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Nirmatrelvir is an antiviral drug that, in combination with ritonavir, is an effective agent for the etiotropic therapy of patients 
with mild to moderate COVID-19.
The aim of the study was to evaluate bioequivalence of the generic drug nirmatrelvir Аrpaxel in combination with ritonavir 
and the original drug Paxlovid, which is a combination of nirmatrelvir/ritonavir, in a single dose administration to healthy 
volunteers.
Materials and methods. This research was an open-label, randomized, two-period crossover bioequivalence study. It included  
2 periods, in each of which the volunteers received either a test drug (nirmatrelvir at the dose of 300 mg) in combination with 
ritonavir (100 mg), or a reference drug (a combination of nirmatrelvir 300 mg and ritonavir 100 mg), given as a single dose. 
A wash-out period between each of the administrations was 7 days. The blood sampling to determine the concentration 
of nirmatrelvir was carried out in the range from 0 to 36 h in each of the study periods. A nirmatrelvir concentration was 
determined by a validated HPLC-MS/MS method with a lower quantitation limit of 10 ng/mL. Bioequivalence was assessed by 
comparing 90% confidence intervals (CIs) for the ratio of geometric means of AUC(0–36) and Cmax of the test drug and reference 
drugs with the established equivalence limits of 80.00–125.00%.
Results. In the study were included 68 healthy volunteers, 67 participants of which were included in the bioequivalence 
population. The pharmacokinetic parameters of the drugs were comparable to each other. The 90% confidence interval 
for the ratio of the geometric mean of the maximum drug concentration in the blood plasma and the area under the 
pharmacokinetic curve «concentration-time» from zero to the last blood draw within 36 hours of nirmatrelvir was  
87.26–100.83 and 93.27–103.74%, which meets the criteria for assessing bioequivalence. The test drugs were well tolerated 
by the volunteers. The incidence of adverse events was similar for the test and reference drugs. No serious adverse events 
were recorded during the entire study.
Conclusion. As a result of this study, bioequivalence of the test and reference drugs has been established.
Keywords: COVID-19; bioequivalence; pharmacokinetics; nirmatrelvir; ritonavir; generic drug
Abbreviations: COVID-19 – a novel coronavirus infection; CI – confidence interval; AUC ‒ area under the concentration-time 
curve; AUC0–36 – area under the pharmacokinetic «concentration-time» curve from zero to the last blood sampling at which 
the concentration of the drug is equal to or higher than the lower limit of quantification within 36 hours; AUC0–∞ – area under 
the pharmacokinetic «concentration-time» curve, starting from the zero value of the time, extrapolated to infinity; Cmax ‒ the 
maximum concentration of the drug in the blood plasma; Tmax – time to reach the maximum concentration; HPLC-MS/MS –  
high performance liquid chromatography with tandem mass spectrometry; AE/SAE – adverse event/serious adverse event;  
BMI – body mass index; PK – pharmakokinetics; ЭCG – electrocardiography.
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Нирматрелвир представляет собой противовирусный препарат, который в сочетании с ритонавиром является 
эффективным средством для этиотропной терапии пациентов с COVID-19 легкого и среднетяжелого течения.
Цель. Оценить биоэквивалентность воспроизведенного препарата нирматрелвира Арпаксел в сочетании с 
ритонавиром и оригинального препарата Паксловид, представляющего собой комбинацию нирматрелвир/
ритонавир, при однократном применении здоровыми добровольцами.
Материалы и методы. Данное исследование представляло собой открытое рандомизированное простое перекрестное 
исследование биоэквивалентности. Оно включало 2 периода, в каждом из которых добровольцы получали либо 
исследуемый препарат (нирматрелвир в дозе 300 мг) в комбинации с ритонавиром (100 мг), либо референтный 
препарат (комбинация нирматрелвира 300 мг и ритонавира 100 мг) однократно. Отмывочный период между 
каждым из приемов составил 7 сут. Отбор образцов плазмы крови для определения концентрации нирматрелвира 
производили в интервале от 0 до 36 ч в каждом из периодов исследования. Концентрацию нирматрелвира 
определяли валидированным методом ВЭЖХ-МС/МС с нижним пределом количественного определения 10 нг/мл. 
Для оценки биоэквивалентности проводили сопоставление 90% доверительных интервалов (ДИ) для отношения 
средних геометрических AUC(0–36) и Cmax препаратов с установленными пределами эквивалентности 80,00–125,00%. 
Результаты. В исследование были включены 68 здоровых добровольцев, из них в популяцию для оценки 
биоэквивалентности вошли 67 участников. Фармакокинетические параметры препаратов были сопоставимы 
между собой. Доверительный интервал 90% для отношения средних геометрических показателей максимальной 
концентрации препарата в плазме крови и площади под фармакокинетической кривой «концентрация-время» 
от нуля до последнего отбора крови в пределах 36 ч нирматрелвира составили 87,26–100,83 и 93,27–103,74%, что  
соответствует критериям оценки биоэквивалентности. Препараты исследования хорошо переносились 
добровольцами. Частота нежелательных явлений была схожей для исследуемого и референтного препаратов. В 
течение всего исследования не было зарегистрировано ни одного серьёзного нежелательного явления. 
Заключение. В результате данного исследования была установлена биоэквивалентность исследуемого и референтного 
препаратов. 
Ключевые слова: COVID-19; биоэквивалентность; фармакокинетика; нирматрелвир; ритонавир; воспроизведенный 
препарат
Список сокращений: COVID-19 – новая коронавирусная инфекция; ДИ – доверительный интервал; AUC – площадь под 
кривой «концентрация–время»; AUC0–36 – площадь под фармакокинетической кривой «концентрация–время» от нуля 
до последнего отбора крови при котором концентрация препарата равна или выше нижнего предела количественного 
определения в пределах 36 ч; AUC0–∞ – площадь под фармакокинетической кривой «концентрация–время», начиная 
с нулевого значения времени, экстраполированная до бесконечности; Cmax – максимальная концентрация препарата 
в плазме крови; Tmax – время достижения максимальной концентрации; ВЭЖХ–МС/МС – высокоэффективная 
жидкостная хроматография с тандемной масс–спектрометрией; НЯ/СНЯ – нежелательное/серьезное нежелательное 
явление; ИМТ – индекс массы тела; ФК – фармакокинетика; ЭКГ – электрокардиография.
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INTRODUCTION
Nirmatrelvir is an antiviral drug effective against 

