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OVERVIEW

Introduction
Remdesivir is an antiviral nucleotide analogue used for therapy of severe novel coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome (SARS) coronavirus 2 (CoV-2) infection. Remdesivir 
therapy is given intravenously for 3 to 10 days and is frequently accompanied by transient, reversible mild-to-
moderate elevations in serum aminotransferase levels but has been only rarely linked to instances of clinically 
apparent liver injury, its hepatic effects being overshadowed by the systemic effects of COVID-19.

Background
Remdesivir (rem de’ si vir) is a phosphoramidate prodrug of a substituted nucleotide analogue of adenosine 
which has potent activity against the SARS-CoV-1 and SARS-CoV-2 encoded RNA dependent RNA 
polymerases. Remdesivir is not well absorbed orally and must be given by intravenous infusion. Once absorbed 
into cells, remdesivir is modified by cellular esterases and then converted by kinases to the active triphosphate, 
which competes with ATP for incorporation into the nascent viral RNA chain resulting in “delayed” chain 
termination. In animal models of SARS-CoV-2 infection, prophylactic or early treatment with remdesivir 
ameliorated the subsequent viral infection and clinical disease. In a large, multinational randomized, placebo-
controlled trial in humans, remdesivir was found to shorten the time to clinical recovery in patients hospitalized 
with COVID-19, but had little effect on overall mortality. In other studies, the effects of remdesivir on time to 
recovery were less clear and mortality rates as well as SARS-CoV-2 RNA levels were similar to those on placebo 
or no therapy. Soon after the initial favorable reports of remdesivir therapy of severe COVID-19, it received 
emergency use authorization (EUA) approval for therapy of patients hospitalized with severe COVID-19 which 
was later extended to all hospitalized patients with COVID-19, both adults and children. After the final results 
were obtained and a more in-depth review, remdesivir was given formal approval for use in hospitalized adults 
and children (12 years of age or older and above 40 kilograms in weight) with COVID-19. In early 2022, reports 
of successful prevention of progression of COVID-19 with early therapy of outpatients with confirmed SARS-
CoV-2 infection led to the EUA of remdesivir for this indication in children 12 years of age or older and adults 
with symptomatic COVID-19 infection who are at high risk of complications. Therapy is recommended within 7 
days of onset. Remdesivir is available in single-use vials of 100 mg, both as lyophilized powder and in solution (5 
mg/mL) under the brand name Veklury. The typical intravenous dose in adults and children above the age of 12 
is 200 mg on day one and 100 mg once daily thereafter for 5 to 10 days in hospitalized patients with COVID-19 
pneumonia and for 3 days in outpatients with early symptomatic disease. Adverse events of remdesivir therapy 
include mild-to-moderate degrees of nausea and vomiting, headache, fatigue, renal dysfunction, serum 
aminotransferase elevations and rash. Rare instances of hypersensitivity reactions, acute renal dysfunction and 
liver injury have been reported.



Hepatotoxicity
In human volunteer studies, remdesivir therapy given for 7 to 14 days was associated with minor serum 
aminotransferase elevations (less than 5 times ULN) but without other evidence of hepatic injury. In controlled 
trials of remdesivir in patients hospitalized with COVID-19, rates of serum ALT elevations were similar or lower 
in patients receiving remdesivir than in those on placebo. Nevertheless, in most uncontrolled studies and case 
series, between 10% and 50% of patients treated with remdesivir developed transient, mild-to-moderate serum 
ALT and AST elevations within 1 to 5 days of starting therapy without changes in serum bilirubin or alkaline 
phosphatase levels. Elevations above 5 times ULN were reported in up to 9% of patients in several clinical trials, 
but the abnormalities resolved with discontinuation and were not associated with clinically apparent injury. 
With more widespread use of remdesivir for COVID-19, rare instances of marked ALT elevations with jaundice 
have been reported, but largely in patients who were critically ill with multi-organ failure or sepsis, or who had 
received other potentially hepatotoxic agents such as intravenous amiodarone (Case 2). Confounding the issue is 
that serum aminotransferase elevations are common during symptomatic SARS-CoV-2 infection (Case 1), 
present in up to 60% of patients and being more frequent in patients with severe disease and in those with the 
known risk factors for COVID-19 severity such as male sex, older age, higher body mass index and diabetes. 
Thus, serum aminotransferase elevations are common during remdesivir therapy but are generally 
asymptomatic, fully reversible and not associated with jaundice. With more widespread use of this antiviral in 
patients without severe or critical illness and with longer courses of therapy, features of hepatotoxicity may 
become more evident.

Likelihood score: D (possible uncommon cause of clinically apparent liver injury).

