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PreKinetix: web application for pharmacokinetic analysis
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The aim. Development and validation of domestic software for non-compartmental analysis (NCA) of pharmacokinetic data,
comparable in accuracy and functionality to the recognized foreign software Phoenix WinNonlin (USA).

Materials and methods. The PreKinetix web application is implemented in the Python programming language using
the Streamlit framework. Algorithms for calculating pharmacokinetic parameters (maximum concentration [C__ ], area

under the pharmacokinetic curve [AUC], half-life [T,_], mean residence time [MRT], etc.) are based on the methods

1/2
of the reference software Phoenix WinNonlin /(Certara, USA), used for comparison and are widely used
in international practice. Three models of single drug administration are supported: intravenous bolus, intravenous
infusion, and extravascular administration. Literary and experimental data covering more than 450 pharmacokinetic
profiles were used for verification.

Results. Calculations performed using PreKinetix showed complete agreement with the results of Phoenix WinNonlin
with a relative error of less than 0.0001% for all main parameters. The program stably processes zero and missing values,
automatically excludes incorrect records, visualizes pharmacokinetic profiles in linear and semi-logarithmic scales, and
generates reports in .xIsx* and .docx* formats. The application interface allows it to be used not only by specialists but
also by less trained users.

Conclusion. PreKinetix is a domestic tool for NCA that combines accuracy, automation, accessibility, and convenience.
It can be used in preclinical and early phases of clinical trials, as well as in educational settings for training specialists in
pharmacokinetics and biopharmaceutics.

Keywords: pharmacokinetic analysis; preclinical studies; non-compartmental analysis; pharmacokinetics; biopharmaceutical
research; software; pharmaceutical development

List of abbreviations: adjusted R*> — adjusted coefficient of determination; ADME — absorption, distribution, metabolism,
excretion; AUC — area under the concentration—time curve; AUMC — area under the first moment curve; C, — initial
/D — C__ to dose
ratio; GLP — Good Laboratory Practice; GUI — graphical user interface; Kemz — terminal elimination rate constant; MRT —

concentration (for bolus administration only); Cmax — maximum drug concentration in blood; C

mean residence time of the drug in the body; PBPK — physiologically based pharmacokinetics; RE/REi — relative error;
sparse sampling — sparse sampling; Typ = half-life; T~ — time to reach maximum concentration; NCA — non-
compartmental analysis; PK — pharmacokinetics/pharmacokinetic.

For citation: P.M. Rezvanov, N.E. Moskaleva, K.M. Shestakova, V.V. Tarasov, E.A. Smolyarchuk, D.A. Kudlay, S.A. Apollonova. PreKinetix: web
application for pharmacokinetic analysis in preclinical drug research. Pharmacy & Pharmacology. 2025;13(4):246—-259. DOI: 10.19163/2307-
9266-2025-13-4-246-259

© .M. Pe3eaHos, H.E. MocKaneea, K.M. LLlecmakoea, B.B. Tapacos, E.A. Cmonsap4yK, [.A. Kydnaii, C.A. AnnonoHoea, 2025

Ans yutuposauumsa: .M. Pe3saHos, H.E. Mockanesa, K.M. LLlectakosa, B.B. Tapacos, E.A. Cmonsapuyk, [I.A. Kyanai, C.A. AnnonoHosa. PreKinetix:
Beb-npunoxeHve aAna nposepeHns GapMaKOKMHETUYECKOTO aHanu3a B AOKAMHWUYECKUX WCCNef0BaHUAX NEKAapCTBEHHbIX MpernapaTtos.
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Llenb. Pa3paboTka M BaanaaLmsa oTe4ecTBEHHOrO NPOrpPaMMHOro obecnevyeHua ANA HEKOMMAPTMEHTHOro aHanmsa (HKA)
hapMaKOKMHETMYECKUX [aHHbIX, COMOCTaBMMOIO MO TOYHOCTM M (YHKLMOHANBbHOCTM C MNPU3HAHHbLIM 3apybeskHbIm
nporpammubim obecnedeHnem Phoenix WinNonlin (CLUA).

Martepuanbl u metoapl. Beb-npunoxkerune PreKinetix peasn3oBaHo Ha A3blke NporpammunpoBaHus Python ¢ ncnonb3oBaHnem
1,
naowaap noa  dapmakokMHeTMyeckor  Kpueon  [AUC], nepuog  nosyBbiBEAEHMUA [Tl/z], cpeaHee  Bpems
npebobiBaHmna [MRT] 1 ap.) ocHoBaHbl Ha MeToauKax pedepeHcHoro mporpammHoro obecneyeHusa Phoenix WinNonlin
(Certara, CLUA), MCNONb30BAHHOrO [ANA CPABHEHMA W LWWPOKO MPUMEHAEMOro B MEXAYHAapPOAHOM MpPaKTUKe.

dpeimBopKa Streamlit. Anroputmbl pacyéta GpapMaKOKMHETUYECKUX MapaMeTpoB (MaKcMManbHas KoHueHTpauua [C

max

Mopfep’KMBatoTCA TPU MOLENN OAHOKPATHOrO BBEAEHMA JIeKapCTBEHHOTO CPEeACTBa: BHYTPUMBEHHOe 6o/tocHoe,
BHYTPMBEHHAA MHDY3UA M BHecocyamcToe BBeaeHue. [na BepudrKaLMmM MCNONb30BaHbl UTEPATYPHbIE U SKCNEPUMEHTA/bHbIE
[OaHHble, oxBaTbiBatowme 6onee 450 papmakoOKMHETUYECKUX Npodunen.

Pe3ynbratbl. PacyéTbl, BbINOAHEHHbIE C Nomowpblo PreKinetix, mokasann nonHoe coBnageHue c pesynbtatamu Phoenix
WinNonlin ¢ oTHocutenbHoi owwnbkoii meHee 0,0001% no Bcem OCHOBHbIM MapameTpam. lporpamma yCTOMYMBO
06pabaTbiBaeT HynEBble U MPOMYLLEHHbIE 3HAYEHUSA, aBTOMATUYECKMU WCK/IIOYAET HEKOPPEKTHbIE 3amuCK, BU3yannsupyeTt
bapmaKoKMHETUYECKME NPOOUAN B IMHEMHOM U MONyNOorapudpmMmUYEecKon WKanax, dopmmpyeTt oT4éTbl B popmaTax .xlsx*
n .docx*. MHTepdelic NPUNOKEHUA NO3BONAET UCMONb30BATb €r0 HE TO/IbKO CMEeLMaNnCcTam, HO U MeHee NOATrOTOBIEHHbIM
nosib3oBaTeNAM.

3akntoueHue. PreKinetix npeactaBnser cobol OTeYeCTBEHHbIN WMHCTPyMeHT gaa HKA, obbeauHAWMA TOYHOCTD,
aBTOMATMU3ALMIO, AOCTYNHOCTb M yAo6cTBO. OH MOXKET NPUMEHATbCA B AOKAMHUYECKMX U PaHHUX $asax KAMHUYECKUX
UccnefoBaHUM, a TakKe B 06pa3oBaTeNbHbIX LenAx A1 MOATOTOBKW crneumannctoB B obnactm GapMakOKMHETUKU U
61odapmaLeBTUKMN.

KnioueBble cnoBa: (GapMaKOKMHETUYECKUI aHanu3; [OKJAMHUYECKME WCCNefOBaHWA; HEKOMMAPTMEHTHbIM aHanus;
dapmaKoKMHeTHKa; BrodapmaueBTUYECKME UCCAe0BaHKUsA; MporpammHoe obecneveHue; bapmaueBTUyeckas pa3paboTka
Cnncok cokpalweHuii: adjusted R? — CKOPPEKTMPOBaHHbIN KoadpduumeHT apeTepmuHaumm; ADME — abcopbuus,
pacnpeaeneHune, metabonnsm, akckpeumsa; AUC — nsiowanb nog KpMBOW «KOHUEHTpauma—spema»; AUMC — naowanb
nos, KpMBOM NepBOro MOMeHTa BpemeHw; C, — HauyanbHas KOHUEHTpauua (Tonbko ana GosmocHoro BeeaeHus); C - —
MaKCUMaJIbHaA KOHLUEHTPaUUA npenapaTta B KPOBY; CmaX/D — otHoweHwue C__ Kk fo3e; GLP — Hapnexawas nabopaTopHas
npaktmka; GUI — rpaduuecknit nonb3oBaTeNbCKU  UHTepdelic; Kip, — TEPMWHANbHAA KOHCTaHTa CKOpOCTM
anumunHaumm; MRT — cpegHee Bpems npebbiBaHMA npenaparta B opraHusme; PBPK — ¢u3smonornyeckn obocHoBaHHan
dapmakoknHeTKa; RE/REi — oTHocuTenbHas OWWGKa; T1/2 — nepuog, nonysbiseaeHuna; T
MaKCMMaNbHOM KoHUeHTpaumu; JIC — nekapcTBeHHoe cpeactBo; HKA — HeKoMnapTMeHTHbIM aHanus; MO — nporpammHoe

— BpemAa O0CTUXKEHUA

max

obecneyeHne; PK — dapmakoknHeTUKa/bapMaKOKMHETUYECKUIA.
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INTRODUCTION

The main aim of pharmacokinetic (PK) studies is
to study the kinetic properties of drugs, including the
processes of absorption, distribution, metabolism,
and excretion (ADME — absorption, distribution,
metabolism, excretion) [1]. One of the simplest and
most effective methods for studying these processes
is non-compartmental analysis (NCA). NCA includes
various approaches for calculation of the area under
the pharmacokinetic curve (AUC — area under
the curve) — a graph of the dependence of the
concentration of drugs in a biological material on the
sampling time [1-4]. The non-compartmental approach
includes calculation of key PK parameters, such as the
maximum observed drug concentration (C_ ), AUC,
time to reach peak concentration (T __), half-life (Tl/z),
area under the first moment curve (AUMC — area
under the first moment curve), and others? [1, 3].

PK studies are increasingly faced with the need to
work with sparse sampling, especially in preclinical and
phase trials, where multiple sampling enquiries may
be ethically and logistically difficult. At low density of
time points, classical NCA demonstrates high error in
estimation of key pharmacokinetic parameters, such as
T, and AUC exposure, which can negatively affect the
accuracy of pharmacotherapeutic decisions [5]. This
necessitates reliable tools for processing sparse data,
while maintaining the accuracy of calculations even
with limited measurements.

At the same time, there is a noticeable increase in the
preference for open-source software in pharmacokinetics
and physiologically based modeling (PBPK). According to
the works of Rajput et al. (2023) and Aldibani et al. (2023),
the proportion of publications using open-source
platforms has significantly increased due to their
transparency, flexibility, and the ability to be expanded
by research groups [6, 7]. However, most existing tools
focus on compartmental analysis or PBPK modeling,
and available NCA toolkits remain either commercial or
require significant programming skills. This underscores
the importance of developing user-friendly, verifiable,
and user-oriented domestic software, such as
PreKinetix, capable of ensuring the independence and
reproducibility of PK studies.

Modern software solutions for PK analysis using
the NCA method are represented by both commercial
(e.g., Phoenix WinNonlin, CPhaMAS, PKanalix) and
freely distributed tools (PKSolver, Pkweb, R-packages
NonCompart and ncar). However, free software has a
number of limitations. For example, the NonCompart
and ncar packages lack a graphical user interface,
which makes them difficult to use by non-specialists. In

! Certara. Phoenix WinNonlin User Guide — Noncompartmental
Analysis. Available from: https://onlinehelp. certara.com/phoenix/8.2/
topics/nca.htm
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addition, some PKSolver algorithms (in particular, the
estimation of the elimination rate constant — Az) are
unstable and give discrepancies in results compared to
commercial solutions. Moreover, most free software
does not meet the validation requirements established
by regulatory authorities [1, 2, 8]. Commercial solutions
for NCA are currently represented mainly by foreign
software; similar products are not yet offered on the
territory of the Russian Federation?, 3 [9]. In this regard,
the development of domestic software is relevant,
which would ensure the technological independence
of research organizations in the field of PK
analysis.

In response to this need, we have developed the
PreKinetix web application, focused on conducting
NCA in preclinical and phase | clinical PK studies. The
current version supports the analysis of a single dose
administration with modeling of three main methods of
administration: intravenous bolus, intravenous infusion,
and extravascular administration, using data on the
concentration of the drug in the blood. Algorithms
for calculating and visualizing the results of studies of
absolute and relative bioavailability, the distribution of
drugs in the organs and tissues of laboratory animals,
dose linearity, etc. have also been implemented. Thus,
THE AIM of this work was to create and initially
validate the PreKinetix program and present its
capabilities for PK analysis.

MATERIALS AND METHODS

Software development

The Python programming language was chosen
to implement the web application, as it is one of the
most popular languages in scientific research due to its
simplicity, flexibility, and extensive ecosystem of tool
libraries. Python is widely used in various fields — from
data analysis to modeling and visualization — which
is confirmed by many works [10-12]. The Streamlit*
framework (open-source Python framework) was used
to speed up the development of the web interface and
simplify testing the application with data.

The main computational logic of PreKinetix is
implemented using a number of Python libraries:
pandas (version 1.5.3) [13], numpy (1.24.2) [14],
matplotlib (3.7.1) [15], seaborn (0.12.2) [16], SciPy
(1.10.1) [17], scikit-learn (1.3.1) [18], statsmodels
(0.14.0) [19], cycler (0.11.0)°, python-docx (0.8.11)°,

2 Certara. Phoenix WinNonlin User Guide — Noncompartmental
Analysis. Available from: https://onlinehelp.certara.com/phoenix/8.2/
topics/nca.htm

3 Lixoft. PKanalix. Available from: https://pkanalix.lixoft.com/

4 Streamlit. Streamlit — The fastest way to build and share data apps.
Available from: https://streamlit.io/

° Droettboom M. Cycler: composable style cycles. GitHub repository.
Available from: https://github.com/ matplotlib/cycler

6 Canny S. python-docx: Create and update Microsoft Word .docx files.
2013. Available from: https://github. com/python-openxml/python-
docx
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networkx (3.4.2) [20] and pyvis (0.3.2)”. The Visual
Studio Code software platform (version 1.99.3)® was
used as the development environment.

Microsoft Excel 2016 (Microsoft Office package,
Microsoft Corporation, USA)° was used to build
certain graphs and diagrams when analyzing data
for vizualization of the comparative analysis results
described below.

Reference software

The Phoenix WinNonlin  program (version
8.3.4.295, Certara, USA) was applied as a reference
system used for comparison.

Data sets for comparative analysis

450 PK profiles were analyzed as part of the initial
scientific testing of the PreKinetix web application.
Three data groups were used to assess the correctness
of calculations: open reference sets of PK data from the
PKanalix software distribution (version 2024R1, Lixoft,
France'; PKanalix data were obtained by downloading
statistical collections) and the Rdatasets collection
prepared by Arel-Bundock et al.'™ 2, experimental
data obtained in our scientific organization, as well as
specially constructed examples for verifying individual
boundary cases.

The following medicines M2000, cefamandole®®
and indomethacin’* were randomly selected as
demonstration examples for calculating statistical
parameters, NCA, visualizing the obtained results of
comparing Prekinetix and Phoenix WinNonlin (Table 1).

Algorithm for calculating of statistical parameters

To implement the algorithms for calculating
statistical parameters, principles similar to Phoenix
WinNonlin were used according to the documentation
of the reference software®.

7 Rémy P. pyvis: Python library for interactive network visualization.
2019. Available from: https://github. com/WestHealth/pyvis

8 Microsoft. Visual Studio Code. Available from: https://code.
visualstudio.com/

® Microsoft. Microsoft Office. Available from: https://www.microsoft.
com/en-us/download/details.aspx?id=49164

10 Lixoft. PKanalix. Available from: https://pkanalix.lixoft.com/

11 Arel-Bundock V. Cefamandole // Rdatasets: A collection of datasets
originally distributed with R and some of its packages. Available
from: https://vincentarelbundock.github.io/Rdatasets/doc/nlme/
Cefamandole.html

12 Arel-Bundock V. Indometh; Rdatasets: A collection of datasets
originally distributed with R and some of its packages. Available from:
https://vincentarelbundock.github.io/Rdatasets/doc/medicaldata/
indometh.html

13 Arel-Bundock V. Cefamandole; Rdatasets: A collection of datasets
originally distributed with R and some of its packages. Available
from: https://vincentarelbundock.github.io/Rdatasets/doc/nlme/
Cefamandole.html

4 Arel-Bundock V. Indometh; Rdatasets: A collection of datasets
originally distributed with R and some of its packages.

5 Certara. Phoenix WinNonlin User Guide — Noncompartmental
Analysis. Available from: https://onlinehelp.certara.com/phoenix/8.2/
topics/nca.htm
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The criterion of compliance was the relative
difference between the values of each statistical
parameter calculated by the two systems, in which
the maximum deviation did not exceed 107°. Thus,
in all tested cases, the calculations of PreKinetix and
Phoenix WinNonlin showed complete coincidence of
results, confirming the correctness of the algorithmic
implementation.

Algorithm for calculating

of pharmacokinetic parameters

To implement the algorithms for calculating NCA,
principles similar to Phoenix WinNonlin were used
according to the documentation of the reference
software?®®.

PreKinetix calculates a complete set of PK
parameters based on the results of NCA, similar to
Phoenix WinNonlin. The designations of key parameters
used in our software and their correspondence to the
designations of Phoenix WinNonlin are given in Table 2
with a brief description of each indicator.

As you can see, most parameters have identical
designations in both software, and some differ slightly
(for example, AUC , as AUC_, etc.).

The criterion of compliance was the relative
difference between the values of each PK parameter
calculated by the two systems, in which the maximum
deviation did not exceed 1078, Thus, in all tested cases,
the calculations of PreKinetix and Phoenix WinNonlin
showed complete coincidence of results, confirming the
correctness of the algorithmic implementation.

Visualization of results of comparative analysis

To assess the accuracy of the coincidence of
PreKinetix results with the reference software, we
used an approach similar to that described in [9].
The relative error of determining the i-th parameter
(RE, — Relative Error,%) was introduced, calculated by

the formula:
REi=[ i ;R‘] x 100%

where Pi is the value of the parameter obtained by
the tested algorithm; and Ri is the corresponding value
calculated using Phoenix WinNonlin.

This indicator allows you to quantitatively assess
the accuracy of the developed algorithm and identify
possible systematic bias in the calculation of one or
another pharmacokinetic indicator. Negative RE values
indicate a slight underestimation of the PreKinetix
result relative to Phoenix, positive values indicate
an overestimation. The criterion of acceptability
was a relative error of less than 0.0001% for most
parameters.

' |bid.
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Visualization of pharmacokinetic profiles

In addition PreKinetix provides convenient tools
for vizualization of PK profiles. The application’s user
interface allows to customize the display of graphs:
change the scale of the axes, the division step, the
location of the legend, and other parameters.

To build graphs of PK profiles using the developed
software, data from subject No. 271 of the M2000"
drug were used (Table 1).

RESULTS

Software implementation results

The PreKinetix web application was developed
and designed for conducting NCA in preclinical
studies and phase | clinical trials. The current version
supports the analysis of PK data after a single
administration of a drug with three main methods
of administration: intravenous bolus, intravenous
infusion, and extravascular administration, based on
measurements of drug concentration in the blood.
In addition to calculating standard NCA parameters,
the system implements algorithms for evaluating
and visualizing the results of studies of absolute and
relative bioavailability, the distribution of a drug in the
organs and tissues of laboratory animals, checking dose
linearity, and other PK analysis tasks.

Python scripts with open-source code are available
at https://github.com/FimalLab/prekinetix.

Calculation of pharmacokinetic parameters

The general principles and sequence for calculation
statistical indicators and PK parameters in the
developed software were based on the algorithms of
the commercially available validated software Phoenix
WinNonlin (version 8.3.4.295), which is considered
as the “gold standard” in the international market
of PK analysis®®. In particular, PreKinetix implements
standard methods for calculating AUC and AUMLC.
There are several main methods for calculating
AUC / AUMC: the linear trapezoid method, the
log-linear trapezoid method, as well as a combined
method involving linear interpolation at the stage of
increasing concentration and logarithmic interpolation
at the stage of decreasing® [3, 21]. PreKinetix includes
two of the most popular approaches: linear trapezoidal
and combined methods for calculating the area under
the curve [21, 22].

7 Lixoft. PKanalix. Available from: https://pkanalix.lixoft.com/

8 Certara. Phoenix WinNonlin User Guide — Noncompartmental
Analysis. Available from: https://onlinehelp.certara.com/phoenix/8.2/
topics/nca.htm
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Assessment of the terminal

constant elimination (Az)

The terminal elimination constant Az (K,) is
estimated using linear regression on the final section
of the PK profile, corresponding to a monoexponential
decrease in concentration [21]. PreKinetix implements
an automatic algorithm for estimating Az according to
the approach used in Phoenix WinNonlin. Automatic
Kel estimation in Phoenix is performed by the best fit
method, sequentially iterating through different sized
sets of points on the terminal section of the curve. In
our software, this algorithm is implemented as follows:

1. Linear regression of the dependence of the
logarithm of concentration on time is performed,
starting from the last 3 positive points (from 2
points for the bolus model).

2. The number of points used in the regression is
gradually increased to 4, 5, etc., excluding in each
such analysis data up to the time of reaching C__,
the C__ point itself (for non-bolus models), as
well as points with C .

3. For the intravenous infusion model, points
before the end of the drug administration are
additionally excluded if C__ is observed earlier
than the end of the infusion.

4. For each regression performed, the adjusted
coefficient of determination (adjusted R2?) is
calculated. The option with the maximum value
of this indicator is selected. If several options give
close values (difference < 0.0001), preference
is given to the option with a larger number of
points.

5. The minimum number of points for calculating
Az is 3 for non-bolus models and 2 for bolus
administration. The condition for the correctness
of the result is a negative value of the angular
coefficient (i.e., a negative slope of the regression
line)?.

Correction of the initial concentration

The calculation of the initial concentration C,
is performed only for the intravenous bolus
administration model. The initial concentration is
taken equal to the first observed concentration value
if it is measured at the time of drug administration;
otherwise, C, is calculated by back extrapolation using
linear regression. This indicator affects the calculation
of a number of PK parameters (AUC and AUMC) in
the bolus administration model, so the user is given
the opportunity to include the back extrapolation
algorithm if necessary for correct accounting of C in
calculations®.

2 |bid.
2 |bid.
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Features of calculation

with infusion administration

For the intravenous infusion model, it is necessary
to take into account the infusion time when calculating
some parameters. For example, when calculating
the mean residence time of the drug in the body
(MRT — mean residence time), the duration of the
infusion affects the result?? [23]. The value of the
infusion time is entered by the user through the
corresponding interface field, and it is used by the
program when calculating MRT and related parameters.

The developed algorithms for calculating statistical
indicators and PK parameters stably process zero
concentration values that may be present in the initial
data array. Records with missing time or concentration
values are automatically excluded from the analysis®.
This ensures the correctness of the results even if
there are missing or zero points in the pharmacokinetic
profile.

Statistical parameters

First, the correctness of calculating basic statistical
indicators was checked. When comparing the values
of statistical parameters calculated by PreKinetix with
the corresponding results of Phoenix WinNonlin, it was
shown that the differences were less than 10°. Table 3
shows data on a number of such indicators using the
example of calculating the elimination constant Az of
M2000%, cefamandole, and indomethacin.

It may be concluded that both software products give
identical values for all statistical parameters (number
of observations, mean, standard deviation, etc.).

Pharmacokinetic parameters

To assess the correctness of the calculation of
PK parameters in general, as well as to check for
the absence of systematic deviations, a series of
comparative calculations were performed on various
data sets. Table 4 shows the results of calculating
the main PK parameters for some of these data sets
(using the example of the M2000, cefamandole, and
indomethacin)?.

In this example, the analysis was performed for the
intravenous bolus administration model (single dose).
As in the case of statistical indicators, the difference in
the values of all PK parameters calculated by PreKinetix
compared to Phoenix WinNonlin was less than 10°®,

The results of the comparative analysis of PK
parameters were demonstrated by calculating the RE
and constructing the corresponding graphs. Figure 1

22 |bid.
2 |bid.
2 Lixoft. PKanalix. Available from: https://pkanalix.lixoft.com/
25 |bid.
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reflects the relative error (RE,%) for the main calculated
PK parameters (according to Table 4).

All detected discrepancies between the programs
were random and extremely small in magnitude (less
than 0.0001% for most parameters). This indicates
that the developed tool does not introduce systematic
errors in calculations and can reproduce results at the
accuracy level of the reference software. The results of
comparing NCA calculations using intravenous infusion
and intravascular administration methods were also
satisfying.

Visualization of pharmacokinetic profiles

Figures 2 and 3 show an example of a graphical
representation of an individual PK profile in the blood,
constructed by PreKinetix using the example of the
drug M2000: in linear coordinates (Fig. 2) and in semi-
logarithmic coordinates (Fig. 3).

Such graphs are generated automatically and can
be included in a .docx* report, which facilitates data
presentation and interpretation.

It should be noted that all graphic materials
created by the program can be saved by the user
for its subsequent application in reports or scientific
publications and help to improve the clarity of
the results, as well as the convenience of their
analysis.

DISCUSSION

The development and validation of the PreKinetix
program were aimed to confirm its equivalence with
the generally accepted means of NCA of PK data.
Phoenix WinNonlin (Phoenix 64, version 8.3.4.295)
is historically known as the “gold standard” for
NCA and is widely used for scientific and regulatory
purposes. PreKinetix calculations for 3 experimental
drugs (M2000, cefamandole, indomethacin) showed
almost complete agreement with the results obtained
using Phoenix WinNonlin. All major pharmacokinetic

parameters — maximum concentration (C ), time
to maximum (T __), area under the curve (AUC), half-
life (T, ), elimination rate constant (Az), etc. — were

1/2
identical when using both software tools, with a

relative difference of less than 0.0001%. For example,
for bolus intravenous administration of M2000,
PreKinetix and Phoenix give the same absence of
time delay in reaching Cmax (T__=0 h) at a high
initial  concentration (C__=2950 ng/mL), while for
extravascular administration of indomethacin, both
tools show the expected delay in reaching the peak
(T .=0.25 h) at a comparatively smaller C__ value
(=1.5 pg/mL). The complete match of parameters
throughout the profile (including, for example,
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AUC, =4126.36 for M2000, 3740.5 for cefamandole
and 1.741 for indomethacin; T1/2=6.4O, 56.04 and
4.38 h, respectively) indicates the correctness of
PreKinetix algorithms and the absence of systematic
error in calculations. As can be seen in Figure 1, a
graphical analysis of relative errors did not reveal
a systematic bias, which confirms the correctness
of the algorithms implemented in PreKinetix. Thus,
PreKinetix provides calculation accuracy at the level of
the reference software, which confirms the successful
verification of the developed tool using the example of
drugs with different PK properties.

The results obtained are consistent with
similar publications of recent years devoted to
the validation of various NCA tools. For example,
in a recent study by Zang et al. (2010) presented
the PKSolver add-in for Microsoft Excel, the

calculation results of key PK parameters of which
showed a satisfactory degree of correspondence
to the results of Phoenix WinNonlin [2].
In the work of Kim et al. (2018) compared calculations
between Phoenix and the R-package NonCompart,
which underlies the online tool PKWeb, which also
confirmed the identity of the output parameters [1].
In addition, a recent article by Kyang et al. (2024)
presented the CPhaMAS cloud platform, designed
for the analysis of PK data, including NCA and
bioequivalence; the authors showed that CPhaMAS
calculations are in close agreement with Phoenix
WinNonlin results in in vivo modeling and parameter
analysis [9]. The totality of these independent
validations confirms that when using the same
algorithmic approaches, different NCA software tools
give practically indistinguishable results.

