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EFFECTIVENESS OF PURPLE LED FOR INACTIVATION
OF BACILLUS SUBTILIS AND ESCHERICHIA COLI BACTERIA
IN'IN VITRO STERILIZERS

Yaqubi AK.', Astuti S.D.2, Permatasari PA.D.3, Komariyah N.?, Endarko E.3, Zaidan A.H.*
'Doctorate Degree, Faculty of Science and Technology, Airlangga University, Surabaya, Indonesia
2Department of Physics, Faculty of Science and Technology, Airlangga University, Surabaya,
Indonesia

3Deapartemen of Mathematics, Faculty of Science and Technology, Airlangga University,
Surabaya, Indonesia

*Physics Study Program, Department of Physics, Faculty of Science and Data Analytics, Sepuluh
Nopember Institute of Technology, Surabaya, Indonesia

Abstract

Bacteria are inactivated using a technique called photodynamic inactivation, which combines light with a photosensitizer with the right spectrum.
The objective of this study is to ascertain the efficiency of purple LEDs for photoinactivating Bacillus subtilis and Escherichia coli bacteria as well as
the ideal purple LED exposure energy density. This study technique involves exposing bacteria to purple LED radiation. Two elements of variation
are used during irradiation. The first variation is the illumination variation at distances of 3 cm, 6 cm, 9 cm, and 12 cm. The second variation involves
changing the amount of radiation for 30, 60, 90, and 120 minutes. The Total Plate Count (TPC) method was used to count the number of colonies.
Statistical tests were utilized in data analysis, namely the One Way Anova test (analysis of variance). The results of this study indicated that 395
nm purple LED irradiation caused a decrease in Log CFU/mL of Bacillus subtilis and Escherichia coli bacteria. Inactivation of Bacillus subtilis bacteria
showed a higher mortality percentage than Escherichia coli bacteria. Changes in other irradiation distances also showed a higher percentage of
death for Bacillus subtilis bacteria than Escherichia coli bacteria. The highest percentage of death was 98.5% for Bacillus subtilis bacteria and 94.3%
for Escherichia coli bacteria at position C with an irradiation distance of 3 cm and an energy density of 524 J/cm? with an LED exposure time of 120
minutes. This shows that the percentage of death of bacteria Bacillus subtilis and Escherichia coli increased with increasing doses of LED energy with
the greatest percentage of death in Gram-positive bacteria Bacillus subtilis.

Key words: health security, photodynamic inactivation, purple LED, Bacillus subtilis, Escherichia coli.

For citations: Yaqubi A.K., Astuti S.D., Permatasari PA.D., Komariyah N., Endarko E., Zaidan A.H. Effectiveness of purple LED for inactivation of
Bacillus subtilis and Escherichia coli bacteria in in vitro sterilizers, Biomedical Photonics, 2022, vol. 11, no. 4, pp. 4-10. doi: 10.24931/2413-9432-
2022-11-4-4-10.
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Pesiome

WHakTBaLma 6akTepuii MOXeT ObiTb BbIMOHEHA C MCMOMIb30BaHWEM METOAa, Ha3biBaeMoro GOTOANHAMNYECKON UHAKTVBaLMEl, B OCHOBE
KOTOPOTO IEXKUT aKTVBaLMA GOTOCEHCHOMIM3aTOPa CBETOM OMPefeNieHHOro cnekTpa. Lienbio AaHHOro nccnefoBaHuaA ABNAETCA onpegeneHve
30 PeKTUBHOCTY CBETOANOMOB C U3NyYeHnemM B G1oneToBon obnactu cnektpa ans dotomHakTneaumm 6aktepuin Bacillus subtilis n Escherichia
coli, a Takxxe onpefeneHvie ONTUManbHOW MAIOTHOCTW SHEPrW Bo3aencTuA. MNpn 06nyyeHrmn 6binm NCNonb3oBaHbl ABa M3MEHAEMbIX Mapame-
Tpa. [epBbiii NapameTp — 3TO PacCTOAHUE OT UCTOYHKKa 06NyYeHUs Ao 06nyyYaeMon MOBEPXHOCTM (3 cm, 6 cm, 9 cm 1 12 cm). BTopoii napameTp
- Bpems obnyyenus (30, 60, 90 1 120 muH). [Ins nogcyeTa KOMYECTBA KOJIOHUIA MCMOIb30Bav MeTog, obLiero nogcyeta vauwek (Total Plate
Count). Mpu aHanu3e AaHHbIX MCMONb30BaNN CTATUCTUYECKME TECTbl, @ UMeHHO TecT One Way Anova (gucnepcroHHbI aHanus). PesynbTaThl
3TOro NCCNeROBaHVIA Nokasany, YTO CBETOAVOAHOE U3NyUYeHne B pLONETOBON 06NacTh CNeKTpa C ANVHON BOMHbI 395 HM BbI3blBano CHUXEHME
log KOE/mn 6aktepuii Bacillus subtilis v Escherichia coli. Bo3peiictre Ha 6aktepun Bacillus subtilis nokasano 6osee BbICOKMIA MPOLIEHT CMepT-
HOCTW, YeM anAa 6aktepuin Escherichia coli. Jlyuwne pe3ynbTaTbl 661 NOAYYEHbl MPU PACCTOAHUN A0 UCTOYHMKA 006yUYeHmns 3 CM, NNOTHOCTY
SHeprun 524 [1x/cM?, 1 BpemeHn Bo3aencTena ceetogunoga 120 muH. B 3Tom pexkume 6bino nHakTUBMpoBaHo 98,5% 6aktepuii Bacillus subtilis
1 94,3% 6aktepui Escherichia coli.

KnioueBble cnoBa: 6e30nacHocTb, poToguHaMNYecKas nHaKTMBauus, ruonetoBbii ceeToguog, Bacillus subtilis, Escherichia coli.
Ana yntuposaHus: Yaqubi AK., Astuti S.D., Permatasari PA.D., Komariyah N., Endarko E., Zaidan A.H. 3¢deKTrBHOCTb in Vitro nHakTMBaLmm

6akTepuii Bacillus subtilis v Escherichia coli B cTepunraTopax ¢ Mcnosnb3oBaHeM obnyueHus B pronetosoit obnactn// Biomedical Photonics. -
2022.-T.11,N2 4. - C. 4-10. doi: 10.24931/2413-9432-2022-11-4-4-10.

KonTakrbi: Astuti S.D., e-mail: suryanidyah@fst.unair.ac.id

Introduction

The goal of sterilizing health services is to achieve the
best/highest level of individual/community health by
effort, work, or health-related activities. In hospitals and
other healthcare facilities in Indonesia, infection and sepsis
continue to be among the leading causes of mortality and
morbidity. The spread of infections and diseases can have a
negative impact on the health of employees, patients, and
the medical procedures performed at healthcare facilities.
The presence of contaminating bacteria as an infection
source has a significant impact in settings that should
be kept sterile, including operating rooms, laboratories,
and existing medical equipment. Bacillus subtilis is a
common contamination microorganism detected in
medical equipment. Escherichia coli is the bacteria that is
frequently discovered in food. These bacteria’s spores are
also agents that contribute to food spoiling, operate as
disease vectors, and can alter food quality, which makes
them a serious problem for the food industry [1].

