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Molnupiravir is one of the drugs for the etiotropic therapy of a new coronavirus infection COVID-19. It has confirmed its
clinical efficacy in the treatment of patients with mild and moderate COVID-19, including those who are at high risk of
progressing to severe disease.

The aim of the study was to evaluate bioequivalence of the generic drug molnupiravir ALARIO-TL and the original drug
Lagevrio with a single oral administration in healthy volunteers.

Materials and methods. This bioequivalence study was an open, randomized, two-period crossover study. In each of the
two periods, volunteers received a single dose of the test drug, or reference drug molnupiravir, in the form of capsules at
the dose of 200 mg. The washout period between the doses was 3 days. To determine pharmacokinetic (PK) parameters and
bioequivalence, the concentration the concentration of N-hydrozycytidine (NHC), the main molnupiravir metabolit in the
blood plasma of volunteers was evaluated. The blood plasma sampling was carried out in the range from 0 to 16 hours in each
of the study periods. Bioequivalence was assessed by comparing 90% confidence intervals (Cls) for the ratio of geometric
means of AUC(O_ls) and C__ of the test drug and reference drugs with the established equivalence limits of 80.00 — 125.00%.
Results. A total of 28 healthy male volunteers were included in the study. According to the results of the statistical analysis,
after the administration of the test and reference drugs, the 90% Cls for the ratio of the geometric means of AUC (015 @Nd
C... were 96.31% — 113.64% and 91.37% — 114.8%, respectively. These intervals fit within the established limits of 80.00—
125.00%, which confirms the bioequivalence of the drugs. When comparing the frequency of the individual adverse events
registration, no significant differences were found out after the administration of the test and reference drugs.

Conclusion. Based on the results of this study, it can be concluded that the test and reference drugs of molnupiravir are
bioequivalent. In addition, the data obtained indicate that the drugs have similar safety profiles.
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Abbreviations. COVID-19 — a novel coronavirus infection caused by the SARS-CoV-2 virus; NHC, N-hydroxycytidine;

Cl — confidence interval; AUC — area under the concentration-time curve; AUCD_t/AUCO_16 — area under the
concentration-time pharmacokinetic curve from zero to the last blood withdrawal at which the drug concentration
is equal to or higher than the lower limit of quantitation; AUC__ — area under the concentration-time

pharmacokinetic curve, starting from zero time, extrapolated to infinity; C__ — the maximum concentration of the
drug in blood plasma; NHC-TP — N-hydroxycytidine triphosphate; T — time to reach the maximum concentration;
HPLC-MS/MS — high performance liquid chromatography with tandem mass spectrometry; GLP — Good Laboratory Practice;

AE/SAE — undesirable/serious adverse event; CDKT — comparative dissolution kinetics test; BMI — body mass index.

For citation: V.B. Vasilyuk, AYu. Boroduleva, P.D. Sobolev, A.G. Nikiforova, V.G. Mozgovaya, O.V. Filon, AV. Zinkovskaya, V.G. Ignatiev,
M.Yu. Samsonoy, I.S. Kozlova, E.K. Khanonina. Bioequivalence study of generic molnupiravir in healthy volunteers. Pharmacy & Pharmacology.
2022;10(6):562-572. DOI: 10.19163/2307-9266-2022-10-6-562-572

© B.b. Bacuniok, A.FO. bopodynesa, 1.[]. Cobones, A.I. Hukugopoea, B.Il. Mo3zoeas, O.B. ®unoH, A.B. 3uHKoeckas,

B.I. Ucznambes, M.FHO. CamcoHos, U.C. Ko3nosea, E.K. XaHoHuHa, 2022

Ana umutuposBaHua: B.6. Bacuniok, A.lO. bopoaynesa, MN.[. Cobones, A.l. Hukudoposa, B.I. Mosrosas, O.B. ®unoH, A.B. 3MHKOBCKasn,
B.l. UrHatbeB, M.KO. CamcoHos, W.C. Kosnosa, E.K. XaHoHMHa. WccneposaHve 6GMOIKBMBANEHTHOCTM BOCMPOM3BEAEHHOrO Mpenaparta
MO/HYNUPaBMpa Y 340p0BbIX 406poBONbLEB. Papmayusa u papmaronoaus. 2022;10(6):562-572. DOI: 10.19163/2307-9266-2022-10-6-562-572

562 Volume X, Issue 6, 2022


https://crossmark.crossref.org/dialog/?doi=10.19163/2307-9266-2022-10-6-562-572&domain=pdf&date_stamp=2022-12-31
mailto:khanonina@rphapm.ru

