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Article highlights 

 Liver involvement in COVID-19 is multifactorial and drug-induced liver injury plays 

a significant role. 

 This is a narrative review about the hepatic safety profile of the three antivirals 

licensed for COVID-19 treatment. We used data about hepatobiliary adverse events 

from English-language randomized clinical trial. 

 Remdesivir is potentially hepatotoxic, but liver enzymes abnormalities are usually 

mild and transient. Liver biochemistry monitoring should be considered especially 

in patients with pre-existing liver disease and at high risk of liver injury. 

 Molnupiravir ha a favourable safety profile and the incidence of liver toxicity with 

this drug is low in randomized clinical trial. 

 Ritonavir-boosted nirmatrelvir can induce liver damage due to the ritonavir 

component but the only randomized clinical trial didn’t reveal any safety issues.  

 More studies are needed on special populations (i.e., patients with stable chronic liver 

disease) and  treatment monitoring should be tailored according to individual risk 

factor for drug-induced liver injury.
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Abstract 

Introduction. Liver involvement in COVID-19 is usually multifactorial and the three 

potential mechanisms are direct hepatocyte viral damage, vascular or cellular damage 

during the cytokine storm of severe COVID-19 and drug-induced liver injury (DILI). To 

date, three antivirals are licensed for the treatment of COVID-19 by most guidelines: 

remdesivir, molnupiravir and ritonavir-boosted nirmatrelvir.  

Areas covered. We performed a narrative review about the hepatic safety profile of 

the three antivirals licensed for COVID-19 treatment. We used data about hepatobiliary 

adverse events from English-language randomized clinical trial.  

Expert opinion. Remdesivir was found to be potentially hepatotoxic and 

abnormalities in liver biochemistry are common (2-34%) but mild and reversible. 

Molnupiravir exhibits a favourable safety profile and elevations of aminotransferases is 

usually mild and reversible (up to 11% of patients in one study).  Ritonavir-boosted 

nirmatrelvir is potentially hepatotoxic but in the only phase 3 RCT there were no safety 

issues and AST/ALT levels increase did not exceed 2.4% of patients. All antivirals have a 

favourable safety profile, but they are not sufficiently  studied in patients with underlying 

chronic kidney or liver disease. In this special populations, antivirals should be used with 

caution and careful monitoring during treatment should be pursued on a case-by-case basis. 

 

1. Background 

The Coronavirus Disease 2019 (COVID-19) caused by SARS-CoV-2 emerged initially 

as a primarily pulmonary disease leading to bilateral interstitial pneumonia and potentially 

to severe respiratory failure. However, it became clear that COVID-19, especially the most 

severe form, was a systemic rather than an exclusively pulmonary disease, and several 

studies showed that many organs and systems could be affected, including the liver and the 

biliary tract 1–3. Liver involvement in COVID-19 is probably the results of at least three 

mechanisms: SARS-CoV-2 induced direct damage to hepatocytes and cholangiocytes 4,5, 

inflammation-induced vascular and cellular damage 6,7 and, finally, drug-induced liver 

injury (DILI) 8. The severity spectrum of liver damage in COVID-19 is wide, ranging from 

mild/moderate and reversible increase in aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) and bilirubin levels (up to 50% of patients) to uncommon cases of 

acute liver failure 9. A pre-existing liver disease is associated with worse outcome from 



COVID-19 and the greater the severity of the underlying liver disease, the higher is the risk 

of mortality 10,11.  

Since the beginning of the pandemic, many candidate drugs have been tested in 

patients with COVID-19 and, most of these drugs (i.e., remdesivir, lopinavir/ritonavir, 

tocilizumab, interferon, or dexamethasone) were previously used to treat other diseases and 

their hepatotoxic potential was already known 12. Studies performed to test candidate drugs 

in COVID-19 patients report a number of hepatic/biliary adverse event of different degrees, 

but the causal relationship with the study drug was not always clear. A systematic review 

and metanalysis from 2020 showed that the pooled incidence of DILI in COVID-19 patients 

was 25.4% [95% Confidence Interval (CI), 14.2-41.4], ranging from 15.2% (95% CI, 6.4-32; 

patients treated with remdesivir) to 37.2% (95% CI, 22.7-54.6; patients treated with 

lopinavir/ritonavir) 13. Following the publication of randomized clinical trial, the COVID-

19 therapeutic armamentarium has been progressively defined and, to date, three antivirals 

are licensed by the U.S Food and Drug Administration (FDA) for COVID-19 treatment: 

remdesivir, molnupiravir and ritonavir-boosted nirmatrelvir 14. 