Additionally, the cleanliness of the food we eat has an
impact on our health. The application of cleanliness, safety,
comfort, and regularity which decreases or even avoids
the possibility of contamination is the primary principle
of food sanitation. using food sanitation to regulate the
usage of raw materials, processing locations, and auxiliary
equipment [2]. It must be ensured that the tools used are
clean before they may be used to prepare and serve food.

All biological forms are eliminated during sterilization.
From a microbiological perspective, a thing is free of living
microorganisms if it is sterile. Among all living things,
bacterial spores are the most resistant to sterilization. The
quantity and kind of microorganisms, the degree and type
of contamination by other substances, and whether or not
microorganisms are present on the device all affect how

BIOMEDICAL PHOTONICS T.11, Ne4/2022

effectively a device is sterilized [3]. Dental instruments and
otheritemsthatcomeinto contact with blood or bodily tissue
must be sterilized. Dry heat sterilization is one of the most
popular sterilization processes. The drawbacks of the dry
heat sterilization approach include the lengthier sterilization
time, the slow and uneven material penetration, the need
for an oven and a constant power source, the inability to
disinfect plastic and rubber devices, and the high cost of
the sterilizing equipment. In order to effectively inactivate
contaminating bacteria, a different approach including
photodynamic inactivation is therefore required. Previous
studies have been conducted to see the effectiveness of
light for inactivating bacteria and fungi [4, 5].
Photoinactivation is the process of preventing cellular
metabolism due to cytoplasmic membrane damage
brought on by reactive oxygen in lipids and proteins
[6]. The membrane transport system in the bacterial
cell is either inactive or undergoes cell lysis as a result of
reactive oxygen. The light source, the photosensitizer
as a substance, and the free radicals that lead to cell
inactivation are the three primary causes of photodynamic’
success. Endogenous porphyrins, which some bacteria
naturally create and which are photosensitizers and light-
absorbing compounds (sensitive to light). Every porphyrin
molecule has the capacity to absorb light of a specific
wavelength [7]. Bacterial cells will be photo inactivated
when the right combination of light and photosensitizer
is used [8]. A photosensitization mechanism, such as the
absorption of light by porphyrins, triggers reactions in
the substrate to begin the photoinactivation process.
External photosensitizers from various materials such as
chemicals [9], drugs [10], organic/natural materials [11]
and metals [12] can be added to increase the effectiveness
of photoinactivation. The type and number of
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photosensitizers, which act as light-absorbing molecules,
determine this photosensitization.

The Light-emitting diode (LED), a complicated
semiconductor that can convert electrical energy into
light, has the advantage of only releasing a little amount
of heatin the light it generates. It is one of the light sources
that has a porphyrin absorption spectrum range of the
photosensitizer type. The porphyrin absorption spectral
region of the photosensitizer type is present in LED light
sources. Additionally, because LEDs only generate a
minimal amount of heat in the light they provide, they are
superiorto conventionalllight sourcesforthe phototherapy
process [13]. Previous studies demonstrated the ability of
LEDs to inactivate bacteria [5, 14, 15]

The result study previously showed that a purple LED
with a wavelength of 408.6 nm, energy of 61.2 joules,
and a photoinactivation effect of 42.11% was the best
light source for inactivating S. mutans [14]. In another
investigation the visible light with a wavelength of 405 nm
used to test the susceptibility of Bacillus and Clostridium
endospores [16]. Another study with light 405 nm showed
endospores can greatly be affected by light's bactericidal
effects [17]. In contrast, the inactivation of the Listeria
monocytogenes bacteria utilizing high-intensity light with
a 405 nm wavelength [18]. The findings demonstrated that
optimum inactivation is induced by exposure to the 400-
450 nm wavelength range at a rather high dose level (750
J/cm?). Longer than 450 nm exposure does not result in
substantial inactivation. The most efficient wavelength for
inactivating L. monocytogenes is 405 nm of light, according
to an analysis with a 10 nm bandwidth between 400 and
450 nm. These findings informed the choice of a shorter
wavelength, higher intensity purple LED light source for
this research. In this study, Bacillus subtilis and Escherichia
coli bacteria will be photo inactivated in vitro using the best
purple LED exposure energy density and effectiveness.

Materials and methods
Bacterial Culture
The bacterial strain, Bacillus subtilis ATCC 9466 and

Escherichia coli ATCC 25922 was inoculated from Tryptone
Soy Agar (Oxoid, UK) and taken on Tryptone Soy Broth
sterile (Oxoid, UK). The culture of bacteria was incubated
at 37°C until bacterial colonies reached ~108 CFU/mL or
1.0 McFarland Standard.

Purple LED Exposure

Purple LEDs with a peak wavelength of 395 nm were
exposed to Bacillus subtilis and Escherichia coli bacteria.
The instruments used in this study were purple LEDs 395
nm arranged on 10x10 pieces of PCB and assembled in an
acrylic box with a volume of 15x15x15 ¢cm?® and controlled
by a microcontroller. The instrument is equipped with
a display of time (minutes), PWM (%), and irradiation
temperature (°C). The process of irradiating the LEDs on
the samples was carried out in various positions, namely
positions A, B, C, D, and E according to Fig. 1. Treatment
of bacteria was carried out at various distances, namely
at a distance of 3 cm, 6 cm, 9 cm, and 12 cm and time
variations exposure for 30 minutes, 60 minutes, 90 minutes
and 120 minutes. Table 1 shows the average values of the
measurement data for the intensity of a 395 nm purple
LED at a distance of 3cm, 6 cm,9cm and 12 cm.

Puc. 1. lNonoxkeHune obpasua.
Fig. 1. Position of sample.

Table 1

The average values of the measurement data for the intensity of a 395 nm purple LED at a distance of 3 cm, 6 cm, 9 cm

and 12cm
Ta6nuual

CpeaHue 3Ha4YeHuUs JaHHbIX U3MEPEHUA UHTEHCUBHOCTHU U3Jly4eHUs GMoNeToBoro cCBeToanmoaa ¢ ANMHOM BONHbI 395

HM Ha paccTosiHum 3 cM, 6 cm, 9 cm n 12 cm

Distance, A Position, B Position,

mw mw

2 2
cm cm

3 49.4 59.6
6 39.2 41.6
9 27.0 27.0
12 15.6 20.5

C Position, D Position, E Position,

14 mw mW

2 2 2
cm cm cm
89.0 541 54,5
67.6 41.2 40.3
55.1 249 269
35.0 23.0 129
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Data analysis

Using the total plate count approach, the number of
bacterial colonies that were growing was counted. The
following formula is used to determine the percentage
decrease in the number of bacterial colonies:

9% death :I > treatments — Y., control Ix 100%

> control

The One-Way ANOVA test was used as the statistical
analysis (analysis of variance). The purpose of this test is to
identify any variations in the outcomes of each treatment

group.

