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❑ Several clinical studies have reported disease –
drug interactions involving CYP3A4 in hospitalized
COVID-19 patients1,2,3.

❑ COVID-19 downregulates and upregulates CYP3A4
in the liver and nasopharynx, respectively, with
potential effects on systemic and pulmonary drug
concentrations1,2,3,4.

Introduction

Objective

Figure 1. Predicted versus observed pharmacokinetic profile of
nirmatrelvir/ritonavir, dexamethasone, clarithromycin, and itraconazole in
the plasma compartment. Simcyp 22.1 simulated plasma concentrations for
nirmatrelvir/ritonavir (10 subjects, 8.3% females, 300 mg/100 mg twice daily
for 5 days with a 2 mg midazolam dose on day 5), dexamethasone (8
subjects, 87.5% females, 4.5 mg single dose), clarithromycin (6 subjects, 50%
females, 250 mg every 12 hours for 5 doses), and itraconazole (8 subjects, no
female, 200 mg daily for 6 days). Black lines: simulated data; orange points:
observed data; gray lines: 5th and 95th percentiles.

Method

COVID-19's Impact on CYP3A4 Puts ICU Patients at Higher Risk of Drug Overexposure Conclusions

❑Systemic and pulmonary drug concentrations are
mainly influenced by hepatic CYP3A4 metabolism,
with pulmonary CYP3A4 having a lesser role.

❑COVID-19 – CYP3A4 interactions in the liver may
be useful for guiding the design of personalized
dosing regimens that achieves optimal systemic
and pulmonary drug concentrations for at risk
COVID-19 patients5,6.

❑Dexamethasone, nirmatrelvir, and clarithromycin
showed overexposure in both systemic and
pulmonary compartments, posing potential safety
risks, particularly for ICU patients.

❑Itraconazole was underexposed in the lung fluid
compartment, partly explaining it’s limited
efficacy for COVID-19 treatment7.
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Model Verification

Figure 2. Pharmacokinetic profile of nirmatrelvir/ritonavir, dexamethasone, clarithromycin, and itraconazole in the plasma compartment, fluid, and tissue mass compartments of the 
right lung lower lobe.

CYP3A4 Dysregulation Alters Drug Distribution in Systemic and Pulmonary Compartments
Figure 3. Fluid: plasma (top) and tissue mass: plasma (bottom) ratios of 
nirmatrelvir, dexamethasone, clarithromycin, and itraconazole. Simcyp version 
22.1 was used to simulate the systemic and pulmonary concentrations of 
nirmatrelvir/ritonavir, dexamethasone, clarithromycin, and itraconazole. The 
nirmatrelvir/ritonavir trial (12 participants, 8.3% females, 21 – 50 years) received 
300 mg/100 mg twice daily for 5 days; dexamethasone trial (100 participants, 50% 
females, 18 – 60 years) received 6 mg daily for 10 days; clarithromycin trial (200 
participants, 50% females, 20 – 50 years) received 500 mg every 12 hours for 8 
doses; itraconazole trial (260 participants, 50% females, 23 – 50 years) received 200 
mg twice daily for 10 doses. Participants were classified into healthy (light gray), 
outpatient (green), non-ICU (orange), and ICU (red) cohorts. In these participant 
cohorts, their CYP3A4 abundance levels were downregulated in the liver and 
upregulated in the lung according to the clinical COVID-19 – CYP3A4 expression and 
activity data3,4. Permeability-limited lung model was activated with the primary goal 
of accounting for lung CYP3A4 metabolism without altering permeability 
parameters. 
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