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Abstract

Background
Liver injury has been documented independently in novel coronavirus disease 2019 (COVID-19) patients
and patients treated with lopinavir-ritonavir.

Objective
to investigate the drug-induced liver injury associated with lopinavir-ritonavir among the patients with
COVID-19.

Methods
We conducted a disproportionality analysis of US Food and Drug Administration Adverse Event Reporting
System (FAERS) between 2020Q1 and 2020Q3 to evaluate the association between lopinavir-ritonavir
and risk of drug-induced liver injury (or severe drug-induced liver injury) and calculated their reporting
odds ratios (RORs) with 95% con�dence intervals (CIs).

Results
A total of 1,754 reports of drug-induced liver injury in patients with COVID-19. The ROR for drug-induced
liver injury was 1.4 (95% CI, 1.1–1.7), 3.6 (95% CI, 2.7–4.7), and 0.8 (95% CI, 0.7-1.0) when comparing
lopinavir-ritonavir with all other drugs, hydroxychloroquine/chloroquine only, and remdesivir, respectively.
For severe drug-induced liver injury, RORs for lopinavir-ritonavir provided evidence of an association
compared with all other drugs (ROR, 4.9; 95% CI, 3.7–6.5), compared with
hydroxychloroquine/chloroquine only (ROR, 4.3; 95% CI, 3.0-6.2), and compared with remdesivir (ROR,
10.4; 95% CI, 7.2–15.0).

Conclusions
In the FAERS, we observed a disproportional signal for severe drug-induced liver injury associated with
lopinavir-ritonavir in patients with COVID-19.

Introduction
The coronavirus disease 2019 (COVID-19) pandemic has become a global public health crisis. COVID-19
not only produces clusters of severe respiratory illness but also leads to multiorgan failure and death.1

Liver injury is common in patients with COVID-19 and is more mommonly observed in severe COVID-19.2
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The mechanism by which COVID-19 may lead to elevated liver enzymes is unclear, but it may be related
to several factors including direct virus-induced cytopathic effect, thromboembolic complications, and
COVID-19-associated cytokine release 2. Drug-induced liver injury is another important potential
contributor,3 but data are limited regarding drug hepatoxicity in patients with COVID-19.

Lopinavir-ritonavir has been used for treating COVID-19 4 and is considerated as an independent factor
for liver injury;5 however, liver injury associated with lopinavir-ritonavir in COVID-19 patients has not been
well described. In this study, we investigated the drug-induced liver injury associated with lopinavir-
ritonavir from the US Food and Drug Administration Adverse Event Reporting System (FAERS).

Methods
We searched FAERS from January 1, 2020 (2020 Q1) to September 30, 2020 (2020 Q3) – all data that
were available at submission – to include all reports of COVID-19, using the COVID-19 related terms
within Medical Dictionary for Regulatory Activities (MedDRA, version 23.1) (See Table 1). Our outcomes
included drug-induced liver injury and severe drug-induced liver injury, which were identi�ed by a narrow
Standardized MedDRA Query (SMQ) of “drug related hepatic disorders” and by a narrow SMQ of “drug
related hepatic disorders - severe events only”, respectively (de�nitions shown in Table 1).6 All drugs of
interest were identi�ed through their generic and brand names. We conducted a disproportionality
analysis and calculated reporting odds ratios (RORs) with 95% con�dence intervals (CI) 7 for the
following comparisons: 1) lopinavir-ritonavir versus all other drugs (all drugs except lopinavir-ritonavir
used in the COVID-19 cases); 2) lopinavir-ritonavir versus hydroxychloroquine/chloroquine; 3) lopinavir-
ritonavir versus remdesivir. The ROR is calculated by dividing the odds of a liver injury event reported for
the drug of interest by the odds of a liver injury event reported for the comparison drugs. We de�ned a
signal of increased risk using a ROR ≥ 2 with a chi-squared test statistic ≥ 4.8 Data analyses were
performed using SAS 9.4 (SAS Institute Inc., Cary, NC).
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Table 1
Reporting odds ratio for the lopinavir-ritonavir compared to other drugs in patients with COVID-19a

Comparison No. of liver injury / No. of
other ADEs

Reporting

odds ratio
(95% CI)

Chi-squared test
statistic (p-value)

Lopinavir-
ritonavir

Comparator

Drug-induced liver injury c

Lopinavir-ritonavir vs all other
drugsb

132 / 325 1622 /
5605

1.4 (1.1–
1.7)

10.1 (0.002)

Lopinavir-ritonavir vs
hydroxychloroquine/chloroquine

96 / 212 233 / 1850 3.6 (2.7–
4.7)

90.3 (< 0.00005)

Lopinavir-ritonavir vs remdesivir 131 / 322 1079 /
2233

0.8 (0.7-
1.0)

2.5 (0.12)

Severe drug-induced liver injury d

Lopinavir-ritonavir vs all other
drugs

71 / 344 265 / 6319 4.9 (3.7–
6.5)

146.2 (< 0.00005)

Lopinavir-ritonavir vs
hydroxychloroquine/chloroquine

51 / 224 99 / 1867 4.3 (3.0-
6.2)

70.5 (< 0.00005)

Lopinavir-ritonavir vs remdesivir 71 / 340 58 / 2894 10.4
(7.2–
15.0)

229.3 (< 0.00005)

ADEs, adverse drug events; SMQ, Standardized Medical Dictionary for Regulatory Activities Query.