Results and discussion

Bacillus subtilis and Escherichia coli bacteria were
exposed to purple LEDs at varying distances of 3, 6, and
9 c¢m for periods of 30, 60, 90, and 120 minutes with a
power width modulation (PWM) value of 100%. Fig.1 and
2 showed Bacillus subtilis and Escherichia coli viability after
LED exposure to (a) position A, (b) position B, (c) position
C, (d) position D, (e) position E.

Based on research data, power density and energy
density values are obtained at each position. The position
that has the greatest power density is at position C so that
the energy density value has the greatest value as well. The
power density at positions A, B, D, E have almost the same
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Puc. 2. [paduK nsHecnoco6HOCTU GaKTepui
Bacillus subtilis nocne akcno3uuum B Nonoxe-
HuM A (a), nonoxenuu B (b), nonoxkenuu C (c),
nonoxxexnuu D (d), nonoxkeHuu E (e)

Fig. 2. Graph of Bacillus subtilis bacteria
viability after exposure to (a) position A, (b)
position B, (c) position C, (d) position D, (e)
position E

OPUTUHAJIbHbBIE CTATbU

BIOMEDICAL PHOTONICS T.11, Ne4/2022



AN
n
|_
<C
|_
@)
Ll
n
L
0
=
<
T
~
| —
X
o
O

Yaqubi A.K., Astuti S.D., Permatasari P.A.D., Komariyah N., Endarko E., Zaidan A.H.
Effectiveness of purple led for inactivation of Bacillus subtilis and Escherichia coli bacteria in in vitro sterilizers

values so that the energy density or dose at positions A, B,
D, and E also have almost the same values. Therefore, the
value of the percentage of deaths in these positions has
almost the same value. One Way Anova test findings with
a significance or probability (p) value of 0.00 indicate that
there is a significant difference between the treatments in
this study.

The results of this study indicated that 395 nm purple
LED irradiation caused a decrease in Log CFU/mL of Bacillus
subtilis and Escherichia coli bacteria. Inactivation of Bacillus
subtilis bacteria showed a higher mortality percentage

than Escherichia coli bacteria. Changes in other irradiation
distances also showed a higher percentage of death for
Bacillus subtilis bacteria than Escherichia coli bacteria. The
highest percentage of death was 98.5% for Bacillus subtilis
bacteria and 94.3% for Escherichia coli bacteria at position C
with an irradiation distance of 3 cm and an energy density
of 524 J/cm? with an LED exposure time of 120 minutes.
This shows that the percentage of death of bacteria Bacillus
subtilis and Escherichia coliincreased with increasing doses
of LED energy with the greatest percentage of death in
Gram-positive bacteria Bacillus subtilis.
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Fig. 3. Graph of Escherichia coli bacteria
viability after exposure to (a) position A, (b)
position B, (c) position C, (d) position D, (e)
position E
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Bacteria are photo inactivated by the process of
photodynamic inactivation (PDI), which is regulated
by oxygen, photosensitizer material, and light source.
Photoinactivation is the process of preventing cellular
metabolism due to cytoplasmic membrane damage
brought on by reactive oxygen in lipids and proteins.
The membrane transport system in the bacterial cell is
either inactive or undergoes cell lysis as a result of reactive
oxygen. A 395 nm-wavelength purple LED light source was
employed in the study. Bacillus subtilis and Escherichia coli
bacteria’s absorption spectrum range is taken into account
while adjusting the wavelength.

Power density and energy density numbers are
determined for each place based on research data. Position
C has the highest power density, which also means that
this position also has the highest energy density rating.
Because the power density at points A, B, D, and E is almost
identical, the energy density or dose at these locations
is almost identical as well. As a result, the percentage of
fatalities in these positions is practically the same.

A photophysical mechanism  underlies the
photoinactivation process that happens in Bacillus
subtilis and Escherichia coli. Bacterial cells will be photo
inactivated when the right combination of light and
photosensitizer is used. A photosensitization mechanism,
such as light absorption by porphyrins, triggers reactions
in the substrate to produce radical oxygen species
(ROS) [19]. First step is absorption of photon energy by
endogenous porphyrin (10" s) followed by porphyrin
molecule excitation. The excitation is generally achieved
via a one photon transition between the ground state
and a singlet excited state. Intersystem crossing generates
the sensitizer triplet state. The lifetime of this state is
longer (ms) so it will react with biology subtract in types
I and Il photochemistry mechanisms. A Type | mechanism
involves hydrogen-atom abstraction or electron-transfer
between the excited porphyrin and a substrate, yielding
free radicals [20]. These radicals can react with oxygen
to form an active oxygen species such as the superoxide
radical anion. In a Type Il mechanism, singlet oxygen is
generated via an energy transfer process during a collision
of the excited porphyrin with triplet oxygen. Effect of
ROS is damage to the cytoplasmic membrane, allowing
leakage of cellular contents or inactivation of membrane
transport systems and enzymes that caused peroxidation
in lipid and membrane proteins and cell lysis [21, 22].

Bacillus subtilis and Escherichia coli are Gram positive
and Gram-negative bacteria. Differencesof PDTinactivation
effect on Gram-positive and Gram-negative lies in the
structure of the cell wall [23]. On the outside wall of Gram-
positive bacteria with a thickness of 15-80 nm consisting
of 100 layers peptidoglycan associated with lipoprotein
that binds to the outer membrane and the peptidoglycan
teichuronic acid negatively charged relatively porous. The
outer membrane of Gram-negative bacteria consisting

of lipopolysaccharide, phospholipids, and lipoproteins.
outer membrane serves as a barrier against the damaging
effects of the outside of the cell and has a permeability
to certain molecules [24]. The outer membrane forms an
effective barrier permeability. Photochemical reactions
type | operative for Gram (+) and reaction type Il operative
to Gram (-). 90% of singlet oxygen reacts to the cell lipid
bilayer and proteins associated with the membrane
transport system, lipid and protein peroxidation occurs
causing damage to the cytoplasmic membrane and
protein denaturation resulting in inactivation of the
membrane transport system, interference with cell wall
synthesis and the emergence of a multilamellar structure
on the side of the cell divider. which cleaves and leaks
potassium ions and then cell lysis occurs [23].

Bacillus subtilis and Escherichia coli undergo photoin-
activation by a photophysical mechanism. When the correct
amount of light and photosensitizer are utilized, bacterial
cells will be photo inactivated. The photoinactivation
process starts when processes in the substrate are
triggered by a photosensitization mechanism, such as light
absorption by porphyrins. Reactive oxygen is produced
during this process, which causes the bacterial cell to lyse
or disables the membrane transport system. While others
blame radicals like HO for the destruction, many authors
mistakenly assume that O, is the sole species that matters
when it comes to bacterial PDI. According to a theory, Gram-
positive bacteria are more sensitive to O,, whereas Gram-
negative bacteria are more sensitive to HO. Variations in the
amount that PS binds to the bacteria’s microenvironment
or the amount of NaN3 that enters the bacterial cell walls
may also contribute to variations in NaN, inhibition. By
employing S. verbascifolium as the PS, we found that the PDI
reaction was oxygen-dependent, considerably inhibited by
sodium azide, and only marginally inhibited by mannitol.
Through the use of type Il and type | reactions, respectively,
this demonstrated the dependency on singlet oxygen and,
to a lesser extent, hydroxyl radicals.

