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Pharmacokinetics of Oral Nirmatrelvir/
Ritonavir, a Protease Inhibitor for Treatment of 
COVID-19, in Subjects With Renal Impairment
Sima S. Toussi1, Joel Michael Neutel2, Jesus Navarro3, Richard Alfred Preston4, Haihong Shi5,  
Olga Kavetska5, Robert R. LaBadie5, Michael Binks6 , Phylinda L.S. Chan7, Neil Demers5, Brian Corrigan5  
and Bharat Damle8,*

Nirmatrelvir coadministered with ritonavir is highly efficacious in reducing the risk of coronavirus disease 2019 
(COVID-19) adverse outcomes among patients at increased risk of progression to severe disease, including patients 
with chronic kidney disease. Because nirmatrelvir is eliminated by the kidneys when given with ritonavir, this phase I 
study evaluated the effects of renal impairment on pharmacokinetics, safety, and tolerability of nirmatrelvir/ritonavir. 
Participants with normal renal function (n = 10) or mild, moderate, or severe renal impairment (n = 8 each) were 
administered a single 100-mg nirmatrelvir dose with 100 mg ritonavir given 12 hours before, together with and 12 
and 24 hours after the nirmatrelvir dose. Systemic nirmatrelvir exposure increased with increasing renal impairment, 
with mild, moderate, and severe renal impairment groups having respective adjusted geometric mean ratio areas 
under the plasma concentration-time profile from time 0 extrapolated to infinite time of 124%, 187%, and 304% 
vs. the normal renal function group. Corresponding ratios for maximum plasma concentration were 130%, 138%, 
and 148%. Apparent clearance was positively correlated with estimated glomerular filtration rate, and geometric 
mean renal clearance values were particularly lower for the moderate (47% decrease) and severe (80% decrease) 
renal impairment groups vs. the normal renal function group. Nirmatrelvir/ritonavir exhibited an acceptable safety 
profile; treatment-related adverse events were mild in severity, and there were no significant findings regarding 
laboratory measurements, vital signs, or electrocardiogram assessments. These findings led to a dose reduction 
recommendation for nirmatrelvir/ritonavir in patients with moderate renal impairment (150/100 mg nirmatrelvir/
ritonavir instead of 300/100 mg twice daily for 5 days). NCT04909853.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
☑ Nirmatrelvir, a novel inhibitor of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has shown high efficacy 
against coronavirus disease 2019 (COVID-19)–related hospi-
talization or all-cause death among individuals at increased risk 
of progression to severe disease when administered in combina-
tion with ritonavir. Preliminary data have highlighted the im-
portance of the renal pathway in nirmatrelvir pharmacokinetics 
when given with ritonavir, which inhibits the metabolism of 
nirmatrelvir.
WHAT QUESTION DID THIS STUDY ADDRESS?
☑ This study evaluated whether renal impairment was associ-
ated with altered nirmatrelvir pharmacokinetics.

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
☑ Increases in nirmatrelvir systemic exposure were observed 
with increasing renal impairment severity following a single 
nirmatrelvir dose enhanced with ritonavir, particularly in the 
moderate (approximately twofold higher than normal renal 
function) and severe (approximately threefold higher) renal im-
pairment groups. Nirmatrelvir renal clearance was correspond-
ingly lower in these groups. The safety profile of nirmatrelvir/
ritonavir was acceptable in all groups.
HOW MIGHT THIS CHANGE CLINICAL 
PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
☑ Findings from this study were used to specify dosing recommen-
dations for nirmatrelvir/ritonavir for patients with renal disease.
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The threat to global public health posed by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) and the resulting 
coronavirus disease 2019 (COVID-19) remains unabated nearly 
2 years since the pandemic began.1 Individuals with underlying 
conditions, including renal impairment, are at increased risk of 
developing severe COVID-19,2–4 which may in turn be associated 
with hospitalization, including intensive care unit admission, me-
chanical ventilation, and death.2,3 There is thus an urgent need for 
effective treatments for COVID-19.

