V9]
-
O
l_
(2’4
<
<
<
O,
&
O

Filonenko E.V.
Clinical implementation and scientific development of photodynamic therapy in Russia in 2010-2020

CLINICAL IMPLEMENTATION AND SCIENTIFIC
DEVELOPMENT OF PHOTODYNAMIC THERAPY
IN RUSSIA IN 2010-2020

Filonenko E.V.
P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC
of the Ministry of Health of the Russian Federation, Moscow, Russia

Abstract

In recent years, the development of methods of photodynamic therapy (PDT) and fluorescence diagnostic (FD) in Russia is characterized by an
intensive rise, steadily growing interest of specialists from various medical specialties in the method of specialists from various medical specialties,
an increase in the level of equipment number of hospitals with the necessary equipment for performing FD and PDT, the and the emergence of
new photosensitizers on the pharmaceutical market, and an increasing increase in the level of patients' confidence in these methods. This study
analyzes the dynamics of the development of the clinical application and scientific developments of FD and PDT over the past decade in Russia in
terms of the volume of public procurement of photosensitizers, as well as the activity of research work in the field of FD and PDT, the number of
candidate and doctoral dissertations theses on this topic and the number of scientific publications in the RSCI. 688 contracts for the supply of pho-
tosensitizers for clinical use were analyzed. The analysis showed a stable annual growth in the volume of public procurement of photosensitizers,
an increase in the number of subjects of the Russian Federation and clinical centers that purchase photosensitizers through the portal www.zak-
upki.gov.ru. From 2014 to 2020, the total volume of public procurement of all photosensitizers increased by 8 times (from 36.42 million rubles (3.58
thousand packages) to 307.37 million rubles (18.99 thousand packages)). The annual increase in the volume of public procurement in numerical
terms over the previous 6 years ranged from 9.4% to 63.2% in different years. The main share of state purchases of photosensitizers falls on Moscow
and St. Petersburg, h. However, in recent years there has been a noticeable trend towards an increase in sales of photosensitizers in the regions.
Thus, in recent years, the share of purchases of photosensitizers in the constituent entities of the Russian Federation with a population of less than
1 million people has significantly increased (from 2.9% of the total number of purchases in 2014 to 25.3% in 2020). Also, in recent years, there has
been a significant increase in the activity of research work activity in the field of FD and PDT. The number of defended candidate and doctoral dis-
sertations theses defended in the field of FD and PDT photodynamic therapy and fluorescent diagnostics has been steadily high in recent years
and, in some scientific specialties, reaches 2-3% of the total number of defended dissertations theses defended in these specialties. The increase in
the total number of publications over 10 years according to the RSCl was 224% (from 218 publications in 2014 to 489 publications in 2019), accord-
ing to the RSCI. The results obtained confirm the growing demand for photosensitizers for photodynamic therapy and fluorescence diagnostics in
clinical practice, the expansion of the geography of the use of methods, as well and the stable interest in this topic in the research environment.

Keywords: photodynamic therapy, fluorescent diagnostics, public procurement, chlorin €6, aluminum phthalocyanine, 5-aminolevulinic acid,
5-aminolevulinic acid methyl ester.
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KJIMHHUYECKOE BHEOPEHME N HAYHHOE PA3BMTUE
dOTOANHAMUYECKOU TEPATTMN B POCCUMA
B 2010-2020IT.

E.B. PunoHeHko

«MOCKOBCKMI HOYYHO-UCCIIEAOBATENBCKMIA OHKONOTUYECKMM MHCTUTYT uM. [1.A. Tepuera —
dunman PIBY «<HaumoHanbHbIM MEAUUMHCKMI MCCNEAOBATENLCKUIA LEHTP PAAMONOTMMY
Munmncrepcrsa sppasooxpaHeHus Poceunitckon Pepepaummn, Mocksa, Poccua