Table 1 - Part of the initial data of M2000, cefamandole and indomethacin with information about ID (subject),
dose, time and concentration

M2000 cefamandole indomethacin
ID Dose Time Concentration ID  Dose Time Concentration ID Dose (mg) Time (h) Concentration
(mg)  (h) (ng/mL) (mg) (min)  (ug/mL) (ng/mL)
271 100 O 2950 1 15 0 0 1 50 0 0
271 100 0.17 2164 1 15 10 127 1 50 0.25 1.5
271 100 0.25 1884 1 15 15 80 1 50 0.5 0.94
271 100 0.5 1366 1 15 20 47.4 1 50 0.75 0.78
271 100 1 844 1 15 30 39.9 1 50 1 0.48
271 100 1.5 625 1 15 45 24.8 1 50 1.25 0.37
271 100 2 478 1 15 60 17.9 1 50 2 0.19
271 100 4 256 1 15 75 11.7 1 50 3 0.12
271 100 6 147 1 15 90 10.9 1 50 4 0.11
271 100 8 88 1 15 120 5.7 1 50 5 0.08
271 100 10 58 1 15 150 2.55 1 50 6 0.07
271 100 12 48 1 15 180 1.84 1 50 8 0.05
271 100 16 26 1 15 240 1.5 - - - -
271 100 24 13 1 15 300 0.7 - - - -
- - - - 1 15 360 0.34 - - - -
Table 2 — Key pharmacokinetic parameters: correspondence
of designations in PreKinetix and Phoenix WinNonlin
PreKinetix WinNonlin Description
Corox Coo Maximum observed concentration
T T Needed time to reach C__
AUC,. AUC,, Area unde.r the pharmacokinetic curve from the time of dosing to the last measured
as concentration (T, )

Terminal elimination rate constant, estimated from the final part of the pharmacokinetic
K., Lambda_z profile
T, HL_Lambda_z Half-life in the terminal phase
Cl (CI/F) Cl_obs (CI_F_obs)  Total drug clearance
Vz (Vz/F) Vz_obs (Vz_F_obs) Volume of distribution in the terminal phase (for non-stationary data)
AUMC_ AUMClast Area under the concentrationxtime curve to L
MRT_,, MRTlast Mean residence time of the drug in the body to T__,
Vv, Vss_obs Volume of distribution at steady state (for non-stationary data)
252 Volume XIll, Issue 4, 2025
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Figure 1 — Relative error (RE,%) for a number of key pharmacokinetic parameters calculated using PreKinetix
algorithms (intravenous bolus administration model, single dose, linear trapezoidal method, without
extrapolation of initial concentration) compared to Phoenix WinNonlin results.
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Table 4 — Comparison of the results of non-compartmental analysis for the intravenous bolus administration
model (single dose, linear trapezoid method, without extrapolation of the initial concentration) using the
example of M2000, cefamandole and indomethacin

Drug M2000 Cefamandole Indomethacin
Parameter WinNonlin PreKinetix WinNonlin PreKinetix WinNonlin PreKinetix
N_Samples 14 14 15 15 12 12
Dose 100000000 100000000 15000 15000 50000 50000
Rsq 0.984143 0.984143 0.999758 0.999758 0.997067 0.997067
Rsq_adjusted 0.976215 0.976215 0.999516 0.999516 0.994133 0.994133
Corr_XY -0.99204 -0.99204 -0.999879 -0.999879 -0.998532 -0.998532
No_points_lambda_z 4 4 3 3 3 3
K, 0.108265 0.108265 0.012369 0.012369 0.15832 0.15832
Lambda_z_intercept 5.116786 5.116786 3.367347 3.367347 -1.724211 -1.724211
Lambda_z_lower 10 10 240 240 5 5
Lambda_z_upper 24 24 360 360 8 8
Tl/2 6.402296 6.402296 56.039261 56.039261 4.378127 4.378127
Span 2.186716 2.186716 2.141356 2.141356 0.685225 0.685225
Tmax 0 0 10 10 0.25 0.25
Cmax 2950 2950 127 127 1.5 1.5
Cmax/D 0.00003 0.00003 0.008467 0.008467 0.00003 0.00003
C, 2950 2950 0 0 0 0
T 24 24 360 360 8 8
C.. 13 13 0.34 0.34 0.05 0.05
AUCQ,( 4126.36 4126.36 3740.5 3740.5 1.74125 1.74125
AUC, /D 0.000041 0.000041 0.249367 0.249367 0.000035 0.000035
AUC 4126.36 4126.36 3740.5 3740.5 1.74125 1.74125
AUC 4246.435284  4246.435284 3767.988172 3767.988172  2.057065 2.057065
AUC ., /D 0.000042 0.000042 0.251199 0.251199 0.000041 0.000041
AUC_%Extrap 2.827673 2.827673 0.729519 0.729519 15.352703 15.352703
AUC_%Back_Ext 0 0 0 0 0 0
Vz 217513.271517 217513.271517 321.84641 321.84641 153527.034923 153527.034923
Cl 23549.163784 23549.163784  3.980904 3.980904 24306.47423  24306.47423
AUMC(H 14317.575 14317.575 190453.5 190453.5 3.27125 3.27125
AUMC, 18308.464419 18308.464419  202571.593629 202571.593629 7.792554 7.792554
AUMC_%Extrap 21.798057 21.798057 5.982129 5.982129 58.020826 58.020826
MRT, ., 3.469783 3.469783 50.916589 50.916589 1.878679 1.878679
MRTHN 4.31149 4.31149 53.761207 53.761207 3.78819 3.78819
' 101531.990574 101531.990574 214.018217 214.018217 92077.554608 92077.554608
—— 271
2000
% 1500
g‘
& 1000
§
500
0
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Figure 2 — Individual pharmacokinetic profile in blood (in linear scale), after intravenous bolus administration of
M2000.
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Figure 3 — Individual pharmacokinetic profile in blood (in semi-logarithmic scale) after intravenous bolus
administration of M2000.

It should be noted that the fundamental
algorithms for calculating PK parameters implemented
in  PreKinetix correspond to industry-accepted
approaches similar to Phoenix WinNonlin. In particular,
the area under the curve (AUC) is calculated using
the trapezoidal method, if necessary, in a combined
mode — with linear interpolation at the stage of
increasing concentration and logarithmic at the stage
of decreasing. The estimation of the elimination rate
constant Az and the associated T, in PreKinetix is
performed by automatically selecting the points of the
terminal phase based on maximizing the coefficient
of determination R? (usually for the last sequential
points with decreasing concentration), which is similar
to the built-in Phoenix WinNonlin algorithm. In our
calculations, all programs (PreKinetix, Phoenix, etc.)
showed the same T , values with high statistical
quality of approximation of the terminal section,
which confirms the equivalence of the methods. As
for missing points or concentrations below the limit of
quantification, PreKinetix processes them according to
generally accepted practice: such values are excluded
from the AUC calculation (i.e., do not contribute to
the area under the curve) or, if necessary, replaced by
conditional zeros — similar to the default settings in
Phoenix WinNonlin. Thus, the choice of algorithms
for integrating the “concentration—time” profile and
estimating Az in PreKinetix is consistent with the
approaches implemented in recognized NCA tools,
which ensures comparability of results even in non-
standard cases.

In numerous studies, Phoenix WinNonlin is used
as a reliable tool for NCA calculations on in vivo data.

256

Thus, in the analysis of the PK of the monoclonal
antibody WBP216, the authors report that all PK
parameters were calculated using Phoenix WinNonlin
and used in dose establishment and exposure
assessment [24]. The use of Phoenix in early-phase
clinical trials confirms its practical significance and
compliance with regulatory standards. In addition,
a number of other publications describe the use
of Phoenix for NCA in the analysis of the effect of
food on the PK of various drugs [25]. Thus, the use
of Phoenix WinNonlin in this study as a reference
for comparing the results obtained using PreKinetix
is methodologically justified and consistent with
international practice for validating pharmacokinetic
software.

From a practical point of view, PreKinetix has a
number of advantages. First, the application has an
intuitive web interface, which favorably distinguishes
it from some existing freely distributed solutions (for
example, R-packages without GUI) and facilitates its
use by a wide range of users. Secondly, the program
integrates a full cycle of PK data analysis — from
loading and statistical processing of raw data to
calculating PK parameters and visualizing profiles.
The results are automatically formatted as easy-to-
read reports (Excel tables and Word documents with
graphs), which reduces the researcher’s labor costs for
data formatting. Finally, PreKinetix is based on open
technologies (Python, Streamlit, etc.), which provides
flexibility in refining and expanding functionality in the
future. At the same time, the existing analogues of
PreKinetix software that use a similar methodology for
calculating PK still have a number of disadvantages.
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Comparison of PreKinetix with other available
solutions shows that our application successfully
overcomes a number of limitations inherent in them.
Unlike tools without a graphical interface [1], our web
application provides interactivity and clarity. In terms
of the set of implemented models and parameters,
PreKinetix is at the level of modern commercial
packages (Phoenix, PKanalix, etc.), while being more
accessible. Thus, PreKinetix can be used as a reliable
alternative to commercial software for NCA tasks in
preclinical studies, and also fills a significant gap in
the market of software tools for pharmacokinetic
analysis in Russia and can contribute to strengthening
technological sovereignty in this area.

Study limitations

The limitations of this study include the focus
of the current version of PreKinetix primarily on the
analysis of PK data with a single administration of
the drug. Support for multiple dosing, as well as the
possibility of conducting population PK analysis, has
not yet been implemented. In addition, the validation
of algorithms was carried out mainly on literary and
local experimental data, without the involvement
of external independent centers, which may require
additional confirmation of reproducibility in multicenter
studies. Also, at the time of preparation of the article,
the application had not undergone official certification
or registration as a software tool for use in conditions
regulated by the standards of good laboratory
practice (GLP). Visualization and export of graphs are
implemented with limited flexibility, which may require
refinement when used in complex reporting formats.

Further prospects
Modern studies demonstrate a growing interest

in hybrid approaches that combine traditional NCA
and machine learning methods. Thus, in the work
of Hughes et al. (2024) [26] it was shown that MAP-
Bayesian methods can significantly increase the
accuracy of busulfan dosing compared to classical NCA,
despite the close AUC values. In addition, the Deep-
NCA model [3], based on deep learning algorithms,
demonstrated improved accuracy in predicting C__ and
AUC compared to classical methods.

This underscores the prospect of expanding
PreKinetix in the future by adding machine learning
modules to improve the accuracy of algorithms and
adapt to large and complex data.

CONCLUSION

During the work, a new web application PreKinetix
was created and tested for conducting statistical and
NCA PK data. The program supports the main types
of preclinical PK experiments (bolus intravenous
administration, intravenous infusion, extravascular
single-dose administration) and calculates a wide range
of PK parameters that fully comply with international
standards. The results of the comparative analysis
showed that PreKinetix provides high calculation
accuracy, not inferior in this respect to the recognized
commercial software  Phoenix WinNonlin. The
introduction of PreKinetix into practice will allow
Russian research organizations to reduce the time and
financial costs of PK data analysis, automate routine
calculations and visualize results with high quality.
Thus, PreKinetix is an effective and accessible tool that
has great potential for use in preclinical and clinical
PK studies, as well as in the educational process for
training specialists in the field of biopharmaceutical
analysis.
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The production of mini tablets (MTs) differs significantly from the production of regular-sized tablets and involves certain
risks. The article analyzes scientific publications on the topic of MTs development and production, and based on the data
obtained, assesses the risks associated with it.

The aim: To conduct a risk assessment during the pharmaceutical development of MTs.

Materials and methods. The research materials were based on the ICHQ8 guidelines for pharmaceutical development
and ICHQ9 guidelines for quality risk management, State Pharmacopoeia of the Russian Federation XV edition, scientific
publications on the pharmaceutical development and production of MTs. The study was conducted using the PHA
(preliminary hazard analysis) method. The following were considered as critical quality attributes (CQAs) of MTs: disintegration,
dissolution, uniformity of dosage units, uniformity of mass, crushing strength, and friability. Hazards were identified using the
Ishikawa diagram method. Risk analysis was performed based on data from scientific publications on the development and
production of MTs. Articles were searched for between 1990 and 2024 in the ScienceDirect, PubMed, Google Scholar, and
elibrary.ru databases. Based on the information presented in these articles and using a logical method, the probability of
occurrence and severity (consequences) of the risks were determined. Risk assessment was carried out using a risk matrix.
Results. Among the parameters of the MTs production process, the compression and mixing stages pose a danger. The
compression is associated with a high risk for the following CQAs: dissolution, uniformity of dosage units, uniformity of
mass, and crushing strength. Mixing is critical to ensuring dosage uniformity. Parameters of the active pharmaceutical
ingredient (API), such as particle size and shape, significantly affect dissolution. In addition, the compressibility and flowability
of the API are risk factors for ensuring the uniformity of dosage and MTs mass. The choice of excipients (EPs) is of great
importance in the development of MTs. The type and content of the filler are of the greatest risk to the studied MTs. An
irrational choice of disintegrant and anti-friction EPs can lead to impaired disintegration and dissolution of MTs.

Conclusion. As a result of the risk assessment, hazards were identified, and key risks associated with the pharmaceutical
development of MTs were analyzed and evaluated. Particular attention was paid to the main groups of hazards — the influence
of the properties of API, EPs, and production process parameters on MTs CQAs. It was found that during the development
of MTs, the shape and size of the API particles, the compressibility and flowability of the powder mixture, the type and content of
the filler and disintegrant, as well as such technological process parameters as pressing and mixing, pose a particular risk.
Keywords: mini-tablets, risk assessment, quality by design, dosage forms for children.

Abbreviations: DF — dosage form; EP — excipient; SPh XV — State Pharmacopoeia of the Russian Federation XV edition;
MT — mini-tablet; PHA — Preliminary Hazard Analysis; CQA — critical quality atribute; APl — active pharmaceutical

ingredient.
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Mpon3BOACTBO MUHU-TabneToKk (MT) 3HAaUMTENbHO OTIMYAETCA OT BblNyCcKa TabAeTOK 0ObIYHOrO pa3mepa M COMPANKEHO C
onpeaenéHHbIMM pUcKamu. B ctaTbe NpoBeaEH aHaNU3 HayUHbIX NyBAMKaLMI Ha Temy pa3paboTku 1 NnponssoacTea MT, u Ha
OCHOBE MOYYEHHbIX AAHHbIX OLLEeHEHbI CBA3aHHbIE C STUM PUCKM.

Lienb. MpoBecTu oLeHKy PUCKOB Npu GpapmaLeBTMYECKON pa3paboTke MT.

Marepuanbl U meTogbl. B KauecTBe maTepuanos UCCEA0BAHUA 32 OCHOBY BblN B3ATbI PYKOBOACTBA N0 GapMaLeBTUYECKOM
pa3paboTtke ICHQ8 u ynpasneHuto puckamu gns Kadectsa ICHQ9, pekomeHpaumu locypsapcTBeHHoOW dapmakonen PO
XV usgaHua, HayyHble nybankauum no gpapmaveBTMyeckon paspabotke u npoussoactsy MT. MccnegoBaHne nposBoamau
meTogom PHA (npepBapuTenbHOrO aHaAM3a omacHoCTel). B KayecTBe KpPUTMUYECKMX MokasaTeneit Kadectsa (KMK) MT
6bIN PAaCCMOTPEHbI: pacnafaeMocTb, PacTBOPEHME, OAHOPOAHOCTb A03MPOBAHMUA, OAHOPOAHOCTb MACChl, MPOYHOCTb Ha
pasgaBAnBaHWe, UCTUPAEMOCTb. MaeHTUdUKALMA onacHOCTEN NPOBOANIACL METOLOM MOCTPOEHUA Anarpammbl MicMKasbl.
AHanNM3 PUCKOB MPOBOAMACA HAa OCHOBAHUM [AHHbIX Hay4YHbIX NybAMKaUM Ha Temy pa3paboTkM u npomssoacTsa MT.
Mouck cTaTtel ocywecTBaanca 3a nepuog ¢ 1990 no 2024 ropg, B 6a3ax gaHHbIX ScienceDirect, PubMed, Akagemusa Google
n elibrary.ru. Ha ocHoBaHWM cBeAEHWI, NPeACTaBAEHHbIX B 3TUX CTATbAX, U JIOTMYECKMM METOAOM 6binn onpesenieHbl
BEPOATHOCTb BO3HWKHOBEHMA U TAMKECTb (nocneacteusa) puckoB. OLEHMBAHWE PUCKOB MPOBOAUIOCH C MUCMOAb30BaHUEM
MaTpPULblI PUCKOB.

Pesynbratbl. Cpean napameTpoB TeXHONIOrMYECKOro mnpouecca npoussoactsa MT npeacTaBnAalOT OMacHOCTb CTagauu
npeccoBaHmnA U cMelmBaHuA. [peccoBaHme CBA3AHO C BbICOKMM puckom anda cnegyrowmx KMK: pacteopeHne, o4HOPOAHOCTb
[03UPOBaHUA, OAHOPOAHOCTb MacCbl M MpoyHocTb MT Ha paspasnveaHue. CmellMBaHME KPUTUYECKM BaXHO AnA
obecrneyeHns OLHOPOAHOCTM [A03UMPOBaHWA. MapameTpbl akTMBHOM dapmaLeBTUyeckon cybcTaHummn (ADC), Takue Kak
pa3smep 1 popma YacTuL, CyLLeCTBEHHO BAMAIOT HA pacTBopeHue. Kpome Toro, npeccyemocTb U cbinyyectb APC aBnatoTca
puckoobpasyowmmn daktopammn ans obecneyeHUs OAHOPOAHOCTU A03UPOBaHMA M maccbl MT. OrpomMHoe 3HayeHue
npu paspabotke MT nmeeT BbI6Op BCromoraTesibHbIX BewecTs (BB). Hanbonblumii puck Bo3aencrTema Ha maydaemble KK
npeacTaBAseT TUN U COAepKaHUe HanoaHUTeNA. HepaumMoHanbHbIM BbI6Op Ae3MHTerpaHTa U aHTUGPUKLMOHHOTO BB morkeT
NPUBECTM K HapyLUEHWIO pacnagaeMocTu U pacTBopeHus MT.

3aKnoueHue. B pesynbtate OLEHKUM PUCKOB 6biM MAEHTUOULMPOBAHbI OMACHOCTM, MPOAHAAU3UPOBAHbI U OLEHEHbI
KNIOYEBbIE PUCKM, CBA3AHHble C dapmaueBTUYeckon paspaboTkort MT. Ocoboe BHMMaHWe 6blIO yAENEeHO OCHOBHbLIM
rpynnam onacHocter — BaunsaHuto ceoncts ADC, BB 1 napametpam npounssoactseHHoro npouecca Ha KMK MT. BbissneHo,
4TO Npu paspaboTke MT ocobbii puck NnpeacTasaseT dopma v pasmep Yactuuy, ADC, npeccyeMocTb U Cbiny4ecTb MOPOLLKOBOM
CMeCH, TUN M COoAEpXKaHMe HaMNOMHUTENA U Ae3UHTErpaHTa, a TaKXe TakMe napameTpbl TEXHOIOrMYECKOro npouecca, Kak
npeccoBaHWe 1 CMeLunBaHue.

KntoueBble cnoBa: MYHU-TabNETKU; OLLEHMBAHME PUCKOB; KA4YeCcTBO Yepes AM3aliH; NeKapCTBEHHble GopMbl AN1A AeTel
Cnucok coKpaleHuii: 1O — nekapcteeHHaa dopma; /M — nekapcTBeHHbIV NpenapaTt; BB — BcnomoratenbHoe BeLLecTBo;
MT — muHu-Tabnetka; PHA — npegsapuTenbHbli aHanu3 puckos (Preliminary Hazard Analysis); KMK — KpuTuyeckuit
nokasaresib Kauectsa; ADC — aKkTMBHaA GpapmaLeBTMYecKasn cybcTaHuumA.

INTRODUCTION

The lack of special dosage forms (DFs) with
reduced dosage for children is an important problem
in modern pediatric pharmacotherapy. To a large
extent, medicines developed only for adults are used
in pediatrics outside the approved indications (off-

Tom 13, Beinyck 4, 2025

label) [1]. For example, angiotensin-converting enzyme
inhibitors (captopril, enalapril), angiotensin Il receptor
blockers (losartan, valsartan), B-blockers (carvedilol),
diuretics (spironolactone, hydrochlorothiazide,
furosemide), cardiac glycosides (digoxin), etc. are used
to treat heart failure in children [2]. Often, there are no
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specially developed DFs for children of these medicines
on the pharmaceutical market, which forces their usage
intended for adults. This approach entails increased
risks associated with the lack of reliable data on the
safety and efficacy of medicines for the children’s
body [3].

In the context of current problems in pediatric
pharmacotherapy, the task of developing new DFs for
children is relevant. However, the process of creating
specialized drugs for children is associated with
certain difficulties. Solid DFs, including tablets and
capsules, can cause swallowing problems in children,
which negatively affects adherence to the prescribed
course of treatment. Liquid DFs, such as solutions
and suspensions, are more preferable, but they also
have disadvantages: short shelf life, risk of microbial
contamination, the presence of non-indifferent
excipients (EPs), as well as inaccurate dosing [4, 5].

A promising DF for children is mini-tablets (MTs).
The number of publications on the topic of MT
development has increased significantly recently [6].
At the same time, orodispersible MTs, which combine
the advantages of liquid DFs and conventional tablets,
are of great interest [7]. According to Lennartz and
Mielck, MTs are tablets with a diameter of 2-3 mm
or less [8]. MTs have a number of advantages: easy
swallowing, flexible dosing, ensuring accurate dosing,
high stability compared to liquid DFs [9]. Unlike pellets,
MTs have a constant shape and size, a smooth surface,
a low degree of porosity and high mechanical strength,
which together facilitates the application of a coating
on MTs [10].

MTs are a suitable DF for children of different ages.
Klingmann et al. studied the acceptability of uncoated
MTs in newborns. The study involved 151 children, with
an average age of 4.07 days. The study participants
received 2 mm diameter and 7 mg MT-placebo. As a
result, 82.2% of children completely swallowed the
MT, and none of the newborns experienced severe
complications in the form of aspiration [11]. In another
study, also conducted by Klingmann et al., the effect
of coated and uncoated MT-placebo on children aged
6 months to 5 years was studied. The MT was placed
on the child’s tongue, after which he was offered
to swallow them, drinking with a selected drink (no
more than 3 sips). 306 children took part in the study.
No child experienced aspiration problems as a result
of taking uncoated MTs. Only two cases of coughing
were recorded after taking coated MTs among children
aged 0.5 to 1 year, but these cases were not clinically
significant [12].

In accordance with the ICH Q8 guideline!, one

! International Conference on Harmonisation, Guideline ICH Q8 (R1);
Pharmaceutical Development, Step 4; November 2008.
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of the stages of pharmaceutical development is risk
assessment. Risk assessment is a valuable scientific
process used in quality risk management to identify
material indicators and process parameters that
potentially affect the critical quality attributes (CQA)
of a drug. Risk assessment is usually carried out at
an early stage of the pharmaceutical development
process and is repeated as more information becomes
available and more knowledge is gained®. At the same
time, in accordance with the ICH Q9 guideline®* on
quality risk management, risk assessment consists of
identifying hazards, analyzing and evaluating risks [14].
In the process of pharmaceutical development of MTs,
conducting a risk assessment is a critical step to ensure
the high quality of the final product. Risk assessment
is necessary to identify all potential elements with an
increased level of risk and their subsequent detailed
study as part of the planning of experimental studies.

THE AIM. Assessment of potential risks at
the pharmaceutical development stage of MTs
for children.

MATERIALS AND METHODS

The research materials were based on the ICH
Q8* guidelines for pharmaceutical development and
ICH Q9° guidelines for quality risk management,
recommendations of the State Pharmacopoeia of the
Russian Federation XV edition (SPh XV)8 scientific
publications on pharmaceutical development and
production of MTs.

The following were considered as CQA MTs:
disintegration, dissolution, uniformity of dosage,
uniformity of mass, crushing strength, abrasion.

Hazard identification

At the first stage of risk assessment, the PHA
(Preliminary Hazard Analysis)” method was used to
identify hazards — the systematic use of information
to identify hazards related to the issue regarding
risk or problem description [13, 14]. The Ishikawa
diagram (“fishbone”) was used to assess cause-and-
effect relationships. It is a graphical tool for organizing
and presenting knowledge and ideas generated as
a result of the collective analytical process of the

2 |bid.

3 International Conference on Harmonisation, Guideline ICH Q9;
Quality Risk Managemen; 2005.

4 International Conference on Harmonisation, Guideline ICH Q8 (R1);
Pharmaceutical Development, Step 4; November 2008.

5 International Conference on Harmonisation, Guideline ICH Q9;
Quality Risk Managemen; 2005.

6 State Pharmacopoeia of the Russian Federation XV edition. Available
from: https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/.
Russian

7 International Conference on Harmonisation, Guideline ICH Q9;
Quality Risk Managemen; 2005.
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research team. Causes are classified according to their
significance or level of detail, resulting in a hierarchical
structure similar to a fish skeleton, where the main
categories of causes are represented as “bones”
connected to the “spine” [15, 16]. Using this method,
the main groups of hazards were logically identified.
The most significant groups were located closer to the
top of the fish.

Risk analysis and measurement

At the second stage, the analysis and measurement
of risks associated with the identified hazards® was
carried out. For this purpose, data from scientific
publications on the development and production of
MTs were used. The search for articles was carried out
for the period from 1990 to 2024 in the ScienceDirect,
PubMed and Google Scholar databases using the
keywords: “minitablets”, “minitablets”, “minitablets
development”, “minitablets manufacturing”, and in
elibrary.ru using the keywords “mini-tablets”. The
initial search identified 82 publications; after removing
duplicates, 52 unique articles remained, which were
evaluated by titles and abstracts for relevance. For
a detailed analysis of risks according to established
criteria (publications 1990-2024, focus on MTs
development / production, availability of full text), 15
of the most relevant articles containing experimental
data on the composition and technology of MTs
production were selected. Based on the information
presented in these articles, and by logical method, the
probability of occurrence and severity (consequences)
of risks were determined.

The probability of a risk occurring was assessed on
a scale: A — almost certainly (1:2), B — likely (1:10),
C — possible (1:100), D — unlikely (1:1000), E — rare
(1:10000). The severity of the risk was assessed on
a 5-point scale: 1 — insignificant, 2 — stopping the
technological process, 3 — rejection of the batch, 4 —
non-compliance with the specification, 5 — detected
only by the patient [17].

Risk assessment

At the last stage, risk assessment was carried
out — comparing the identified and analyzed risk with
the specified risk criteria [14]. For this, a risk matrix
described by N. Baker was used (Table 1). Risks were
divided into low, medium and high [17].

RESULTS AND DISCUSSION

Hazard identification
At the first stage, the main groups of hazards
affecting CQA were identified: properties of the

8 Ibid.
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active pharmaceutical substance (API), type and
content of EP, equipment used, parameters of the
technological process, packaging, quality control, staff,
environment® (Fig. 1).

As shown in Figure 1, the main hazards associated
with API are the shape and size of particles, flowability
and compressibility properties, hygroscopicity. The
choice of the main groups of EPs, such as fillers,
disintegrants, anti-friction and binding substances,
is important in the development of MTs. The main
parameters of the technological process, such as speed,
time and degree of grinding and mixing, pressing
pressure affect the quality indicators of MTs. The choice
of equipment, namely a mixer, grinder, type of tablet
press and a set of press tools, also poses a hazard.