Currently available treatments for nonhospitalized patients with 
mild to moderate COVID-19 who are at increased risk of progres-
sion to severe disease include monoclonal antibodies, which are 
approved under emergency use authorization (EUA) in the United 
States.5–7 These treatments must be administered intravenously or 
subcutaneously by a healthcare provider who can also monitor and 
potentially treat patients for severe infusion reactions. Importantly, 
because monoclonal antibodies target the SARS-CoV-2 spike pro-
tein,5–7 they may be less efficacious against emerging variants har-
boring spike protein mutations.8 Molnupiravir is an oral antiviral 
COVID-19 treatment with EUA in the United States, achieving 
a 30% reduction in COVID-19–related hospitalization or death.9

Paxlovid (nirmatrelvir (PF-07321332)/ritonavir) is a novel, 
orally administered inhibitor of the 3-chymotrypsin-like cyste-
ine protease (Mpro) of SARS-CoV-2.10 In addition to exhibiting a 
high level of conservation across human coronaviruses, including 
SARS-CoV-2,11,12 Mpro performs the essential role of processing 
viral polyproteins into functional units,13 and inhibition is not 
likely to exhibit off-target activity due to the absence of known 
human analogs13,14; thus, it is an ideal target for viral inhibition. 
Preclinical studies found that nirmatrelvir, given alone, is primarily 
metabolized by cytochrome P450 3A4 (CYP3A4)10; nirmatrelvir 
is therefore administered in combination with ritonavir (Norvir; 
AbbVie Inc., Chicago, IL, USA), a CYP3A4 inhibitor,15 in clinical 
studies to maintain effective nirmatrelvir plasma concentrations. 
Nirmatrelvir in combination with ritonavir exhibited overwhelm-
ing efficacy in a recent phase II/III study (Evaluation of Protease 
Inhibition for COVID-19 in High-Risk Patients (EPIC-HR); 
NCT04960202) in nonhospitalized adults with mild to moder-
ate COVID-19 who were at increased risk of progression to severe 
disease due to demographic or underlying clinical characteristics, 
including renal impairment.16 Among patients who initiated 
treatment within 3 days following symptom onset, nirmatrelvir/
ritonavir was 89% efficacious at preventing COVID-19–related 
hospitalization and all-cause death within 28 days.16 Nirmatrelvir/
ritonavir was recently granted EUA in the United States for 
treatment of mild to moderate COVID-19 in patients who are 
≥12 years of age (weighing ≥40 kg) with confirmed COVID-19 
and at high risk for progression to severe COVID-19.17

Initial pharmacokinetic (PK) studies suggested that when 
CYP3A metabolism is inhibited by ritonavir, the main route of 
elimination of nirmatrelvir is by renal excretion.18 Chronic kidney 
disease is a key risk factor for severe COVID-19 (refs. 19, 20); be-
cause nirmatrelvir/ritonavir is intended for use in patients at high 
risk for severe disease, including those with renal impairment, this 
study aimed to evaluate the effects of renal impairment on PK 
parameters of nirmatrelvir/ritonavir. Findings from this study 

will influence dosing recommendations for individuals with renal 
impairment.

METHODS
Study description and participants
This phase I, nonrandomized, open-label, two-part study 
(NCT04909853) investigated the effects of renal impairment on plasma 
and urine PK, safety, and tolerability of a single oral dose of nirmatrel-
vir/ritonavir. Participants were required to be 18 to 75 years of age, have 
a body mass index of 17.5 to 40 kg/m2, and have a total body weight of 
>50 kg. Additional requirements for participants with normal renal 
function were absence of clinically relevant abnormalities identified by 
examination, detailed medical history, normal renal function (estimated 
glomerular filtration rate (eGFR) ≥90 mL/min based on the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation21), 
and demographic similarity (body weight within ±15 kg and age within 
±10 years of mean body weight and age of renal impairment group, as 
well as other demographic characteristics (i.e., sex, race, and ethnicity)) 
as much as possible to the groups of participants with impaired renal 
function. Participants categorized as having impaired renal function 
were required to otherwise be in good general health; other common co-
morbidities in this population were allowed if controlled based on the 
opinion of the study investigator. Mild, moderate, and severe renal im-
pairment were defined as eGFR 60 to <90 mL/min, 30 to <60 mL/min, 
and <30 mL/min, respectively. Participants with severe renal impairment 
were not included if they required hemodialysis.

Key exclusion criteria included pregnancy/breastfeeding; positive 
SARS-CoV-2 test at screening or Day −1; history of or positive test for 
HIV, hepatitis B, or hepatitis C; renal transplant recipients; urinary in-
continence without catheterization; and any condition possibly affecting 
drug absorption. Prohibited prior or concomitant therapies included 
COVID-19 vaccination within 1 week before dosing or during clinical 
research unit (CRU) confinement, prescription/nonprescription drugs 
and dietary/herbal supplements (7 days or 5 half-lives, whichever is longer, 
before dosing; permitted with sponsor approval if necessary, for partici-
pant welfare or on a case-by-case basis), CYP3A4 inducers (28 days before 
dosing), and medications highly dependent on CYP3A4 for clearance 
(during dosing).