Conclusion

The results of this study indicated that 395 nm purple
LED irradiation caused a decrease in Log CFU/mL of Bacillus
subtilis and Escherichia coli bacteria. Inactivation of Bacillus
subtilis bacteria showed a higher mortality percentage
than Escherichia coli bacteria. Changes in other irradiation
distances also showed a higher percentage of death for
Bacillus subtilis bacteria than Escherichia coli bacteria. The
highest percentage of death was 98.5% for Bacillus subtilis
bacteria and 94.3% for Escherichia colibacteria at position C
with an irradiation distance of 3 cm and an energy density
of 524 J/cm? with an LED exposure time of 120 minutes.
This shows that the percentage of death of bacteria Bacillus
subtilis and Escherichia coliincreased with increasing doses
of LED energy with the greatest percentage of death in
Gram-positive bacteria Bacillus subtilis.
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Abstract

A wide range of literature sources report on the potential benefits of transdermal drug delivery. Among these advantages, the following are
distinguished — minimal injury, reduction of side effects, and prevention of degradation or metabolism in the gastrointestinal tract or
liver. However, transdermal delivery of most molecules often excludes due to the barrier function of the skin, which prevents the penetra-
tion of exogenous substances. To overcome this barrier and increase skin absorption, ethosomal complexes use, by means penetration into
the deep layers of the skin and/or systemic circulation is possible. This work devotes to the development of a non-invasive method for
assessing the depth of penetration by ethosomes with methylene blue (MB) into the skin during application and photodynamic exposure.
MB as photosensitizer (PS) was chosen, since there are a sufficient number of publications on its positive effect on the restoration of the
cell’'s respiratory chain of various organs and therefore the restoration of their metabolism. Besides MB has proven to be an effective PS,
destructed pathogenic microbes and viruses, including SARS-CoV-2. However, for more effective Covid-19 therapy and antibiotic-resistant
microbial diseases, the penetration of MB into the vascular system of the epidermis or mucous tissue is required. Nowadays, the existing
methods for assessing the penetration depth of PS are time consuming and require the use of animal skin or model samples. The LESA-01
BIOSPEC system with specially designed optical adapters that allow assessing the drug fluorescence intensity on skin surface and at a
depth of up to 2 mm in the investigation was used.

Keywords: ethosomes, transdermal drug delivery, methylene blue, penetration depth, effectivethickness of the drug layer.
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Pesiome

B WMpPOKOM CneKkTpe nuTepaTypHbIX WCTOYHMKOB COOOLAeTCA O MOTEHUMAsNbHbIX MPEenMyLLecTBax TPaHCAEPManbHOW [OOCTaBKU
neKapcTBeHHbIX BelecTB. Cpean faHHbIX NPerMyLLEeCTB BbIAENAOT cneayowme — MUHUMabHasa TPaBMaTUUYHOCTb, CHUKEHE NOOOUHbIX
3¢dpeKTOB, NpefoTBPaLleHEe Aerpadaummn M MeTabonvama B XKXeny[ouyHO-KULLEYHOM TPaKTe nin neyeHn. OfHako TpaHcaepMasbHas
JocTaBKa OOMbLUMHCTBA MOJIEKYST YacTO WCKMIOYaeTcsa u3-3a 6apbepHOr OYHKLMU KOXKM, KOTopasi NPEenATCTBYeT MPOHUKHOBEHWIO
SK30reHHbIX BelecTB. [nA NpeofosieHnAa AaHHOro 6Gapbepa W YBEMYEHUA KOXKHOFO MOMIOLWEHNA MOryT ObiTb MCMONb30BaHbI
3TOCOMarbHble KOMMIEKCbI, C MOMOLLbIO KOTOPbIX BO3MOXXHO MPOHNKHOBEHME B FyOOKME CII0M KOXKU U/UITN CUCTEMHOE KpoBoobpaLleHMe.
[aHHas paboTa NocBsilieHa pa3paboTke HEMHBA3MBHOIO METOAA OLEHKU ryOvHbl MPOHWKHOBEHUsS1 STOCOM C METUJIEHOBBIM CUHUM B
KOXY MpY annankauMoOHHOM NpUMeHeHUY 1 GOTOANHAMNYECKOM BO3AENCTBUN. IMEHHO METUNEHOBBIV CMHUI Bbin BbIOpaHB KayecTse
doToceHcmbrnmsatTopa (OC) B paboTe, MOCKONbKY UMEETCA AOCTaTOYHOE KOJIMYECTBO MyONMUKaLMiA O ero MosIoKUTENIbHOM BIIMAHIN
Ha BOCCTAHOBJIEHVE [bIXaTe/IbHOW Lieny KJIETOK Pa3/iIMyHbIX OPraHOB 1, TEM CaMblM BOCCTAHOBJIEHUN X MeTabonusma. Kpome Toro,
MEeTUSIEHOBbIV CUHWIA NpoABMA ceba Kak 3ddekTnBHbIN OC, paspyluaowmnini NaTOreHHble MUKPOObI 1 BMPYCbl, B TOM YuC/ie BUPYC
SARS-CoV-2. OgHako gna 6onee s¢pdpekTmBHom Tepanuu Covid-19 1 aHTUBNOTUKOPE3UCTEHTHBIX MUKPOOHbBIX 3aboneBaHui TpebyeTca
NPOHNKHOBEHME METUJIEHOBbIN CMHUI B COCYANCTYIO CUCTEMY SNUAEPMUCA AN CIIM3NCTON TKaHW. HagaHHbIN MOMEHT cyLlecTByoLmne
MeToZAbl OL€HKM ry61HbI NPOHMKHOBEHUA GOTOCEHCNOUNN3ATOPOB ABAAIOTCA TPYAOEMKUMUN U TPEBYIOT NCMOSIb30BaHUA KOXKU XMUBOTHbIX
VN MofenbHbIX 06pa3LoB. B paboTe 6bina ncnosb3oBaHa cuctema JISCA-01 BUOCTIEK co cneunanbHo pa3paboTaHHbIMU ONTUYECKUMNA
aflanTopamu, MO3BOJIAIOLLMMY OLLEHUBATb MUHTEHCUBHOCTb dlyopecLeHUUn NpenapaTta HarnoBEPXHOCTY KOXN 1 Ha rnybuHe Jo 2 MM.

KnioueBble cnoBa: 5TOCOMbI, TPAaHCAepManbHaa AOCTaBKa NeKapCTB, METUIEHOBbIN CUHUNA, rny6|/|Ha NMPOHNKHOBEHWA, BUPYCb, MVIKp06bI.

Ana yntupoBaHus: JlornHoBa A.l., HukuteHko U.C., TuxoHoBckuii I.B., CkobenbumH A.C., BorToBa A.B., JlowéHoB B.b. PaspaboTtka meToaa
OLIeHKU ry6UHbI MPOHUKHOBEHMSA 3TOCOM C METUIEHOBbBIM CUHVM B KOXY MPY anminkalMoOHHOM NpUMeHeHn 1 GoToarHaMUYeCKOM

Bo3aencTeumn // Biomedical Photonics. — 2022. - T. 11, N2 4. — C. 11-18. doi: 10.24931/2413-9432-2022-11-4-11-18.

