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ABSTRACT Nirmatrelvir/ritonavir is an effective antiviral therapy against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Use is not recommended in patients with
end-stage renal disease (ESDR) due to a lack of data. We investigated the pharmacokinetics
of nirmatrelvir/ritonavir (150 mg/100 mg twice a day) in four patients with ESRD under-
going hemodialysis. Nirmatrelvir peak concentrations ranged from 4,563 to 7,898 ng/
mL and declined after hemodialysis. Concentrations were up to 4-fold higher but still
within the range known from patients without ESRD, without accumulation of nirmatrel-
vir after the end of treatment.
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Nirmatrelvir/ritonavir (N/r) is highly effective for early treatment of high-risk patients with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (1, 2). End-stage

renal disease (ESRD) is a major risk factor for severe COVID-19. Moreover, immunogenicity
and effectiveness of COVID-19 vaccines is reduced in patients with ESRD (3), making them
an important target group for preventive treatment. Nirmatrelvir is rapidly metabolized via
CYP3A4 when given alone. In combination with ritonavir, almost no metabolic breakdown
of nirmatrelvir takes place, and the drug is excreted primarily through renal elimination (4).
In patients with moderate renal impairment (estimated glomerular filtration rate [eGFR], 31
to 59 mL/min), dose adjustment is recommended from 300 mg/100 mg twice a day (BID) to
150 mg/100 mg BID. In patients with severe renal impairment (eGFR , 30 mL/min) under-
going hemodialysis (HD), use of N/r is currently not recommended due to insufficient data
(5–7). A recent case series investigated a dose of 300 mg/100 mg N/r on day 1, followed by
150 mg/100 mg once daily in ESRD patients, and showed good tolerance but without phar-
macokinetic measurements (8, 9). Pharmacokinetic assessment of N/r in patients with ESRD
on chronic intermittent HD is therefore of particular interest for clinicians (7, 10, 11). Herein,
we report data on pharmacokinetics and hepatic tolerance of nirmatrelvir and ritonavir treat-
ment in four ESRD patients on intermittent HD.

Four patients undergoing outpatient HD therapy at our center tested positive for SARS-
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CoV-2 in 2022. Based on the individual risk profile, nephrologists initiated antiviral therapy
with N/r. Treatment was started 3 to 5 days after the first positive SARS-CoV-2 reverse tran-
scription (RT)-PCR test. All patients were instructed to self-administer the recommended
reduced dose for renal impairment of 150 mg/100 mg N/r BID orally at 7 a.m. and 7 p.m. for 5
days. Patient 1 was on constant ritonavir therapy (100 mg once daily), due to a well controlled
HIV infection. The patient characteristics are shown in the supplemental material. In patients 1,
2, and 3, HD started in the morning 2 to 3 h after intake of the medication. In patient 4, HD
started approximately 6 h after the morning dose.

Blood sampling was performed as part of the clinical routine within the framework of an
observational study rather than sampling within an interventional trial. The details of dialysis
are shown in the supplemental material. In short, blood-flow rates were 250 to 300 mL/min
with dialysate flow rates of 500 mL/min for all patients with various ultrafiltration rates.
Blood samples (plasma and serum) were drawn at the beginning and the end of each HD.
Samples of postfilter dialysate were drawn at 0.5, 2, and 4 h after start of HD.

N/r concentrations were quantified in human plasma, serum, and dialysate by liquid
chromatography with tandem mass spectrometry (LC-MS/MS). Assay details are shown in
the supplemental material.

The described patients are part of the Pa-COVID-19 cohort study, a prospective observa-
tional study conducted at Charité–Universitätsmedizin Berlin (12). Written informed consent
was provided by all patients prior to inclusion, and all patients of the ongoing cohort with
N/r treatment and ESRD are included in this report. The study was approved by the ethics
committee of Charité–Universitätsmedizin Berlin (approval EA2/066/20), conducted accord-
ing to the Declaration of Helsinki and Good Clinical Practice principles (ICH 1996), and regis-
tered in the German and WHO international clinical trials registry (DRKS00021688).

The treatment courses, HD sessions, and pharmacokinetic measurements of nirmatrel-
vir and ritonavir in plasma and dialysate of individual patients are shown in Fig. 1. Patient
1 presented with a peak nirmatrelvir concentration of 7,745 ng/mL 2 h after intake of the
fourth dose of N/r. During the 4-h HD, plasma concentration fell by 53% to 3,636 ng/mL. At
the second sampling on day 5, a peak plasma concentration of 4,601 ng/mL was measured,
which fell by 45% to 2,518 ng/mL post-HD. Both patients 2 and 3 received HD 3 days after
intake of the fifth dose of N/r. Nirmatrelvir levels of patient 2 increased during HD from
4,563 to 5,765 ng/mL; patient 3 showed stable concentrations of 7,898 and 7,345 ng/mL
pre- and post-HD, respectively. Plasma levels on treatment day 5 were 7,116 ng/mL pre-HD
and 5,521 ng/mL post-HD in patient 2 and 6,653 ng/mL pre-HD and 6,417 ng/mL post-HD
in patient 3. Measurements on day 8 (3 days after end of treatment) showed levels of 438
and 365 ng/mL pre-HD with a decline to 29 and 30 ng/mL in patients 2 and 3, respectively.
Patient 4 presented with a nirmatrelvir plasma concentration of 3,704 ng/mL 6 h after intake
of the fourth dose of N/r. Post-HD plasma concentration fell by 38% to 2,308 ng/mL at 11 to
12 h after drug intake. Measurement after the last dose on day 6 showed concentrations of
187 ng/mL and 47 ng/mL pre- and post-HD, respectively. Further measurement showed nir-
matrelvir levels below the lower limit of quantification, likewise to negative ritonavir levels.