Hay4HO-NpaKTU4eCKNit XypHan OPUTUHAJIbBHAA CTATbA

OAPMALMA U | OPHTHHATE A T
(DAPMAKOHOFMH DOI: 10.19163/2307-9266-2022-10-6-562-572

UCCIIENOBAHUE BUOJ3KBUBAJIEHTHOCTHU
BOCIMNPOU3BEAEHHOIO NPENMAPATA MOJIHYMAPABUPA
Yy 30OPOBbIX JOBPOBOJIbLUEB

B.b. Bacunok'?, A.10. bopogynesa®, MN.4. Co6ones?, A.l. Hukudoposad, B.l. Mosrosas*,
0.B. dunon*, A.B. 3uHkosckas®, B.I. UrHatbes®, M.}O. CamcoHoB?, U.C. Ko3nosa*, E.K. XaHOHuHa*

1 06LLecTBO C OrpaHUYEHHOM OTBETCTBEHHOCTbIO «HayuyHOo-McCnen0BaTeNbCKUIA LeHTP IK0-6e30MacHOCTb»
(000 «HWL, dKo-6e30nacHOCTbY),

196143, Poccus, r. CaHKT-leTepbypr, np-T Opusa MarapuHa, 4. 65

2 depepanbHOE rocyAapcTBeHHOE broaKeTHOe 06pa3oBaTeNbHOE yuYpeXaeHue Bbiclero 06pasoBaHus
«CeBepo-3anagHblii rocyaapCTBEHHbIM MeANUNHCKUIA yHUBepcuTeT uMeHn U.W. MeuHuKkoBa»
MwuHuCcTepcTBa 34paBooxpaHeHuns Poccuiickoit ®epepaumm,

191015, Poccus, r. CaHKT-MNeTepbypr, ya. KupoyHas, 4. 41

® 06LLECTBO C OrpaHUYEHHOW OTBETCTBEHHOCTbIO «IK3aKT3 J1abey,

117246, Poccus, MockBa, Hay4Hbi npoesg, 4. 20, cTp. 2

4 AKUMOHepHoe 06LecTBO «P-Gapmy,

123154, Poccua, r. Mocksa, yn. bep3sapuHa, 4. 19, kopn. 1

E-mail: khanonina@rphapm.ru

MonyyeHa 21.08.2022 Mocne peueH3snposaHua 12.10.2022 MpuHATa K nevatn 20.11.2022

MonHynupasup — O4MH U3 NMpPenapaToB 3TUOTPOMHOM Tepanuu HOBOM KopoHaBupycHon MHdeKumn COVID-19, KoTopbii
NOATBEPAM CBOIO KNNHUYECKYIO 3PPEKTUBHOCTb B TEPANUU NALMEHTOB C NEFKUM U CPELHETAKENbIM TeYEHMEM, B TOM YMcne
¢ paKTOpamu pucKa pasBUTUA TAKENOTO TEYEHUS.

Lienb. OueHKka GMOIKBMBANEHTHOCTM BOCNPOM3BEAEHHOrO Mnpenapata MoaHynupasupa A/TAPUO-T/1 u opuUrnHanbHOro
npenapara JlareBp1o Npu o4HOKPATHOM NepopasibHOM NPUMEHEHUN Y 340POBbIX LO6POBONbLEB.

Matepuanbl u metoapl. [laHHOe ncciegoBaHne 6UO3KBUBANEHTHOCTM NPEACTaBAANO COBOMN OTKPbLITOE PaHAOMU3NPOBAHHOE
ABYXMepuoaHoe NepeKkpecTHoe uccnesoBaHue. B Kaxaom u3 AByx nepuogoB A06pOBOAbLbI MPUHUMANN OLHOKPATHO
nccnenyembliii UAn pedepeHTHbIM npenapaT MOAHYNMpaBupa B Buae Kancyn B fo3se 200 mr. OTMbIBOYHbIV NepUoa, Mexay
npuemamu npenapatos coctasun 3 cyT. Ans onpegeneHns GapMakoOKMHETUYECKUX NapaMeTpoB U BUOIKBUBANEHTHOCTU
OLEHMBAMIM KOHLIEHTPALMIO OCHOBHOro MeTabonuTta MmosiHynupasupa N-rugpokcuuntuguHa (NHC) B nnasme Kposu
nobposonbLes. OT6op 06pa3uoB N1a3Mbl KPOBU NMPOU3BOAWMAM B UHTEpPBase OT ToYkM O A0 16 4 B KaXKAOM U3 Nepuosos
nuccnenoBaHuA. BUOIKBMBANEHTHOCTb OLLeHWBaNW, cpaBHMBas 90% posepuTenbHble MHTepBanbl (W) Ans OTHOLWEHWA
CpefHUX reoMeTpUYecKUX 3HauyeHuwn AUC(HG) n C__ wncciepyemoro M pedepeHTHOro Mpenapatos C yCTaHOBNEHHbIMM
npegenamm sKBMBaneHTHOCTU, paBHbimu 80,00—125,00%.