SARS-CoV-2, the mechanism of action of which is realized 
by inhibiting the SARS-CoV-2 viral protease 3CLpro and 
blocking a virus replication [1–3]. To increase the systemic 
exposure of nirmatrelvir, it is used in combination with 
ritonavir, which is a strong inhibitor of CYP3A4 and 
significantly slows down the metabolism of nirmatrelvir 
[4]. Thus, in this combination, ritonavir acts as a 
pharmacokinetic enhancer (booster). Ritonavir did not  
shown own clinical efficacy against COVID-19.

The original nirmatrelvir Paxlovid1 was developed by 
Pfizer, USA, and is available as a co-packaged combination 
of nirmatrelvir 150 mg tablets and ritonavir 100 mg  
tablets. The pharmacodynamic properties of nirmatrelvir2 
have been confirmed in preclinical and clinical studies 
[5–7]. In vitro data confirm the selectivity of nirmatrelvir 
against 3CLpro SARS-CoV-2 [8, 9]. During the clinical 
development, the efficacy of the nirmatrelvir/ritonavir 
combination in the treatment of mild to moderate 
COVID-19 was proven [10, 11].

The largest randomized placebo-controlled study 
(EPIC-HR) of the Paxlovid efficacy and safety was 
conducted with the participation of 2246 patients 
[12]. Based on the primary endpoint of this study, in 
the population of patients who had the symptoms 
onset no more than 3 days before the randomization, 
the incidence of COVID-19 – related hospitalization 
or death from any cause within 28 days was 0.717% 
(5/697) in the test drug group and 6.452% (44/682) in 
the placebo group. The difference between the groups 
was statistically significant (p <0.001). In addition, no 
deaths were reported in the test drug group, while  
9 deaths (1.32%) were observed in the placebo group. It 
is also worth noting that in clinical studies, nirmatrelvir 
in combination with ritonavir was well tolerated and 
demonstrated a favorable safety profile.