Pesome
B nocnefHue ropbl pa3suTne metoaos potoamHamuueckon Tepanum (OAT) n nyopecueHTHoM grnarHoctnkm (Of1) B Poccum xapakTtepusyetca
VHTEHCMBHbBIM MOABEMOM, CTaOMIIBHO PaCTYLUMM VHTEPECOM K METOAY CMELMAIMCTOB PasfINYHbIX MEAVNLIMHCKIX CMELManbHOCTE, MOBbILLIe-
H/EM YPOBHSA OCHALLEHHOCTU 6ONbHUL, He0bXOANMbBIM 060pyaoBaHMeM ana nposeaeHus O n OAT, noasneHnem Ha dapmaLeBTUYECKOM
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PbIHKE HOBbIX $OTOCEHCNOMNNMN3ATOPOB, MOBbILLIEHNEM YPOBHA OBEPUA NALIMEHTOB K YKa3aHHbIM MeTofaM. B HacToswwem nccnefoBaHmm npo-
aHaNM3MpPOoBaHa AVHaMVKa Pa3BUTWA KIMHUYECKOTO MPUMEHEHNA 1 HayuHbIX pa3paboTtok OO n AT B nocnegHee pgecAtunetve B Poccun
no o6bemam roc3akynok GpOoTOCEHCHOMNNN3ATOPOB, a TaKXKe MO aKTUBHOCTU Hay4HO-UCCeAoBaTeNnbCcKkon pabotsl B obnactn OO v OAT no
UNCIY KaHAMAATCKUX N JOKTOPCKUX AMccepTaLmii No AaHHON TeMaTUKe 1 MO Ynciy HayuHbix ny6nukaumin B PUHLL. NMpoaHanusupoBaHbl 688
[IOrOBOPOB Ha MOCTaBKY GpOTOCEHCUOWNM3ATOPOB AJIA KIIMHAYECKOTO MPUMEHEHUA. AHaNM3 NMoKasan CTabuibHbIN eXXerofHblii POCT obbema
roc3akynok ¢poToceHcMbun13aTopoB, yBennyeHune yncna cybbektoB PO 1 KIMHUYECKUX LIEHTPOB, OCYLLECTBAAIOLIMX 3aKynKy ¢poToceHcmbu-
nu3aTopoB yepe3 noptan www.zakupki.gov.ru. C 2014 no 2020 rr. 06wwuii 06bem roc3akynok Bcex ¢oToceHCMbMIN3aTopoB YBENNUMICA B 8
pa3 (c 36,42 mnH. py6. (3,58 Tbic. ynakoBoK) Ao 307,37 MiH. py6. (18,99 Tbic. ynakoBoK)). ExxerofiHbl NpuMpocT o6bema rocakynoK B YNCIIEH-
HOM Bblpa)<eHUU 3a npegplaywue 6 net coctaBun ot 9,4% o 63,2% B pa3Hble rogbl. OCHOBHas A0JA roc3akynok ¢oToceHCnbmIN3aTopos
npuxoautca Ha MockBy 1 CaHKT-MeTepbypr, oAgHaKO B MOC/eAHME roAbl 3aMeTHa TEHAEHLMA yBenmyeHna o6bemoB npoaax GpoToceHcnbunm-
3aTOPOB B pernoHax. Tak, 3a nocnefHue rofbl 3HaUMTENIbHO BbIPOC/IA [0S 3aKynoK $oToceHCcMbunusaTopoB B cybbekTax PO ¢ HaceneHnem
MeHee 1 MJTH YenoBek (c 2,9% ot obLwero uncna 3akynok B 2014 r. go 25,3% B 2020 r.). Takxke B noc/ieaHne rogbl HaboaaeTcA 3HaUNTENbHbIN
POCT aKTMBHOCTU Hay4HO-McCieAoBaTenbckon pabotbl B obnacti O n OAT. Yncno KaHAUAATCKMX 1 BOKTOPCKMX ANCCEPTaLMI, 3aliMLLeH-
HbIX MO TeMaTuKe GOTOAVHAMMNYECKO Tepanu 1 GayopecLeHTHON ANarHOCTUKY, B MOCNEAHVE rofbl CTabUIbHO BEJIMKO U, MO HEKOTOPbIM
Hay4HbIM CrieLnMasibHOCTAM, JOCTUraeT 2-3% OT 06LLero Yucna guccepraumin, 3alyieHHbIX MO AaHHbIM cneuunanbHocTaM. MpupocT obuiero
yncna ny6bnukaumn 3a 10 net no paHHbIM PUHLL coctaBun 224% (c 218 ny6nvkaumii B 2014 r. go 489 ny6nukaumn B 2019 r.). MNonyyeHHble
pe3ynbTaTbl NOATBEPXKAAIOT PACTYLLUIA CNPOC Ha GOTOCEHCUOUNM3aTOPbI ANst OTOAMHAMUYECKON Tepanun 1 GITyopecLieHTHOW ANarHOCTUKM
B KJIMHNYECKOW NMPAKTUKe, paclumpeHmne reorpadmm Ncnosib3oBaHUA METOAOB, a TakKe CTabUbHBIN NHTEPEC K JaHHOWN TEMAaTUKe B HayUYHO-
nccnepoBaTenbCcKom cpege.

ORIGINAL ARTICLES

KnioueBble cnioBa: GoToanHamMmmyeckas Tepanus, GpiyopecuyeHTHasA ANAarHoCTUKA, FOCYAaPCTBEHHbIE 3aKY MKW, XI0PVH €6, GTanoumaHyH anto-
MVHUA, 5-aMVHONEBYNIMHOBAA KNCIOTA, METUOBbIN GNP 5-aMUHOMNEBYIMHOBO KUCIOTbI
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The history of the use of photodynamic therapy (PDT)
and fluorescence diagnostic (FD) in clinical practice
has more than 100 years in the world and about 30
years in Russia [1,2,3,4]. The advantages of the PDT
method are the focus of the impact on tumor foci and
high efficiency in the absence of systemic toxicity. The
method is successfully used in clinical oncology. In many
oncological diseases, PDT makes it possible to achieve
results that are not available with other methods of
antitumor therapy. Thus, the method is effective even in
a number of metastatic forms of malignant neoplasms,
in cases where other methods are no longer applicable.
Moreover, PDT makes it possible to avoid the appearance
of rough cicatricial tissues in the treatment of precancer
and early cancer, which is very important, for example,
in gynecology during the treatment of patients of
childbearing age; to achieve a good cosmetic effect, to
minimally injure healthy tissues surrounding the tumor
in the treatment of tumors on the face, etc. Conducting
PDT of the surgical area after surgical removal of a tumor
(localized, for example, in the bladder, brain, etc.) makes
it possible to significantly reduce the risk of recurrence
[5,6,7,8,9]. On the other hand, FD is successfully used for
the purpose of early diagnosis of the disease, as well as to
clarify the boundaries of an already detected neoplasm
and identify additional foci during surgical treatment in
order to more radically remove the tumor and reduce
the likelihood of recurrences. The combination of FD and

PDT is a recognized method of oncological theranostics
[10,11,12,13,14,15].