Pe3ynbratbl. Bcero B uccnegoBaHue 6bino BKAWYEHO 28 340POBbIX A0O6POBOMLLEB MYKCKOro mosa. Mo pesynbratam
NpPOBeAEHHOr0 CTAaTUCTUYECKOro aHanusa, 90% AW ana OTHOWEHWA CpeaHWX FeOMETPUYECKMX MoKasaTtenemn AUC(HG)
u C__ nocne npuema uccneayemoro u pedepeHTHoro npenapatos coctasunn 96,31% — 113,64% v 91,37% — 114,8%,
COOTBETCTBEHHO. [laHHble WMHTEpBa/ibl YKNAAbIBAKOTCA B YyCTaHOB/EeHHble npegenbl 80,00-125,00%, 4To noATBepKAaeT
6M03KBMBANEHTHOCTb NPenapaTtos. [pn CpaBHEHMUM YACTOTbl PErUCTPALLUM OTAE/bHbIX HEXenaTeslbHbIX ABNEHUA He 6bino
BbIAB/IEHO JOCTOBEPHbIX Pa3INUMiA NOCAe NpUema nccaegyemoro U pepepeHTHoOro npenapaTos.

3akntoueHume. o pesynbratam AaHHOTO UCCAeA0BaHUA MOXKHO 3aK/I0UYUTb, YTO UCCeayeMbI U pedepeHTHbIM NpenapaThbl
MOJIHYNMpaBupa 6MoaKBMBaANEHTHbl. Kpome Toro, monyyeHHble AaHHble YKa3blBalOT Ha TO, YTO npenapaTbl obiasatoT
CXOAHbIMU NpodunaMm HesonacHocTH.

Kniouesblie cnosa: COVID-19; monHynupaBump; 6UO3KBMBANIEHTHOCTb; GapMaKOKMHETUKA; N-rMapOKCULUTUANH

Cnucok cokpaweHuii: COVID-19 — HoBas KopoHaBupycHas WHdeKuus, BbidBaHHaA Bupycom SARS-CoV-2; NHC -
N-ruapokcnuntTuanH; AN —poseputenbHbii MHTepBan; AUC—naowaab noa KPpUBOM « KOHLLEHTPALMA—BPEMSA»; AUCO_t/AUCO_m—
naowaab nog GapMakoKMHETUYECKON KPUBOM «KOHLEHTPALMUA—BPEMSA» OT HYAA 40 NOCAeAHEro 0Tbopa KPOBM MPU KOTOPOM
KOHLEHTpauu1A npenapara paBHa Wiu Bbille HUKHETO Mpefena KonnyecTseHHoro onpegenenuns; AUC,  — naowaap noa,
hapMaKOKMHETUYECKON KPUBOM KKOHLLEHTPALMA—BPEeMA», HaYMHAA C HYN1IEBOrO 3HAYEHWUA BPEMEHM, SKCTPANOANPOBAHHAA
00 6eckoHeYyHoCTH; C...x — MaKcMmanbHaa KOHUEHTpauwa npenapara 8 niasme Kposu; NHC-TP — N-ruapoKcuumT1amH
Tpudocdat; T — BpemA LOCTUKEHUA MAKCUMA/IbHOM KOHLEHTpaLum; BIKX-MC/MC — BbICOKOIDDEKTMBHAA MUAKOCTHAA
XpomaTtorpadua € TaHAEMHOM Macc-cnektpomerpuein; GLP — Hagsneskauwas nabopatopHasa npaktuka; HA/CHA -
HexenatesbHoe/cepbe3Hoe HexkenatenbHoe asaeHne; TCKP — Tect cpaBHUTENbHOM KMHETUKM pacTBopeHus; UMT — nHaeKc
Mmaccol Tena.
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INTRODUCTION

The novel coronavirus infection (COVID-19)
pandemic has significantly increased the burden on
healthcare systems around the world and required
decisive measures, in particular, an active search for
effective treatments [1-4]. Currently, there are 3
main areas of therapy for the treatment of COVID-19:
etiotropic (antiviral), pathogenetic and symptomatic.

Molnupiravir is an antiviral drug that is effective
against SARS-CoV-2. It is a prodrug that is chemically
a 5’-isobutyrate ester of the ribonucleoside
analog of N-hydroxycytidine (NHC). Once in the
bloodstream, molnupiravir is hydrolyzed to NHC,
which, upon penetrating into the cell, is transformed
to  pharmacologically active  N-hydroxycytidine
triphosphate (NHC-TP). NHC-TP, in turn, is inserted into
viral RNA by viral RNA polymerases and generates errors
in the genetic code of the virus. Genome errors caused
by NHC-TP, accumulate, disrupting viral replication. Thus,
the antiviral effect of molnupiravir is realized [5-7].