In addition, the effectiveness of the nirmatrelvir/
ritonavir combination has been confirmed by the data 
obtained in real clinical practice [13–16].

Despite the fact that the original drug containing the 
nirmatrelvir/ritonavir combination has been approved 
for use in many countries including the USA, Australia 
and Europe, it is currently not approved in Russia. The 
development and entry into the market of generic drugs 
of this combination will meet a high demand for the 
effective etiotropic therapy for COVID-19 in a pandemic 
[17–19].

The LLC "Drug Formulation" (R-Pharm group) has 
developed a generic drug of nirmatrelvir called Arpaxel; 
it contains 150 mg of nirmatrelvir in the dosage form 
1 European Medicines Agency. Paxlovid 150+100 mg film-coated 
tablets: summary of product characteristics, 2022. Available from: 
https://www.ema.europa.eu/en/documents/product-information/
paxlovid-epar-product-information_en.pdf.
2 European medicines agency. Committee for Medicinal Products for 
Human Use. Assessment report EMA/95110/2022 – Rev. 1. Paxlovid. 
Available from: https://www.ema.europa.eu/en/documents/
assessment-report/paxlovid-epar-public-assessment-report_en.pdf

of film-coated tablets. The packaging of the developed 
drug does not contain a co-packaged ritonavir drug, 
since its mono-drugs are commercially available. In 
order to confirm the bioequivalence of the developed 
generic and original drugs, this bioequivalence study has 
been conducted.

THE AIM of the study was to evaluate bioequivalence 
of the generic drug nirmatrelvir Arpaxel in combination 
with ritonavir and the original drug Paxlovid, which is a 
combination of nirmatrelvir/ritonavir, in a single dose 
administration to healthy volunteers.

MATERIALS AND METHODS
Study design
This Clinical Bioequivalence Study No. CJ051032185 

was an open-label, randomized, two-period crossover 
study in healthy volunteers. The study design is shown  
in Fig. 1.

The study was conducted on the basis of the 
Clinical site LLC "Eco-Safety Scientific Research Center". 
The clinical stage of the study was carried out from 
November 2022 to January 2023.

The study fully complied with the ethical principles 
set out in the last revision of Helsinki Declaration, the 
rules of Good Clinical Practice of the Eurasian Economic 
Union, the rules of good clinical practice of the 
International Council for Harmonization (ICH E6 GCP R2), 
as well as other legislative acts applicable to this study. 
The clinical trial protocol was approved by the Ministry 
of Health of Russia (Permit No. 640 dated 2022 Nov 07) 
and the Ethics Council (extract from Protocol No. 317 
dated 2022 Sep 06), as well as the local ethics committee 
at the research center (the extract from Protocol No. 262 
dated 2022 Nov 17).

Objects of study
A total of 68 healthy volunteers were included 

in the study. Inclusion criteria were used: a male 
gender, the age of 18–45 years, a verified diagnosis of 
“healthy”, a body mass index (BMI) 18.5–30 kg/m2. The 
main exclusion criteria were the presence of chronic 
diseases of various organ systems, mental problems, 
hypersensitivity to the test drugs, lactose intolerance, 
the use of prohibited therapy drugs before the start 
of the study, or the presence of a positive PCR test for  
SARS-CoV-2. A volunteer was excluded from the study 
if he or she had withdrawn their formed consent, had 
received prohibited therapy, had grossly violated the 
requirements and procedures of the protocol, had 
experienced adverse events in which the volunteer’s 
further participation in the study might be unsafe, or 
death. Before the start of the study, all participants 
familiarized themselves with the procedure for 
conducting the study and signed an informed consent 
form. A randomization into groups was performed 
in the ratio of 1:1 using the method of randomization 
envelopes.
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Drugs administration
The test drug was Arpaxel (film-coated tablets,  