Mechanism of Injury
Serum aminotransferase elevations are not uncommon with parenterally administered remdesivir and may be 
caused by direct toxicity possibly due to inhibition of mitochondrial RNA polymerase. On the other hand, 
idiosyncratic injury due to remdesivir has not been clearly shown. SARS-CoV-2 virus may infect the liver and 
has been identified in hepatocytes by molecular techniques and electron microscopy, but the associated liver 
injury in these cases was mild. The receptor for SARS-CoV-2, the angiotensin-converting enzyme 2 (ACE2), is 
found on the surface of hepatocytes, although it is present in higher density on cholangiocytes. In the liver, 
remdesivir is metabolized by and is a substrate for CYP 3A4. It is also a substrate of the hepatocyte transporters 
p-glycoprotein and OATP1B1 and thus may be susceptible to drug-drug interactions with agents that inhibit or 
induce these enzymes and transporters.

Outcome and Management
The ALT and AST elevations associated with initiation of remdesivir therapy in patients with SARS-CoV-2 
infection are generally mild-to-moderate in severity and self-limited in course without jaundice or symptoms. 
Careful monitoring of liver tests is recommended before and frequently during treatment. However, this 
recommendation is difficult in outpatient situations when the drug is given for 3 days only. Nevertheless, it is 
recommended that de novo elevations in ALT or AST above 10 times the upper limit of normal should lead to 
consideration of early discontinuation of the infusions. Furthermore, development of symptoms of hepatitis or 
jaundice should lead to immediate discontinuation. Restarting treatment can be considered once enzyme levels 
fall sufficiently, if there is no jaundice or symptoms and with careful monitoring. Use of other known 
hepatotoxins or potent inhibitors of p-glycoprotein should be avoided during remdesivir therapy.

Drug Class: Antiviral Agents; Nucleoside Analogues
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CASE REPORTS

Case 1. Acute anicteric hepatitis attributed to SARS-CoV-2 infection.(1)
A 59 year old woman with HIV infection (well controlled on antiretroviral therapy), hypertension, 
hyperlipidemia and Graves disease presented to an emergency room with fatigue and dark urine. She denied 
jaundice, abdominal pain, itching, rash or fever. Laboratory evaluation showed elevations in liver tests that had 
previously been normal including ALT 617 U/L, AST 1230 U/L, alkaline phosphatase 141 U/L, bilirubin 0.6 
mg/dL, albumin 3.1 g/dL and INR 1.7. She had no history of liver disease or known recent exposures to viral 
hepatitis. Her other medications included Genoya (elvitegravir, cobicistat, emtricitabine and tenofovir 
alafenamide), clonidine, amlodipine, propranolol, hydrochlorothiazide, levothyroxine, fish oil and 
multivitamins. She was admitted for evaluation. She was afebrile and physical examination was normal. Tests for 
hepatitis A, B, C and E were negative as were assays for cytomegalovirus and Epstein Barr virus infection. 
Abdominal ultrasound showed a normal appearing liver without evidence of biliary obstruction or gallstones. A 
liver biopsy was not done. On hospital day 2 she developed fever and was found to have an oxygen saturation of 
94% on room air. A nasopharyngeal swab was taken and proved to be positive for SARS-CoV-2 viral RNA. She 
was treated with hydroxychloroquine and remained minimally symptomatic and was discharged on hospital day 
8, liver test abnormalities having improved but remaining mildly elevated.

Key Points

Medication: Not applicable

Pattern: Hepatocellular (R=12.3)

Severity: Mild (anicteric)

Latency: Not applicable

Recovery: Unclear

Other medications: Clonidine, hydrochlorothiazide, emtricitabine, tenofovir, elvitegravir, cobicistat

Laboratory Values

Day of
Hospitalization

ALT
(U/L)

AST
(U/L)

Alk P
(U/L)

Bilirubin
(mg/dL)

Other

1 697 1230 141 0.6 INR 1.08

2 675 1020 145

3 690 1125 195

4 640 820 201

5 530 605 205

6 480 480 230

7 370 205 259

8 227 110 250 0.6 INR 1.13, discharged

Normal <50 <50 <125 <1.2

Comment
This 59 year old woman developed an acute, mildly symptomatic hepatitis during an early, presymptomatic 
phase of SARS-CoV-2 infection. Other causes of acute liver injury were excluded and the episode was attributed 
to the SARS-CoV-2 infection. A striking finding was the predominance of AST over ALT elevations, a pattern 
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that occurs with acute alcoholic hepatitis but is rare in acute hepatocellular injury due to medications or viral 
hepatitis. On the other hand, the aminotransferases were higher and the time to recovery was more rapid than 
occurs typically in acute alcoholic hepatitis. The case report did not mention alcohol use and liver biopsy was not 
done. One possible explanation for the prominent AST elevation was that part of the injury was due to muscle 
involvement. Transient elevations in serum aminotransferase levels are not uncommon during the course of 
symptomatic COVID-19 and in some cases AST elevations are greater than those of ALT. The degree of severity 
of the liver injury usually correlates with the degree of severity of the SARS-CoV-2 infection and occurs most 
frequently in men, the elderly and persons with obesity and diabetes. The occurrence of hepatic injury during 
the course of COVID-19 makes diagnosis of drug induced injury from therapies such as remdesivir challenging.