Study procedures
The study was conducted at four sites according to consensus ethical prin-
ciples derived from international guidelines, including the Declaration 
of Helsinki and Council for International Organizations of Medical 
Sciences International Ethical Guidelines, applicable International 
Council for Harmonization Good Clinical Practice guidelines, and ap-
plicable laws and regulations. The protocol and related documents were 
reviewed and approved by an institutional review board or ethics com-
mittee before study initiation. Written informed consent was provided 
by all participants.

The study was conducted in two parts. Part 1 involved initial en-
rollment of participants with moderate renal impairment, followed by 
enrollment of participants with mild renal impairment, and healthy 
participants once preliminary safety and PK data were available in two 
or more participants with moderate renal impairment. Part 2 included 
participants with severe renal impairment following preliminary safety 
and PK analyses of data from Part 1, including two or more participants 
with moderate renal impairment. When recruiting the Part 2 partici-
pants, attempts were made to match the entire group to the participants 
in Part 1 with respect to age, sex, and body weight, as well as regarding 
race and ethnicity if possible.

Following screening, eligible participants were admitted to the CRU 
at Day −1 and remained there for ~ 3 nights and 4 days until Day 3. To 
ensure inhibition of CYP3A before nirmatrelvir dosing, participants re-
ceived a single 100-mg oral dose of ritonavir on the evening of Day −1. 
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On the morning of Day 1 (i.e., 12 hours after the first dose of ritonavir), 
participants received 100 mg orally administered nirmatrelvir and 100 mg 
ritonavir. Additional doses of 100 mg ritonavir were administered 12 and 
24 hours after nirmatrelvir dosing to maintain CYP3A inhibition. Both 
nirmatrelvir and ritonavir were provided as 100-mg tablets.

Pharmacokinetics
Primary PK parameters measured were maximum plasma concentra-
tion (Cmax), area under the plasma concentration-time profile from 
time 0 extrapolated to infinite time (AUCinf), percentage of un-
changed drug excreted in the urine over 48 hours, and renal clearance 
(CLr). Secondary PK measures included plasma concentrations at 
12 hours, time to Cmax, area under the plasma concentration-time pro-
file from time 0 to the time of last measured concentration (AUClast), 
apparent clearance (CL/F), apparent volume of distribution, and 
terminal elimination half-life. PK parameters were determined by 
noncompartmental methods using an in-house proprietary program 
(oNCA). Methods for population PK simulations for dosing recom-
mendations are included in the Appendix S1.

Blood samples of ~ 4 mL were collected at 0 (i.e., before dosing), 0.5, 1, 
2, 3, 4, 6, 8, 10, 12, 24, 36, and 48 hours following nirmatrelvir administra-
tion for plasma PK analyses. Urine samples for additional PK analysis were 
collected in intervals of ≤24 hours and >24 to ≤48 hours; all urine voided 
during each interval was collected and mixed for analysis.

Bioanalytical assays
Specific and sensitive bioanalytical methods using liquid chromatog-
raphy with tandem mass spectroscopy (LC–MS/MS) for simultaneous 
determination of nirmatrelvir and ritonavir in human plasma and nir-
matrelvir in human urine were validated at York Bioanalytical Solutions 
(York, UK). The calibration curve range for the plasma method was 10.0 
to 10,000 ng/mL for nirmatrelvir and 5.00 to 5,000 ng/mL for ritonavir. 
The calibration curve range for the urine method was 100 to 200,000 ng/
mL for nirmatrelvir. The assay validations and study sample analyses 
were conducted at York Bioanalytical Solutions in compliance with 
the current US Food and Drug Administration (FDA) and European 
Medicines Agency Guidance requirements and met acceptance crite-
ria.22,23 Incurred sample reproducibility assessment was conducted and 
met acceptance criteria for both human plasma and urine. All clinical 
samples in both matrices were analyzed within the established stability 
interval of the analytes.

Human plasma assay methodology. Brief ly, nirmatrelvir, ri-
tonavir, and their respective internal standards, PF-07818226 and 
Ritonavir-d6 (both stable isotope labeled), were isolated from 100 μL 
of human plasma (K2-EDTA) by protein precipitation with acetoni-
trile, followed by dilution of the precipitant with 0.1% formic acid 
in acetonitrile:water 40:60 (v/v). The extracted samples were ana-
lyzed by turbo ion spray (TISP) ionization LC–MS/MS in positive 
ionization mode. Chromatographic separation was achieved using a 
Waters Acquity UPLC BEH column (Waters Corporation, Milford, 
MA) (C18, 2.1 × 50 mm, 1.7 μM) and gradient elution. The respective 
lower and upper limits of quantification of the method are 10.0 and 
10,000 ng/mL for nirmatrelvir and 5.00 and 5,000 ng/mL for ritona-
vir, respectively. The selectivity of each analyte at low-quality and 
high-quality control was demonstrated with the opposite analyte at 
a concentration of 10,000 ng/mL for nirmatrelvir and 3,000 ng/mL 
for ritonavir.