As international experience shows, in addition to
oncology, FD and PDT are widely used in various fields of
medicine: in the treatment of infectious diseases, in der-
matology, neurosurgery, ophthalmology, dentistry, etc.

In Russia, the beginning of the clinical application
of FD and PDT methods dates back to 1992, when pre-
clinical studies of the first domestically-produced pho-
tosensitizer photohem were completed. After obtaining
permission from the Ministry of Health of Russia, the PDT
method was first used in clinical practice in Russia, as part
of the Phase | clinical trials of photohem at the Moscow
Scientific and Research Oncological Institute named after
PA. Herzen (V.V. Sokolov, E.V. Filonenko) and at the Cen-
ter for Laser Medicine (E.F. Stranadko) [1]. From 1992 to
2011, there was a stage of preclinical and clinical study of
new domestically-produced photosensitizers, develop-
ment of optimal FD and PDT methods and effective med-
ical technologies based on them. This work was carried
out with the active participation of a group of young sci-
entists from the Moscow Scientific and Research Onco-
logical Institute named after PA. Herzen, who were able
to combine the efforts of specialists from many other
institutions - synthetic chemists, physicists, biologists,
clinicians, and together go from the formation of an idea,
through the development of new molecules of photo-
sensitizers and experimental design samples of laser
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equipment for FD and PDT, the development of indus-
trial production of domestic drugs and laser equipment,
to the widespread introduction of FD and PDT methods
into clinical practice in the regions of Russia. This multi-
stage and multi-directional work was evaluated by the
award of the Russian Federation Government Prize in the
field of science and technology in 2011. Over time, spe-
cialists united in the Russian Photodynamic Association
(RPA) to develop and promote the method in Russia and
popularize Russian experience abroad.

At present, after years of fruitful work of the RPA,
FD and PDT methods are included in the oncological
standards and clinical recommendations for a number
of nosologies (since 2012), as well as to the program of
state financing of treatment using these methods under
the OMI system (since 2013). The result of the activities
of the field-specific professional community of RPA was
the creation of conditions, including economic ones, for
the wide development of these methods in clinical prac-
tice. The key moment that influenced the beginning of
the rapid introduction of the method into wide clinical
practice in Russia was the inclusion of the methods in
the list of therapeutic measures carried out within the
framework of state guarantees in 2013. According to IMS
Health, in the first half of 2014 the volume of the Russian
market of drugs based on photosensitizers amounted to
33 million rubles, having increased by 90% compared to
the same period in 2013, i.e. almost twice [16].

In recent years, the development of FD and PDT meth-
ods in Russia has been characterized by an intensive rise,
a steadily growing interest in the method of specialists
from various medical specialties, an increase in the equip-
ping level of hospitals with the necessary equipment for
FD and PDT, the emergence of new photosensitizers on
the pharmaceutical market, and an increase in the level
of patient confidence in these methods. Furthermore,
traditionally, FD and PDT are those scientific areas that
are in demand for the latest developments by scientists
around the world, including Russia. One of the indicators
of this is that in our country the number of dissertations
defended in the field of FD and PDT is growing every
year. Concurrently, the number of scientific studies in this
area is also increasing. The growth of interest in FD and
PDT in the regions has been especially evident in the last
few years.

The aim of this study was to analyze the dynamics of
the development of the clinical application and scientific
developments of FD and PDT in the last decade in Russia.
These indicators were assessed: by the volume of con-
tracts (according to the website www.zakupki.gov.ru) in
the framework of public procurement of photosensitiz-
ers in the constituent entities of the Russian Federation,
for specific drugs and medical institutions in which this
method is introduced into clinical practice; as well as
by the activity of research work in the FD and PDT field,

estimated by the number of candidate and doctoral dis-
sertations on this topic and by the number of scientific
publications in the RSCI.

Materials and methods

The activity of research work in the field of FD and
PDT was assessed by the number of defended disserta-
tions for the degree of candidate and doctor of science
on the specified topic over the past 9 years (2012-2020).
The dynamics of the number of defended dissertations
over the years and the share of target dissertations from
the total number of defended dissertations in individual
specialties were assessed. The source of information
about the defense of candidate's and doctoral disserta-
tions was the official website of the State Commission
for Academic Degrees and Titles under the Ministry of
Science and Higher Education of the Russian Federation
www.vak.minobrnauki.gov.ru. The sample of analyzed
dissertations was limited to the period for which disser-
tations are presented in the State Commission for Aca-
demic Degrees and Titles archive on the website www.
vak.minobrnauki.gov.ru - from 2012, there is no informa-
tion on the website prior to this period.