KoHTakTbl: JloweéHos B.b., e-mail loschenov@mail.ru

Introduction

In recent decades, there has been a diverse
and widespread use of lasers in dermatology and
cosmetology. Laser methods to correct age-related
changes and various skin pathologies are used [6]. Such
a desire for laser therapies has led to the development of
highly effective, minimally invasive and sparing methods
of treatment [1], one of which is photodynamic therapy,
which in the treatment of various skin diseases is used.
In addition to cancerous and precancerous skin changes,
PDT for cosmetic purposes in photo-rejuvenation is
used [2]. Improvement of the skin condition during
photoaging, prevention of actinic keratoses, the
possibility of repeated procedures and a limited number
of side effects make the PDT procedure very promising
for skin rejuvenation [3]. One of the photosensitizers
in PDT is methylene blue (MB). Several clinical studies
indicate the effectiveness of MB in the treatment of
basal cell carcinoma, Kaposi's sarcoma, melanoma, viral
and fungal infections are used [4]. The authors [5] also
note the antioxidant effect of MB and prove that its
independent use can effectively protect the skin from
oxidative stress and slow down skin aging.

The MB photosensitizer differs from a number of
other photosensitizers, since during photoexcitation
it oxidizes NAD(P)H, which is localized in the
mitochondrial matrix, which defines MB as a
photosensitizer of mitochondrial action [4,6]. In fact,
targeting mitochondria is an important subject of
research in PDT, since damage to mitochondria can
induce an apoptotic cascade [4,7,8].

Brief description of the structure, functions and ways
of penetration into the skin

The skin is the outer and largest organ of the
human body with a complex structure. The skin
performs a protective function and acts as a barrier
to the penetration of exogenous substances from the
external environment into the body. Stratum corneum
(SQ) is a “brick” organization consisting of corneocytes
embedded in the lipid domain. The strengthening of
cell walls is due to the presence of covalently bound
lipids and cross-linked proteins, and the connection
with neighboring cells occurs through desmosomes.
Directly under the SC is a viable epidermis with
keratinocytes, formed in the basal layer of the epidermis.
Then there is a slow upward migration of these cells
to the surface of the skin. Melanocytes, Langerhans
cells, migrating macrophages and lymphocytes in the
epidermis were also found. Under the epidermis there
is a dermis containing structured collagen and elastin
fibers. The epidermis and dermis perform an important
function in the process of percutaneous absorption.
The hypoderm under the dermis is located and is a
layer of subcutaneous adipose tissue, provides the
main food supply, physical protection and thermal
insulation [9,10]. For the vast majority of penetrants,
diffusion through SC associated with an obstacle and
a restriction on the penetration rate. Since SC consists
of dead cells where there is no metabolic activity, the
penetration process occurs in a passive way. Such an
obstacle to penetration with the composition and
structure of the SC itself is related [11]. At the same

BIOMEDICAL PHOTONICS T.11, Ne4/2022

12



Loginova A.G., Nikitenko I.S., Tikhonovsky G.V., Skobeltsin A.S., Voitova A.V., Loschenov V.B.
Development of a method for assessing the depth of penetration of ethosomes
with methylene blue into the skin during application and photodynamic exposure

time, the only continuous region in SC is the lipid
domain mainly consisting of ceramides, free fatty acids,
cholesterol and cholesterol esters. A distinctive feature
is the difference from other biological membranes,
which consist mainly of phospholipids. Such a unique
composition of SC prevents the penetration of ionic,
high-polar substances and macromolecules. Highly
polypophilic molecules, passing through the SC, do not
easily diffuse into the hydrophilic epidermis and dermis
[9].

There are three potential methods of penetration
to deep layers by application: the intercellular pathway,
the transcellular pathway and the accessory pathway
(Fig. 1) [12]. Since sweat glands and hair follicles
occupy only 0.1% of the total body surface, the
accessory pathway does not contribute much to the
penetration of medicinal substances [9,12]. Although,
when the penetration of slowly diffusing compounds
and substances with high molecular weight, such as
nanoparticles, occurs, the accessory pathways may

Puc. 1. Bo3MOXHble NyTU JOCTaBKU NleKapCcTBa CKBO3b POroBOM
CJI0M KOXXHU
Fig. 1. Impossible routes of drug delivery trough stratum corneum

have an important role [13]. However, it is generally
assumed that the intercellular pathway is the main one
for the penetration of most molecules [14].

To achieve the therapeutic amount of the drug in
the deep layers of the skin and systemic circulation,
appropriate penetration enhancers can be used, which
affectthe properties of the skin barrierand/or penetrate.
Four main methods of enhancing penetration through
the skin are most often considered: microneedle
delivery, the use of electrical impulses, chemical
reinforcement and the use of innovative vesicular
carriers [9].

Innovative vesicular carries

Liposomes as a drug penetration enhancer during
topical application of the drug by Mezei about two
decades ago were first investigated [15,16]. According
to further studies, it was shown that such rigid particles
increase accumulation in the upper layers of the skin
and do not lead to an increase of medicinal substance
in the deep layers of the skin [17,18]. Therefore, efforts
to synthesize lipid vesicular systems that can facilitate
the penetration of the drug into the underlying layers of
the skin and allow transdermal absorption were made
[19,20]. Innovative vesicular carriers should include
ethosomes. The main components of the ethosomes
are phospholipids, ethanol (20-45%) and water. In
special cases, propylene glycol (PG), carbopol and
isopropyl alcohol to the composition are added [21].

Eggs, soy, polysynthetic and synthetic products can be
used as a source of phospholipids. The high concentration
of alcohol in the composition provides a soft shape and
allows you to destroy the lipid bilayers of the skin. Ethanol
and isopropanol as alcohol can be used. Neutral liposomes
tend to stick together, and this leads to leakage of the
medicinal substance (MS) from the vesicles. However,
ethosomes contain ethanol in their composition, which
modifies the total charge of the system, which leads to
resistance to agglomeration. The increase of ethanol
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Puc. 2. [lpegnonaraembliii MEXaHU3M
NPOHUKHOBEHUSA 3TOCOMaJIbHON CUCTEMDI
yepe3 MeMGpaHy POroBOM CNON KOXMK:

a — ynopsifio4eHHble NMnuaHbIe GUcnoun

b — naMnuaHbIA 6UCNON, pa3pyLUEHHbIR
3TaHONIOM U HaKOoMUBLUMECH MATKUeE,
noaaTinBble 3TOCOMbI

Fig. 2. The proposed mechanism of
penetration of the atosomal system
through the membranes of the stratum
corneum:

a — ordered lipid bilayers

b - lipid bilayer, disturbed by ethanol and
accumulated soft, malleable ethosomes

OPUTUHAJIbHbBIE CTATbU

BIOMEDICAL PHOTONICS T.11, Ne4/2022

13



AN
n
}_
<C
|_
@)
L
n
L
0
=
<
T
~
| —
X
o
O

Loginova A.G., Nikitenko I.S., Tikhonovsky G.V., Skobeltsin A.S., Voitova A.V., Loschenov V.B.
Development of a method for assessing the depth of penetration of ethosomes
with methylene blue into the skin during application and photodynamic exposure

concentration from 15 to 45% leads to membrane
fluidity, thereby increasing the efficiency of MS capture.
However, a further increase in concentration may lead to a
violation of the tightness of the membrane. Glycols act as
surfactants (surfactants), they enhance the penetration of
vesicles. Propylene glycol or transcutol among glycols are
used. Additional stability of vesicles by adding cholesterol
(0.1-1%) to the composition can be achieved. Oxidative
degradation from light of lipids of ethosomal vesicles can
be minimized by using the antioxidant a-tocopherol (a
type of vitamin E and has the number E307).

