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The aim of the work was to analyze the current regulatory legal framework governing the manufacture of drugs in pharmacies,
and a comprehensive review of the current state of their manufacture; a disclosure of problems and search for the ways to
improve the sphere of circulation of extemporaneously compounded medicines (ECMs).

Materials and methods. The national legislation of the Russian Federation and the regulatory framework of the medicines
common market of the Eurasian Economic Union in the field of an extemporaneous drugs circulation formed a regulatory
base of the work. To collect and analyze the information data, the materials presented on the official websites of the Ministry
of Health of Russia, the Ministry of Industry and Trade of Russia have been used. The results of the scientific publications for
the previous 10 years (2014-2024) have also been analyzed.

Results. The article deals with the current state issues of the drug products manufactured in pharmacies, in the sphere of
circulation. The analysis of the legislative base on ECMs has been carried out, the problems of the normative legal regulation of
the pharmacy drugs manufacturing have been identified. The introduction of new relevant concepts into Federal Law No. 61-FZ
“On Circulation of Medicines” — “extemporaneous drug products”, “extemporaneous manufacturing”, “extemporaneous
production” — has been proposed. The authors’ definition of the “pharmaceutical sovereignty” concept was given in the
course of the study. Based on the results of the study, the possibilities and ways of improving the mechanisms of the state
regulation of the drugs extemporaneous manufacturing in the current political and economic conditions have been identified.
Conclusion. The operational management and systematization of the regulatory legal framework of the ECMs circulation
sphere based on the regulatory science is the most important factor in increasing the affordable, effective, personalized
pharmaceutical care. An important element of the mobilization model of the economy is strengthening of the state regulation,
development of the domestic production capacities and technologies, including taking into account extemporaneous
manufacturing of drugs and small-scale production.

Keywords: extemporaneously compounded medicines; drugs manufacturing; extemporaneous formulations; extemporal
production; pharmacy; drug supply; pharmaceutical sovereignty; drug sovereignty.

Abbreviations: ECMs — extemporaneously compounded medicines; DF — dosage form; CPR — certificate of product
registration; SRMs — State Register of Medicines; EEU —Eurasian Economic Union; DS — drug substance; RCPEA — Russian
Classification of Products by Economic Activities; SPh — State Pharmacopoeia; LGWS — List of goods, works and services;
UDCM — Unified directory-catalog of medicines; WIPO — World Intellectual Property Organization.
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Lienb. AHanu3 AencTBytoLe HOPMaTMBHON NPABOBOM 6a3bl, PEryMpPYOWE M3roTOBAEHUE NIEKAPCTBEHHbIX NPenapaTos
(N) B anTe4yHom opraHmsaumm (AO) 1 BCECTOPOHHMUI 0630 TEKYLLETrO COCTOAHUA UX U3rOTOBNEHUA. PacKkpbiTve npobiem u
MOWCK NyTeli COBepLLEHCTBOBaHMUA cdhepbl 06paLleHMsa SKCTEMNOPAbHbIX IEKAPCTBEHHbIX Npenapatos (3/1M).

Marepuanbl U meTogbl. HopmaTuBHYHO 633y paboTbl COCTaBUIO HaLMOHaIbHOE 3aKOHOAATeNbCTBO Poccuiickon Pepepauum
W perynaTopHoM 6asbl 06LEero pbiHKA JIeKapCTBEHHbIX cpeacTB EBPasnitckoro SKOHOMUYECKOro coto3a B chepe obpaLeHns
akcTemnopanbHbix JIN. Ana cbopa n aHanM3a MHGOPMALIMOHHbBIX AAHHbIX MCMOb30BaHbI MaTepuasbl, NPeACTaBAEHHbIE Ha
oduLManbHbIX caiTax MUHUCTEPCTBaA 34paBoOXpaHeHNs Poccnn, MUHUCTEPCTBA MPOMBILLIIEHHOCTU U TOprosan Poccuu. Tak
e 6blIM NPOAHANM3NPOBaHbI Pe3y/bTaTbl Hay4YHbIX Ny6MKaLmi 3a nocnegHue 10 net (2014-2024 rr.).

PesynbraTtbl. B cTaTbe paccmaTpuBaloTCA BOMPOChbI COBPEMEHHOTO cocToAHMA cdepbl obpalueHmnsa /1M, nsrotoBneHHbix B AO.
MpoBenéH aHanu3 3akoHogaTenbHol 6asbl no /1M, onpeaeneHbl NPo6AEMbI HOPMATUBHOMO MPABOBOMO PeryaMpoBaHuA
anTeyHoro marotosneHusa JIM. MpeanoxkeHo BBeAEHWE HOBbIX aKTyasbHbiX NOHATWI B depepanbHblii 3akoH Ne 61-d3
«O6 0b6palleHUM NEeKAPCTBEHHbIX CPEACTB» — «IKCTEMMNOPA/ibHblE NEKAPCTBEHHbIE MPEnapaThbl», «3KCTEeMMopasbHoe
N3roToB/IEHUEY, KIKCTEMMOPA/IbHOE NPOM3BOACTBO». B xoae npoBea&HHOro nccnefoBaHWA AaHO aBTOPCKOe onpeaeneHne
MOHATUIO «papMaLLeBTUHECKUIA CyBepeHUTeT». o pesy/ibTaTam UCCNefoBaHWA onpeaeneHbl BOSMOXKHOCTU U MPea/I0KeHbI
NyTM COBEPLUEHCTBOBAaHMA MEXaHW3MOB T[OCYAapCTBEHHOrO  PEeryinpoBaHMA  IKCTEMMOPAJIbHOrO  WM3roTOB/IEHMA
JIeKapCTBEHHbIX MPENapaToB B COBPEMEHHbIX MOAUTUYECKMUX U SIKOHOMUYECKUX YCNOBUAX.

3akntoueHue. OnepaTMBHOE YNpaBAEHWE U CUCTEMATU3ALMA HOPMATUBHOWM npaBoBoW 6asbl chepbl obpaeHma /M Ha
OCHOBE PEerysaTOPHOM HayKu — BaKHeWWui ¢aKTop NOBbIWEHUA [OCTYNHOU, 3PPEKTUBHOM, NEPCOHANM3UPOBAHHOWN
NEKAPCTBEHHOM MOMOLUN. BaKHbIM  371EMEHTOM  MOBWIM3ALMOHHON MOAEAN IKOHOMWMKWU SBAAETCA  YCUNEHUE
rocy4apCcTBEHHOIO PeryiMpoBaHuWs, Pa3BUTUE OTEHECTBEHHbIX MPOU3BOACTBEHHbIX MOLLHOCTEM U TEXHONOTUI, B TOM YUC/E C
YYETOM 9KCTEMMOPAbHOrO n3rotoBneHuna JIM n menkocepuintHOro NPOM3BOACTBaA.

KnioueBble cnoBa: 3sKcTemnopasnbHble JIeKapCTBEHHblE MpenapaTtbl; M3roTOBJAEHUE JIeKapCTBEHHbIX MNPenapaTos;
9KCTEMMOPaAsIbHOE U3FOTOBNEHWNE; SKCTEMMOPAIbHOE MPOU3BOACTBO; aNTeYHas opraHuU3aLma; NeKapcTBEHHOe obecneyeHue;
bapmaLeBTUYECKNI CYyBEPEHUTET; IEKAPCTBEHHbIV CyBEPEHUTET

CnNucoK coKpaueHuii: JIM — nekapctBeHHbIW npenapaT; /1M — 3KcTeMNnopasbHbIN NEeKAaPCTBEHHbIM Npenapart; /1® —
NekapcTBeHHaa ¢opma; JIC — nekapcTBeHHoe cpeactBo; AO — anTeyHaa opraHus3auusa; PY — perucrpaumoHHoe
yaocTtoBepeHue; NP/IC — [ocyAapCTBEHHbIN pPeecTp IeKapcTBeHHbIX cpeacts; EADC — EBpPa3snMCKMIi SKOHOMUYECKUIA COLO3;
®C — dapmaueBTHyecKan cybcTaHuma; OKBI — O6LLepOCCUIACKMM KNacCUpUKaTOPOM BUAOB S3KOHOMMYECKON AeATeNbHOCTY;
[® — locypapcTBeHHan dapmakonesn; KTPY — Katanor ToBapos, pabot v ycayr; ECK/IM — EAMHbIA CTPYKTYPUPOBAHHbIN
CNpaBOYHMK-KaTaOr JIeKapCTBEHHbIX NpenapaTtos; BOUC — BcemupHasa opraHU3aLma MHTEANEKTyaNbHOM cOBCTBEHHOCTY.

INTRODUCTION constitutional obligations to protect health and provide
The current state of functioning of the medical care’.
pharmaceutical market is a reflection of the general The drugs manufactured in pharmacies, or

situation under sanctions restrictions [1]. The extemporaneously compounded medicines (ECMs),
presence of defective drugs in pharmacies reduces the are not only an important but also a necessary
availability of the drug provision and personalized care
[2-5]. In this regard, the key task of state structures is ! The Constitution of the Russian Federation. Article 41. (adopted by

- X popular vote on Dec 12, 1993 with amendments approved during the
to search for methods [6-8] and tools [9, 10] to fulfil nationwide vote on July 01, 2020)
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component of quality drug therapy in health service
delivery [11-14]. The advantages of ECMs are an
individual dosage of the active substance, the possibility
of combining a required amount of active substances
in one dosage form (DF), a replacement or elimination
of excipients (preservatives, fillers, stabilizers), an
ergonomic DF selection [15-18]. ECMs have a short
shelf life, up to a maximum of 30 days?, and due to the
lack of a profitability of their mass production, are not
produced by the pharmaceutical industry [19-23]. These
drugs are most in demand in paediatric and geriatric
populations (especially for newborns and premature
infants, polymorbid gerontological patients) [24-27], in
dermatology, oncology, palliative care [28], for patients
with high-cost nosologies, including those with orphan
diseases [29—-32]. A physician prescription of individual
extemporaneous drugs allows patients and medical
organizations to purchase necessary amounts of ECMs,
which helps to achieve financial and budgetary efficiency
for patients and medical organizations [33-36].

The Pharmacies engaged in the manufacture of ECMs,
are an essential link in the value-based, personalized
pharmaceutical care. It should be noted that, as of 2023,
active manufacturing pharmacies across the country are
represented by 460 to 890 entities and represent less
than 0.5% of all pharmacies licensed for pharmaceutical
activities [37]. For example, in Germany and Austria,
all pharmacies are engaged in the manufacture of
drugs, due to the mandatory license condition to
include a manufacturing department in the structure of
pharmacies [38-40]. In Poland, 99% of pharmacies are
involved in the manufacture of drugs?.

The expansion of the compounding (magistral
formula) determines the need to update the
technological base, to offer the necessary list of drug
substances (DSs) on the market with the necessary
packaging for pharmacies involved in the drugs
manufacturing [41]. With this in mind, the most
important role in the field of the drug manufacturing
is assigned to the professional staff with modern
competences that correspond to the development of
the pharmaceutical market [42].

Recently, the regulatory framework for ECMs has
undergone many additions and changes, but for the
effectiveness of the regulatory practice, a systemic
“roadmap” that takes into account all external threats
and internal challenges, is needed.

THE AIM of the work was to analyze the current
regulatory legal framework governing the drugs
formulation in pharmacies, and a comprehensive review
of the current state of their manufacture; a disclosure
2 Order of the Ministry of Health of the Russian Federation dated
May 22, 2023 No. 249n (as amended on May 22, 2023) “Rules for the
manufacture and release of medicines for medical use by pharmacies
licensed for pharmaceutical activities”.

3 Zhukova O. Pharmacies in Poland. Available
https://pharmvestnik.ru/articles/apteki-poljshi.html. Russian

from:
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of problems and search for the ways to improve the
sphere of circulation of extemporaneously compounded
medicines (ECMs).

MATERIALS AND METHODS

Regulatory legal acts of the Russian Federation in the
field of health care and circulation of drugs were chosen
as objects of the study; the following methodological
tools were used: empirical, theoretical and quantitative.
As an empirical base, available data from the official
website of the Ministry of Health of Russia?, statistical
data®, a reference legal system “ConsultantPlus” on a
contractual basis of Sechenov University, were studied.

The search was conducted using the following
keywords: “extemporaneously compounded medicines”,
“drugs manufacturing”, “extemporaneous formulations”,
“extemporal production”, “pharmacy”, “drug supply”,
“pharmaceutical sovereignty”, “drug sovereignty”,
“compounding”.

To analyze the results of scientific publications
by other authors, the sources of information of the
National Electronic Library — elibrary.ru, Google
search engine were used. The search for legislative
documents, literature was carried out for the period
from 2014 to 2024. This period includes the sphere of
ECMs circulation, before and after the entry into force of
Federal Law No. 502-FZ°® dated 05.12.2022, in terms of
pharmacy manufacturing of drugs.

In accordance with the carried out search query,
a total of 357 sources of information were found. The
authors classified 50 sources as the most relevant.

In the course of the research, a set of scientific
methods of systemic, logical, structural, comparative
types of analysis was applied.

RESULTS AND DISCUSSION

Manufacturing of drugs in pharmacies in
accordance with part 33 of Article 4 (Federal Law No.
61-FZ), refers to pharmaceutical activities, including
wholesale trade of drugs, their storage, transportation
and (or) retail trade of drugs, including a remote

method, their dispensing, storage, transportation,
manufacturing’.
The term  “extemporaneously compounded

medicines” has been widely used in pharmaceutical
practice since historical times, but till present, it has
not been properly legislated. Although it should be
noted that the sectoral law on the circulation of drugs
defines about 20 concepts of drugs. “Ex tempore” (from

4 Ministry of Health of the Russian Federation. Available from:
https://minzdrav.gov.ru

° Federal State Statistics Service of Russia.
https://minzdrav.gov.ru

6 Federal Law No. 502-FZ dated 05.12.2022 “On Amendments to Article
56 of the Federal Law on the Circulation of Medicines”.

7 Federal Law No. 61-FZ dated 12.04.2010 “On the Circulation of
Medicines”.

Available from:
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Latin — as needed), more than ever emphasizes the
importance of ECMs in the system of the drug supply
under the conditions of mobilization economics and
strengthening the drug sovereignty of the country. In
this regard, the introduction of a new concept in Article 4
of Federal Law No. 61-FZ — “extemporaneously
compounded medicines” — was proposed. According
to the definition, ECMs are medicinal products in the
DF of the drugs manufactured in pharmacies according
to doctors’ prescriptions or requirements of medical
organizations, providing a personalized approach in
the treatment of a particular patient’ or a group of
patients’ disease, taking into account their anatomical
and physiological and age-specific features. In the
authors’ opinion, the systematization of all terms and
definitions used in relation to these drugs (drugs
manufactured in pharmacies; extemporaneous dosage
forms, extemporaneously compounded medicines,
drugs, etc.) and the approval of the new concept of
“extemporaneously compounded medicines” will do
a lot. They will contribute to the improvement of the
development processes of an integrated state vertical of
the normative legal regulation of the ECMs circulation
sphere.

Changes in Legislation

In September 2023, the amendments introduced
by Federal Law No. 502-FZ® dated Dec 05, 2022 to
Article 56 “Manufacturing and dispensing of drugs” of
the Federal Law “On Circulation of Medicines”, came
into force in the Russian Federation. To date, the
manufacture of ECMs for medical use is allowed only to
pharmacies and prohibited to individual entrepreneurs,
which limits the activity of small businesses and is still a
debatable topic among the professional community.

The most important challenge under the sanctions
regimes is the ban on the possibility to manufacture
drugs registered under the national procedure in the
Russian Federation. Moreover, with the entry into
force of Federal Law No. 1-FZ° dated Jan 30, 2024 in
early 2024, this ban also applies to the manufacture of
drugs registered on the common market of the Eurasian
Economic Union (EAEU).

The introduced legislative amendment allowing
the use of finished DFs included in the State Register
of Medicines (SRMs) and the Unified directory-catalog
of medicines (UDCMs)*¥ of the EAEUY, is an undoubted

8 Federal Law No. 502-FZ dated Dec 05, 2022 “On Amendments to
Article 56 of the Federal Law on the Circulation of Medicines”.

° Federal Law No. 1-FZ dated Jan 30, 2024 “On Amendments to the
Federal Law “On the Circulation of Medicines” and Articles 1 and
4 of the Federal Law “On Amendments to the Federal Law “On the
Circulation of Medicines” and the Federal Law “On Amendments to
the Federal Law “On the Circulation of Medicines”.

° The State Register of Medicines of the Russian Federation. Available
from: https://grls.minzdrav.gov.ru/Default.aspx

% The Unified Register of Registered Medicines of the Eurasian
Economic Union. Available from: https://portal.eaeunion.org/sites/
commonprocesses/ru-ru/Pages/DrugRegistrationDetails.aspx

Tom 12, Beinyck 5, 2024

achievement in the manufacture of drugs, but it
solves only a part of the identified problems of the drug
supply.

The authors believe that authorizing the
manufacture of the drugs registered in the Russian
Federation, as well as in the EAEU countries, should
have the following key advantages:

1. Elimination of defective items in pharmacies;
Expansion of personalized pharmaceutical care
for different groups of patients;

3. Reduction of entry barriers for new entities to
the extemporaneous manufacturing market
and reduction of their financial risks.

Licensing for manufacture of drugs

Manufacture of drugs is a licensable type of a
pharmaceutical activity.

Licensing shall be subject to:

— manufacture of drugs for a medical use, except
for the manufacture of radiopharmaceutical
drugs for a medical use;

— manufacture of radiopharmaceuticals for a
medical use.