150 mg), in combination with Norvir® (ritonavir), 
film-coated tablets, 100 mg. The reference drug was 
the original drug nirmatrelvir/ritonavir ‒ Paxlovid, 
film-coated tablets (150+100 mg). The volunteers 
were randomized to one of the groups – TR or RT. In 
group 1 (TR), the volunteers received the test drug in 
combination with ritonavir in period 1, and the reference 
drug in period 2. In group 2 (RT), the drugs were taken 
in the reverse order. The volunteers were given each 
of the drugs on an empty stomach as a single dose – 
300 mg nirmatrelvir (2 tablets) and 100 mg ritonavir (1 
tablet). The wash-out period between the doses of the 
drugs was 7 days. According to the literature data, the 
half-life (T1/2) of nirmatrelvir administrated as a single 
dose in combination with ritonavir, is 6–7 h [20]3. Thus, 
in order to minimize the risks of the first dose of the 
drugs affecting the nirmatrelvir pharmacokinetics (PK) in 
the 2nd period, the wash-out period should be at least  
5 half-lives, i.e., at least 36 h.

The drugs were taken under the supervision of 
medical personnel. During the study, a special regimen 
of eating and drinking was kept to. The use of the drugs 
and dietary supplements that could have a pronounced 
effect on the hemodynamics or a liver function, could 
be inhibitors or inducers of CYP3A4 or P-glycoprotein, 
was forbidden. The drugs that increase the pH of the 
gastric juice, as well as a regular oral or patented use of 
other medicines and biologically active additives, were 
forbidden, too.

Sampling and sample preparation
To assess the concentration of nirmatrelvir in the 

volunteers’ blood, the venous blood was sampled at the 
following time points: before taking the drug, then after 
15, 30, 45 min, 1 h, 1 h and 15 min, 1 h and 30 min, 1 h  
and 45 min, 2 h, 2 h and 15 min, 2 h and 30 min, 2 h and 
45 min, 3 h, 3 h and 15 min, 3 h and 30 min, 3 h and 45 
min, 4 h, 4 h and 30 min, 5, 6, 8, 10, 12, 24 and 36 h after 
administration. The biosampling time points for the PK 
analysis were chosen in such a way as to obtain the most 
complete information in each of the of concentration-
time curve. Given that the median time to reach the 
maximum concentration (Tmax) of nirmatrelvir, according 
to the literature data, is 3 h [24], the chosen approach 
complies with the recommendations for choosing 
time points: at least at 3 points of the initial phase of 
increasing concentration, and at least at 5 points of the 
phase of decreasing concentration.

In case of the biosampling time deviation from the 
dew point, it was necessary to register its actual time. 

3 WHO/PQT: medicines Guidance Document 28 April 2022 Notes 
on the design of bioequivalence study: Nirmatrelvir+ritonavir. URL: 
https://extranet.who.int/pqweb/sites/default/files/documents/BE_
Nirmatrelvir_Ritonavir_28April2022.pdf

The actual time of biosampling was used to calculate 
pharmacokinetic parameters.

Blood sampling was carried out in test tubes 
containing K2EDTA as an anticoagulant. After that, 
the samples were centrifuged in a Biosan LMC-3000 
centrifuge (Biosan, Latvia) with an acceleration of 2000 g 
for 15 min to separate the plasma. The obtained samples 
were stored frozen at the temperature not exceeding – 
65°C.

Analytical method
Nirmatrelvir plasma concentrations were 

determined by a validated high performance liquid 
chromatography with a tandem mass spectrometry 
(HPLC-MS/MS) method.