Case 2. Marked serum aminotransferase elevations and jaundice during 
remdesivir therapy of SARS-CoV-2 infection.(2)
A 68 year old woman with hypertension, diabetes, hyperlipidemia and coronary artery disease developed 
shortness of breath and chest pain and was hospitalized with suspected COVID-19 pneumonia. She was 
hypoxemic and had diffuse interstitial infiltrates but nasopharyngeal samples were negative for SARS-CoV-2 
RNA. She had worsening symptoms and on day 4 underwent cardiac catheterization which showed severe, 
multivessel coronary artery disease. On day 6 she underwent successful 4-vessel coronary artery bypass surgery, 
but a repeat nasopharyngeal sample taken that day was positive for SARS-CoV-2, and she was transferred to a 
COVID-19 ward. Over the next few days, she had worsening oxygen requirements and pulmonary infiltrates 
and was started on remdesivir (200 mg loading dose followed by 100 mg daily intravenously). The following day 
she developed atrial fibrillation and was started on amiodarone infusions (150 mg loading dose, followed by 6 
hours of 1.0 mg/min, followed by maintenance dosing of 0.5 mg/min). One day later serum ALT levels were 
above 5000 U/L and both remdesivir and amiodarone were stopped and intravenous N-acetyl cysteamine (iv 
NAC) was given. Her liver tests improved over the ensuing few days (Table) and she was discharged 2 weeks 
later.

Key Points

Medication: Remdesivir

Pattern: Hepatocellular (R=~100)

Severity: Moderate

Latency: 2 days

Recovery: Improvements over next two weeks

Other medications: Amiodarone intravenously

Laboratory Values

Time After
Starting

ALT
(U/L)

AST
(U/L)

Bilirubin
(mg/dL)

Other

-7 days 21 Admitted with shortness of breath

-4 days 15

Day 1 - Started remdesivir

Day 2 115 Started amiodarone

Day 3 >5000 >5000 3.1 INR 2.3: stopped drugs; IV NAC given

Day 4 2825 >5000 IV NAC given

Day 5 1861 1348
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Table continued from previous page.

Time After
Starting

ALT
(U/L)

AST
(U/L)

Bilirubin
(mg/dL)

Other

Day 7 966 235 2.1

Day 9 469

Day 11 211

Day 13 120

Day 17 50 Normal INR normal, discharged

Normal Not given Not given <1.2

Comment
A 68 year old woman suffered an acute coronary syndrome complicated by concurrent COVID-19. Therapy with 
remdesivir and amiodarone was rapidly followed by marked elevations in serum ALT and AST which fell after 
stopping both drugs (and administration of N-acetylcysteine). The marked elevations in both ALT and AST 
within 2 days of starting remdesivir is distinctly unusual and might well have been due to amiodarone that was 
started at about the same time. One possible explanation for the severity of the injury is that amiodarone altered 
the pharmacokinetics of remdesivir which is secreted from hepatocytes by p-glycoprotein, a hepatic transporter 
which is inhibited by amiodarone. A similar drug-drug interaction with precipitous adverse events occurs with 
the combination of sofosbuvir (another nucleoside analogue inhibitor of a viral RNA polymerase) and 
amiodarone, which results in severe bradycardia. Another explanation for the marked aminotransferase 
elevations would be shock, hypotension or hypoxemia which would cause acute hepatic necrosis. The case report 
is also somewhat unclear in regard to timing of the medications and the laboratory results.

PRODUCT INFORMATION
REPRESENTATIVE TRADE NAMES

Remdesivir – Veklury ®

DRUG CLASS

Antiviral Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH
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CHEMICAL FORMULA AND STRUCTURE
DRUG CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE

Remdesivir 1809249-37-3 C27-H35-N6-O8-P
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(The major reason for failure of drugs in clinical development is toxicity, and the major concern for viral RNA 
polymerase inhibitors is mitochondrial toxicity caused by susceptibility of mitochondrial RNA polymerase 
[which lacks proofreading activity], which nevertheless can be assessed in vitro).
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(Review of the literature on clinical features and causes of liver injury associated with severe coronavirus infections, 
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Wander P, Epstein M, Bernstein D. COVID-19 presenting as acute hepatitis. Am J Gastroenterol. 2020;115:941–
2. PubMed PMID: 32301760.