The choice of packaging type, material of primary
and secondary packaging and quality control of MTs is
also important®. Hazards associated with personnel
and the environment are general in nature and are also
important in the development of MTs.

At the second stage, the influence of the most
significant hazards in pharmaceutical development!!
(API, EP, parameters of the production process) on
CQA was analyzed. Other risks (equipment, packaging,
personnel and environment) were excluded from the
analysis, since their role is manifested at later stages
of MT production.

Mass and dosage uniformity

Mass uniformity and dosage uniformity are
important CQA for low-dose DFs. Alalaiwe et al. report
that the risk of dosage and mass non-uniformity
increases as the tablet size decreases. One way to
reduce the risk is to reduce the particle size. However,
reducing the size can lead to a deterioration in the
flowability of the powder due to particle adhesion and
segregation, which can ultimately reduce the uniformity
of dosage and mass of MTs obtained by direct
compression [18].

As part of a study conducted by I. Stoltenberg et al,,
the development of 2 mm diameter orodispersible
MTs containing hydrochlorothiazide at a dosage of
1 mg was carried out. The manufacturing process
was carried out by direct compression using various
EP, including Ludiflash, Parteck ODT, Pearlitol Flash,
Pharmaburst 500 and Prosolv ODT. The final MTs were
characterized by an average weight in the range from
6.41 to 6.61 mg. The authors of the study emphasize
the critical role of the pressing process in ensuring the
uniformity of dosage and mass of tablets. It was found

° |bid.
0 International Conference on Harmonisation, Guideline ICH Q8 (R1);

Pharmaceutical Development, Step 4; November 2008.
1 |bid.
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that parameters such as the flowability of the mixture,
the size and shape of particles do not have a noticeable
effect on the uniformity of dosage [19].

Khan et al. note that to ensure a constant tablet
weight and dosage uniformity, it is necessary to
ensure good powder flowability. This ensures that the
required amount of powder enters the matrix. The
authors studied the effect of mixing parameters of a
powder mixture of carvedilol with various EPs on the
dosage uniformity of MTs. In addition to carvedilol
(0.5 and 2 mg), the MTs included EP such as mannitol,
microcrystalline cellulose and magnesium stearate.
It was assumed that increasing the mixing time
contributes to improving the uniformity of dosage,
however, extending the mixing to 15 min led to
segregation of carvedilol particles, as a result of which
heavier particles sank to the bottom of the mixture. As
a result, the authors determined the optimal mixing
mode: 5 minutes at a speed of 250 rpm, followed by
the addition of microcrystalline cellulose [20].

In their study, Lura and Breitkreutz investigated the
effect of various press tools used to form tablets on the
mass uniformity of MTs. The authors obtained 2 and
3 mm MTs using punches with 1, 7 and 19 tips on the
Styl’OneEvo tablet compactor. As a result, the greatest
differences in mass are observed in the zones in which
the matrix holes were constantly under the shoe
(feeder) and in the holes located closer to the edges
of the matrix. The researchers note that the process of
filling the matrix is a critical process in the production
of MTs, and the mass uniformity of MTs depends on
the system of press tools and mechanisms for filling the
matrix [21].

The data presented indicate that in the
pharmaceutical development of MTs, the flowability
of the powder mixture, pressing pressure, type and
content of the filler have a significant impact on
the uniformity of dosage and mass of MTs. Pressing
pressure probably (B) affects the listed CQA and can
lead to rejection of the batch (3) (Table 2). Particular
attention should be paid to the mixing process.
Insufficient or excessive mixing time probably (B)
can lead to settling of large API particles or uneven
distribution of the lubricant, which will lead to non-
uniformity of MT dosage and rejection of the batch (3)
(Table 2). Almost certainly (A) poor flowability of the
APl and filler mixture will lead to problems filling the
matrix and ultimately — to stopping the technological
process (2) or rejection of the batch (3) (Tables 3 and 4).

Abrasion
Abrasion is the damage to tablets under the
influence of mechanical shock or abrasion during
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processing (shaking, vibration, etc.)'?. In a study
conducted by Alalaiwe et al., 3 mm diameter sildenafil
MTs were obtained on a rotary tablet press at a
pressing pressure of 8 kN. The authors of the study
determined the effect of EP, namely pregelatinized
starch (Starch 1500) and microcrystalline cellulose
(Avicel PH 105), on the abrasion of tablets. During
9 tests, the abrasion of MTs ranged from 0.65% to

1.22%. It was found that with an increase in the
concentration of microcrystalline cellulose (from
10 to 40%) and pregelatinized starch (from 2%

to 10%), the abrasion of tablets decreased, with
pregelatinized starch having the greatest impact on this
indicator [18].

Mitra et al. in their study examined the effect
of particle size and ibuprofen content in MTs with
a diameter of 1.2, 1.5, 2 and 2.5 mm on the abrasion
index. The researchers did not find a statistically
significant effect of variables such as particle size
and ibuprofen content on the abrasion of MTs.
Nevertheless, it was found that smaller MTs (1.2 mm)
showed higher abrasion rates, ranging from 0.8% to
1.1%, compared to larger diameter tablets (2.5 mm), in
which this indicator was from 0.1% to 0.2% [22].

In the study Stoltenberg et al. applied a modified
method for studying the abrasion of orodispersible
MTs of hydrochlorothiazide. 1 g of MTs in a closable vial
were shaken using a Universalshaker SM 25 mechanical
shaker (EdmundBiihler, Hechingen, Germany) for
1 hour at a frequency of 200 rpm. Then the samples
were dedusted using an air jet sieve with a mesh size
of 125 um and a pressure of 600 Pa for 1 min. Samples
were weighed before and after processing. All samples
obtained at a pressing pressure of 5 kN to 10 kN had an
abrasion of less than 1%. In addition, the authors noted
that the abrasion of MTs does not always correlate
with their crushing strength. The Prosolv® ODT
composition, pressed at 3 kN, showed higher crushing
strength compared to the Pearlitol® Flash composition,
pressed at 5.5 kN, which in turn had satisfactory
abrasion. Based on these results, the authors
concluded that it is necessary to apply a pressing
pressure of at least 5.5 kN to achieve optimal tablet
strength [19].

Taking into account the above, it was concluded
that the presence of EP, the size of MTs and the
pressing pressure affect the abrasion index in MTs.
Often, with an increase in pressing pressure, the
abrasion of tablets decreases. Almost certainly (A)
insufficient pressure can lead to non-compliance of
MTs with the specification (4) (Table 2). The type and

2. GPhM.1.1.1.0015 Abrasion. State Pharmacopoeia of the Russian
Federation XV edition. Available from: https://pharmacopoeia.regmed.
ru/pharmacopoeia/izdanie-15/1/1-1/1-1-2/istiraemost-tabletok/
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content of the filler probably (B) can also lead to non-
compliance with the specification (4) (Table 3). The
effect of API should be considered only with its high
content in MTs. It is worth noting that the method
for determining abrasion, intended for conventional
tablets, is not sensitive enough, therefore, for MTs, it
is advisable to consider other methods, for example,
the method for determining abrasion for granules and
spheroids [23].

Crushing strength

The crushing strength of tablets (tablet resistance
to pressure) shows the force required to destroy
tablets®. In a study conducted by Stolnberg et al.,
the dependence of the strength of orodispersible
MTs of hydrochlorothiazide on the pressing pressure
and incoming EP was evaluated. It was found that
a crushing strength of more than 7 N is achieved in
compositions with Parteck ODT at a pressing pressure
of 5.5 kN (7.4 N) and 8 kN (11.8 N), Ludiflash at a
pressure of 8 kN (8.1 N), and Pharmaburst at a pressure
of 8 kN (8 N). At the same time, compositions with
Proslov ODT at a pressure of 5.5 kN and 8 kN, as well
as Pearlitol Flash at a pressure of 8 kN and 10 kN,
showed a crushing strength of less than 7 N [19].

Alalaiwe et al. studied the crushing strength of
sildenafil MTs. The strength of the obtained MTs
varied from 2.86 kiloponds (28 N) to 5.31 kiloponds
(52 N). In addition, the crushing strength increased
with increasing content of MCC and pregelatinized
starch [18].

In a study by Cho et al., the effect of fillers and
lubricants on the strength and ejection force of MTs
was studied. The authors obtained acyclovir MTs
on a STYL'OneEvo compactor using a set of punches
with 29 tips. MCC 101 (from 24.25% to 97%) and
pregelatinized starch (from 24.25% to 97%) were
selected as fillers for comparison, and magnesium
stearate (0.5% and 2%) was used as lubricants.
Granules were pre-obtained by wet granulation.

3 GPhM.1.1.1.0017 Crushing strength. State Pharmacopoeia of the
Russian Federation XV edition. Available from: https://pharmacopoeia.
regmed.ru/pharmacopoeia/izdanie-15/1/1-1/1-1-2/prochnost-
tabletok-na-razdavlivanie/

The authors claim that pregelatinized starch was
more effective in reducing the ejection force of MTs.
Increasing the amount of magnesium stearate also
led to a decrease in the ejection force. However, the
researchers draw attention to the fact that the use of
lubricants in high quantities is undesirable due to the
decrease in the mechanical strength of MTs [24].

Thus, one of the main factors to pay attention to
when developing MTs is the pressing pressure (Table 2).
Almost certainly (A) non-optimal pressing pressure
will lead to non-compliance with the specification
in terms of MT crushing strength (4). The choice of
the appropriate filler will probably (B) ensure good
adhesion of the particles of the powder mixture
and, therefore, sufficient strength of the MT, which
prevents serious consequences in the production of
MTs (4) (Table 4). Also, special equipment may be
needed to measure the crushing strength of MTs [18].

Dissolution

Dissolution is used to determine the amount of
active substance that is released into the dissolution
medium from the medicine in a solid dosage over
a certain period of time!. In a study conducted by
Mitra et al., the effect of particle size and ibuprofen
content, as well as the diameter of MTs on release
was studied. A USP | type dissolution apparatus was
used for the tests. The researchers indicate that MTs
with 3% ibuprofen content show a higher release rate
compared to MTs containing 25% ibuprofen: 80% and
45% in 30 min, 90% and 65% — 60 min, respectively,
while complete dissolution is achieved after 90 min.
The authors also note that with an increase in the
diameter of MTs (from 1.2 mm to 2.5 mm) with 25%
ibuprofen content and a particle size of 60 um, a
decrease in the release rate is observed. In addition
to this, it was found that the particle size affects the
release efficiency: MTs with 25% ibuprofen content
and a particle size of 60 um showed a faster release
compared to those with a particle size of 100 um,
with results of 74% and 61% in 30 min, and 91%
and 83% — 60 min, respectively [22].

“bid.

Table 1 — Risk matrix

Severity

Probability
m|o|o|e|>

Note: risks: B — low, ©" — medium, M — high.
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Table 2 — Risks of critical quality attributes due to technological process parameters

Critical quality Technological process parameters
attributes Sieving Mixing Lubrication

Pressing
Medium

Disintegration
Dissolution

Dosage uniformity
MT mass uniformity

Crushing strength

Abrasion | |

Table 3 — Risks of critical quality attributes due to pharmaceutical-technological properties
of active pharmaceutical ingredient

Critical quality Pharmaceutical-Technological Properties of active pharmaceutical ingredient
attributes Flowability Particle Size and Shape  Compressibility Solubility
Disintegration Medium

Dissolution Medium

Dosage uniformity
Mass uniformity Medium

Crushing Strength | |
Abrasion | |

Table 4 — Risks of critical quality attributes due to the type and content of excipients

Groups of excipients (type and content
Critical quality attributes P P (typ )

Fillers Disintegrants Binders Antifriction
Disintegration Medium Medium Medium
Dissolution Medium Medium

Dosage uniformity
Mass uniformity
Crushing strength

Medium Medium Medium

Abrasion Medium Medium Medium
Parameters of the Active
technological process  pharmaceutical
Staff Package ingredient
Grinding

Secondary

packaging Sieving

Experience Solubility
Primary

packaging

Granulation o
Qualification Compressibility
Packaging Mixing
material

Skills
and abilities

Flowability

Lubrication Particle shape

Type
and size

of packaging

Understanding’

the process
P Compreassion

CQAMT

Temperature Disintegration Tablet press

Humidity Dissolution Disintegrant

Atmospheric

pressure Granulator

Crushing strength Anti-friction agent

Air
environment Friability Chopper Binding agent

Environment Quality control Equipment Excipients

Figure 1 — Factors affecting the critical quality indicators of mini-tablets.
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In a study by Alalaiwe et al. it was shown that the
release of sildenafil from MTs was more influenced by
the content of pregelatinized starch. With an increase
in the content of pregelatinized starch (from 2% to
10%), the percentage of sildenafil released increased
from 76.49% to 89.31% during the 30-minute test [18].

At the same time, it should be borne in mind that
standard methods for determining dissolution may
not be suitable for MTs, and in some cases modified
methods are required. One such method is described
by Hellberg et al. The study used a modified method
for determining the dissolution of ODT MTs of sodium
salicylate using a mini-vessel of 250 mL, mini-blades
1/3 the size of standard blades and different rotation
speeds of the mini-blades. The authors conclude that
this method proved useful for testing MTs, however,
similar results can be obtained using standard
equipment [25].

Thus, APl and EP have a significant impact on the
dissolution of MTs. Almost certainly (A) the wrong
choice of disintegrant or lubricant will lead to a
deviation of the specified CQA and a decrease in the
effectiveness of the drug, which can only be detected
by the patient (5).

Disintegration

According to PhM.1.4.1.0015 “Tablets”, if the
pharmacopoeial article provides for a test for the
“Dissolution” indicator, then it is allowed not to
conduct a test for the “Disintegration” indicator [15].
Nevertheless, this indicator (the ability of solid dosage
DFs to disintegrate in a liquid medium over a certain
period of time)*®, in our opinion, is very important and
necessary in the pharmaceutical development of MTs.

In a study conducted by Subh et al., it was
demonstrated that the disintegration of tablets largely
depends on the type and content of EP. The authors
obtained 5 mm paracetamol MTs with a dosage of
40 mg by direct compression. During the experiment,
the effect of the content of various EP on the
disintegration time of MTs was evaluated: Pharmaburst
(from 10 MG to 70 mg), sodium starch glycolate (from
1 MG to 10 mg) and magnesium stearate (from 1 MG
to 6 mg). It was found that the content of magnesium
stearate has the greatest impact on the rate of
disintegration, which is confirmed by its influence
coefficient, equal to 11.10, while for Pharmaburst and
sodium starch glycolate the coefficients were —0.4 and
—0.6, respectively [9].

% GPhM.1.4.2.0013 Disintegration. State Pharmacopoeia of the
Russian Federation XV edition. Available from: https://pharmacopoeia.
regmed.ru/pharmacopoeia/izdanie-15/1/1-4/1-4-2 /raspadaemost-
tvyerdykh-lekarstvennykh-form-/

Tom 13, Beinyck 4, 2025

As part of a study conducted by Warnken et al.,
2 mm diameter MTs containing 50% clofazimine
were obtained by direct compression. Clofazimine is
poorly soluble in water and has a small particle size.
The paper emphasizes that the process of pressing
clofazimine is associated with difficulties due to the
formation of intermolecular bonds between small
particles, which prevents the disintegration of tablets.
The authors added various EP, including 1% sodium
stearyl fumarate and 5% croscarmellose sodium.
The greatest decrease in disintegration time was
recorded when using croscarmellose sodium, which,
without dissolving in water, is able to swell, thereby
ensuring rapid disintegration of tablets. To reduce the
interfacial interaction between the tablet matrix and
the powdered substance, it was proposed to use 1%
sodium stearyl fumarate and 1% sodium lauryl sulfate.
The use of the widely used glidant magnesium stearate
was recognized as impractical, since it can create a
hydrophobic layer that prevents the disintegration and
dissolution of tablets [26].

In the study Stolnderg et al. characterized
the negative effects associated with the use of
lubricants, which lead to a decrease in wetting and
an increase in the disintegration time of ODT MTs
of hydrochlorothiazide. The authors compared the
effectiveness of magnesium stearate and sodium
stearyl fumarate, used as lubricating additives in
concentrations from 2% to 5%. The results showed that
sodium stearyl fumarate provides faster disintegration
of MTs, even at higher content, which indicates its
advantages as a lubricant compared to magnesium
stearate [19].

However, in a study by Sabbatini et al. it is argued
that the presence of a lubricant does not affect the
kinetics of water absorption in the presence of a
disintegrant. The authors studied the disintegration of
tablets depending on the amount of croscarmellose
sodium (from 0% to 5%) with a constant amount
(3%) of different lubricants, such as magnesium
stearate, sodium stearyl fumarate and sodium lauryl
sulfate. The disintegration time depended only on
the concentration of the disintegrant, and the type of
lubricant had no effect. Tablets without disintegrant
remained intact for more than 15 min, but with the
addition of croscarmellose sodium, the time decreased
to less than 20 s [27].

Based on this, when developing MTs, special
attention should be paid to the choice of lubricants,
since they significantly affect the disintegration index
(Table 4). If possible, the addition of magnesium
stearate should be avoided, since it probably (B) forms
a hydrophobic layer and thereby reduces disintegration,
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leading to non-compliance with the specification (4).
Almost certainly (A) disintegration depends on the
type and content of the disintegrant (Table 4). Its
choice is one of the key factors in the development
of orodispersible MTs (A). Pressing pressure also has
a noticeable effect (C), reducing the disintegration
of MTs (3) (Table 2). In addition, for orodispersible
MTs, it is necessary to consider conducting a
wettability test [23].

At the final stage, a risk assessment of the
parameters of the technological process (Table 2), API
(Table 3) and EP (Table 4) on the CQA MTs was carried
out using a risk matrix.

As a result of the risk assessment, it was found that
among the parameters of the technological process
(Table 2), the processes of pressing and mixing pose a
hazard. Pressing is associated with a high risk for the
following CQA: dissolution, uniformity of dosage and
uniformity of mass of MTs and crushing strength of
MTs. Mixing is critical to ensure dosage uniformity.
APl parameters (Table 3), such as particle size and
shape, significantly affect dissolution. In addition, the
compressibility and flowability of APl poses a hazard
in ensuring the uniformity of dosage and mass of
MTs. The choice of EP is of great importance in the
development of MTs (Table 4). The greatest risk to the
studied CQA is the type and content of the filler. An

irrational choice of disintegrant and antifriction EP can
lead to a violation of the disintegration and dissolution
of MTs.

Study limitations

The limitations of the study include the lack of
experimental data on the pharmaceutical development
and industrial production of MTs. Further experimental
studies on the pharmaceutical development of MTs
for pediatric practice are recommended, taking into
account the identified risk factors.

CONCLUSION

Thus, hazards were identified, key risks associated
with the pharmaceutical development of MTs were
analyzed and assessed. Special attention was paid
to the main groups of hazards — the influence of API
properties, EP and parameters of the production
process on the CQA MTs. It was revealed that in
the development of MTs, the shape and size of API
particles, the compressibility and flowability of the
powder mixture, the type and content of the filler
and disintegrant, as well as such parameters of
the technological process as pressing and mixing,
pose a particular risk. These pharmaceutical factors
must be taken into account in pharmaceutical
development
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The aim. To evaluate the effectiveness of L-carnitine in the complex correction of cardiovascular and autonomic
manifestations of long COVID in children, adolescents, and young adults.

Materials and methods. Within the framework of an open, simple, randomized, parallel-group comparative clinical study,
the effectiveness of L-carnitine at a dose of 50-75 mg/kg per day in 2 doses for 6 weeks in addition to standard therapy
in children and adolescents aged 10 to 17 years, as well as young people aged 18-25 years with long COVID (n = 45) was
studied in comparison with the standard therapy (n = 45) using clinical and anamnestic, electrophysiological,
echocardiographic and other methods. The statistical processing of the results was carried out by the variational method, and
correlation and regression analysis using Student’s t-test for dependent samples, as well as the McNemar chi-square test.
Results. The most frequent clinical manifestations of long COVID were: high fatigue, headaches and muscle weakness — in
66.7-100%. After 6 weeks of treatment, the absence of complaints and normalization of objective status were noted in
93.3% of patients in the main group and 66.7% in the comparison group (p < 0.05). Repolarization abnormalities and rhythm
disturbances, initially registered in 43.3% of patients, were not observed after 6 weeks of therapy in the main group, while
they persisted in more than 50% in the comparison group. By the 6 weeks of treatment, there were no changes in Echo in
the main group, while in the comparison group (slight dilatation of the left ventricle) persisted in 9 out of 12 patients. In the
main group, according to Holter monitoring, restoration of heart rate, normalization of its autonomic regulation,
reduction in the representation of bradyarrhythmias and “density” of extrasystoles were achieved.

Conclusion. The effectiveness of L-carnitine for the correction of the frequency and severity of autonomic and cardiac
disorders in the subjects with long COVID has been shown.

Keywords: L-carnitine; long COVID; cardiovascular system; children; adolescents; young adults

List of abbreviations: HR — heart rate; LA — left atrium; LVEDD — left ventricular end-diastolic diametr; LV — left ventricle;
LVEF — left ventricular ejection fraction; DMSVS — Paediatric multisystem inflammatory syndrome; CVS — cardiovascular
system; BP — blood pressure; HM — Holter monitor; AEs — adverse effects; SAEs — serious adverse effects; HR — heart rate;
AST — active stand test; HRV — heart rate variability.
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Lienb. OueHKa adpdeKTMBHOCTU NpenapaTta L-KapHUTUHA B KOMMNEKCHOW KOPPEKLUW KapAMOBACKYAPHbIX U BEreTaTUBHbIX
NpPosBAEeHUIN NoCcTKoBUAHOro cuHapoma MKC y getei, NoApOCTKOB M INL, MONIOAOIO BO3pacTa.

Martepuanbl U meToabl. B pamkax OTKPbITOro NpOCTOro paHA0MMU3UPOBAHHOIO CPAaBHUTENbHOIO KAMHUYECKOro nccaeaosaHuna
B NapanefibHbixX rpynnax usydeHa s¢pGeKTMBHOCTb L-KapHUTUHA B A03e 50—75 Mr/Kr B CYTKM B 2 MPMEMA B TeyeHMe 6 Hepn
B A06aBNeHUM K CTaHAAPTHOM Tepanuu y AeTel U NoApocTKoB B Bo3pacTe oT 10 ao 17 net, a TakKe MONoAbIX Nnoaen
18-25 net c MKC (n=45) B cpaBHEHWUM CO CTaHAAPTHOM Tepanuen (n=45) ¢ NCNONb30BaHNEM KNUHUKO-aHAMHECTUYECKUX,
3N1eKTPOOU3NONOTMYECKUX, IXOKapamMorpaduyeckmx metogos. CTaTucTMyeckas obpaboTka pesynbTaToB Gblia NMpoBedeHa
METOAOM BapMALMOHHOIO M KOPPEeNALMOHHO-PErpeccCMOHHON0 aHaan3a € Mcnosb3oBaHMeM Kputepua CTblogeHTa AnA
3aBUCUMMbIX BbIBOPOK, a TaKkKe xu-KBaapata MakHemapa.

Pe3ynbratbl. Hanbonee yactbimu KAMHUYECKMMU nposasaeHnAammU MKC 6bian NoBbIWEHHaA YTOMIAEMOCTb, ro/I0BHble 601u
M MbllweyHan cnaboctb — y 66,7—100%. Yepes 6 Hen NeYeHUs OTCyTcTBME Kanob M HopmManusauma o6bEKTUBHOIO cTaTyca
oTmeyvanuch y 93,3% nauMeHTOB OCHOBHOW rpynnbl U 66,7% B rpynne cpasHeHus (p <0,05). AHOManMmM penonsapusaumm
W HapylweHWs pUTMa, 3aperucTpupoBaHHble UCXoaHO y 43,3% nauneHTos, Yepe3 6 Hea TepanuMu B OCHOBHOM rpynne He
OTMEYa/IUCb, 3 B rpynne CpaBHEHUA coxpaHAnucb bonee, yem B 50%. K 6 Hepn fieyeHUss B OCHOBHOW rpynne U3meHeHus
IxoKl oTcyTcTBOBaNM, TOr4a Kak B rpynne CpaBHEHMA (HE3HAUMTENbHAA AWNATaLMA JIEBOMO XeNyAouKa) COXPaHAIUCH Y
9 u3 12 nauueHToB. B OCHOBHOW rpynne Mo AaHHbIM XONTEPOBCKOTO MOHUTOPUPOBAHWUA LOCTUFHYTO BOCCTaHOB/EHWE
YacToTbl PUTMA, HOPMANIM3ALMA €ro BEreTaTMBHOW perynsaumun, CoKpalleHWe KonvyectBa 6paamapTUMUIn U «MAOTHOCTUY»
3KCTPACUCTONNU.

3akntoueHue. [lokasaHa 3PpPeKTUBHOCTb L-KapHUTMHA ANA KOPPEKUMM 4YacToTbl U BbIPAaXKEHHOCTU BereTaTUBHbLIX W
KapamanbHbIX HapyLeHui y uccnegyembix ¢ MKC.

KntoueBble cnoBa: L-KapHUTUH; NOCTKOBUAHbIV CUHAPOM; CepLEeYHO-COCYANCTan CUCTEMA; LLeTU; MOAPOCTKN; IMLLA MONOLOIO
BO3pacTa

Cnucok coKpauweHuii: YCC — uyacToTa cepaeuHbix CokpalwieHuit; JIN — nesoe npeacepave; KOAP /XK — KOHEYHbIN
OMacTONNYECKUI pasmep NeBOro Kenyaouka; MKC — nocTkoBuAHbIM cuHapom; JIXK — nesblii kenypouek; OBIK —
dpaKLma BbIbpoca neBoro xenyaouka; AMCBC — AETCKUI MyNIBTUCUCTEMHbIV BOCNanuTesbHbli cnHapom; CCC — cepaeyHo-
cocyauctaa cuctema; AL — aptepuanbHoe gasneHune; XM — xOnTepoBCKOe MOHUTOpUpoBaHue; HA — HexenatenbHble
AsneHusa; CHA — cepbésHble HexenatenbHble ABneHMA; YCC — 4yacToTa cepaeyHbix cokpalieHui; AOMN — aKTuBHaA
opTocTaTMyeckas npoba; BCP — BapunabenbHOCTb pUTMa cepauia.

INTRODUCTION

Despite
predominance of mild forms of the new coronavirus
infection among adolescents, the
consequences of the pandemic for children’s health
have yet to be assessed [1]. At the beginning of the
pandemic more attention was paid to the acute period
of COVID-19, then at the moment the vector of interest
has shifted towards the subacute and chronic phases of

the relatively low incidence and

children and
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the coronavirus infection — the so-called “long COVID”,
in which, according to the recommendations of the
National Institute for Health and Care Excellence (NICE)
of Great Britain, persistent symptomatic (ongoing)
COVID (4-12 weeks from the onset of the disease)
and post-COVID syndrome (after 12 weeks)' are

1 COVID-19 rapid guideline: managing the long-term effects of
COVID-19. London: National Institute for Health and Care Excellence
(NICE). — 2024. Available from: https://pubmed.ncbi.nim.nih.
gov/33555768/
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distinguished. A special form of long-term COVID-19
in pediatric practice is the multisystem inflammatory
syndrome in children (MIS-C), characterized by the
development of a systemic inflammatory response with
multi-organ lesions 2—6 weeks after the disease [2].