The number of scientific publications in the RSCI data-
base (www.elibrary.ru) for 2010-2019 was also analyzed.
The dynamics of changes in the number of full-text sci-
entific articles, abstracts of scientific reports and patents
on the subject of FD and PDT by years was assessed. The
analysis did not include publications of 2020 due to the
fact that many periodicals post materials in the RSCI with
a significant delay.

The breadth of clinical use of the methods in Russia
was assessed by analyzing data on the volume of con-
tracts in the framework of public procurement of pho-
tosensitizers intended for FD and PDT in clinical centers,
implemented using the www.zakupki.gov.ru portal. Pur-
chase volumes were analyzed in monetary and numerical
terms (number of purchased packages of photosensitiz-
ers) and by the number of clinical institutions purchasing
photosensitizers for PDT. For the analysis, we used data
for 2014-2020 (prior to 2014 information on this issue is
not available).

Results

Development of scientific research in the field of FD
and PDT over the past decade

Analysis of the development of FD/PDT as a separate
scientific area was carried out according to the number
of defenses of candidate's and doctoral dissertations,
data on which are published on the official website of
the State Commission for Academic Degrees and Titles
(vak.minobrnauki.gov.ru). The number of scientific pub-
lications in the RSCI database (www.elibrary.ru) was also
analyzed. The dynamics of changes in the number of
full-text scientific articles, abstracts of scientific reports
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2 3 a Fig. 1. The annual increase in the number of specialties of
1T 2003 N4 2005 2006 AT 2008 2019 200 the Higher Attestation Commission, for which theses on FD
Foa/ Year and PDT were defended and data on which were published on

the official website of the Higher Attestation Commission (vak.
minobrnauki.gov.ru) in 2012-2020.
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Fig. 2. Distribution of defenses of candidate and doctoral theses in FD and PDT by years: a — absolute values; b - relative values.
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Fig. 3. Distribution of theses on FD and PDT, defended in 2012-2020, by specialties.

and patents on the subject of FD and PDT by years was
assessed.

The total number of candidate's and doctoral disser-
tations defended in 2012-2020 on the subject of FD and
PDT, amounted to 93 dissertations in 26 scientific spe-
cialties out of 430 specialties represented in the State
Commission for Academic Degrees and Titles. Of these,
doctoral dissertations — 7, candidate's - 86. These fig-
ures do not exactly correspond to the real number of
defenses on these topics, since the analysis only took
into account those works in the title of which there was
an indication of PD, PDT, as well as chemical and com-
mercial names of photosensitizers. The real number of
defenses on these topics is more than the figures given,
since not all works have research and/or application of
these methods in the title. Examples include the fol-
lowing works: Murshudova S. “Peculiarities of the clini-
cal course and diagnosis of precancer and early vulvar
cancer”(2013) - the paper presents a methodology and
evaluates the results of fluorescent diagnostics in pre-
cancer and vulvar cancer. It is not possible to accurately
estimate the number of works that were not included
in this analysis for this reason, however, according to
experts, they amount to about 25-30%.

The annual growth since 2012 of new scientific spe-
cialties in which candidate's and doctoral dissertations
on the subject of FD and PDT were defended is shown
in Fig. 1.

In 2012, the number of such specialties was 9 (14.01.12
Oncology, 14.01.14 Dentistry, 14.01.03 Diseases of the
ear, nose and throat, 06.02.01 Diagnosis of diseases and
therapy of animals, pathology, oncology and morphol-
ogy of animals, 14.01.17 Surgery, 14.01.07 Eye diseases,
14.03.10 - Clinical laboratory diagnostics, 14.01.23 Urol-
ogy, 14.01.01 Obstetrics and gynecology). By 2020, the
number of specialties in which defenses were held on
the topics of FD and PDT increased by 17 and the total
number of specialties amounted to 26.

The distribution of the number of defenses of disser-
tations on FD and PDT by years is shown in Fig. 2.

As can be seen from Fig. 2a, in total, from 2012 to
2020 86 dissertations were defended for the degree of
the candidate of medical sciences and 7 - the doctor of
medical sciences. In those years when both candidate
and doctoral dissertations were defended, the propor-
tion of defending doctoral dissertations ranged from 9%
to 20% (Fig. 2b). Despite the changes in the number of
defenses of candidate's and doctoral dissertations for
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Fig. 4. Distribution of the share of theses in FD and PDT from the total number of theses defended in the specialties in 2012-2020.

individual years, on average the number of defenses
remains approximately at the same level with a tendency
to some increase in recent years. So, over the past 3 years
(2018-2020), the total number of defenses was 31 (30
candidate's and 1 doctoral), which is slightly more than in
the previous similar period (2015-2017): 28 dissertations
(25 candidate's and 3 doctoral), and close in terms of val-
ues to the previous three-year period (2012-2014): 34 dis-
sertations (31 candidate's and 3 doctoral). The share of
candidate's dissertations defended over the past 3 years
has grown and in 2018-2020 averaged 96.8% compared
t0 91.2% and 89.3% in 2012-2014 and 2015-2017.

This fact indicates that research in this area does not
stop and is relevant both in fundamental and applied
areas. In different years of the analyzed period, the total
number of dissertations defenses for the degree of a can-
didate and a doctor of medical sciences varied from 5 to
16 per year.