 Many reviews have been published focusing on liver involvement in COVID-19 and, 

some of them, also evaluated the impact of drug toxicity.  However, most of these studies 

report data also from non-interventional studies and discuss the hepatic safety profile of 

candidates drugs that failed to prove their efficacy in COVID-19 patients 8,13. Furthermore, 

few studies evaluated the use of antivirals in special populations, such as patients with 

chronic liver disease. 

The scope of this narrative review is to discuss the hepatic safety profile of the three 

licensed antiviral drugs for COVID-19 treatment focusing on data reported in clinical trials, 

which represent the highest level of evidence available 

 

2. Methods 

 We searched the PubMed, Scopus and ClinicalTrials.gov database for clinical trial 

that investigated the following antivirals in adults subjects: remdesivir,  molnupiravir and 

ritonavir-boosted nirmatrelvir. The following terms were used: remdesivir OR GS-5734 OR 

molnupiravir OR MK-4482 OR nirmatrelvir OR PF-07321332 OR  Paxlovid AND clinical 

trial OR randomized studies. Studies published between January 1st, 2020, and August 31st, 

2022, were considered. We found more than 3000 studies. For the purpose of this review, 



we selected only randomized clinical trial which reported data about drug safety, in 

particular hepatobiliary adverse events. Only article in English language were selected. 

Retrospective observational studies, case reports or non-randomized studies were excluded. 

Finally, we also searched the aforementioned databases to find ongoing or scheduled 

prospective studies about the safety of these antivirals in patients with underlying special 

medical conditions (in particular chronic liver or kidney disease) which could increase the 

risk of DILI 

 

3. Remdesivir 

3.1 Introduction 

Remdesivir is an RNA-dependent RNA polymerase (RdRp) inhibitor which is 

administered intravenously as a prodrug that is metabolized into an active compound by 

phosphorylation. Early during the pandemic, the drug showed in-vitro activity against 

SARS-CoV-2 15. Subsequent studies showed that remdesivir is probably active against the 

Omicron (B.1.1.529) variant of concern and its subvariants BA.1, BA.2, BA.4 and BA.5 16–18 

Remdesivir is FDA-approved for the treatment of non-hospitalized patients at high risk of 

disease progression without supplemental oxygen (3 days of therapy) and hospitalized 

patients who require conventional oxygen supplementation (for 5 days or until hospital 

discharge, whichever comes first) 14. Several RCTs investigating remdesivir are available 

and, most of them, report data about DILI. Patients with baseline AST or ALT level of at 

least 3-5 times the upper reference limit (URL) are usually excluded from RTCs 19–29; only 

the trial performed by Wang and colleagues also excluded patients with liver cirrhosis 21. 

 

3.2 DILI from randomized clinical trial  

Spinner et al. conducted a multinational, open-label RCT of 10 days or 5 days of 

remdesivir compared with standard of care in hospitalized patients with moderate COVID-

19 in Asia, Europe, and the United States. More than half patients in each group had a 

baseline cardiovascular disease, most patients (84% in both remdesivir arm) were 

hospitalized without requiring supplemental oxygen and the most common concomitant 

medications were steroids (15% in the 10-day arm and 17% in the 5-day arm). Patients in the 

10-day group experienced significantly more adverse events (AEs) than the standard group 

[12.0% difference; 95% CI, 1.6%-21.8%; p = .02], but aminotransferases increase of any grade 



was not more common in the remdesivir arms (about one third of patients in each arm). A 

grade 3 increase (i.e., an increase of 5 to 10 times the URL) was more common for ALT levels 

than AST levels in patient treated with remdesivir (10/356, 2.8% vs. 5/352, 1,4%) 19. In the 

open-label multinational RCT of Goldman and colleagues, a course of 5 days or 10 days of 

remdesivir was evaluated in patients with severe COVID-19, not on mechanical ventilation 

or extracorporeal membrane oxygenation. At baseline, about half of patients were 

hospitalized requiring low-flow supplemental oxygen (56% and 54% in the 5-day and 10-

day arm, respectively). The percentages of patients with AEs were  similar in the two groups 

(70% and 74%, respectively). ALT increase occurred in 6% (5-day arm) and 8% (10-day arm) 

of patients, while the frequency of AST elevation was 5% and 7%, respectively. ALT 

elevation of at least grade 3 occurred in 12/194 (6.2%, 5-day) and 16/191 (8.4%, 10-day) 

patients. AST elevation of at least grade 3 occurred in 14/194 (7.2%, 5-day) and 11/190 

(5.8%, 10-day) patients. Bilirubin elevation of at least grade 3 (i.e., an increase of 2.6 to 5 

times the URL) was uncommon (4 cases in the 10-day arm, 1 case in the 5-day arm). 