The prevalence of long-term consequences of
COVID-19 varies widely — from 1.6 to 70.0% due
to the lack of unified approaches to classification
and diagnosis? [3]. The frequency of post-COVID
syndrome (PCS) in the pediatric population, according
to a meta-analysis by Jiang et al., was 16.2% [4]. The
clinical manifestations of PCS have much in common
in children and adults, with a predominance of
asthenic syndrome and other disorders of the nervous
system, changes in the gastrointestinal tract (GIT),
bronchopulmonary and cardiovascular disorders.
Symptoms of post-COVID asthenia in children
and adolescents are manifested by cognitive and
psychological disorders: in a third, the quality of life
decreases, and more than half cannot attend school
for a full school day or participate in extracurricular
activities [5].

Some patients with PCS have involvement of the
cardiovascular system (CVS) with blood pressure (BP)
instability, heart rhythm and conduction disorders,
valvular dysfunction, pericardial effusion, etc. [6].
Abnormal results of cardiac MRI an average of 2.5
months after COVID-19 infection were observed in
78% of convalescents: late gadolinium enhancement,
pericardial enhancement, lower left ventricular
ejection fraction (LVEF), higher left ventricular (LV)
volumes, higher LV myocardial mass in combination
with elevated troponin levels and active lymphocytic
inflammation according to endomyocardial biopsy
in severe cases [7]. Therefore, cardiac symptoms in
patients who have had a coronavirus infection require
the exclusion of classical myopericarditis, including
coronary arteritis, endocarditis, myocardial infarction,
rhythm and conduction disorders, pulmonary
embolism, etc. [8, 9], and only then persistent
symptoms can be considered as manifestations of PCS.

Unified approaches to the diagnosis and treatment
of post-COVID disorders have not been defined [10,
11]. It can be partly explained by the complex and
multicomponent nature of the pathogenesis of PCS
and its cardiac manifestations, which are based on
increased thrombosis, mainly in the vessels of the
microcirculatory bed with the development of local
ischemia, endothelial dysfunction, oxidative stress,
mitochondrial dysfunction, viral persistence® [5].
L-carnitine has shown its effectiveness in leveling
the manifestations of asthenic syndrome in various

2 |bid.
3 Ibid.
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diseases [12]. In addition, it has a cardioprotective
effect, reduces the severity of autonomic disorders,
and corrects endothelial dysfunction [13-15], which
determined the choice of L-carnitine as a drug for the
complex therapy of PCS in children and adolescents.

THE AIM. To evaluate the effectiveness of
L-carnitine in the complex correction of vegetative and
cardiovascular manifestations of post-COVID syndrome
in children, adolescents, and young adults.

MATERIALS AND METHODS

Study design

An open (unblinded) controlled, comparative
randomized clinical trial in parallel groups included 90
individuals who had a new coronavirus infection 12 or
more weeks ago, with clinical manifestations of PCS,
and 30 practically healthy individuals who made up the
control group.

Patients with post-COVID syndrome (30 children —
10-14 years old, 30 adolescents — 15-17 years old
and 30 young people — 18-25 vyears old) were
randomized according to age into two groups in a 1:1
ratio: the main group (n = 45), whose treatment plan,
in addition to standard therapy, included L-carnitine
(PIC-Pharma LLC, Russia) at a dose of 50-75 mg/kg
per day in 2 doses, selected on the basis of previous
studies [16, 17] for 6 weeks, and the comparison
group (n = 45), whose patients received standard
therapy — group or individual psychotherapy,
massage, therapeutic exercises. The obtained results
were compared with the corresponding indicators of
individuals in the control group (n = 30), similar to the
study subjects in terms of gender and age.

Study setting and duration

The work was performed on the clinical bases of
Pediatrics of the Children’s Polyclinic No. 4 (Saransk,
Russia) and the Center for Medicine “MEDiZ” of the
National Research Ogarev Mordovia State University
(Saransk, Russia). The study was conducted from
February 2022 to May 2024; the duration of the
intervention was 6 weeks.

Randomization

All patients included in the study were divided into
groups using simple randomization (the “heads” and
“tails” method).

Eligibility criteria

Inclusion criteria for the study group: children
and adolescents aged 10 to 17 years 11 months and
29 days, as well as young people 18-25 years of male
and female sex with a history of 4 or more weeks
ago and laboratory-confirmed new coronavirus
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infection; PCS diagnosed by a pediatrician or therapist
in children, adolescents and young adults according
to the Methodological Recommendations “Features
of the course of Long-COVID infection. Therapeutic
and rehabilitation measures” [2]; manifestations of
PCS from 2 or more organs and systems, including
the CVS and nervous system, in the form of objective
changes and/or pathological results of laboratory
and instrumental methods of examination; written
informed consent of parents (legal representatives)
of a child under 14 years of age and/or an adolescent
15-17 years of age or a patient 18-25 years of age to
participate in the study.

Exclusion criteria for patients in the study: children
under 10 years of age; pregnant women; children
with previously established chronic diseases of the
CVS, respiratory, central nervous, endocrine systems;
children receiving metabolic drugs (L-carnitine,
phosphocreatine, mildronate, trimetazidine) for
3 months before the start of this study.

Exclusion criteria from the study: refusal to
participate in the study at any stage; failure to perform
study procedures; the occurrence of serious adverse
events during the study.

The control group was formed in accordance
with the following criteria: the first and second
health groups according to the results of the medical
examination; no history of a new coronavirus infection
and negative ELISA results for specific antibodies
against Sars-CoV-2; absence of objective and
laboratory-instrumental manifestations from the CVS,
central nervous system, autonomic nervous system and
psychological disorders characteristic of PCS; signed
informed consent.

Outcomes registration

e Clinical and anamnestic method with assessment
of the severity of the infection, the presence of
comorbid conditions, complaints and general
condition during of examination;

e Physical examination, blood pressure
measurement  (auscultatory  method on
peripheral arteries, according to the draft clinical
guidelines “Diagnosis and treatment of arterial
hypertension in children and adolescents”) [18];

e Standard ECG on a SHILLER AT-5 device
(Switzerland) at a tape speed of 50 mm/s;

e Echo-CG to assess the morphofunctional state
of the myocardium on a Xario model SSA-66
device from TOSHIBA (Japan);

e Holter monitoring (HM) of ECG with assessment
of heart rate variability (with calculation
of temporal parameters [pNN50, rMSSD,
SDNN] using the hardware-software complex

Tom 13, Beinyck 4, 2025

“Cardiotechnika-04" NAO “Institute of
Cardiological Technology” (Russia);

e Determination of the initial vegetative tone
(according to the tables of Vein, modified by
N.A. Belokon);

e Active orthostatic test, which was carried out
according to the recommendations specified in
the guide for doctors Belokon et al*. Pathological
types of reactions: orthostatic tachycardia,
orthostatic hypotension, orthostatic hypertension
were determined according to the criteria of
foreign authors [19-21].

e Assessment of the severity of PCS symptoms
using a visual analog scale (VAS).

e Determination of quality of life (PedsQL™).

Primary outcome of the study
The presence of signs of PCS after 6, 12 and
24 weeks of follow-up.

Safety

In the process of the study, safety was also
assessed: the total number of adverse events (AEs),
stratified by severity and frequency; the frequency of
adverse reactions; the frequency of serious adverse
events (SAEs), including those associated with the use
of the study drug/placebo; the proportion of subjects
who registered at least one AE.

Ethics approval

The study was approved by the Local Ethics
Committee of the Medical Institute of the National
Research Ogarev Mordovia State University (Protocol
No. 93 dated May 28, 2021). Inclusion in the study was
carried out in accordance with the approved criteria
upon receipt of signed informed voluntary consent for
examination from the parent or legal representative
of the child and the child who has reached the age
of 15 years®.

Statistical analysis

For statistical data processing the IBM SPSS
Statistics v.25 was used. Compliance with the law of
normal distribution was checked using the Shapiro—
Wilk and Kolmogorov—Smirnov tests. For indicators
with a distribution close to normal, the arithmetic
mean (M) and standard deviation (SD), 95% confidence
interval (Cl) were calculated. The statistical significance
of differences was determined for two groups using
Student’s t-test, for three groups — using one-way
analysis of variance (ANOVA). The direction and

“ Belokon NA, Kuberger MB. Diseases of the heart and blood vessels in
children. Moscow: Medicine; 1987. 446 p. Russian

5 Federal Law No. 323-FZ dated November 21, 2011 “On the Basics of
Public Health Protection in the Russian Federation”. Russian
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strength of the correlation between two quantitative
indicators were assessed using Pearson’s correlation
coefficient. Qualitative indicators are presented both in
absolute and relative values. To calculate the statistical
significance of differences in qualitative characteristics,
Pearson’s x> test was used. If the number of
observations in any of the cells of the table was 10
or more, Yates» correction for continuity was used;
if the number of observations was from 5 to 9, with
the number of observations less than 5 in any of the
cells — Fisher’s exact test. The reliability of differences
in the data obtained was established at the level of
p <0.05.

RESULTS

Baseline characteristics of patients

At the preliminary stage, we analyzed the data of
medical records of 461 children, residents of Saransk
aged 10-17 years (average age 13.8 + 1.9 years), who
underwent laboratory-confirmed COVID-19 during
2021-2022. 154 (33.4%) revealed indications of the
appearance of new / persistence of existing symptoms
of the acute phase 4 weeks after the coronavirus
infection in the absence of established causes. In 29
of them (6.3% of the total number of children who
underwent COVID-19), autoimmune or demyelinating
diseases were diagnosed during the year with further
in-depth examination, in 47 (10.2%) — cardiovascular,
bronchopulmonary, uro-nephrological diseases, blood
diseases, gastrointestinal tract, etc. were detected for
the first time.

In 13 children and adolescents out of 78 with a
diagnosis of exclusion of PCS, established according to
the criteria of the Russian Scientific Medical Society of
Internal Medicine and NICE, complaints disappeared
after 12 weeks, and in 65 symptoms persisted for
more than 12 weeks and there was actually PCS,
the prevalence of which in the population of minor
residents of Saransk was 14.1%. The prevalence of
long-term COVID symptoms among 2634 students of
Ogarev Moscow State University — residents of Saransk
aged 18-25 vyears, was higher than among children
and adolescents and amounted to 49.4% (1300 people)
and 761 (28.9% of the total number of those who
had been ill) were diagnosed with PCS.

Participation in the clinical study was offered to
98 patients aged 10-25 years with PCS who signed
informed consent, of which 90 people met the inclusion
criteria. Patients in the main group and the comparison
group did not differ in age (14.5 + 2.6 years and
15.6 + 1.9 years, respectively) and gender composition
(21 [46.7%] male and 24 [53.3%] female patients in
the main group and 19 (42.2%) and 26 (57.8%) in the
comparison group, respectively). Most often, the new
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coronavirus infection in children was mild, a moderate
course was registered in 10 (23.3%) patients, and 13
patients underwent MIS-C.

Dynamics of clinical manifestations post-COVID

syndrome against the background

of complex therapy

The main clinical manifestations of PCS were
comparable in the main group and the comparison
group and were characterized by increased fatigue,
headaches and muscle weakness — in 66.7-100% of
the study subjects in the main group (Table 1). Less
often (in 40.0-57.7%) there were appetite disorders /
abdominal syndrome, sleep disorders, cognitive
impairments (impaired memory, attention) and anxiety-
depressive symptoms, cardialgia, these manifestations
were recorded significantly more often in the main
group compared with the control group (p = 0.00). A
third of patients complained of decreased tolerance to
physical activity, subfebrile temperature. Complaints
of arthralgia, anosmia, hand tremor and hair loss were
registered much less frequently. In the control group,
only 3.3-6.7% of the examined individuals of the
corresponding gender and age noted complaints, most
often of increased fatigue and periodic headaches,
which were relieved on their own.

The dynamics of clinical manifestations of PCS
against the background of complex therapy are
presented in Table 1. After 6 weeks of treatment, 42
(93.3%) patients in the main group had no complaints.
In the remaining 3 (6.7%) patients in the main group
and 15 (33.3%) patients in the comparison group, PCS
symptoms were relieved by 12 weeks of follow-up.
Symptoms of asthenia and dysosmia persisted longer.

Assessment of the severity of post-COVID

syndrome symptoms using a visual analog scale

The results of assessing the severity of some PCS
symptoms using VAS are presented in Figure 1.

In the main group, by 6 weeks of treatment, the
severity of all symptoms decreased by 1.9-1.7 times
(p = 0.00). Complaints of a cardiac nature of minimal
severity remained only in 2 (4.4%) adolescents by
the end of the active intervention, while for children,
adolescents and young adults in the comparison
group, a similar dynamic was registered only after 12
weeks of treatment. By 24 weeks of follow-up, clinical
symptoms were completely absent in all groups.

Dynamics of changes in blood pressure

Initially, normal blood pressure values for the
corresponding age, gender and height were recorded
in 43.3% of children, adolescents and young adults
in the main group. Hypotension was determined
in the same percentage of children, and almost
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2 times less often hypertension of the 1 degree and
high normal blood pressure. A similar picture was
observed in the comparison group. After a course of
treatment, hypotension was recorded in only 16.7% of
children and adolescents (p < 0.05), and the number
of examined individuals with high normal blood
pressure decreased by almost 2 times (p > 0.05). In
the comparison group, the representation of children
and adolescents with hypotension also decreased in
dynamics (from 46.7 to 33.3%, p > 0.05).

ECG dynamics

The initial heart rate (HR) according to the standard
ECG in the study groups varied widely (Fig. 2): sinus
bradyarrhythmia/sinus node dysfunction (migration of
the rhythm driver, atrial rhythm) was recorded in 24.4—
26.7% of the examined individuals, sinus tachycardia —
in 28.9-31.1%. Sinus respiratory arrhythmia was
detected in 11.1% of the examined individuals in the
main group and 13.3% in the comparison group. By the
end of the active intervention period in the main group,
there was a significant (from 33.3% to 80%, p = 0.00)
increase in the proportion of children, adolescents and
young adults with sinus rhythm with normal HR (in the
comparison group — from 31.1% to 38.9%). Restoration
of sinus rhythm and normalization of HR occurred
mainly due to improved sinus node function, while in
the comparison group bradyarrhythmia/sinus node
dysfunction persisted in 17.8%, tachycardia — in 20%
and respiratory arrhythmia — in 11.1% of the examined
individuals (p > 0.05). Although pathological HR values
(increase > 98 percentile or decrease < 2 percentile)
were not recorded in any of the examined individuals.

Determination of the initial vegetative tone

When determining the initial vegetative tone
(modified tables of Vein), sympathicotonia and
vagotonia were recorded in 8 (17.8%) and 21 (46.7%)
of the examined individuals in the main group. In
the comparison group, eutonia in 21 (46.7%) and
vagotonia — in 15 (33.3%) predominated.

At the end of the course of treatment, both
groups showed positive shifts in vegetative tone in the
form of an increase in the representation of eutonia
and a reduction in vagotonia and sympathicotonia.
However, in the comparison group, the frequency
of eutonia increased slightly (up to 57.8%), not
reaching the corresponding values of the control
group (70%), and sympathicotonia in 5 out of 9
patients changed to vagotonia. Whereas in the main
group, complex therapy with L-carnitine significantly
reduced the frequency of vagotonia — to 12 (26.7%)
and sympathicotonia to 1 (2.2%), contributing to
the normalization of vegetative tone in the absolute
majority of patients — 32 (71.1%).
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Results of the active orthostatic test

Patients in the main group and the comparison
group were dominated by normal types of reaction
(53.3% and 48.9%, respectively) to AST (classification
of Belokon), but they were recorded less often than
in the control group (76.7%). Hypersympathicotonic,
hyperdiastolic and asympathicotonic types of
reaction were noted in 6.7-24.4% and 8.9-28.9%
of the examined individuals in the main group
and the comparison group, respectively, while
sympathoasthenic and asthenosympathetic variants
were not found in our population. After 6 weeks of
therapy in the main group, there was a significant
decrease in the proportion of pathological and an
increase in the normal type of reaction to AST (up to
91.1%, p = 0.00), hyperdiastolic and asympathicotonic
types were not found, and the frequency of the
hypersympathicotonic variant of the reaction decreased
by 3 times. In the comparison group, the frequency
of normal reaction to AST also increased, but less
significantly, since all pathological types of reaction
persisted, especially hyperdiastolic (Fig. 3).

Specific types of reaction: orthostatic hypertension,
orthostatic hypotension, postural orthostatic
tachycardia were noted in 3-11 (6.7-24.4%) and
2-13 (4.4-28.9%) patients in the main group and
the comparison group, respectively, with a clear
predominance of orthostatic postural tachycardia.
After 6 weeks of therapy in the main group, postural
orthostatic tachycardia syndrome persisted only in 1
adolescent girl (2.2%), while in the comparison group,
despite the positive dynamics, there were 8 such
patients (17.8%).

Echo-CG results

According to Echo-CG data presented in Table 2,
mild LV dilatation (average value of left ventricular
end-diastolic diameter (LVEDD) 1.5 (1.1; 1.8) Z-score)
was noted in 6 (13.3%) patients, regurgitation on the
mitral/tricuspid valve of the 1st degree was detected
in 3 (6.7%), minor pericardial effusion — in 3 (6.7%)
and dilatation of the coronary arteries — in 1 (2.2%) of
the main group (mostly — in children and adolescents
who underwent MIS-C). Comparable data were also
typical for children, adolescents and young adults in
the comparison group. By 6 weeks of treatment in the
main group, there were no pathological changes, while
in the comparison group, minor LV dilatation persisted
in 6 out of 8 patients. In all patients in the main group,
the ejection fraction increased within normal values.
The values of the thickness of the posterior wall of
the LV, the interventricular septum and the size of the
right atrium did not have significant differences in the
analyzed groups.
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Table 1 - Clinical manifestations of post-COVID syndrome in the study groups, n (%)

Control Main group (n = 45) Comparison group (n = 45)
Clinical manifestations (no: ;8) before 6 weeks of before 6 weeks
treatment therapy treatment of therapy
. 45 (100%)* 3 (6.7%)# 45 (100%)* 12 (40.0%)#
0,
Increased fatigue 2 (6.7%) (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
40 (88.9%)* 1(2.2%)# 42 (93.3%)* 14 (31.1%)#
0,
Headaches 2 (6.7%) (p =0.00) (p = 0.00) (p = 0.00) (p =0.00)
30 (66.7%)* 2 (4.4%)# 32 (71.1%)* 13 (28.9%)#
Muscle weakness 0 (p =0.00) (p = 0.00) (p = 0.00) (p=0.01)
VAR 0, (VAL 0,
Appetite disorder / abdominal syndrome 1 (3.3%) (2:=(%7070?) (1p(i(2)f)’z);¢ (2;=(503030?) (1552()6671?)#
) 25 (55.6%) *  O# 21 (46.7%)* 7 (15.6%)#
Sleep disorder 0 (p =0.00) (p =0.00) (p = 0.00) (p =0.00)
L 22 (48.9%) *  1(2.2%)# 21 (46.7%)* 6 (13.3%)#
Cognitive impairments 0 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
. ) 16 (35.6%) *  O# 17 (37.8%)* 5 (11.1%)#
Anxiety-depressive symptoms 0 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
0/ \* 0,
Emotional lability tesn) o ) 1sa00% 2V
o 18 (40.0%)* o# 17 (37.7%)* 5 (11.1%)#
[v)
Cardialgia 1(3.3%) (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
) o 14 (31.1%) o# 15 (33.3%)* 3 (6.7%)#
Subfebrile condition 0 (b = 0.00) (p = 0.00) (b = 0.00) (p = 0.00)
0o/ \* o/ | * 0,
Decreased tolerance to physical activity 0 (1::(3050%7’) ?;: 0.00) (1;:(36303()@ ?p(iggg;
. . 14 (31.1%)* o# 13 (28.9%)* 2 (4.4%)#
Anosmia / dysosmia 0 (p = 0.00) (p = 0.00) (p = 0.00) (p = 0.00)
6 (13.3%)* o# 5(13.3%) 1(2.2%)
Hand tremor 0 (p = 0.03) (p = 0.04) (p = 0.05) (p=0.13)
Hair loss 0 6 (13.3%)* o# 7 (15.6%)* 2 (4.4%)
(p =0.03) (p =0.04) (p=0.02) (p =0.07)
. 4 (8.9%) 0 3 (6.7%) 1(2.2%)
Arthralgia 0 (p = 0.08) (p=0.13) (p=0.13) (p = 0.48)
) . 9 (20.0%)* o# 8 (17.7%)* 6 (6.7%)
Feeling of palpitations 0 (p = 0.01) (p = 0.01) (p = 0.01) (p = 0.48)

Note: * — differences from the corresponding indicators of children in the control group at p < 0.05; # — differences from the corresponding
indicators of children in the main group/comparison group before and after treatment at p < 0.05 (according to McNemar’s chi-square test).

Table 2 - Sizes of heart cavities and indicators of central hemodynamics in patients with post-COVID
syndrome and children of the control group

Patient erouns LA, mm LVEDD LV, mm LVEF,%
B before after before after before after
*
Main group 10-14 years 225412 (zpzf;:é)l 46.5+3.4 ?,:foiolzi); 70.2+3.0 (7:':1(;"62;
22.5+1.7 43.4+4.1 69.1+3.3
Comparison group 10-14 years 22.7+1.6 (p=0.60)/ 44,1+4.8 (p=0.69)/ 69.8 £ 3.0 (p=0.71)/
(p =0.89) (p=0.71) (p=0.16)
*
Main group 15-17 years 25233 (2535011'()5 47.1%2.1 ?;':101'115 68.9+23 f:f;g;
241+1.9 46.7 £ 3.2 69.8+3.0
Comparison group 15-17 years 24.4+2.6 (p=0.81)/ 47.4+3.7 (p=0.64)/ 69.1+3.3 (p=0.80)/
(p=0.84) (p = 0.43) (p=0.08)
Main group 18-25 years 251429 (2;':101;5 48.142.1 g':lotgé;g 677423 ?:‘:35725?
248124 48.3+3.4 68.8 2.0
Comparison group 18-25years 25.4+2.4 (p=0.77)/ 493+43 (p=0.13)/ 68.6+2.1 (p=1.00)/
(p = 0.56) (p=0.29) (p=0.12)

Note: LA — left atrium; LVEDD — left ventricular end-diastolic diameter; LVEF — left ventricular ejection fraction. * — differences from the
corresponding indicators of children in the main group/comparison group before and after treatment at p < 0.05 (according to Student’s test);
** — differences from the corresponding indicators of children in the main group and the comparison group after treatment at p < 0.05.
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Table 3 — Some indicators of Holter monitoring in children, adolescents and young adults
with post-COVID syndrome

Frequency of detection:

Duration of the episodes

Indicators e T of supraventricular suprayentrlcular/ episodes of mlgr?tlon

interval. ms il e e ventricular of the rhythm driver/
! replacement extrasystole sino-atrial blockade

x:;’t‘ng]::t‘p before 4584123 19 (42.2%) 6 (13.3%) / 1 (2.2%) 23 (51.1%)

Main group after 401.8 £19.7* 1(2.2%)* 0 9(20%)*

6 weeks (p=0.01) (p =0.00) (p =0.00)

Eggf:;';g:ri;on‘ip 418.3+13.8 20 (44.4%) 5 (11.1%) / 2 (4.4%) 26 (57.8%)

Comparison group 401.4 + 16.8* 12 (26.7%)* 0 0 17 (37.8%)*

after 6 weeks (p=0.02)/(p=0.70) (p=0.01)/ (p =0.00)** > (11.1%) / 2 (4.4%) (p=0.01)/ (p=0.06)

Note: * — differences from the corresponding indicators before treatment are significant at p < 0.05; ** — differences from the corresponding
indicators of children in the main group and the comparison group after treatment at p < 0.05.

Table 4 — Some indicators of Holter monitoring in children, adolescents and young adults
with post-COVID syndrome

Age
Indicator 10-14 years — 15-17 years - COVIDlS—ZS yea}-ris —
Post-COVID Healthy peers ost Healthy peers ost- ealthy
syndrome syndrome peers
25.7+5.7 24.0+£3.0 23.3+8.0
+ + +
pNN50 (p=0.97) 25.8%5.1 (p =0.01)* 28.6+7.2 (p = 0.01)* 30.0£35
51.4+8.1 57.4+6.7 55.5+8.9*

+ + +
rMSSD (p=0.01)* 59.6+6.1 (p =0.02)* 62.5+3.5 (p=003) 68.2+3.6
141.7 £ 14.7 139.3+16.1* 144.6 £ 19.2*

+ + +
SDNN (p=0.11) 155.0+ 16.2 (p=0.02) 160.1+12.8 (p=0.01) 170.8 +16.2

Note: * — differences from the corresponding indicators of children in the control group at p < 0.05.

Table 5 — Dynamics of life quality indicators in children, adolescents and young adults
with post-COVID syndrome during treatment

. Main group Comparison group
Indicator Control group
Before treatment  After Before treatment  After
92.8 + 4.6#
87.5+5.7*% 97.8 £ 2.5# 88.8 + 5.3*%
Physical functioning - - - (p=0.01)**/ 99.4+1.0
(p =0.00) (p =0.00) (p =0.00) (0 =0.003)
91.5+6.9#
. - 65.33 +17.9*% 95.5+4.2# 67.4 +6.3*
= +
Emotional functioning (p = 0.00) (p = 0.00) (p = 0.00) (p =0.00) / 98.8+1.4
(p =0.33)
92.0+6.5
89.8 + 8.3* 96.7 £ .5# 88.9+9.2%*
Social functioning - - - (p=0.48)/ 98.4+1.8
(p = 0.00) (p =0.00) (p =0.00) (0 =0.07)
84.3 +6.3#
- 69.3+6.5* 84.6 +7.6%# 71.1+4.5*
= +
School functioning (p =0.00) (p =0.00) (p = 0.00) g: i 8(;(2); / 98.3+1.9

Note: * — differences from the corresponding indicators of children in the control group at p < 0.05; # — differences from the corresponding
indicators of children in the main group and the comparison group before and after treatment at p < 0.05; ** — differences from the corresponding
indicators of children in the main group and the comparison group after treatment at p < 0.05.
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8 7.1
5.4 6.9
6
4
, |0t :
> - o
0
Headache Cardialgia
Palpitation
Headache
[ After treatment

Before treatment Cardialgia

Palpitation
Figure 1 — Dynamics of the severity of headaches, cardialgia, palpitations during treatment in children
of the main group.

Main group

Comparison grou
37.8 P g P

6 weeks of treatment

M Initially

Figure 2 — Dynamics of ECG disorders in children, adolescents and young adults in the main group

and the comparison group during treatment.
Note: * — differences from the corresponding indicators of children in the comparison group at p < 0.05.
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Figure 3 — Representation of types of reaction to the orthostatic test in individuals of the main group
and the comparison group during therapy.

SDNN

153.3 150

142
200 rMssb (p=0.72) (p=0.13) (p = 0.20)

pNN50

(p=0.14) (p = 0.04) (p = 0.05)

150 62.3
*
100 30.2 37 35
(p=0.08) (p=0.10) (p = 0.03)
50
60.3
25.6 24 225
0
10-14 15-17 18-25 10-14
years years  years years

60.3

15-17
years

63.3* 67.3

141.2 146
66
18-25 10-14 15-17 18-25
years years years years

Before treatment m After treatment

Figure 4 — Indicators of temporal analysis of heart rate variability in dynamics in patients of the main group.

