [13%]) was most 
common in the placebo group

 — Serious TEAEs were reported in 82 (50%) and 40 (50%) participants in the 
RDV and placebo groups, respectively; none were considered related to the 
study drug

 — Overall, 9 (4%) participants had TEAEs leading to discontinuation (RDV, 8 
[5%]; placebo, 1 [1%])

 — Similar proportions of participants treated with RDV or placebo went on to 
have AKI Stage 2 or 3, RRT, or death, irrespective of baseline AKI status 
(RDV, 20/60 [33%]; placebo, 12/30 [40%]; P = 0.32) or CKD (RDV, 15/44 
[34%]; placebo, 6/20 [30%]; P = 0.81; Table 3)

PK
 — Baseline eGFR was highly correlated with increasing exposure of the 

renally eliminated metabolite, GS-441524; in those with kidney failure (5th 
percentile eGFR of 2.54 mL/min/1.73 m²), median GS-441524 area under 
the concentration-time curve over the dosing interval (AUCtau) increased up 
to 5-fold compared with participants with normal renal function⁶

Table 1. Baseline Characteristics of Trial Participants (Safety Analysis Seta)
RDV vs 
placebo

RDV
(n = 163)

Placebo
(n = 80)

Total
(n = 243) P valueb

Age
Mean (SD; years) 68 (14) 71 (13) 69 (14) 0.05
Distribution, n (%) 0.02

18-64 years 70 (43) 22 (28) 92 (38)
93 (57) 58 (73) 151 (62)

Sex at birth, n (%) 0.73
Male 92 (56) 47 (59) 139 (57)
Female 71 (44) 33 (41) 104 (43)

Race, n (%)c 0.90
American Indian or Alaska Native 1 (1) 0 1 (0.4)
Asian 4 (2) 2 (3) 6 (3)
Black 43 (27) 18 (23) 61 (26)
White 104 (65) 55 (71) 159 (67)
Otherd 11 (6) 5 (4) 16 (5)

Baseline BMI (kg/m2), n 158 77 235 0.63
Mean (SD) 29.5 (7) 28.9 (6) 29.3 (7)

Kidney disease status, n (%) 0.95
AKI 60 (37) 30 (38) 90 (37)
CKD 44 (27) 20 (25) 64 (26)
ESKD 59 (36) 30 (38) 89 (37)

Serum creatinine (mg/dL) by kidney 
disease status

AKI, n 60 30
Mean (SD) 3.36 (2) 3.45 (3) – 0.39

CKD, n 44 20
Mean (SD) 3.28 (1) 2.78 (1) – 0.17

0.95
Yes 30 (18) 15 (19) 45 (19)
No 133 (82) 65 (81) 198 (81)

History of solid organ transplant, n (%) 0.01
Yes 35 (21) 7 (9) 42 (17)
No 128 (79) 73 (91) 201 (83)

Transplant recipient, n (%)
Kidney 13 (8) 5 (6) 18 (7)
Lung 4 (2) 1 (1) 5 (2)
Heart 3 (2) 0 3 (1)
Pancreas 2 (1) 0 2 (1)
Kidney and pancreas 1 (1) 0 1 (0.4)

AKI, acute kidney injury; BMI, body mass index; CKD, chronic kidney disease; ESKD, end-stage kidney disease; RDV, remdesivir; 
SD, standard deviation; 

 

a  
bFor categorical data, P value was from the Cochran–Mantel–Haenszel test (general association statistic was used for nominal data, and row 
means score differ statistic was used for ordinal data). For continuous data, P value was from the Wilcoxon rank-sum test.
cSome participants were not permitted to disclose their race because local regulators did not allow collection of such information. Values for those 
not permitted to disclose were excluded from percentage and P value calculations.
d , other, or not permitted to disclose race.