Aminotransferase increase was the reason of discontinuing remdesivir in 2.5% and 3.6% of 

patients in the 5-day and 10-day groups, respectively 20. In the placebo-controlled double-

blinded RCT conducted on 255 patients by Wang et al., at baseline more than 80% of patients 

were hospitalized requiring low-flow supplemental oxygen. Seventeen percent of patients 

in the remdesivir arm and 19% in the placebo arm were treated with lopinavir/ritonavir. 

The most common liver adverse event was hyperbilirubinemia: 10% in the remdesivir arm 

(causing drug discontinuation in one case), and 9% in the placebo arm. Median ALT and 

AST values were comparable at baseline among the study arms. Grade 1-2 AST elevation 

(i.e., an increase of 1.25 to 5 times the URL) was more common in the placebo group (12% 

vs. 7%) and led to remdesivir discontinuation in 3 cases. Overall, remdesivir was stopped 

early because of AEs in 18 (12%) patients versus 4 (5%) patients in the placebo group 21.  In 

the Adaptive Covid-19 Treatment Trial (ACTT-1), a double-blind, placebo-controlled trial 

of remdesivir in 1,062 hospitalized patients with COVID-19 in 10 countries, 26.8% of patients 

were hospitalized receiving mechanical ventilation or extra-corporeal membrane 

oxygenation (ECMO) at baseline. The combined number of participants with increased AST 

and ALT was 32 (6%) in the remdesivir arm and 55 (10.7%) in the placebo arm, while 

hyperbilirubinemia was uncommon (less than 1% of patients in both study groups). Liver-

related serious AEs were not reported. Of note, prothrombin time was prolonged in 4.9% of 



patients treated with remdesivir (1.6% in the placebo group) 22. Remdesivir safety was also 

evaluated in a small, open-label, phase 3 trial in hospitalized patients with moderate 

COVID-19, remdesivir safety was evaluated patients were randomly assigned to receive 

remdesivir (5 or 10 days) or standard of care (SoC). Remdesivir-related AEs were 36 in the 

5-day arm (19%) and 24 in the 10-day arm (12%). Overall, ALT, AST, and bilirubin median 

levels at the end of treatment didn’t change significantly from the baseline, neither in the 

10-day arm or the 5-day arm [AST change: 2.4 U/L (-7.2, 13) in the 5 days arm, 5.1 U/L (-

7.8, 12.8) in the 10-day arm, 0.4 U/L (-9.7, 12.8) in the SoC arm; ALT change: 6 U/L (-4, 15) 

in the 5-day arm, 4 U/L (-6, 9) in the 10-day arm, 1 U/L (-11, 44) in the SoC arm; bilirubin 

change: 0.1 mg/dL (-0.1, 0.2) in the 5-day arm, 0.1 mg/dL (-0.07, 0.2)  in the 10-day arm, 0 

mg/dL in the SoC arm]. The elevation of AST plus ALT levels, ALT levels alone and alkaline 

phosphatase were responsible for remdesivir discontinuation in the 10-day arm in four, one 

and one patient, respectively (overall, 3% of patients in the 10-day arm). ALT increase was 

the cause of remdesivir discontinuation in the 5-day arm 30. The DisCoVeRy study, an open-

label, adaptive RCT of remdesivir in hospitalized patients with moderate or severe COVID-

19 in Europe, compared remdesivir plus standard of care (SoC) versus SoC alone (SoC 

included corticosteroids and anticoagulants). Obesity was the most common coexisting 

condition (34% of patients) and 39% of patients had a severe disease at baseline. AEs or 

serious AEs were similar among the study groups. Transaminases increase was observed in 

11 patients in the remdesivir group (3%, 10 patients with ALT increase) and in 3 patients in 

the SoC group (1%, ALT in all cases). One patient in the remdesivir arm died because of 

hepatorenal syndrome and this adverse event was attributed to the study drug by 

investigators and sponsor’s safety team 23. In the multicentre, open-label, pragmatic RCT of 

remdesivir in hospitalized patients with COVID-19 in Canada (CATCO), which enrolled 

1,282 hospitalized, compared a 10-day regimen of remdesivir with SoC. Baseline  renal  or  

hepatic  dysfunction  were  not  exclusion criteria. The prevalence of chronic liver disease 

was 1.7% in the remdesivir arm and 3.9% in the SoC arm. More than 87% of patients in both 

arms received concomitant therapy with steroids. A new hepatic disfunction, defined as 

acute liver clinically dysfunction, or ALT levels at day 5 at least twice ALT levels at day 1, 

occurred in 82 (13.1%) patients in the  remdesivir arm and 88 (13.7%) patients in the SoC 

arm (RR 0.96, C.I. 0.72-1.26). Among patients with new hepatic disfunction, non-survivors 

were 8 (6.8%) in the remdesivir arm and 21 (14.7%) in the SoC arm (RR 0.47, C.I. 0.21-1.01, p 