In clinical studies, molnupiravir has demonstrated
efficacy in the treatment of the novel coronavirus
infection COVID-19 and a favorable safety profile [8—12].
The recommended dosage regimen of molnupiravir
for COVID-19 is 800 mg twice/daily, regardless of food
intake for 5 days.

At the end of 2021, molnupiravir was approved for
the use in adult patients with mild to moderate COVID-19
with risk factors for developing a severe disease in
various countries, incl. the US, Europe and the UK. In
addition, it is included in the Interim Guidelines of the
Ministry of Health of Russia “Prevention, diagnosis and
treatment of a novel coronavirus infection (COVID-19)”,
starting with version 14 dated 27 December, 2021.

The original drug of molnupiravir is Lagevrio,
which was registered in Russia in 2022 by “MSD
Pharmaceuticals” LLC and is presented in the form of
capsules, 200 mg. LLC “Technology of Medicines” has
developed a generic drug molnupiravir — ALARIO-TL. 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 molnupiravir ALARIO-TL and the
original drug Lagevrio with a single oral administration
in healthy volunteers.

MATERIALS AND METHODS

Study design

The bioequivalence of drugs was assessed as the
1** stage of a clinical trial with a combined two-stage
design (No. CJ051025138). The first stage of this study,
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i.e. the bioequivalence study, was a randomized two-
period crossover study with a single oral fasting dose
of 200 mg of test and reference drugs in healthy
volunteers.

The study design was developed taking into
account  both  Russian  recommendations  for
conducting bioequivalence studies! and international
guidelines?. The WHO recommendations®
on conducting bioequivalence studies of drugs based
on molnupiravir, were also taken into account when
planning the design.

Prior to the start of the study protocol
No. CJ051025138 was approved by the Russian
Ministry of Health and the Ethics Council under it
(Permission No. 294 dated 20 Apr, 2022), as well as by
the local ethics committees of the study site (Protocol
No. 236 dated 28 Apr, 2022). The study was conducted in
full compliance with the requirements of Good Clinical
Practice of the International Council for Harmonization
(ICH GCP) E6 (R2), the rules of good clinical practice of
the Eurasian Economic Union, the ethical principles of
the Declaration of Helsinki of the last revision and other
applicable legislative acts of the Russian Federation and
the Eurasian Economic Union.

The clinical stage of the bioequivalence study was
conducted on the basis of Eco-safety Research Center
LLC from Apr 28 to May 18, 2022.

Before starting the study, a in vitro equivalence
dissolution test and a comparative quantitation
were performed using the same series that were
subsequently used in the bioequivalence study. In vitro
equivalence dissolution test was carried out using a
paddle stirrer type device and a device for immersion
under the conditions of a stirrer rotation of 75 rpm, the
temperature of 37+0.5°C, and the medium volume of
900 ml. Three dissolution media were used for testing:
a buffer solution pH 1.2; an acetate buffer solution pH
4.5; a phosphate buffer solution pH 6.8. The samples
were analyzed at points 10, 15, 20, 30, 45, and 60 min by
UV spectrophotometry. As a research result of both the
test and the reference drugs, in all media, the release
of more than 85% of the active substance was observed

! Decision of Council of the Eurasian Economic Commission of
November 3, 2016 No. 85 “About approval of Rules of carrying out
researches of bioequivalence of medicines within the Eurasian
Economic Union”.

2 Committee for Medicinal Products for Human Use (CHMP).
Guideline on the investigation of bioequivalence. Doc. Ref.: CPMP/
EWP/QWP/1401/98 Rev. 1/ Corr **, 2010. Available from: https://
www.ema.europa.eu/en/documents/scientific-guideline/guideline-
investigation-bioequivalence-revl_en.pdf

3WHO, Guidance Document 15 November 2021, Notes on the design of
bioequivalence study: Molnupiravir. Available from: https://extranet.
who.int/pqweb/sites/default/files/documents/BE_molnupiravir_
Nov2021.pdf
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within 15 min, which made it possible to consider the
dissolution kinetics equivalent without mathematical
evaluations. The quantification showed that the content
of the active substance in the preparations differed by no
more than 5%, and the release profiles of molnupiravir
in vitro equivalence dissolution test were equivalent,
which confirmed the correctness of the series choice of
the test and reference drugs.