Holter ECG monitoring with assessment

of heart rate variability

The initial HR values
at night) during HM ECG in the main group
and the comparison group did not differ
significantly and tended to bradycardia (in
comparison with children adolescents in
the control group), more pronounced in patients
10-14 years old — 72.7 £ 9.9 vs 79.5 + 7.5 per min.
Patients with PCS registered single extrasystole (atrial
in 13.3%, ventricular — in 2.2%) with a frequency of
1385.6 + 97.3 and 1513.8 + 102.3 per day for patients
in the main group and the comparison group (which
in most patients was monomorphic and only in 2 —
polymorphic in nature and in 1 adolescent episodes
of allorhythmia of the trigeminy type were detected).
In 32-36 patients in each group (71.1-77.8%), signs
of sinus node dysfunction were detected (episodes of
migration of the rhythm driver, sinoatrial blockade,
supraventricular replacement rhythm), and clinically
significant rhythm pauses (1432-1692 ms)
recorded in 3 (6.7%) patients with PCS (Table 3).

(during the day and

and

were

Tom 13, Beinyck 4, 2025

The inclusion of L-carnitine in addition to standard
therapy led to the restoration of HR, a reduction in the
frequency of registration of bradyarrhythmias and a
decrease in the “density” of extrasystole (p = 0.01). The
representation of ectopic complexes and the number
of episodes of non-sinus rhythm in the comparison
group changed insignificantly.

The average daily value of the QTc interval
according to HM was initially higher in children,
adolescents and young adults who had a new
coronavirus infection — 429.1 + 11.6 ms vs healthy
399.3 + 18.8 (p = 0.01).
repolarization disorders were leveled out by 6 weeks

peers — Non-specific
in both study groups. One 10-year-old child who
underwent MIS-C with myocarditis and coronary
arteritis had flattening of the T wave and ST depression
up to 150 pV according to HM ECG, which were
leveled out after a course of complex therapy with the
additional use of L-carnitine.

rate

Indicators of temporal analysis of heart

variability (HRV) according to HM in all age categories
279
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were initially reduced in 26 (57.8%) patients in the
main group and 27 (60%) individuals in the comparison
group (Table 4), and the average SDNN values
regardless the age were lower in patients with PCS
compared to healthy peers. By 6 weeks of treatment,
the average group values of pNN50, rMSSD, SDNN
significantly increased in all children, adolescents
and young adults in the main group, approaching the
indicators of healthy peers. A similar dynamic was
observed in the comparison group, but the differences
did not reach statistical significance. By the end of the
observation, the main indicators of temporal analysis
of HRV corresponded to reference values in 39 (86.7%)
and only in 14 (31.1%) patients in the main group and
the comparison group, respectively (p = 0.00) (Fig. 4).

Quality of Life Assessment (PedsQL™)

Cardiac disorders in patients with PCS were
associated with psychological problems and a
decrease in quality of life according to the PedsQL™
guestionnaire. At the same time, emotional and social
functioning was more reduced in adolescents aged
15-17 years, and physical and school functioning — in
children aged 10-14 years. When assessing physical
identified statistically significant
differences depending on the presence of rhythm and
conduction disturbances (p = 0.013). As follows from
the data presented in Table 5, there was a statistically

functioning, we

significant increase in quality of life indicators in all
areas (physical, emotional, social, school functioning)
in patients of the main group, while in the comparison
group, the
functioning significantly improved.

In general, after 6 weeks of treatment, the therapy
with the additional use of L-carnitine led to the absence
of complaints, normalization of objective status,
laboratory and instrumental data in 42 (93.3%) patients
of the main group, and in the comparison group, similar
results were obtained in 66.7% (p < 0.05).

indicator of emotional and school

Adverse events

No adverse events requiring drug withdrawal,
significant deterioration of clinical, instrumental and
biochemical parameters (ALT, AST, urea, creatinine,
glucose) during drug administration were registered.

DISCUSSION

Despite the lower rates of morbidity, severity and
mortality, health problems after a new coronavirus
infection could not but affect the population of
children and adolescents. According to the literature,
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the prevalence of long COVID (including ongoing
symptomatic COVID) and PCS varies from 1.6 to 78%
(depending on age and diagnostic criteria) [22]. The
prevalence of PCS in our study was 14.1% among
minors and 28.9% among individuals aged 18-25 years,
which corresponds to the age trends in the formation
of PCS, but is generally somewhat lower than according
to Russian studies [23, 24], but, at the same time,
higher than according to the results of the meta-
analysis by Wulf Hanson et al., which established that
3 months after a new coronavirus infection, 2.8% of the
subjects under 20 years of age had at least 1 symptom
of PCS [3].

The likelihood of developing PCS practically does
not correlate with the severity of acute COVID-19, but
is higher in seropositive patients [5, 25]. Our study
with laboratory-confirmed
new coronavirus infection, but only 23.3% of them
had a moderate course of the disease in the acute
period, the rest had a mild or asymptomatic course.
Although, it should be noted that 13 patients out of
45 patients included in the study with a diagnosis
of U09.9 — Condition after COVID-19, had a
history of MIS-C associated with a new coronavirus
infection [26].

According to the literature, it is the lesion of the
CVS, along with the involvement of the gastrointestinal
tract, that is the leading organ manifestation of MIS-C

included only patients

and often determines the life prognosis [27]. At the
same time, repolarization disorders on the ECG,
arrhythmias and conduction blocks, increased activity
of cardio-specific enzymes, myocardial dysfunction,
pericardial effusion and dilatation of the coronary
arteries, which are determined in 67-90% of children
with MIS-C, can persist for more than 12 weeks from
the moment of [28] and
“result” in the development of independent nosological

infection manifestation

forms — myocarditis, pericarditis, arterial hypertension,
coronary artery aneurysms.

Adult patients after a coronavirus infection
have a 1.6 times higher risk of developing a
new cardiovascular disease, including rhythm

disorders, non-ischemic / ischemic cardiomyopathy,
cerebrovascular and thrombotic diseases [29]. Similar
information for the pediatric population was first
presented in a recent review by Zhang et al. [30], who
demonstrated that after a new coronavirus infection in
children and adolescents, there is an increased risk of
developing arterial hypertension, rhythm disorders,
myocarditis, failure, cardiomyopathy
thromboembolic disorders. Moreover, patients aged

heart and
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5-20 years demonstrated a higher risk of developing
disorders (especially arrhythmias)
compared with children under 5 years of age. In our
study, the presence of certain cardiovascular diseases
was an exclusion criterion, but the frequency of
cardiac manifestations of PCS (chest pain, palpitations,
syncope) was 1.71%, which fully corresponded to the
data of the review [30].

CVS damage in long-term COVID in children, in
contrast to MIS-C, is described in a small number
of studies, according to which
consequences occurred in 8.7-14.5 patients [31-33].
The most common symptoms were increased or
decreased blood pressure and postural tachycardia
syndrome. According to our data, arterial hypo- and
hypertension at rest and abnormal reactions to
orthostasis were detected in 3—16 patients (6.7-24.4%).
Among electrophysiological abnormalities, sinus tachy-
and bradycardia, repolarization disorders are most
often described [34]. The work of Delogu et al. also
presents data on a slight prolongation of QTc (within
the normal range) in the long-term COVID group,
as well as a change in heart rate variability with a
predominance of parasympathetic activity [34].
in general, the examined children,
adolescents and young adults with PCS, were
dominated by complaints of an asthenic nature, which
is fully consistent with the known literature data,
about the most frequent detection in children and
adolescents with long-term COVID-19 of increased
fatigue (up to 87%) and headache (up to 80%) [32,
35]. Although severe headache may be due to a
decrease or increase in blood pressure, and increased
fatigue and decreased tolerance to physical activity, in
part, is mediated by myocardial dysfunction and the
development of rhythm disorders. This is confirmed by
the presence of a direct moderate correlation between
symptoms from the CVS and a decrease in quality of

cardiovascular

cardiovascular

However,

life: in particular, the number of extrasystoles and
impaired physical functioning (r = 0.469).

Given the complex nature of pathogenesis, the
treatment of PCS is currently only being developed [36].
In adult patients, tranquilizers of the benzodiazepine
group, antidepressants (tricyclic and serotonin reuptake
inhibitors), nootropics, vitamins (especially groups B, C
and D), antioxidants, and energy-tropic drugs are used.
In children, the protective effect of aminoacetic acid
(glycine) and its combinations with glutamic acid and
L-cysteine (eltacin) has been shown [37].

L-carnitine has demonstrated its effectiveness in
the acute period of COVID-19, providing antioxidant,
immunomodulatory, suppressing TNF-a, IL-6, and
IL-1, as well as cardioprotective effects [38]. In a study
by Scaturro et al., it was found that the combination
of physical exercises with L-acetylcarnitine therapy
in patients with PCS can significantly improve the
quality of life and eliminate the manifestations of
depression [39]. We have previously shown the ability
of L-carnitine to correct psychological disorders that are
part of the clinical spectrum of PCS manifestations [40].

Study limitations

The limitations of this study include the lack of a
preliminary calculation of the sample size, due to the
limited number of children who have had laboratory-
confirmed COVID-19. In addition, a possible limitation
of this work is the lack of comparative analysis in
groups (depending on age), which is an independent
task and the subject of another publication.

CONCLUSION

The effectiveness of L-carnitine in correcting the
frequency and severity of the main manifestations of
PCS — vegetative, cardiovascular, psychoneurological
disorders and asthenic disorders in children,
adolescents and young adults has been demonstrated.
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Budget Impact Analysis (BIA) is a key step in justifying the inclusion of new medicines in the list of vital and essential medicines
(VED). It allows you to predict the financial consequences of the introduction of therapy and evaluate the effectiveness of
resource allocation, which is of particular importance when using innovative antitumor drugs.

The aim. Implementation of the BIA of Healthcare of the Russian Federation of the use of sonidegib to assess the feasibility
of inclusion in the list of VEDs for the treatment of patients with locally advanced basal cell carcinoma (l1aBCCs).

Materials and methods. In the pharmacoeconomic model developed for use in the Russian Federation, the BIA was
conducted for healthcare in the Russian Federation based on comparative modeling of two scenarios: basic (all patients
receive vismodegib) and alternative (phased introduction of sonidegib with an increase in the share to 50% by the third
year). The time horizon is 3 years. Direct medical costs, price data from VED registers, government procurement, regulatory
allowances, demographic and epidemiological parameters are taken into account. Additionally, a one-way sensitivity analysis
was performed in the range of £10% of key variables

Results. An analysis of the impact on the healthcare budget of the Russian Federation showed that the inclusion of sonidegib
in the list of VED will lead to a 3.15% reduction in budget costs for the treatment of patients with [aBCCs (-37,270,334 rubles
or -387,440.81 USD) within the modeled patient population. The presented BIA results remain stable with changes in the
price of comparison drugs, the total population size and the distribution of patient flow over the years, with a deviation from
the baseline value of +10%.

Conclusion. Modeling shows that the inclusion of the drug sonidegib in the list of VED leads to a reduction in the costs of the
healthcare system with a possible increase in the tolerability of therapy and an expansion of the therapeutic arsenal for the
treatment of [aBCCs, i.e. it is justified from the point of view of clinical and economic consequences. The results obtained
confirm its pharmacoeconomic validity as an alternative to vismodegib in the treatment of laBCCs.

Keywords: basal cell carcinoma of the skin; sonidegib; budget impact analysis; vital and essential medicines; targeted
Abbreviations: BCC — basal cell carcinoma; MNs — malignant neoplasms; BIA — budget impact analysis; VED — vital and
essential medicines; aBCCs — locally advanced basal cell carcinoma; SmPC — summary of product characteristics; VEN

List — List of Vital and Essential Medicines; MSP — manufacturer’s selling price.

For citation: M.Yu. Frolov, V.A. Rogov, O.l. lvakhnenko, V.V. Ryazhenov. The use of sonidegib in the treatment of patients with locally advanced
basal cell carcinoma of the skin: an analysis of the impact on the Russian healthcare budget. Pharmacy & Pharmacology. 2025;13(4):285-296.
DOI: 10.19163/2307-9266-2025-13-4-285-296
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AHanus BAMAHUA Ha OrogkeT (ABB) ABNAETCA KAOYEBLIM 3TAanNoM OBOCHOBAHWA BKJ/IOYEHMA HOBbIX /1IEKAPCTBEHHBIX
NnpenapaToB B NMepeyeHb KMU3HEHHO HEOOXOAMMbIX W BaKHEMLLWX NeKapcTBeHHbIX npenapaTos (KHBJIM). OH no3BonseT
NPOrHo3npoBaTb GPUHAHCOBbIE NMOCNEACTBUA BHEAPEHUA Tepanun U oLeHnBaTb 3GHEKTUBHOCTL pacnpeaeneHns pecypcos,
4TO MMeeT 0coboe 3HaYeHMe NPU NPUMEHEHUU MHHOBALLMOHHDBIX MPOTUBOOMYXO/EBbLIX CPEACTB.

Llenb. MposegeHne ABB 3apaBooxpaHeHna PO npumeHeHWA coHuaernba Ans oueHKM LenecoobpasHOCTU BKAOYEHUA B
nepeveHb XKHBJ/IM ans Tepanumn NaLMEHTOB C MECTHO PACcNpPOCTPAHEHHbIM 63a3aNbHOKIETOYHbIM Pakom KoK (MpBKPK).
Martepuanbl u metoabl. B paspabotaHHO AnA NpUMEHEHUA B ycnoBuax PP dapmakosKoHOMUYECKOM MoAe v NPoBeaAEH
ABB gna 3gpaBooxpaHeHna PP Ha ocHoBe CpaBHUTE/NILHOTO MOLENUPOBAHUA ABYX cLeHapues: 6a3oBoro (Bce MauMeHTbI
Nosy4aloT BUCMOAErMD) U anbTepHaTUBHOMO (Mo3TanHoe BHeApeHWe coHupaernba ¢ poctom gonn Ao 50% K TpeTbemy
rogy). BpemeHHoW ropusoHT — 3 roga. YUuTeHbl NpAMble MeAUUMHCKME 3aTpaThl, AaHHble O LeHax u3 peectpos HKHB/IN,
roCyfapCTBEHHbIE 3aKyMKW, HOPMaTUBHble Haabasku, Aemorpaduyeckne U SNUAEMMONOTMYECKME MapaMeTpbl.
[onoNHUTENbHO BbINOJHEH OAHOCTOPOHHUI aHANN3 YYBCTBUTENbHOCTU B AnanasoHe +10% KatoueBblX NePeMEeHHbIX
Pe3ynbratbl. ABB 3apaBooxpaHeHusa PO nokasan, 4to BKAOYEHME coHnaernba B nepeveHb KHBJ/IM npuBesET K CHUMKEHWUIO
6I0AKETHBIX 3aTpaT Ha siedyeHne naumeHToB ¢ MpBKPK Ha 3,15% (-37 270 334 py6. uau -387 440,81 USD) B pamkax
MOAENIMPYEMOW COBOKYMHOCTU MauueHToB. MpeacTaBneHHble pesynbTaTbl ABB COXpaHAKT YCTOMYMBOCTb NMPU U3MEHEHUU
LeHbl NpenapaTos CPaBHEHWUA, pa3MepoB NOMYAALMUN B CYMME U pacnpeaeneHuna naLMeHTonoToKa no roaam, npu OTKNOHEH UK
ot 6a30Boro 3Ha4yeHua £10%.

3aknioueHMe. MogzennpoBaHMe MNOKA3bIBAET, YTO BK/IKOYEHME JEKAapCTBEHHOrO Mpenapata coHuaernb B nepeyeHb
"KHBJIM NpMBOAMUT K CHUXKEHMIO 3aTPaT CUCTEMbI 34PaBOOXPAHEHMA MPU BO3MOXHOM NOBbILLIEHUW MEPEHOCUMOCTM Tepanuu
1 pacwMpeHnn TepaneBTMYECKOro apceHana ana nevyeHms mpEKPK, 1.e. ABnaeTcA 060CHOBAHHbIM C TOYKM 3PEHUA KJMHUKO-
SKOHOMMWYECKUX NocneacTBuiA. MNonyyeHHble pe3ynbTaTbl MOATBEPHKAAIOT ero papMaKoIKOHOMUYECKYO 060CHOBAaHHOCTb B
KayecTBe anbTepHaTMBbI BUCMOAerMby B Tepanuu MpBbKPK.

KnioueBble cnoBa: 6a3aIbHOKNETOUHbIN PaK KOXW; COHUAErn6; aHanuns BAnAHWUA Ha broaxkeT; KHBJIM; TapreTHaa Tepanua
Cnucok cokpaweHuit: BKPK — 6a3anbHOK/NETOUHbIN pak Koxu; 3HO — 3/10KayecTBeHHble HOBOO6pa3oBaHua; JIM —
NleKapcTBeHHbIM npenapaT; ABE — aHanu3 BavaHMA Ha 6rogykeT; MHBJ/IM — KM3HEHHO HeobxoaMMble U BaKHeMwwue
NleKapcTBeHHble npenapatbl; MPBKPK — MecTHO pacnpocTpaHeHHbI 6a3asbHOKNETOUHbIN pak Koxu; OX/IM — obuwas
XapaKTepUCTUKA JieKapcTBeHHoro npenapata; P KHBJ/IM — [oCyAapCTBEHHbIA PeecTp KM3HEHHO HeobXOoAMMbIX W
BaXKHeWLWMX NeKapcTBeHHbIX NpenapaTtos; OLIM — oTnycKkHas LeHa nponssoauTens.

INTRODUCTION

Basal cell carcinoma (BCC) is the most common
type of skin cancer. According to expert estimates, it
accounts for up to 80% of all non-melanoma malignant
neoplasms (MNs) of the skin [1-4]. In the Russian

Federation, BCC also has a leading position among

286

skin MNs?! [4], considering it as part of non-melanoma
skin tumors. According to the National Cancer Registry,
the incidence of BCC in the country has been steadily
increasing over the past decades, which is associated

* Clinical Guidelines Basal cell carcinoma of the skin. Available from:
https://cr.minzdrav.gov.ru/view-cr/467_3. (accessed July 20, 2025).
Russian
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with both improved diagnostics and an increase in
life expectancy: the total incidence of skin cancer in
the Russian Federation is more than 50 cases per 100
thousand population, with BCC accounting for up to
70-80% of them?. According to 2022 data, the total
number of new cases of non-melanoma skin cancer
in Russia amounted to 79,399, while the standardized
incidence rate was 26.49 per 100,000 population?. In
the vast majority of patients, the disease is diagnosed
at localized stages, when radical treatment is effective.
However, a certain proportion of patients develop
a locally advanced process that is not amenable to
surgical or radiation treatment, which necessitates
the use of systemic therapy [2, 4]. The proportion of
patients with unresectable and recurrent forms of BCC,
potential candidates for systemic therapy, is estimated
by experts to reach 1-2% of the total population of
patients [5].

Despite the relatively low potential of BCC for
metastasis, some patients develop a locally advanced,
recurrent, or unresectable course of the disease,
which requires systemic targeted therapy [2]. Modern
treatment strategies for advanced forms of BCC include
the use of targeted therapy, which today represents a
breakthrough in the treatment of metastatic, locally
advanced, and unresectable forms of BCC [6, 8, 9].
Its mechanism is based on targeted effects on key
molecular pathways involved in the development of
the tumor, which makes the therapy highly effective
and relatively safe. The main focus is on inhibiting the
Hedgehog signaling pathway, which plays a key role in
the pathogenesis of BCC. Thus, the use of medicines
vismodegib and sonidegib provides an objective tumor
response and control over its growth in cases where
surgical or radiation treatment is impossible [6, 8, 10].
In particular, the BOLT study demonstrated the high
efficacy of sonidegib in patients with unresectable
disease [9], and the STEVIE study confirmed the
stability of the effect of vismodegib with long-term
therapy [11].

A comparative analysis of the pharmacokinetic
and clinical properties of medicines indicates a number
of differences that are potentially important for the
healthcare system. Sonidegib has a longer half-life,
which helps to reduce the frequency of visits to the
doctor and potentially reduces the costs associated
with monitoring treatment [9, 12]. In addition, the

2 Malignant neoplasms in Russia in 2023 (morbidity and mortality);
Kaprin AD, Starinsky VV, Shakhzadova AO, editors. Moscow: Herzen
Moscow Medical Research Institute - branch of the NMITS of
Radiology; 2024. 276 p. Available from: https://oncology-association.
ru/wp-content/uploads/2024/08/zis-2023-elektronnaya-versiya.pdf.
Russian

3 lbid.
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safety profile of sonidegib, according to the BOLT study,
is characterized by a lower frequency of certain adverse
events, such as alopecia and muscle cramps [13], which
is also confirmed by real-world clinical practice studies
in different countries [14].

Available pharmacoepidemiological data currently
allow us to estimate the potential size of the target
population for these medicines and to conduct
economic assessments of their use. In 2025, an
important publication by Orlova et al. was published,
dedicated to the use of sonidegib in patients with
locally advanced basal cell carcinoma (laBCC) in real
clinical practice in the Russian Federation [15]. This
multicenter prospective observational study makes it
possible to adjust key parameters for budget impact
analysis using local data reflecting current medical
practice.

To assess the financial consequences of introducing
sonidegib into the treatment of [aBCC and the impact
on the healthcare budget, a budget impact analysis (BIA)
is required. This type of analysis complements the cost-
effectiveness assessment and is of practical importance
for healthcare authorities involved in the formation
of the list of vital and essential drugs (VED) and in
making decisions on financing new drugs*>. In this
logic, our joint team of researchers in 2025 has already
completed a study to assess the clinical and economic
feasibility of using sonidegib in widespread clinical
practice, which showed the clinical and economic
advantages of its use in the 1-line therapy of patients
with 1aBCC [17].

In the context of limited healthcare resources,
the assessment of the budgetary consequences of
introducing sonidegib into the system of preferential
drug provision in the Russian Federation is of
particular importance. Such an analysis allows not
only to justify the medical feasibility of expanding
the therapeutic arsenal for the treatment of 1aBCC,
but also to demonstrate the economic sustainability
of the solution, which is critical for its practical
implementation®.

Currently, there are no published data on the
analysis of the impact on the budget of the Russian
Federation of the use of sonidegib in the treatment of
patients with locally advanced basal cell carcinoma of
the skin, which determines the novelty of this study.

“ Decree of the Government of the Russian Federation dated Aug 28,
2014 No. 871 (amended at July 25, 2024) “On Approval of the Rules for
the Formation of Lists of medicines for medical use and the minimum
range of medicines required for medical care”. Russian

> Guidelines for assessing the impact on the budget within the
framework of the implementation of the program of state guarantees
of free medical care to citizens, approved by Order No. 242-od of the
Russian Ministry of Health dated December 29, 2018. Russian

¢ Ibid.
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The present study is based on the hypothesis
that the inclusion of sonidegib in the list of VED and
its use within the state healthcare system of the
Russian Federation for the treatment of patients with
laBCC will expand therapeutic options in the 1-line
of systemic treatment due to a clinically comparable,
and in some parameters more preferable in terms
of tolerability profile, targeted medicines; reduce
the total direct medical costs of medicine therapy
for this category of patients in a limited budget, and
also support the implementation of the principles
of personalized medicine by choosing the most
suitable drugs, taking into account the individual
characteristics of the patient, the profile of adverse
events, and the treatment regimen. It is assumed that
the partial replacement of vismodegib with sonidegib
in the treatment of laBCC, subject to regulatory
pricing conditions and procurement volumes, will not
have a negative impact on the healthcare budget and
will increase the clinical and economic efficiency of
treatment.

THE AIM. To conduct an analysis of the impact on
the healthcare budget of the Russian Federation of the
use of sonidegib to assess the feasibility of inclusion in
the list of VED for the treatment of patients with laBCC
in the Russian Federation.

MATERIALS AND METHODS

Methodology

To achieve the objectives of the study, the following

tasks were set:

1. To form basic and modeled scenarios for the use
of drug therapy in patients with [aBCC;

2. To determine the number of the target
population of patients with [aBCC potentially
in need of therapy with drugs inhibiting the HH
pathway;

3. To estimate the direct medical costs of drug
treatment of patients in each of the scenarios;

4. To conduct a sensitivity analysis to assess the
stability of the results while varying the key
parameters of the model.

The BIA was performed taking into account the

provisions of current regulatory documents and
recommendations’ 8.

7 Requirements for the methodological quality of clinical and economic
research of a medicines and research using the analysis of the impact
on budgets of the budgetary system of the Russian Federation.
Appendix No. 5.1 to the Rules for the Formation of Lists of medicines
for medical use and the Minimum range of medicines required for
Medical Care, approved by Decree of the Government of the Russian
Federation dated August 28, 2014 No. 871. Russian

8 Guidelines for assessing the impact on the budget within the
framework of the implementation of the program of state guarantees
of free medical care to citizens, approved by Order No. 242-od of the
Russian Ministry of Health dated December 29, 2018. Russian
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The BIA was carried out using domestic data
on morbidity, the cost of drug therapy and medical
services, as well as the projected volume of medicine
consumption. A feature of the BIA in the Russian
Federation is the mandatory reliance on official sources
(State Price Registers, Statistics from the Ministry of
Health and RosStat) and the analysis of budgetary
consequences in the context of approved standards
of drug provision, which ensures the comparability of
calculations and allows them to be integrated into the
process of state pricing and procurement planning®.

Uncertainty of input parameters was taken into
account by performing a one-way scenario sensitivity
analysis in the range of + 10% of key variables. The
format of presentation of results (absolute amounts
and relative changes, year-by-year breakdown and
difference by cost items) corresponds to the current
Russian methodological requirements for BIAY® and
international practice (ISPOR [18], EUnetHTA™).

The model was developed in Microsoft Excel
2019 pro. It simulates the costs of the healthcare
system of the Russian Federation in the treatment of
patients with 1aBCC using vismodegib (basic scenario)
and sonidegib (modeled scenario with phased
implementation).

The analysis period is 3 calendar years (2026-
2028). The scenarios were compared from the position
of the state budget, including only direct medical costs
for drug treatment of patients in the 1-line of therapy.

Description of the general structure

and input parameters of the model

The model includes two scenarios:

1. Basic scenario: all patients receive vismodegib;

2. Modeled scenario: sonidegib is gradually

introduced into therapeutic practice, starting
from 10% in 2026 and up to 50% in 2028.

The input parameters of the pharmacoeconomic
model are shown in Table 1. All data are normalized
per one year of therapy per patient. A cohort approach
is used without differentiation by outcomes, since the
compared medicines belong to the same class and are
comparable in clinical efficacy.

Cost estimation

The assessment of the impact on the healthcare
budget of the Russian Federation of the use of
sonidegib in widespread clinical practice in the event
of the inclusion of the medicine in the list of VED was
carried out taking into account only direct medical

° Ibid.

0 |bid.

% EUnetHTA. Guidelines for Budget Impact Analysis of Health
Technologies in the European Union. 2015. Available from: https://
health.ec.europa.eu/health-technology-assessment/behind-hta-
regulation_en
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costs for drug treatment in patients in the target
population. It should be noted that the experience of
researchers shows that additional costs incurred by the
healthcare system are associated with the introduction
of medicine, monitoring the patient, correcting side
effects, etc. in drug of this pharmacotherapeutic group
are not only practically identical, but also extremely low
in the healthcare system of the Russian Federation. The
above facts determine the choice of this approach to
the selection of cost categories for BIA.

The calculation of the costs of therapy with
vismodegib for the interventions under consideration
was carried out on the basis of information on the
methods of use and dosage regimens indicated in
the SmPC®2 and clinical guidelines® **, As a source
of information on the volume of purchases of the
comparator vismodegib, data from IQVIA on monitoring
public procurement for state and municipal needs for
the period 2021-2025, provided by the company free
of charge, were used.

