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Abstract: Severe acute respiratory syndrome coronavirus 2 has infected millions of people, but about
20% of infected individuals do not develop symptoms. COVID-19 is an inflammatory disease that
affects a portion of individuals infected with the virus and it is associated with liver injury and
other complications, leading to hospitalization, critical illness, and death. Remdesivir is an antiviral
agent used for the treatment of hospitalized patients with COVID-19 to improve the time to recovery,
reduce the duration of mechanical ventilation, decrease the need for supplemental oxygen, and
decrease the risk of mortality. Remdesivir-associated hepatotoxicity has been observed as increased
transaminases more than five times the upper limit of normal in hospitalized patients with COVID-
19, but causality has not been proven. It is generally difficult to distinguish between remdesivir-
associated hepatotoxicity and COVID-19-induced hepatotoxicity. The purpose of this review is
to evaluate the evidence for remdesivir-associated hepatotoxicity. Current evidence suggests that
elevated liver enzymes in hospitalized COVID-19 patients are more likely to be due to the infection
than remdesivir, and a 5-day course of remdesivir seems to be safe in regard to hepatotoxicity.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel betacoron-
avirus that causes coronavirus disease 2019 (COVID-19), which has rapidly spread world-
wide, prompting the World Health Organization (WHO) to declare it a pandemic on
11 March 2020 [1,2]. The SARS-CoV-2 virus presents a wide spectrum of clinical outcomes,
from mild infections to severe cases marked by critical health issues and high mortality
rates [3]. Initially, all patients undergo a phase without symptoms. Subsequently, around
20% remain asymptomatic, 64% develop mild symptoms, and 16% face severe respiratory
issues, like dyspnea or hypoxemia, necessitating hospitalization; of these, 12% are severe
and 4% are critical cases [1,4–15]. Mild cases are often controlled by the initial immune
response, whereas in severe cases, an overactive immune response can cause organ damage,
requiring intensive care or leading to death [3]. The most common complications of severe
illness include acute respiratory distress syndrome (20–67%), arrhythmia (17–18%), acute
cardiac injury (7–23%), shock (6–10%), acute kidney injury (3–29%), hepatic dysfunction
(1–33%), and disseminated intravascular coagulation (1%) [1,4–6,9,10,16–18]. The severity
of complications appears to be linked to the intensity of inflammation, as indicated by
elevated biomarkers, such as D-dimer, ferritin, and others, which are correlated with more
severe disease and increased mortality rates [19]. In ICU settings, patients with elevated
biomarkers, including liver enzymes, are likely to experience more severe illness [20]. This
often results in extended stays in the ICU and greater complication risks, with notable
differences in biomarker levels observed across various age groups and sexes [20]. Impor-
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tantly, about 15% to 65% of patients with severe COVID-19 display signs of hepatobiliary
damage [21].

By binding to angiotensin-converting enzyme 2 (ACE2) on the surface of cholangio-
cytes, SARS-CoV-2 may directly damage the biliary ducts [22]. However, given the low
number of ACE2 receptors on hepatocyte surfaces, any injury to the hepatocytes may be
indirect, which is supported by the fact that the majority of patients have normal alkaline
phosphatase [22,23]. In addition, hepatocyte injury is more common than cholangiocyte
injury [23]. Systemic inflammation, cytokine storm, and pneumonia-associated hypoxia
might contribute to hepatocyte injury, especially in critically ill patients. Data from retro-
spective observational studies evaluating hepatic injury in patients with COVID-19 suggest
that the pattern of liver injury is predominantly hepatocellular rather than cholestatic [24].
Abnormal liver enzymes are typically only minimally elevated (1–2 times the upper limit
of normal) [21,24]. Therefore, it is important to monitor COVID-19 patients’ liver enzymes
and manage drug-induced hepatotoxicity to avoid further injury to the liver.