Fig. 3 shows the distribution of the number of disser-
tations on FD and PDT defended in 2012-2020 by indi-
vidual scientific specialties.

The largest number of dissertations over 9 years was
defended in three specialties: 14.01.14 Dentistry (15 dis-
sertations, of which 14 are candidate's and 1 doctoral),
03.01.02 Biophysics (12 theses, of which 11 are candi-
date's and 1 doctoral) and 14.01.12 Oncology (11 disser-
tations, including 9 candidate's and 2 doctoral).

Fig. 4 shows the distribution of the share of disserta-
tions in FD and PDT from the total number of disserta-
tions defended in individual specialties for a total of 9
years.

From the data presented in Fig. 4, it can be seen that
the largest share in the total number of dissertations
defended in a particular specialty over 9 years are dis-
sertations in the specialty 03.01.02 Biophysics — 3.46% of
dissertations in this specialty were defended on the top-
ics of FD and PDT. On the second and third places in this
indicator are the specialties 02.00.10 Bioorganic Chemis-
try and 14.04.01 Formulation - 2.14% and 1.82%, respec-
tively.

The number of publications on the subject of FD and
PDT in the RSCl was analyzed. The analysis includes data
on the number of scientific articles, abstracts of scien-
tific conferences and patents for 2010-2019. The analysis
did not include publications of 2020 due to the fact that
many periodicals post materials in the RSCl with a signifi-
cant delay.

Fig. 5 presents data on the annual increase in the
number of journals in which articles and abstracts on the
subject of FD/PDT were published according to the RSCI
data.

As can be seen from the data presented in Fig. 5, in
2010, 94 journals published scientific materials on the
subject of FD and PDT, in 2011, scientific materials on
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Fig. 5. An annual increase in the number of journals in which
scientific materials on FD and PDT were published according to

the subject of FD and PDT were first published in 36 new
journals, in 2012 —in 62, in 2013 - in 60, in 2014 —in 53,
in2015-in47,in2016in-in41,in 2017 -in42,in 2018
in 45 and in 2019 in 23 new magazines. The total number
of journals in which, according to the RSCI data, scientific
materials on the subject of FD and PDT were published
during this period was 503.

In the period under review, the number of scientific
publications on the subject of FD and PDT is steadily
increasing. The total number of publications over 10
years increased by 2.6 times (218 publications in 2014,
565 publications in 2019), including the doubled num-
ber of scientific articles (152 articles in 2014, 306 articles
in 2019 years), the number of conference abstracts -
increased by 8 times (23 abstracts in 2014, 183 abstracts
in 2019), the number of patents - by 1.8 times (43
patents in 2014, 76 patents in 2019). The dynamics of

Mumber of publications
- BB EEEE B
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the RSCIl data in 2010-2019.
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Fig. 7. An annual increase in the number of RF constituent
entities that have entered into a contract for the supply of
photosensitizers, according to the website www.zakupki.gov.ru in
2014-2020.

the number of publications for the analyzed period is
shown in Fig. 6.

As shown by Fig. 6, in addition to an increase in the
number of publications on the subject of FD and PDT,
there is also a redistribution by the nature of publica-
tions. There is a trend towards an increase in the num-
ber of conference abstracts, which in 2012 accounted for
10.6% of the total number of publications, and in 2019
- 32.4%. This trend is associated with the active holding
of schools, conferences and congresses, in particular,
the RPA holds annually: "Winter School on FD and PDT"
since 2013 and "International Congress on FD and PDT"
since 2012. The Congress in 2012 was attended by 120
specialists from 32 organizations; after 5 years (in 2017),
the number of participants increased by 5 times and
amounted to more than 600 people from 53 organiza-
tions; by 2021, the number of participants exceeded 750
people from 85 organizations.

Introduction of FD and PDT methods into clinical
oncological practice in the Russian Federation

An analysis of the dynamics of the introduction of
FD and PDT methods into clinical oncological practice
in Russia in recent years was carried out on the basis of
the data on government purchases of photosensitizers
published on the www.zakupki.gov.ru portal. It should
be understood that, due to the fact that this resource
reflects information only on purchases to federal medical
institutions, the number of volumes of purchased photo-
sensitizers, and, therefore, the number of patients treated
in commercial clinics, is not taken into account in this
analysis, which makes the data presented in the article
not absolute. There may also be an error associated with
the theoretical possibility of a situation where an already
concluded contract has not been implemented.

Analysis of information on the portal www.zakupki.
gov.ru revealed 688 contracts concluded for the pur-
chase of photosensitizers for FD and PDT in clinical insti-
tutions in the Russian Federation in 2014-2020 (prior to
2014 information on this issue is not available).

During the analyzed period, the number of new con-
stituent entities of the Russian Federation, in which the
methods of FD and PDT were first applied, increased by
3-12 per year (Fig. 7).

In 2014, photosensitizers were purchased through the
www.zakupki.gov.ru portal, and, accordingly, the FD and
PDT methods were used in 27 constituent entities of the
Russian Federation. In 2015, for the first time, purchases
were made in 12 additional constituent entities of the
Russian Federation, in 2016 -in 10,in 2017 —in 4,in 2018
-in6,in 2019 -in 6 and in 2020 - in 3 constituent entities
of the Russian Federation. Thus, by the end of 2020, the
method has been implemented in 68 constituent entities
of the Russian Federation. At the same time, in a number
of the above constituent entities (13 constituent entities),
purchases of photosensitizers through the portal www.
zakupki.gov.ru are carried out annually, in others (43) -
once every 2-3 years, there are also those where there
were so far single purchases (12).