As a source of information on prices for
vismodegib, information on the current maximum
selling price of the manufacturer (MSP) posted in the
State Register of Registered Prices (as of March 13,
2025) was used. Data on the MSP of sonidegib,
planned for registration for the proposed medicine
for inclusion, were provided by the manufacturing
company, information on the methods of use and
dosage regimens corresponds to the package leaflet —
information for the patient’® on the State Register
of Medicines of the Russian Federation website'’.
The duration of 1 month was taken as 30.44 days.
The calculations took into account the allowances
established by the legislation of the Russian Federation
(VAT 10%). Thus, the main parameters for calculating
the costs of conducting 1 line of therapy for 1aBCC in
the Russian Federation are shown in Table 2.

Number of patients
Data on the number of patients in the study group
were obtained by calculation. For this purpose, an

2 General characteristics of the Erivage, 150 mg, capsules. Corresponds
to the expert report dated October 19, 2022 No. 24523 (sequence
0007). Available from: https://Ik.regmed.ru/Register/EAEU_SmPC.
Russian

3 Clinical Guidelines Basal cell carcinoma of the skin.

1 General characteristics of the Erivage, 150 mg, capsules. Corresponds
to the expert report dated October 19, 2022 No. 24523 (sequence
0007).

% Vismodegib. State Register of Registered Prices. Available from:
https://grls.minzdrav.gov.ru/PriceLims.aspx

% Leaflet; information for the patient Odomzo, 200 mg, capsules.
Corresponds to the expert report dated July 02, 2025 No. 16397
(sequence 0005). Available from: https://Ik.regmed.ru/Register/
EAEU_SmPC

7 Sonidegib. State Register of Medicines of the Russian Federation.
Available from: https://grls.rosminzdrav. ru/Grls_View_
v2.aspx?routingGuid=e000a8be-5db8-41a8-8c06- 0c06d4f83b05
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analysis of IQVIA data on purchases of vismodegib for
the period from 2021 to 2025 was carried out. These
data are presented in Table 3.

Table 2 shows that 1 369 packages of vismodegib
were sold in 2021, 1 388 packages in 2022, 1 452
packages in 2023, 1 605 packages in 2024, and 2 023
packages in 2025.

Thus, it was found out the total number of courses
of vismodegib purchased for the treatment of the
study group of patients. Next, the number of patients
that can be treated with this amount of medicine each
year was calculated. We proceeded from the fact that
the drug package contains 28 capsules, and the patient
needs 365 capsules per year. The calculation results are
also presented in Table 2. Based on the data obtained,
a trend equation was calculated (using MS Excel 2019
pro).

The graph describing the trend and the trend
equation is shown in Figure 1. Based on the trend
equation, the forecast values of the total sales volume
of vismodegib for the forecast period were calculated.
The forecast data are presented in Table 2.

Thus, from the data in Figure 1 and Table 2, it
can be seen that the forecast values of the number
of patients, based on the expected purchase volume
for the next 3 years, are 155, 167 and 179 patients,
respectively.

It should be noted that the indicated number
of patients includes patients with metastatic and
unresectable BCC. At the same time, during the
literature search, the most convincing data on the
ratio of the number of patients with locally advanced
and metastatic forms are presented in the work
of Orlova et al., according to the Blokhin National
Medical Research Center of Oncology [15]. This
medical institution is one of the largest in the Russian
Federation in the field of providing oncological care,
respectively, we consider it possible to transfer their
data to the general population of patients. The work
notes that among all cases of BCC, 94 (3.4%) cases of
the forms of the disease under consideration were
registered: with a locally advanced form of BCC —
78 (2.8%) patients and a metastatic form — 16 (0.6%)
patients. Thus, the proportion of patients with a locally
advanced form is — 82.98% (78 out of 94 patients).
Based on this, the number of patients in the model in
the forecast period will be:

1. In 2025 / 26, 82.98% of 155 patients will be 129

patients

2. In 2026 / 27, 82.98% of 167 patients will be 139
patients

3. 1n 2027 / 28, 82.98% of 155 patients will be 149
patients.
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Table 1 — Input parameters of the pharmacoeconomic model
Parameter Value Source
Period of time 3 years (2026—-2028) Own calculations
Population Patients with 1aBCC suitable for systemic therapy Section 5
Object of analysis Costs of targeted therapy (vismodegib, sonidegib) SmPC, VED List dated July 29, 2025
Price sources VED List (vismodegib), manufacturer data (sonidegib) [16], manufacturer
Model type Deterministic cohort Excel model Own development

Note: SmMPC — summary of product characteristics; VED — List of Vital and Essential Drugs; laBCC — locally advanced basal cell carcinoma.

Table 2 — The cost of drugs used in accounting for the costs of drug therapy of 1-line
of locally advanced basal cell carcinoma of the skin in the Russian Federation

VEN List price Price per capsule  Costs per 1 month Costs per

INN form, dosage without VAT, without / with VAT, of therapy, rubles 1 year of therapy, Zlfference
rubles (USD) rubles (USD) with VAT (USD) rubles (USD)
. . 198,051.61 7073.27/7780.60 236,817.11 2 841,804.88
Vismodegib Capsules 150 mg, No.28 ) co o3y (7353 /80.88)*  (2461.81)* (29 541.76)*
o 189,158.00  6305.28/6935.80 211,104.20 2533,249.96 \
Sonidegib  Capsules 200mg, No-30  15cc 30 (6555/72.10)%  (2194.52)* (26 334.20)* 10.86%

Note: * — the average exchange rate of the dollar against the ruble was used in the calculations: 96.1962 rubles per 1 USD for October 2024;
** — costs per 1 administration, rubles *** — in the calculations, the duration of 1 month was taken as 30.44 days in accordance with Federal
Law No. 107-FZ of 06/03/2011 “On Calculating Time”. INN — international nonproprietary name; VED List — List of Vital and Essential Drugs.

Table 3 — The volume of purchases of the vismodegib according to IQVIA for the period 2021-2025

. " & P ’ 0 9 2R 2R

Indicator ? & & < Q S — S — S~
s 8 8 & 3 sz Bz &g
3 8 8 3 3 ag ~ g P

Number of vismodegib

packages purchased 1369 1388 1452 1605 2023 2025 2177 2330

during the period

Number of annual 105 106 111 123 155 155 167 179

courses

Table 4 — Structure of the flow of patients receiving 1-line therapy for locally advanced basal cell carcinoma
of the skin in the Russian Federation, used in the BIA model, n (%)

Medicine Basic scenario

1 year 2 year 3 year
Sonidegib 0 (0%) 0 (0%) 0 (0%)
Vismodegib 129 (100%) 139 (100%) 149 (100%)

Modeled scenario

1 year 2 year 3 year
Sonidegib 13 (10%) 42 (30%) 75 (50%)
Vismodegib 116 (90%) 97 (70%) 75 (50%)
Total 129 (100%) 139 (100%) 150 (100%)
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Table 5 — Results of the BIA of patients receiving 1-line therapy for locally advanced basal cell carcinoma
of the skin in the Russian Federation, taking into account the full cost of therapy per year, rubles (USD)

Basic scenario

Medicine 1 year 2 year 3 year Total
Sonidegib 0.00 0.00 0.00 0.00
Vismodegib 366 592,829.34 395 010,878.13 423 428,926.92 1185 032,634.39
(3810 886.81)* (4 106,304.39)* (4 401,721.969)* (12 318,913.16)*
Total 366 592,829.34 395 010,878.13 423 428,926.92 1185 032,634.39
(3 810,886.81)* (4 106,304.39)* (4 401,721.969)* (12 318,913.16)*
Modeled scenario
1vyear 2 year 3 year Total
Sonidegib 32 932,250 106 396,498 189,993 747 329 322,495
(342,344.60)* (1106,036.40)* (1975,064.96)* (3 423,445.99)*
Vismodegib 329 649,366 275 655,073 213 135,366 818 439,805
(3 426,843.95) (2 865,550.54)* (2 215,631.86)* (8 508,026.36)*
Total 362 581,615 382 051,572 403 129,113 1147 762,300
(3 769,188.55) (3 971,586.94)* (4 190,696.86)* (11 931,472.35)*
Difference A -4011,214 -12 959,306 -20 299,814 -37 270,334
(-41,698.26)* (-134,717.4463)* (-211,025.11)* (-387,440.81)*
Difference A,% -1.09% -3.28% -4.79% -3.15%

Note: * — the average exchange rate of the dollar against the ruble was used in the calculations: 96.1962 rubles per 1 USD for October 2024.

Table 6 — Results of the sensitivity analysis of the results of the BIA of the healthcare system
of the Russian Federation of the use of the sonidegib in the treatment of patients
with locally advanced basal cell carcinoma of the skin

Dynamic parameter

Value of the changed parameter,%

BIA result (savings over 3 years, rubles)

Baseline -10% 10% -10% 10%

Price of sonidegib 189.158.00 170.242.46 208,074.12  -70 202,584 -4 338,084

J (1 966.38)* (1769.74)*  (2163.02)* (-729,785.41)* (-45,096.21)*
Price of vismodegib 198 051.61 178246.44 217,856.77  -611,217 -73 889,145

J (2 058.83)* (1852.95)*  (2264.71)* (-6 353.86)* (-768,108.77)*

Number of the target population a17 375 459 -34 093,209 . -42 938,995 .
for 3 years, people. (-354413.26) (-446,368.93)
Proportion of patients switched to o o o -36 941,793 -37 558,569
sonidegib in year 1,% 10.0% 9.0% 11.0% (-384,025.49)* (-390,437.14)*
Proportion of patients switched to o o o -32 007,589 -33 857,916
sonidegib in year 2,% 30.0% 27.0% 33.0% (-332,732.36)* (-351,967.29)*
Proportion of patients switched to 50.00% 45.0% 55.0% -37 623,309 -42 249,125

sonidegib in year 3,%

(-391,110.13)*

(-439,197.45)*

Note: * — the average exchange rate of the dollar against the ruble was used in the calculations: 96.1962 rubles per 1 USD for October 2024.
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Figure 1 — Dynamics of the purchase volume of the vismodegib (150 mg No. 28) according to IQVIA
for the period from 2021 to 2025 with a trend equation.
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RESULTS

As part of the BIA model prepared by us, the
calculation of expenses for the basic scenario, which
includes vismodegib capsules 150 mg, 1 capsule 1 per
day for the entire period under consideration, as part of
the 1-line of therapy for 1aBCC, was performed.

At the same time, the modeled scenario includes
the use of sonidegib in the 1-line of therapy in the
mode of capsules 200 mg, 1 capsule 1 per day for the
entire period under consideration.

The calculation of the costs of drug therapy with
vismodegib for the interventions under consideration
was carried out on the basis of information on the
methods of use and dosage regimens indicated in the
SmPC*® and clinical guidelines “Basal cell carcinoma of
the skin”®.

The number and mechanism of calculation of the
studied population of patients are described in the
previous section “Number of patients”.

Analysis of the literature data showed that the
new medicine has high efficacy [6, 7] against the
background of a significantly lower price per similar
course of therapy compared to the competitor, which
creates market prerequisites for a rapid replacement
of vismodegib with sonidegib. Based on this, in Table
4 we see that in the basic scenario, all patients are
on vismodegib therapy throughout the entire study
period, while in the modeled scenario, starting from
year 1, the proportion of sonidegib is rapidly increasing,
reaching 50% by year 3, i.e. replaces half of the share
of compared medicines. This distribution is an empirical
assumption of the research team and is an assumption
of the study.

Based on the forecast number of patients
presented above in the “Number of patients” section,
as well as the basic and modeled scenarios of their
distribution presented in Table 4, we have the following
structure of the patient flow, presented in Table 4.

Based on the available data on the structure and
number of patients (see Table 4), as well as the cost of
annual courses of therapy with compared medicines
(see Table 2), a calculation was made of the amount
of budget expenditures required for the treatment
of patients in the study group under the basic and
modeled scenarios. The results are presented in Table 5.

From the data in Table 5, it can be seen that
the use of sonidegib in the 1-line therapy of laBCC
provides savings to the healthcare budget of 3.15%
(-37 270,334 rubles or -387,440.81 USD)

8 General characteristics of the Erivage, 150 mg, capsules. Corresponds
to the expert report dated October 19, 2022 No. 24523 (sequence
0007).

* Clinical Guidelines Basal cell carcinoma of the skin.
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Sensitivity analysis of the results obtained

The stability of the results obtained was confirmed
by the method of one-way sensitivity analysis. The
parameters that were changed during the analysis, as
well as the degree of their change, are presented in
Table 6.

Thus, the presented results of the BIA remain
stable even with the changes of the price of compared
medicines, the size of the population in total, and the
distribution of patient flow by year, with a deviation
from the base value of £ 10%.

DISCUSSION

The obtained results of the BIA of the healthcare
system of the Russian Federation when using
sonidegib in the treatment of [aBCC confirm its
pharmacoeconomic validity as an
vismodegib. Especially, taking into account the
reduction of total budget expenditures by 3.15%,
the transfer of some patients to sonidegib therapy
may be a rational step in the framework of expanding
therapeutic options.

The key argument in favor of sonidegib is its clinical
profile. The BOLT study demonstrated that sonidegib
has high efficacy in patients with unresectable BCC,
achieving an objective response in more than 56% of
patients with a disease control duration of up to 22
months [9]. At the same time, the tolerability profile
was recognized as acceptable, with a lower frequency

alternative to

of pronounced side effects, including muscle cramps
and alopecia [6, 12]. It is important that, assessing this
clinical study [9], the respondent doctors expressed
their opinion that these data were extremely significant
for choosing the treatment of patients with laBCC [19].

The pharmacokinetic features of sonidegib also
deserve attention. The medicine is characterized by a
longer half-life (approximately 28 days) [20], which may
reduce the frequency of visits to the doctor and the
need for dosage adjustment compared to vismodegib [2,
7]. This may have a positive impact on patient loyalty
to therapy and reduce indirect costs. Regarding the
assessment of the safety of the compared medicines,
information continues to be accumulated, the different
spectrum of toxicity is the subject of close study and
serves as the basis for choosing between them with
individual patients [4, 21].

Earlier studies of the efficacy and safety of
vismodegib showed stable control over the disease
with long-term use, but were accompanied by a
significant frequency of adverse events [9, 10, 22].
In particular, in one of the studies [6], the frequency
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of objective response to vismodegib therapy was
47.6% (95% Cl: 35.5-60.6), and when patients were
transferred to sonidegib due to toxicity, clinical efficacy
was maintained: the frequency of objective response
reached 56%, disease control — 75%, with a more
favorable tolerability profile. Data from a multicenter
retrospective study in China [4] clarify that adverse
events during sonidegib therapy occurred in 89% of
patients, but were predominantly mild and moderate
in severity, no serious complications were noted, and
the median duration of treatment was 28 weeks.
An additional comparative analysis of adverse event
profiles based on the FAERS database [23] showed
that muscle spasms and dysgeusia (taste distortion)
were most often recorded for both Hedgehog
inhibitors, but the differences between vismodegib and
sonidegib concerned lesions of the nervous system,
gastrointestinal tract, skin, and urinary system. These
results confirm the clinical relevance of individual
drug selection and indicate the potential advantages
of sonidegib in case of vismodegib intolerance. Similar
results were obtained as a result of the analysis
of actual data from the French national register
CARADERM?® [24].

In addition, tumor resistance to Hedgehog inhibitor
therapy may be associated with mutations in the SMO
gene, which requires a strategy of changing the drug as
part of an individualized treatment selection [1, 3, 25].

It is important to note that the inclusion of new
medicines in the drug provision system should be
accompanied by an analysis of real clinical efficacy
and cost assessment. As real-world clinical practice
data on the use of sonidegib in the Russian Federation
accumulate, a more accurate assessment of its impact
on the overall costs of the healthcare system, as well
as on the survival and quality of life of patients, will
become possible. At the same time, it is important to
take into account that the clinical studies underlying
the registration of the medicine were conducted on a
selected population and under controlled protocols
[5, 7, 23], which may differ somewhat from routine
clinical practice. Such studies on the use of sonidegib
are being conducted in different countries [23, 26, 27],
supplementing information from randomized clinical
trials.

Available sources note the potential of sonidegib
as a 2nd line medicine in patients forced to
discontinue vismodegib therapy due to intolerance.
It was previously shown [9] that among patients who

20 CARADERM . Available from: https:// www.caraderm.org/
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discontinued vismodegib treatment due to toxicity,
switching to sonidegib was accompanied by the
maintenance of clinical efficacy: the frequency of
objective response reached 56%, and disease control
was recorded in 75% of patients with a more favorable
tolerability profile.

Thus,
be strategically
pharmacological advantages,
side effects, improvement of patients’ quality of life,

expanding access to sonidegib may
justified, given the clinical and

possible reduction of

and potential reduction of indirect costs associated
with hospitalizations, treatment of complications, and
palliative care [7, 9, 14].

Study limitations

Like any pharmacoeconomic modeling, the study
has a number of limitations that must be taken into
account when interpreting the results obtained.
Some of the limitations are related to the availability
and completeness of data. The number of the target
population was calculated on the basis of available
epidemiological data and mathematical modeling, since
official statistics on the proportion of patients with
locally advanced and unresectable BCC in the Russian
Federation are not publicly available. The study is based
on data from international clinical trials (BOLT [9],
STEVIE [11], etc.), since there are no large post-
registration studies in the Russian Federation reflecting
the clinical efficacy and safety of the medicine in
real clinical practice. In such cases, differences in the
population characteristics of patients and adherence
to treatment are always possible, which may affect the
reproducibility of the results obtained. Direct medical
costs were estimated on the basis of available prices
in the VEN List and data provided by the manufacturer
of sonidegib. Actual purchase prices in various subjects
of the Russian Federation may differ depending on
contractual terms, regional allowances, and the level
of competition at auctions. The analysis did not include
indirect costs (indirect expenses), such as productivity
losses, care and rehabilitation costs. Only direct medical
costs for drug therapy were taken into account, as is
customary in the framework of the BIA, carried out in
accordance with the provisions of the current version
of the Decree of the Government of the Russian
Federation No. 871% for the purposes of inclusion in
the list of VED.

2 Decree of the Government of the Russian Federation dated August
28, 2014 No. 871 (amended at July 25, 2024) “On Approval of the
Rules for the Formation of Lists of medicines for medical use and the
minimum range of medicines required for medical care”. Russian
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CONCLUSION

Modern methods of treatment of metastatic
and BCC are focused on the use of targeted therapy
aimed at inhibiting the Hedgehog signaling pathway.
The main medicines are vismodegib and sonidegib,
which have proven their efficacy in clinical studies,
providing control over tumor growth and improving
survival in patients for whom traditional methods of
treatment, such as surgery and radiation therapy, are
not available.

Sonidegib has a number of advantages over
vismodegib. First of all, it has a longer half-life,
which allows less frequent dosage adjustments and
potentially reduces the frequency of visits to the
doctor. This may reduce the overall medical expenses
associated with monitoring therapy. In addition, clinical
studies show that sonidegib may be better tolerated,
characterized by a lower frequency and severity of
some side effects, such as alopecia and muscle cramps,

which contributes to a better quality of life for patients
during long-term treatment.

An analysis of the impact on the healthcare budget
showed that the inclusion of sonidegib in the list of
VED will lead to a reduction in budget expenditures
for the treatment of patients with 1aBCC by 3.15%
(-37 270,334 rubles or -387,440.81 USD) within the
framework of the modeled population of patients.
Analysis of the literature data showed that expanding
therapeutic options through the
sonidegib can increase the effectiveness of treatment and
improve the quality of life of patients, which will lead to a
reduction in indirect costs associated with complications,
hospitalizations, and palliative care. The results of the
study can serve as a clinical and economic justification
for the inclusion of sonidegib in the list of VED, which will
expand the availability of targeted therapy and improve

introduction of

the quality of medical care for patients with locally
advanced basal cell carcinoma of the skin.
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The aim. To evaluate the efficacy and safety of molnupiravir compared to placebo in patients with influenza
and/or ARVI.

Materials and methods. The study involved 300 patients. The study included patients aged 18 to 80 years with clinical signs
of influenza/ARVI (duration no more than 48 hours): elevated body temperature >37.5°C and the presence of at least 2
symptoms of moderate severity (chills, headache, myalgia, sore throat, nasal congestion, runny nose, sneezing, cough, with
laboratory-confirmed diagnosis of influenza/ARVI at the time of screening), meeting the selection criteria for the study.
Group 1 (n = 150) received the investigational medicine molnupiravir (Esperavir®, Promomed Rus LLC, Russia) 800 mg
(4 capsules) 2 times/day (daily dose 1600 mg) for 5 days; Group 2 (n = 150) received placebo 4 capsules 2 times/day
for 5 days, then patient observation was carried out until day 14 (4 visits after screening). The effectiveness of therapy
was assessed according to primary and secondary efficacy criteria. The primary efficacy criterion was the time (in days)
to clinical recovery. Safety was assessed by considering the number and severity of adverse events (AEs) and serious adverse
events (SAEs). For the analysis of qualitative indicators, an intergroup comparison of proportions was performed using a
two-sided version of Fisher’s exact test, or the x? (“chi-square”) test. For quantitative indicators — using the non-parametric
Mann—-Whitney test. Differences were considered statistically significant at p < 0.05.

Results. According to the results of the assessment of the primary efficacy criterion, it was shown that molnupiravir therapy
statistically significantly reduces the time to clinical recovery compared with placebo (p = 0.000039). According to secondary
efficacy criteria, a statistically significant advantage of therapy with the investigational medicine compared with placebo
was also demonstrated in terms of the frequency of patients who achieved clinical recovery at Visits 2 and 3 p = 0.0110,
p = 0.0070), the frequency of virus elimination. Even on the 3rd day of therapy, the frequency of virus elimination
in the investigational drug group was 64.7% compared with 40% in the placebo group (p < 0.0001). Statistically significant
differences were also shown between the groups in the frequency of patients with the development of ARVI/influenza
complications (bronchitis, acute sinusitis, pneumonia, tonsillitis, tracheitis, tracheobronchitis) by Visits 2—4 (Day 3-14)
(p < 0.0001), which proves the validity of using targeted antiviral therapy in relation to achieving surrogate therapy
endpoints. Therapy with the investigational medicine was characterized by a favorable safety profile. The registered AEs in
the molnupiravir and placebo groups belong to the category of expected and did not require drug withdrawal. No SAEs were
observed during the study.

Conclusion. As a result of the phase lll clinical study, the efficacy of molnupiravir (Esperavir®, Promomed Rus LLC, Russia) in
the treatment of influenza and/or ARVI and the prevention of the risk of developing complications compared with placebo
was proven: patients achieved clinical recovery as early as on the 3rd day of therapy. A favorable safety profile was shown,
corresponding to the general characteristics of the medicine.

Keywords: molnupiravir; Esperavir; influenza; acute respiratory viral infection; ARVI; clinical study; infectious diseases;
pulmonology

List of abbreviations: ARVI - acute respiratory viral infection; CKD-EPI — Chronic Kidney Disease Epidemiology Collaboration
Formula; COVID-19 — Coronavirus disease 2019; GCP — Good clinical practice; ICH — The International Conference on
Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use; NHC — B-D-N4-hydroxycytidine;
IWRS — Interactive web randomization system; NYHA — New York Heart Association; RARP — RNA-dependent RNA
polymerase; SARS-CoV-2 — Severe acute respiratory syndrome-related coronavirus 2; BD — blood pressure; ULN — upper
limit of normal; HIV — human immunodeficiency virus; WHO — World Health Organization; Cl — confidence interval; PIL —
patient information leaflet; BMI — body mass index; LEC — local ethics committee; AE — adverse event; RNA — ribonucleic
acid; SAE — serious adverse event; FC — functional class.
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Lenb. OueHUTb 3GPEeKTUBHOCTb M 6E30MacHOCTb NMPUMEHEHUA MpenapaTa MOJIHYNUPaBMpa B CPAaBHEHUM C naauebo y
nauueHToB ¢ rpunnom n/mav OPBU.

Martepuanbl u metogbl. B nccneposanum npuHanu yvactme 300 maumeHToB B Bo3pacte oT 18 o 80 neT ¢ Hannumem
KJAVHUYECKUX Npu3HaKoB rpunna/OPBU (anutenbHocTbio He 6onee 48 4): noBblleHHOM TemnepaTypoi Tena >37,5°C
U Ha/nyMem He MeHee 2 CMMNTOMOB CpefHen cTeneHn TaxkecTu (03Ho6, ronosHas 60nb, muanrma, 601b B ropne,
3a/10’KEHHOCTb HOCA, HACMOPK, YMXaHWe, KalleNb, C 1abopaToOpPHO NOATBEPHKAEHHBIM HA MOMEHT CKPUHWUHIA AMArHO30M
rpunn/OPBU), coOTBETCTBYIOWIME KPUTEPUAM BK/OYEHUA B uccnedoBaHue. 1 rpynna (n=150) mosnyyana uccaemyembiin
npenapat mosHynupasupa (Icnepasup®, OO0 Mpomomes Pyc, Poccus) no 800 mr (4 kancyabl no 200 mr) 2 p/cyT (cyToyHasn
no3a 1600 mr) B TedeHue 5 aHeir; 2 rpynna (n=150) nonydana naauebo no 4 Kancynbl 2 p/cyT B TedeHune 5 aHel, Aanee Ao
14 pHA npoBoAMIOCh HabaogeHve naumeHTa (4 BU3MTa nocie CKPUHUHIA). OUEeHKY 3GDEKTUBHOCTM TEPANMU OCYLLECTBAAAN
Nno NepBUYHbBIM U BTOPUYHBIM KpUTEPUAM 3GDEKTUBHOCTU. B KauecTBe nepBMYHOro Kputepma 3dGeKTUBHOCTU OLLEHMBANOCh
Bpems (B AHAX) [0 HACTYNNEHUA KAMHUYECKOro Bbl3f0poBaeHUA. OLeHKy 6€30MacHOCTU NPOBOAWM, YUUTbIBAA KONMYECTBO
1 BblpaXKeHHOCTb HeenaTtesbHbIx ABneHui (HA) n cepbesHbix HexkenaTenbHbIx ABneHni (CHA). Jaa aHanm3a Ka4ecTBeHHbIX
NnokKasaresiell NMPOBeAEHO MEXKIPynrnoBoe CpaBHEHWe Aonel Mpu NMomoLn ABYCTOPOHHEro BapuaHTa TOYHOMO KpuTepwua
duwepa, unn Kputepua x> («xu-kBagpat»). [Na KOAMYECTBEHHbIX MOKasaTeseld — Npu NOMOLLM HemapameTpUYecKoro
Kputepua MaHHa—YUTHU. CTaTUCTUYECKM AOCTOBEPHbIMM CHUTANUCL pasanuma npm p <0,05.

Pe3synbratbl. [0 pe3ynbTaTam OLEHKU NEPBUYHOIO KpuTepua 3GdEKTUBHOCTM 6biN0 MOKa3aHo, YTo Tepanua npenapaTom
MONHYNUpasup (dcnepaBup®) CTaTUCTUYECKM 3HAYMMO COKpALLAET BPems 40 HACTyNAeHUA KNMHUYECKOTO BbI3L0POBAEHUA
no cpaBHeHuto ¢ naauebo (p=0,000039). Mo BTOPUUYHBIM KpUTEPUAM 3ODEKTUBHOCTU TaKKe BblJI0 NPOAEMOHCTPUPOBAHO
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CTAaTUCTUYECKU 3HAUMMOE NPEMMYLLECTBO Tepanuu UccieayembiM npenapaTtom Mo CPaBHEHMIO € NiaLebo B OTHOLWEHUK
4acToTbl MALUMEHTOB, AOCTUMLUMX KAWHWUYECKOTrO BbI3ZOPOBAEHWA Ha Busutax 2 m 3 (p=0,0110, p=0,0070), yacToTbl
3NIMMMHaLMK BUpYca. YKe Ha 3 AeHb Tepanuu 4actoTa SAMMMUHALMK BUPYCa B rpynne uccaeayemoro npenapaTta coctaBuia
64,7% no cpaBHeHuto ¢ 40% B rpynne nnauebo (p <0,0001). Takxe 6bIAN NOKA3aHbl CTaTUCTUHECKM 3HAYMMbIE Pa3anuma
MeXy rpynnamm no 4actoTe NaLMeHTOB C Pa3BUTHEM OC/IOKHeHMI OPBU/rpunna (6poHXMT, OCTPbIA CUHYCUT, MHEBMOHMUS,
TOH3UAIUT, TPAXeuT, TPaxeobpoHxuT) K Busutam 2-4 (OeHb 3-14) (p <0,0001), ytOo AOKa3biBaeT 0H6OCHOBAHHOCTb
NPYMEHEHWA HanpaBAeHHOW NPOTUBOBUPYCHOW TEPANUM B OTHOLLEHUM AOCTUMKEHUA CYPPOraTHbIX TOYEK Tepanuu.