Study population

In total, 31 healthy volunteers were screened,
and 28 volunteers of them were successfully screened
and randomized (14 volunteers in each group). The
randomization was carried out using the envelope
method. The main inclusion criteria were: a male
gender; an age of 18-45 years; a body mass index
18.5-30 kg/m?, a verified diagnosis “healthy” according
to standard clinical, laboratory and instrumental
methods of examination. The volunteers with a positive
test for SARS-CoV-2, an aggravated allergic history,
hypersensitivity to the components of the study
products, as well as chronic diseases of various organ
systems, were not allowed to participate in the study.
The criteria for an discontinuation from the study were:
withdrawal of an informed consent, the occurrence of
adverse events (AEs) or serious adverse events (SAEs) in
volunteers, in which a further participation in the study
was undesirable, death, use of the prohibited therapy,
and significant protocol violations. No replacing of the
retired volunteers had been provided.

Administration of study products

In this research, the test (T) was a generic drug of
molnupiravir — ALARIO-TL (“R-Pharm” JSC, Russia), in
the dosage form of capsules, 200 mg. As a reference
drug (R), the original drug Lagevrio, capsules, 200 mg
(Patheon Pharma Services, Thermo Fisher Scientific
Inc, USA) was used. The volunteers were randomized to
one of the groups with a different sequence of dosing
(TR or RT). The drugs were administrated twice with an
interval of 3 days at the dose of 200 mg (1 capsule). In
group No. 1 (TR), in the 1% period, the volunteers were
administrated with the test drug once, and in the 2™
period — with the reference drug; in group No. 2 (RT) —
vice versa. The duration of the washout period was
chosen to exclude a possible effect of the molnupiravir
administration in the 1% period of the study on the
pharmacokinetic (PK) parameters of the drug in the 2™
period. The average half-life of the main molnupiravir
NHC metabolite is about 3.3 h. Accordingly, to guarantee
a decrease in the concentration of molnupiravir below
the lower limit of quantitation in the volunteers at the

Tom 10, Beinyck 6, 2022

beginning of the 2" period of the study, the interval
between the drugs doses should be at least 5 half-lives,
i.e., at least 16.5 h.

Drugs were administrated in the morning on an
empty stomach after refraining from eating for at least
10 hours with 200 ml of non-carbonated drinking water
at the room temperature. The volunteers were to be in
the “sitting” position for 4 hours after taking the drug (it
was permissible to get up and walk, the “lying” position
was not allowed). If during the first 4 h after taking the
drug in any of the periods of the study, a volunteer
experienced vomiting or diarrhea, he dropped out of
the study.

Sampling and sample preparation

To assess the NHC concentration in plasma, time
points for biosampling were chosen in such a way
that the most complete data for each fragment of the
pharmacokinetic curve could be obtained. In order to
achieve this target, frequent sampling near T __ (~1 h
when taking molnupiravir at the dose of 200 mg) was
envisaged, as well as at least 3—4 points during the
terminal phase. Thus, biosampling was carried out at the
following points: before taking the test/reference drug
and then after 15, 30, 45, 60 min, 1 h and 15 min, 1 h
and 30 min, 1 h and 45 min, 2 h, 2 hand 15 min, 2 hand
30 min, 2 h and 45 min, 3 h, 3 h and 30 min, 4 h, 5 h,
6 h, 8 h, 10 h, 12 h and 16 h after dosing in each of the
2 study periods (the total of 21 sampling points in a
period). To determine the molnupiravir concentration,
timing postponement of blood sampling was not allowed
in the first 2 h; it was permitted for no more than 5 min
in the period from 3 to 16 h.

Venous blood in the volume of at least 6 ml was taken
into special vacutainer tubes containing the anticoagulant
K,EDTA. Blood plasma was separated by centrifugation at
2000 g for 10 min. Then the test tubes were frozen and
stored at the temperature not exceeding —65°C. The time
interval between blood sampling, centrifugation and
freezing did not exceed 30 min.

Analytical method

NHC, the main molnupiravir metabolite, was chosen
as the analyte in this study, since molnupiravir undergoes
hydrolysis to NHC before it reaches the systemic
circulation, as a result of which unchanged molnupiravir
is practically not detected in the blood.

All sample preparation was carried out under cooling
conditions in an ice bath, since at room temperature,
molnupiravir hydrolysis by plasma enzymes continued
after sampling. The extraction of NHC from blood plasma
was carried out by precipitation of blood plasma proteins
with chilled methanol containing 0.1% formic acid.
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Figure 2 — Dynamics of NHC metabolite concentrations (mean and 95% Cl) after taking test

and reference drugs (N = 28)
Note: R — reference drug, T —test drug.