The sample preparation was performed by 
precipitating blood plasma proteins with chilled 
acetonitrile (LC/MS, Biosolve B.V., Netherlands) 
containing 0.1% formic acid. The HPLC system of the 
Sciex 5500 system (SCIEX, USA) and a hybrid triple 
quadrupole mass spectrometer with an electrospray 
ionization QTRAP 5500 (SCIEX, USA) were used for the 
study. Chromatographic separation was performed using 
a Waters Acquity BEH C18 Column, S-1.7 µm, 50×2.1 mm, 
chromatographic column in a gradient elution mode 
with a flow rate of 0.5 mL/min. A solution of ammonium 
formate (Sigma-Aldrich, USA) and formic acid (PA-ACS, 
Panreac, Spain) in water was used as mobile phase A, 
and a solution of formic acid in acetonitrile (HPLC-S,  
Biosolve B.V., Netherlands) was used as phase B). During 
the 1st minute of the analysis, 45% of phase A and 55% of 
phase B were injected. During the 2nd min, only phase B 
was injected, and at the end of the 2nd min and until the 
end of the analysis, 45% of phase A and 55% of phase 
B were injected. Ezetimibe was used as an internal 
standard. The retention time for nirmatrelvir was 0.5 
min, for ezetimibe, it was 0.6 min. The total analysis 
time was 2.5 min. The lower limit of quantitation for 
nirmatrelvir was 10 ng/mL.

The data analysis was performed using Analyst 1.7.2 
Software (SCIEX, USA). The analyte concentration was 
determined by the calibration curve of the dependence 
of the chromatographic peaks’ areas of the analyte and 
the internal standard on the nominal concentration. To 
construct a calibration curve, a linear regression with the 
1/x2 normalization was used. The correlation coefficient 
was not less than 0.99.

Safety assessment
The safety endpoints included the incidence and 

severity of all adverse events (AEs) and serious adverse 
events (SAEs). The incidence of grade 3–4 AEs, the 
incidence of the adverse events that led to an early 
termination of participation in the study, and the 
frequency of the AEs associated with study medications, 
were determined by CTCAE 5.0.

DOI: 10.19163/2307-9266-2023-11-1-62-71
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Table 1 – Obtained values of pharmacokinetic parameters after taking test and reference drugs (N=68)

Pharmacokinetic parameters Test drug (T) 
(n=68)

Reference drug (R)
(n=67)

AUC(0–36), (ng/mL)*h 24 902.7±7 959.97 25 343.81±7 789.17
Cmax, ng/mL 2 411.17±808.21 2 580.54±869
AUC(0–∞), (ng/mL)*h 25 930.98±8 594.38 25 981.73±7 981.04
Tmax, h 2.5 [1.7; 3.25] 2.25 [1.75; 3]
T1/2, h 7.73±2.85 6.46±1.75

Note: n ‒ the number of participants; Cmax ‒ maximum concentration; Tmax ‒ time to reach Cmax; T1/2 ‒ half-life; AUC(0–36) ‒ total area under the 
concentration-time curve in the time interval from 0 to 36 h; AUC(0–∞) ‒ area under the concentration-time curve in the time interval from 0 to 
infinity. All indicator values are presented as an arithmetic mean (standard deviation), except Tmax, which presented as a median (minimum – 
maximum).

Figure 1 – Study design CJ051032185
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Figure 2 – Dynamics of nirmatrelvir concentration (mean±95% CI) after taking the test drug in combination with 
ritonavir (T) (n=68) and the reference drug Paxlovid (R) (n=67)

Note: R – reference drug, T – test drug+ritonavir.
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Table 2 – Calculated 90% CI values for ratios of pharmacokinetic parameters of nirmatrelvir  
after taking test and reference drugs

Parameter Geometric mean T/R ratio Calculated values of 90% CI CVintra
1

AUC(0–36) 98.4 93.27-103.74 18.57

Cmax 93.8 87.26-100.83 25.43

Note: CVintra
1 – intra-individual coefficient of variability; CIs – confidence intervals; T – test drug + ritonavir; R – reference drug.