Initially developed for the treatment of Ebola, remdesivir (also known as GS-5734)
is a nucleotide analog with a broad spectrum of viral activity, including activity against
SARS-CoV-2 [25,26]. Although a clinical trial investigating remdesivir for the treatment of
Ebola did not report any severe hepatotoxicity, there have been concerns over remdesivir-
associated hepatotoxicity among clinicians since its widespread use during the COVID-
19 pandemic [27]. The objective of this narrative review is to evaluate and summarize
the evidence for remdesivir-associated hepatotoxicity in patients with COVID-19, using
elevated liver enzymes more than five times the upper limit of normal as the cut-off to
distinguish between liver adaptation and clinically significant liver injury [28].

2. Results
2.1. Remdesivir’s Role in the Treatment of COVID-19 in Hospitalized Patients

Remdesivir inhibits viral replication of SARS-CoV-2 by incorporating its active metabo-
lite into viral RNA, resulting in chain termination [29]. Remdesivir is administered to
hospitalized adult patients intravenously over 30 min at a typical dose of 200 mg on
day 1 followed by 100 mg once daily on day 2 onward for a total of 5 to 10 days [25,29].
Remdesivir is approved by the U.S. Food and Drug Administration for adults and pediatric
patients 28 days of age and older and weighing at least 3 kg for the treatment of COVID-19
requiring hospitalization (also approved for non-hospitalized patients who have mild to
moderate COVID-19 and are at high risk for progression to severe COVID-19, including
hospitalization or death). While many randomized clinical trials have failed to show a clear
mortality benefit with remdesivir, the primary benefit of treatment with remdesivir seems
to be improved time to recovery, reduced duration of mechanical ventilation, decreased
need for supplemental oxygen, and increased rate of hospital discharge [30–36]. More-
over, the final results of ACCT-1 and WHO solidarity randomized clinical trials suggest
that remdesivir offers no substantial benefit to ventilated COVID-19 patients but aids in
reducing death or the need for ventilation in other hospital cases, especially in patients
requiring low-flow supplemental oxygen [32,37,38]. Additionally, multiple observational
studies, but not all, have shown an association with remdesivir use in hospitalized patients
and reduced mortality [35,36,39–47]. Finally, a systematic review and individual patient
data meta-analysis of eight randomized clinical trials (RCTs) consisting of 10,480 patients
hospitalized with COVID-19 found a significant reduction in mortality with remdesivir use
compared to non-use (OR 0.88; 95% CI, 0.78 to 1.00; p = 0.045) [38]. However, the results
were significant only for a subgroup of patients on low-flow oxygen or no oxygen (OR 0.80;
95% CI, 0.70 to 0.93; pinteraction = 0.019) but not for those on high-flow oxygen or ventilated
(OR 1.10; 95% CI, 0.88 to 1.38).

Although there were disagreements between various clinical practice guidelines ini-
tially regarding the use of remdesivir, the current guidelines are generally in agreement.
As of January 2023, the WHO recommends the use of remdesivir in hospitalized patients
with severe COVID-19 but recommends against its use in patients with critical COVID-
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19 [48]. As of February 2022, the Infectious Diseases Society of America (IDSA) guidelines
recommend the use of remdesivir in hospitalized patients requiring supplemental oxygen
but not mechanical ventilation or extracorporeal membrane oxygenation (ECMO) [49]. As
of October 2023, the National Institutes of Health (NIH) guidelines recommend its use in
hospitalized patients requiring low-flow supplemental oxygen, high-flow oxygen, or non-
invasive ventilation but not in those on mechanical ventilation or ECMO [50]. Additionally,
the NIH guidelines recommend remdesivir for hospitalized patients who do not require
supplemental oxygen if they are immunocompromised or are at high risk of progressing
to severe disease [50]. For patients with liver disease or liver transplant recipients, the
American Association for the Study of Liver Diseases (AASLD) recommends a 5-day course
of remdesivir in hospitalized COVID-19 patients requiring supplemental oxygen [51].