Table 1 — Obtained values of pharmacokinetic parameters after taking test and reference drugs (n = 28)

Pharmacokinetic parameters ‘(I':s: ngt;g ?:ie;esr;ce LI
AUC, .., (ng/mi)*h 2229.66 (+963.99) 2083.21 (+656.45)
c_. ng/ml 1028.12 (+503.31) 972.68 (+317.16)
AUC, ., (ng/ml)*h 2327.01 (+984.49) 2154.71 (+673.22)
T .h 1.3 (0.8-2.5) 1.5 (0.8-2.3)
T,.h 1.7 (£0.42) 1.58 (+0.26)

Notes: n — a number of observations; Coo™ the maximum concentration of the drug in the volunteers’ blood; T, — time to reach Croo TUz -
half-life; AUC o — the total area under the curve “concentration — time” in the time interval from 0 to 16 hours; AUC, ., — the area under the
“concentration-time” curve in the time interval from 0 to infinity. The values of the indicators are presented as an arithmetic mean (standard
deviation), except T__, which is presented as a median (min — max).
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Table 2 — Calculated 90% Cl values for ratios of NHC pharmacokinetic parameters
of geometric means after test and reference drugs administration

Parameter Ratio of geometric T/R means Calculated values of 90% ClI v, ..t
AUC, 104.6% 96.31% — 113.64% 18.30%
Coax 102.4% 91.37% —114.80% 25.44%
Notes: ' —CV, _—intra-individual coefficient of variability; Cls — confidence intervals; T — test drug, R — reference drug.

Table 3 — Summary table of AEs frequency after taking each of the drugs

Test drug Reference drug 9
Adverse effect (N=28) (N=28) Pvalue
Cardiovascular disorders
Increase in diastolic blood pressure 1(3.6%) 0 (0.0%) 1.000
Laboratory and instrumental data

Increase in leukocytes number 0(0.0%) 1(3.6%) 1.000
Decrease in leukocytes number 1(3.6%) 0 (0.0%) 1.000
Increase in lymphocytes number 1(3.6%) 0 (0.0%) 1.000
Increase in creatine phosphokinase levels 1(3.6%) 0 (0.0%) 1.000

Note: * — McNemar’s criterion with Edwards’ correction. All adverse effects given in the table refer to grade 1 severity.

The plasma NHC concentration was determined
using validated high performance liquid chromatography
with a tandem mass spectrometry (HPLC-MS/MS)
technique. The determination method was developed
and validated in accordance with the standards of good
laboratory practice (GLP) and the recommendations
of Appendix No. 6 to the "Rules for Conducting
Bioequivalence Studies of Medicinal Products" within
the Eurasian Economic Union. Validation was carried out
according to the main characteristics of the methods:
extraction efficiency from plasma and the matrix effect;
a lower level of quantitation (LLOQ); a calibration range;
accuracy and precision; selectivity (specificity); a sample
transfer; stability.

The obtained samples were analyzed on an
Infinity 1290 high performance liquid chromatograph
(Agilent) equipped with a Triple Quad 5500+ (AB Sciex
Pte. Ltd., Singapore) mass spectrometric detector
with a triple quadrupole and electrospray ionization.
A chromatographic separation was carried out on
a Phenomenex Kinetex EVO C18 chromatographic
column (100A 50%x2.1 mm, 2.6 um) in a gradient elution
mode at a flow rate of 0.4 ml/min. The volume of the
injected sample was 2 pl. A combination of ammonium
acetate and methanol solutions was used as the mobile
phase. Under these conditions, the retention time for
N-hydroxycytidine was 0.5 min, the internal standard
tolbutamide was 1.8 min. The total analysis time was
4 min.

For a selective and sensitive detection of the studied
compounds, the optimal conditions for ionization in
an electrospray and registration of negatively charged
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ions were chosen (MRM transitions for NHC were
258.2/126.1, for tolbutamide — 269.1/170.2).

Quantitative data processing was carried out with
Analyst 1.7.2 program (AB Sciex Pte. Ltd., Singapore)
using the internal standard method (solution of
tolbutamide at the concentration of 1 mg/mL).

The analyte concentration was calculated from the
calibration dependence of the chromatographic peak
of the analyte to the area of the peak of the internal
standard area on the nominal analyte concentration.
The calibration curves were linear functions, the linear
concentration range for NHC was 20-5000 ng/mL.

Safety assessment

For the purpose of a safety analysis, periodic
assessments of physiological (blood pressure, pulse
rate, body temperature), hematological (erythrocytes,
hemoglobin, platelets, a leukocyte formula, an
erythrocyte sedimentation rate) and biochemical
(alanine aminotransferase, aspartate aminotransferase,
lactate dehydrogenase, creatine phosphokinase, uric
acid, glucose, total bilirubin, creatinine) indicators,
urinalysis, as well as adverse events (AEs) and serious
adverse events (SAEs) registrations, were carried
out. Laboratory and instrumental examinations were
performed at screening as well as face-to-face visits on
days 1, 4, and 6 from the start of the study. A telephone
visit on day 10+1 was chosen as an additional point
for safety monitoring. The selected safety endpoints
were: the incidence and severity of all AEs and SAEs,
the incidence of NCI CTCAE 5.0 Grade 3-5 AEs, and
the incidence of an early withdrawal from the study
associated with AEs/SAEs.
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Statistical analysis

The statistical analysis was carried out using the
software package for a statistical analysis R, version
4.2.0. (R Foundation, Austria).