0.04) 31. Mahajan  et  al.  conducted  a small trial  comparing  remdesivir to SoC in 82 patients 

over 40 years old with moderate to severe COVID-19. More than two third of patients were 

receiving low-flow supplemental oxygen at baseline. Mean AST and ALT levels, at baseline 

and after treatment, were not significantly different (for example, in the remdesivir arm ALT 

levels at baseline and at the end of treatment were 38.94 ± 13.4 U/L and 39.01 ± 12.03 U/L 

respectively, p 0.67). However, neither the frequency of AST/ALT increase during 

treatment, nor the degree of increase, are reported 24. In the double-blind,  randomized,  

placebo-controlled  trial conducted by Kalil and colleagues on patients with COVID-19 

pneumonia,  not on mechanical ventilation, 969 patients  were  randomly  assigned  to  

receive  a 10-day course remdesivir alone or in combination with subcutaneous interferon 

beta-1a. Seventy-seven percent of patients received low-flow supplemental oxygen at 

baseline. Although this trial was not designed to evaluate remdesivir safety or efficacy, in 

reports detailed data about liver enzymes trend during treatment. Patients in both arms 

experienced a mild increase in ALT during treatment course, which peaked at day 5 in the 

remdesivir arm (mean ALT value of 55.9 U/L, C.I. 49.1-61.9; mean increase of 13.5 U/L from 

baseline, C.I. 9-18). ALT increase was of a greater magnitude in the remdesivir + interferon 

arm, as expected by the well-known safety profile of interferon beta-1a. AST levels had an 

opposite trend, decreasing from baseline of a mean of 5.2 U/L (C.I. -8.6-1.7) in the 

remdesivir arm at day 5. Serious liver-related adverse event (AST and ALT increase) was 

reported in only two patients in the remdesivir + interferon arm 32. The WHO Solidarity trial 

is one of the largest RCTs which evaluated remdesivir in patients with COVID-19, but 

elevated liver enzymes were not an exclusion criteria. Unfortunately, data about liver AEs 

are not reported 33. In the paper which showed the interim results of this study, the cause of 

death of patients assigned to the study drug was not liver-related 34. NOR-Solidarity was an 

independent, add-on, randomized controlled trial to the WHO Solidarity trial which 

included additional clinical and biochemistry data collection 27. Patients were randomised 

to SoC alone, SoC plus 10-day remdesivir or SoC plus 10-day hydroxychloroquine. Only 

4.5% of patients received concomitant systemic steroids and 5.5% of patients were admitted 

to intensive care unit at baseline. Thirty-four AEs were reported in the remdesivir arm, but 

none of them was a hepatobiliary disorder 27. In the ACCT-2  double-blind,  randomized,  

placebo-controlled  trial which evaluated  baricitinib  plus  remdesivir  in  hospitalized  

adults  with  COVID-19, 68% of patients had moderate disease at baseline. The number of 



patients who had an increase in ALT, AST and bilirubin levels was 6 (1.8%), 16 (3.1%) and 

8 (1.6%) in the remdesivir plus placebo arm, and the frequencies were similar in the 

baricitinib + remdesivir arm (see Table 1 for details). We must note that this trial was not 

designed to evaluate remdesivir efficacy or safety 28. NCT04409262 is a phase 3 RCT which 

will evaluate the efficacy and safety of remdesivir plus tocilizumab compared with 

remdesivir plus placebo in hospitalized patients with COVID-19 pneumonia; recruitment 

has terminated, and preliminary results are available. Transaminases increase is reported as 

an AE in 25 (5.8%) and 10 (4.7%) patients in the remdesivir plus tocilizumab and remdesivir 

plus placebo arm, respectively. Acute liver failure is reported in one patient per arm 29. 

 Finally, a 3-day course of remdesivir was evaluated in a randomized, double-blind, 

placebo-controlled trial on symptomatic, non-hospitalized  patients  with  COVID-19  who  

were  at  high  risk  for  disease progression. Median age was 50 years old, 62% of patients 

had diabetes and only two patients (0.4%) had underlying chronic liver disease (one per 

arm). A total of 562 patients were randomized to receive remdesivir or placebo within 7 

days of COVID-19 symptoms onset. At day 14, the mean change from baseline in ALT levels 

was minimal and comparable between the study groups (−3.0 ± 21.6 U/L in the remdesivir 

group and −1.0 ± 27.4 U/L in the placebo group) 26. See Table 1 for further details. 