2.2. Remdesivir-Associated Hepatotoxicity

In the context of remdesivir-induced hepatotoxicity, a deeper understanding of the un-
derlying mechanisms is crucial for effective clinical management. However, the mechanism
of remdesivir-induced hepatotoxicity is not fully understood [52]. As an ester prodrug,
remdesivir is hydrolyzed by carboxylesterase-1 to its active metabolite [53]. Additionally,
remdesivir is a potent inhibitor of carboxylesterase-2, an enzyme that metabolizes many
drugs and toxicants, which may result in toxicity [53,54]. It has been shown on a cellular
level that remdesivir can be toxic to human hepatocytes, although the exact mechanism is
unknown [55]. Emerging evidence suggests that remdesivir may interfere with mitochon-
drial function in hepatocytes, leading to oxidative stress and cell injury [56]. Additionally,
the upregulation of pro-inflammatory cytokines in response to SARS-CoV-2 infection,
coupled with remdesivir’s pharmacological effects, might exacerbate liver inflammation,
thereby potentiating hepatotoxicity [57]. In a phase 1 randomized, placebo-controlled
clinical trial of healthy volunteers, mild (grade 1) to moderate (grade 2) elevation of ALT
was observed in individuals receiving 10 days of remdesivir, which resolved upon the dis-
continuation of remdesivir. As a result, there is a warning listed in remdesivir prescribing
information, and both the prescribing information and AASLD recommend considering
remdesivir discontinuation if ALT levels increase to greater than 10 times the upper limit
of normal and to discontinue remdesivir if ALT elevation is accompanied by signs or
symptoms of liver inflammation [51].

The safety profile of remdesivir has been evaluated in multiple studies, including
clinical trials, observational studies, descriptive case reports, and case series (Table 1). Prior
to COVID-19, a clinical trial investigating remdesivir for the treatment of Ebola did not
report any severe hepatotoxicity [27]. Since the COVID-19 pandemic began, Grein and
colleagues reported the first compassionate use of remdesivir in 61 hospitalized patients
with severe COVID-19 [58]. Increased hepatic enzymes occurred in 23% of the patients,
which were mild to moderate. Antinori and colleagues reported even higher rates of
hypertransaminasemia (43%), including in both intensive care unit (ICU) and non-ICU
patients [59]. Reports of compassionate remdesivir use by Burwick and colleagues had
similar findings [60]. Leegwater and colleagues reported a case of increased liver enzymes
5 days after the start of remdesivir, resulting in the discontinuation of remdesivir [55]. How-
ever, this patient also received amiodarone and chloroquine, both of which are inhibitors of
P-glycoprotein with very long half-lives. Since remdesivir is a substrate of P-glycoprotein,
inhibitors of P-glycoprotein may reduce the efflux rate of remdesivir, leading to increased
concentrations of remdesivir in the hepatocytes above the toxic threshold [55]. Zampino
and colleagues reported a case series of five patients in the ICU receiving remdesivir for
10 days, demonstrating increases in bilirubin and liver enzymes, suggesting liver injury [61].
However, these patients were also receiving hydroxychloroquine, and it is not clear if the
liver injury was due to remdesivir, hydroxychloroquine, or the combination.
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Table 1. Studies evaluating remdesivir use in patients with COVID-19.

Study Design (Size) Patients Intervention Control Hepatotoxicity

Leegwater et al. [55] Retrospective
(N = 1) Hospitalized with severe COVID-19, critically ill Remdesivir for 5 days plus

chloroquine for 5 days None ↑ liver enzymes (severe)

Zampino et al. [61] Retrospective
(N = 5) Hospitalized with severe COVID-19, critically ill

Remdesivir for up to 10 days;
four patients received
hydroxychloroquine

None
↑ liver enzymes in all four patients who also

received hydroxychloroquine
(moderate–severe)

Montastruc et al. [62] Retrospective
(N = 387) WHO’s VigiBase database of safety reports Remdesivir up to 10 days None 30% ↑ liver enzymes (severity not specified)

Van Laar et al. [63] Retrospective
(N = 103) Hospitalized with severe COVID-19, non-critically ill Remdesivir for 5 days None 42% ↑ liver enzymes (mild–moderate, except

for one patient with severe)