Fig. 2 shows the structural form and the principle of
penetration of liposomal vesicles loaded with MB.

Materials and methods

Materials

Ethosomes

Egg phospholipids, propylene glycol (PG), bidistilled
water (DDW), ethyl alcohol (EtOH), carbopol were
used for the preparation of ethosomal vesicles, and
PS methylene blue as a therapeutic substance and a
method for identifying the depth of penetration on a
confocal microscope was used.

LESA-0T1 BIOSPEC system

The diagram of the portable system used in Fig.
3 is shown. The signal from the laser or lamp (1) via a
U-shaped optical fiber (3) to the tissue under study
is transmitted. The distal end of the fiber (5) receives
scattered a fluorescent signal to the receiving fibers
that surround the exciting central fiber. At the output
end of the optical fiber connected to the spectrometer

Puc. 3. CxemaTtnyeckoe usobpaxkeHue aKcnepumeHTaabHOn
YCTaHOBKM, cocTosiLen u3: 1 —MCTOYHMKa na3epHoro curHana,

2 - cneKTpomeTp, 3 — onTUYecKkue BONOKHa, 4 — INK ¢ npo-
rpaMmmHbimM o6ecneyveHnem UNO, 5 — TopeL, AuarHocTu4ecKoro
KaTteTepa, 6 — BbIXxoj

Fig. 3. Schematic representation of an experimental setup
consisting of: 1-laser signal source; 2 — spectrometer; 3 - optical
fibers; 4 — PC with UNO software; 5 — working part; 6 — output

(2), the fibers form a straight line (6). At the entrance
to the spectrometer there is a narrow-band light
filter that reduces the intensity of the laser signal
scattered backwards. The received signal is digitized
and displayed on the screen of a PC with integrated
UNO (4) software in real time [26]. The diagram of the
portable system used in Fig. 3 is shown. The signal from
the laser or lamp (1) via a U-shaped optical fiber (3) to
the tissue under study is transmitted. The distal end
of the fiber (5) receives scattered fluorescent signal to
the receiving fibers that surround the exciting, central
fiber. At the output end of the optical fiber connected
to the spectrometer (2), the fibers form a straight line
(6). There is a narrow-band light filter at the entrance to
the spectrometer that reduces the intensity of the laser
signal scattered backwards. The received signal on the
screen of a PC with the built-in UNO (4) software in real
time is digitized and displayed [26].

Methods

After preparing the formulations for transdermal
delivery by cold method, they at the temperature of
3-4°Cin therefrigerator were stored. Ethosomal vesicles
by the following methods were characterized.

1. Bubble size determination using dynamic light
scattering (DLS) and zeta potential using a zeta
meter.

2. The content of MS in ethosomal systems can be
determined using a spectrophotometer.

3. The study of the drug release kinetics from the
ethosomal system in this work when determining
the MS formation in vesicles at different ambient
temperatures was carried out 4°C, 27°C and 37°C
at regular intervals.

4. Using the LESA-01 BIOSPEC spectroanalyzer,
studies on human skin and pork skin using a
special adapter to determine fluorescence at
depth and on the skin surface were carried out.

5. Skin  penetration study: the ethosomal
preparation ability to penetrate the skin layers
was determined using laser confocal scanning
microscopy (LCSM).

Results and discussions

Synthesis of ethosomal samples

The classic method of ethosomes synthesis was used.
Phospholipid and MB in ethanol were dissolved. Twice
distilled water slowly in a thin stream with constant
stirring ata speed of 700 rpm using a blender for 5 minutes
was added. The ethosomal system at a temperature of
30°C during synthesis to room temperature was kept and
then cooled.

Determination of vesicle size and morphology
Fig. 4a shows the results of the size distribution for
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samples MBO-MB4.The average size of vesicles dissolved
in ethanol, determined by Malvern Zetamaster, was
240.68 nm for the sample CM3.

The size distribution of this ethosomes ranges from
tens of nanometers to microns. The size of ethosome
depends on can composition of the system. For
example, the graph shows an increase in the size of
the ethosomes when PG to the samples MS2, MS3 and
MS4 is added. Another example may be the formation
of a step in the size distribution when carbopol to the
composition of MS 4 is added. The smooth surface of
the bubbles using SEM was confirmed (Fig. 4b).

Drug release kinetics from ethosomes and
penetration depth

The stability of the colloidal solution by Malvern
Zetamaster for each sample was determined. Fig. 5
shows the distribution of the zeta potential. According
to the data obtained, the ethosomes containing a large
amount of ethanol in their composition, which causes a
modification of the total charge of the system and gives it
a certain degree of steric stabilization, leads to an increase
in the stability of the system to agglomeration. According
to the graph of the zeta potential of the MS4 sample, there
are impurities can be concluded.

All samples underwent studies on the kinetics of MB
release at different temperature conditions of 27°C, 37°C
and exposure time of 10, 20 and 30 minutes. The optical
density of the supernatant on a spectrophotometer was
determined. The results of the dynamics of the release of
MS from ethosomes under various temperature conditions
in the Fig. 6ab.

The exposure time increases, the optical density
increases, which indicates the release of MB from
vesicles. At the same time, there is an increased release
at a temperature of 37°C, which indicates an increase in

40-
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Puc. 5. PacnpepgeneHue pseTa-noteHuMana pans o6pasuos
MBO-MB4
Fig. 5. Zeta potential distribution for samples MBO-MB4

the release rate when penetrating into the deep layers
of the skin.

The kinetics of the release of MB from ethosomes
on the patient’s skin and pork skin using the LESA-
01 BIOSPEC spectrometer were also determined.
Obviously, fluorescence wavelength at depth and on
the surface of the patient’s skin is different, so this
method allows you to determine the concentration
and depth of MB penetration (Fig. 7a). The
fluorescence wavelength of samples (T1, |, Il) and pork
skin fluorescence after irradiation in the NIR spectral
region does not change during measurement (Fig.
7b). This also proves the above-mentioned removal of
MB from vesicles at a temperature of 37°C. The depth
of penetration of MB into pork skin on a confocal
microscope in the area with and without the SC was
studied (Fig. 8).

