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Learning Objectives

o Review renal dosing recommendations of remdesivir 

according to package insert 

o Analyze remdesivir’s solubilizing agent and its effect on 

renal function

o Outline study’s design, statistical techniques and methods 

o Assess relevance of results and how they may be applied 

o Discuss limitations and what the next steps are

o Self- Assessment Question



VEKLURY ® (Remdesivir)- FDA Approved on Oct 22, 2020 

Remdesivir 

Indication Adults and pediatric patients age 12 and older and weighing at least 40 kilograms for the 

treatment of COVID-19 requiring hospitalization

Mechanism of Action Antiviral that interferes with viral RNA-dependent RNA polymerase; premature termination of 

viral RNA transcription 

Formulations and 

administration

Lyophilized powder and premixed solution 

Intravenous over 30-120 minutes

Dosing A single dose of 200 mg on day 1 Followed by 100 mg once daily

Duration of therapy Generally, 5 days, may extend up to 10 days 

Monitoring and Adverse 

Effect

Adverse effects: GI symptoms (e.g., nausea), 

elevated transaminase levels and 

hypersensitivity reactions

Monitoring: Liver function tests and 

prothrombin time should be obtained in all 

patients before remdesivir is administered and 

during treatment as clinically indicated

Veklury. Package insert. Gilead Sciences, Inc.; 2020.



Package Insert Recommendation

o The pharmacokinetics of remdesivir have not been 
evaluated in patients with renal impairment

o Renal impairment: remdesivir is not recommended in 
individuals with eGFR <30 mL/min

o Hepatic impairment: transaminase elevations have 
been observed in healthy volunteers and in patients with 
COVID-19

– Consider discontinuing if ALT levels increase to >10x ULN and/or 
accompanied by signs or symptoms of liver inflammation

Veklury. Package insert. Gilead Sciences, Inc.; 2020.



Sulfobutylether-beta Cyclodextrin (SBECD)

Lyophilized powder for reconstitution 100mg

• SBECD content per vial: 3g/100 mg vial 

Premixed solution 100mg 

• SBECD content per vial: 6g/100 mg vial 

• Concerns of using remdesivir in patients with liver and renal toxicities arise from the presence of the excipient 

sulfobutylether-β-cyclodextrin

• Improves aqueous solubility and dissolution rates of therapeutic agents, including voriconazole and amiodarone

• Eliminates primarily through the kidneys

Valéry. Package insert. Gilead Sciences, Inc.; 2020.

• Each 100 mg vial of remdesivir lyophilized powder contains 3 g of SBECD,  whereas each 100 mg/20 mL vial of remdesivir solution contains 6 g 

of SBECD

• A patient with COVID-19 who receives a loading dose of remdesivir 200 mg would receive 6 g to 12 g of SBECD, depending on the 

formulation.

• This is below the maximum recommended safety threshold dose of 250 mg/kg/day of SBECD 

• ~50 kg:12.5 g of SBECD

• ~ 75 kg: 17.5 g of SBECD Veklury. Package insert. Gilead Sciences, Inc.; 2020.



Rationale for Remdesivir Use in Renal Impairment

• Voriconazole 

• Azole antifungal medication that contains the same excipient 

• Available safety data in patients with kidney failure

• Majority of studies evaluating voriconazole in patients with underlying renal disease have found no risk of 

nephrotoxicity

• Remdesivir 

• Safety data from voriconazole can be readily extrapolated to remdesivir population 

• SBECD exposure in patient taking remdesivir is similar to a standard exposure

• Remdesivir (3 g SBECD per 100 mg vial) vs IV voriconazole (3.2 g of SBECD in each 200 mg vial for a 6.4 g total daily 

dose)

VS

Lyophilized powder for reconstitution 100mg Premixed solution 100mg Voriconazole 200 mg 