In accordance with the Regulation on Licensing,
three sections of license requirements for the
manufacture of drugs in pharmacies can be
distinguished:

e availability of a production facility or facilities
(premises, buildings, structures) and the
equipment at the place of pharmaceutical
activities, belonging to the right of ownership
or another legal basis providing for the right of
possession and the right to use;

e requirements to education and qualification of
pharmacies’ employees;

e compliance of the licensee
requirements of the legislation.

It should be noted that the current licensing
regulations have completely eliminated the requirements
of special education, qualifications and work experience
for pharmacies supervisors directly involved in the
dispensing, storage and manufacture of drugs®2.

In the authors’ opinion, the exclusion of professional
requirements for pharmacies supervisors does not
contribute to the quality fulfilment of the tasks and
mission assigned to pharmacies, undermines the prestige
of a pharmaceutical specialist and pharmaceutical
educationin general, and reduces the level of employees’
trust in the supervisor at the professional level.

The causal link of this cancellation can be seen in
the status of pharmacies as a trading enterprise, in
accordance with the Russian Classification of Products
by Economic Activities (RCPEA), “retail trade in

with  the

2 Decree of the Government of the Russian Federation dated
March 31, 2022 No. 546 “On Approval of the Regulations on Licensing
pharmaceutical activities”.
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pharmaceutical products” belongs to the section “Retail
Trade” (code 52.31)%,

Order No. 529n of the Ministry of Health of
Russia “On approval of the nomenclature of medical
organizations” dated Aug 6, 2013, excluded the types of
pharmacies from the nomenclature 4, although in the
earlier order No. 627 dated Oct 07, 2005, all types of
pharmacy institutions were present®.

In the authors’ opinion, it would be logical for
RCPEA to include pharmacies “Activities in the field
of health care and social services” in section Q. It is
important to note the distinctive features of a drug as
a drug, and, according to the requirements of order
No. 647n%* of the Ministry of Health of Russia dated
Aug 31, 2016, professional pharmaceutical counseling
is a prerequisite for the sale of drugs and all products
of the pharmacy assortment. There are currently four
professional standards that define the qualification
requirements for specialists to carry out pharmaceutical
activities. The content analysis of the current professional
standards — “Pharmacist”’’, “Senior pharmacist”*,
“Management specialist in pharmaceutical business”?,
“Pharmacy technician”?°, — makes it possible to identify
generalized labour functions and the labour functions
for all the processes related to the manufacture of
drugs, including the functions of quality assurance of
drugs in pharmacies, pharmaceutical counseling and
informing medical specialists. In general, professional
standards establish requirements for professional
education, special conditions for the admission to
pharmaceutical activities, necessary knowledge, skills
and labour actions. All these ultimately determine the
goal of Pharmacies activities - to provide the population
with safe and effective drugs, including ECMs.

New rules for manufacture of drugs
In pursuance of part 1 of Article 56 (Federal Law
No. 61-FZ dated Apr 12, 2010), a delegated act

3 Resolution of the State Standard of the Russian Federation dated
6.11.2001 No. 454-st “On the adoption and implementation of the
RCPEA”.

1 Order of the Ministry of Health of the Russian Federation dated
Aug 6, 2013 No. 529n “On approval of the nomenclature of medical
organizations”.

5 Order of the Ministry of Health and Social Development of the
Russian Federation dated Oct 07, 2005 No. 627 “On approval of the
Unified Nomenclature of State and Municipal healthcare institutions”.
% Order of the Ministry of Health of the Russian Federation dated
Aug 31, 2016 No. 647n “On Approval of the Rules of Proper Pharmacy
practice of medicines for medical use”.

7 The order of the Ministry of Labor of Russia dated 09.03.2016
No. 91n “On the approval of the professional standard “Pharmacist””.
8 Order of the Ministry of Labor of the Russian Federation dated
May 22, 2017 No. 427n “On approval of the professional standard
“Pharmacist-analyst””.

9 Order of the Ministry of Labor of the Russian Federation dated
May 22, 2017 No. 428n “On approval of the professional standard
“Management specialist in pharmaceutical business””.

20 Order of the Ministry of Labor of the Russian Federation dated
May 31, 2021 No. 349n “On approval of the professional standard

nn

“Pharmacist””.
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approving new rules for manufacturing and dispensing
drugs for a medical use was adopted — Order
No. 249n of the Ministry of Health of Russia dated
May 22, 2023, replacing Order No. 751n of the Ministry
of Health of Russia dated Oct 26, 2015.

For the first time, these rules approved the
peculiarities of manufacturing drugs from DFs, the
procedure for manufacturing radiopharmaceutical
drugs, and introduced a new section — a quality system
of drug manufacturing.

The license requirement to have a person in charge
of the implementation and maintenance of the quality
system in pharmacies and the introduction of a new
section on the quality system for the manufacture of
drugs in the new regulations, are important prerequisites
for the improvement of regulatory processes along the
track of transformation of the current rules for the
manufacture and dispensing into a prospective good
practice for the manufacture and dispensing of drugs. In
theauthors’ opinion, the adoption of good manufacturing
and dispensing practices for drugs will serve to improve
the efficiency and safety of manufactured drugs as a
complete quality management system for this activity.

In accordance with paragraph 54 of Chapter IV
“Peculiarities of manufacturing drugs from finished
dosage forms” (Order No. 249n of the Ministry of
Health of Russia), “..it is allowed to manufacture
powders from finished dosage forms (tablets, capsules)
that provide an immediate release of drugs. It is not
allowed to manufacture powders from finished dosage
forms (tablets, capsules) of a prolonged action and
covered with intestinal soluble coating”. In accordance
with paragraph 56 of Chapter IV, “..the manufacture
of solutions for injections and infusions from finished
dosage forms of an industrial production is prohibited”.
In the authors’ opinion, in this chapter, it is advisable
to specify peculiar properties of manufacturing a wider
nomenclature of dosage forms from finished dosage
forms.

Chapter X of the current
a specified procedure for
radiopharmaceutical’s.

regulations states
the manufacture of

Regulation of sanitary regime

A mandatory requirement of Order No.249n of the
Ministry of Health of Russia is the compliance during
the manufacture of medicinal products with conditions
that meet sanitary and epidemiological requirements
approved by the Decree of the Chief State Sanitary
Doctor of the Russian Federation dated Dec 24, 2020
No. 44%,
21 Resolution No. 44 of the Chief State Sanitary Doctor of the Russian
Federation dated 12/24/2020 “On Approval of Sanitary Rules
SP 2.1.3678-20 “Sanitary and epidemiological requirements for the
operation of premises, buildings, structures, equipment and transport,

as well as the operating conditions of business entities engaged in the
sale of goods, performance of works or provision of services”.
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While the regulation of the sanitary regime in
pharmacies was previously approved by regulatory
legal acts of the Ministry of Health of Russia, today, the
authorization has been delegated to Rospotrebnadzor.
A control of compliance with the rules on the
sanitary regime remained under the jurisdiction of
Roszdravnadzor.

Chapter V  “Sanitary and Epidemiological
Requirements for the Provision of Services by Pharmacy
Organizations” is dedicated to the pharmacy section
of the sanitary rules. The chapter contains only
24 paragrapharmacies, half of which relate to the
pharmacies engaged in the manufacture of medicines.

Quality system of drugs

manufacturing

As mentioned above, as a part of the systematic
approach to the quality assurance of drug
manufacturing, the chapter “Quality System for Drug
Products Manufacturing” with a comprehensive
approach to quality measures and development of
standard operating procedures (SOPs) was introduced
into pharmacies in accordance with the requirements of
the General Pharmacopoeial Monographs (GPhMs) and
Pharmacopoeial Monographs (PhMs).

In accordance with paragraph 7 of Chapter
Il “Quality System for the Manufacture of Drugs”
(Order No. 249n of the Ministry of Health of the Russian
Federation), the head of a pharmacy is obliged to
appoint a responsible person for the implementation
and maintenance of the quality system. The head’s
functions should include monitoring the effectiveness of
the quality system and updating the SOPs, confirming the
quality of manufactured drugs, as well as guaranteeing
the manufacture of drugs in accordance with the SOPs.
The person responsible for the implementation and
assurance of the pharmacy quality system shall verify
the compliance of each manufactured drug with the
established requirements before and during their
release.

In accordance with part 5 of Article 13 (Federal
Law No. 61-FZ) and Clause 5 of Decision No. 78 of the
Council of the Eurasian Economic Commission dated
Nov 3, 2016, manufactured drugs are not subject to
the state registration and registration on the common
market of the EAEU’s medicinal products?. Due to the
absence of a mandatory registration of manufactured
drugs at the national and interstate levels, the quality
system of manufacturing drugs in pharmacies should be
constantly updated with the introduction of necessary
preventive and corrective measures to guarantee the
quality and safety of finished products. Consequently,
an important factor in ensuring the quality and safety

22 Decision of the Council of the Eurasian Economic Commission dated
Nov 03, 2016 No. 78 “On the Rules for registration and examination of
medicines for medical use”.

Tom 12, Beinyck 5, 2024

of ECMs, taking into account all relations arising during
the technological process of their manufacturing and
dispensing, a compliance with the authorization and
supervisory requirements of regulatory authorities,
is the need for special education and professional
competences of the supervisors of compounding
pharmacies.

It should be also noted that the current delegated act
does not have a single annex and, in the authors’ opinion,
this fact may complicate the process of manufacturing
ECMs in terms of time and systematization of the
regulatory information required for the manufacture of
drugs. Previously, current Order No. 751n of the Ministry
of Health of the Russian Federation dated Oct 26, 2015,
contained 15 necessary annexes?®.

In general, attention should be paid to the relevance
of the transition to the quality management system
in the field of ECMs circulation — from the rules of
manufacturing and dispensing of ECMs to the rules of
good practice of extemporaneous manufacturing and
the concept of determining the levels of risk in their
manufacture [8].

In conjunction with regulatory legal acts governing
the pharmaceutical industry and the market, the main
tool for standardizing the quality of medicinal products
is the State Pharmacopoeia of the Russian Federation
(SPh RF). The fulfilment of the requirements specified
in the SPh RF for the quality of drugs is mandatory
for all subjects of the drug circulation, including the
pharmacies manufacturing ECMs.

The current edition since 1 September 2023
is the SPh RF, XV edition?. All PhMs of the current
pharmacopoeia are oriented to the requirements of the
EAEU Pharmacopoeia; the norms are set in accordance
with the international standards.

Taking into account the importance and necessity
of tasks solution of drugs pharmacy manufacturing,
the Ministry of Health of Russia has developed and
approved 10 GPhMs?, enacted since Sep 1, 2023. In
connection with the widespread use of extemporaneous
prescriptions in paediatric practice, the approval of
GPhM ‘Pharmacy Manufactured Drugs for Children’
is particularly relevant. The list of the main regulatory
legal acts governing the sphere of the ECMs circulation
is presented in Table 1.

2 Order of the Ministry of Health of the Russian Federation dated
Oct 26, 2015 No. 751n “On approval of the Rules for the manufacture
and release of medicines for medical use by pharmacy organizations,
individual entrepreneurs licensed for pharmaceutical activities”.

24 Order of the Ministry of Health of the Russian Federation dated
July, 20, 2023 No. 377 “On Approval of General Pharmacopoeial
Monographs and Pharmacopoeial Monographs”.

% Order of the Ministry of Health of the Russian Federation dated
08/25/2023 No. 448 “On Approval of General Pharmacopoeial
Articles and Pharmacopoeial Articles and Amendments to Order of
the Ministry of Health of the Russian Federation dated July 20, 2023
No. 377 “On Approval of General Pharmacopoeial Monographs and
Pharmacopoeial Monographs”.

329



REVIEWS

ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

Table 1 — Main regulatory legal acts in the sphere of circulation

of extemporaneously compounded medicines

Name of regulatory legal act

Functions / regulations governing the scope
of ECMs circulation

Comments on hierarchy

Constitution of the Russian
Federation

They defines the foundations of the political, legal and

economic system of the state:

e Art. 39 guarantees the social security in case of illness,
disability;

e Art. 41 gives the right to health care and medical assistance.

Constitution of the
Russian Federation has

supreme legal force,

is represented by direct
regulatory legal acts and
is applied throughout the
country

Federal law No. 323-FZ dated
Nov 21, 2011

Realization of the constitutional right of citizens to health care
and medical assistance, including drug provision and social
protection:

e Art.18 gives the right to health care;

e Art. 19 gives the right to medical assistance;

e Ch. 5 “Organization of Health Protection”.

Federal Law No. 323-FZ “On
the fundamentals of public
health protection in the Russian
Federation” dated Nov 21, 2011

Realization of the constitutional right of citizens to health care
and medical assistance, including drug provision and social
protection:

e Part 33, Art. 4. Pharmaceutical activities (manufacturing of
DPs is related to pharmaceutical activities);

e Art. 8. Licensing of drugs and pharmaceutical activities;

e Clause 1, Part 5, Art. 13. State registration of drug products
(drugs manufactured by pharmacies are not subject to state
registration);

e Clause 1, Part 1, Art. 46. Labeling of drugs (drugs
manufactured by pharmacies are an exception for their
labeling);

e Art. 56. Manufacturing and dispensing of drugs
(manufacturing of drugs is allowed to be carried out by
pharmacies having a relevant license; manufacturing
of drugs using finished dosage forms is allowed;
manufacturing of drugs registered in the Russian Federation
and the EAEU, is not allowed);

e Art. 57. Prohibition of sale of falsified drugs, substandard
drugs, counterfeit drugs.

Federal laws have a

supreme legal authority

after the Constitution of

the Russian Federation

and federal constitutional
laws; they are directly
applicable in the entire

territory of the Russian

Federation.

Resolution of the Government of
the Russian Federation No. 547
“On Approval of the Regulations
on Licensing of Pharmaceutical
Activities” dated March 31, 2022.

It specifies the procedure for licensing pharmaceutical

activities:

e manufacture of drugs for medical use, except for the
manufacture of radiopharmaceutical drugs for medical use;

¢ manufacture of radiopharmaceuticals for medical use.

Order of the Ministry of Health

of the Russian Federation No.
249n “Rules for manufacturing
and dispensing drugs for

medical use by pharmacy
organizations holding a license for
pharmaceutical activities”, dated
May 22, 2023.

It regulates the rules of manufacturing, quality system and
rules for dispensing ECMs in accordance with approved
sections:

I. General Provisions.

Il. Quality system of ECMs manufacturing.

IIl. Peculiarities of manufacturing of drugs from
pharmaceutical substances.

IV. Peculiarities of manufacturing of drugs from finished
dosage forms.

V. Quality control of drugs.

VI. Expiry dates for manufactured drugs.

VII. Rules of dispensing and labeling of drugs.

VIII. Controls on dispensing of drugs.

IX. Features of the manufacture of homeopathic

drugs.

X. Procedure for the manufacture of radiopharmaceuticals.

Delegated RLAs, adopted
in pursuance of the law
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Name of regulatory legal act of ECMs circulation

Functions / regulations governing the scope

Comments on hierarchy

Resolution of the Chief State
Sanitary Doctor of the Russian
Federation No. 44 “On Approval
of Sanitary Rules SR 2.1.3678-20
“Sanitary and Epidemiological
Requirements for the Operation
of Premises, Buildings, Structures,
Equipment and Transport, as well
as the Conditions of Activity of
Business Entities Engaged in the
Sale of Goods, Performance of
Work or Provision of Services”,
dated Dec 24, 2020.

with the approved section:

It defines sanitary and epidemiological requirements in the
implementation of pharmaceutical activities in accordance

Delegated RLAs, adopted
in pursuance of the law

V. Sanitary and epidemiological requirements
when providing services by pharmacies.

Order of the Ministry of Health

of the Russian Federation No.
377 “On approval of general
pharmacopoeial Monographs and
pharmacopoeial Monographs”,
dated July 20, 2023.

defined.

A list of quality indicators and quality control methods is

Order of the Ministry of Health
of the Russian Federation .
No. 448 “On approval of general
pharmacopoeial Monographs and e
pharmacopoeial Monographs,

dated Aug 25, 2023; and
amendments to Order of the .
Ministry of Health of the Russian
Federation No. 377 “On approval
of general pharmacopoeial
Monographs and pharmacopoeial
Monographs”, dated July 20,
2023.

manufacture.

forms.

pharmacy manufacturing.

The following GPMs have been developed and approved:
GPhM.1.8.0001 Medicinal preparations of pharmacy

GPhM.1.8.0003 Non-sterile pharmaceutical preparations
of pharmacy manufacturing in the form of liquid dosage

GPhM.1.8.0004 Non-sterile preparations of pharmacy
manufacturing in the form of soft dosage forms.
GPhM.1.8.0005 Non-sterile preparations of pharmaceutical
manufacturing in the form of solid dosage forms.

e GPhM.1.8.0006 Sterile pharmaceutical preparations of

e GPhM.1.8.0002 Pharmacy-manufactured drugs for children.
e GPhM.1.4.1.0043 Selection of dosage forms for children.
e GPhM.1.11.0004 Extemporaneously compounded

radiopharmaceuticals.

e GPhM.1.8.0007 Homeopathic drugs of pharmacy

manufacturing.

e GPhM.1.4.1.0018 Infusions and decoctions.

Note. RLA — regulatory legal act; ECMs — extemporaneously compounded medicines; GPhM — General Pharmacopoeial Monographs.

Regulation peculiarities of extemporaneously

compounded medicines manufacturing

It should be noted that the prescription and use of
ECMs is actually “off-label” — outside the instructions
for a medical use and outside the general
characterisation of drugs. Taking into account that the
off-label efficacy and safety monitoring is currently
carried out within the framework of pharmacovigilance
and applies only to the registered drugs, it is necessary
to improve regulatory processes to establish norms for
monitoring these ECMs indicators [43, 44].