Based on the obtained results, graph 10 was
constructed, which shows that a large concentration
of ethosomal complexes in the SC is found, and then

SEM HV: 20.0 kW
View field: 8.18 jam

wo:smm |
Det In-Beam SE 2 ym
SEM MAG: 25.4 kx _ Date(midiy): 8518/22

a — PacnpeaeneHue no pasmepam o6pa3uoB; b — Pe3ynbratbl, nosly4eHHble nocie c6opa ocajKka B aTaHose ¢ nomolybio COM

Fig. 4.

a — Distribution of samples by size MBO-MB4; b — SEM results obtained after collecting sediment in ethanol
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decreases and a local maximum in the basal layer
is observed. There is a sufficient concentration of
MB at a depth of more than 1.1 mm, which indicates
penetration into the dermis. The decrease rate of the
MB concentration is significantly lower in comparison
with the generally accepted value manifested by the
diffuse mechanism of the drug substance distribution.
This means that the use of these ethosomal complexes
and their stimulation with light significantly increase
the depth of MB penetration.

g ) MB2_27_10
é- o L MB2_27 20
—MB2_27_30

o0 o 00 3100 100
Wavelength, nm

a

After characterization of the complexes, it was
necessary to determine the effective thickness of the
cream layer in order to maintain the constancy of the
results obtained. In this study, the LESA-01 BIOSPEC
system was used. The above histogram shows the
results after applying the M3 sample to the arm with a
thickness of 0.3, 0.5 and 0.8 mm. The histogram shows
that after irradiation in the NIR region of the spectrum,
the intensity value decreases from 0.3 to 0.8 mm. Then,
after PDT, the fluorescence intensity on the surface and

MB2_37_10
—MB2_37_20
—MB2_37_30

0D, a.u

4 so0 B

w o
Wavelength, nm

b

Puc. 6. 3aBUCMMOCTb ONTUYECKON NIOTHOCTU OT AJIMHBI BOSIHBbI Ana o6pasua MC2 npu Temnepatype: a — 27°C; b — 37°C
Fig. 6. Dependence of the optical density on the wavelength for the MB2 sample at an exposure time of 10, 20 and 30 minutes under

temperature conditions: a — 27°C; b — 37°C
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a — cnekTp ¢nyopecueHuum o6pa3sua MB1 cream nepep HaHeceHueMm, cneKTp ¢nyopecueHuuu o6pa3ua MB1 cream nocne HaHeceHuUs
Ha KOXYy nauueHTa, cnekTp ¢nyopecueHuuun obpasua MB1 cream after NIR Ha noBepxHOCTM KoM nocne o6ayvyeHus B BUK o6Gnactu
cnekTpa, cnekTtp ¢pnyopecueHumnn o6pasuya MB 1 cream hand after NIR contact B ry60Kux cnosix Koxu go 2 Mm nocne o6yy4eHus B
BUK o6nactu cnektpa; b — T 1, I, Il - cneKtpbl dnyopecueHumu obpasuo., pork t1 after NIR, pork t2 after NIR, pork t3 after NIR — cnektp
dnyopecueHLMM 06pa3LL0B Ha MOBEPXHOCTU KOXM CBUHbU nocie 06nyyveHns B BUK o6nactu cnektpa

Fig. 7.

a — MB1 cream sample is the sample fluorescence spectrum before application, after application on patient’s skin, after irradiation in
the NIR spectral region, after NIR contact is the fluorescence spectrum of the sample in the deep layers of the skin up to 2 mm after
irradiation in the NIR region of the spectrum; b — T4, I, Il - fluorescence spectra of samples, pork t1 after NIR, pork t2 after NIR, pork t3
after NIR - fluorescence spectrum of samples on the surface of pork skin after irradiation in the NIR spectral region
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Puc. 8.

a — pe3ynbTarhbl, Noay4YeHHble ¢ nomolybto LCSM, B o6nactu

C poOroBbIM cnoeM; b — pe3ynbTaTthl, NOY4YEHHbIE C MOMOLLbIO
LCSM, B o6nacTtn 6e3 poroBoro cnos

Fig. 8.

a — LCSM results in the area with the stratum corneum; b - LCSM
results in the area without the stratum corneum

at a depth of up to 2 mm using an optical adapter was
assessed. The data after PDT after an increase in laser
radiation intensity are presented. According to the
data obtained, applying a cream 0.3 mm thick, there is
a decrease in accumulation at depth. Therefore, using
a cream thickness of 0.3 mm, there is a maximum
accumulation at a depth after NIR and maximum
photobleaching after PDT.

Conclusion

The research shows that the LESA-01 BIOSPEC
system to assess the depth of MB penetration is able,
as well as to assess the concentration of accumulated
PS in the epidermis and dermis. This system to provide
information about the release of PS from vesicles is also
able. The effective thickness of the applied preparation
was determined. The article presents a comparison of
the results of a confocal microscope and the used LESA-

Puc. 10. luctorpamma
MHTEHCUBHOCTU Pny-
opecueHuuun nocne
HaHeceHus Kpema,
06y4yeHuUsi B o6nactu
BUK B TeyeHune 20
MWH, NpoBeAeHne
®AT Ha NOBEPXHOCTHU
1 rny6uHe B Te4eHne
20 MUH

61HbI NPOHUKHOBEHUSA B POrOBOM C/1I0M BOJIHbI MPU AJ/IMHE BOJIHbI
676 nm on the penetration depth of the stratum corneum
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1 and irradiating the
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Puc. 9. 3aBUCMMOCTb MHTEHCUBHOCTU (yiyopecLIeHLUN OT ry-
Fig. 9. Fluorescence intensity dependence at a wavelength of
| Fig. 10. Fluorescence
| cream to the hand
53 05 %813 a5 480 A5 58 and conducting PDT
thoe qurface | Septh

01 BIOSPEC system. The LCSM has disadvantages such
as labor intensity and the use of animal skin or model
samples. The investigation shows the MB introduction
from vesicles when working with patient skin and pork
skin is different. This is also a plus of working with the
LESA-01 BIOSPEC system.
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POTOANHAMUNYECKAA TEPAMUA NMPU PAKE NMOJTOCTU
PTAY COMATUYECKU OTATOLLLEEHHBIX BOJIbHbIX

O.A. NManaceikun', B.H. Kanunyc', E.B. Punonenko?, B.B. Monbkuu', P.E. Cesprokos’,
M.A. Ucaes', C.A. Usanos'?, A [l. Kanpun?34
'MPHLU, um. A.®. Lbiba — punman PIBY «HMUL, paanonornm» Munsapasa Poccun, OBHmHCK,
Poccus
MHUOMWM um. N.A. Tepuena - dunman PIBY «HMUL, paamonorumny Munsppasa Poccun, Mockea,
Poccus
SOrAQY BO «Poceumckuin yumnsepeutet apyxbsl Hapoposy, Mockea, Poccuma
‘DIBY “HMUL paanonorum» Munsapasa Poccun, O6HmHck, Poccua
Pesiome