We did not find information on public procurement
of photosensitizers in 17 constituent entities of the Rus-
sian Federation: the Republics of Adygea, Altai, Buryatia,
Dagestan, Ingushetia, Kalmykia, Karelia, Tyva, Khakassia,
the Udmurt Republic, Magadan, Oryol, Ryazan, Tambov
regions, Nenets, Chukotka, Yamalo-Nenets Autonomous
okrugs.

Distribution of total volumes of public procurement
of photosensitizers by constituent entities of the Rus-
sian Federation in 2014-2020 in monetary and numerical
terms is presented in Fig. 8 and 9, respectively.

Figs. 8 and 9 show that Moscow dominates in both
indicators. In the analyzed period, 113 contracts for the
purchase of photosensitizers for clinical practice were
concluded in Moscow, while the volume of public pro-
curement amounted to 176.36 million rubles (10.79
thousand packages). St. Petersburg city takes second
place. The volume of public procurement of photosen-
sitizers in the analyzed period in this constituent entity
of the Russian Federation is comparable to the indica-
tors of Moscow and amounted to 171.45 million rubles
(10.61 thousand packages) within the framework of 107
concluded contracts. Chelyabinsk, Murmansk, Rostov
and Sverdlovsk regions follow with a significant margin —
87.80 million rubles (5.82 thousand packages), 77.13 mil-
lion rubles (4.51 thousand packages), 72.31 million rubles
(4.09 thousand packages) and 66.54 million rubles (3.48
thousand packages), respectively. Fig. 8 and 9 also show
the distribution of the volume of public procurement of
photosensitizers in each constituent entity of the Rus-
sian Federation by years. In Moscow, the largest volume
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Fig.10.Anannualincrease inthe numberof medical organizations
that entered into contracts for the supply of photosensitizers
according to the website www.zakupki.gov.ru in 2014-2020.

of procurement was noted in 2020 (44.77 million rubles,
2.63 thousand packages). In St. Petersburg, the largest
volume of public procurement of photosensitizers was
observed in 2019 (41.93 million rubles, 2.11 thousand
packages).

Interestingly, in Murmansk region, information on
the availability of public procurement of photosensitiz-
ers on the portal www.zakupki.gov.ru appeared only in
2019, while the volume of public procurement in 2019
amounted to 20.93 million rubles, and in 2020 - 56.20
million rubles, which is comparable to the figures for
Moscow and St. Petersburg. These data confirm the
trends in the development of FD and PDT methods in the
regions. Thus, in 2014, the share of public procurement
of photosensitizers in Moscow and St. Petersburg was

35.9% of the volume of public procurement of photosen-
sitizers throughout Russia, in 2019 this figure dropped to
26.5%. The share of purchases of photosensitizers in the
constituent entities of the Russian Federation with a pop-
ulation of less than 5 million people in 2014 was 60.4%
of the total number of purchases of photosensitizers in
Russia, and in 2020 it increased by more than 10%, and
already amounted to 70.5% of the total number of pur-
chases. Moreover, the share of purchases of photosensi-
tizers in the constituent entities of the Russian Federation
with a population of less than 1 million people from 2014
to 2020 increased by 9 times from 2.9% to 25.3% of the
total number of purchases.

The number of medical organizations on the basis of
which the methods of FD and PDT are introduced is also
growing every year. At the same time, during the ana-
lyzed period, the number of new medical organizations
in which the methods of FD and PDT were first applied,
according to the portal www.zakupki.gov.ru, increased
annually by 15-28 (Fig. 10).

In 2014, photosensitizers were purchased and,
thereof, FD and PDT methods were used in 41 medi-
cal organizations; in 2015, for the first time, purchases
were made in another 28 new medical organizations, in
2016 - in another 28, in 2017 - in another 15, in 2018 -
in another 23, in 2019 - in another 25 and in 2020 - at
21.Thus, in general, during the analyzed period, FD and
PDT methods were introduced in 181 oncological medi-
cal organizations.

In 2014, out of all constituent entities of the Russian
Federation that used FD and PDT methods according to
the portal www.zakupki.gov.ry, in 21 (77.8%) the method
was used only in one medical organization, in 4 (14.8%
) —intwo, in 1 (3.7%) - in four and in 1 (3.7%) - in eight.
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In 2020, out of all constituent entities of the Russian Fed-
eration that used FD and PDT methods according to the
portal www.zakupki.gov.ru, in 27 (60.0%) the method
was used only in one medical organization, in 12 (26.7%)
—in two, in 3 (6.7%) - in three, in 1 (2.2%) - in four, in 1
(2.2%) — in seven and in 1 (2.2%) - in thirteen (Fig. 11).