Nirmatrelvir concentrations were measured in plasma and serum with a mean accuracy
between 83 and 109%. Plasma and serum levels showed the same value, which may be im-
portant for later studies when only one sampling technique is used for reasons of simplicity.
Detailed individual measurements are shown in the supplemental material (Table S1). Levels
of nirmatrelvir in dialysate ranged from 783 ng/mL to levels below the lower limit of quanti-
fication, with higher concentrations in plasma associated with higher concentrations in dialy-
sate (Table S2). Ritonavir plasma levels varied to a very high extent between the different
patients with measurements ranging from 14 to 756 ng/mL (Table S3). Overall, no signs of
relevant drug-related toxicity or hepatic impairment were observed (Fig. S1). No patient
reported severe adverse events attributed to the medication.

All patients had a moderate course of COVID-19. Patient 1 was tested negative for
SARS-CoV-2 on day 10. Patient 2 had a low viral load 7 days after initial diagnosis and
remained positive for 2 weeks. Patient 3 had low viral load after 10 days and remained positive
for 3 weeks. Patient 4 remained positive for 6 weeks. Initial viral load from nasopharyngeal
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swabs was high (Ct value,30), initially decreased (Ct -value.30), spiked again 5 days after
end of treatment, and remained positive with a low viral load for 4 weeks.

Measured peak plasma concentrations of nirmatrelvir were up to 4-fold higher than
median levels of patients with normal kidney function and full N/r dose, which ranged around
2,210 ng/mL (5). The 95th predicted nirmatrelvir Cmax on day 5 of treatment is assumed to be
10,000 ng/mL among patients without renal impairment as stated in the U.S. Food and Drug
Administration (FDA)’s review (5); this level was not reached at peak measurements 2 to 3 h af-
ter drug intake in our patients. Despite elevated nirmatrelvir levels, no accumulation of nirma-
trelvir was observed, and no safety concerns arose from elevated liver function tests or adverse
events. Exact Cmin levels were not determined in our study as the HD sessions of the majority
of patients ran in the morning soon after drug intake; the post-HD sample of patient 4,
however, corresponds well to Cmin as it was sampled approximately 11 h after drug intake,
1 h before intake of the evening dose of N/r. The respective nirmatrelvir concentration of
2,308 ng/mL is within the 90% prediction interval at steady state yet clearly above the
90% inhibitory concentration (IC90) of 292 ng/mL of nirmatrelvir for SARS-CoV-2 (5, 7). After
the end of treatment, nirmatrelvir levels declined rapidly but were still measurable 3 days
after treatment, whereas ritonavir levels were not measurable. Nirmatrelvir plasma levels
pre-HD on day 8 still partly reached the IC90 (5, 7). Thus, antiviral exposure to nirmatrelvir
may be longer in patients with ESRD, which may be a welcome effect in light of the debate
of relapses after N/r therapy and proposed longer treatment phases (13). In contrast, patient

FIG 1 Pharmacokinetics of nirmatrelvir in plasma (red circles), dialysate (black triangles), and ritonavir in plasma (blue squares) sampled pre- and posthemodialysis
(HD) during and after the 5-day course of nirmatrelvir/ritonavir (days 1 to 5). (a) Patient 1. (b) Patient 2. (c) Patient 3. (d) Patient 4. Concentrations of the lower limit
of quantification are positioned on the x axis, not suggesting that there is a measurable level but in order to demonstrate zero results on the logarithmic scale of
the y axis. Each thick black arrow resembles one dose of nirmatrelvir/ritonavir (150 mg/100 mg); gray arrows represent one dose of ritonavir (100 mg) in patient 1. Pre-
HD sample of patient 1 on day 3 is a serum sample instead of plasma.
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4 had subtherapeutic nirmatrelvir levels on day 4 of treatment. Whether this caused the pro-
longed virus replication in the patient remains speculative.

Ritonavir plasma levels were highly variable but in general within the range of data
published earlier (14, 15). Nevertheless, the high nirmatrelvir levels indicate adequate
ritonavir exposure in spite of variable plasma concentrations. Our study is limited by
fixed sampling time points, making calculations of the area under the concentration-
time curve (AUC), extraction rate, and sieving coefficient not possible.

In summary, our data suggest that use of N/r in patients with ESRD and HD results
in peak plasma concentrations at the higher end of levels observed in patients without
ESRD. However, no accumulation of nirmatrelvir was observed, and plasma levels
declined rapidly within a few days after end of treatment.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.7 MB.
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