The sample size was calculated taking
account the selected level of statistical significance a
equal to 0.05, power — 0.8 (80%), as well as an intra-
individual coefficient of variation for C__ and AUC 22%
molnupiravir — 0.22 (22%).

Pharmacokinetic and bioequivalence analyzes were
performed in the population of all volunteers who had
missed no more than 2 blood samplings in each of the
periods, and no more than 2 consecutive samplings. A
safety analysis was performed in the population of all
participants who had received at least one dose of test
or reference drugs.

Based on the obtained values of NHC concentrations
blood plasma, the
pharmacokinetic (PK) parameters were calculated in the
time intervals provided for in this protocol: C__ — the
maximum concentration of the drug in the volunteers’
blood; T —timetoreachC__; AUC(O_U —total area under
the concentration-time curve in the time interval from 0
to 16 hours; Tl/thalf-life; AUC(OM) is the area under the
“concentration-time” curve in the time interval from 0
to infinity.

All of the above parameters were presented using
the arithmetic mean + standard deviation (M+SD), with
the exception of T __, for which the median, minimum,
and maximum had been used.

The drugs assessed by
comparing the boundaries of confidence intervals (Cls)
for the ratio of the AUC (0-16) and C__ geometric means
after administrating the test and reference drugs
with established equivalence limits equal to 80.00—
125.00%. To establish bioequivalence, a analysis of
variance (ANOVA) of logarithmically transformed NHC
parameters necessary for assessing bioequivalence
(AUCand C__ ), was used. Based on the residual variation
of the dispersion models, the variation coefficients
of the studied parameters and the corresponding Cls
(on a logarithmic scale) were calculated to search for
the differences between the compared drugs. The
resulting Cls were inversely transformed to construct the
desired Cls for the ratio of means in the original (non-
transformed) units.

A statistical analysis took into account the sources of
variability that could affect the variable under study. The
fixed factors were used in the analysis of variance models:
the sequence of drugs, the subject of the study nested
in the sequence, the period and the drug. Analysis of

into

in the volunteers’ main

bioequivalence was
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variance was used to test hypotheses about the statistical
significance of each of these factors contribution to the
observed variability. The assessment of the residual
variation obtained by applying the analysis of variance,
was used to calculate a 90% confidence interval for the
ratio of the corresponding pharmacokinetic parameter
means.

RESULTS

Population

A total of 28 male volunteers were included in the
study. All randomized volunteers were white people.
The height and weight of the study participants were
within the normal range of body mass index (BMI). The
mean age was 26.46 (+4.74) years, the body weight was
77.55 (£9.20) kg, and BMI was 23.71 (+2.07) kg/m?2.
All volunteers completed the study according to
the protocol, and therefore were included in the
population for the evaluation of pharmacokinetics and
bioequivalence.

Assessment of pharmacokinetics

and bioequivalence

Based on the results of the NHC concentration
analysis in the volunteers’” blood plasma, the
main parameters of the calculated molnupiravir
pharmacokinetics, are presented in Table 1.

After taking the test and reference drugs,
the pharmacokinetic parameters of molnupiravir were
similar to each other. Thus, after taking the test drug,
concentration of C.. NHC was
1028.124+503.31 ng/ml, after taking the
reference drug, this parametr was equal to an
mean of 972.68+4317.16 ng/ml. The area under the
curve measured up to 16 h post-dose AUC(O_M), was
2229.66+963.99 ng*h/ml; and  2083.21+656.45
ng*h/ml — after taking the reference drug.

Fig. 2 shows a graph of changes in the NHC

the maximum
while

concentrations after taking the test and reference
drugs.

After calculating the PK parameters, a statistical
assessment of bioequivalence was carried out. Since the
calculation results showed that AUC, ,,, was more than
80% of the AUC, ., value, AUC; 1 values were used to
establish bioequivalence.

According to the results of the statistical analysis,
90% ClI for the ratio of the geometric mean AUC, .
of the test drug and reference drug, was 96.31% -
113.64% for NHC. For the ratio of geometric mean C__
of the studied drugs, 90% Cl was 91.37% — 114.8%.
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The intervals obtained correspond to the established
equivalence limit for AUC, o andC__ —80.00-125.00%,
which indicates the studied drugs bioequivalence
(Table 2). The results of the ANOVA showed that sources
of variation, such as differences between the drugs,
between the subjects (intersubject differences), and
the administration sequence and study periods, did not
significantly affect the variables assessed.