Pursuant to Art. 44 of Federal Law No. 248-FZ
dated July 31.07.2020%, Decree of the Government
of the Russian Federation No. 1049 dated June 29,

% Federal Law No. 248-FZ dated July 31, 2020 “On State Control
(Supervision) and Municipal Control in the Russian Federation”.

Tom 12, Beinyck 5, 2024

2021%, Order of Roszdravnadzor No. 9508 dated
Dec 21, 2023%, a risk-based approach is applied when
conducting a state control of pharmacies with the
right to manufacture drugs, including aseptic drugs.
Pharmaceutical activities for manufacturing drugs are
categorized as activities with a significant risk category,
therefore, scheduled pharmacies supervisory activities
are carried out once in 3 years. Supervisory activities
help to identify risk-oriented points in the pharmacies

27 Decree of the Government of the Russian Federation dated June 29,
2021 No. 1049 “On Federal State Control (Supervision) in the field of
circulation of medicines”.

28 Order of the Federal Service for Healthcare Supervision dated Dec 21,
2023 No. 9508 “On Approval of the Program for the Prevention of Risks
of Harm (Damage) to Legally Protected Values in the implementation
of Federal State Control (Supervision) in the field of circulation of
medicines for medical use in 2024”.
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involved in drugs manufacturing, which contributes to
improving the quality of a pharmaceutical supply to the
population [45].

New regulatory legal acts (Order of the Ministry of
Health of Russia No. 249n and the GPhM approved and
enacted by Order of the Ministry of Health of Russia
No. 377) could not significantly change the expected
positive dynamics of compounding pharmacies and their
increase in quantity and quality.

Constraints and risks

for compounding pharmacies

A possible factor to reduce the financial risk for
compounding pharmacies and increase their motivation
to compound ECMs would be to amend Art. 164.2 of the
Tax Code of the Russian Federation?’: “..when selling
drugs manufactured in a pharmacy, the value-added tax
rate does not apply”.

The question remains open when ECMs are procured
by medical organizations that do not have their own
compounding pharmacies.

Attention should be paid to some peculiarities
identified by the authors in the course of their work:

e drug dispensing to medical organizations can
be carried out exclusively by manufacturers of
drugs and drugstores (Art. 54, No. 61-FZ);

e absence of ECMs state registration (Art. 13,
No. 61-FZ);

e determination of the remaining ECMs shelf life;

e determination of price formation;

e entry of List of goods, works and services
(LGWS) into the Unified directory-catalog of
medicines (USCMP) with ECMs prescriptions
and pharmacy manufacturing as services.

Thus, a procurement participant must have
records in the pharmaceutical license indicating both
manufacturing and dispensing of drugs and drugstores.
Due to the absence of a certificate of product registration
(CPR) for ECMs, the customer has no right to demand a
copy of the RC and hand it over with the goods. Thereis a
direct violation of the legislation on the contract system
and on the circulation of drugs. Taking into account
the limited shelf life of ECMs, it is necessary to indicate
the shelf life depending on the specific dosage form
of ECMs.

It should be also noted that it is necessary for
pharmaceutical substance manufacturers to define
the functionally required dosage forms for pharmacies
involved in drugs manufacturing. At present, the
State Register of Medicines (SRMs) mostly includes
pharmaceutical substances in large packages, which
are acceptable for the production of drugs. According

2% The Tax Code of the Russian Federation (as amended, effective from
June 1, 2024).

332

to the analytical company RNC Pharma®, for 9 months
last year, 60% of pharmaceutical substances were
imported from China, 15% from India and 23%, the most
expensive ones, from Europe. The Ministry of Industry
and Trade together with Vnesheconombank of Russia
(VEB.RF), the Russian state development corporation
that provides financing for social and economic
projects, initiated a programme to support projects
for the production of more than 145 pharmaceutical
substances with preferential loans for pharmaceutical
manufacturers.

The most important issue for the production of
effective and safe drugs is the solution of compounding
pharmacies staffing, the development of thematic cycles
on ECMs for pharmaceutical and medical specialists.
In this regard, it is necessary to jointly develop system
solutions of the Ministry of Health of Russia and the
Ministry of Education of Russia on the market demand
for pharmaceutical personnel, especially pharmacy
technicians and senior pharmacists. The position of
pharmacy technicians according to the approved
nomenclature of pharmaceutical workers by order of
the Ministry of Health of the Russian Federation dated
May 02, 2023 No. 205n3! (as amended on May 02, 2023)
was supposed to be valid only until Dec 31, 2025, which
did not correspond to the personnel policy in the light
of legislative changes in the manufacture of medicines.
The logical changes made to this order dated Dec 04,
2023 eliminated these time limits. The position of
senior pharmacists can be occupied by a specialist with
professional retraining in “Pharmaceutical chemistry
and pharmacognosy”, if there is information about
the accreditation of a specialist in “Pharmacy” and
(or) training in internship / residency in “Pharmacy
management and economics”. A pharmacy technician
and a senior pharmacist can hold an administrative
position of the head of a structural unit or department
of pharmacies, in addition to which a senior pharmacists
may work or combine positions of a pharmacist and
a pharmacy technician. The novelty of this order is a
long-awaited authorization for the pharmacy head to
work as a pharmacy technician. Thus, the regulator
has simplified the procedure of transition from one
specialty to another, which makes it possible to expand
the positions held and interchangeability of specialists in
labour collectives.

In order to form support measures for the law on
compounding pharmacies, a special working group
was set up under the Health Protection Committee
of the State Duma of Russia, with the participation of
deputies of the legislative assembly, representatives of

30 RNC Pharma. Available from: https://rncph.ru/news/month/2023-9
31 Order of the Ministry of Health of the Russian Federation dated
May 02, 2023 No. 205n “On approval of the Nomenclature of positions
of medical workers and pharmaceutical workers”.
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the Ministry of Health and the Ministry of Industry and
Trade of Russia, the pharmaceutical industry and patient
organizations.

Due to the fact that pharmaceutical activities
concerning ECMs manufacturing for pharmacies are
unprofitable and there remains a risk of their closure,
the working group has prepared an adopted draft law*
of amendments to the federal law “On Circulation
of Medicines”, the work continues on drafts to the
federal laws “On the Basics of Health Protection of
Citizens”, “On Compulsory Medical Insurance in
the Russian Federation”, the Civil Code and the
Tax Code.

The aim of the package of amendments to federal
laws is to increase the demand for pharmaceutically
manufactured drugs by including them in clinical
recommendations, treatment standards and in specialist
training programs. In addition, treatment with ECMs
should be included in state guarantee programs with an
appropriate funding under the system of a preferential
drug provision.

In connection with the revival of ECMs
manufacturing, the issue of the intellectual property
protection is also relevant.

In the scientific article “The new role of
extemporaneous manufacturing in regulating access
of drugs to the market”, the authors reviewed
the patent legislation abroad, including the EAEU
countries in relation to ECMs manufacturing in
pharmacy organizations [10].

The authors found out that the norm on the
exceptions related to patent rights concerning
pharmacy drugs manufacturing, is legislated in many
member countries of the World Intellectual Property
Organization (WIPQO). The statements stipulated in
Clause 5 of Article 1359 of the Civil Code of the Russian
Federation, are not an infringement of the exclusive
right to an invention, utility model or industrial design,
they imply a single ECM production in pharmacies on
prescriptions of doctors using the invention®. In the
presence of a license, a pharmaceutical substance
included in the SRMs for medical use may be used in the
ECMs manufacturing in pharmacies.

Due to the fact that a compounding pharmacy
cannot produce pharmaceutical substances on its own,
it is necessary to legislate that a single production of
pharmaceutical substances by a manufacturer will
not be recognized as an infringement of the exclusive
right to an invention, utility model or industrial
design.

32 Draft Law No. 798952-7 “On Amendments to Article 56 of the
Federal Law on the Circulation of Medicines (regarding the
Manufacture of Medicines)”.

3 The Civil Code of the Russian Federation (part four)” dated Dec 18,
2006 No. 230-FZ with amendments and additions.
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Improvement of legislative base in the sphere

of extemporaneously compounded medicines

circulation

The logical consequence of the above is the
legislative statements in the federal sectoral law “On
Circulation of Medicines” and the following new
concepts — “extemporaneous manufacturing” for
pharmacies and “an extemporal production” for
pharmaceutical manufacturers of drugs, proposed by
the authors of this article.

Extemporaneous manufacturing is the value-
oriented manufacture of extemporaneous drugs
according to individual prescriptions or requested by a
medical organization for a specific patient or a specific
range of patients according to established prescriptions.

Extemporaneous manufacturing is a small-scale
production of extemporaneous drugs according to
the needs of a defined range of patients according to
established prescriptions, and specific patients with a
defined nosology for personalized pharmaceutical care
according to individual prescriptions.

In the light of this research, a relevant and necessary
definition of “pharmaceutical sovereignty” has been
provided. It implies the ability of the state to control its
pharmaceuticalindustry, including both extemporaneous
manufacturing and an extemporaneous production, to
ensure their sustainable development with the priority
tasks of the drug supply. Of course, pharmaceutical
sovereignty includes national drug sovereignty, but
the definition is considered from a broad perspective,
including the search for new molecules, development
of the latest innovative drugs, modernization of the
technological process and other external and internal
factors in the conditions of the external sanctions
pressure.

It should be noted that the rate of extemporaneous
prescriptions from all incoming prescriptions to
pharmacies in European countries is about 10%, in the
USA — up to 5% [10].

In order to expand production departments in
pharmacies in all subjects, to meet regional needs in
ECMs [46], it is possible to develop a passport, approve
and launch the federal project “Extemporaneous
drugs: manufacturing and production”. The project
can be an important link in strengthening national
pharmaceutical sovereignty, an important addition to
the state programme “Pharma-2030” and a strategic
factor of a sustainable development of the health care
system as a whole. It should be noted that the current
strategy shifts the focus towards measures to support
drugs manufacturers through subsidisation, venture
financing, and cheaper credit resources®. In the plans
for the implementation of this state programme, the RF
Government Order No. 753-r of 30.03.24 envisages the

3 Decree of the Government of the Russian Federation dated July
06, 2023 No. 1495-r “On the Strategy for the development of the
pharmaceutical industry of the Russian Federation for the period up
to 2030".
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development of a mechanism for calculating the need
of the healthcare system for drugs, based on which the
actual demand will be formed, which will allow planning
the processes of development and (or) organization
of their production. It is also necessary to note the
creation of interdepartmental working groups to
ensure the interaction between the medical community
and the manufacturing sector, with the participation
of regulators, to raise awareness of domestic drugs
among medical professionals and to receive feedback
from specialists on the results of the use of drugs®.
These support measures can significantly boost the
development of extemporaneous manufacturing and
production at regional levels and make the federal
project sustainable.

In the authors’ opinion, extemporaneous
manufacturing and production should be regulated by
the state, taking into account the primary objectives of
the drug supply. However, there are already pioneers
in opening commercial pharmacies, for example, the
R-Pharm group of companies opened its first innovative
manufacturing pharmacy “R-Pharm Compound”. It
should be noted that the National Project should outline
the conditions for commercial organizations to enter
the ECMs market. Extemporaneous manufacturing and
production, in our opinion, should be regulated by the

3 Decree of the Government of the Russian Federation dated March
30, 2024 No. 753-r “Action Plan for the implementation of measures
to implement the Strategy for the Development of the Pharmaceutical
Industry of the Russian Federation for the period up to 2030”.

state, taking into account the primary tasks of drug
supply.

The carried out analysis of the legal regulation of
pharmaceutical activities concerning the manufacture of
drugs in pharmacies showed a great deal of work done
by the standard-setting activity, revealed some financial
risks and barriers to entry into the ECMs market,
professional requirements for pharmaceutical personnel
and the main aspects of the further improvement of
the legal framework to regulate the sphere of ECMs
circulation [47-50].

CONCLUSION

The operational management and the degree
of the regulatory impact in the field of the ECMs
circulation is the most important factor in increasing
the affordable, effective, personalized pharmaceutical
care. Extemporaneous manufacturing and an
extemporaneous production, a quality management
system and dispensing of ECMs should be based on the
evidence-based methods and tools, fulfil state objectives
in the field of the drug provision, be economically
beneficial for the patient, production structures and
lead to the reduction of budgetary allocations for the
drug provision. Manufacturing of drugs in pharmacies, a
small-scale production of ECMs, are important elements
of the development of domestic production capacities
and technologies and improvement of the drug supply
to the population of the country.
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The aim of the work was to collect and systematize the data on the treatment approaches to pulmonary
lymphangioleiomyomatosis (LAM) based on insights into the pathogenesis of the disease.

Materials and methods. 70 original sources have been selected from analyzed 1 157 articles and monographs (including
duplicates). The search for the sources was carried out in the databases of PubMed, eLibrary.ru, Cyberleninka for a fifty-year
period of publications (from 1973 to August 2023), with an emphasis on more current publications and the ones in highly
rated scientific journals.

Results. The review presents the treatment approaches to LAM, based both on clinical observations of the disease course
and on the experimental data on its probable pathogenesis. The collected data are presented in the chronological order,
starting from radical methods based on the idea of an unconditional connection between the development of LAM and
the female sex hormones. Special attention has been paid to the drugs from the group of mTOR inhibitors, including their
safety profile. In addition, the results of the studies demonstrating new promising methods of the LAM drug therapy, both
combining the use of mTOR inhibitors with other drugs, and the ones based on the isolated use of alternative groups of
drugs, are presented in the work.

Conclusion. The currently used methods of the drug therapy and the proposed new methods are aimed at only treating
an already established disease, and the effective drug prevention of LAM now seems almost impossible due to the lack
of a complete understanding about its pathogenesis and, more importantly, its etiology. This issue is the most relevant in
determining further prospects for the development of pharmacotherapeutic approaches to LAM.

Keywords: lymphangioleiomyomatosis; treatment; biochemistry; pathogenesis; etiology

Abbreviations: LAM — lymphangioleiomyomatosis; TSC — tuberous sclerosis complex; VEGF-D — vascular endothelial
growth factor D; MIAA — methylimidazoleacetic acid; iINOS — inducible NO synthase; SGCs — systemic glucocorticosteroids;
TB — tuberous sclerosis; Cox2 — cyclooxygenase-2; RAAS — renin-angiotensin-aldosterone system; ACE — angiotensin-
converting enzyme; AGT — angiotensinogen; Angl — angiotensin 1; Ang2 — angiotensin 2; AT-R — angiotensin receptor;
ACEl — angiotensin-converting enzyme inhibitor; ARB — angiotensin receptor blocker; IL — interleukin; MMPs — matrix
metalloproteinases; MCP1 — monocyte chemoattractant protein 1; PKB — protein kinase B; ERK — extracellular signal-
regulated kinases; TGFB — transforming growth factor beta; SASP — senescence-associated secretory phenotype; Catk —
Cathepsin K; SREBP — sterol regulatory element-binding protein; CAs — carbonic anhydrases; NBC — bicarbonate Sodium

(Natrium) cotransporter; SPHK1 — sphingosine kinase 1.
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NMoaxoabl K ne4yeHnro nuMd aHrnorieMoMmMomMaTosa JIErkux:
OT paguKanbHOW XUPYpPrum Ao MoseKkynsapHou uonorun

WN.B. NMonosHuKoB, I.10. FOKKHa, E.I. CyxopykoBa

depepanbHoe rocygapcTBeHHOe 06pasoBaTeIbHOE yUperKAeHMe Bbicero o6pa3oBaHus

«Mepsblt CaHKT-MNeTepbyprckmii rocyaapCTBEHHbIM MEANUMHCKUIA YHUBEPCUTET M. akagemuKa W.M. Nasnosa»
MuHKUcTepcTBa 34paBooxpaHeHma Poccuninckon degepaumu,

197022, Poccus, CaHkT-MeTepbypr, yn. JibBa Tonctoro, 4. 6—8

E-mail: policrats@mail.ru

Monyyera 03.01.2024 Mocne peueHsnposanua 28.02.2024 MpuHaTa K nevatn 06.03.2024

Lienb. C60p 1 cuctematmsauma AaHHbIX O NOAXOAAX K iedeHuto iumdaHrmonenommomatosa (/JAM) NErkux, OCHOBaHHbIX Ha
npesCcTaBAeHNAX O maToreHese 3aboneBaHuA.

Matepuanbl u mertogpl. MpoaHanusmposaHo 1157 crateit M moHorpaduii (Bkatouas ay6aun), U3 KOTOpbIX OTOBPaHbI
70 OpUTMHANbHBIX UCTOYHMKOB. MOUCK UCTOYHMKOB OcyllecTBAAAM B 6a3ax PubMed, eliabrary.ru, CyberLeninka. My6uHa
noucka coctasuia 50 net — ¢ 1973 r. no asryct 2023 r. ABTOPbI aKLEHTMPOBAAN BHUMAHUE HA aKTyaslbHbIX My6AUKaLMAX B
BbICOKOPEMTUHIOBbIX HaY4YHbIX KypHanax.