Table 2. Summary of TEAEs and Top 3 Most Common TEAEs by Preferred Terma

n (%)
RDV

(n = 163)
Placebo
(n = 80)

Any TEAE 131 (80) 62 (78)

102 (63) 49 (61)

TEAE related to study drug 13 (8) 3 (4)

2 (1) 0

Serious TEAE 82 (50) 40 (50)

Serious TEAE related to study drug 00

TEAE leading to premature discontinuation of study drug 8 (5) 1 (1)

Treatment-emergent deathb 47 (29) 23 (29)

TEAE by preferred term

Hypotension 18 (11) 4 (5)

Respiratory failure 10 (6) 10 (13)

Constipation 12 (7) 7 (9)
RDV, remdesivir; TEAE, treatment-emergent adverse event.
aTEAEs were coded using the Medical Dictionary for Regulatory Activities
Toxicity Grading Scale, Version 2.1 (July 2017).
b

 

Table 3. Proportion of Participants With Baseline AKI or CKD Who Had Worsening AKI, 
Need for RRT, or Death by Day 29 (Full Analysis Set)
n (%)a RDV Placebo P value
New or progressive AKI in participants with AKI at baseline, n 60 30

AKI Stage 2 or 3, RRT, or death by Day 29 20 (33) 12 (40) 0.32

AKI Stage 2 00

AKI Stage 3 00

RRT 5 (8) 2 (7)

Death 17 (28) 11 (37)

CKD at baseline, n 44 20

AKI Stage 2 or 3, RRT, or death by Day 29 15 (34) 6 (30) 0.81

AKI Stage 2 00

AKI Stage 3 8 (18) 3 (15)

AKI Stage 3 - death 1 (2) 2 (10)

AKI Stage 3 - no death 7 (16) 1 (5)

RRT 3 (7) 2 (10)

Death 8 (18) 5 (25)
RDV, remdesivir; RRT, renal replacement therapy .
aOutcomes of AKI Stage 2 or 3, RRT, and death are not mutually exclusive.

Conclusions
 —T here was no significant difference in all-cause death or IMV by 

Day 29 between the RDV and placebo groups; however, the study 
was underpowered for efficacy due to insufficient enrolment 

 — RDV dosed at 200 mg on Day 1 followed by 100 mg once daily up 
to Day 5 was generally well tolerated

 —N o new safety signals were identified with increasing plasma 
exposures of the predominant metabolite (GS-441524) or the 
excipient SBECD

 —N o dose adjustment is recommended in patients who have an 
eGFR <30 mL/min/1.73 m2, regardless of the need for dialysis 

 — SBECD PK exposures (AUCtau) increased up to 26-fold in participants with 
kidney failure compared with participants with normal renal function

 — RDV plasma exposure was not affected by renal function6

 — There was no significant difference in all-cause death or IMV 
by Day 29 between the RDV and placebo groups; however, 
the study was underpowered for efficacy due to insufficient 
enrolment

 — RDV dosed at 200 mg on Day 1 followed by 100 mg once daily 
up to Day 5 was generally well tolerated in patients with eGFR 
<30mL/min/1.73 m2

 — No new safety signals were identified with increasing plasma 
exposures of the predominant metabolite (GS-441524) or the 
excipient SBECD

Figure 2. KaplanÐMeier Estimate of Time to All-cause Death or IMV Through Day 29 for (A) All Participants or Those With (B) AKI, (C) CKD, or (D) ESKD at Baselinea (Full Analysis Set)
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aParticipants who did not initiate IMV or die by Day 29 were censored on their last study day or Day 29, whichever was earlier. 
bRepresents the number of participants remaining at the beginning of the interval.

AKI, acute kidney injury; CI, confidence interval; CKD, chronic kidney disease; ESKD, end-stage kidney disease; HR, hazards ratio; IMV, invasive mechanical ventilation 
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Figure 1. Study Design
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n = 249a
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RDV up to 5 days
(200 mg IV Day 1;

100 mg IV Days 2-5)

b

IMV, invasive mechanical ventilation; IV, intravenous; RDV, remdesivir. 
a249 participants were randomised, but 6 were not treated.  
bIf a participant was discharged prior to Day 29, a phone follow-up was completed on Days 29 and 60.