Plasma assay performance. In total, 15 analytical runs were con-
ducted for plasma sample analysis, including 1 incurred sample reanal-
ysis run. There were no failed runs; all runs met acceptance criteria. 
Assay overall (inter-run) precision (percent coefficient of variation) 
was <10.6% for nirmatrelvir and ≤10.9% for ritonavir, and accuracy 

(percent relative error) was between −1.1% and 4.7% for nirmatrelvir 
and between 1.2% and 2.7% for ritonavir for all sample runs. Forty-
eight samples (10.9% of all study samples analyzed) were reanalyzed 
to demonstrate assay reproducibility; 100% were within ±20% dif-
ference, with a maximum difference of −17.6% for nirmatrelvir and 
−14.6% for ritonavir.

Urine assay methodology. Briefly, nirmatrelvir and its internal stan-
dard, PF-07818226 (stable isotope labeled), were isolated from 50 μL of 
human urine by dilution with a 0.1% formic acid in acetonitrile:water 
40:60 (v/v) solution. The diluted sample was mixed and centrifuged, 
and the supernatant (50 μL) was further diluted with a 0.1% formic acid 
in acetonitrile:water 40:60 (v/v) solution. The extracted samples were 
analyzed by TISP ionization LC–MS/MS in positive ionization mode. 
Chromatographic separation was achieved using a Waters Acquity 
UPLC BEH column (C18, 2.1 × 50 mm, 1.7 μM) and gradient elution. 
The lower and upper limits of quantification of the method are 100 and 
200,000 ng/mL, respectively.

Urine assay performance. In total, 11 analytical runs were con-
ducted for urine sample analysis, including 1 incurred sample reanal-
ysis run. There were no failed runs; all runs met acceptance criteria. 
Assay overall (inter-run) precision (percent coefficient of variation) 
was ≤11.4% for sample runs, and accuracy (percent relative error) 
was between −7.2% and 0.7% for sample runs. Twenty-four samples 
(35.8% of all study samples analyzed) were reanalyzed to demonstrate 
assay reproducibility; 100% were within ±20% difference, with a max-
imum difference of −8.1%.

Safety
Safety and tolerability of nirmatrelvir/ritonavir were assessed in all 
participants as a secondary objective, with corresponding end points 
including treatment-emergent adverse events (TEAEs), clinical labo-
ratory tests, vital signs, and electrocardiograms. TEAEs were contin-
ually monitored during the 3 days of CRU confinement and during a 
follow-up phone call at 28 to 35 days following the last ritonavir dose. 
All other safety end points were evaluated at prespecified timepoints 
during CRU confinement. Safety evaluations used the safety analy-
sis set, which included all participants assigned who took ≥1 dose of 
nirmatrelvir.

Statistical analyses
The study aimed to enroll 8 participants into each of the renal im-
pairment groups and 8 to 12 participants with normal renal function 
based on recommendations from the FDA.24 Analysis of variance was 
used to compare the log-transformed AUCinf and Cmax between the 
normal renal function group (reference) and groups with renal impair-
ment (test); adjusted mean differences and corresponding 90% confi-
dence intervals were exponentiated to provide the ratios of parameters 
between the test and reference groups. Additionally, linear regression 
was used to analyze the potential relationship between PK parameters 
and eGFR.

RESULTS
Participants
A total of 10, 8, 9, and 8 participants were assigned to treatment 
within the normal renal function, mild renal impairment, mod-
erate renal impairment, and severe renal impairment groups, 
respectively; 34 of these 35 participants were treated. One par-
ticipant in the moderate renal impairment group received one 
dose of ritonavir, but was not treated further owing to an AE 
that occurred before nirmatrelvir treatment. One participant 
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in the severe renal impairment group discontinued the study 
owing to a serious AE (SAE) on Day 2; all other participants 
completed the study.

The mean age among the 34 treated participants was 
62.2 years (SD, 7.45 years), with ~ 2:1 ratios for male:female 
sex and White:Black or African American race (Table 1). The 
overall mean weight and body mass index across all groups were 
86.75 kg (SD, 13.88 kg) and 29.37 kg/m2 (SD, 3.89 kg/m2), 
respectively.