Garibaldi et al. [36]
Retrospective
(N = 2299; 570

propensity matched)
Hospitalized with severe COVID-19 Remdesivir for 5 to 10 days Standard of care 10% ↑ liver enzymes (severity not specified)

Grein et al. [58] Prospective,
descriptive (N = 61)

Hospitalized with severe COVID-19, including
critically ill Remdesivir for 10 days None 23% ↑ liver enzymes (mild–moderate)

Antinori et al. [59] Prospective,
descriptive (N = 35)

Hospitalized with severe COVID-19, including
critically ill Remdesivir up to 10 days None 43% ↑ liver enzymes (severity not specified)

Burwick et al. [60] Prospective,
descriptive (N = 86) Pregnant or postpartum women Remdesivir up to 10 days None 9% ↑ ALT (grade 3), 5% ↑ AST (grade 3)

Wang et al. [30] RCT, double blind
(N = 236)

Hospitalized with severe COVID-19; excluded
cirrhosis or baseline grade 3 ↑ liver enzymes Remdesivir up to 10 days Placebo

10% vs. 9% ↑ liver enzymes (grade 3 or
higher),

5% vs. 12% ↑ AST (grade 3 or higher)

Goldman et al. [64]
(SIMPLE-1 Severe)

RCT, open label
(N = 397)

Hospitalized with severe COVID-19, non-critically ill;
excluded baseline grade 3 ↑ liver enzymes Remdesivir up to 10 days Remdesivir up to 5

days
8% vs. 6% ↑ ALT (grade 3 or higher),
6% vs. 7% ↑ AST (grade 3 or higher)

Spinner et al. [31]
(SIMPLE-2 Moderate)

RCT, open label
(N = 584)

Hospitalized with moderate COVID-19; excluded
baseline grade 3 ↑ liver enzymes Remdesivir up to 10 days Standard of care 3% vs. 8% ↑ ALT (grade 3 or higher),

1% vs. 6% ↑ AST (grade 3 or higher)

Beigel et al. [32]
(ACTT-1)

RCT, double blind
(N = 1062)

Hospitalized patients with mild, moderate, or severe
COVID-19; excluded baseline grade 3 ↑ liver enzymes Remdesivir up to 10 days Placebo 2.3% vs. 4.7% ↑ ALT (grade 3 or higher),

3.4% vs. 6.4% ↑ AST (grade 3 or higher)

Kalil et al. [65]
(ACTT-2)

RCT, double blind
(N = 1033)

Hospitalized patients with mild, moderate, or severe
COVID-19; excluded baseline grade 3 ↑ liver enzymes

Remdesivir up to 10 days plus
baricitinib up to 14 days

Remdesivir up to 10
days plus placebo

0.8% vs. 0.6% ↑ ALT (grade 3 or higher),
1.4% vs. 0.6% ↑ AST (grade 3 or higher)

WHO Solidarity Interim
Results [33]

RCT, open label
(N = 5475)

Hospitalized with mild, moderate, or severe
COVID-19, including critically ill Remdesivir up to 10 days Standard of care Safety data not reported

Ader et al. [34]
(DisCoVeRy)

RCT, open label
(N = 857)

Hospitalized with moderate or severe COVID-19,
including critically ill

Remdesivir up to 10 days plus
standard of care

Standard of care
alone 3% vs. 1% ↑ transaminases

WHO Solidarity Final
Results [37]

RCT, open label
(N = 8275)