 

4. Molnupiravir 

4.1 Introduction 

Molnupiravir is the oral prodrug of beta-D-N4-hydroxycytidine (NHC), a 

ribonucleoside that, following phosphorylation by host cell kinases, acts as competitive 

inhibitor of the viral RdRp. Molnupiravir showed broad antiviral activity against RNA 

viruses, including SARS-CoV-2 35. Despite initial concerns on the mutagenic potential of this 

drug,  molnupiravir was approved by FDA for the treatment of adults with early mild to 

moderate COVID-19, who are at high risk of progressing to severe disease, and for whom 

alternative antiviral therapies are not accessible or clinically appropriate 14. Molnupiravir is 

expected to be active against the B.1.1.529 (Omicron) variant of concern and its known 

subvariants 16–18. 

 

 

4.2 DILI from randomized clinical trial 



Molnupiravir was first evaluated in a phase 1 randomized, double-blind, placebo-

controlled trial (NCT04392219) which enrolled healthy volunteers. Single and multiple 

dosing of molnupiravir were found to be well tolerated, liver-related adverse events were 

not reported and only one patient discontinued treatment with molnupiravir because of a 

skin rash 36. In a phase Ib, open-label, dose-escalating, randomized controlled study, 

molnupiravir was well-tolerated irrespective of the dosage and all the AEs were grade 1 or 

2. Among the 4 patients treated with 600 mg twice daily, one patient experienced increase 

in ALT and gamma glutamyl transferase (GGT) elevation, which it was not observed in the 

patients who received the dosage of 800 mg or 300 mg twice daily. However, it was not 

specified if ALT or GGT elevation was grade 1 or 2 37. In a phase 2a randomized, double-

blind, placebo-controlled trial of molnupiravir in non-hospitalized adults with recently 

diagnosed COVID-19, at the dosage of 800 mg twice daily AST and ALT increase was 

uncommon (2 out of 55 patients, 3.6%) with alkaline phosphatase increase observed in only 

one patient (1.8%) 38.  In the phase  3,  double-blind,  randomized,  placebo-controlled  trial  

MOVe-OUT, which evaluated the efficacy and safety of treatment with molnupiravir in 

patients with early COVID-19 (within 5 days of symptoms onset), 73.7% of patients were 

obese and most patients had mild to moderate disease. There were no significant differences 

between the study groups in the frequency of AEs or severe AEs. For example, the number 

of patients who experienced at least one AEs related to the assigned regimen was 57 (8%) in 

the molnupiravir arm and 59 (8.4%) in the placebo arm (estimated difference -0.4, 95% C.I. 

-3.3 to 2.5).  However, data about liver enzymes elevation are not specifically reported 39. In 

a more recent, little, randomized, placebo-controlled trial involving hospitalized patients 

with mild or moderate COVID-19, three AEs were reported in the molnupiravir arm: in 2 

cases (2.6%) there was a grade < 3 elevation in ALT levels. Nonetheless, median ALT and 

AST values at discharge were not significantly different between patients in the 

molnupiravir and placebo arm 40. We must note that patients with ALT and/or AST  > 3-5 

times URL were excluded from some of this studies 37,38. Molnupiravir was also evaluated 

in a randomized, placebo-controlled trial which was stopped early because of business 

reasons. In the first part of the trial (dose-ranging phase 2 study), AST and ALT increase 

were observed in 8 patients (11.1%) of the 800 mg bid arm, and in one case transaminases 

increase was reported as a severe AE. Of note, patients with baseline cirrhosis/end-stage 

liver disease or transaminases increase were excluded 41. See Table 1 for further details. 



 

5. Ritonavir-boosted nirmatrelvir 

5.1 Introduction 

 Nirmatrelvir is an orally bioavailable protease inhibitor that is active against MPRO, 

a viral protease that is essential in the viral replication cycle. Nirmatrelvir showed potent 

pan–human-coronavirus activity in vitro, including against SARS-CoV-2 42. Nirmatrelvir is 

metabolized mainly by the cytochrome P450 (CYP) 3A4. The co-administration of low-dose 

ritonavir, a strong CYP3A4 inhibitor, is necessary to achieve therapeutic concentration of 

nirmatrelvir 42. Nirmatrelvir is expected to be active against the B.1.1.529 (Omicron) variant 

of concern and its known subvariants 16–18. 