Tepanua uccnegyembiM NpenapaTom XxapakTepusoBasacb 61aronpuATHbBIM Npoduaem 6esonacHocTu.

HexkenatenbHble sBneHua (HA): ronoBokpyskeHWe, ronosHas 60/b, Avapes, TOWHOTA, AWUCNENncus, KpanuBHULA,
3aperncTpupoBaHHble B rpynne Mccaegyemoro npenapata MosiHynvpasupa (dcnepasup®), cOOTBETCTBYIOT M3yYeHHOMY
npoduao 6e30nNacHOCTU 3aperncTPUpPOBaHHOro NpenapaTa Acnepasup® M MOryT BbITb OTHECEHbI K KAaTEropuu NpeaBUAeHHbIX
C CONOCTaBMMOW YacToToN. B xoae nccnenosaHmsa He Habao4anocb BO3HUKHOBEHMA CHSA.

3aKknoueHune. B pesynbTate NpoBeAEHHOTO KAMHMYecKkoro uccnesoBaHua Il ¢asbl 6bina gokasaHa 3GHEKTUBHOCTb
npenapata MosHynupasupa (dcnepasup®, OO0 [MMpomomes Pyc, Poccua) npu nedenun rpunna wu/mam OPBU un
npeaoTBpalleHne PUCKOB Pa3BUTUA OC/NONKHEHWM B CpPaBHEHUM C nnauebo: ye Ha 3 CYTKM Tepanuu naumeHTbl
OOCTUrANN KAMHUYECKOTO Bbi3A0poBaeHUA. MoKasaH 6aaronpuATHbIM Npoduab 6e30nacHOCTM, COOTBETCTBYIOLWMI 0bLel
XapaKTepUCTUKE IEKAPCTBEHHOTO Npenapara.

KnioueBble cnoBa: MoHYNMpaBMp; FPUMN; OCTPas PecnupaTtopHas BUpycHas MHdekuma; OPBU; KAMHUYECKoe nccnefoBaHue;
NHPEKLMOHHbIE BONE3HU; NyNbMOHON0IUSA; dcnepasnp®

Cnucok cokpawenuii: CKD-EPI — dopmyna oueHkn nodeuHon ¢yHkumm (Chronic Kidney Disease Epidemiology
Collaboration Formula); COVID-19 — HoBas KopoHaBupycHas uHoekumsa (Coronavirus disease 2019); GCP — Haanexaluan
KJIMHUYecKas npakTuka (Good clinical practice); ICH — MexayHapoaHas KOHdepeHLMs No rapMOHM3aLMKU TEXHUYECKUX
TpeboBaHMI K PErncTpaLmm IeKapCTBEHHbIX MPenapaToB AnsA npumeHeHusa y Yenoseka; NHC — B-D-N4-rugpoKcuumTuanH;
IWRS — wuHTepaktuBHaa on-line cuctema paHaomusaumm; NYHA — Hblo-l7lop|<cv<aﬂ accoumauma  Kapauonoros
(New York Heart Association); RdRP — PHK-3aBucumas PHK-nonumepasa (RNA-dependent RNA polymerase);
SARS-CoV-2 — ocTpoe pecnmpaTtopHoe 3aboseBaHune, BbI3BaHHOE KOpoHaBupycom; ALl — apTepuanbHoe AasneHune; BIH —
BEPXHAA rpaHuLLa Hopmbl; BUY — BUpyc nMmyHozeduumTa Yenoseka; BO3 — BcemupHaa opraHu3aLma 34paBoOXpaHEHNS;
OWN — poseputenvHbit nHtepsan; UM — nMHPOPMAUMOHHBIA ANCTOK naumeHTa; UMT — uHAeKc maccol Tena; /19K —
JNIOKaNbHbIM 3TUYECKU KomuTeT;, HA — HexenaTenbHoe asneHune; PHK — puboHyknenHosaa kucnota; CHA — cepbesHoe

HexenatenbHoe AsneHue; PK — PyHKLMOHANbHBIN Kaacc.

INTRODUCTION

Acute respiratory viral infections (ARVIs) are a
leading cause of overall morbidity in the population.
ARVI also holds a leading position among other
pathogens of infectious diseases. For example, in the
Moscow region in 2020-2021, ARVI accounted more
than 85% of all registered cases of diagnosed infectious
and parasitic diseases [1].

Influenza is a highly contagious acute viral disease
characterized by seasonality, with the peak incidence
of influenza occurring in the autumn-winter period.
The most common complications of influenza are
bronchitis, pneumonia, sinusitis, and otitis. Influenza
viruses account for 6.2—-12.6% of all cases of ARVI2

In Russia, 27.3-41.2 million cases of influenza
and ARVI are registered annually. At the same time,
the economic damage caused annually by ARVI and
influenza is the maximum compared to other infectious
diseases. For example, in the Russian Federation in

1 WHO. Influenza (seasonal); dated February 28, 2025. Available
from: https://www.who.int/news-room/fact-sheets/detail/influenza-
(seasonal)

2 Popova AY. On the epidemiological situation of influenza and acute
respiratory viral infections and measures to ensure the preparedness
of the subjects of the Russian Federation for the upcoming epidemic
season. Proceedings of the All-Russian Interdepartmental Conference
on the prevention of respiratory diseases during the rise in the
incidence of influenza and ARVI in the 2016-2017. Available from:
https://rospotrebnadzor. ru/upload/iblock/af4/prezentatsiya_-
popova-a.yu.-14.11.2016.pdf. Russian
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2021, the economic damage from ARVI amounted
to more than 750 billion rubles, and the economic
damage from influenza epidemics often amounts to
more than 10 billion rubles per year® [1].

Risk factors for the development of ARVI and
influenza include a decrease in the protective
properties of the body against the background of
frequent hypothermia and stress, the presence of
chronic somatic diseases, etc.* [2, 3].

The “seasonal” complex of ARVI pathogens
includes dozens of simultaneously circulating viruses
(> 200 genetic groups from 6 families and 10 genera).
At the same time, the clinical picture of the disease
caused by various respiratory viruses consists of the
same symptoms, which do not differ either in severity
or in the duration of their course [4].

Molnupiravir is a targeted antiviral agent from the
group of isopropyl ether derivatives. The mechanism
of action is characterized by targeted suppression of
viral RNA replication by incorporation into the viral
genome and disruption of its structure. As a prodrug,

molnupiravir is cleaved in human plasma to the active

3 Smorodintsev AA. Research Institute of Influenza. Up-to-date
information about influenza and other acute respiratory viral
infections, information about medications. Available from: https://
survey.influenza.spb.ru/shablon_stranici/. Russian

4 Acute respiratory infections. Available from: https://gb-1.ru/zozh/
ostryerespiratornye-virusnye-infekcii/. Russian
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nucleoside analog B-D-N4-hydroxycytidine (NHC). NHC
is subsequently converted to 5’-triphosphate (NHC-
triphosphate). NHC-triphosphate interacts with the
virus-encoded RNA-dependent RNA polymerase (RdRp)
and is incorporated into the structure of RdRp. In the
future, the resulting modified RNA is used as a template
for the synthesis of viral RNA, which leads to the
accumulation of mutations and the loss of its virulent
properties by the viral RNA [5, 6].

The studies that
molnupiravir is active against a number of viruses,

results of have shown
including influenza A and B viruses, coronaviruses,

respiratory syncytial virus, norovirus, chikungunya
virus, Venezuelan equine encephalitis virus, and Ebola
virus [7-9].

Currently, molnupiravir preparations are
registered in the Russian Federation for the indication
“treatment of new coronavirus infection (COVID-19),
mild and moderate severity in adult patients with
an increased risk of disease progression to severe
It is
worth noting that, in accordance with the Interim
Guidelines for the Treatment of New Coronavirus

and not requiring additional oxygen therapy”>.

Infection, it is recommended to include drugs based on
molecules with direct antiviral activity against viral RNA
polymerase in treatment regimens before confirming
the etiological diagnosis and based on the clinical
picture, taking into account the similarity of the clinical
symptoms of mild forms of COVID-19 with seasonal
ARVI, to prevent the risk of the disease transitioning to
a more severe course in patients with initial symptoms
of ARVI®. Due to annual seasonal outbreaks of influenza
and ARVI, there is a need to introduce effective drugs
for the treatment of these respiratory viral infections
into clinical practice. Based on the mechanism of
action [5, 6], as well as the research data available
in the literature [8-10] and real clinical practice, it
can be concluded that molnupiravir is potentially
a highly effective medicine for solving the above
problem.

To assess the efficacy and safety of molnupiravir
in patients with influenza and/or ARVI in accordance
with regulatory documents” 8, a Phase Ill clinical trial

° Encyclopedia of medicines. Molnupiravir. Available from: https://
www.rlsnet.ru/drugs/molnupiravir-88133. Russian

5 Interim guidelines “Prevention, diagnosis and treatment of novel
coronavirus infection (COVID-19)”. Version 19 (dated May 27, 2025)”
(approved by the Ministry of Health of Russia).

7 Federal Law No. 61-FZ “On the Circulation of Medicines”. Russian

8 Recommendations of the Council of the Eurasian Economic
Commission dated July 17, 2018 No. 11 “On guidelines on general
issues of clinical trials”. Russian

Tom 13, Beinyck 4, 2025

was conducted: “A double-blind, placebo-controlled,
randomized, multicenter, comparative study to evaluate
the efficacy and safety of molnupiravir (Esperavir’,
PROMED RUS LLC, Russia) in patients with influenza
and/or ARVI.”

THE AIM. To evaluate the efficacy and safety of
molnupiravir compared to placebo in patients with
influenza and/or ARVI.

MATERIALS AND METHODS

Study design

The study is a Phase Il clinical trial and is a double-
blind, placebo-controlled, randomized, multicenter,
comparative study.

This clinical study included the following
stages: screening — no more than during 30 hours;
randomization — no more than 1 day; therapy —

for 5 days; follow-up — up to day 14. The total
duration of the study for each patient was no more
than 16 days. A scheme of the study design is shown
in Figure 1.

Study duration and setting

The study was conducted from November 28,
2024 to March 18, 2025 in 11 research centers in the
Russian Federation: Kirov State Medical University;
Clinical Hospital No. 1 (Smolensk, Russia); City Clinical

Hospital No. 24 (Mosco, Russia); OrKli Hospital
(St. Petersburg, Russia); Aurora MedFort (St.
Petersburg, Russia); National Research Ogarev

Mordovia State University (Saransk, Russia); lvanovo
Clinical Hospital named after Kuvaev (Ilvanovo, Russia);
Smolensk State Medical University (Smolensk, Russia);
Consultative and diagnostic polyclinic No. 121 (Moscow,
Russia); two clinical centers of Eco-Safety Research
Center (St. Petersburg, Russia). Scientific consulting and
coordination of the study was carried out by specialists
from the National Medical Research Center for Therapy
and Preventive Medicine (Moscow, Russia) under the
leadership of Academician of the Russian Academy
of Sciences, Chief Visiting Specialist in Therapy and
General Medical Practice of the Ministry of Health of
Russia Oksana M. Drapkina.

Ethics approval

This clinical study was approved by the Ministry
of Health of Russia (RCl No. 534 dated November 08,
2024), and also approved by the Ethics Council of the
Ministry of Health of Russia (Extract from Protocol
No. 367 dated September 17, 2024).
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Population selection

The study included male and female patients
aged 18 to 80 years including those who had influenza
and/or ARVI.

The population was selected based on the studied
mechanism of action and the expected therapeutic
effect of the medicine, based on the results of
preclinical studies.

The complex of pathogens of “seasonal” acute
respiratory viral infections includes dozens of
simultaneously circulating viruses (> 200 genetic groups
from 6 families and 10 genera). At the same time, the
clinical picture of the disease caused by infection with
various strains (types) of respiratory viruses will include
the same symptoms, both in terms of severity and
duration of their course.

The spectrum of ARVI pathogens that annually
cause epidemics in the world in the autumn-winter
period includes representatives of virus families whose
genome is represented by [4]:

— RNA molecule:

e orthomyxoviruses — influenza A viruses
(Influenza A virus — A(H1IN1)pdmO09, A(H3N2),
etc.) and Influenza virus B (Influenza B virus);

e paramyxoviruses, including:

° pneumoviruses — respiratory syncytial virus
(HRSV (RSV) or Human Respiratory syncytial
virus),

o human metapneumovirus (HMPV or Human
Metapneumovirus),

o 4 types of parainfluenza viruses from 2 genera
Rubulavirus (HPIV-2, -4 or Human Parainfluenza
virus 2- and 4-) and Respirovirus (HPIV-1, -3);

e coronaviruses — Human Coronavirus 229E,
Human Coronavirus OC43, Human Coronavirus
NL63, Human Coronavirus HKUI) and

e picornaviruses — human rhinovirus (HRV or
Rhinovirus), types A, B, C, >152 serotypes (genus
Enterovirus D of human or HEV-D) and

— DNA molecule, 2 families:
e 54 serotypes of 7 human adenoviruses (HAdV or
Human mastadenovirus) and
e parvoviruses — human bocavirus (HBV or Human
bocavirus).
All of the above noted viruses cause ARVI among
all age groups, with the exception of human bocavirus,
which infects only children®°.

° Acute respiratory viral infection (ARVI). Children. Available from:
https://www.pediatr-russia.ru/information/%D0%9E%D0%A0%D0%9
2%D0%98_%D0%B4%D0%B5%D1%82%D0%B8_%D0%BE%D0%B4%D
0%BE%D0%B1%D1%80%D0%B5%D0%BD%D1%8B_%D0%9D%D0%9F
%D0%A1_%D1%83%D1%82%D0%B2%D0%B5%D1%80%D0%B6%D0%
B4%D0%B5%D0%BD%D1%8B.pdf

1 Clinical guidelines. Acute respiratory viral infections (ARVI) for
adults; 2024. Available from: https://rnmot.org/video/repository/
klinicheskie_rekomendacii_orvi_10102023_801a37eb.pdf
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The most common pathogens of respiratory
diseases are rhinoviruses (up to 50% of all ARVI),
coronaviruses, influenza and parainfluenza viruses. Less
common are respiratory syncytial virus, adenoviruses
and reoviruses [7, 10].

From the above, it follows that in 95% of all
diagnosed ARVI, the pathogens of infection are RNA
viruses. At the same time, molnupiravir is an antiviral
medicine, which is aimed to suppress the replication
of RNA viruses by incorporating into the genome
exclusively of the virus and disrupting the structure of
this genome by inducing a viral error / mutation [5, 6].

Randomization

Randomization of patients was carried out through
randomization system (iWRS)
integrated into an electronic individual registration

an interactive web

card (e-IRC), in accordance with the randomization
plan.

Before the beginning of the study, each physician-
researcher who was delegated the responsibility of
transferring data to the e-IRC was given an access code
(a combination of username and password) to the
e-IRC, as well as detailed written instructions on how to
work with the e-IRC, including detailed instructions on
the randomization procedure.

Randomization was carried out according to
the following algorithm. Each patient who met all
the inclusion criteria and did not meet any of the
non-inclusion criteria was assigned a three-digit
randomization number using the IWRS system. The
patient’s randomization number and other relevant
data

into the Journal

were entered by the physician-researcher

of Clinical Trial Participants in
Screening / Randomization.

If a patient prematurely discontinued participation
in the study, his randomization number was not
reused, and the patient could no longer participate
in the study.

This study was double-blind, so neither the patient
nor the physician-researcher knew what therapy the

patient was receiving.

Participants

It was planned to randomize up to 300 patients into
the study. Taking into account the possible exclusion of
patients at the screening stage, the maximum number
of patients who signed the informed consent form of
the patient information leaflet (PIL) and involved in
screening could not exceed 430 people. In the study,
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331 patients underwent screening procedures, of which
300 patients were randomized, all patients completed
the study completely in accordance with the approved
study protocol. Patients received symptomatic therapy
antipyretic,
antitussive,

with the following groups of drugs:
antibacterial, analgesic, expectorant,
diuretics, vasoconstrictors, etc., depending on the
needs of a particular patient.

Inclusion criteria: a signed and dated Informed
Consent Form PIL by the patient; men and women aged
18 to 80 years inclusive; a diagnosis of influenza and/
or ARVI confirmed at the time of screening, caused
by RNA viruses, based on the results of laboratory
diagnostics; the presence of both clinical signs of
influenza/ARVI (the presence of body temperature
> 37.5 °C at the time of screening or within 6 hours
before screening in the case of taking antipyretic drugs;
the presence of at least 2 symptoms of moderate
severity: chills, headache, myalgia, sore throat,
nasal congestion, runny nose, sneezing, cough); the
duration of symptoms of the disease is no more
than 48 hours before taking the study drug / placebo
(assessed at Visit 1 [Day 1]); uncomplicated course of
influenza / ARVI; the patient’s consent and ability to
take oral medications; the patient’s consent to use
reliable methods of contraception throughout the
entire participation in the study and for 3 months after
the end of therapy.

The following could participate in the study:
women who have a negative pregnancy test and use
contraception, women who are unable to bear children

oophorectomy,
menopause for

(in  history: hysterectomy, bilateral
tubal ligation, infertility,

more than 2 years); men with preserved reproductive

bilateral

function who use contraception, with infertility or a
history of vasectomy.

Non-inclusion  criteria:  hypersensitivity  to
molnupiravir, other components of the study drug;
the use of direct-acting antiviral drugs within 7 days
before screening; the use of immunostimulants and
immunomodulators within 7 days before screening; a
diagnosis of ARVI confirmed at the time of screening,
caused exclusively by DNA viruses, based on the results
of laboratory diagnostics; a diagnosis of COVID-19
or co-infection with COVID-19 confirmed at the
time of screening based on the results of laboratory
diagnostics; vaccination against influenza less than 3

weeks before screening; clinical signs of pneumonia, for

1 The detection of influenza/ARVI viruses, as well as the
determination of SARS-CoV-2 RNA / antigen, was carried out using
immunochromatographic methods and/or PCR. Russian
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example, shortness of breath, hypoxemia, crepitation

(visualization was not required); the presence
in the anamnesis of chronic
(COPD, chronic bronchitis,
bronchiectasis, pulmonary emphysema, pulmonary

fibrosis, tuberculosis, etc.), with the exception of

respiratory diseases
diffuse panbronchiolitis,

bronchial asthma, not requiring therapy at the
time of screening; patients with established severe
renal failure (estimated glomerular filtration rate
[eGFR] < 30 mL/min/1.73 m? according to the CKD-
EPI formula) or receiving renal replacement therapy
at the time of screening; primary biliary cirrhosis
of the liver class C according to the Child-Pugh
classification in history or the presence in history
(within 6 months before screening) and/or at the time
of screening of ALT and/or AST levels > 3 ULN and/or
total bilirubin > 2 ULN (> 3 ULN in case of Gilbert’s
syndrome); chronic heart failure llI-IV FC according
to the functional classification of the New York Heart
Association (NYHA); autoimmune diseases in history;
the presence of HIV, syphilis, hepatitis B and/or C in
history; the presence of malignant neoplasms in history,
with the exception of patients in whom the disease has
not been observed for the last 5 years, patients with
completely cured basal cell skin cancer or completely
cured carcinoma in situ; alcohol, pharmacological
and/or drug addiction in history and/or at the time
of screening; schizophrenia, schizoaffective disorder,
bipolar disorder or other mental pathology in
history or suspicion of their presence at the time of
screening; any history data that, in the opinion of the
physician-researcher, may lead to complications in the
interpretation of the study results or create additional
risk for the patient as a result of his participation in the
study; the patient’s unwillingness or inability to comply
with the Protocol procedures (in the opinion of the
physician-researcher); pregnant or lactating women,
or women planning pregnancy during participation
in a clinical study or within 3 months after the end
of therapy; participation in another clinical study
within 3 months before inclusion in the study; other
conditions that prevent the patient from being included

in the study.

Duration of treatment and dosage regimen

Male and female patients (n = 300) aged 18 to
80 years inclusive with influenza and/or ARVI who
met the inclusion criteria and did not meet the non-
inclusion criteria were randomized into 2 groups in a
1:1 ratio:
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150)
(Esperavir®, Promomed Rus LLC, Russia) 800 mg

e Group 1 (n = received molnupiravir
(4 capsules) 2 per day (daily dose 1600 mg) for
5 days;

e Group 2 (n = 150) received placebo 4 capsules 2

per day for 5 days.

The studied drug / placebo was used on an
outpatient basis. The interval between doses was
12 + 2 h. The use of the studied drug / placebo
was allowed in conjunction with pathogenetic and
symptomatic therapy used in the treatment of
influenza / ARVI.

Rules for the use of the studied drug / placebo was
taken regardless of food intake; it was desirable to use
the medicine/placebo at the same time; the capsules
had to be swallowed without chewing and washed
down with bottled or boiled water; the duration of
use of the medicine was 5 days (a total of 10 doses
of 800 mg). In case of missing a dose, the patient was
guided by the following rules: if < 10 h have passed
since the missed dose, it was necessary to take the
missed dose and continue taking the medicine in
accordance with the previous schedule; if > 10 h have
passed since the missed dose, the patient should not
have taken the missed dose, he had to carry out the
next dose at the scheduled time without increasing
the dose.

The duration of the study for one patient was no
more than 16 days, of which the duration of therapy
was 5 days and the follow-up period was no more than
8 days.

Visits: visit 0 (screening, no more than 30 hours);
visit 1 (randomization, Day 1)¥; visit 2 (Day 3-4)%3;
visit 3 (Day 6-—7); visit 4 (Day 13-14).

Efficacy criteria

The effectiveness of therapy was assessed
according to the following endpoints:

Primary efficacy criterion: time (in days) to clinical
recovery (clinical recovery from influenza (achieving
0-1 points for each symptom of ARVI / Influenza);

e body temperature < 37.5°C without taking
and without subsequent

antipyretic drugs

increase in body temperature.

12 Visit 1 could coincide with Visit 0. If Visit 1 and Visit 0 coincided,
then a physical examination, vital signs assessment, registration of
concomitant therapy, and assessment of the severity of symptoms
were not repeated, the inclusion and non-inclusion criteria were
evaluated immediately before randomization, and exclusion criteria
were evaluated after drug administration. Russian

3 The visit was conducted at home or research center.
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Secondary efficacy criteria:

e Frequency of patients who achieved clinical
recovery by Visits 2—4 (Day 3-14).

e Frequency of patients with virus elimination by
Visits 2 (Day 3—4) and 3 (Day 6-7).

e Assessment of symptom severity by Visits 2-4
(Day 3—14) using the Likert scale*.

e Time (in hours) to achieve body temperature
< 37.5°C without taking antipyretic drugs
and without subsequent increase in body
temperature.

e Frequency of patients who achieved body
temperature < 37.5°C without taking antipyretic
drugs and without subsequent increase in body
temperature, by Visits 2—4 (Day 3-14).

e Frequency of patients with the development
of complications of ARVI / influenza (bacterial
infections of the upper and lower respiratory
tract) by Visits 2—4 (Day 3—14).

e Frequency of patients
hospitalization due to worsening of the course of
influenza / ARVI.

Additional points: frequency of patients with the

who  required

need for antipyretic drugs in the number of days.

Safety criteria

Safety was assessed according to the following
total (AEs),
stratified by severity and frequency; frequency of
adverse reactions; frequency of serious
events (SAEs), including those associated with the use

criteria: number of adverse events

adverse

of the studied medicine/placebo; frequency of patients
who registered at least one AE; frequency of patients
who discontinued treatment due to the occurrence of
AE / SAE. An analysis was carried out of AEs registered
according to the WHO classification, with a cause-and-
effect relationship with studied medicine/placebo —
definite, probable, possible with the determination of
frequency in the population.

Statistical analysis

Sample size calculation
The time (in days) to clinical recovery was chosen
as the primary endpoint.
Clinical recovery meant (compliance with both
criteria):
—relief / disappearance of symptoms of
ARVI / influenza (achieving 0-1 points for each
symptom of ARVI / influenza);

%0 — no, 1 — mild symptoms, 2 — moderate, 3 — severe.
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— body temperature < 37.5°C without taking
antipyretic drugs and without subsequent
increase in body temperature.

The sample calculation was based on data from a
meta-analysis of studies of the antiviral drug riamilovir,
which assessed the efficacy of riamilovir when used
as etiotropic therapy for influenza [11]. According
to the study, the duration of catarrhal syndrome
in the groups of the drug riamilovir (TN: Triazavirin
500 mg/day or 750 mg/day and placebo) was
(Mean + SD) 6.84 + 3.15 days, 5.41 + 2.94 days
and 8.84 + 2.94 days, respectively. The time to
normalization of temperature was shorter compared
to the duration of catarrhal syndrome in all three
groups: (Mean + SD) 2.92 + 1.14 days, 2.59 + 0.93 days
and 6.41 + 2.55 days for the groups of riamilovir
500 mg/day, Triazavirin 750 mg/day and placebo,
respectively. The significant
difference with placebo was 2 days. With a conservative
assessment, in the planned study, it can be expected
to achieve a difference in the average of the drug with
placebo in 1 day (d)), and a standard deviation (SD) of

minimum  clinically

about 3 days.
The sample size was calculated using the following
formula [12]:

N=2x(Zq+2,)/(d/SD),

where N is the required number of subjects in
one group; Za and Z; are the values of the normal
distribution of E)robability a/2 and B, respectively; d —
significant difference in
(expected difference in means); SD — root mean square
(standard deviation); d/SD — effect size (ES, effect size).

With a planned study power of 80% (0.80) and a

significance level of 0.05, the numerator of the formula

clinically group means

takes the value:

2% (Za +25)°=2%(1,96 +0,84)°=15,68
2

The calculation according to the formula with
ES=d/SD=1/3=0.33(3) gave the value of the required
number for statistical analysis of 142 patients in each
study group.

Taking into account the possible dropout during
the study, it was necessary to randomize 150 patients
in each group, the total number of randomized patients
was 300 people.

Statistical methods

Statistical analysis was carried out in accordance
with the requirements of ICH E9, the Rules of Good
Clinical Practice approved by the Eurasian Economic

Tom 13, Beinyck 4, 2025

Commission, and other applicable requirements and
laws.

For statistical analysis, certified statistical software
with validated algorithms for performing statistical
analyses and proper documentation of StatSoft
Statistica, version 13 (TIBCO Software Inc. Statistica,
version 13) was used.

The data were tested for normality of distribution
using the generally accepted method (Shapiro—Wilk
test), and in the case of a distribution other than
normal, non-parametric methods of assessment were
used. The data were presented as absolute values (n)
and proportions (%), mean (M) and standard
error (SD).