Table 3 ‒ Summary of AEs frequency after taking each of the drugs

Adverse effect Test drug (T) 
(N=68), n (%)

Reference drug (R) 
(N=67), n (%) P1 value

Laboratory and instrumental data
Increase in blood bilirubin level 1 (1.47) 0 (0.00) 0.317
Decrease in platelet count 2 (2.94) 1 (1.47) 0.564
Increase in lymphocyte count 0 (0.00) 1 (1.47) 0.317

Hematopoietic system disorders
Anemia 0 (0.00) 3 (4,41) 0.083

Nervous System Disorders
Headache 0 (0.00) 1 (1.47) 0.317
Dysgeusia 7 (10.29) 4 (5.88) 0.317

Vascular disorders
Hypertension 20 (29.41) 17 (25.00) 0.67

General disorders and reactions at the injection site
Asthenia 0 (0.00) 1 (1.47) 0.317

Note: 1 is the level of significance when comparing the occurrence frequency of at least one specified adverse event (AE) after taking drugs 
(McNemar criterion). N is the number of subjects who took the specified drug or any of the drugs at least once. When calculating the frequency 
(%), the number of volunteers in the general population is taken as 100%. All AEs listed in the table belong to the 1st degree of severity.

For a close monitoring of safety in this study, 
a periodic evaluation of the vital signs, laboratory 
parameters (clinical and biochemical blood tests, 
urinalysis), a physical examination, ECG were performed. 
All the AEs were recorded from the start of the test drugs 
administration to the end of the follow-up. The AEs were 
coded using the Regulatory Dictionary of Medical Terms 
(MedDRA) [21].

Statistical analysis
The following parameters were used to calculate the 

sample size: the study power was 0.8 (80%); the level 
of statistical significance α was 0.05 (5%); according to 
literature sources, the intra-individual coefficient of the 
variation for nirmatrelvir Cmax was 0.36 (36%). Taking into 
account the potential risk of dropping out from the study 
up to 25% of volunteers, 68 volunteers were planned to 
be included in the study.

A statistical analysis was performed using the freely 
distributed software package for a statistical analysis 
R-4.2.0 (R Foundation for Statistical Computing, Austria).

The nirmatrelvir pharmacokinetics was assessed 
using the following parameters: AUC(0–36) – the area 
under the concentration-time curve in the time interval 
from 0 to 36 hours; Cmax – the maximum concentration; 
Tmax – the time to reach Cmax; T1/2 – half-life; AUC(0–∞) is the 
area under the “concentration-time” curve in the time 
interval from 0 to infinity.

The comparison of the drugs PK parameters was 
performed using the Wilcoxon test for linked samples. 
The frequencies of adverse events were compared using 
the McNemar test. Bioequivalence was assessed using 
the analysis of variance (ANOVA), which is a parametric 
method applied to log-transformed PK values (AUC 
and Cmax). The statistical analysis also took into account 
various sources of variability that could affect the 
variables under study. The following parameters were 
used as fixed factors for constructing the ANOVA model: 
the drug use sequence; a period and drug; the subject 
of the study, nested in the sequence; cohort; the subject 
nested in the sequence nested in the cohort; the 
sequence nested in the cohort.

Based on the residual variation obtained from 
ANOVA, a 90% CI was calculated for the ratio of the 
geometric means of the logarithmically transformed 
baseline PK parameters (AUC(0–36) and Cmax) 
calculated for test and reference drugs. To establish 
bioequivalence, the obtained CIs were compared with 
the prespecified bioequivalence limits, taken equal  
to 80.00–125.00%.

RESULTS
Population
A total of 68 male volunteers were included in 

the study: 35 in the TR group and 33 in the RT group. 
Since the hospitalization of all the 68 volunteers to the 
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clinical site for the study procedures was difficult, the 
volunteers were divided into 2 cohorts, which were 
included in the study 9 days apart. All the volunteers 
received at least one dose of test or reference drugs and 
were therefore included in the safety population. All 
the 68 volunteers were included in the pharmacokinetic 
analysis population. The bioequivalence population 
included 67 volunteers, since 1 volunteer from the TR 
group had been withdrawn from the study before the 
start of period 2 due to the withdrawal of an informed 
consent. All but one volunteer were white people, and 
that only volunteer belonged to asians. The mean age 
of the volunteers was 27.10 (±5.75) years, their body 
weight was 74.74 (±9.57) kg, and the BMI was 23.37 
(±2.51) kg/m2. Demographic and baseline characteristics 
of the volunteers did not differ between the groups.