 

5.2 DILI from randomized clinical trial 

 No safety issues were identified in an accelerated randomized, double-blind, 

placebo-controlled, phase I study which evaluated safety, tolerability, and pharmacokinetic 

data of nirmatrelvir with and without ritonavir in healthy subjects. Furthermore, no 

clinically meaningful changes in laboratory values (≥ grade 2) were observed 43. In the EPIC-

HR study, a phase  2–3 double-blind,  randomized,  placebo-controlled  trial, ritonavir-

boosted nirmatrelvir was evaluated in non-hospitalized patients with COVID-19 at high risk 

for progression to severe disease 44. Known medical history of active liver disease was an 

exclusion criteria, while AST or ALT levels did not represent an exclusion criterion. ALT  

increase was reported in 1.5% of patients treated with ritonavir-boosted nirmatrelvir (vs. 

2.4% in the placebo arm), while the frequency of AST elevation was 0.9% and 1.3%, 

respectively. Grade 3 hyperbilirubinemia and grade 1 cholestasis were each reported in only 

one patient treated with ritonavir-boosted nirmatrelvir. The rate of study drug 

discontinuation was lower in ritonavir-boosted nirmatrelvir recipients than placebo 

recipients (2% vs. 4%) 44. See Table 1 for further details. 

 

6. Clinical trials in special populations  

 Most of the previously cited studies evaluated the safety and efficacy of antiviral 

drugs in patients without chronic kidney or liver disease. The lack of knowledge about the 

proper management of antivirals in special populations could increase the risk of missing 

the strategic “treatment window” to reduce the risk of COVID-19 progression, especially in 



patients with mild to moderate disease who do not require hospital admission yet. There 

are some unpublished studies which evaluated the safety of antivirals in patients with stable 

chronic or liver disease, and we will summarize them below. 

 In the prospective study NCT04854837 the safety of a 5-day course of remdesivir will 

be evaluated in haemodialyzed patients requiring hospitalization for COVID-19. Treatment-

related AE and increase of transaminases levels will be recorded, recruiting is still active 45. 

To our knowledge, there are no clinical trials ongoing about the use of remdesivir in patients 

with chronic liver disease. 

In the phase 1, non-randomized, open label  NCT05386589 trial, patients with chronic 

moderate hepatic impairment with features of cirrhosis (score on the Child-Pugh scale 

ranging from 7 to 9) will receive a single oral dose of molnupiravir (800 mg) to evaluate the 

pharmacokinetics of the active compound NHC, together with the rate of AE, compared to 

healthy matched controls 46. In a similar study (NCT05386758), pharmacokinetics and safety 

evaluations will be made on patients with severe renal impairment [Baseline estimated 

glomerular filtration rate (eGFR) <30 mL/min based on the 2021 CKD-EPI Creatinine 

equation] compared to healthy matched controls 47. 

 A phase 1, non-randomized, open-label study, investigated the effect of different 

degree of renal impairment on the pharmacokinetics and safety of a single oral dose of 

ritonavir-boosted nirmatrelvir in healthy volunteers. Treatment-related AE were observed 

only in patients with severe renal impairment and, together with pharmacokinetics 

parameters, these findings led to a dose reduction recommendation for in patients with 

moderate renal impairment 48. Ritonavir-boosted nirmatrelvir safety will be evaluated in 

haemodialysis patients with COVID-19 (NCT05366192). The drug will be administered at 

the regular (300 mg) or halved dosage for renal impairment (150 mg) for a total of 5 days. 

An additional post-dialysis administration equivalent to half the dose received prior to 

dialysis treatment is scheduled. The primary outcome is the number of patients with a two-

fold increase of ALT, AST or total bilirubin from baseline. At the time of writing this paper, 

results are not available yet 49. Finally, the safety of ritonavir-boosted nirmatrelvir will be 

evaluated in healthy patients with sable hepatic impairment (Class B of the Child-Pugh 

Classification) in the phase 1, non-randomized, open label NCT05005312 trial, which has 

completed the recruitment. In addition to pharmacokinetics parameter, treatment-related 

AE will be recorded 50. 



Summary and conclusions 

Liver and biliary tract damage during COVID-19 is a multifactorial process and, 

besides SARS-CoV-2 direct and indirect role, DILI is relevant issue. In this narrative review 

we discussed the hepatic safety profile of the three antivirals actually licensed for COVID-

19 treatment, focusing only on clinically relevant and impacting drugs and considering data 

exclusively from randomized clinical trials, as opposed to previous published reviews. 