(59 year old woman with HIV infection developed fatigue and jaundice [bilirubin 0.6 mg/dL, ALT 697 U/L, Alk P 
145 U/L, INR 1.08] and then developed fever and cough with positive tests for SARS-CoV-1, liver tests falling 
over the next week as she recovered from COVID-19, Case 1).

Qiu H, Wander P, Bernstein D, Satapathy SK. Acute on chronic liver failure from novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Liver Int. 2020;40:1590–3. PubMed PMID: 32369658.
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(56 year old woman with decompensated alcoholic cirrhosis developed worsening jaundice and liver function when 
admitted with SARS-CoV-2 infection [bilirubin rising from 9.4 to ~17.8 mg/dL, ALT from 94 to ~275 U/L, AST 
from 184 to ~880 U/L, Alk P from 128 to ~195 U/L, INR from 1.9 to 2.6], liver tests improving towards baseline 
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acute kidney injury. N Engl J Med. 2020;382:2147–56. PubMed PMID: 32402156.
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animal models and human volunteers and early results of safety and efficacy in clinical trials).

Williamson BN, Feldmann F, Schwarz B, Meade-White K, Porter DP, Schulz J, van Doremalen N, et al. Clinical 
benefit of remdesivir in rhesus macaques infected with SARS-CoV-2. Nature. 2020;585:273–6. PubMed 
PMID: 32516797.

(In a rhesus macaque model of SARS-CoV-2 infection, intravenous administration of remdesivir starting within 12 
hours of inoculation, attenuated the pulmonary complications and lowered viral levels in the lungs but not in the 
upper respiratory tract).

Antinori S, Cossu MV, Ridolfo AL. Compassionate remdesivir treatment of severe COVID-19 pneumonia in 
intensive care unit (ICU) and non-ICU patients: clinical outcome and differences in post-treatment 
hospitalisation status. Pharmacol Res. 2020;158:104899. PubMed PMID: 32407959.

(Among 35 patients with severe SARS-CoV-2 pneumonia treated with a 10 day course of remdesivir, ALT or AST 
elevations above 3 times ULN occurred in 15 patients [43%] and led to early discontinuation in 3 [9%]).

Durante-Mangoni E, Andini R, Bertolino L, Mele F, Florio LL, Murino P, Corcione A, et al. Early experience 
with remdesivir in SARS-CoV-2 pneumonia. Infection. 2020;48:779–82. PubMed PMID: 32418190.

(Among 4 patients with severe SARS-CoV-2 pneumonia treated with remdesivir for up to 10 days, 3 developed ALT 
and AST elevations ranging from 5 to 8 times ULN; no mention of clinically apparent liver injury).

Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, Fu S, et al. Remdesivir in adults with severe COVID-19: a 
randomised, double-blind, placebo-controlled, multicentre trial. Lancet. 2020;395(10236):1569–78. PubMed 
PMID: 32423584.

(Among 237 patients with SARS-CoV-2 pneumonia with hypoxemia treated with remdesivir vs placebo for 10 days, 
the two groups had similar times to improvement [21 vs 23 days], 28 day mortality [14% vs 13%], rates of 
decline in viral levels and overall adverse event rates [66% vs 64%], while AST elevations were less with the 
active drug [5% vs 12%]).

Ridruejo E, Soza A. The liver in times of COVID-19: What hepatologists should know. Ann Hepatol. 
2020;19:353–8. PubMed PMID: 32425991.

(Review of the effects of preexisting liver disease on the severity and outcome of COVID-19 as well as the frequency 
and significance of liver test abnormalities in patients with SARS-CoV-2 infection and the potential of 
hepatotoxicity of drugs used in its therapy).
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PubMed PMID: 32492293.

(Among 821 patients with exposure to COVID-19 treated with oral hydroxychloroquine or placebo for 5 days, rates 
of new illness compatible with COVID-19 were similar in the two groups [14% vs 12%] while adverse events 
were more frequent with hydroxychloroquine [40% vs 17%]; ALT elevations were not mentioned).

Leegwater E, Strik A, Wilms EB, Bosma LBE, Burger DM, Ottens TH, van Nieuwkoop C. Drug-induced liver 
injury in a COVID-19 patient: potential interaction of remdesivir with P-glycoprotein inhibitors. Clin Infect 
Dis. 2021;72(7):1256–1258. PubMed PMID: 32594120.