To test the hypothesis about the homogeneity
of the study groups in the initial period, testing was
carried out for the absence of differences between
the groups using the Mann—Whitney test and the x?
test. In the case of statistically significant differences
between the groups, these differences were illustrated
using box diagrams, which were presented by the
median, minimum and maximum values, 25 and 75
percentiles, depending on the nature of the data
distribution.

For the analysis of qualitative indicators, an
intergroup comparison of proportions was carried out
using a two-sided version of Fisher’s exact test (or the
chi-square test). For quantitative indicators, taking
into account the assumption about the nature of the
distribution, the comparison was carried out using the
non-parametric Mann—-Whitney test.

To compare ordinal indicators, a two-sided version
of Fisher’s exact test (or the x* test (“chi-square”)
was used, if all expected values in the cells of the
contingency table for this analysis were 5 or more.

Differences were considered statistically significant
at p < 0.05.

RESULTS

Baseline characteristics of participants

The study included patients aged 18 to 80 years,
with clinical signs of influenza / ARVI (lasting no more
than 48 hours) — elevated body temperature > 37.5°C
and the presence of at least 2 symptoms of moderate
severity: chills, headache, myalgia, sore throat, nasal
congestion, runny nose, sneezing, cough, with a
laboratory-confirmed diagnosis of influenza / ARVI at
the time of screening, corresponding to the selection
criteria in the study. The characteristics of the study

participants are presented in Table 1.
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[Screening: visit 0. No more than 30 hours]

l

[ Randomization: Visit 1*. Day 1 ]
Group 1. Group 2.
Molnupiravir (Esperavir). Placebo.
The use of the drug is allowed, if necessary, The use of placebo is allowed,
in conjunction with pathogenetic and if necessary, in conjunction with
symptomatic therapy used in the symptomatic therapy acceptable
treatment of influenza / ARVI in the treatment of influenza/ARVI
[ Visit 2. Day 3—4** ]
[ Visit 3. Day 6-7 ]
[ Visit 4. Day 13-14 ]

Figure 1 — Graphical scheme of the study design.

Note: * — Visit 1 could coincide with Visit 0. If Visit 1 and Visit O coincided, then a physical examination, assessment of vital signs, registration
of concomitant therapy, and assessment of symptom severity were not repeated, inclusion and non-inclusion criteria were assessed
immediately before randomization, and exclusion criteria were assessed after drug administration; ** — The visit was carried out at home
or in the research center. The patient was monitored in accordance with the clinical practice of the research center.

Average graph for Time (in days) to clinical recovery
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Figure 2 — Graph of average values and 95% confidence interval of time (in days) to clinical recovery.
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Table 1 — Baseline characteristics of participants
Indicator Molnupiravir Placebo p*
Demographic and anthropometric data
Gender, n (%) Female 81 (54%) 87 (58%) 0.4853
Male 69 (46%) 63 (42%)
Average age, M + SD, years 39.00 £13.35 42.76 + 14.68 0.0356
Body weight, M £ SD, kg 75.73 £11.79 74.98 £11.83 0.6465
Height, M + SD, cm 172.38£7.38 171.65+7.30 0.4400
BMI, M + SD, kg/m? 25.43 +3.20 25.40 + 3.45 0.9358
Frequency of patients with influenza, ARVI and mixed infection, n (%)
Influenza 73 (48.67%) 76 (50.67%) 0.9402
ARVI 73 (48.67%) 70 (46.67%)
Mixed infection 4(2.67%) 4(2.67%)
Concomitant diseases 80 (53.33%) 82 (54.67%) 0.9078

Note: BMI — body mass index; * — significance level (differences were considered statistically significant at p < 0.05).

Table 2 — Summary results for primary and secondary efficacy criteria between groups: molnupiravir and placebo

Indicators / Visits Molnupiravir (n = 150) Placebo (n = 150) p
Mean time to clinical recovery, M * SD, days 3.39+1.42 420+1.92 0.000039
Frequency of patients achieving clinical recovery, n (%)
Visit 2 (Day 3-4) 63 (42.00%) 42 (28.00%) 0.0110
Visit 3 (Day 6-7) 140 (93.33%) 125 (83.33%) 0.0070
Visit 4 (Day 13-14) 150 (100%) 150 (100%) -
Frequency of patients with virus elimination by Visits 2 (Day 3-4) and 3 (Day 6-7), n (%)
Visit 2 (Day 3-4) 97 (64.67%) 60 (40.00%) 0.0001
Visit 3 (Day 6-7) 141 (94.00%) 128 (85.33%) 0.0137
Assessment of symptom severity by Likert scale at Visits 2—4 (Day 3-14), n (%)
Visit 2 (Day 3-4)  Chills Absent 82 (54.67%) 65 (43.33%) 0.0004
Mild 54 (36.00%) 44 (29.33%)
Moderate 13 (8.67%) 41 (27.33%)
Severe 1(0.67%) 0 (0.00%)
Visit 3 (Day 6-7) Absent 145 (96.67%) 130 (86.67%) 0.0068
Mild 5 (3.33%) 19 (12.67%)
Moderate 0 (0.00%) 1(0.67%)
Severe 0 (0.00%) 0 (0.00%)
Visit 2 (Day 3-4) Headache  Absent 78 (52.00%) 61 (40.67%) 0.0394
Mild 52 (34.67%) 53 (35.33%)
Moderate 19 (12.67%) 36 (24.00%)
Severe 1(0.67%) 0 (0.00%)
Visit 3 (Day 6—7)  Sore throat Absent 131 (87.33%) 105 (70.00%) 0.0008
Mild 19 (12.67%) 43 (28.67%)
Moderate 0 (0.00%) 2 (1.33%)
Severe 0 (0.00%) 0 (0.00%)
Indicators of achieving a body temperature < 37.5°C without antipyretic drugs
and without subsequent temperature increase
Meantime, M £ SD, h 59.61 + 29.90 80.15 + 43.59 <0.0001
Visit 2 (Day 3-4), n (%) 96 (64.00%) 60 (40.00%) <0.0001
Visit 3 (Day 6-7), n (%) 149 (99.33%) 137 (91.33%) 0.0015

Frequency of patients with the development of ARVI / influenza complications (bacterial infections

of the upper and lower respiratory tract), n (%)

Visit 2 (day 3-4) 1(0.67%) 22 (14.67%) <0.0001
Visit 3 (day 6-7) 4 (2.67%) 26 (17.33%) <0.0001
Visit 4 (day 13-14) 4(2.67%) 26 (17.33%) <0.0001
Frequency of patients requiring hospitalization due to worsening of influenza / ARV, n (%)
Patient frequency 0 (0.00%) 0 (0.00%) -
Frequency of patients with the need for antipyretic drugs, M + SD, days
Patient frequency 1.94+1.81 2.18+2.21 0.5347
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Table 3 — Adverse events, distributed in accordance with SOC, registered with a causal relationship
with the study drug / placebo — definite, probable, possible with the determination of frequency
in the population in accordance with WHO

Number of events, n (%)*

System Organ Class and Preferred Term MedDRA

Molnupiravir
(n=150)

Placebo
(n=150)

Gastrointestinal disorders

Abdominal pain

1(0.7%) (uncommon)

not reported

Diarrhea 2 (1.3%) (common) not reported
Dyspepsia 1(0.7%) (uncommon) not reported
Nausea 3 (2%) (common) 5(3.3%) (common)

Infections and infestations

Bacterial bronchitis

1(0.7%) (uncommon)

2 (1.3%) (common)

Laboratory and instrumental data

Increased aspartate aminotransferase

not reported

1(0.7%) (uncommon)

Respiratory, thoracic and mediastinal disorders

not reported

1(0.7%) (uncommon)

Respiratory, thoracic and mediastinal disorders

Hiccups not reported 1(0.7%) (uncommon)
Skin and subcutaneous tissue disorders
Urticaria 1(0.7%) (uncommon) not reported
Nervous system disorders
Headache 1(0.7%) (uncommon) not reported
Dizziness 1(0.7%) (uncommon) 2 (1.3%) (common)

Note: * — the frequency of each adverse event is presented relative to the number of subjects exposed to the medicine.

As a
demographic and anthropometric data of patients,

result of a comparative analysis of
no statistically significant differences were found,
with the exception of the parameter “age in years”
(p =
insignificant due to the fact that all patients met the

0.0356). These differences were considered

inclusion criteria and did not meet the non-inclusion
criteria.

As a result of a comparative analysis of the
frequency of patients with influenza, ARVI and mixed
infection, no statistically significant differences were
found between the study groups (p = 0.9402). The
list of identified RNA viruses at screening in the study
population: influenza A viruses, including HIN1, H3N2,
influenza B, rhinovirus, RS virus, coronaviruses of the
species E229, NL63, OC43, HKUI, parainfluenza viruses
1-4 types, metapneumovirus.

The
diagnosed in the study subjects: endocrine system

following concomitant diseases were

(impaired glucose tolerance, impaired fasting glycemia,

hypothyroidism, goiter, obesity, type 2 diabetes
mellitus, hepatic steatosis); cardiovascular diseases
(atherosclerosis, hypertension, hypercholesterolemia,
peripheral vascular disease, varicose veins, mitral
valve prolapse, sinus tachycardia, angina pectoris,
essential diseases

hypertension);  gastrointestinal
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(biliary dyskinesia, gastroesophageal reflux disease,
duodenal ulcer, dyspepsia, colitis, chronic pancreatitis,
chronic gastritis, hiatal hernia); gynecological diseases
endometrial uterine

(adenomyosis, hyperplasia,

leiomyoma, cervical dysplasia, salpingoophoritis,
fibrocystic breast disease); diseases of the liver and
(nephrolithiasis,  chronic
Gilbert’s

cholecystectomy, chronic cholecystitis); diseases of

kidneys pyelonephritis,

renal  cyst, syndrome, cholelithiasis,
the musculoskeletal system (carpal tunnel syndrome,

osteoarthritis, osteochondrosis, pathology of
intervertebral discs, protrusion of the intervertebral
disc, synovitis); ENT organs (allergic rhinitis, chronic
sinusitis; chronic tonsillitis) and other diseases that
do not contradict the non-inclusion criteria (anemia,
astigmatism, metabolic dysfunction-related asthma,
iron deficiency anemia, calculus in the urinary tract,
non-proliferative  retinopathy,

hemorrhoids, gout,

presbyopia, myopia, benign prostatic hyperplasia,

prostatitis, autonomic nervous system regulation
disorder, type V hyperlipidemia).

As a result of a comparative analysis of the
frequencies of patients with concomitant diseases/
conditions at screening between the studied drug
group and the placebo group, no statistically significant

differences were found.
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Results of efficacy evaluation

The evaluation of the effectiveness of the therapy
in the drug group and the placebo group was based
on a statistical analysis of primary and secondary
endpoints.

Primary efficacy criterion

Analysis of the primary efficacy criterion showed
that the average time (in days) to clinical recovery
in the molnupiravir (Esperavir®) group (Mean * SD)
was 3.39 + 1.42 days and in the placebo group
(Mean % SD) — 4.20 + 1.92 days (Fig. 2). The difference
in the average time (in days) to clinical recovery
between the molnupiravir and placebo groups was
-0.82 days, the 95% CI for the difference in means
was [-1.20; -0.43] days. As a result of a comparative
analysis of the time (in days) to clinical recovery
(Table 2),
molnupiravir therapy in terms of accelerating recovery
was proven (p = 0.000039).

The majority of patients — 88.67% (133 / 150) in
the molnupiravir group started therapy on the second

a statistically significant advantage of

day after the onset of symptoms of the disease. Thus,
the effectiveness and expediency of molnupiravir
therapy is shown even with a delayed start of taking
the drug. The study showed the effectiveness of
molnupiravir therapy in patients with risk factors
(age over 65 years, the presence of cardiovascular
diseases, bronchial asthma, diabetes mellitus, obesity),
in patients with cardiovascular diseases, as well as in
patients over 65 years: the average time (in days) to
clinical recovery in the molnupiravir group (Mean % SD)
1.43 days
(p = 0.0035), including in patients with cardiovascular
diseases 3.43 + 1.52 days (p = 0.0166), as well as in
patients over 65 years — 2.70 = 0.64 days (p = 0.0134).
Thus, that
therapy is highly effective in patients with influenza

in patients with risk factors was 3.67 *

it can be concluded Esperavir®
and/or ARVI, in terms of reducing the time to achieve
clinical recovery, including in groups at high risk of
complications and hospitalization, which proves the
clinical effectiveness and pharmacoeconomic feasibility

of the proposed therapy.

Secondary efficacy criteria

The frequency of patients with virus elimination
in the study drug group by Visit 2 (Day 3-4) was
64.67% (97 / 150) and by Visit 3 (Day 6-7) — 94.00%
(141 / 150), while in the placebo group the frequency
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of patients with virus elimination by Visit 2 (Day 3-4)
was — 40.00% (60 / 150) and by Visit 3 (Day 6-7) —
85.33% (128 / 150),
analysis of the frequency of patients with virus

respectively. A comparative

elimination showed statistically significant differences
between the study groups both by Visit 2 (Day 3—4)
(p <0.0001) and by Visit 3 (Day 6-7) (p = 0.0137), which
confirms the advantage of molnupiravir therapy in
terms of virus elimination compared to placebo already
by the 3rd day of therapy.

The frequency of patients who achieved clinical
recovery in the molnupiravir group by Visit 2 (day
3-4) was 42.00% (63 / 150) and by Visit 3 (Day 6-7) —
93.33% (140 / 150), while in the placebo group the
frequency of patients who achieved clinical recovery
by Visit 2 (Day 3-4) was — 28.00% (42 / 150) and by
Visit 3 (Day 6-7) — 83.33% (125 / 150), respectively.
A comparative analysis of the frequency of patients
who achieved clinical recovery showed statistically
significant differences between the molnupiravir
and placebo groups by Visit 2 (Day 3-4) (p = 0.0110)
and by Visit 3 (Day 6-7) — p = 0.0070. By Visit 4
(Day 13-14), all patients in both the study drug
group and the placebo group had achieved clinical
recovery.

It was shown that molnupiravir therapy can
significantly reduce the time to achieve a decrease in
body temperature up to normalization. The average
time (in hours) to achieve body temperature < 37.5°C
without taking antipyretic drugs in the molnupiravir
group was 59.61 + 29.90 hours, while in the placebo
group — 80.15 + 43.59 hours. In the molnupiravir
group, by Visit 2 (Day 3—4), the frequency of patients
who achieved body temperature < 37.5°C was
64.00% (96 / 150) and by Visit 3 (Day 6-7) — 99.33%
(149 / 150), while in the placebo group, by Visit 2
(Day 3-4), the frequency of patients who achieved
body temperature < 37.5°C was 40.00% (60 / 150)
and by Visit 3 (Day 6-7) — 91.33% (137 / 150). Thus,
a comparative analysis of the frequency of patients
who achieved body temperature < 37.5°C showed
statistically significant differences between the study
groups by Visit 2 (Day 3-4) — p < 0.0001 and by Visit 3
(Day 6—7) — p = 0.0015. The results obtained prove the
advantage of molnupiravir therapy in terms of reducing
body temperature up to normalization without taking
antipyretic drugs already by the 3 day of therapy.

The main symptoms of influenza / ARVI that
were registered in patients in the study were: chills,
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headache, myalgia, sore throat, nasal congestion, runny
nose, sneezing, cough. The severity of symptoms was
assessed using the Likert scale. According to the results
of the analysis, statistically significant differences
were found between molnupiravir and placebo by
Visit 2 (Day 3-4) and Visit 3 (Day 6-7) in the severity
of symptoms such as: chills, headache, sore throat
(Table 2). The data obtained indicate the high
effectiveness of molnupiravir and significant advantages
compared to placebo in terms of the dynamics of
the disappearance of symptoms of influenza / ARVI,
improving the condition and improving the quality of
life of patients.

During the clinical study, bacterial infections of
the upper and lower respiratory tract were registered

as complications of ARVI / influenza: bronchitis,
acute sinusitis, pneumonia, tonsillitis, tracheitis,
tracheobronchitis. Analysis of the frequency of

ARVI / influenza complications in the groups showed
that in the molnupiravir group, by Visit 2 (Day 3-4),
the frequency of patients with ARVI / influenza
complications was 0.67% (1 / 150), while in the
placebo group, the frequency of patients with
ARVI / influenza complications was 14.67% (22 / 150),
and by Visit 3 (Day 6-7), the frequency of patients
with ARVI / influenza complications in the molnupiravir
and placebo groups was 2.67% (4 / 150) and 17.33%
(26 / 150), respectively. By Visit 4 (Day 13-14),
complication rates remained at the level of Visit 3
(Day 6-7). Comparative analysis of the frequency of
patients with ARVI / influenza complications showed
statistically significant differences between the study
groups by Visit 2 (Day 3—4), Visit 3 (Day 6-7), and Visit 4
(Day 13-14) (p < 0.0001 for each Visit), which confirms
the significant efficacy of molnupiravir in reducing the
risks of ARVI / influenza complications.

During the study, no patients required
hospitalization due to worsening of influenza / ARVI,
neither in the molnupiravir group nor in the placebo
group.

Summary data on secondary efficacy criteria are
presented in Table 2.

Safety assessment

The frequency of patients with registered cases
of adverse events (AEs) was 23.67% (71 / 300): in
the molnupiravir group — 18.00% (27 / 150), in
the placebo group — 29.33% (44 / 150). In total,
71 patients had 104 AEs: 27 patients in the study drug

310

group had 32 AEs, and 44 patients in the placebo group
had 72 AEs.

As a result of the comparative analysis of AEs,
statistically significant differences were found between
the study groups (p = 0.021).

As a result of the comparative analysis of AEs by
severity, association of AEs with therapy, and outcomes,
no statistically significant intergroup differences were
found.

No cases of SAEs were registered during the study.

The smaller number of AEs in the molnupiravir
group compared to the placebo group indirectly
suggests that molnupiravir therapy leads to a reduction
in the
underlying disease and a smaller number of adverse

risks of developing complications of the

events that may develop against the background of
complications.

AEs WHO
classification with a causal relationship with the study

registered according to the
drug / placebo — definite, probable, possible with the
determination of frequency in the population were also
analyzed (Table 3).

Registered AEs had a profile and frequency
comparable to the placebo group. Such AEs as:
dizziness, headache, diarrhea, nausea, dyspepsia,
urticaria, registered in the molnupiravir study drug
group, corresponded to the studied safety profile of
Esperavir® and can be classified as expected with a
comparable detection frequency.

Abdominal pain (1 case in the IP group), bacterial
bronchitis (1 case in the IP group) were registered for
the first time as isolated cases, therefore they can be
classified as new data that require confirmation, in
particular, registration of similar cases in the future
when using the medicine in routine practice. It is worth
noting that the development of AEs in the study drug
group did not require discontinuation of therapy, which
further confirms the favorable benefit/risk ratio for
molnupiravir.

The development of bacterial bronchitis may
be a consequence of the underlying disease; it was
registered both in the study drug group and in the
placebo group.

Thus, in the clinical study, AEs were registered
that were identified when using the study drug
molnupiravir, which belong to the category of expected.

The study showed that molnupiravir therapy is
characterized by a favorable safety profile and good

tolerability, corresponding to the information in the
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summary of product characteristics for molnupiravir
(Esperavir®).

DISCUSSION
The
pharmacotherapy for ARVI and influenza, which allows

search  for rational and effective
not only to quickly relieve the main symptoms and
reduce the duration of diseases, but also to reduce the
risks of developing serious complications, is an urgent
problem for healthcare professionals in all countries.
PROMOMED RUS LLC has developed a
medicine containing molnupiravir as an active
[(2R,3S,4R,5R)-3,4-dihydroxy-5-[4-
(hydroxyamino)-2-oxopyrimidin-1-ylJoxolan-2-yl]
methyl 2-methylpropanoate. Currently, the medicine

substance

is registered and approved for use in the treatment
of new coronavirus infection (COVID-19), mild and
moderate in adults patients with an increased risk
of disease progression to severe and not requiring
additional oxygen therapy®.

Molnupiravir is an antiviral medicine, the
mechanism of which is aimed to suppress the
replication of RNA viruses by incorporating into the viral
genome and disrupting the structure of the genome by
inducing viral error / mutation. Showing activity against
the RNA-dependent RNA polymerase of one type of
RNA virus, molnupiravir will also be active against other
RNA viruses, moreover, when the virus mutates and the
strain changes seasonally, resistance to the medicine
will not develop, the effectiveness will remain at the
required level [8, 13-15].

A series of preclinical studies have shown the
antiviral activity of the medicine against influenza
viruses and respiratory syncytial virus in various
animal models: mice, guinea pigs, Javan macaques and
ferrets [16—18].

Being an analogue of ribonucleoside, molnupiravir
is known for its effect on the replication and function of
mitochondria. However, in in vitro studies, the medicine
did not cause significant mitochondrial toxicity and
did not impair their function [19]. After seven days of
treatment with molnupiravir (EIDD-2801), no significant
changes in the rate of transmission of nuclear or
mitochondrial signals were observed in the lung tissue
of ferrets [17].

An important advantage of molnupiravir in

the elimination of RNA-containing viruses is that

5 Esperavir®. State Register of Medicines of the Russian
Federation. Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=6d34e8f9-9267-4125-b461-2ee715c4b6c0
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molnupiravir does not affect the replicative apparatus
of human cells due to the absence of its own RdRp in
the human body. A series of scientific publications
convincingly shows that the low toxicity of nucleoside
analogs (molnupiravir) in the elimination of RNA-
containing viruses is due to the absence of its own
RdRp in the human body, which ensures selectivity of
action against viral targets and safety of therapy —
the drug acts only on “infected cells” [8, 13—-15, 20].
Available data indicate that NHC has an antiviral effect,
selectively introducing mutations only into viral RNA,
leaving the host RNA intact, which indicates high
genetic resistance to the development of resistance to
NHC [21, 22].

According to literature data, the minimum
effective dose of molnupiravir in in vivo studies
in humans for the treatment of RSV and seasonal
influenza was 580-625 mg. These tests indicate that
even minimal pharmaceutical intervention (a dose
of 187.5 mg in human equivalent) in RSV replication
can lead to significant changes in RSV disease markers
in a mouse model. Effective suppression of influenza
virus transmission (delay) between individuals was
noted [23]. Toots et al. in their work determined
the minimum concentration effective for influenza
therapy and equal to 160—-350 mg 2 per day in human
equivalent [17, 18].

The results of a clinical study showed a favorable
safety profile of molnupiravir, both with a single dose
(50-1600 mg) and with multiple doses (50-800 mg
2 per day).

Most subjects reported AEs placebo
administration than after molnupiravir administration;
all adverse events were mild in severity; the most
common adverse headache with
single administration and diarrhea with multiple
administration [24], but its use is not recommended
during pregnancy or breastfeeding due to reproductive
toxicity observed in animals exposed to high doses
(exceeding human doses by 2-6 times). It is worth
noting that therapy with most registered antiviral drugs
is characterized by a warning about contraindications
for pregnant women, which is associated with
insufficient evidence base on the safety of this type of
therapy [25].

As part of a clinical study of molnupiravir, the
following dosage regimen was studied: 800 mg
2 per day (daily dose 1600 mg) for 5 days.

In accordance with the data of the State Register of

after

events were

Medicines of the Russian Federation'® of the registered

' |bid.
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Esperavir®, capsules, the course of therapy is 5 days.
In this regard, the duration of therapy (5 days) was
justified in the study and fully proved its effectiveness.
Clinical recovery while taking molnupiravir occurred
on average already on the 3rd day of therapy, and in
64.7% of patients, complete elimination of the virus
was observed two days after taking the drug. More
than 60% of patients already on the 3 day of therapy
reached a body temperature below subfebrile, up to
complete normalization, which is important from the
point of view of reducing the need for antipyretics
and the risk of developing complications. A significant
advantage of molnupiravir therapy in relieving other
symptoms of ARVI and influenza (chills, sore throat,
runny nose, etc.) was proven. It is important to note
that during the week in the group of the study drug,
only 4 patients developed complications of the disease,
while in the placebo group there were 6 times more
such patients.

Thus,
molnupiravir (Esperavir®) in achieving clinical and

the effectiveness of therapy with the

surrogate endpoints of therapy was proven, while a
high safety profile was noted as a result of taking the
drug.

Study limitations
This clinical study was conducted only with
adults, since the evaluation of the efficacy and safety

of molnupiravir in children was not planned as part

of this work. It is also worth noting that this study
was conducted only on the territory of the Russian
Federation, therefore, the researchers did not have the
opportunity to obtain data on adherence to treatment
in subjects depending on race, nationality and other
factors.

CONCLUSION

As a result of the clinical study, the high efficacy
of therapy with Esperavir® (molnupiravir) in patients
with influenza and/or ARVI was proven in terms
of reducing the time to achieve clinical recovery
(observed already 2 days after the start of taking the
medicine), eliminating viruses, reducing the severity of
symptoms of the disease, reducing the time to achieve
subfebrile body temperature values without the need
for antipyretic drugs, preventing the development
of bacterial complications and, as a result, reducing
the need for antibacterial drugs and fewer adverse
events that may develop against the background of
complications. Already on the second day of taking
molnupiravir,
ARVI and
improvement in the quality of life of patients. The

a significant relief of symptoms of

influenza occurred, which indicates an
results of the clinical study prove the clinical efficacy
and safety of molnupiravir therapy and determine the
prospects for including Esperavir® in clinical guidelines
and protocols for the treatment of influenza and other
viral infections.
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CORRIGENDUM:

Assessment of the allergenic and immunotoxic properties
of the recombinant non-immunogenic staphylokinase

in preclinical and clinical trials. [Pharmacy & Pharmacology.
2025;13(1):31-44. DOI: 10.19163/2307-9266-2025-13-1-31-44]

Related to the article: Markin S.S., Ivanov S.\. Beletsky I.P., Zakharova M.J., Ponomarev E.A,
Arzamascev EV. Assessment of the allergenic and immunotoxic properties of the recombinant non-
immunogenic staphylokinase in preclinical and clinical trials. Pharmacy & Pharmacology. 2025;13(1):31-44.
https://doi.org/10.19163/2307-9266-2025-13-1-31-44

We hereby inform readers that
changes have been made to the final version of the article in Russian and English.

In the published article “Assessment of the allergenic and immunotoxic properties of the recombinant
non-immunogenic staphylokinase in preclinical and clinical trials” the authors found an error: randomly, due
to a technical error and without any malicious intent, in the “Results” section, subsection “Clinical study
of the effect of recombinant non-immunogenic staphylokinase on the formation of specific antibodies and
neutralizing activity of patient plasma” (p. 37, second column, 4th paragraph from the top), erroneous numerical
indicators were indicated: “In the study of specific antibody titers in patients with STEMI who were administered
recombinant non-immunogenic staphylokinase, it was found that 30 (30%) patients did not have specific antibodies.
In 70 (70%) patients, specific antibodies were detected with a low titer — in the range of 1/100-1/800.”

Correct version:

“In the study of specific antibody titers in patients with STEMI who were administered recombinant
non-immunogenic staphylokinase, it was found that 70 (70%) patients did not have specific antibodies.
In 30 (30%) patients, specific antibodies were detected with a low titer — in the range of 1/100-1/800.”

This error is technical in nature, because the abstract text displays correct data, and further in the text
of the article correct data are shown: “..neutralizing activity of blood plasma of patients with STEMI who were
administered recombinant non-immunogenic staphylokinase revealed that samples from 70 (70%) patients did not

have neutralizing activity...”.

The error does not change the essence of the data presented in the article, does not violate their perception by
readers or interpretation.

The authors would like to apologize for any inconvenience.
The authors declare no conflict of interest.

The original article has been updated in the online version: https://www.pharmpharm.ru/jour/article/view/1674
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