SBECD content per vial: 3g/100 mg vial SBECD content per vial: 6g/100 mg vial SBECD content per vial: 3.2g/200 mg vial 



Literature Reviews
Studies Study Design Intervention Results Conclusion

Estiverne et al. (Nov 2020) Multicenter, observational, 

retrospective case series

To describe changes in alanine aminotransferase 

(ALT) and serum creatinine during remdesivir 

therapy for patient who had eGFR <30 mL/min per 

1.73 m2 or were receiving renal replacement 

therapy at the time of starting remdesivir

Eight of 13 patients not requiring RRT 

at the time of remdesivir initiation 

experienced improved creatinine 

during remdesivir, whereas 5 

worsened, including 4 who progressed 

to require RRT

Overall, treatment was well 

tolerated, with few other AEs 

attributed to remdesivir.

Ackley et al. (Jan 2021) A multicenter, 

retrospective chart review 

Reviewed 347 patients who had an estimated 

creatinine clearance of <30 ml/min who received 

remdesivir

No significant difference in the 

frequency of end of treatment 

(Incidence of AKI was 5% vs 2.3%; 

P = 0.283) or early discontinuation due 

to abnormal liver function tests (0% 

versus 3.9%; P = 0.374). 

Of the 5% of patients who developed 

AKI, no cases were attributable to 

remdesivir administration per the 

treating physician.

Remdesivir administration was not 

significantly associated with 

increased EOT AKI in patients with 

an eCrCl of <30 ml/min vs of 

≥30 ml/min.

Thakare et al. (Oct 2020) A single-center study Identified 46 patients with chronic kidney disease 

receiving remdesivir who had incidence of acute 

kidney injury or significant liver function test 

elevation

Liver function remained stable in 28 

(60.9%) cases. Three (6.5%) patients 

were found to have newly occurring 

grade 1 elevations of AST/ALT during 

therapy. No renal function 

abnormalities attributable to drug were 

observed. 

Remdesivir was well tolerated in 

patients with AKI and CKD 

including those on hemodialysis

Aiswarya et al.

(Dec 2020)

observational prospective 

study 

Identified 48 dialysis-dependent patients with 

COVID-19 who received remdesivir. 

There were no events of significant 

liver function test alterations with the 

administration of 2 to 6 doses of 

remdesivir. A significant decline in 

serum C-reactive protein level (P < 

0.001) was noted. More than two thirds 

(68.57%) of patients showed an 

improvement in oxygen requirement. 

Remdesivir was well tolerated and 

found safe in the study



Study: Assessment of safety of 

remdesivir in patients with 

estimated glomerular filtration rate 

(eGFR) < 30ml/min per 1.73 m^2



Study Objectives

• The incidence of acute kidney injury (AKI) during treatment and change in eGFR from baseline
to end of treatment and within 48 hours of completion of therapy

Primary Outcome

• Increase in serum creatinine by 0.3mg/dL or more within 48 hours or 

• Increase in serum creatinine to 1.5 times baseline or more within the last 7 days or 

• Urine output less than 0.5 mL/kg/h for 6 hours.

KDIGO defines AKI as any of the following: 

• To assess the efficacy of remdesivir defined by oxygen requirement during therapy

Secondary Outcome

The primary objective is to examine if there is a significant nephrotoxic risk 
with initiating remdesivir in patients with renal insufficiency (defined as eGFR 
< 30ml/min per 1.73 m^2).