(64 year old man with severe SARS-CoV-2 pneumonia developed elevations in serum aminotransferases 5 days 
after starting remdesivir and 2 days after starting amiodarone [bilirubin 0.5 mg/dL, ALT 135 U/L, Alk P 267 
U/L], improving rapidly with stopping, the authors suggested that inhibition of p-glycoprotein, the major hepatic 
transporter of remdesivir, may have led to its accumulation to injurious levels in hepatocytes).
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first five COVID-19 patients treated with remdesivir in France. Int J Infect Dis. 2020;98:290–3. PubMed 
PMID: 32619764.

(Among 5 French patients with SARS-CoV-2 pneumonia treated with remdesivir, 2 died and 3 had a favorable 
outcome, while 4 had significant adverse reactions including acute renal injury in two and maculopapular rash 
and liver test abnormalities in 2 [ALT 195 U/L on day 4 and 116 U/L on day 8), resolving within 3-5 days of 
stopping).

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, Hohmann E, et al; ACTT-1 Study Group 
Members. Remdesivir for the treatment of Covid-19 - final report. N Engl J Med. 2020;383(19):1813–1826. 
PubMed PMID: 32445440.

(Among 1062 patients hospitalized with COVID-19 treated with intravenous remdesivir or placebo for 10 days, 
median recovery time was shorter with remdesivir [10 vs 15 days] and adverse events were less common [21% vs 
27%], including ALT or AST elevations [6% vs 10.7%].

Bertolini A, van de Peppel IP, Bodewes FAJA, Moshage H, Fantin A, Farinati F, Fiorotto R, et al. Abnormal liver 
function tests in COVID-19 patients: relevance and potential pathogenesis. Hepatology. 2020;72(5):1864–72. 
PubMed PMID: 32702162.

(Review of the prevalence and potential causes of abnormal liver tests in patients with SARS-CoV-2 infection, ALT 
elevations being reported in 4% to 39% of patients with higher rates in patients with more severe disease).

Javorac D, Grahovac L, Manić L, Stojilković N, Anđelković M, Bulat Z, Đukić-Ćosić D, et al. An overview of the 
safety assessment of medicines currently used in the COVID-19 disease treatment. Food Chem Toxicol. 2020 
Oct;144:111639. PubMed PMID: 32707160.

(Review of the toxicities of drugs used experimentally to treat SARS-CoV-2 infection mentions that remdesivir can 
cause reversible elevations in serum ALT and AST, but without concurrent increases in Alk P or bilirubin levels).

Fan Q, Zhang B, Ma J, Zhang S. Safety profile of the antiviral drug remdesivir: An update. Biomed 
Pharmacother. 2020 Jul 21;130:110532. PubMed PMID: 32707440.

(Short review of the safety of remdesivir identified in early studies of its use in patients with severe COVID-19 
mentions that serum aminotransferase elevations are not uncommon during SARS-CoV-2 pneumonia and 
several reports have reported transient, elevations of serum ALT and AST levels without symptoms or jaundice 
during remdesivir therapy).
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Zampino R, Mele F, Florio LL, Bertolino L, Andini R, Galdo M, De Rosa R, et al. Liver injury in remdesivir-
treated COVID-19 patients. Hepatol Int. 2020;14:881–3. PubMed PMID: 32725454.

(Among 5 critically ill patients with SARS-CoV-2 infection, all had increases in ALT or AST without Alk P or 
bilirubin elevations within 1-3 days of starting remdesivir, resolving rapidly with stopping and not associated 
with clinically apparent liver injury or jaundice).

Hundt MA, Deng Y, Ciarleglio MM, Nathanson MH, Lim JK. Abnormal liver tests in COVID-19: A 
retrospective observational cohort study of 1827 patients in a major U.S. hospital network. Hepatology. 
2020;72(4):1169–1176. PubMed PMID: 32725890.

(Among 1877 patients hospitalized with SARS-CoV-2 infection, serum ALT levels were elevated before 
hospitalization in 19%, at admission in 42% and at peak during hospitalization in 62% with 21% being greater 
than 5 times ULN; elevations correlated with disease severity and its risk factors, male sex, older age, higher 
BMI and diabetes).

Cavalcanti AB, Zampieri FG, Rosa RG, Azevedo LCP, Veiga VC, Avezum A, Damiani LP, et al. Coalition 
COVID-19 Brazil I Investigators. Hydroxychloroquine with or without azithromycin in mild-to-moderate 
COVID-19. N Engl J Med. 2020;383(21):2041–2052. PubMed PMID: 32706953.

(Among 504 hospitalized patients with confirmed COVID-19 who were treated with standard of care or 
hydroxychloroquine or with combination of hydroxychloroquine and azithromycin for 7 days, improvement in 
clinical status by day 15 was similar in all three groups, while ALT elevations were more frequent in those 
receiving hydroxychloroquine [11% and 9%] than in those given neither [3.4%]).