Pe3synbratbl. B 0630pe npeactaBneHbl noaxodbl K neyeHnto JIAM, ocHOBaHHbIE KaK Ha KAMHWYECKMX HabaoaeHuax 3a
TeyeHMeM 3a60/1e€BaHMA, TaK WU Ha 3KCMEPUMEHTaNbHbIX AaHHbIX O BEPOATHOM ero maTtoreHese. CobpaHHble AaHHble
npeAcTaBaeHbl B XPOHO/IOrMYECKOM MOpPAJKe, HauMHaA C PagMKalbHbIX METOAO0B, OCHOBAHHbIX Ha MpeaCTaBleHUAX O
6e3ycnoBHOM cBA3W pa3BuTMA JIAM C BO34EMCTBMEM KEHCKUX MOMOBbIX FTOPMOHOB. OTAEAbHOE BHUMaHWE YyAeneHo
npenapartam 13 rpynnbl UHIM6MTOpoB MTOR, B TOM Yucie nx npodunto 6esonacHocTU. MoMUMMO 3TOro, MPUBEAEHBI Pe3y/bTaTbl
NCCNef0BaHNN, AEMOHCTPUPYIOLWMX HOBblE NEPCNEKTUBHbIE METOAbI IeKapcTBeHHOM Tepanuu JTAM, coyeTatolwme B cebe
KaK MpuUmeHeHne uHrnbutopos mTOR ¢ ApyrMmu npenapaTamu, Tak M OCHOBAHHbIX Ha M30IMPOBAHHOM MCMOb30BAHUM
aNIbTePHATUBHBIX rPynn MmeavKamMeHTOB.

3akntoueHue. Micnonb3yemble Ha HaCTOALLMI MOMEHT METOAbI IEKAPCTBEHHON Tepanuu 1 npeaJsiaraemble HOBble MeToAbI
HanpaBaeHbl LB Ha SIeYeHNe yxKe chopmupoBaBLLerocs 3abonesaHus, a nposegeHne apdEKTUBHON MeaUKaMEHTO3HOW
npopunaktmkn JIAM ceilyac npeaCTaBAAETCA MPAKTUYECKM HEBO3MOKHbIM BBWAY OTCYTCTBMA MOJIHOTO MOHUMaHWA
natoreHesa 3aboneBaHuA 1, 4To Hosee BaKHO, — ero 3TMonoruMun. [laHHbIi BONpoc ABAAeTCA Hanbosee aKTyaNbHbIM B
onpeaeneHnmn AanbHeNWnX NepcnekTMB pasBnTnA GpapmakoTepaneBTMYeCcKMX Noaxoa08 K JIAM.

KnioueBble cnosa: 1MMdaHIMoienoMMomMaTos; iedeHne; GUOXMMUA; MaToreHes; aSTMoaorua

Cnucok cokpaueHuii: JIAM — numdaHrmoneriommomatos; TSC — KomnaeKkc TybeposHoro ckneposa; VEGF-D — ¢aktop
pocta sHaoTtenuna cocyaos D; MIAA — metnanmumaasonyckycHasn kmucnota; "BAJ1 — XUAKoCTb, NONyYeHHasa Npu NpoBeaeHUN
bpoHxoanbBeonApHoro nasaxa; iINOS — wuHayumbenbHaa NO-cuHTasa; CTKC — cucTemMHble [IOKOKOPTUKOCTEPOUbI;
TC — Tyb6eposHbili cknepos; LLOM2 — umkaooKcureHasa 2 tuna; PAAC — peHMH-aHIMOTeH3UH-a/Ib40CTEPOHOBAs CUCTEMA;
AMN® — aHrnoTeH3uH npespaLtatowmii pepmeHT; ATl — aHrMoTeH3nHoreH; AHrl — aHrMoTeH3UH 1; AHr2 — aHIMOTEH3UH 2;
AHr-R — peLenTtopbl K aHTMOTEH3UHY; MATID — MHIMBUTOP aHTMOTEH3UH NpeBpaLatoLLero depmeHTa; APB — aHrMOTEeH3MHA
peuenTtopoB 6nokatop; W/ — wuHTepneiknH; MMI — mMaTpuKcHble MeTannonpoTterHasbl; MXB1l — moHouuTOB
XEMOaTpPaKTaHTHbIM 6enok 1 tvna; MK-B — npoteuHKkuHasa Tvna B; ERK — KuWHa3bl, peryavpyemble BHEK/JETOYHbIMMU
curHanamu; TGFB — TpaHchopmupytowmii daktop pocta 6eta; SASP — ceKpeTopHbI GeHOTUN, CBA3AHHBIN CO CTapeHneMm;
CatK — katencuH K; SREBP — 6en0K cBA3biBalOLWMIA PErynaTopHbIA anemeHT ctepona; CA — KapbaHrmgpasa; NBC —
KOHTpaHcNopTép bMKapboHaT-aHMOHOB U KaTMOHOB HaTpuA; SPHK1 — cduHro3mH KnuHasa 1.

INTRODUCTION tuberous sclerosis complex (TSC) [1,2]. Previously, there

Lymphangioleiomyomatosis (LAM)! is a rare disease
affecting lungs, kidneys and pelvic organs, classified
by WHO as a mesenchymal tumor and considered a
metastatic low-grade neoplasm that originates from
cells (LAM cells) with a biallelic mutation in the gene of a

* llkovich MM. Diffuse and parenchymal lung diseases. Moscow:
GEOTAR-Media; 2021. DOI: 10.33029/9704-5908-9-DPL-2021-1-440.
Russian
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had been a well-established belief that this disease
affected only women [3], but in recent years there
have been described several cases of LAM in men [4].
Nevertheless, the incidence even among females,
whose proportion among patients with LAM prevails
significantly, varies from 3.35 to 7.76 cases per 1 million
women [5].

The issue of treating LAM is relevant, but it is better
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to highlight briefly the main reliable biochemical
markers that are identified during a laboratory LAM
diagnosis and reflecting its pathogenesis (at least partly),
before the immersion into therapy approaches.

The main biochemical marker in blood plasma,
that is associated with lung damage by LAM, is vascular
endothelial growth factor D (VEGF-D). The generally
accepted concentration of it is 800 pg/mL [6, 7].
However, a meta-analysis of researches on the diagnostic
effectiveness of the VEGF-D concentration in blood
plasma in LAM with the PROSPERO design (protocol
No. CRD42020164137) and with the QUADAS-2 method
(Quality Assessment of Diagnostic Accuracy Studies,
version 2) shows that the determination of VEGF-D
has a high specificity and a moderate sensitivity for
a LAM diagnosis. It means that a high concentration
of VEGF-D confirms a LAM diagnosis, while a low
concentration does not exclude it. Moreover, there was
noted that the variability of VEGF-D concentration from
440 to 1239 pg/mL is permissible due to the possible
influence of a number of factors on this indicator
(including a sample preparation and other aspects
of the analysis) [8]. Along with VEGF-D, it is proposed
to use the methylimidazoleacetic acid (MIAA), that is
declared as a histamine metabolite [9].

Currently, in the routine practice of a LAM
diagnosis, there is a concentration determation of
metalloproteinases type 2 (mainly in the blood serum)
and type 9 (both in the blood serum and urine), which
is more applicable for assessing the effectiveness
of therapy, but not for a primary diagnosis [10-12].
Herewith, the researchers develop and test molecular
“nanosensors”, that allow the assessment of the enzyme
activity in real time by determining the level of specific
“sensory markers” in the urine. The essence of the
“nanosensors” action is in their specific interaction
with metalloproteinases, whereupon the specific
compound is eliminated from the body through the
urine [13]. This may be interesting not only to be used in
clinical practice, but also in scientific research.

It has also been shown that in LAM patients,
the blood plasma concentration of osteopontin is
significantly higher in comparison with healthy people,
which is explained by the participation of this protein
in the process of a signal transmission from CD44v6
receptors [14].

Moreover, three serum proteins can be identified as
potential diagnostic markers: fibronectin, von Willebrand
factor and kallikrein 11l [15]. A recent study of the blood
plasma of patients with an established LAM diagnosis is
interesting due to using a nuclear magnetic resonance
method to identify a wide range of biochemical
markers. Based on the results of this study, the authors
identified two potential blood plasma LAM markers —
methionine and acetic acid [16].
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It has also been shown that in the LAM patients,
concentrations of the cytokines CCL2 (MCP-1), CXCL1
(GRO1) and CXCL5 (ENA-78) that are determined in the
fluid obtained during the bronchoalveolar lavage, is
higher. The main difficulty in introducing the identified
markers into the routine practice is the standardization of
methods for collecting that fluid due to the impossibility
of accurately determining the degree of the material
dilution [17].

A surfactant analysis in the mice demonstrates a
significant activity increase in the inducible NO synthase
(iNOS) in the lungs of the animals with a mutation
in TSC2 that results in the nitrosylation of surfactant
protein D [18], an established regulator of the alveolar
macrophages activity [19].

It is also advisable to focus on the biochemical
features that underlie various treatment approaches
to LAM during their consideration.

THE AIM of the work was to collect and systematize
the data on the treatment approaches to pulmonary
lymphangioleiomyomatosis (LAM) based on insights
into the pathogenesis of the disease.

MATERIALS AND METHODS

The selection of the sources was accorded to the
algorithm presented at Figure 1. As a result, 70 original
sources have been selected from analyzed 1 157 articles
and monographs (including duplicates).

The search for the sources was carried out in
the databases of PubMed, elibrary.ru, CyberLeninka
for a fifty-year period of publications — from
1973 to August 2023, with an emphasis on more
current publications and publications in highly rated
scientific journals. The keywords used for the search
were as follows: “lymphangioleiomyomatosis” /
“numdanHrnoneriommomaTos” isolated and in
combination with “pulmonary / nérkue”, “(bio)marker” /

” o ” o«

“(6no)mapkep”, “immunology” / “ummyHonorus”, “gene” /
“ren”, “diagnosis” / “anarHoctuka”, “therapy” / “repanus’”,
“experiment” / “skcnepument”,  “animal  model” /
“Mmoaenb *KUBOTHOro”.

A primary analysis of the sources (n=1157) was
based on a screening of their abstracts. As a result,
541 sources including original studies, clinical
observations, a retrospective analysis of the clinical
observations data, a meta-analysis of the experimental
studies and clinical observations, monographs and
their individual chapters wholly or partially directly
related to LAM, were selected. Next, duplicates
(n=29) were excluded and a screening of the sources
(n=512) was carried out. As a result, the review includes
only the sources that contained information about:
biochemical and/or genetic characteristics of changes,
approaches to their treatment (correction). The criteria
for non-inclusion were: isolated extrapulmonary LAM
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manifestations, a clinical LAM picture (symptoms and
semiotics), functional studies, methods of radiation
and ultrasound examinations, approaches to collecting
biological materials for the examination.

To analyze the selected sources, a descriptive and
analytical method was used.

The review also includes three more sources
containing information necessary to clarify individual
concepts, definitions, research and diagnostic methods
related to the topic of the review.

RESULTS AND DISCUSSION

The drug therapy approaches are based both on the
clinical observations and on the data on the biochemical
changes occurring in LAM. The data below are
structured chronologically and, where it is possible,
are grouped by the similarity of the action mechanism.

Radical and hormonal kinds of therapy

Due to the predominant LAM manifestation in
women and due to the positive clinical experience, one
of the first ideas for the “targeted” LAM therapy was
a major surgery at the early stages of identifying the
symptoms of the disease [20]. But later on, probably
due to the widespread introduction of the hormone
replacement therapy into the clinical practice and for
humanistic reasons, this method got less preferable
than the drug therapy.

The world experience in the LAM treatment with
sex hormones shows conflicting data. Several studies
in vitro demonstrated the effectiveness of estrogen
and progesterone receptor blockers on the LAM cells
development [21, 22]. An in vivo experiment on Eker rat
uterine leiomyoma cells (line ELT3) showed the inducing
effect of estradiol on metastasis of TSC2-deficient cells
through matrix metalloproteinase 2. Whereas the use of
fulvestrant inhibited estradiol-induced lung metastases
and increased the survival of the mice with xenografts
tumors treated with estradiol [22]. This consists with
retrospective clinical observations [23]. However, the
current results of the clinical observations indicate only
a variable effectiveness of such therapy and only in
women whose clinical LAM picture was dependent on
the menstrual cycle phase [24], and the clinical studies
actually proved the ineffectiveness of the hormonal
therapy, in particular the analogue of a gonadotropin-
releasing hormone [25]. Herewith, to refuse the
application of estrogen-based oral contraceptives due
to the fact that their effect on the growth of LAM cells
has been proven experimentally [22] and by clinical
observations [26], seems reasonable.

Regarding the use of systemic glucocorticosteroids (SGCs),
the situation is even more ambiguous. Although LAM is
called “steroid-sensitive cancer” [27], we are usually
talking about estrogens and progesterone are usually

Tom 12, Beinyck 5, 2024

in the focus of the discussion, and no data have been
found on clinical observations of the SGCs effect on the
course of LAM or on the experimental study of this
effect. Symptomatic LAM therapy usually includes the
use of inhaled glucocorticosteroids, long-acting beta-
2-adrenergic agonists and anticholinergics; however,
the tactics of their use need to be studied in more
detail [28], and no data have been found on their effect
on pathogenesis either.

In the context of the therapy effectiveness of LAM
as a disease directly related to sex hormones, the
question about the metastatic nature of LAM cells is still
relevant. A genetic analysis of LAM cells demonstrates
their similarity to myometrial cells, from which the
authors who have studied this issue conclude that they
are likely to have a metastatic nature. Herewith, they
note that there is need for further research. However,
they point out that even if the development of LAM
cells is determined as in situ, it will be possible to use
the PBX1/HOXD11 markers as targets for a specific kind
of therapy by the drugs that are an alternative to mTOR
inhibitors that characterize myometrial cells [29]. This
is serine-threonine protein kinase, acting as a subunit
of intracellular multimolecular signaling complexes that
regulate the cell growth well-known since 1991. More
details about this group of drugs will be discussed below.

mTOR inhibitors

The key link in the LAM pathogenesis is considered
mTOR. Its constitutive activation is a result of mutation
in TSC-genes (typical for LAM-cells) that leads to a
proliferation stimulation of mutant cells, and the leading
pathogenetic drug therapy is its inhibitors — sirolimus
and everolimus [1]. But there are also the data on the
non-drug inhibition of mTOR, based on the artificial
deficiency of amino acids, demonstrated in vitro in cell
cultures [30].

A retrospective analysis of the clinical data from the
patients with verified LAM included in the Chinese LAM
registry from 10 May 2017 to 31August 2020 (n=399),
demonstrates that the use of sirolimus significantly
reduces the risk of recurrent pneumothorax in the LAM
patients. However, the authors keep the question about
the significance of pneumothorax to start sirolimus
therapy, and note that this requires a further study [31].
Onthe other hand, it has been shown that even relatively
low sirolimus doses (with plasma concentrations below
5 ng/ml) demonstrate a clinical efficacy comparable
to the use of high doses of this drug (with plasma
concentrations of 5-15 ng/mL) [32]. In general, the use
of sirolimus demonstrates a satisfactory safety profile
according to a retrospective analysis of adverse events
caused by the use of the drug in patients included in the
LAM registry of Peking Union Medical College Hospital
(PUMCH), Beijing, China (n=142) [33].
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Based on the same registry, there is a retrospective
study of the course of pregnancy against the background
of taking Sirolimus at the established diagnosis
of LAM (n=30). Based on its results, the authors draw
a non-confident conclusion that although the use of
sirolimus is probably associated with a high risk of a
spontaneous abortion. In their study, this connection is
not observed reliably [34]. Herewith, there is a clinical
observation of a woman at the established diagnosis of
LAM, who endured successfully two pregnancies, the
second during therapy with sirolimus, gave birth to two
healthy children and demonstrated a clinical stability of
the disease [35].

The presence of a risk of adverse events caused
by taking mTOR inhibitors, including a combination
with another method of treating LAM (a lung
transplantation) and in the context of an increase of a
risk of developing infectious diseases due to a weakened
immune response [36] forces further research into their
effectiveness and the search for alternative treatment
methods.

Regarding the effect on the prognosis of a lung
transplantation, the data on the relative safety of the
sirolimus and everolimus use both in the period up to
and after the lung transplantation, have been previously
published [37]. However, the results of the recent
survey (2022) of several centers where a lung
transplantation is carried out demonstrate that now
it is impossible to unequivocally conclude both about
the need to continue therapy with mTOR inhibitors in
patients included in the waiting list for a lung transplant,
and about the impact of taking these drugs on “an
anastomotic failure” after a lung transplantation [38].

Regarding the issue of increasing the risk of
developing infectious diseases, the greatest interest
nowadays is the condition of patients on therapy with
mTOR inhibitors in the context of the ongoing COVID-19
pandemic. It was shown that patients with tuberous
sclerosis (TS) and LAM on therapy with mTOR inhibitors
did not have a higher risk of contracting COVID-19 [39].
In the outcomes of COVID-19 in the patients at the
previously established diagnosis of LAM, there are no
significant differences between those who were treated
with mTOR inhibitors and those who received other
therapy, either [40]. A case of a 29-year-old patient at
the previously established diagnosis of LAM, who fell ill
with COVID-19 and tolerated it relatively satisfactorily on
Sirolimus therapy, has been also described in detail [41].

In addition, the development of bronchial
hyperreactivity induced by sirolimus has been
described, with a description of the supposed
pathogenesis of this adverse event development [42].

Overall, it remains an open question as to whether
such therapy is necessary or at least defining clear
criteria for the need of it. This describes the clinical case
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of a 36-year-old patient with a verified diagnosis of LAM
after a series of spontaneous pneumothoraxes, but after
that the course of the disease independently stabilized
without taking any specific therapy [43]. This can point
out the invalidity of the thesis about mTOR being not the
only one key link in the LAM pathogenesis.

The search for new treatment approaches to LAM
can be divided into two directions — the isolated use
of alternative drugs or their combination with mTOR
inhibitors.

mTOR inhibitors in combination

Statins

As far back as 2007, an experiment demonstrated
the effectiveness of a combination of mTOR inhibitors
and statin drugs (in particular atorvastatin), including
by inhibition of prenylation of the GTP-binding
protein RHEB, which is involved in the regulation of
the cell cycle [44]. Later, experiments in vitro [45] and
in vivo [46] demonstrated the effectiveness of the
combination of mTOR inhibitors with Simvastatin, and
its greater effectiveness was noted in comparison with
atorvastatin [47].