Pharmacokinetics and bioequivalence
Pharmacokinetic parameters of nirmatrelvir after 

the administration of the test or reference drugs, are 
presented in Table 1. Fig. 2 is a graph of mean nirmatrelvir 
concentrations after studying the drugs.

After taking the test drug, AUC(0–36) was 
24 902.7±7 959.97 ng*h/mL, and after taking the 
reference drug, it was 25 343.81±7 789.17 ng*h/mL. 
The maximum concentration of nirmatrelvir Cmax was 
2 411.17±808.21 and 2 580.54±869 ng/mL for the test 
and reference drugs, respectively. The values of the 
main pharmacokinetic parameters obtained after the 
use of the test and reference drugs, in general, were 
comparable between the drugs. Statistically significant 
differences between the drugs were observed in terms 
of T1/2 (p=0.01), however, it should be noted that this 
indicator does not affect the assessment of the drugs 
bioequivalence, and there was no significant difference 
between the main pharmacokinetic parameters (Cmax 
and AUC).

To assess the drugs bioequivalence, the AUC(0–36) 

parameter was used, since the obtained values of this 
indicator were more than 80% of the AUC(0–∞) values. 
The calculated 90% CI for the ratio of geometric 
mean AUC(0–36) of the test and reference drugs was  
93.27–103.74%. For the ratio of geometric mean Cmax 
of the compared drugs, the 90% CI was 87.26-100.83%. 
The intervals obtained during the study, fully correspond 
to the established equivalence limit for AUC(0–36) and 
Cmax – 80.00–125.00%, which clearly demonstrates 
the bioequivalence of the test and reference drugs  
(Table 2).

ANOVA results showed that the sources of variation 
such as drug differences, cohort, and period did not 
significantly affect the variables being evaluated. 
However, the sequence of the drug administration 
was found out to have a statistically significant effect 

on AUC(0–36) and AUC(0–∞), and the cohort: period –  
on Cmax.

When analyzing the results obtained, it was 
concluded that the statistically significant effect of the 
drug administration sequence and the period within 
the cohort identified during the analysis of variance, 
was due to external random factors and had no clinical 
significance.

Safety
In the study, a total of 61 AEs were reported in 43 

volunteers. The data on AEs are presented in Table 3. 
The most common AEs (more than 5% in any of the 
groups) were dysgeusia and hypertension. Dysgeusia 
was observed in 7 (10.29%) volunteers after taking 
the test drug and in 4 (5.55%) volunteers after taking 
the reference drug. Hypertension was observed in 20 
(29.41%) and 17 (25.00%) volunteers after taking the 
test and reference drugs, respectively. There were no 
significant differences between the compared drugs in 
the frequency of registration of adverse events (p >0.05). 
According to CTCAE 5.0, all the AEs registered during the 
study were classified as grade 1. No grade 2-5 AEs were 
registered.

According to the investigators, fewer than half 
of the reported AEs were related to the test drug. For 
the majority of AEs, the degree of association with the 
test drug was considered “doubtful”. The association of 
AEs with the drug use was established in 14 (20.59%) 
and 13 (19.12%) volunteers after taking the test drug 
in combination with ritonavir and the reference drug, 
respectively. 

During the study, an association of AEs with the study 
medications was classified as “possible” for 1 case of 
anemia, 1 case of asthenia, and 14 cases of hypertension  
(7 after taking the test drug in combination with 
ritonavir and 7 after taking the reference drug). The 
drug association was classified as probable for 1 case of 
AE, a headache. The drug association was classified as 
certain for all 11 cases of AE dysgeusia. The frequencies 
of these events were comparable between the drugs. 
The reported AEs that the investigators considered drug-
related, were consistent with the spectrum of adverse 
drug reactions of nirmatrelvir/ritonavir.