Pharmacokinetics
Median plasma nirmatrelvir concentration-time profiles for 
each group are shown in Figure  1, with PK parameters for 
each group summarized in Table  2. Compared with the nor-
mal renal function group, concentrations of nirmatrelvir were 
higher in the renal impairment groups, especially in the mod-
erate and severe renal impairment groups, with higher expo-
sures observed with increasing severity of renal impairment 
(Figure S1). When analysis of variance was used for statistical 
comparisons between groups, the test (i.e., varying degrees of 
renal function)/reference (i.e., normal renal function) ratios for 
systemic exposure as measured by AUCinf were 123.8%, 187.4%, 
and 304.5% for participants with mild, moderate, and severe 
renal impairment, respectively (Table  3). Respective ratios of 
Cmax were 129.8%, 138.1%, and 148.0%. CL/F was significantly 
correlated with eGFR (Figure  2), with an intercept of 1.83 
(P = 0.0009) and slope of 0.05 (P < 0.0001). Mean CL/F val-
ues for the mild, moderate, and severe renal impairment groups 

were 5.58, 3.69, and 2.27 L/hour, respectively, compared with 
6.91 L/hour for the normal renal function group. Mean termi-
nal elimination half-life values were longer, whereas CLr values 
were lower, in the moderate and severe renal impairment groups 
compared with the normal renal function group. Geometric 
mean CLr values decreased by ~ 47% and 80% in the moder-
ate and severe renal impairment groups, respectively, compared 
with the normal renal function group. Urinary recovery of un-
changed nirmatrelvir over the collection interval of 48 hours 

Table 1  Participant demographics and physical measurements by renal function group

Characteristic
Normal renal 

function (n = 10)
Mild renal 

impairment (n = 8)
Moderate renal 

impairment (n = 8)
Severe renal 

impairment (n = 8) Total (n = 34)

Age, n (%), y

Mean (SD) 61.1 (3.03) 63.8 (9.07) 62.0 (8.57) 62.1 (9.46) 62.2 (7.45)

Median (range) 62.0 (55, 65) 62.0 (54, 76) 65.0 (47, 72) 62.5 (50, 75) 62.5 (47, 76)

Sex, n (%)

Male 7 (70.0) 5 (62.5) 5 (62.5) 6 (75.0) 23 (67.6)

Female 3 (30.0) 3 (37.5) 3 (37.5) 2 (25.0) 11 (32.4)

Race, n (%)

Black or African 
American

3 (30.0) 1 (12.5) 6 (75.0) 2 (25.0) 12 (35.3)

White 7 (70.0) 6 (75.0) 2 (25.0) 6 (75.0) 21 (61.8)

Ethnicity, n (%)

Hispanic or 
Latinx

4 (40.0) 1 (12.5) 0 4 (50.0) 9 (26.5)

Not Hispanic or 
Latinx

6 (60.0) 7 (87.5) 8 (100.0) 4 (50.0) 25 (73.5)

Weight, kg

Mean (SD) 90.88 (7.14) 81.23 (9.55) 88.01 (18.87) 85.85 (18.26) 86.75 (13.88)

Median (range) 93.05 (74.5, 97.4) 76.40 (73.0, 99.9) 82.80 (66.3, 113.9) 85.55 (59.1, 110.0) 87.30 (59.1, 113.9)

Body mass index, kg/m2

Mean (SD) 29.82 (3.16) 28.59 (5.02) 29.16 (4.66) 29.79 (3.23) 29.37 (3.89)

Median (range) 29.30 (26.5, 36.5) 27.55 (24.5, 40.3) 28.76 (22.9, 35.9) 29.57 (25.6, 35.6) 28.46 (22.9, 40.3)

SD, standard deviation.

Figure 1  Median plasma nirmatrelvir concentrations over time by 
renal function group. Participants were given a single dose of 100 mg 
nirmatrelvir with 100 mg ritonavir. Ritonavir was also administered at 
12 hours before dosing, and 12 and 24 hours post dosing to achieve 
and maintain CYP3A inhibition. CYP3A, cytochrome P450 3A.
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was 31.2%, 42.7%, 30.8%, and 18.5% for the normal functional 
group and mild, moderate, and severe renal impairment groups, 
respectively.