Hospitalized with mild, moderate, or severe
COVID-19, including critically ill Remdesivir up to 10 days Standard of care Safety data not reported
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A pharmacovigilance analysis conducted by Montastruc and colleagues found 387 re-
ports with remdesivir [62]. Hepatic adverse effects were reported in 34% of patients, most
of whom had increased liver enzymes (88%) with a median time to onset of 5.4 days. Com-
pared to other drugs prescribed for COVID-19, remdesivir was associated with an increased
risk of reporting hepatic disorders (OR 1.94; 95% CI, 1.54 to 2.45). The severity of these
hepatic disorders was not reported. Van Laar and colleagues conducted a retrospective
single-center observational study evaluating 103 hospitalized patients with COVID-19 who
received remdesivir [63]. In patients with normal AST and ALT at baseline, AST and ALT
were increased mildly (grade 1) in 39% and 35% of patients, and grade 2 increases were
observed in 3% and 6% of patients, respectively. Only one patient had grade 3 increases
in AST and ALT (grade 3 is defined as elevation > 5 times the upper limit of normal).
The investigators found that patients who met the contraindication criteria for remdesivir
due to liver impairment were not more likely to develop hepatotoxicity when receiving
remdesivir treatment. Garibaldi and colleagues conducted a retrospective multicenter
observational study comparing 285 patients who received remdesivir to 285 propensity
score-matched control patients hospitalized with COVID-19 [36]. The rate of increased ALT
or AST was equal between the remdesivir (10.2%) and control (10.2%) groups. Increased
bilirubin was higher in the control group (6.0%) compared to the remdesivir group (3.5%).
Only four patients stopped taking remdesivir early due to increased levels of liver enzyme
or bilirubin. It is important to note that none of these studies utilized the full Drug-Induced
Liver Injury Network (DILIN) criteria to identify drug-induced liver injury nor the widely
used Roussel Uclaf Causality Assessment Method (RUCAM) to assess causality [66,67].
Therefore, these studies could not establish causality of drug-induced liver injury due
to remdesivir.

Given the observational nature of these studies, it was difficult to attribute hepatotox-
icity to either remdesivir or COVID-19. Wang and colleagues conducted a randomized,
double-blind, placebo-controlled, multicenter trial, enrolling enrolled 236 hospitalized adult
patients with severe COVID-19 pneumonia [30]. They excluded patients with cirrhosis,
ALT, or AST more than five times the upper limit of normal. About 66% of patients received
corticosteroid therapy concurrently. The increased total bilirubin rate was the same in the
remdesivir (10%) and placebo (9%) groups, with only one grade 3 case in the remdesivir
group, but the rate of elevated AST was actually lower in remdesivir (5%) group compared
to placebo (12%), none of which were grade 3 or higher in severity. Changes in ALT were
not reported. Only two patients discontinued treatment due to increased liver enzymes, and
both were in the remdesivir group. More patients in the placebo group received invasive
mechanical ventilation compared to the remdesivir group, which might explain the higher
rate of ALT elevation in this group due to the higher severity of COVID-19. In the SIMPLE-1
severe trial, Goldman and colleagues conducted a randomized, open-label, multicenter
trial to evaluate 5 days vs. 10 days of remdesivir [64]. The study excluded patients with
ALT or AST more than five times the upper limit of normal. It is not clear what percentage
of patients received corticosteroids. The preliminary results, including 397 hospitalized
patients with severe COVID-19 pneumonia, showed similar rates of increased ALT with
remdesivir for 5 days (6%) compared to 10 days (8%), although fewer patients in the 5-day
group discontinued remdesivir due to increased liver enzymes compared to the 10-day
group (2.5% vs. 3.6%). Again, it was not clear whether increased liver enzymes were due
to the severity of COVID-19 or the duration of remdesivir, as more patients in the 10-day
group were receiving high-flow oxygen, mechanical ventilation, or ECMO.

In the SIMPLE-2 moderate trial, Spinner and colleagues conducted a randomized,
open-label, multicenter trial of 5 days vs. 10 days of remdesivir in 584 hospitalized patients
with moderate COVID-19, which excluded patients with AST or ALT more than five
times the upper limit of normal [31]. The study also included a third group that received
the standard of care without remdesivir. About 17% of patients received corticosteroids
concomitantly. The rate of increased ALT more than five times the upper limit of normal
was similar between the 10-day and 5-day groups and slightly higher in the standard of
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care group (3%, 2%, and 8%, respectively). These results suggest that even with moderate
COVID-19, patients not receiving remdesivir are likely to have elevated liver enzymes. In
the ACTT-1 trial, Beigel and colleagues conducted a double-blind, randomized, placebo-
controlled trial enrolling 1062 hospitalized patients with moderate (15%) or severe (85%)
COVID-19 [32]. Patients with ALT or AST more than five times the upper limit of normal
at baseline were excluded. About 23% of patients also received corticosteroids. The rate
of increased liver enzymes was numerically lower in the remdesivir (6.0%) compared to
placebo group (10.7%), including grade 3 or higher nonserious elevations of AST or ALT
(4.1% in remdesivir and 5.9% in placebo group).