Lee C, Ahn MY, Byeon K, Choi JP, Hahm C, Kim H, Kim S, et al. Clinical experience with use of remdesivir in 
the treatment of severe acute respiratory syndrome coronavirus 2: a case series. Infect Chemother. 
2020;52:369–80. PubMed PMID: 32757500.

(Among 10 Korean patients with severe SARS-CoV-2 pneumonia treated for 5 or 10 days with remdesivir, 5 
developed ALT and AST elevations, but all were transient and less than 5 times ULN).

Spinner CD, Gottlieb RL, Criner GJ, Arribas López JR, Cattelan AM, Soriano Viladomiu A, Ogbuagu O, et al. 
GS-US-540-5774 Investigators. Effect of remdesivir vs standard care on clinical status at 11 days in patients 
with moderate COVID-19: a randomized clinical trial. JAMA. 2020;324:1048–57. PubMed PMID: 32821939.

(Among 584 patients hospitalized with confirmed SARS-CoV-2 pneumonia, clinical improvements at day 11 were 
more frequent in patients randomized to 5 days of remdesivir vs 10 days of remdesivir and vs standard of care 
[70% vs 65% vs 61%], while 28 day mortality was similar in all 3 groups [1% vs 2% vs 2%], although severe 
adverse events were less in those on remdesivir [5% vs 5% vs 9%] including any ALT elevation [34% vs 32% vs 
39%] and those above 5 times ULN [2% vs 3% vs 8%]; no mention of clinically apparent hepatotoxicity).

Ferron PJ, Gicquel T, Mégarbane B, Clément B, Fromenty B. Treatments in COVID-19 patients with pre-existing 
metabolic dysfunction-associated fatty liver disease: a potential threat for drug-induced liver injury? 
Biochimie. 2020;179:266–274. PubMed PMID: 32891697.

(Commentary on possible hepatotoxicity of drugs used to treat SARS-CoV-2 infection and possible increase in risk 
for injury among patients with preexisting fatty liver disease).

Carothers C, Birrer K, Vo M. Acetylcysteine for the treatment of suspected remdesivir-associated acute liver 
failure in COVID-19: a case series. Pharmacotherapy. 2020;40(11):1166–1171. PubMed PMID: 33006138.
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(Two patients, ages 68 and 80, with severe SARS-CoV-2 pneumonia developed abnormal liver tests during or 
shortly after a course of remdesivir, one arising 2 days after starting remdesivir and 1 day after starting 
intravenous amiodarone [Case 2: bilirubin 3.1 mg/dL, ALT 2400 U/L, INR 2.3], and one arising 4 days after 
stopping a 5 day course of remdesivir and concurrent with suspected septic shock [bilirubin 2.1 mg/dL, ALT 
1510 U/L, Alk P 151 U/L, INR 1.7], both treated with acetylcysteine infusions with apparent improvement).

FDA Fact Sheet for Health Care Providers. Emergency use authorization (EUA) of Veklury® (remdesivir) 
Available at: https://www.fda.gov/media/137566/download

(Fact sheet on remdesivir from the FDA recommends monitoring of routine liver tests before and daily during 
remdesivir therapy, not initiating therapy if values are above 5 times ULN and discontinuing therapy if they rise 
to above 5 times ULN, restarting when values fall below this level).

Horby P, Mafham M, Linsell L, Bell JL, Staplin N, Emberson JR, Wiselka M, et al; RECOVERY Collaborative 
Group. Effect of hydroxychloroquine in hospitalized patients with Covid-19. N Engl J Med. 
2020;383(21):2030–2040. PubMed PMID: 33031652.

(Among 1561 patients randomized to receive hydroxychloroquine vs 3155 randomized to standard care, the 
mortality rate was similar in the two groups [27% vs 25%] and cardiovascular toxicity was not increased with 
the active drug; no mention of ALT elevations or hepatotoxicity).

Dyer O. Covid-19: Remdesivir has little or no impact on survival, WHO trial shows. BMJ. 2020;371:m4057. 
PubMed PMID: 33077424.

(Editorial on the results of the large WHO-supported Solidarity Trial comparing four different promising agents to 
no therapy in 11,266 adults hospitalized with COVID-19 demonstrating no difference in 28 day mortality with 
remdesivir therapy [301/2708: 11.1%] compared to no treatment [301/2743: 11.0%], nor in rates of requiring 
mechanical ventilation or in duration of hospitalization).

Baang JH, Smith C, Mirabelli C, Valesano AL, Manthei DM, Bachman M, Wobus CE, et al. Prolonged SARS-
CoV-2 replication in an immunocompromised patient. J Infect Dis. 2021;223(1):23–27. PubMed PMID: 
33089317.