Population PK simulation for dosing recommendations
It is presumed that maintaining trough concentration (Ctrough) 
values above the 90% effective concentration for SARS-CoV-2 
would be necessary for therapeutic activity and hence match-
ing Ctrough values in renal impairment groups to reference group 
served as a basis for dosing recommendation. Considering the 
observed PK data, simulations were done using the preliminary 
population PK model (see Appendix S1) by reducing total body 

clearance by one-third and one-half in mild and moderate renal 
impairment groups, respectively. Since nirmatrelvir tablets are 
currently available in 150-mg strength, the dosing regimens 
simulated were either 300/100 mg or 150/100 mg nirmatrelvir/
ritonavir twice daily for 5 days. Once-daily regimens were also 
explored but were deemed unsuitable because ritonavir needs 
to be administered twice daily, which complicates dosing and 
potentially increases the chance of noncompliance. Figure  3 
shows the Day 5 predicted Ctrough of nirmatrelvir with reduced 
clearance and with doses that provided a close approximation 
of Ctrough concentrations to that of the control group with no 
reduction in clearance. There was significant overlap in the 
individual predicted nirmatrelvir Ctrough values with clearance 

Table 2  Descriptive summary of pharmacokinetic parameters by renal function group

Parametera
Normal renal function 

(nb = 10)
Mild renal impairment 

(nb = 8)
Moderate renal 

impairment (nb = 8)
Severe renal impairment 

(nb = 8)

N1,c nd 10, 10 8, 8 8, 6 8, 7

AUCinf, μg∙hour/mL 14.46 (20) 17.91 (30) 27.11 (27) 44.04 (33)

AUClast, μg∙hour/mL 14.27 (20) 17.77 (30) 26.66 (21) 39.42 (28)

C12, μg/mL 0.34 (35) 0.44 (30) 0.79 (33) 1.21 (33)

CL/F, L/hour 6.91 (20) 5.58 (30) 3.69 (27) 2.27 (33)

Cmax, μg/mL 1.60 (31) 2.08 (29) 2.21 (17) 2.37 (38)

t1/2, hour 7.73 ± 1.8234 6.61 ± 1.5344 9.95 ± 3.4171 13.37 ± 3.3225

Tmax, hour 2.00 (1.00–4.00) 2.00 (1.00–3.00) 2.50 (1.00–6.00) 3.00 (1.00–6.05)

Vz/F, L 74.95 (35) 51.95 (32) 50.34 (27) 42.73 (26)

Ae48, % 31.20 (45) 42.65 (23) 30.83 (56) 18.46 (50)

CLr, L/hour 2.18 (50) 2.40 (33) 1.15 (71) 0.44 (73)

Ae48, amount of unchanged drug excreted in urine over the 48-hour sampling period; AUCinf, area under the plasma concentration-time curve from time 0 
extrapolated to infinity; AUClast, area under the plasma concentration-time curve from time 0 to the time of the last measurable concentration; C12, plasma 
concentration at 12 hours post dose; CL/F, apparent clearance of drug from plasma; CLr, renal clearance of drug from plasma; Cmax, maximum observed 
plasma concentration; CV, coefficient of variation; SD, standard deviation; t1/2, terminal half-life; Tmax, time to first occurrence of Cmax; Vz/F, apparent volume of 
distribution of total drug.
a Geometric mean (geometric %CV) for all except median (range) for Tmax and arithmetic mean (±SD) for t1/2. bN = total number of participants in the indicated 
group. cN1 = Number of participants contributing to the summary statistics unless n is used. dn = Number of participants contributing to the summary statistics 
for t1/2, AUCinf, CL/F, and Vz/F.

Table 3  Ratio of Cmax and AUCinf between test and reference groups derived using ANOVA

Parameter Test Reference

Adjusted geometric mean

Ratio (test/reference)a 90% CITest Reference

Cmax, μg/mL Mild renal 
impairment

Normal renal function 2.08 1.60 129.78 (101.93, 165.25)

Moderate renal 
impairment

Normal renal function 2.21 1.60 138.12 (113.18, 168.55)

Severe renal 
impairment

Normal renal function 2.37 1.60 148.02 (111.40, 196.68)

AUCinf, 
μg∙hour/mL

Mild renal 
impairment

Normal renal function 17.91 14.46 123.84 (99.64, 153.91)

Moderate renal 
impairment

Normal renal function 27.11 14.46 187.40 (148.52, 236.46)

Severe renal 
impairment

Normal renal function 44.04 14.46 304.49 (237.60, 390.21)

ANOVA, analysis of variance; AUCinf, area under the plasma concentration-time curve from time 0 extrapolated to infinity; CI, confidence interval; Cmax, maximum 
observed plasma concentration.
aRatios and 90% CIs are expressed as percentages.
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reduced by one-third (mild renal impairment) and dosing with 
300/100 mg nirmatrelvir/ritonavir twice daily, and with clear-
ance reduced by one-half (moderate renal impairment) and dos-
ing with 150/100 mg nirmatrelvir/ritonavir twice daily. In both 
scenarios, the median Ctrough values were slightly higher than 
the reference group, and the vast majority (>95%) of individual 
predicted Ctrough values were above the in vitro 90% effective 
concentration (292 ng/mL) for SARS-CoV-2.10 Slightly higher 
Ctrough values are not expected to compromise therapeutic activ-
ity of nirmatrelvir. In contrast, significantly higher predicted 

Ctrough values were noted in the severe renal impairment group 
for 150/100 mg nirmatrelvir/ritonavir dose per currently avail-
able formulations (data not shown).