Moreover, in the ACTT-2 trial, Kalil and colleagues conducted a double-blind, ran-
domized, placebo-controlled trial to evaluate the combination of baricitinib and remdesivir
vs. remdesivir plus placebo [65]. They enrolled 1033 hospitalized adult patients with
COVID-19, excluding those with AST or ALT more than five times the upper limit of
normal. About 12% of patients received concurrent corticosteroids. The rate of increased
ALT was similar between the combination of remdesivir plus baricitinib (0.8%) and remde-
sivir alone (0.6%). Finally, in the DisCoVeRy trial, Ader and colleagues conducted an
open-label, multicenter, randomized clinical trial to evaluate 5 to 10 days of remdesivir
plus standard of care compared to standard of care alone in 857 hospitalized adult patients
with COVID-19 [34]. Patients with elevated liver enzymes at baseline were excluded, and
about 40% of patients also received concomitant corticosteroid therapy. Transaminases
were increased in 3% and 1% of the remdesivir and control groups, respectively. AST
and ALT increases were not reported separately. Collectively, these clinical trials sug-
gest that remdesivir is unlikely to be the cause of elevated liver enzymes, which is more
likely to be due to COVID-19 itself. Moreover, the lower rate of ALT elevation seen in
the remdesivir groups compared to control groups in the study by Wang and colleagues,
SIMPLE-2, and ACTT-1 (Figure 1), may suggest that the antiviral activity of remdesivir
can indirectly reduce COVID-19-associated elevated liver enzymes. Interestingly, some
evidence suggests that the concomitant administration of systemic corticosteroids, specif-
ically dexamethasone, may alleviate elevation of serum AST and ALT levels compared
to remdesivir administration without corticosteroids [68]. Most remdesivir studies were
conducted before systemic corticosteroids became the standard of care for hospitalized
patients requiring supplemental oxygen [69].