a MedDRA preferred terms related to COVID-19 including "asymptomatic COVID-19", "COVID-19",
"COVID-19 pneumonia", "suspected COVID-19", "SARS-COV-2 carrier", "exposure to SARS-COV-2",
"occupational exposure to communicable disease", "occupational exposure to SARS-COV-2",
"coronavirus test", "coronavirus test negative", "SARS-COV-2 test", "SARS-COV-2 test false negative",
"SARS-COV-2 test negative", "SARS-COV-2 test positive", "COVID-19 prophylaxis", "COVID-19
treatment", "COVID-19 immunisation", "patient isolation", "quarantine", "multisystem in�ammatory
syndrome in children", "SARS-COV-2 sepsis", "SARS-COV-2 viraemia", "SARS-COV-2 test false positive",
"SARS-COV-2 antibody test".

b all other drugs including the all drugs except lopinavir-ritonavir used in the COVID-19 cases.

c identi�ed by a narrow SMQ of “Drug related hepatic disorders,” which includes narrow scope of
cholestasis and jaundice of hepatic origin, liver related investigations, signs and symptoms, liver-
related coagulation and bleeding disturbances, noninfectious hepatitis, hepatic failure, �brosis,
cirrhosis, other drug-related liver damage, liver neoplasms (benign, including cysts and polyps), and
liver neoplasms (malignant and unspeci�ed).

d identi�ed by a narrow SMQ of “Drug related hepatic disorders - severe events only,” which includes
narrow scope of noninfectious hepatitis, hepatic failure, �brosis, cirrhosis, other drug-related liver
damage, liver neoplasms (benign, including cysts and polyps), and liver neoplasms (malignant and
unspeci�ed).
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Results
A total of 1,754 reports of drug-induced liver injury in patients with COVID-19 were identi�ed within FAERS
from 2020 Q1 to 2020 Q3. Of those, 132 reports (7.5%) were associated with lopinavir-ritonavir use. The
results of the disproportionality analysis are presented in Table 1. For lopinavir-ritonavir, 132/(132 + 325),
28.9%, of reported adverse events were for drug-induced liver injury, compared to 1622/(1622 + 5605),
22.4%, for all other drugs combined. The ROR for drug-induced liver injury was 1.4 (95% CI, 1.1–1.7) when
comparing lopinavir-ritonavir with all other drugs. When lopinavir-ritonavir was compared with
hydroxychloroquine/chloroquine only, the ROR for drug-induced liver injury was higher, at 3.6 (95% CI,
2.7–4.7). However, the ROR for drug-induced liver injury comparing lopinavir-ritonavir with remdesivir was
small (ROR, 0.8; 95% CI, 0.7-1.0).

For severe drug-induced liver injury, RORs for lopinavir-ritonavir provided evidence of an association
compared with all other drugs (ROR, 4.9; 95% CI, 3.7–6.5), compared with
hydroxychloroquine/chloroquine (ROR, 4.3; 95% CI, 3.0-6.2), and compared with remdesivir (ROR, 10.4;
95% CI, 7.2–15.0).

Discussion
In this disproportionality analysis of FAERS data, we observed increased odds of reporting drug-induced
liver injury among patients who used lopinavir-ritonavir for COVID-19. The strongest associations were
observed in our analysis of severe drug-induced liver injury, which suggests that patients taking lopinavir-
ritonavir might have a higher risk of severe drug-induced liver injury than those prescribed other COVID-19
therapies.

Our �nding that lopinavir-ritonavir might be associated with an increased risk of drug-induced liver injury
supports evidence from one recent study.9 Lopinavir-ritonavir has been associated with moderate-to-
severe elevations in serum aminotransferase levels in prior studies.3, 10 One retrospective case series in
China also demonstrated that a higher proportion of patients with abnormal liver function had taken
lopinavir-ritonavir after admission than those with normal liver function (57.8% vs. 31.3%).11 The
mechanism of lopinavir-ritonavir induced hepatotoxicity may be due to its metabolism by the cytochrome
P450 (CYP) system (primarily CYP3A4) in the liver.12 Physicians should be aware of the potential risks,
including liver injury, when combining lopinavir-ritonavir with the drugs metabolized by CYP450 enzyme
(e.g., chloroquine and hydroxychloroquine).13 Moreover, recent trials have found that use of lopinavir-
ritonavir did not signi�cantly enhance clinical improvement in adults hospitalized with severe COVID-19.5,

14 Given these concerns regarding the e�cacy and safety of lopinavir-ritonavir in this setting, treatment of
COVID-19 with lopinavir-ritonavir may warrant concern given the availability of other therapeutic options.

This study has limitations. Spontaneous events reporting is subject to reporting bias and the lack of
denominators to estimate risks of adverse events. Given limited information available in the FAERS
database, we cannot control the confounders in our analysis, which include comorbidities, concomitant
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medications, or severity of COVID-19. Although disproportionality analysis is a useful tool for signal
detection, causality regarding the association between lopinavir-ritonavir and drug-induced liver injury
cannot be established by this study, and further research is needed to supplement our �ndings.

Conclusions
In conclusion, we observed a disproportional signal for severe drug-induced liver injury associated with
lopinavir-ritonavir in patients with COVID-19, indicating that patients treated with lopinavir-ritonavir may
be at increased risk of severe liver injury. Given little evidence of the bene�t for the use of lopinavir-
ritonavir in patients with COVID-19 as well as the possible increase in risk for liver injury, other
medications might be recommended for routine treatment of COVID-19 instead of lopinavir-ritonavir.
Further real-world studies are warranted to evaluate the liver injury risk associated with lopinavir-ritonavir.
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