In light of these results, no change in dose is recommended for 
mild renal impairment (i.e., 300/100 mg nirmatrelvir/ritonavir 
twice daily for 5 days).25 A dose reduction to 150/100 mg nirma-
trelvir/ritonavir twice daily for 5 days is recommended for moder-
ate renal impairment; nirmatrelvir is not currently recommended 
in severe renal impairment until further PK and safety data are col-
lected and a suitable formulation becomes available.18

Figure 2  Linear regression plots of plasma nirmatrelvir CL/F. The bold line is the predicted regression line; the shaded area represents the 
90% confidence region. The vertical lines represent the boundary criteria of the renal function groups. CL/F, apparent clearance of drug from 
plasma; eGFR, estimated glomerular filtration rate.
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Figure 3  Predicted nirmatrelvir Ctrough plasma concentrations by dosing regimen and clearance. Open circles represent predicted Ctrough; 
red symbols represent group means; blue lines represent 10th and 90th percentiles; red dashed line is EC90 of 292 ng/mL for SARS-CoV-2. 
(a) 150/100 mg nirmatrelvir/ritonavir every 12 hours, with clearance reduced by one-half (i.e., moderate renal impairment); (b) 300/100 mg 
nirmatrelvir/ritonavir every 12 hours, with clearance reduced by one-third (i.e., mild renal impairment); (c) 300/100 mg nirmatrelvir/ritonavir 
every 12 hours, with no reduction in clearance (reference group). Ctrough, trough concentration; EC90, 90% effective concentration; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2.
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Safety
TEAEs are summarized by renal function group and causality 
in Table  4 and by system organ class, severity, and renal func-
tion group in Table  S1. A total of 22 all-causality TEAEs were 
reported by 2 (20.0%), 1 (12.5%), 1 (12.5%), and 5 (62.5%) partic-
ipants across the normal renal function and mild, moderate, and 
severe renal impairment groups, respectively. The most commonly 
reported TEAE was headache, which was reported by 2 partic-
ipants (20.0%) with normal renal function and 1 participant 
(12.5%) with moderate renal impairment, followed by dry mouth, 
asthenia, and dysgeusia, each reported by 2 participants (25.0%) 
with severe renal impairment. All other TEAEs were reported by 
a single participant. All TEAEs reported in the normal renal func-
tion group and the mild and moderate renal impairment groups 
were mild in severity. In the severe renal impairment group, four of 
five participants had mild TEAEs. The only TEAEs considered to 
be treatment related during the study were the two reports each of 
dry mouth and dysgeusia that occurred in the severe renal impair-
ment group; all four were mild in severity.

A 75-year-old participant with severe renal impairment dis-
continued the treatment phase of the study owing to acute kid-
ney injury (AKI) and required hospitalization for management 
of three SAEs: AKI, pneumonia, and pulmonary edema. Other 
AEs reported for this participant included nonserious AEs of ane-
mia, hyponatremia, and thrombocytopenia. None of the AEs or 
SAEs in this participant were considered treatment related. This 
participant had ongoing medical history of diabetes mellitus type 
2, hypertension, chronic kidney disease stage 4, metabolic acido-
sis, anemia, and history of hyperkalemia, renal cell carcinoma, and 
left nephrectomy. Following completion of study treatment on 
Day 2, the participant was referred to the emergency department 
with AEs of AKI, hyperkalemia, and metabolic acidosis. Treatment 
during hospitalization included oxygen therapy, empiric vancomy-
cin and cefepime for the pneumonia, and furosemide for the pul-
monary edema. On Day 5, the pulmonary edema resolved. On Day 
7, the SAEs of pneumonia and AKI resolved and the participant 
was discharged from the hospital. The AUClast (34.3 μg·hour/mL) 

and Cmax (1.88 μg/mL) values in this participant were below the 
median value for the severe renal impairment group.

Overall, there were no significant laboratory trends observed in 
the study, and no clinically significant findings in vital sign mea-
surements or electrocardiogram assessments.