A systematic review and meta-analysis (SR-MA) of four RCTs conducted by Shrestha
and colleagues found that compared to placebo, remdesivir recipients had similar rates of
overall adverse events (OR 1.10; 95% CI, 0.70 to 1.72; I2 74%) but significantly lower rates
of severe adverse effects (OR 0.69; 95% CI, 0.54 to 0.88; I2 0%) [70]. Compared to 5 days of
remdesivir treatment, those who received 10 days of remdesivir had significantly higher
rates of serious adverse effects (OR 1.77; 95% CI, 1.19 to 2.65; I2 20%), although the rates
of overall adverse effects were not significantly different (OR 1.26; 95% CI, 0.93 to 1.69;
I2 0%). Similar results were reported in a systematic review and network meta-analyses
of five RCTs conducted by Lai and colleagues, an SR-MA of five RCTs by Santenna and
colleagues, and a systematic review and individual patient data meta-analysis of eight
RCTs [38,71,72]. However, hepatotoxicity specifically was not analyzed in these studies.
Nevertheless, another meta-analysis of three RCTs conducted by Chen and colleagues
found no statistically significant increase in AST (OR 0.74; 95% CI, 0.46 to 1.18; I2 39%),
ALT (OR 0.79; 95% CI, 0.56 to 1.11; I2 0%), or death (OR 0.95; 95% CI, 0.48 to 1.90; I2 0%) in
patients receiving remdesivir compared to the control group [73]. Overall, the evidence
suggests that a 5-day course of remdesivir seems to be safe in patients with COVID-19
in regard to hepatotoxicity and may even reduce the rate of COVID-19-associated liver
enzyme elevation.
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Figure 1. Comparison of the rates of increased AST and ALT in the intervention vs. control groups in 
randomized clinical trials [30–32,64,65]. This figure presents a visual comparison of liver enzyme ele-
vation rates between the intervention group (patients receiving remdesivir) and the control group 
across various randomized controlled trials. This back-to-back bar chart format allows for a direct and 
clear comparison between the two groups. Panel (A) focuses on the elevation of aspartate aminotrans-
ferase (AST), showcasing the relative frequency of elevated AST levels in both groups. Similarly, Panel 
(B) illustrates the comparison for alanine aminotransferase (ALT) elevations. These panels collectively 
provide a concise and comparative view of the impact of remdesivir on liver enzymes, as indicated by 
changes in AST and ALT levels in patients. * The intervention group received 10 days of remdesivir 
and the control group received 5 days of remdesivir. ** The intervention group received remdesivir 
plus baricitinib and the control group received remdesivir plus placebo. 
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Figure 1. Comparison of the rates of increased AST and ALT in the intervention vs. control groups
in randomized clinical trials [30–32,64,65]. This figure presents a visual comparison of liver enzyme
elevation rates between the intervention group (patients receiving remdesivir) and the control group
across various randomized controlled trials. This back-to-back bar chart format allows for a direct
and clear comparison between the two groups. Panel (A) focuses on the elevation of aspartate
aminotransferase (AST), showcasing the relative frequency of elevated AST levels in both groups.
Similarly, Panel (B) illustrates the comparison for alanine aminotransferase (ALT) elevations. These
panels collectively provide a concise and comparative view of the impact of remdesivir on liver
enzymes, as indicated by changes in AST and ALT levels in patients. * The intervention group received
10 days of remdesivir and the control group received 5 days of remdesivir. ** The intervention group
received remdesivir plus baricitinib and the control group received remdesivir plus placebo.

To minimize potential risks, various practices can be implemented in a clinical setting.
Ongoing liver enzyme monitoring is essential for patients treated with remdesivir. An
increase in liver enzyme levels should lead to a careful reassessment of the treatment’s
risk versus benefit. Prior to initiating remdesivir in patients with existing liver diseases,
a thorough evaluation is necessary. High vigilance is needed to avoid concomitant use
of remdesivir and P-glycoprotein inhibitors (e.g., amiodarone, carvedilol, clarithromycin,
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propranolol, tacrolimus, etc.) [74]. In the rare event of acute liver failure, the use of
acetylcysteine has been reported to be of potential benefit [75].

2.3. Limitations and Future Research

In this review, while we have endeavored to present a comprehensive analysis of
remdesivir-associated hepatotoxicity in COVID-19 patients, we recognize certain limita-
tions that pave the way for future research in this area. Firstly, the majority of the studies
included in our review were short-term and focused on acute outcomes, highlighting the
need for long-term follow-up studies to understand the extended impact of remdesivir on
liver function. Additionally, the variability in patient demographics and comorbidities in
the current literature suggests the necessity for more targeted research, particularly in pop-
ulations with pre-existing liver conditions. This is crucial for developing a more nuanced
understanding of patient-specific risk factors and treatment responses. Furthermore, the
advent of new variants of SARS-CoV-2 and evolving treatment protocols underscore the
need for ongoing pharmacovigilance and updated studies to continuously assess the safety
profile of remdesivir.

Whereas this review primarily focuses on the direct hepatotoxic effects of remdesivir
in the treatment of COVID-19, we acknowledge a notable gap in the current literature
regarding the hepatotoxicity risks stemming from drug interactions. Remdesivir, like many
antiviral agents, is often administered in a clinical setting where patients may be receiving
multiple medications, raising the possibility of pharmacokinetic and pharmacodynamic
interactions. Particularly in the elderly and those with pre-existing liver conditions, the im-
plications of such interactions could be significant. The hepatotoxic potential of remdesivir
in the context of polypharmacy, therefore, presents an important area for future research.
Investigating these interactions could provide critical insights into the safety profile of
remdesivir, especially in populations with heightened vulnerability to liver complications.
As the medical community continues to respond to COVID-19 and similar viral threats,
understanding the full spectrum of drug safety, including interaction-related hepatotoxi-
city, becomes increasingly essential. This topic, thus, represents a valuable direction for
future pharmacological and clinical studies, potentially guiding more nuanced and safer
therapeutic strategies.