Fig. 11 shows that the number of constituent entities
of the Russian Federation, where FD and PDT are used
in 4 or more medical organizations, annually remains
approximately at the same level (2-4 subjects, 5.0-9.5%
of the total number of constituent entities of the Russian
Federation using FD and PDT methods in a particular
year), while the number of constituent entities in which
FD and PDT were used in 4 or more medical organiza-
tions over the entire analyzed period was 5: Moscow city,
St. Petersburg city, Rostov, Moscow and Tomsk regions.

The number of constituent entities of the Russian
Federation, where medicinal products for FD and PDT
were purchased from 2-3 medical organizations, is 2-15
(7.7-33.4%) annually, while the number of subjects in
which medicinal products for FD and PDT were pur-
chased from 2-3 medical organizations over the entire
analyzed period was 23.

The number of constituent entities of the Russian Fed-
eration where medicinal products for FD and PDT were
purchased from 1 medical organization is 21-30 (60.0-
84.6%) annually, while the number of constituent entities
in which FD and PDT were used in 1 medical organization
for the entire analyzed period was 40.

During the analyzed period, the number of subjects
in which FD and PDT are used in 4 or more medical
organizations remains approximately the same, and the
redistribution occurs due to a decrease in the number of
subjects in which PDT is used only in 1 medical organiza-
tion and an increase in the number of constituent enti-
ties in which PDT is used in 2-3 medical organizations.
For instance, in 2014 PDT in one medical organization
was presented in 21 constituent entities of the Russian
Federation (77.8%), in 2-3 organizations - in 4 (14.8%); in
2020 - in 27 (60.0%) and 15 (33.4%), respectively.

The population size in different subjects of the Rus-
sian Federation varies greatly, so it was interesting to
analyze the results obtained taking into account the
population size. Figs. 12 and 13 show the total volume
of public procurement of photosensitizers for 7 years in
the constituent entities of the Russian Federation, taking
into account the population in monetary and numerical
terms, respectively.

The largest number of packages of photosensitizers
per 100 thousand population was purchased under con-
tracts, information about which is available on the public
procurement portal, in Murmansk region - 608.7 pack-
ages per 100 thousand population in 2014-2020, which
amounted to 10.40 million rubles per 100 thousand pop-
ulation. The second place in terms of the number of pack-

ages of photosensitizers per 100 thousand population —
St. Petersburg (196.6 packages per 100 thousand popu-
lation), then Kaluga (194.0 packages per 100 thousand
population) and Chelyabinsk regions (167.8 packages
per 100 thousand population), in fifth place is Novgorod
region (147.5 packages per 100 thousand people).

At the same time, in terms of public procurement of
photosensitizers (in monetary terms) per 100 thousand
people, the second place after Murmansk region is occu-
pied by Tomsk region (3.75 million rubles per 100 thou-
sand of the population), the third — by Kamchatka Krai
(3.44 million rubles per 100 thousand population) and
St. Petersburg in fourth place (3.18 million rubles per
100 thousand population). Kaluga, Novgorod and Chely-
abinsk regions are in fifth, sixth and seventh places (2.77,
2.57 and 2.30 million rubles per 100 thousand popula-
tion), respectively.

Moscow ranks eleventh and tenth among the constit-
uent entities of the Russian Federation in terms of public
procurement of photosensitizers per 100,000 population
in monetary (1.39 million rubles per 100,000 population)
and numerical (85.1 packages per 100,000 population)
terms, accordingly, yielding, in addition to the listed enti-
ties, also Rostov and Sverdlovsk regions and the Kara-
chay-Cherkess Republic.

Figs. 14 and 15 show the distribution of the total vol-
ume of public procurement in 2014-2020 for individual
photosensitizers in monetary and numerical terms,
respectively.

Figs. 16 and 17 present data on the volume of public
procurement of individual photosensitizers by years in
monetary and numerical terms, respectively.

From the data presented in Figs. 16 and 17, it can be
seen that in recent years there has been a steady increase
in the volume of public procurement of photosensitiz-
ers. In 2014, the total volume of public procurement of
all photosensitizers amounted to 36.42 million rubles
(3.58 thousand packages), in 2015 - 67.52 million rubles
(4.97 thousand packages), in 2016 - 98.18 million rubles
(6.12 thousand packages), in 2017 — 134.25 million rubles
(7.58 thousand packages), in 2018 — 143.59 million rubles
(8.29 thousand packages), in 2019 — 255.46 million rubles
(13.65 thousand packages), in 2020 - 307.37 million
rubles (18.99 thousand packages).

It can be noted that since 2014, the volume of pub-
lic procurement of medicinal products photoditazine,
radachlorin and alasens has been proportionally increas-
ing. Yearly, throughout the analyzed period, the largest
volume of public procurement among photosensitizers
falls on radachlorin: 34.1-55.7% in monetary terms and
37.7-49.3% in numerical terms. Thus, it should be noted
that since 2014, the share of public procurement of
radachlorin has slightly decreased: from 2014 to 2020,
by 8.3% in monetary terms (from 55.7% to 47.4%) and
by 2.1% in numerical terms (from 49.3% to 47.2%). A sig-
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Fig. 12. Distribution of volumes of state purchases of photosensitizers in 2014-2020 in monetary terms by the constituent entities of

the Russian Federation, taking into account the population.
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Fig. 13. Distribution of volumes of state purchases of photosensitizers in 2014-2020 in quantitative terms by the constituent entities