In clinical studies of the proposed combination
of simvastin+sirolimus and simvastin+everolimus,
multidirectional dynamics is noted: on the one hand,
it is possible to achieve a stabilization of the lung
diffusion capacity and lungs volumes; on the other
hand, a decrease of the speed criteria of the external
respiration function [48].

Hydroxychloraquine

The combined effects of mTOR inhibitors and
hydroxychloroquine are studied actively. Their extreme
similarity in their effect on polyamine metabolism was
shown in an in vitro experiment on the cells obtained from
LAM patients. In this regard, the authors also propose to
consider the assessment of polyamine metabolism as a
biochemical criterion for the effectiveness of the LAM
therapy, and point out that the safety of the combined
use of drugs has already been proven, but a therapeutic
effect assessment requires a further study [49].

Bisphosphonates

Another option for mTOR therapy “adding-on” is
the use of bisphosphonates, particularly zoledronic acid,
based on clinical observations. The same combination
demonstrates its effectiveness in an in vivo experiment
on a LAM model in female mice with a subcutaneous
injection of TSC-deficient cells [50].

Phytoalexin

Another combination is phytoalexin Resveratrol,
which demonstrates a wide range of clinical effects [51].
Clinical trials have demonstrated its safety in combination
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with sirolimus, but its efficacy evaluation in comparison
with monotherapy requires further research [52].

Alternative to mTOR inhibitors

In the context of the “isolated” LAM therapy, first,
it is necessary to mention the drugs effect on VEGF. An
in vivo experiment on female mice after the intranasal
administration of a suspension of cells obtained from
the chylous effusion of a patient with an established
diagnosis of LAM, demonstrated the effectiveness
of the intramuscular administration of antibodies to
VEGF receptors [53]. The similar data were presented
in another in vivo experimental model in female mice
after the injection into the tail vein of a suspension of
cells obtained from the renal tubular cystadenoma
of TCS2-mutant mice [54].

As the tissues affected by the LAM cells show a
deficiency of the collagen type IVa5, their effect on
the activity of the LAM cells was appreciated in an
in vitro experiment on the heterogeneous LAM cells and
in an in vivo experiment, when the tumor cells of the
line LNM35 AAV-EGFP-expressing were engrafted into
the ears of the female mice. The results of the study
demonstrate a decrease in the cells proliferative activity
in response to the use of the protein, that is named
by the authors as Lamstatin. Its active center, CP17, is
represented by the following amino acid composition —
VCNFASRNDYSYWLSTP between amino acids 66 and
82 in the collagen chain [55].

Because of the established effect of the matrix
metalloproteinases (MMPs) inhibition by doxycycline,
its use in the treatment of LAM was explored. Despite its
high effectiveness according to the laboratory studies [8],
later on, its ineffectiveness in the LAM treatment was
proven by a systematic clinical analysis [56].

Based on the previously established data that the
LAM cells express cyclooxygenase-2 (COX-2), and the
use of celicoxib in an in vivo experiment on the mice
demonstrates its effectiveness [57], in 2020, a safety
study of this drug in the LAM patients, who had not
previously received the treatment, was carried out with
positive results. The clinical effectiveness of the drug
was not assessed [58].

It was revealed that LAM cells have a local renin-
angiotensin-aldosterone system (RAAS) (Fig. 2), and a
retrospective analysis of the clinical cases showed that
the patients with therapy by angiotensin-converting
enzyme (ACE) inhibitor drugs are less prone to a
decreased lung function [59]. However, it should be
separately noted that determining the level of ACE, a
well-known since the end of the last century marker for
the diagnosis of sarcoidosis [60], — has been recognized
as uninformative for the LAM diagnosis [11].

An in vitro experiment on the ELT3V-line cells
showed that the exposure to an angiotensin Il receptor
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inhibitor (Losartan) regulates a synthetic activity of
TSC2-deficient cells, causing their death by changing
the level of expression of the Klotho protein, which is
probably involved in aging processes [61]. Moreover, in
an in vitro experiment on the cells obtained from the
chylous effusion of a LAM patient, it was demonstrated
that LAM cells in general have a secretory phenotype
associated with aging senescence-associated secretory
phenotype (SASP), that manifests itself in the activation
of B-galactosidase and in increasing the secretion in
Cathepsin K (CatK), IL-6 and IL-8. SASP can play a key role
in the migration of LAM cells and the transformation
of granulomas into cysts. In this light, the identified
molecules can be targeted for specific LAM therapy,
aimed at reducing the risk of a cystic transformation
of the lungs and its progression [62]. It has also been
shown that the main producers of one of the SASP —
CatK — components are fibroblasts that are associated
with LAM, and its activation is possible only at a relatively
low pH level (<7.0). The necessary “acidification” of the
environment is ensured by the LAM cells themselves by
an increased expression of membrane transport proteins
that ensure the export of hydrogen cations and the
manifestation of the Warburg effect, which is caused by
the mTOR dysregulation (Fig. 3) [63]. In addition, “aging”
of LAM cells also manifests itself in lipid metabolism
changes by SREBP (sterol regulatory element-binding
protein), which is an mTOR effector [64].

An in vitro experiment on heterogeneous cell
cultures and on mice with subcutaneous injections of
ELT3-V3-line cells showed that TSC2 deficiency causes
an abnormal sphingolipid metabolism, which can be
a target for other specific LAM therapy. In particular,
these are the enzyme sphingosine kinase 1 (SPHK1),
the receptor complex S1PR3, and the phosphorylated
sphingosine S1Pthat “binds” them. The effectiveness
of PF-543 hydrochloride in inhibiting SPHK1 and the
effectiveness of the S1PR3 antagonist (TY52156) have
been demonstrated in suppressing the tumor activity
of TSC2-deficient cells, in particular, that of LAM
cells (Fig. 4) [65].

As has been shown, that the tissues affected by
LAM have increased the expression of PD-L1 (CD274), a
ligand that suppresses the T-cell immune response. The
authors believe that this fact can explain the situation
when the immune system is not aggressive towards
LAM cells. An in vivo experiment demonstrated a
statistically significantly better survival of mice that had
been treated by PD-L1 inhibitors, which can also form
the basis of an alternative route for the treatment of
LAM [66], including a form of inhaled drugs?.

2 Amosu M.M., McCright J.C., Yang B.E., de Oro Fernandez J.G.,
Moore K.A., Gadde HS. Inhaled CpG increases survival and synergizes
with checkpoint inhibition in lymphangioleiomyomatosis. bioRxiv.
2023;2023.02.06.527331. Preprint. DOI: 10.1101/2023.02.06.527331
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Another potential target for the LAM therapy is
Galectin-3, a tumor growth factor, an elevated amount
of which was found in LAM cells [67].

In June 2023, a great study of the cytostatic drug
Sorafenib was published. It was carried out on a cell
culture obtained from the human lungs affected by LAM
and extirpated during the transplantation. The cells
were cultured and then engrafted into the cell culture
obtained from healthy lungs that mimicked the own lung
tissue and a stromal component. As a result, the invasion
of LAM cells and the effect of the specified cytostatic
drug on this process were assessed. Finally, the invasion
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of LAM cells and the effect of the indicated cytostatic
drug on this process were estimated. A pronounced
inhibitory effect of Sorafenib on the invasion process
was observed, which the authors associate with VEGF,
transforming growth factor beta (TGF() signaling and
the Wnt signaling pathway?.

According to the recent study, the genes IGF1,
SERPINE1, and CXCL12 have been recognized as key
links in the pathogenesis of the inflammatory response

3 Koc-Gunel S., Gautam L.K., Calvert B.A. Sorafenib inhibits invasion
of multicellular organoids that mimic Lymphangioleiomyomatosis
nodules. Preprint. DOI: 10.1101/2023.06.12.544372
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and intense LAM proliferation. The results of the
research can form the basis for a new pathogenetic LAM
therapy [68].

In addition, in the in vitro experiment on
ELT3-V3-line cell cultures that had been obtained from
Eker rat uterine leiomyoma and ELT3-T3-line cells,
it was shown that in the LAM cells there was a violation
of the expression of glutaredoxin-1. As a result, a cell
apoptosis was inhibited, which provoked a tumor
growth. The mechanism of the identified changes
was described and it had been proven that it was not
associated with mTOR. It is assumed that the use of the
drugs that normalize the production of glutaredoxin-1
can create a new treatment approach to LAM [69].

Concluding the discussion of the LAM therapy, it
is worth mentioning the survival trends of patients.
Overall, based on the analysis of the outcomes of
the LAM patients at Asian Medical Center (Seoul,
Republic of Korea) from July 2001 to February 2020,
and compared with the data from other studies, there

is a trend towards an increase in the percentage of a
ten-year survival of the patients: approximately 80% in
2000-2001, 86% in 2007, 90.9% in 2020 [70].

CONCLUSION

In the search for the treatment approaches to LAM,
the researchers have traveled a truly thorny path from
radical and even barbaric methods that cripple the
body of an already ill person, to the methods based on
a deep understanding of molecular biology and having
a relatively more acceptable safety profile. However,
all currently used methods of the drug therapy and
the proposed new methods are aimed at only treating
an already established disease, and an effective drug
prevention of LAM now seems almost impossible
due to the lack of a complete understanding about its
pathogenesis and, more importantly, its etiology.

This issue is the most relevant in determining further
prospects for the development of pharmacotherapeutic
approaches to LAM.
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Compliance with the recommendations of a health professional by patients with chronic diseases is observed only in 50%
of cases, and therefore, the problem of compliance is very relevant. The widespread occurrence of osteoporosis (OP)
in Russia and the world, as well as the existing problem of reducing patient compliance, requires an analysis of existing data
on the level of treatment adherence in patients with OP.

The aim. To analyze the current state of adherence to therapy in patients with OP.

Materials and methods. The article provides an overview of the available publications on the mentioned objective. Various
databases and search engines were used to search for research by Russian and foreign authors: elibrary.ru, CyberLeninka,
Russian National Library (RNB), PubMed, Scientific&Scholarly Research Database (Scilit), Google Academy. The information

” o ” o«

was searched by keywords and phrases: “osteoporosis”, “osteoporosis”, adherence to

” o«
’

adherence to therapy/treatment
treatment”, “compliance”, “compliance”, as well as the corresponding MeSH terms.

Results. The current state of the OP problem has been studied, and the pharmacotherapy currently used in this pathology
has been considered. The data on the compliance of patients with OP, the factors that negatively affect the adherence of
patients, as well as the methods that contribute to the growth of this indicator, are analyzed, and the expediency of their use
is demonstrated.

Conclusion. The problem of adherence to treatment of patients with OP is an important issue of modern healthcare. One
of the most effective ways to improve compliance is to increase patients” awareness of the disease, its course, methods and
expediency of pharmacotherapy. There is an urgent need to develop accessible and search for new methods to increase
treatment adherence in patients with OP.

Keywords: osteoporosis; treatment commitment; compliance; patient awareness

Abbreviations: OP — osteoporosis; AR — adverse reaction.
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CobntogeHne pekoMeHAauMn MeguUMHCKOro paboTHMKA NauMeHTammn Npm XPOHMYECKMX 3aboeBaHUAX HabatogaeTca Anb
B 50% cnyvaes, B CBA3M C YeM, NpobHaema KOMNNAEHTHOCTU ABAAETCA OYeHb aKTyanbHOM. LLIMpoKkaa pacnpocTpaHEHHOCTb
octeonopo3sa (Of) B Poccun 1 mupe, a TakKe cyllecTsytolan npobaema CHUXEHUA KOMMNNAEHTHOCTM NauMeHToB TpebyeT
NpoBeAEeHUA aHaNN3a CYLLECTBYIOLLMUX AaHHbIX 06 YPOBHE NPUBEPIKEHHOCTM leYeHuto y naumyeHTos ¢ Ofl.

Lienb. NpoBecTn aHaNU3 TEKYLLETO COCTOAHWUA YPOBHSA NPUBEPIKEHHOCTU Tepanun y naumeHTos c Of.

Matepuanbl u meTtoabl. B paboTe ocyuiectBnieH 0630p AOCTYMHbIX Ny6/AMKaLMIA NO YNOMAHYTON TemaTuKe. [i1A noucka
UCCNefoBaHUIA POCCUIUCKUX M 3apybeXkHbIX aBTOPOB MCMNONb30BaAW PasanYHble 6asbl AAaHHbIX M MOUCKOBbIE CUCTEMDI:
elibrary.ru, Kubep/leHuHka, Poccuiickaa HauumoHanbHaa 6ubnuoteka (PHB), PubMed, Scientific&Scholarly Research
Database (Scilit), Akagemna Google. NMouck MHGOpPMaLMM NPOBOAMACA MO KAKOYEBbIM C/I0BAaM M dpa3am: «KOCTEONOPO3Y,
«0Steoporosis», «NMpUBEPKEHHOCTb Tepanuu/nedeHunio», «adherence to treatment», «komnnaeHTHoCTb», «compliance», a
TakXe cooTseTcTBytowmMm MeSH TepmnHam.

Pe3synbratbl. M3yyeHo coBpemeHHoe cocTosHue npobnembl Of, paccmoTpeHa dapmakoTepanusa, MPUMEHAIWAACs B
[aHHOe Bpems Mpu yrnomsHyTon natonornu. MpoaHannM3npoBaHbl faHHbIE O KOMMIAEHTHOCTU NauneHToB ¢ O, daKkTopbl,
HEraTMBHO BAUAIOLLME HA NPUBEPIKEHHOCTb DBOMbHbLIX, @ TaKXKe MeToAbl, CNOCOBCTBYIOLWME POCTY AAHHOIO NoKasaTtens, a
TaKXe NpoAEeMOHCTPUPOBAHA LLeN1ecO0bPa3HOCTb UX MPUMEHEHUA.

3akntoueHue. lpobrema NpUBEP)KEHHOCTU JledeHUto MnaumeHToB ¢ Ol ABNAETCA BaKHbIM BOMPOCOM COBPEMEHHOro
34paBooxpaHeHns. OaHUM u3 Hambonee 3PpPeKTUBHbIX CNOCOOOB yNYYLIEHUS KOMMIAEHTHOCTU ABASETCA MOBbIWEHMEe
0CBEAOM/IEHHOCTM NaLMEHTOB 0 3a601EBAHNN, €70 TEYEHMM, METOAAX M LieNecoobpasHOCTU MPOBOANMON GpapmaKoTepanmu.
CyLliecTByeT ocTpas HeobxoAMMOCTb B pa3paboTKe AOCTYMHbIX U MOUCKE HOBbIX METOAO0B MOBbLILWEHWUA MPUBEPIKEHHOCTU
neyeHuto naumenTos ¢ Orl.

KntoueBble cnoBa: 0CTeonopos; NpUBEPKEHHOCTb IeYEHUIO; KOMMNAEHTHOCTb; OCBEAOMNIEHHOCTb NALMEHTOB

Cnucok cokpauieHui: Ol — octeonopos; HP — HexxenaTenbHasa peakumsa; /1N — nekapcTBEHHbIN Npenapar.

INTRODUCTION

According to the International Classification of
Diseases, Tenth Revision (ICD-10)!, diseases of the
musculoskeletal system include various syndromes and
nosologicals caused by inflammatory and metabolic

! International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10). Available from: https://icd.who.int/
browse10/2019/en

Tom 12, Beinyck 5, 2024

lesions of the musculoskeletal system. These pathologies
have a significant negative impact on the working
capacity of the population, the economy, and the mental
health of society [2]. In the structure of morbidity
of the adult population of Russia, pathologies of the
musculoskeletal system occupy one of the leading

places [3], as well as 3rd place in terms of overall
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prevalence after diseases of the circulatory system
and respiratory organs?. The increase in morbidity and
disability among various age groups emphasizes the
need for priority attention to methods of prevention
and treatment of the above-mentioned pathology [4].

Osteopathies and chondropathies account for
only about 2% of the total number of diseases of the
musculoskeletal system [3]. This is quite explainable by
the low level of diagnosis and the long latent course
of the pathological process, which causes a delay in
patients seeking medical help [1]. Osteoporosis (OP),
being the most common metabolic bone disease [5, 6],
is characterized by a decrease in bone mass and a
violation of the microarchitecture of bone tissue,
which increases the risk of fractures even with minimal
trauma?® [7]. This disease leads to millions of fractures
worldwide every year, worsening the physical and
psychological condition of patients, reducing the quality
and shortening the duration of life [8, 9]. At the end
of 2019, there were about 42 million patients with OP
registered in the world, and by 2034 this number may
exceed 200 million [10]. OP is a widespread disease in
Russia [11-13], affecting about 14 million people, which
is about 10% of the population [14]. While about 25%
(34 million people) are at risk of osteoporotic fractures.
Previously analyzed data, including the results of X-ray
densitometry, show that 33.8% of women and 26.9%
of men over 50 years of age in Moscow have signs
of OP [15].

The risk group for the development of OP mainly
includes elderly individuals. The reasons for the spread
of OP among this category are related to changes in
lifestyle and physiological changes in the body, as well
as the development of inflammatory processes that
negatively affect bone strength [5]. There are various
factors causing the development of OP, including
biological (gender, age, genetic predisposition),
environmental, and behavioral (presence of bad habits,
diet with insufficient calcium content, lack of physical
activity) [16].