Moreover, the complexities in differentiating drug-induced hepatotoxicity from liver
injuries associated with COVID-19 present a significant challenge in clinical practice and re-
search. This ambiguity complicates the task of establishing a direct causal link between the
use of remdesivir and the occurrence of liver injury. The overlapping clinical manifestations
of drug-induced liver damage and hepatotoxicity directly attributable to the viral infection
itself necessitate a nuanced approach in both diagnostic evaluation and therapeutic decision
making. Future research in this area is imperative to develop more definitive diagnostic
criteria and refine our understanding of the pathophysiological mechanisms underlying
these conditions. Such efforts should aim to unravel the intricate interplay between pharma-
cological interventions and the disease process, particularly in the context of multi-faceted
treatment regimens for COVID-19. Studies focused on this differentiation will not only
inform safer prescribing practices but also contribute to the optimization of treatment
protocols for patients with COVID-19, ultimately enhancing patient safety and clinical
outcomes. The incorporation of advanced diagnostic tools, comprehensive clinical data
analysis, and possibly the exploration of novel biomarkers may play pivotal roles in this
endeavor, offering clearer insights into the causal relationships between treatment modal-
ities, like remdesivir, and liver injury. Addressing these gaps will not only enhance our
understanding of remdesivir’s hepatotoxic potential but will also significantly contribute
to optimizing the management of COVID-19, particularly in vulnerable patient groups.

3. Materials and Methods

We searched PubMed and EMBASE from inception through November 2023 using
keyword terms remdesivir, hepatotoxicity, COVID-19, and SARS-CoV-2. References of se-
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lected articles were also screened for additional studies. Studies evaluating the efficacy and
safety of remdesivir for the treatment of COVID-19 published in the English language are
evaluated. We included randomized controlled trials, observational studies, and systematic
reviews evaluating the effectiveness and safety of remdesivir in adult patients hospitalized
for the treatment of COVID-19. We excluded studies conducted in the outpatient setting.
Hepatotoxicity was defined as the elevation of aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) more than five times the upper limit of normal [66]. Per the Ameri-
can College of Gastroenterology guidelines for the evaluation of abnormal liver chemistries,
a normal ALT level is considered to range from 29 to 33 IU/L for males and 19 to 25 IU/L
for females [76]. Levels above these thresholds warrant further evaluation.

4. Conclusions

The clinical manifestations of SARS-CoV-2 vary significantly, extending from mild
infections to severe illnesses with critical complications and a high risk of death. About
20% of patients do not show symptoms, 64% exhibit mild symptoms, and 16% develop
serious respiratory conditions, like dyspnea or hypoxemia, which require hospital care,
with 12% being severe cases and 4% critical [3]. In cases of mild infection, the body’s early
immune response usually manages the virus effectively. However, in severe infections,
an overzealous immune response can lead to complications, including liver injury, organ
failure, and death [14,15]. Remdesivir is an antiviral agent used for the treatment of
hospitalized patients with COVID-19 to improve time to recovery, reduce the duration of
mechanical ventilation, decrease the need for supplemental oxygen, and reduce the risk
of mortality (remdesivir is also approved for non-hospitalized patients who have mild to
moderate COVID-19 and are at high risk for progression to severe COVID-19, including
hospitalization or death). Remdesivir has been associated with liver injury due to reports
of increased transaminases in patients who received this treatment, resulting in a warning
in the prescribing information and a requirement for monitoring of hepatic function before
initiation and during remdesivir therapy. However, causality has not been proven. It is
generally difficult to distinguish between remdesivir-associated hepatotoxicity and COVID-
19-induced hepatotoxicity. Current evidence suggests that elevated liver enzymes are more
likely to be due to COVID-19 and that a 5-day course of remdesivir seems to be safe in
regard to hepatotoxicity.
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