Remdesivir has the potential to induce hepatic damage, but the associated liver enzymes 

elevations are usually mild and transient. Molnupiravir has a favourable safety profile and 

the incidence of liver toxicity with this drug is low. Ritonavir-boosted nirmatrelvir can 

potentially induce liver damage but the only RCT available didn’t reveal any safety issues.  

 Most of the studies considered in our review are about remdesivir. The early 2020 

systematic review and meta-analysis, which included randomized and non-randomized 

studies, found that the incidence of  DILI  in  208  patients  treated  with  remdesivir  was 

15.2% (95% CI, 6.4-32) 13. Considering only data from RCTs,  we can conclude that 

remdesivir is associated with an increase in ALT, AST, and bilirubin levels, as well as 

moderate prothrombin time prolongation. The frequency and degree of AST and ALT 

elevation is variable among the studies, ranging from 2% to 34% 20,23. Transaminases 

elevation is usually mild to moderate (grade ≤ 3, i.e., less than 5 times the URL) and 

reversible; elevations of grade 3 or more account for less than 10% of cases. However, not 

all studies report the degree of transaminases increase 22–27,30,33. Hyperbilirubinemia is less 

common than AST/ALT increase, ranging from 1% to 10% of patients, and it is usually mild 

and reversible 20–22. Remdesivir discontinuation because of DILI was an uncommon finding, 

ranging from 2.5% to 12% of patients 20,21,30.  

The variability in the frequency and severity of liver enzymes increase may be due to 

different study design, the threshold of pathological enzymes elevation, baseline clinical 

characteristics (in particular COVID-19 severity) and concomitant medications. The 

background of studies from early 2020 differ considerably from the one of the latest 

publications in terms of concomitant drug use and prevailing circulating SARS-CoV-2 

variants. Clinical treatment guidelines of COVID-19 have been consistently updated based 

on new evidence and, for example, the use of “old drugs” such as lopinavir/ritonavir or 

hydroxychloroquine was progressively abandoned in favour of systemic steroids and 

immunomodulatory drugs. As an example, in the CATCO trial 87% of patients received 



concomitant systemic steroids while in the trial by Spinner and colleagues from 2020 the 

percentage does not reach twenty 19,31. The severity of COVID-19 was found to be associated 

with the concomitant circulating variant; considering that liver damage is associated with 

the severity of COVID-19, this may have impacted on the elevations of hepatic enzymes 

irrespective to the contribution of DILI 51. 

Even if many RCTs have been conducted, it is not clear whether the increase of liver 

function tests during remdesivir treatment is certainly attributable to the drug itself or if it 

is part of the natural history of COVID-19. In three large, randomized trial (not included in 

the meta-analysis cited before 13 ) conducted on hospitalized patients with COVID-19 of any 

degree and where remdesivir was compared to placebo or SoC, the frequency of AST and 

ALT increase did not differ significantly between the study arms 22,23,31.  

 In contrast to observational studies, in the majority of RCTs patients with ALT/AST 

levels > 5 times the URL were excluded 19–27. Even if only one RCT had liver cirrhosis among 

exclusion criteria, the reported number of patients affected by chronic liver disease was 

relatively low across all the studies examined [14 (3%) in the study by Beigel, 8 (1.7%) in the 

CATCO trial, 15 (4%) in the DisCoVeRy trial, 36 (1.3%) in the Solidarity trial and only 1 

(0.4%) in the study by Gottlieb], account for less than 1% of patients treated with remdesivir. 

Therefore, these data are not sufficient to draw firm conclusions about the safety of 

remdesivir in patients with known liver disease.  

141414The number of randomized studies is much lower for the other two antivirals, 

molnupiravir and ritonavir-boosted nirmatrelvir. In two early phase 1-2 trial with a 

relatively small number of patients, molnupiravir showed a favourable safety profile and 

aminotransferases elevation did not exceed 4% of patients 37,38 This safety profile was 

confirmed in larger phase 3 studies which did not exclude patients with pre-existing 

increase in ALT or AST levels 39. In the trial performed by Jayk-Bernal and colleagues, which 

lead to the Emergency Use Authorization from the FDA, data about liver enzymes 

elevations are not reported, even if there were no concerning safety signals 39Liver enzymes 

elevation is reported in the later trial by Zou and colleagues: the frequency (2 out of 77 

patients, 2.6%) is similar to data from earlier studies 40 14 

Available evidence about safety and efficacy of ritonavir-boosted nirmatrelvir comes 

from the EPIC-HR study, which excluded patients with known active liver disease. ALT 

and AST elevations were uncommon and did not exceed 1.5% of patients (most elevations 



were of grade 2 or less) and cholestasis was even rarer (two patients) 44. However, safety 

concerns about liver toxicity come from the well-established knowledge of ritonavir safety 

profile, which has been extensively used for the treatment of people living with HIV 