According to ICD-10 more than 20 forms of OP
are distinguished, the most common of which is
postmenopausal OP, caused by a decrease in estrogen
levels [17]. Diagnosis of OP in postmenopausal
women is based on the presence of a fragility fracture
or low bone mineral density in the anamnesis, which is
measured using densitometry [18]. After a hip fracture,

2 Healthcare in Russia. 2023: Federal State Statistics Service. Available
from: https://rosstat.gov.ru/folder/210/document/13218

3WHO. Kanis JA, on behalf of the WHO Scientific Group. Assessment of
osteoporosis at the primary health-care level. Technical Report. WHO
Collaboraiting Centre, University of Sheffield, UK; 2008:288. Available
from: https://frax.shef.ac.uk/FRAX/pdfs/WHO_Technical_Report.pdf
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many women lose the ability to move independently,
and the risk of death within a year after the injury
doubles [19]. Women are more susceptible to the
development of OP due to a decrease in the level of
progesterone and estrogen, which is observed in this
category of patients from 40-45 years of age [20].

The chronic nature of the disease requires
prolonged pharmacotherapy, which, in turn, increases
the risk of adverse reactions (ARs) from medicines and
may also reduce the level of adherence to treatment in
patients.

“Compliance” is usually considered as adherence to
the regimen and scheme of treatment prescribed by a
doctor, while “adherence to therapy” is a characteristic
of the patient’s behavior during treatment and the
correspondence of this behavior to the doctor’s
recommendations [21]. These concepts are close in
meaning, so they can be considered synonymous [22].
According to the World Health Organization, adherence
to a healthcare professional’'s recommendations
by patients with chronic diseases is observed in
only 50% of cases®. Poor adherence to therapy is a
complex problem that requires a multidisciplinary
approach, requiring the involvement of various
specialists for positive recovery dynamics and support
for the quality of life of patients [23].

The widespread prevalence of OP in Russia and
worldwide, as well as the existing problem of reduced
patient compliance, prompted the authors to analyze
existing data on the level of adherence to treatment in
patients with osteoporotic pathology.

THE AIM. To analyze the current status of adherence
to treatment in patients with OP.

MATERIALS AND METHODS

A review of available publications on the mentioned
topic was carried out. Each author independently
selected literary sources, after which a joint decision
was made on the inclusion of a scientific publication
in the analysis. Various databases and search engines
were used to search for studies by Russian and foreign
authors: elibrary.ru, CyberLeninka, Russian National
Library, PubMed, Scientific&Scholarly = Research
Database (Scilit), Google Scholar, while PubMed and
CyberLeninka were used by the authors as priority
sources of information, the rest of the listed ones
were additional. The search period covered all
mentions of keywords available in the databases, from
January 1, 1886 to October 31, 2024.

4 WHO. Adherence to Long-term Therapies: Evidence for Action.
World Health Organization;2003:198. Available from: https://doi.
org/10.5144/0256-4947.2004.221
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The selection of publications on the review of drug
therapy for OP was carried out using keywords and
phrases: “osteoporosis,” “safety of pharmacotherapy,”
“side effects,” “adverse reactions”; names of
medicines and pharmacological groups used for OP
(“bisphosphonates,” “denosumab,” etc.), as well as
corresponding MeSH terms?®.

The search for information to carry out an analysis
of the state of adherence to treatment in patients
with OP was carried out using keywords and phrases:
“osteoporosis,” “adherence to therapy/treatment,”
“compliance,” as well as corresponding MeSH terms.

The process of selecting studies devoted to the
problem of adherence to therapy in patients with
OP is presented in Figure 1 and is based on the
recommendations of the PRISMA system (Preferred
Reporting Items for Systematic reviews and Meta-
Analyses), 2020 [24].

The stage of identification of publications and
pre-screening analysis implied the presence in the
publication of several keywords on the topic, for
example, “osteoporosis” and “adherence to treatment,”
“side effects” and “bisphosphonates.”

The screening stage involved excluding publications
from the sample that were published before 2020,
thus, the data for the last 5 years were primarily
reviewed. It should be noted that if a publication
published before January 2020 contained data that,
in the authors’ opinion, are of key importance for the
analysis, then such work underwent screening.

The stage of analyzing the acceptability of selection
criteria involved assessing the relevance of information
in the publication on the topic. The assessment
involved the analysis by several authors of controversial
publications for inconsistencies in the narrative or
insufficiently reliable information, assessing the level
of citation of publications, which may be one of the
criteria for reliability and relevance, after which a
collective conclusion was made.

RESULTS AND DISCUSSION

Drug therapy for osteoporosis:

efficacy and safety profile

The chronic course of OP requires long-term
pharmacotherapy aimed to improve the quality of life
and prolonging remission of the disease®’.

® MeSH. Medical Subject Headings 2024 [Internet]. Available from:
https://meshb.nIm.nih.gov

& Clinical Guidelines No. 87. Osteoporosis. Ministry of Health of the
Russian Federation. Available from: https://cr.minzdrav.gov.ru/
recomend/87_4

7 Clinical Guidelines No. 614. Pathological fractures complicating
osteoporosis. Ministry of Health of the Russian Federation. Available
from: https://cr.minzdrav.gov.ru/recomend/614_2
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In medical practice, several pharmacological
groups of medicines are used that affect various
mechanisms of regulation of bone homeostasis,

such as monoclonal antibodies, bisphosphonates,
calcitonin, and molecular action drugs. The main goal of
pharmacotherapy is to conduct primary (prevention of
the first fracture in patients from a high-risk group) and
secondary (prevention of repeated fracture) prevention
of bone deformation [19]. Bisphosphonates — synthetic
analogs of pyrophosphate, an endogenous regulator
of bone mineralization, are the main medicines in
this case [25, 26]. They act on osteoclasts, disrupting
their metabolism and adhesion of tumor cells to
the bone matrix, which suppresses their migration,
invasion, and angiogenesis. Medicines are often used
to treat metabolic bone diseases, including bone
loss caused by glucocorticoids and other hormonal
medicines [27]. Bone resorption is suppressed at the
maximum level approximately 3 months after the start
of oral bisphosphonate therapy. This effect remains
stable throughout the pharmacotherapy [27].

Despite the fact that this class of medicines
demonstrates high efficacy in reducing the risk of
fractures in OP [28], the use of bisphosphonates
may be accompanied by frequent and serious ARs:
osteonecrosis of the jaw, atrial fibrillation, atypical
femoral fractures [29-31]. Parenteral administration
of bisphosphonates can also cause side effects
such as fever, increased fatigue, myalgia, headache
[30]. In turn, the resulting ARs require additional safety
control of pharmacotherapy.

Denosumab, which is included in the clinical
guidelines for the treatment of various forms of OP,
is currently one of the most frequently prescribed
medicines, reducing the activity of osteoclasts and,
unlike bisphosphonates, does not damage the
intracellular structures of the osteoclast [32]. The
medicine has high efficacy in the treatment of OP, in
particular, positive treatment dynamics are observed in
the lumbar spine, its use reduces the risk of fractures
and reduces pain syndrome [33, 34], and promotes
an increase in bone mineral density [35]. Safety
data for denosumab are quite convincing even after
many years of its use: rare ARs are observed,
such as the development of erysipelas, eczema.
Clinical manifestations of serious ARs are the risk
of multiple fractures after discontinuation of the

medicine [36].
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Figure 1 — Flowchart of source selection

Teriparatide remains the main medicine for the
treatment of OP. It significantly reduces the risk of
non-vertebral fractures, significantly stimulates bone
formation, increases the mineral density of bone
tissues in the lumbar spine and femoral neck in the
long term [37]. The medicine is characterized by good
tolerability [38] and a low frequency of severe ARs,
which allows us to talk about its safe use in patients,
including comorbid elderly patients [39]. Ars, caused
be the medicine, are classified by researchers as non-
serious, most often observed from the digestive and
musculoskeletal systems [40]. The medicine can be
used after the development of severe ARs, such as
osteonecrosis of the jaw and atypical femoral fracture,
against the background of the use of bisphosphonates
as it is of the first line of treatment for OP [41].
Teriparatide may be an alternative pharmacotherapy
option [42], and also demonstrates high rates of efficacy
when combined with denosumab, providing an increase
in bone mineral density and fracture prevention [34, 43].

Another medicine of choice in the treatment of
OP is strontium ranelate. It is a first-line medicine in
the treatment of postmenopausal OP in women, and
can be safely used for a long time (up to 8 years) [44].
Reviews of studies evaluating pharmacotherapy for OP
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with strontium ranelate demonstrate an adequate level
of efficacy [45], which is shown, first of all, due to the
distinctive anti-resorptive and bone-forming effect on
bone remodeling, which leads to an improvement in
bone density indicators [46]. However, in the periodically
updated safety report of the European Medicines
Agency, there were described increased risks of
developing myocardial infarction with the use of
strontium ranelate, in connection with which a decision
was made to limit its medical use?, and in some countries
the production of this medicine was discontinued due
to concerns about its safety [47].

The combination of calcium and colecalciferol is
an integral part of the pharmacotherapy of patients
with OP. Increased calcium intake is required for
primary and secondary prevention of OP, reducing
the risk of hip fractures and maintaining bone mineral
density [48]. Vitamin D deficiency can contribute to an
increased risk of developing OP and its consequences,
reducing the ability to physical activity in elderly
people [49, 50]. Increased calcium intake is necessary

8 PSUR assessment report. Strontium ranelate. EMA/
PRAC/136656/2013. European medicines agency, 11 April 2013.
Available from: https://www.ema.europa.eu/en/documents/
variation-report/protelos-h-c-560-psu-0031-eparassessment-report-
periodic-safety-update-report_en.pdf
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throughout the treatment of OP, which is achieved by
increasing the amount of food with this trace element
or using calcium medicines. The use of colecalciferol
is recommended when its deficiency is established.
The course begins with therapeutic doses with further
transfer of the patient to preventive pharmacotherapy®.
Thus, the use of a combination of calcium and vitamin
D plays a key role in the prevention and treatment
of various forms of OP, primarily by preventing
fractures [51].

Continuous use of these medicines can lead to
the development of various ARs in patients. As a rule,
researchers describe ARs that can be classified as
non-serious in terms of severity: flu-like syndrome,
arthralgia, nausea, epigastric pain, constipation [52],
fatigue, loss of appetite, metallic taste in the
mouth [53]. At the same time, there are suspicions
of a possible link between high calcium intake and an
increased risk of developing cardiovascular diseases,
such as stroke, myocardial infarction, while other
researchers refute this assumption [54]. Nevertheless,
some authors studying various methods of
pharmacotherapy for OP emphasize that the efficacy and
results of treatment depend on their use in combination
with calcium and vitamin D preparations [32, 44].

The numerous data on ARs of medicines used for
the treatment of OP found in the literature sources
predetermine the need to study the problem of
compliance of patients with OP, since the side effects of
these medicines can affect adherence rates.

Adherence to treatment

in patients with osteoporosis

Recently, awareness of the importance of adhering
to the treatment regimen has increased, since a low
level of compliance leads to consequences both for an
individual patient (a decrease in the level of efficacy of
pharmacotherapy, an increase in the level of morbidity
and mortality) and for the healthcare system in whole,
leading to an increase in financial costs [55]. There are
three key stages of adherence to treatment: initiation
of treatment (taking a new medicine), adherence
(the degree to which the amount of medicine taken
by the patient corresponds to the prescribed one),
and discontinuation of therapy (termination of MP
intake for any reason). At each of these stages, there
are various factors that can affect patient compliance,
both negatively and positively [56]. Non-compliance
with the rules of medicine intake is a universal problem
of a large number of diseases of a chronic nature, an
additional problem is the difficulty of assessing the
level of compliance, since there is inconsistency in the
studied factors that determine the deviation of patients
from the prescribed therapy and, as a result, their
subsequent analyzes [57]. The most common methods

? Clinical Guidelines No. 87. Osteoporosis. Ministry of Health of the
Russian Federation.
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of increasing the level of adherence to therapy are
reducing the number of emerging ARs of medicines,
simplifying the pharmacotherapy regimen, digitalization
of healthcare, communication with the patient and
conducting psychological consultations, however,
it is additionally required to take into account the
specifics of a particular disease and the characteristics of
each patient [58].

The problem of adherence of patients with OP
to treatment is relevant, there is a decrease in the
compliance of patients over time after the fracture
occurred. Only a third of patients continue to take
calcium and vitamin D medicines for 3 or more years,
and only half of them adhere to the medicine dosage
regimen prescribed by the doctor [59]. The level of
adherence in patients with OP, as in most people
suffering  from chronic diseases, is unstable:
according to various estimates, in the first year of
treatment it ranges from 34 to 75%, in subsequent
years — from 18 to 75% [60]. Low adherence to
treatment leads to a decrease in the increase in
bone mineral density and less suppression of bone
metabolism in patients with OP, which leads to a higher
frequency of fractures, an increase in the number of
hospitalizations and healthcare costs [60]. Healthcare
professionals prescribing medicine therapy should
take into account not only the characteristics of the
patient, the course of the disease, but the patient’s
financial capabilities, which can also serve to reduce
adherence to treatment. In the case of OP, factors
that reduce the level of patient adherence to therapy
are additionally the chronic nature of the disease,
long-term pharmacotherapy, a large number of
medicines prescribed simultaneously [61]. Doctors and
healthcare professionals should focus on maintaining
the persistence of patients, which is a fundamental
factor in adherence to therapy [62], and also look for
other ways to increase compliance.

Measuring adherence rates allows to analyze
the profile of the use of medicines prescribed for OP,
assess the presence of deviations between the
prescription of medicines in medical practice and
clinical guidelines outlined in the guidelines for doctors.
Periodic monitoring of such indicators is an important
tool for optimizing pharmacotherapy for OP and
right allocation of healthcare resources [63]. Various
questionnaires for patients are used to assess
adherence to treatment. The most common for patients
with OP are the Treatment Satisfaction Questionnaire
for Medication (TSQM), the EuroQol-5 questionnaire,
which assess the efficacy of the treatment, the side
effects that occur, the convenience of using medicenes,
the overall satisfaction of patients with the treatment,
as well as their quality of life [64]. Researchers need to
rationally use various methods of conducting the survey
to obtain more reliable data. A modern approach to
studying the level of compliance is the use of machine
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learning models, such as ExtraTree, SMOTE-SVM,
which are used to predict adherence to treatment in
patients and, therefore, adjust pharmacotherapy [65].
The use of medicines with significant time intervals
between doses, such as bisphosphonates, as a rule,
allows you to increase compliance and achieve
the necessary treatment results [66]. Special care
and frequency of taking oral dosage forms of
bisphosphonates, which is necessary due to the low
bioavailability of medicines are a factor reducing
compliance [67]. Medicines for more convenient use
and increasing the level of adherence to therapy, are being
developed with the most infrequent dosing frequency,
for example, ibandronic acid at a dosage of 150 mg
1 time/month [68], and the results of studies show
that the prescription of medicines in a monthly or weekly
regimen leads to a significant increase in the number of
patients adhering to the regimen, rather than with daily
use. [69]. Other researchers note that patients receiving
oral forms of medicines are less likely to adhere to
the treatment regimen than patients receiving them
by subcutaneous or intravenous administration [70].
Therefore, the choice of the route of administration
of medicines is also an important factor for increasing

compliance.
However, possible manifestations of ARs
of bisphosphonates, in particular, serious side

effects [29-31], are factors that force the patient
to abandon the prescribed therapy [71]. A possible
way to solve the problem of low compliance due to
developing ARs may be a transition to safer medicines,
for example, to denosumab, which can be used for a
long time, without requiring breaks in treatment [72].
Teriparatide also demonstrates lower risks of developing
ARs compared to oral bisphosphonates, indicating a
favorable safety profile of the medicine [73].

In some cases, refusal of therapy is associated
with the patient’s fears due to the expectation of the
development of possible ARs, even if they themselves
have not encountered them — fear of side effects is
one of the main reasons for stopping the prescribed
treatment [74]. In a study by Roh et al. it is emphasized
that the level of non-compliance with the treatment
regimen in patients with insufficient awareness is
significantly higher (47%) than in patients with sufficient
information about OP and the pharmacotherapy
used (29%) [75]. In this case, increasing the patient’s
awareness of the disease and methods of therapy can
contribute to increased compliance [76], for example,
through the “Patient School” [77]. Familiarizing the
patient with the features of the medical interventions
carried out by the attending physician is a multi-stage
process, including research, collecting a history of
life and further determining the health problem, its
comprehensive assessment taking into account the
level of influence of the pathology on the quality of
life, drawing up a treatment plan, studying the degree
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of benefit of the patient’s awareness for himself [78].
The use of methods to increase patient awareness
allows to reduce the frequency of hospitalizations and
disability rates, temporary loss of working capacity
of the population [79], as well as improving the
prognosis of the course of the disease and the quality
of life of patients [80]. Participation of patients in the
“School for Patients with Osteoporosis” contributes to
increasing their awareness of the rules and duration
of medicines’ use, reducing the risk of developing ARs,
which makes patients control the necessary level of
vitamin D in the body, performing physical exercises,
assessing an effective method of influencing the results
of OP therapy [81]. Group consultations of patients,
conducted for a long time, have a positive effect on
achieving the goals of therapy: involving patients in the
process of treatment, providing individual assessments
of the risk of developing fractures (for example, using
the FRAX algorithm system) and the ability to make
decisions on pharmacotherapy independently can
significantly increase patient compliance [82].

An additional factor that improves the level of
adherence to therapy is the involvement of caregivers
or relatives of patients in the treatment process,
since they, as a rule, better perceive information
from a healthcare professional, help patients solve
problems of a technical nature (road to the hospital,
purchase of medicines, search for training materials,
etc.). Researchers report that in solitary patients the
number of fractures in the 3rd year of observation is
higher (6.2%) than in people who are helped by
caregivers and relatives (1.1%) [83].