DISCUSSION
Nirmatrelvir is an antiviral agent for COVID-19 that may ad-
dress a currently unmet need for effective, orally administered 
COVID-19 treatments. In this study, individuals with renal im-
pairment experienced increased systemic exposure of nirmatrelvir 
following a single 100-mg oral dose enhanced with ritonavir com-
pared with individuals with normal renal function. Geometric 
mean AUCinf values in the moderate and severe renal impairment 
groups were approximately twofold and threefold higher, respec-
tively, than that of the normal renal function group. Linear regres-
sion showed a significant negative correlation between AUCinf and 
eGFR. Peak plasma concentrations of nirmatrelvir also increased 
with increasing severity of renal impairment. Similarly, renal clear-
ance of nirmatrelvir was lower in the groups with moderate and se-
vere renal impairment, with geometric mean CLr values decreased 
by 47% and 80%, respectively, in these groups compared with the 
normal renal function group. Nirmatrelvir/ritonavir exhibited an 
acceptable safety profile across all study groups, with treatment-
related AEs all mild in severity and no clinically significant obser-
vations in laboratory parameters, vital signs, or electrocardiogram 
assessments.

When nirmatrelvir is administered with ritonavir, CYP3A4-
mediated metabolism is inhibited, resulting in renal elimination 
becoming the predominant mechanism for systemic clearance of 
nirmatrelvir. This is in contrast to another protease inhibitor, indi-
navir, in which renal clearance appears unchanged by enhancement 
with ritonavir.25 In this study, the urinary recovery of nirmatrelvir 
over the 48-hour collection interval was 31.20%, 42.65%, 30.83%, 
and 18.46% in the reference (normal renal function), mild, mod-
erate, and severe renal impairment groups, respectively. This low 
urinary recovery is likely due to incomplete oral absorption of the 

Table 4  Treatment-emergent AEs by renal function group: All causalities and treatment relateda

Normal renal function 
(N = 10)

Mild renal impairment 
(N = 8)

Moderate renal 
impairment (N = 8)

Severe renal impairment 
(N = 8)

All-causality AEs

Number of AEs 3 1 1 17

Participants with AEs 2 (20.0) 1 (12.5) 1 (12.5) 5 (62.5)

Participants with SAEs 0 0 0 1 (12.5)

Participants with severe AEs 0 0 0 1 (12.5)

Discontinuations due to AEs 0 0 0 1 (12.5)

Treatment-related AEsb

Participants with AEs 0 0 0 2 (25.0)

Dry mouth 0 0 0 2 (25.0)

Dysgeusia 0 0 0 2 (25.0)

AE, adverse event; SAE, serious AE.
 aAll data are n (%). bAll treatment-related AEs were mild.
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drug. In an absorption, distribution, metabolism, and excretion 
study, following a single oral dose of 300/100 mg nirmatrelvir/ri-
tonavir, the amount of drug-related material excreted in the urine 
and feces over 10 days was 35.3% and 49.6% respectively; this was 
recovered as mostly unchanged drug in both matrices.18 The uri-
nary excretion data for the absorption, distribution, metabolism, 
and excretion study suggest incomplete oral absorption of the 
drug, which likely explains the low urinary recovery observed in 
the current study. The lower urinary recovery in the severe renal 
impairment group compared with the other groups is probably 
due to the limited collection interval of urine samples for up to 
48 hours in this study.

The study was conducted in a small number of participants with 
a 100-mg dose of nirmatrelvir/ritonavir for comparison of PK and 
determination of appropriate dosing in renal impairment. In the 
phase II/III EPIC-HR study, patients with mild renal impairment 
could enroll in which nirmatrelvir/ritonavir was administered at 
doses of 300/100 mg twice daily for 5 days.16 Overall, ~ 16%, 3.8%, 
and 0.3% of subjects enrolled in EPIC-HR had mild, moderate, 
and severe renal impairment, respectively. Nirmatrelvir/ritonavir 
reduced the risk of progression to severe COVID-19 by 89% with-
out evident safety concerns.16 The most frequent TEAEs in nir-
matrelvir/ritonavir recipients were dysgeusia and diarrhea, which 
occurred more frequently than in placebo recipients.16 Safety data 
from EPIC-HR further substantiates dosing in patients with mild 
and moderate renal impairment.

In summary, this study highlights the importance of the renal 
pathway in nirmatrelvir clearance and provides guidance for dosing 
modifications among patients with impaired renal function. Such 
modifications will help ensure safety and efficacy of nirmatrelvir/
ritonavir treatment for COVID-19 in patients with impaired renal 
function.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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