(PLWH). Ritonavir is usually part of combination therapy together with protease inhibitors 

and, in this context, in turned out to be associated with elevation of AST/ALT level (about 

10% of patients), gamma-glutamyl transferase (up to 20% of patients) and bilirubin (less 

common, about 1%) 52,53. Elevation of AST or ALT levels up to 5 times the URL is uncommon 

(3-4%) and it is observed more frequently in hepatitis co-infected patient 52. For what 

concerns patients with a known history of sever hepatic impairment (i.e., Child-Pugh Class 

C), ritonavir-boosted nirmatrelvir is thus not recommended 14. 1414Ritonavir-boosted 

nirmatrelvir is the antiviral of choice for the treatment of non-hospitalized patients with 

early COVID-19 at high risk of disease progression 14. 

The strength of this review are the focus on clinically relevant antivirals which are 

approved and endorsed by most guidelines and the use of data from randomized clinical 

trial. The major limitations are the non-systematic literature search and the absence of a 

meta-analysis to draw firm conclusions about the global frequency of DILI.   

  

Expert opinion 

 Antivirals have dramatically changed the management of COVID-19, especially for 

non-hospitalized subjects, and three of them (remdesivir, molnupiravir and ritonavir-

boosted nirmatrelvir) were licensed for COVID-19 treatment after the publication of RCTs. 

We evaluated the hepatotoxic potential of this three antivirals by analysing data from RCTs 

and we found that their use is relatively safe, especially for molnupiravir and ritonavir-

boosted nirmatrelvir.  

We substantially agree with the recommendations issued by the FDA regarding 

biochemistry screening indications before administering remdesivir 14. Evaluating liver 

biochemistry and prothrombin time tests, as well as creatinine, should be considered before 

starting remdesivir and during treatment, especially if the patient has chronic liver disease 

or other risk factors for DILI (i.e., concomitant hepatotoxic medications). In case of ALT or 

AST levels increase to less than 5 times the URL, the decision to initiate treatment should be 

assessed on a case-by-case basis. Remdesivir discontinuation is warranted if ALT or AST 

levels increase to 5-10 times the URL; the strength of the recommendations by available 



guidelines based on risk/benefit ratio of this drug in hospitalized patients do not justify 

continuing treatment in this subset of patients 14. Considering the low risk of drug-to-drug 

interactions (DDI) of remdesivir, its main clinical use should be the treatment of non-

hospitalized patients with early COVID-19 at high risk of disease progression who are not 

eligible to ritonavir-boosted nirmatrelvir because difficult-to-manage DDI 14.  

Even if there is not abundance of data from randomized studies, we can conclude 

that molnupiravir is associated with a low risk of DILI and, furthermore, no relevant DDI 

were reported. Monitoring of liver biochemistry is not mandatory, unless clinically 

indicated on a case-by-case basis. The main concerns about molnupiravir are its mutagenic 

activity and its lower efficacy compared with ritonavir-boosted nirmatrelvir and remdesivir 

in the treatment of non-hospitalized patients with early COVID-19 at high risk of disease 

progression 14. 

Ritonavir-boosted nirmatrelvir can induce liver toxicity and most data about its 

safety profile come from PLWH who are treated for long periods. However, considering the 

short period of therapy in patients with COVID-19 and the high efficacy of this antiviral, 

this safety concerns should probably be reconsidered in patients with pre-existing mild liver 

disease or liver biochemistry abnormalities, in whom treatment should be used with caution 

and laboratory monitoring is advisable 14. Main issues about ritonavir-boosted nirmatrelvir 

use is the high risk of DDI because of the ritonavir component of the combination, a CYP3A 

and P-glycoprotein inhibitor 14. Before starting antiviral therapy, clinicians should carefully 

review concomitant medications to identify any potential interactions. 

Finally, we must remember that most of the studies reported in this review excluded 

patients with stable chronic kidney or liver disease. A few studies are now evaluating 

antivirals drugs in this special populations, even if most of them are on patients not affected 

by COVID-19 and the sample size is relatively small. However, the results of these early 

studies could be useful to draw some initials hints about the handling of antivirals in special 

populations and, hopefully, they will represent the starting point for setting up larger trials 

which could definitely establish the safety profile of antivirals in patients with chronic liver 

or kidney disease. In conclusion, clinicians should pay attention to patients with pre-

existing liver disease who require a careful evaluation about the risk-benefit ratio of 

antiviral treatment, especially with remdesivir or ritonavir-boosted nirmatrelvir. 
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