of the Russian Federation, taking into account the population.
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Fig. 15. Distribution of annual volumes of public procurement of photosensitizers in quantitative terms.
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nificant increase in the volume of public procurement
over the analyzed years is observed for photoditazine:
the volume of public procurement in 2014 amounted to
4.46 million rubles (437 packages), in 2020 - 59.01 mil-
lion rubles (3719 packages). The same trend is observed
for alasens: the volume of public procurement in 2014
amounted to 6.85 million rubles (782 packages), in
2020 - 40.89 million rubles (2196 packages). Over the
past three years, the volume of public procurement of
photoran E6 has significantly increased: in 2018, the first
contracts for the purchase of this medicinal product in
the amount of 0.34 million rubles appear on the portal,
in 2019, the volume of public procurement doubles and
amounts to 35.23 million rubles, and in 2020 - gets to
58.29 million rubles.

From the data presented in Figs. 16 and 17, it can
be seen that the total volume of public procurement of
radachlorin significantly exceeds the volume of public
procurement of other photosensitizers - the share of its
procurement over the 7 analyzed years of the total pro-
curement of all photosensitizers is 44.9% in monetary
terms and 44.8% in numerical terms. As noted above,
there is a trend towards a gradual decrease in the share
of radachlorin purchases in the total procurement of
photosensitizers: from 55.7% in 2014 to 47.3%in 2020 in
monetary terms (from 49.3% in 2014 to 47.2% in 2020 in
numerical terms). The shares of the total public procure-
ment of alasens and photoditazine for 7 years are close
and amount to 20.39% and 20.42% in monetary terms,
and 18.8% and 20.0% in numerical terms, respectively.
At the same time, the share of purchases of alasens is
gradually falling: from 18.8% in 2014 to 13.3%in 2020 in
monetary terms (from 21.9% in 2014 to 11.6% in 2020 in
numerical terms). During the same period, the share of
purchases of photoditazine almost doubled: from 12.2%
in 2014 to 19.2% in 2020 in monetary terms (from 12.2%
in 2014 to 19.6% in 2020 in numerical terms). The share
of photoran E6 procurement has also grown signifi-
cantly in recent years: in 2018 (when the first contracts
for the supply of this photosensitizer appeared on the
website www.zakupki.gov.ru), the share of its procure-
ment was only 0.2% and 0.3% in monetary and numeri-
cal terms, respectively. In 2020, this share increased by
almost 100 times and already stood at 19.0% and 19.2%,
respectively. The total volume of public procurement of
photosens and metvix for 2014-2018 (there were no
public procurements of these two medical preparations
in 2019-2020) is insignificant and amounts to 0.08%
and 0.06% in monetary terms and 0.09% and 0.06%
in numerical terms, respectively, of the total volume
of public procurements of photosensitizers. In recent
years, the share of public procurement of photolon has
significantly decreased - from 11.2% in 2014 to 1.1% in
2020 in monetary terms (from 15.2% in 2014 to 2.5% in
2020 in numerical terms).

Discussion

Our analysis of information from available informa-
tion sources in the Russian Federation does not allow us
to determine the exact number of medical organizations
and scientists who have been dealing with the problems
of FD and PDT over the past decade, but it has made it
possible to identify trends in the development of both
the scientific and clinical components of these methods
in Russia.

A systematic increase in both scientific products on
this topic and the number of medical institutions and
constituent entities of the Russian Federation that have
applied the method has been registered.

As a rule, where the method is introduced into clini-
cal practice, it continues to be used, as evidenced by
the annual or systematic purchases of photosensitizers
in 82.4% of Russian constituent entities that have intro-
duced the method.

The number of patients who underwent FD ses-
sions is growing, as evidenced by the increase in pur-
chases of the drug for diagnostics - alasens. In 2014,
782 packages of alasens were purchased through the
public procurement portal www.zakupki.gov.ru. By
2020, this number has increased almost 3 times — up
to 2,196 packages.

The number of patients treated by PDT is growing,
which is confirmed by the growth in purchases of pho-
tosensitizers intended for PDT: photoditazine, radachlo-
rin, photoran E6, photolon. In 2014, the total volume of
their purchases through the www.zakupki.gov.ru portal
was 2,794 packages, and by 2020 it increased 6 times
and amounted to 16,792 packages.

The change in the assortment and ratio of the vol-
umes of purchased photosensitizers registered over
the past decade indicates a trend in the introduction
of methods into routine clinical practice in the regions
of Russia. Thus, the greatest demand is for photosen-
sitizers used mainly for those nosologies that occupy
a leading position in the structure of morbidity in our
country (drugs based on chlorin e6) and a drug used
for diagnosis (alasens). On the contrary, photosensitiz-
ers that have a limited number of indications (photo-
sens) or are used in secondary prevention programs
(metvix) are becoming less popular or completely
leaving the market, which is mainly due to unattrac-
tiveness for business.

Conclusion

The results obtained confirmed the growing
demand for photosensitizers for photodynamic ther-
apy and fluorescence diagnostics in clinical practice,
the expansion of the geography of the photosensitiz-
ers use, as well as the stable interest in this topic in the
research environment in the Russian Federation over
the past decade.
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