(60 year old man with refractory lymphoma on chemotherapy [including mosunetuzumab] developed persistent 
SARS CoV-2 infection with repeated bouts of pulmonary symptoms and persistent nasopharyngeal RNA and 
virus [molecularly identical] despite two courses of remdesivir and convalescent plasma, being still SARS CoV-2 
positive at 156 days when he was referred for hospice care).

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, Hohmann E, et al; ACTT-1 Study Group 
Members. Remdesivir for the treatment of COVID-19 – final report. N Engl J Med. 2020;383:1813–26. 
PubMed PMID: 32445440.

(Final report of a randomized, placebo controlled trial of remdesivir infusions for 10 days in 1062 adults 
hospitalized with COVID-19 pneumonia found treatment resulted in more rapid recovery time [10 vs 15 days] 
and slightly lower mortality at 29 days [11.4% vs 15.2%], while adverse events were less frequent with the active 
drug including serious adverse events [24% vs 32%], and elevations in serum ALT [2.3% vs 4.7%], AST [3.4% vs 
6.4%] and bilirubin [1.7% vs 3.1%]; no mention of clinically apparent liver injury).

Goldman JD, Lye DCB, Hui DS, Marks KM, Bruno R, Montejano R, Spinner CD, et al. GS-US-540-5773 
Investigators. Remdesivir for 5 or 10 days in patients with severe COVID-19. N Engl J Med. 2020;383:1827–
37. PubMed PMID: 32459919.

(Among 297 patients with severe SARS-CoV-2 pneumonia treated with 5 or 10 days of intravenous remdesivir, rates 
of clinical improvement were similar in the two groups and adverse events included nausea [9%], constipation 
[7%] and ALT elevations above 5 times ULN [7%]; therapy was discontinued early because of enzyme elevations 
in 3% but no mention of clinically apparent hepatotoxicity).
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Humeniuk R, Mathias A, Cao H, Osinusi A, Shen G, Chng E, Ling J, Vu A, German P. Safety, tolerability, and 
pharmacokinetics of remdesivir, an antiviral for treatment of COVID-19, in healthy subjects. Clin Transl Sci. 
2020;13:896–906. PubMed PMID: 32589775.

(Results of phase 1 studies of remdesivir in healthy subjects, found ALT or AST elevations in 2 subjects treated for 7 
days and 6 of 8 treated for 14 days, but all elevations were asymptomatic, mild [less than 5 times ULN], 
transient and not associated with bilirubin or alkaline phosphatase elevations).

Zeitlinger M, Koch BCP, Bruggemann R, De Cock P, Felton T, Hites M, Le J, et al; PK/PD of Anti-Infectives 
Study Group (EPASG) of the European Society of Clinical Microbiology, Infectious Diseases (ESCMID). 
Pharmacokinetics/pharmacodynamics of antiviral agents used to treat SARS-CoV-2 and their potential 
interaction with drugs and other supportive measures: a comprehensive review by the PK/PD of Anti-
Infectives Study Group of the European Society of Antimicrobial Agents. Clin Pharmacokinet. 
2020;59:1195–1216. PubMed PMID: 32725382.

(Review of the pharmacology and potential of drug-drug interaction of remdesivir).
Sabers AJ, Williams AL, Farley TM. Use of remdesivir in the presence of elevated LFTs for the treatment of 

severe COVID-19 infection. BMJ Case Rep. 2020;13(10):e239210. PubMed PMID: 33130588.

(82 year old man with COVID-19 treated initially with hydroxychloroquine and azithromycin was admitted with 
pulmonary symptoms and found to have abnormal liver tests [bilirubin 1.1 mg/dL, ALT 1075 U/L, Alk P not 
given], which worsened for one day and then improved rapidly despite initiation of therapy with remdesivir as 
well as use of convalescent plasma, dexamethasone, levofloxacin, ceftriaxone and amiodarone [while stopping 
hydroxychloroquine and azithromycin], with clinical improvement and near normal ALT levels by day 7).

Rahimi MM, Jahantabi E, Lotfi B, Forouzesh M, Valizadeh R, Farshid S. Renal and liver injury following the 
treatment of COVID-19 by remdesivir. J Nephropathol. 2021;10(2):e10.

(Review of the renal handling of remdesivir and cautionary note on use of remdesivir in patients with renal 
dysfunction because of an increased risk of further renal dysfunction and hepatic adverse events).

Gupte V, Hegde R, Sawant S, Kalathingal K, Jadhav S, Malabade R, Gogtay J. Safety and clinical outcomes of 
remdesivir in hospitalised COVID-19 patients: a retrospective analysis of active surveillance database. BMC 
Infect Dis. 2022;22:1. PubMed PMID: 34983406.