The results of the pharmacotherapy and the level
of adherence to therapy can be influenced by other
factors, for example, the excessive burden on the
healthcare system like the period of the coronavirus
infection pandemic. Healthcare professionals reported a
reduction in the number of densitometric studies (this
is evidenced by 50.6% of respondents), an increase
in the number of remote consultations for both new
(62.3%) and regular patients (81.7%), a lower quality of
medical care provided for fracture prevention (51.7%),
as well as interruption of the course of injectable
bisphosphonate therapy (45.4%) and denosumab
(6.3%) [84]. Delaying the use of denosumab may
increase the risk of developing vertebral fractures;
no such AR was found on bisphosphonate therapy,
which can accumulate in patients for a long time,
so patients could be transferred to alternative
pharmacotherapy options. [85]. The International
OP Foundation and the National OP Foundation also
conducted a survey of medical and pharmaceutical
workers and, in addition to the above factors, focused
on the problem of medical supply disruptions causing
difficulties in the selection of pharmacotherapy

0 FRAX®. Fracture Risk Assessment Tool. Available from: https://frax.
shef.ac.uk/FRAX/tool.aspx?lang=rs
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[86], which leads to a decrease in the efficacy of OP
treatment. Coronavirus infection in patients with OP
also leads to negative consequences both on the course
of the underlying disease and on the therapy being
carried out: the risks of hypercoagulation complications
require cancellation or use with caution of raloxifene
and estrogen, increasing the risk of thrombosis,
metabolic disorders in bone tissue, observed in patients
with OP, can exacerbate the course of coronavirus
infection [87].

CONCLUSION

So, the problem of adherence to treatment in
patients with OP is an important issue in modern
healthcare. Compliance can be influenced by a
number of factors, such as insufficient awareness of
patients about the need for pharmacotherapy, ARs

and the chronic nature of the disease. Low rates of
adherence of patients to the prescribed therapy lead to
aggravation of the course of OP, the occurrence of
fractures, and a decrease in the quality of life of patients.

One of the most effective ways to improve
compliance is to increase patients’ awareness of
the disease, its course, methods, and the need for
pharmacotherapy. Healthcare professionals can
provide this information to patients through the
“Patient Schools.” This method demonstrates high
efficacy in improving the prognosis of the course of
the disease, the quality of life of patients, reducing
the level of complications of the disease (the need for
hospitalization, the resulting loss of working capacity,
disability). There is an urgent need to develop new
accessible methods to improve adherence to treatment
in patients with OP.
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The aim. To evaluate the results of clinical studies on the efficacy and safety of bronchial asthma (BA) therapy with genetically
engineered biologicals (GEBP) in children and adolescents.

Materials and methods. For writing this review article, a search for full-text publications was conducted in the PubMed
database. Studies on the efficacy and safety of biologicals — monoclonal antibodies, in the treatment of BA refractory to
therapy with inhaled glucocorticosteroids and beta-2-agonists, in children and adolescents from 2010 to 2025 were analyzed

” u ” ” o

using the following key queries”bronchial asthma”, “monoclonal antibodies”, “anti-Igk antibody”, “anti-IL-receptor antibody”,
“anti-thymic stromal lymphopoietin antibody”, “adolescents”, “children”.

Results. The observed continuing and steady increase in the incidence of BA, the involvement of several organ systems
in the pathological process, the difficulty in choosing treatment tactics, the high cost of therapy, and the need to monitor
the patient’s condition place this disease in a special place among modern medical problems. To date, advances in genetic
engineering have made it possible to introduce GEBPs — monoclonal antibody drugs, into medical practice as one of the
steps in the treatment of poorly controlled and resistant to first-line therapy BA of moderate and severe severity. According
to recent clinical studies among children and adolescents, biologicals to varying degrees can affect symptom control, lung
function, frequency of exacerbations, requests for emergency medical care and hospitalizations, as well as reducing the
dosages of glucocorticosteroids and beta-2-agonists used.

Conclusion. To date, positive results have been noted in the use of monoclonal antibodies in the treatment of BA, but clinical
trial data among children and adolescents are limited. There is also insufficient information about the consequences of
the mechanism of influence of these drugs in relation to long-term inhibition of the immune system and a decrease in the
content of eosinophils in the blood serum in the developing child’s body. To formulate a final conclusion, further study of the
long-term efficacy and safety of biologicals in pediatric practice is necessary in order to combat this serious public threat.
Keywords: bronchial asthma; monoclonal antibodies; immunoglobulin E; interleukins; thymic stromal lymphopoietin;
pediatrics

Abbreviations: BA — bronchial asthma; GEBP — genetically engineered biological products / biologicals; GCs —
glucocorticosteroids; GINA — Global Initiative for Asthma; IgE — immunoglobulin E; FEV1 — forced expiratory volume
in 1 second; IFN-a — interferon-alpha; IL — interleukin-4; TSLP — thymic stromal lymphopoietin.
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children and adolescents: A narrative review. Pharmacy & Pharmacology. 2024;12(5):362-373. DOI: 10.19163/2307-9266-2024-12-5-362-373
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Llenb. [poBecTM OUEHKY pPe3y/nbTaToB K/AMHUYECKUX WCCNeA0BaHUI, MOCBAWEHHbBIX W3y4YeHUto SPPEeKTUBHOCTU W
6e3onacHOCTM Tepanuun BpoHxMasibHOM acTmbl (BA) reHHO-UHKeHepHbIMK Buonormyecknmn npenapatamm (TMBMN) y getei
1 NOAPOCTKOB.

Martepuanbl U metoabl. [InA HanucaHWA JaHHOW 0630pPHOW CTaTby 6bln NPOBEAEH MOWUCK MOJHOTEKCTOBBIX My6aMKaLmii
B 6ase AaHHbIX PubMed. Bbiiv npoaHannsmMpoBaHbl paboTbl No U3yvyeHUo 3GHEKTUBHOCTM U 6E30MaCHOCTU NPUMEHEHMS
6MON0rNYECKUX NMPEnapaToB — MOHOKNOHA/bHbIX aHTUTEN, B nevyeHun BA, pedpakTepHoi K Tepanun UHraAALMOHHbBIMU
T/IIOKOKOPTUKOCTEPOMAAMU U BeTa-2-aroHUCTamu, y geten U nogpoctkos ¢ 2010 no 2025 rr. ¢ MCNo/Ib30BaHMEM C/ieAyoLLINX
KntoyeBbIx 3anpocos: «bronchial asthma», «monoclonal antibodies», «anti-IgE antibody», «anti-IL-receptor antibody»,
«anti-thymic stromal lymphopoietin antibody», «adolescents», «children».

Pesynbratbl. Habnogaembli Npoao/KatoLWMIACA U HEYKNOHHbIN pocT 3aboneBaemocT BA, BOBNEUEHHOCTb HECKObKMX
CUCTEM OPraHOB B MATO/IOFMYECKUIA MPOLECC, CNOXHOCTb BblOOpa TAKTUKM NEYeHUA, BbICOKAA CTOMMOCTb Tepanuu u
HeobXxoAMMOCTb B MOHUTOPUHIE COCTOAHWMA MaLMEHTa CTaBAT paccmaTpuBaemoe 3abonesaHue Ha ocoboe mecto cpeau
COBPEMEHHbIX Mpobsem meamuMHbl. Ha cerogHAWHMI AeHb AOCTUMKEHMA B 06/1aCTU FEHHOM WHXKEHEPUU MOo3BOANAM
BHEAPUTb B MeAMLMHCKYI0 NPakTuKy MTMBIMN — npenapaTbl MOHOKAOHA/IbHbIX aHTUTE, B KQYECTBE O4HOW U3 CTYNEHEen neveHnn
NI0X0 KOHTPOANPYEMOI M PE3UCTEHTHOM K TEpanMuU NpenapaTamu NepBoi IMHUKN BA cpefHel 1 TAXKENON CTeNeHM TAKECTU.
Mo AaHHbIM MOCNEAHUX KAMHUYECKUX UCCNef0BaHUN cpean AeTei U NoApoCTKOB, buonormyeckne npenapatbl B pasHoM
CTeMneHun cnocobHbl BAUATb HAa KOHTPOAb CUMNTOMOB, GYHKLMIO IETKMUX, YaCTOTY 060CTPEHWn, 0bpalLeHnid 33 HEOTIOKHOM
MeAMLMHCKON MOMOLLBIO M FOCMNUTANIU3ALMM, @ TaKXKe CHUNKEHUE L03MPOBOK NPUMEHAEMbIX [JIFOKOKOPTUKOCTEPOUIOB U
6eTa-2-aroHNCToB.

3akntoyeHue. Ha cerogHALHNI AeHb OTMEYALOTCA NONOKUTENbHbIE Pe3ybTaTbl NPUMEHEHUA MOHOK/IOHAbHbIX aHTUTEN B
Tepanuu bA, ogHaKo AaHHble KAMHUYECKUX UCCNeA0BaHUI cpean AeTel U MOAPOCTKOB OrpaHUYeHbl. TakKe HegoCTaToOuHO
MHGOPMaLMM O MOCNEACTBMAX MeXaHW3Ma AeWCTBMA AAHHbIX MPenapatoB B OTHOLWEHWU AJIMTENbHOT0 UHrMbUpoBaHMA
MMMYHHOM CUCTEMbI U CHUMKEHUA COAEPHKaHNA 303MHODUIOB B CbIBOPOTKE KPOBM B Pa3BMBAIOLLEMCA OpraHu3me pebeHka.
Ona Gopmy/MpoBaHWA OKOHYATE/SIbHOTO BblBOAA HEOOXOAMMO AasibHelllee U3yyeHue A0AroCcpPoYHOWN 3GGEKTUBHOCTU U
6e30nacHOCTU NPUMeEHeHNA BUONOTMYECKMX NPenapaToB B NeAnaTPUYECKOl NPaKTUKe B Lenax 6opbbbl € 3TON cepbesHoi
06LLEecTBEHHON Yrpo30i.

KnioueBble cnoBa: 6poHxManbHaa acTMa; MOHOK/IOHa/IbHbIE aHTUTENA; UMMYHOMI06YANH E; MHTEPAEMKUHBI; TUMUYECKUIA
CTPOMa/bHbIN AMMPONOITUH; NeanaTpua

CnUCOK CcOKpaleHui: BA — bpoHxmanbHas actma; TMBM — reHHoO-UHXeHepHble Guonornyeckme npenapatbl; TKC —
rntoKoKopTuKocTeponabl; GINA — MobanbHaa uMHUUMATMBA No 6opbbe ¢ actmoii; ISE — MmmyHornobynmH E; OPB1 —
06BbEM PpopcrpoBaHHOrO BblgoXa 3a 1 cekyHay; MPH-a — nHtepdepoH-anbda; N1 — nHtepneinknH-4; TCMN — TMMUYECKUi
CTPOMaNbHbIA TMMPONOITUH.

INTRODUCTION

Bronchial asthma (BA) is a heterogeneous disease
characterized by chronic airways inflammation.
Currently, BA is one of the most common pathologies
among children and adolescents. The basis for the
disease development is a hyperactive immune response

Tom 12, Beinyck 5, 2024

of the body to the effects of specific environmental
factors — causally significant triggers [1].

To date, the observed tendency of increasing
asthma incidence is directly related to the level of
urbanization and the environmental situation in the
world [2]. Thus, according to epidemiological data,
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people [3]. In 2020, the Centers for Disease Control and
Prevention published data on the prevalence of BA in
the United States: the disease is noted in 25.25 million
patients, of which 4.2 million are children. Already in
2021, there is an increase in the latter indicator — 4.68
million people. In Russia!, as of 2022, 313 thousand
children suffering from this pathology were registered?.
According to the forecasts of the World Health
Organization (WHO), there will be a further increase
in the number of patients, and already in 2025 there will
be more than 400 million people suffering from BA in
the world [4].

The disease significantly reduces the quality of life
of patients, having a negative impact not only on
indicators of physical health, but also on daily activities:
academic performance in school and additional
sections, playing sports, interacting with peers,
socialization in society, which is an important and integral
stage in the life of every child [5, 6]. Undoubtfully,
this affects the mental state of the growing organism,
causing such symptoms as depressed mood, increased
fatigue, and loss of strength. The connection between
the disease and mental disorders in adulthood is under
consideration, it finds its confirmation again in one of
the recent studies: major depressive disorder, bipolar
affective disorder, generalized anxiety disorder, panic
disorder, specific phobias, as well as post-traumatic
stress disorder, overeating and alcohol abuse are more
common in patients suffering from BA than in the
general population [7].

A significant number of patients (10% of patients
according to the latest epidemiological data [8], of
which 5% are children and adolescents [9]) have
refractory asthma, the therapy with first-line drugs —
high doses of inhaled glucocorticosteroids (GCs) and
beta-2-agonists — does not lead to proper symptom
control, which requires the search for new, more
effective drugs [10]. In addition, the mechanism of
action of GCs is characterized by its non-selectivity —
hormonal drugs have a negative impact on many organs
and tissues. Long-term use of this pharmacological
group entails the development of a number of
undesirable reactions and side effects, significantly
reducing the quality of life of patients. Thus, studies
among people taking GCs show an increased risk
of complications from a number of organ systems:
musculoskeletal (fractures, osteoporosis, myopathy),
cardiovascular (arterial hypertension, heart failure,
coronary heart disease, myocardial infarction), endocrine

! Most Recent Asthma Data. CDC. Available from: https://www.cdc.
gov/asthma/most_recent_data.htm
2 Russian Research Institute of Health. Available from: https://mednet.ru
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(gastric and duodenal ulcer). Vision organs complications
are noted — glaucoma and cataracts. Growth
retardation is most often observed in children. Acne
appears on the skin, dryness and peeling are observed.
Taking GCs is associated with the risk of developing
mental disorders such as depression and anxiety. Cases
of increased infectious diseases are also described,
which is associated with the immunosuppressive effect
of this group of drugs [11]. Daily intake of GCs in high
doses contributes to the suppression of adrenal function
according to the mechanism of negative feedback
due to exogenous hormones in the body [12]. It was
found that even short-term therapy can lead to the
development of these adverse events [13]. Therapy
with high doses of beta-2-agonists also demonstrates
ambiguous results in a number of studies. To date, a
conclusion has been formulated about the minimum
effective dose of drugs for this pharmacological group
in the treatment of BA in adults and adolescents,
but it has not yet been determined in young
children [14]. Moreover, taking this group of drugs
can lead to side effects associated with a stimulating
effect on the sympathetic nervous system, which is
especially dangerous in patients of the age group under
consideration.

Currently, International Clinical Guidelines for
the treatment of asthma in children and adolescents
consider the prescription of biologicals — monoclonal
antibodies — depending on the phenotype of the
disease, in order to achieve BA control that has not
been achieved with drugs recommended in previous
stages of treatment. The creation of genetically
engineered biological products (GEBPs) is undoubtedly
a revolutionary breakthrough and one of the main
achievements of modern medicine. Their introduction
into clinical practice has opened up new opportunities
and made a major step forward in the treatment of
many pathologicals. The mechanism of action of this
pharmacological group lies in their interaction with
specific molecules that are key links in pathogenesis,
which prevents the development of pathology and
improves the quality of life of patients.

THE AIM. To evaluate the results of clinical studies
on the efficacy and safety of monoclonal antibody
therapy for bronchial asthma in children and
adolescents.

MATERIALS AND METHODS

The search of full-text publications was conducted
in the PubMed database. Studies on the use of
monoclonal antibodies in the treatment of BA
refractory to therapy with inhaled GCs and beta-2-
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agonists in children and adolescents from 2010 to
2025 were analyzed using the following key queries:

“bronchial asthma”, “monoclonal antibodies”,
“anti-IgE  antibody”,  “anti-IL-receptor antibody”,
“anti-thymic  stromal  lymphopoietin  antibody”,

“adolescents”, “children”. As a result, 1296 sources
were found. Exclusion criteria were: non-full-text
articles (n=21), as well as works that do not directly
address the topic of the review (n=1 222). As a result,
53 scientific works were included in this review.

RESULTS AND DISCUSSION

Monoclonal antibodies to immunoglobulin E

In the International Clinical Guidelines of the Global
Initiative for Asthma (GINA), children over 6 years of age
with refractory moderate to severe BA, uncontrolled
by high doses of inhaled GCs and long-acting beta-
2-agonists, are recommended to take a humanized
monoclonal antibody to immunoglobulin E (IgE) —
omalizumab3. Omalizumab not only interacts with IgE,
reducing their content in the blood serum, but also
inhibits the binding of these molecules to high-affinity
FCER1 receptors on mast cells, basophils and dendritic
cells (Fig. 1.). Thus, the release of biologically active
substances — inflammatory mediators — by the listed
immunocompetent cells is prevented [15].

Nowadays, there are a number of scientific papers
on the evaluation of the efficacy and safety of this drug
in pediatric practice. In a study involving 38 children
aged 7 to 16 years, 35 of whom (92.1%) completed it,
children were injected with omalizumab subcutaneously
at a dosage of 75 to 375 mg every 2 or 4 weeks. As a
result, 29 patients (76.3%) had good BA control, based
on the results of the Japanese pediatric BA Control
Program Questionnaire [16].

After 6 months of treatment, according to the results
of a study among children and adolescents with severe
BA, a decrease in the number of exacerbations was
recorded during omalizumab therapy compared to the
previous year (1.03 and 7.2, respectively). After another
year of observation, the number of exacerbations
was 0.8. In addition, it was noted that the frequency
of hospitalizations decreased by 96%. No adverse events
were reported [17].