Methods
•Retrospective chart review study approved by institutional review board (IRB)

Study Design:

•All patients ages 18 years and older admitted with coronavirus disease 2019 (COVID19) PCR positive with a baseline 
eGFR<30ml/min per 1.73 m^2 from December 1, 2020 to May 23, 2021

Inclusion criteria

•Less than 18 years of age 

•Pregnancy 

Exclusion criteria

•Sex, age, weight, BMI

•Past medical history(renal/ liver transplant, hepatic disorders, diabetes, hypertension)

Demographic data

•Severity of COVID-19 prior to remdesivir therapy based on inflammatory markers

•Temperature, white blood count, C-Reactive protein, ferritin, D-Dimer, procalcitonin

•Baseline renal function prior to, at the end of treatment, and 48 hours after last day of treatment ( baseline, day 5 or day 10)

•Serum creatinine, creatinine clearance, blood urea nitrogen, blood urea nitrogen/creatinine ratio, estimated glomerular filtration 
rate

•Baseline liver function prior to and after remdesivir therapy (baseline, day 5 or day 10 )

•AST/ALT

Laboratory Parameters

•Other nephrotoxic medications administered with remdesivir during patient’s inpatient stay

Concomitant nephrotoxic medications



Statistical Analysis

o Data was summarized using median (IQR) or frequency 

(percentage) as appropriate. 

o Formal test of normality and plots were used to assess if 

continuous data followed Gaussian distribution. 

o To estimate change in eGFR, median with 95% distribution 

free confidence interval (CI) was computed. 

o Binomial percentages with Clopper-Pearson 95% CI was 

used to estimate binary outcomes



Results: Baseline Characteristics (n=71)
Characteristics Descriptive Statistics Median (IQR) or n(%)

Age (years) 80 (69-88)

Female (%) 39 (55%)

BMI 28 (23-33)

Baseline eGFR (mL/min/1.73m2) 27.2 (17-29)

Length of Stay (days) 10 (7-17)

Admission to ICU (%) 15 (21%)

Patient on hemodialysis (%) 14 (20%)

Transplant (Renal/hepatic) 

(n=6)

Renal=4 (5.6%)

Liver=2 (2.8%)

Hepatic Disorders (%) 5 (7%)

Diabetes (%) 33 (46%)



Results: Renal Functions
Total Number of AKI incidences

• 25 patients (35%) met the criteria for AKI  Naranjo score:2

Median eGFR changes at the end of remdesivir treatment (Day 5 or day 10)

• Patient had an improvement in kidney function with a positive change of 9.3 ml/min (6.6-14.8) EOT

Median eGFR changes within 48 hours of completion of therapy

• Patient had an improvement in kidney function with a positive change of 9.6 ml/min (6.6-14.8) within 48 

hours of completion of therapy

Hemodialysis (N=14) before remdesivir initiation

• Out of 14 patients receiving hemodialysis prior to remdesivir treatment, 10 patients developed  AKI

Naranjo score:2

Not on hemodialysis (N=57) before remdesivir initiation

• Among patients with eGFR <30 ml/min who were not on hemodialysis at the time of starting remdesivir, 15 

met the criteria for AKI

• Out of 57 patients who were not on hemodialysis prior to remdesivir, due to worsening renal functions,4 

patients were started on CRRT



Results: Renal Functions

Creatinine prior to 

remdesivir

(median/IQR)

Creatinine after

completion of 

remdesivir 

(median/IQR)

Creatinine clearance

prior to remdesivir 

(median/ IQR)

Creatinine clearance

after completion of 

remdesivir 

(median/ IQR)

2.12 mg/dL(1.78-3.19) 1.59 mg/dL (1.23-2.33) 22.5 mL/min (18.27-26.50) 29.1mL/min (16.8-39.5)

eGFR prior to remdesivir 

(median/IQR)

eGFR after completion of remdesivir 

(median/ IQR)

27.2 mL/min/1.73m^2 (17-29) 33.2 mL/min/1.73m^2 (18.4-45.6)

Trend of renal functions prior to and after remdesivir

• Difference in creatinine: (-) 0.53 mg/dL

• Difference in creatinine clearance: (+) 6.6 mL/min

• Difference in eGFR: (+) 6 mL/min/1.73m^2 



Results: Liver Functions

ALT prior to remdesivir

(median/IQR)

ALT after completion of 

remdesivir 

(median/IQR)