(Among 2329 patients hospitalized with COVID-19 captured in an Indian surveillance database who were treated 
with remdesivir, therapy was “well tolerated overall” with only 119 adverse events reported, the most frequent 
being nausea and vomiting [45%] and liver enzyme elevations [14%], rash [6%] and nephrotoxicity [1.7%], but 
no specific details provided).

Marc F, Moldovan C, Hoza A, Restea P, Sachelarie L, Romila LE, Suteu C, et al. Evaluation of hepatic 
biochemical parameters during antiviral treatment in COVID-19 patients. Biology (Basel). 2021;11(1):13. 
PubMed PMID: 35053011.

(Among 272 adults hospitalized with COVID-19 in a Romania hospital and treated with various antiviral 
regimens, serum AST levels increased slightly during remdesivir therapy [51.1 to 52.1 U/L], but decreased to 
below baseline by the time of discharge and no patient developed serious liver injury).

Law MF, Ho R, Law KWT, Cheung CKM. Gastrointestinal and hepatic side effects of potential treatment for 
COVID-19 and vaccination in patients with chronic liver diseases. World J Hepatol. 2021;13(12):1850–1874. 
PubMed PMID: 35069994.

(Review of the gastrointestinal and hepatic side effects of drugs used to treat COVID-19 mentions that transient and 
mild ALT elevations arose in healthy controls receiving remdesivir, and elevations were observed in ~8% of 
recipients in controlled trials and up to 40% of critically ill patients in case series, but discontinuation for ALT 
elevations were rare and no case of clinically apparent liver injury was reported).
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Kayaaslan B, Guner R. COVID-19 and the liver: A brief and core review. World J Hepatol. 2021;13:2013–2023. 
PubMed PMID: 35070005.

(Review of the hepatic manifestations and complications of COVID-19 mentions that abnormal liver tests are found 
in at least one-fourth of patients, most frequently in those with more severe disease, and can be due to cytokine 
storm, hypoxia, sepsis, the medications used to treat COVID-19, and possibly a direct cytopathic effect of the 
virus; yet the liver involvement is rarely severe and is typically overshadowed by other complications of 
COVID-19).

Ali K, Azher T, Baqi M, Binnie A, Borgia S, Carrier FM, Cavayas YA, et al.; Canadian Treatments for COVID-19 
(CATCO); Association of Medical Microbiology and Infectious Disease Canada (AMMI) Clinical Research 
Network and the Canadian Critical Care Trials Group. Remdesivir for the treatment of patients in hospital 
with COVID-19 in Canada: a randomized controlled trial. CMAJ. 2022:cmaj.211698.

(In a secondary analysis of Canadian subjects enrolled in the multinational pragmatic Solidarity Trial [2021], 1282 
hospitalized patients with COVID-19 hospitalized in 52 Canadian centers received remdesivir or standard of 
care, in whom the 28 day mortality was 18.7% vs 22.6%, which was of borderline significance while mechanical 
ventilation was done in 8% vs 15%; no mention of adverse event rates, ALT elevations or hepatotoxicity).

Leo M, Galante A, Pagnamenta A, Ruinelli L, Ponziani FR, Gasbarrini A, De Gottardi A. Hepatocellular liver 
injury in hospitalized patients affected by COVID-19: Presence of different risk factors at different time 
points. Dig Liver Dis. 2021:S1590-8658(21)00923-3.

(Among 292 adults admitted to 7 Swiss hospitals with COVID-19, 29% had ALT or AST elevations on admission, 
6% of which were above 3 times ULN; elevations arose in 53% of those with initially normal values).

Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb BJ, Perez G, Oguchi G, et al. GS-US-540-9012 (PINETREE) 
Investigators. Early remdesivir to prevent progression to severe Covid-19 in outpatients. N Engl J Med. 
2022;386:305–315. PubMed PMID: 34937145.

(Among 562 non-hospitalized adults with symptomatic COVID-19 and at high risk for complications who were 
treated with remdesivir [200 mg day 1, 100 mg days 2 and 3] or placebo intravenously once daily, subsequent 
hospitalization for COVID 19 occurred in 2 remdesivir- vs 15 placebo-treated participants [0.7% vs 5.3%: 87% 
decline] and none died by day 28; while overall adverse event rates were similar in the 2 arms, the remdesivir 
treated patients had fewer severe adverse events; no mention of ALT elevations or hepatotoxicity).

COVID-19 updates. Med Lett Drugs Ther. 2022;64(5046):1–2.

(Concise review of EUA of remdesivir for prevention of progression of COVID-19 in outpatient adults and children 
[12 years or above] with symptomatic SARS-CoV-2 infection and who are within 7 days of onset and at high 
risk of complications; mentions that hypersensitivity reactions can occur, but does not mention ALT elevations or 
hepatotoxicity).
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