Omalizumab also demonstrated efficacy and safety
in study involving 6 patients with moderate to severe
BA aged 10 to 13 years. The drug was administered
subcutaneously at a dosage of 150 to 600 mg every 2
or 4 weeks. Already after 16 weeks, an increase in the

3 Global Initiative for Asthma. Global strategy for asthma management
and prevention. Available from: https://ginasthma.org/wp-content/
uploads/2024/05/GINA-2024-Strategy-Report-24_05_22_WMS.pdf
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score in the Asthma Control test was registered by 55%,
and one of the subjects had complete symptom control.
In 3 patients, the dosage of inhaled GCs used decreased
by 28.2%. The number of exacerbations decreased in
76.93% of participants, and no hospitalizations were
observed [18].

According to the latest clinical observations, viral
respiratory infections contribute to the exacerbation of
BA symptoms. In studies, omalizumab has demonstrated
an enhanced response of the non-specific immune
system defense factor — interferon-alpha (IFN-a), which
reduced the frequency of virus-induced respiratory
infections, as well as their duration in children and
adolescents with BA [19, 20].

However, despite the fact that omalizumab therapy
has demonstrated high efficacy, and studies examining its
safety have not found statistically significant differences
in the incidence of adverse events among patients taking
this monoclonal antibody and placebo (p <0.05) [21, 22],
further research is needed to study the development of
side effects, as well as the long-term effect of the drug in
pediatric practice.

Monoclonal antibodies to interleukin-4

and interleukin-13

The GINA also consider the use of a humanized
monoclonal antibody to the a-chain of the
interleukin-4 (IL-4) receptor, capable of, among other
things, inhibiting the activity of interleukin-13 (IL-13) —
dupilumab, in children over 6 years of age with BA.
IL-4, being a signaling molecule, activates T-helpers
involved in the implementation of the inflammatory
reaction, and IL-13 stimulates the synthesis of periostin
by epithelial cells of the bronchi (Fig. 2). Periostin
participates in the contraction of smooth muscles of
the bronchi and hyperplasia of cells of endoepithelial
glands [23]. Consequently, exposure to these targets
prevents the development of bronchospasm and mucus
hypersecretion, which makes it impossible to implement
a hyperactive reaction of the upper respiratory tract
in response to a specific allergen or other causative
triggers [24].

To date, there are few studies on the efficacy of
dupilumab, limited to adult and adolescents patients.
According to the results of one such scientific work, 0.46
exacerbations per year were recorded in subjects older
than 12 years who took the drug at a dosage of 200 mg
every 2 weeks. Among patients who took placebo, this
figure was 0.87 per year. Also, in the group of subjects
taking dupilumab, an improvement in lung function
was noted: the value of forced expiratory volume in
1 sec (FEV1) increased by 0.32 L. The drug showed

365



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

its effectiveness regardless of the initial content of
eosinophils in the serum of studied participants [25].
The most common side effects of dupilumab were
injection site reactions (pain, tissue swelling, hyperemia
and itching), inflammation of the mucous membrane
of the eyes, herpetic infection of the oral cavity,
and joint pain [26]. In a study among patients with
GCs-dependent BA, a decrease in the dosage of GCs
used was recorded (70.1%) compared with the results
in the placebo group (41.9%): 80% of individuals in
the control group reduced the dosage by 50%, and
48% of subjects completely stopped taking hormone
therapy [27].

It was also found that taking dupilumab helps to
improve the quality of life in patients with concomitant
allergic diseases. Thus, in patients with severe
uncontrolled BA and concomitant allergic rhinitis,
taking dupilumab at a dosage of 300 mg 2 times/
week contributed to a significant improvement in
symptoms [28]. Recent studies have revealed that taking
dupilumab for concomitant atopic dermatitis contributes
to a significant improvement in the clinical picture. The
mechanism of alleviating the symptoms of concomitant
atopic dermatitis with dupilumab is that systemic
blockade of the a-chain of the IL-4 receptor helps to
reduce the level of type 2 memory B cells — precursors
of B-lymphocytes, and, consequently, IgE in the blood
serum [29]. Thus, in one study among children aged 6
months to 5 years suffering from concomitant moderate
to severe atopic dermatitis, relief of symptoms was
observed as early as 16 weeks of the trial: improvement
in the area of eczema and severity index by >75% [30].
Among patients with chronic rhinosinusitis with nasal
polyps, taking dupilumab demonstrated an improvement
in the quality of life of participants. During the survey of
patients, there was a significant decrease in the severity
of obstruction and discharge from the nose, impaired
sense of smell, and a feeling of facial pressure [31]. There
is a need for further evaluation of the effectiveness
of this monoclonal antibody among children under
12 years of age.

Earlier studies have also been conducted on a drug
capable of directly inhibiting IL-13 — lebrikizumab.
This humanized monoclonal antibody demonstrated a
significant improvement in the clinical picture, according
to the results of a recent study among adolescents
aged 12 to 17 years with refractory and uncontrolled
BA. Over 52 weeks, 113 asthma exacerbations were
observed: 31 cases in patients receiving lebrikizumab
at a dosage of 125 and 37.5 mg, and 51 cases in
participants from the placebo group. As a result, it
was concluded that taking lebrikizumab at a dosage of
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125 mg contributed to a 51% reduction in the frequency
of exacerbations, and at a dosage of 37.5 mg — a 40%
reduction. The number of patients with adverse events
was the same in both groups of subjects [32]. However,
in studies among adult patients, a significant number
of subjects experienced adverse events (79%), serious
adverse events (8%), and adverse events leading to
drug withdrawal (3%). In addition, phase 3 clinical
trials did not demonstrate a significant improvement
in the clinical picture and a decrease in the frequency
of BA exacerbations, even in the group of patients with
higher levels of diagnostic markers, therefore, further
work with this monoclonal antibody was no longer
carried out [33].

Further study of the efficacy and safety of the
drug from this group of monoclonal antibodies —
tralokinumab — was also discontinued, as this GEBP
did not have a significant effect on the frequency of
BA exacerbations (only 44%) and improvement in lung
function (12.2%) in patients with severe refractory BA
compared with placebo [34]. To date, lebrikizumab and
tralokinumab are not used in the treatment of BA in
children and adolescents due to limited and inconsistent
data on their efficacy and safety.

Monoclonal antibodies to interleukin-5

Interleukin-5 (IL-5) is a pro-inflammatory cytokine
that promotes the activation and increased lifespan
of eosinophils, which is one of the key links in the
pathogenesis of BA. Studies on this group of monoclonal
antibodies are limited to BA with eosinophilia, as
this factor is considered to be prognostic [35]. The
IL-5 inhibitor — reslizumab, as well as a humanized
monoclonal antibody to the a-chain of the receptor of
this signaling molecule — benralizumab, demonstrated
mixed results in clinical studies among patients older
than 12 years.

The use of reslizumab, according to the results of
phase 3 studies among patients aged 12 years and
older, contributed to a decrease in the annual frequency
of BA exacerbations by 50-59% compared with
placebo [36]. However, a number of trials have reported
adverse events and side effects, including an increase
in the content of the enzyme creatine phosphokinase in the
blood serum [37], which confirms the need for further
monitoring. Benralizumab was used among patients
older than 12 years. During a phase 3 trial involving 728
people (866 patients received benralizumab, and 440
received placebo), it was concluded that the use of this
monoclonal antibody led to a decrease in the frequency
of exacerbations in the control group (n=221). The most
common side effect was nasopharyngitis — 39% in the
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control group, 21% in the placebo group [38]. However,
data on its safety among children and adolescents are
limited. To date, in clinical practice, reslizumab and
benralizumab are used in the treatment of BA in patients
older than 18 years.

From the group of humanized monoclonal
antibodies to IL-5 receptors, mepolizumab is the
drug of choice for the treatment of BA in children
older than 6 years. The mechanism of action is shown
in Figure 3.

The study of phase 2 was conducted to evaluate
the efficacy and safety of this humanized monoclonal
antibody in 36 children with severe BA and eosinophilic
airway inflammation. Mepolizumab was administered
subcutaneously at a dose of 40 mg (for children weighing
less than 40 kg) and 100 mg (for children weighing more
than 40 kg) once every 4 weeks. On the 12 weeks, the
content of eosinophils in serum and sputum in patients
receiving the drug under consideration at a dosage of

Figure 1 — Mechanism of action

of omalizumab
Note: Drawn using the “BioRender”

program.

Eosinophil

40 mg was reduced by 89%, and in patients receiving
a dosage of 100 mg, by 83% from the baseline level.
More than one exacerbation of BA was observed in 10
patients, 4 of them were hospitalized, and 6 patients
reported adverse events [39]. In 2024, the results
of work on evaluating the effectiveness of this drug
among 16 patients aged 7 to 17 years were published.
During therapy with mepolizumab, 3 patients had oral
GCs treatment canceled, and another 3 patients had
their daily dosage reduced. A decrease in the level
of eosinophils in the blood serum was also recorded
(on average, by 0.85x109/L) [40]. Data from a study
examining the risk/benefit ratio of mepolizumab have
also recently been published — in most children,
this indicator remained favorable for 10 years of
therapy [41]. However, further research is needed to
formulate a final conclusion regarding the efficacy and
safety of mepolizumab among patients for this age

group.
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Figure 2 — Mechanism of action of dupilumab

Drawn using the “BioRender” program.
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Figure 3 — Mechanism of action of mepolizumab
Note: Drawn using the “BioRender” program.
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Table 1 — Results of studies of monoclonal antibodies for the treatment of asthma in children and adolescents

Drug Me.chanlsm o A Of Dose Result Reference
action participants
Good BA control was recorded in 76.3% of patients.
The frequency of hospitalizations decreased by 88%.
From 7 to 75-375mg Among the undesirable phenomena, infectious
16 years every 2or4 diseases of the upper respiratory tract were [16]
weeks . A . -
Binds to IgE, observed, but their frequency did not increase with
reducing its prolonged use of the drug.
content in the After 6 months of treatment, a decrease in the
blood serum, 75-375 mg number of exacerbations was noted compared to
inhibits the From 6 every 2 or 4 the previous year (1.03 and 7.2, respectively). After [17]
Omalizumab  binding of years weeks a year, the number of exacerbations was 0.8. The
IgE to FCER1 frequency of hospitalizations decreased by 96%. No
receptors on adverse events were observed.
mast cells, After 16 weeks, an increase in the sum of points
basophils and in the BA control test by 55% was recorded, one
dendritic cells. From 10 to 150-600 mg of the subjects had complete symptom control. In
13 years every2or4 50% of patients, the dosage of GCs used decreased [18]
weeks by 28.2%. The number of exacerbations decreased
in 76.93% of participants, no hospitalizations were
observed.
From 12 200 mg every 0.4§ exacerbations per year were recorded in
years 2 weeks subjects compared. W{th thg placebo group —.0.87 [25]
per year. The FEV1 indicator increased by 0.32 liters.
Binds to the Adverse events were observed: reactions at the
a-chain of the From 6 to injection site of the drug, inflammation of the
Dupilumab IL-4 receptor, conjunctiva, herpetic infection of the oral cavity, [26]
L 11 years . L . L
inhibits the 200 mg every joint pain, increased levels of eosinophils in the
activity of IL-13 2 weeks blood serum.
From 6 After 16 week of testing, symptomatic relief was
months to observed: improvement in eczema area and severity [30]
5 years index by 275%.
40 mg (with At week 12, the content of eosinophils in the blood
body weight serum and sputum in patients taking the drug at a
<40 kg) and  dosage of 40 mg was reduced by 89%, in patients
From6to 100 mg (with receiving a dosage of 100 mg—by 83% of the initial [39]
11 years body weight level. More than one BA exacerbation was observed
>40 kg) 1 in 10 children out of 36, 4 of them were hospitalized,
. time every 4 and adverse events were recorded in 6 patients.
Binds to the weeks
Mepolizumab a-chain of the - - - -
IL-5 receptor 40 mg (with 3 ou_t of 16 patients .dISCOHtInL.Jed GCs treatment,
weight <40 and in another 3 patients, their daily dosage was
kg) and 100  reduced. The drug contributed to a decrease in
From7to  mg (with the frequency of hospitalizations. A decrease in [40]
17 years body weight the content of eosinophils in the blood serum was
>40 kg) 1 recorded (on average by 0.85x109/L).
time every 4
weeks
The exacerbation rate was 0.93 per year in the
tezepelumab group and 2.1 in the placebo group.
From 12 210 mg every The{ FEV1 in.dex at week 52 of the Frial was 0.23 I in
vears old 4 weeks patients taking the drug and 0.09 | in patients taking [47]
placebo. The effect of therapy was recorded at 2
. week of the study and tended to persist throughout
Tezepelumab Binds tq TSLP the treatment period.
of the airways —
In 4 out of 65 participants, adverse events from
the cardiovascular system (atrial fibrillation) were
From 12 210 mg every recorded, as well as the addition of viral and bacterial (48]
years old 4 weeks infectious diseases (gastroenteritis, tonsillitis, lung

abscess). 39 patients experienced side effects, the
most common of which was nasopharyngitis.

Note: BA — bronchial asthma; IL — interleukin; GCs — glucocorticosteroids; FEV1 — forced expiratory volume in 1 second; TSLP — thymic stromal

lymphopoietin.

368

Volume XII, Issue 5, 2024



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30PbI
DOI: 10.19163/2307-9266-2024-12-5-362-373

Monoclonal antibodies to thymic

stromal lymphopoietin

Updated International Clinical Guidelines also
include the use of humanized monoclonal antibody
thymic stromal lymphopoietin (TSLP), the main regulator
of inflammatory processes of the respiratory tract —
tezepelumab, in children over 12 years of age with
severe refractory asthma. TSLP is a mediator synthesized
in large quantities by epithelial cells of the respiratory
tract when exposed to environmental factors [42]. It was
found that basophils, dendritic and mast cells are also
involved in the synthesis of this signaling molecule [43].
TSLP participates in the differentiation of T-helpers, and
also promotes the activation of Janus kinase 1 and 2,
which, in turn, transmit activating signals to a number of
pro-inflammatory cytokines — IL-4, IL-5 and IL-13 [44].
Thus, inhibition of TSLP, a potential therapeutic target
in severe asthma, by a monoclonal antibody prevents
the production of these signaling molecules, thereby
preventing the development of an inflammation [45].

Tezepelumab has shown its effectiveness in the
treatment of refractory and uncontrolled BA among
adult patients. Participants were divided into 4 groups:
145 patients used the drug at a dose of 70 mg every 4
weeks, 145 patients — at a dose of 210 mg every 4 weeks,
146 patients — 280 mg every 2 weeks, 148 patients
made up the placebo group. As a result, a decrease in
the frequency of exacerbations was observed for 52
weeks of the study — by 61, 71 and 66% in each group,
respectively, in comparison with placebo. Indicators of
external respiration also improved: the value of FEV1
before taking a bronchodilator was higher in all groups
receiving tezepelumab than in the placebo group (the
difference was 0.12, 0.11 and 0.15 L, respectively) [46].
According to the results of a recent study among patients
aged 12 years and older to assess the effectiveness of
the drug under consideration at a dosage of 210 mg,
the frequency of BA exacerbations was 0.93 per year in
the tezepelumab group and 2.1 in the placebo group.
There was also an improvement in lung function: the
FEV1 indicator at 52 weeks of the trial was 0.23 L in
patients taking the drug and 0.09 L in patients taking
placebo. This effect of therapy was recorded on the 2nd
week of the study and tended to persist throughout the
treatment period [47]. However, according to the results
of clinical trials to assess the safety of this monoclonal
antibody among 65 subjects, 4 had adverse events from
the cardiovascular system (atrial fibrillation), as well as
the addition of viral and bacterial infectious diseases,
such as gastroenteritis, tonsillitis and lung abscess. 39
patients experienced side effects, the most common of
which was nasopharyngitis [48]. These data confirm the
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need for further study of the efficacy and safety of this
GEBP in children and adolescents.

Genetic Engineering is constantly evolving,
developing new promising biologicals for more effective
and safer therapy for severe treatment-resistant
asthma. Currently, research is being conducted on the
first inhaled humanized monoclonal antibody to TSLP —
ecleralimab. The inhaled route of administration has
several advantages over intravenous and subcutaneous
injections — low probability of side effects due to non-
systemic administration, the presence of an effect and a
high rate of its achievement when administered in small
doses, as well as ease of use and lack of trauma [49].
Ecleralimab has shown its effectiveness in a study among
adult patients with BA: a decrease in sputum eosinophil
content by 64% was observed as early as 7 h and by 52%
24 hours after exposure to the provoking factor [50].

In addition, the use of GIBPs therapy in the
treatment of BA helps to improve the mental well-being
of patients [51, 52]. Thus, one recent study found that
patients responding to monoclonal antibody therapy
experienced a reduction in symptoms and a decrease in
the severity of major depressive and generalized anxiety
disorders [53].

The summary of the results of clinical studies on the
use of monoclonal antibodies for the treatment of BA in
children and adolescents shown in Table 1.

CONCLUSION

Thus, the creation of GEBPs — monoclonal
antibodies, has created new opportunities for the
treatment of patients with refractory and uncontrolled
BA. The use of monoclonal antibodies as targeted
therapy contributes to proper symptom control,
improved clinical picture, improved quality of life, as
well as socialization and realization of their abilities in
studies, creativity, sports, in many other areas of activity.
It allows us to conclude that GEBPs have a positive
impact not only on physical well-being, but also on the
mental health of patients.

However, despite the fact that there are positive
results of the usage of these drugs, animportant question
remains open about the consequences of prolonged
inhibition of non-specific immune defense factors and
a decrease in the content of eosinophils in the context
of the developing immune system of the child’s body.
Unfortunately, the data from modern clinical trials and
scientific research papers in this area are limited to adult
patients, which does not allow us to formulate a final
conclusion about the long-term effectiveness and safety
of using monoclonal antibodies in pediatric practice
today.
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