AST prior to remdesivir 

(median/ IQR)

AST after completion of 

remdesivir 

(median/ IQR)

25 units/L(14-39) 30 units/L (20-39) 36 units/L (22-59) 28.5 units/L (24-43)

Direct bilirubin prior to 

remdesivir 

(median/IQR)

Direct bilirubin after

completion of 

remdesivir 

(median/ IQR)

Total bilirubin prior

remdesivir 

(median/ IQR)

Total bilirubin after

completion of 

remdesivir 

(median/ IQR)

0.3 (0.2-0.4) 0.3 (0.2-0.5) 0.5(0.3-0.8) 0.6 (0.3-0.9)

Trend of Liver Functions(ALT/AST) prior to and after remdesivir

• 1 incidence of transaminitis + elevated bilirubin 

• (AST-peaked at 753 units/L ALT- peaked at 709 unit/L          Direct bilirubin of 0.9            Total bilirubin of 1.3

• Intervention :Remdesivir was discontinued  (Naranjo score of 5)



Results: Oxygen Requirements

o O2 requirement throughout Remdesivir 

therapy

– 38% (27/71) patients had improvement with 95% CI 

(27.8%-60.4%). 



Results: Mortality Outcome
• Total of 25(35%)incidences of AKI were 

identified 

• Out of 71 patients that were reviewed, 

23 patients died, 46 patients were 

discharged and 2 patients are currently 

hospitalized

• Out of the 23 patients who died, 10 

patients (43%) developed AKI 

• (Naranjo score of 2)

• The reasons of death were as followed: 

respiratory failure with hypoxia, 

asystole, hypotension not responding to 

increase in ventilation support and 

vasopressor, palliative extubation with 

comfort care. 
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Results: Concomitant Nephrotoxic Medications

Forty(56%) patients had concomitant nephrotoxic medications

Antibiotics (piperacillin/tazobactam, vancomycin, 
trimethoprim/sulfamethoxazole, meropenem)

Loop diuretics (furosemide)

K+ sparing diuretic (spironolactone)



Discussion: Limitations

Our study has several important limitations:

• Limited by the small number of cases

• Lack of a comparison group limits ability to accurately draw 
conclusion 

• Several confounding variables to take into consideration 
such as whether  improved in clinical status is from 
remdesivir or improvement in COVID-19 disease and vice 
versa for patients who developed AKI or died



Conclusion and Recommendation

• Our study showed that remdesivir use in renally 

impaired patients with eGFR<30ml/min as safe and was 

not associated with any serious adverse effects

•Clinicians may consider preferentially using the lyophilized powder 
formulation (which contains less SBECD) in patients with renal impairment.

Considerations in patients with 
renal insufficiency

•Remdesivir is still not recommended for patients with an eGFR <30 mL/min 
currently due to lack of data.

Current package insert 
recommendation

•Renal and liver functions should be monitored before and during remdesivir 
treatment as clinically indicatedMonitoring

•Larger, prospective studies evaluating its safety and efficacy in patients with 
kidney diseases are neededNext step



Acknowledgments

Department of Pharmacy

o Shan Wang, PharmD., BCCCP

o Brian R. Malone, BS,MS, RPh

Department of Medicine/ Division of Nephrology

o Naveed N. Masani, MD

Department of Surgery

o D'Andrea K. Joseph, MD

Department of Biostat

o Shahidul Islam, DrPH, MPH, PStat



Self- Assessment Question

o What is the ALT cut off for remdesivir discontinuation?

A. ALT>10 times ULN

B. ALT>5 times ULN

C. ALT>20times ULN

D. ALT>15 times ULN

E. ALT>30 times ULN



Assessment Question

o What is the ALT cut off for remdesivir discontinuation?

A. ALT>10 times ULN

B. ALT>5 times ULN

C. ALT>20times ULN

D. ALT>15 times ULN

E. ALT>30 times ULN
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