DISCUSSION
Nirmatrelvir has an antiviral activity against SARS-

CoV-2 by inhibiting the main viral protease 3CLpro. The 
inhibition of 3CLpro by nirmatrelvir leads to the disruption 
of the polyprotein precursors processing, resulting in 
the termination of the viral replication [22, 23]. Due to 
the fact that nirmatrelvir is a substrate for the CYP3A4 
enzyme, it is recommended to take it simultaneously 
with the pharmacokinetic enhancer ritonavir. In its turn, 
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ritonavir is an inhibitor of CYP3A4, i.e., it reduces the 
rate of nirmatrelvir metabolism and thereby increases 
its systemic exposure [24, 25]. In Russia, ritonavir is 
registered as a part of combined drugs, as well as in 
the form of an independent drug. Due to the fact that 
ritonavir mono-preparations are commercially available, 
LLC "Drug Formulation" has developed a generic drug 
of nirmatrelvir, which does not include tablets with 
nirmatrelvir. In order to implement the state registration 
of the drug, a clinical bioequivalence study has been 
conducted.

The results of the clinical study showed that the 
PK parameters of the generic drug nirmatrelvir, when 
used together with ritonavir, are comparable to the PK 
parameters of the original drug nirmatrelvir/ritonavir. 
When conducting a statistical analysis of bioequivalence, 
the obtained 90% CI for the ratios of the geometric mean 
AUC and Cmax nirmatrelvir values do not go beyond the 
specified intervals of 80.00–125.00% for these indicators, 
which confirms the bioequivalence of the test and 
reference drugs.

The data obtained as results of the study, are also 
consistent with the information available in the literature 
on the pharmacokinetics of the original drug nirmatrelvir/
ritonavir. According to the data in the FDA fact sheet 
for healthcare providers on the original drug Paxlovid, 
as well as in the official instructions for the medical use 
of nirmatrelvir preparations placed in the State Register 
of Medicines, the geometric mean for nirmatrelvir 
Cmax value after a single use on an empty stomach in 
combination with ritonavir is 2.21 mcg/mL, i.e., about 
2 210 ng/mL. In the present study, the geometric mean 
Cmax of the generic nirmatrelvir preparation practically 
did not differ from the literature data and was equal 
to 2274 ng/mL. The geometric mean AUC(0–∞) of the 
original drug, according to the literature data, and 
the generic drug according to our study, are 23.01  
(23 010 ng*h/mL) and 24 596 ng*h/mL, respectively. 

According to the literature data, the median Tmax and 
mean T1/2 of the original drug are 3.00 and 6.05 h, 
respectively. In this study, the generic drug showed 
similar values – 2.5 and 7.7 h for the median Tmax and 
mean T1/2.

The test and reference drugs were well tolerated 
by the volunteers. After taking the test and reference 
drugs, the incidence of AEs had no statistically significant 
differences. The AEs that were characterized by the 
investigators as drug-related were consistent with 
the published safety data for nirmatrelvir/ritonavir 
preparations. The most common adverse events, which 
occurred in more than 5% of participants, were dysgeusia 
and hypertension. According to the information 
specified in the instructions for the medical use of 
nirmatrelvir medicinal products, dysgeusia is a common 
(1–10%) adverse reaction when using these drugs. 
The hypertension AE is a common adverse reaction 
(1–10%) for ritonavir preparations in combination 
with nirmatrelvir/ritonavir used as a pharmacokinetic 
enhancer for nirmatrelvir.

CONCLUSION
In accordance with the protocol and requirements 

for confirming the bioequivalence of two drugs in 
agreement with international guidelines and legal 
requirements of the EAEU, the 90% CI obtained in this 
study for the ratio of the geometric mean AUC(0–36) and 
Cmax, is fully within the range of 80.00–125.00%. Thus, 
it can be concluded that the test and reference drug 
nirmatrelvir are bioequivalent. It is also worth noting 
that the compared drugs showed a good tolerability and 
comparable safety profiles.

Based on the results of the bioequivalence study, 
Arpaxel was registered in the Russian Federation under 
the procedure for registering the drugs intended for 
use under the threat of occurrence and liquidation of 
emergencies.
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