X

Safety

Throughout the study, both study and reference
drugs tolerated by
Hematological and biochemical blood tests, as well
as urinalysis and physiological parameters in most
volunteers remained normal throughout the study.
Any deviations from the norm of laboratory and
instrumental parameters were recorded as AEs. In
total, 5 AEs were registered in the study: an increase
in the diastolic blood pressure, an increase or decrease
in the number of lymphocytes, an increase in the
number of lymphocytes, an increase in the level of
creatine phosphokinase. The registered deviations
had a random multidirectional character. All AEs were
grade 1 according to Common Terminology Criteria for
Adverse Events (CTCAE) 5.0. The list of AEs is presented
in Table 3.

According to the investigators’
registered AEs were not associated with the study
products, i.e., the degree of association was regarded as
“doubtful”.

When comparing the frequency of individual AEs
registration, there were no significant differences
(p>0.05) after taking the test drug and the reference
drug, on the basis of which it can be concluded that the
drugs are similarly tolerated.

were well the volunteers.

conclusion, all

DISCUSSION

Molnupiravir is a weight
ribonucleoside prodrug that is hydrolyzed in the blood
to N-hydroxycytidine. Molnupiravir has an antiviral
activity against SARS-CoV-2 variants [13—15] and other
RNA-containing viruses such as influenza, Ebola and
respiratory syncytial viruses [16—20]. During preclinical
development in vitro and in vivo trials, molnupiravir
showed a high efficacy against SARS-CoV-2, as
well as a low toxicity to animals [21, 22]. In clinical
studies conducted for the original drug, molnupiravir
demonstrated efficacy in the treatment of mild and
moderate of a new coronavirus infection COVID-19 [11,
12, 23, 24]. In the most extensive research of MOVe-
OUT study (NCT04575597), phase 3, which included

low molecular

Tom 10, Beinyck 6, 2022

1,433 patients, it was found out that molnupiravir at the
dose of 800 mg 2 twice a day for 5 days, significantly
reduced the risk of hospitalization or death compared
with placebo [12]. In the mITT population, which was
represented by randomized patients who had been
administrated with at least one dose of molnupiravir
or placebo and had not been hospitalized prior to the
therapy initiation, the rate of hospitalization or death was
6.8% (48 out of 709 patients) in the molnupiravir group
and 9.7% (68 out of 699 patients) in the placebo group.
The difference between the groups was 3% [95% Cl -5.9;
—0.1]. In addition, the drug showed a favorable safety
profile. The proportion of patients who had experienced
at least one AE was similar in both groups (30.4% in the
molnupiravir group and 33.0% in the placebo group).
Given the wide spread of the new coronavirus infection
COVID-19, the administration of a bioequivalent generic
drug molnupiravir to the market will increase the
availability of the effective and safe treatment for this
disease.

As a result of the bioequivalence study, it was
found out that the PK parameters of the generic drug
molnupiravir are comparable to the parameters of
the reference (original) drug. In addition, the PK
parameters of the test drug were comparable to the
data obtained as a result of the 1% phase study of the
original drug Lagevrio. Thus, the geometric mean
C,.. obtained in the study EIDD-2801-1001-UK [25]
of the original drug with a single dose of 200 mg was
926 ng/ml, while the geometric mean of this parameter
for the test drug in this bioequivalence research was
950 ng/ml. Similar trends can be observed in terms
of AUC, _: the geometric mean value in the study of
the original drug was 1830 ng*h/ml, and the value
of the test drug in this bioequivalence research was
2189 ng*h/ml.

After calculating the PK parameters of the test and
reference drugs in this research, a statistical determination
of bioequivalence was carried out. According to its
results it was found out that the obtained 90% CI fully
fit into the required range of 80.00-125.00% for AUC
andC__,
protocol and the “Rules for Conducting Bioequivalence
Studies of Medicinal Products” within the Eurasian
Economic Union, approved by the Decision of the
Council of the Eurasian Economic Commission No. 85
dated November 03, 2016, as well as the international
guidelines on bioequivalence of the European Medicines
Agency (EMA).

The spectrum of the reported AEs was consistent
with the safety profile of the original drug molnupiravir.

(0-16)
which was established in accordance with the
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The frequency of AEs registration did not differ after
taking the test and reference drugs. Thus, it can be
concluded that in the framework of the clinical trial, the
test and reference drugs demonstrated similar safety
characteristics.

CONCLUSION

The results of bioequivalence study fully meet all
criteria for the drugs established in generally recognized
by international guidelines. Thus, it can be concluded

that the test and reference molnupiravir products are
bioequivalent. Based on the results of the study, it can
also be concluded that the drugs have similar safety
profiles.

Based on the results of the bioequivalence and
safety research (July 2022), the drug ALARIO-TL
was registered in the Russian Federation under the
registration procedure for the drugs to be used under
the threat conditions of occurrence and liquidation of
emergency situations®.
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