B HacToALlel paboTe NPOAEMOHCTPUPOBaH OMbIT PaANKaIbHOMO JIEYEHNA COMATUYECKN OTATOLEHHBIX NMAaLMEHTOB C MOCKOKIETOUYHbIM Pakom
CNM3NCTOM 06ONOYKM MONIOCTY PTa MeToaoM dpoTogmHamuyeckon Tepanun (OAT). NpoBefeHO neyeHne ABYX COMATMYECKU OTArOLIEHHbIX Nauu-
eHToB (BUY nHdeKkuua ¢ accounmpoBaHHOM NEroYHON rmnepTeH3nen BbICOKOWN CTEMEHW 1 BbIPaXKEHHOW KapAuanbHOWM NaTonorueit), KOTopbim
6bISI0 He MOKa3aHO BbINOJIHEHUE OOLLMPHBIX XMPYPrMYecKrX BMELLATENbCTB U/ NPOBEAEHNEe arpecCBHON XMMMOYY€EBO Tepanun B CBA3MN
C HanMuneM BbIpaXKeHHOW COMyTCTBYIOLLEl naTonornn. Y o6orx naumeHToB 6bin 4UAarHOCTUPOBaH MIIOCKOKIETOYHBIN PaK CN3MCTON 060NTOUKM
MoJsIoCTN pTa, PacnpOoCTPAHEHHOCTb OMNYXOeBOro npoLecca cootseTcTBoBana ctaguu | cTINOMO. NauymeHTam 6bina BbinonHeHa OAT ¢ poToceH-
C1bMN3aToOpOM XIIOPVNHOBOIO pAfa B Ao3e 1,0 Mr/Kr macchl Tena. MapameTpbl 061yyYeHUs: BbIXOAHAA MOLWHOCTb — 1,5 BT, N1OTHOCTb MOLHOCTY —
0,31 Bt/cm?, cBeToBas gosa — 300 [x/cm?. Mocne opHoro Kypca OAT y 060X NaLmneHToB AnarHoCTpOBaHa NosnHas pe3opbums NepBUYHOro ony-
xonesoro ouara (no RECIST 1.1), HoO B mepBOM KJIMHUYECKOM Ciyyae 6bin nposefieH NoBTOpHbIN Kypc OAT B cBA3M C cOYeTaHHON naTtonornemn
CIM3MCTO 060NIOUYKM NMONOCTM PTa — MHOXECTBEHHbIMU O4Yaramm JIenKonnakun. B pesynbrate neyeHus Takxe Obina oTMeueHa NonHan perpeccms
BCEX 0yaroB selikonnakmu. OCHOBHbIM HeXenaTeNbHbIM ABJIEHNEM ABNANAch 60/b B TeUeHMe NepBbixX 5-7 AHEN Nocne BMeLaTeNbCTBa, YCnelwHo
Kynupyemasi HeHapKOTUYECKUMM aHanbretukamu. Mepuop HabnogeHns (IQR) nauneHToB cocTaBmn 12 1 18 MeC COOTBETCTBEHHO, 6€3 NPr3HAKOB
peumamnea 1 metactasoB. bnarogapa ncnonbsosanuio metoga OAT y naLuneHTOB yAanoch n3bexaTb NPoBeAeHNA OOLLNPHBIX XUPYPrUYecKmnx BMe-
LIATeNbCTB M OTKa3aTbCA OT arpPeccMBHON CXeMbl XMMMOJTyYeBOI Tepanuu, Kak anbTepHaT/Bbl X1pypruyeckomy neveHuio. OT apnaetca manoviH-
Ba3MBHbIM METO[JOM PaAMKaNbHOrO JleYeHNsA NOKaN30BaHHOIO MIOCKOK/IETOYHOrO paka NofocTy pTa C MUHMMAbHbIM KOJIMYECTBOM OCSTOXKHE-
HUIA, MO3TOMY OCOBGEHHO aKTyanbHO ee MPUMeHeHMe y NaLMeHTOB C BbIPaXXeHHOI COMYTCTBYHOLLEN NaTonornen.

KnioueBble c/ioBa: NOCKOKNETOYHbIN pak nonoctn pta, BUY nHdekumsa, potognHammueckasa Tepanus, nenkonnakus.

Ana yntnposaHusa: ManaceikuH t0.A., Kanunyc B.H., ®unoneHko E.B., MonbkuH B.B., Ceptokos O.E., Micaes M.A., MBaHos C.A., KanpuH A.[l. ®oTo-
OMHaMUyecKan Tepanua Npu pake NONoCTV pTa 'y COMaTUYeCKUN OTAroLeHHbIX 6onbHbIx // Biomedical Photonics. — 2022. - T. 11, N2 4. - C. 19-24.
doi: 10.24931/2413-9432-2022-11-4-19-24.

KoHnTtakTbl: MaHacenkuH [0.A., e-mail: deus2@bk.ru

PHOTODYNAMIC THERAPY TREATMENT OF ORAL CAVITY
CANCER IN PATIENTS WITH COMORBIDITIES

Panaseykin Y.A.!, Kapinus V.N., Filonenko E.V.2, Polkin V.V.!, Sevrukov F.E.', Isaev PA.],
Ivanov S.A.'3, Kaprin A.D.234

'A. Tsyb Medical Radiological Research Center — branch of the National Medical Research
Radiological Center of the Ministry of Health of the Russian Federation, Obninsk, Russia

2P. Hertsen Moscow Oncology Research Institute — branch of the National Medical Research
Radiological Center of the Ministry of Health of the Russian Federation, Moscow, Russia
3Peoples Friendship University of Russia (RUDN University), Moscow, Russia

“National Medical Research Radiological Center of the Ministry of Health of the Russian

Federation, Obninsk, Russia
Abstract

We report the experience of radical treatment by photodynamic therapy of patients with squamous cell carcinoma of oral cavity with serious
side diseases. Completed treatment of two patients with serious side diseases (HIV infection with associated pulmonary hypertension of
high degree and cardiac pathology) suffered from cancer of oral cavity. Extensive surgical treatment and/or aggressive course of chemora-
diation therapy were not indicated to them due to concomitant pathology. Both patients were diagnosed with squamous cell carcinoma
of oral cavity, with appropriate stage Ist. cT1NOMO. Patients received treatment by photodynamic therapy with chorine photosensitizer in
dose 1.0 mg/kg. Options of photodynamic were: output power - 1.5W, power density — 0.31 W/cm?, light dose — 300 J/cm? After one time
session of photodynamic therapy, in both cases full response was diagnosed (according to RECIST 1.1). In one case the second session of
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photodynamic therapy was performed due to concomitant disease of oral cavity - multiply lesions of leukoplakia and after was diagnosed
full remission of all lesions. Major adverse event was pain during the first 5-7 days after treatment, curable by painkillers. Follow-up (IQR) was
12 and 18 month respectively with no evidence of progression. It is available to avoid extensive surgical treatment and aggressive course
of chemoradiation therapy (as an alternative) with the use of photodynamic therapy. Photodynamic therapy is minimally invasive method
of radical treatment of localized squamous cell carcinoma of oral cavity with minimal adverse events, and could be especially relevant in

patients with serious concomitant diseases.

Key words: oral cavity cancer, HIV infection, photodynamic therapy, leukoplakia.

For citations: Panaseykin Y.A.,, Kapinus V.N., Filonenko E.V.,, Polkin V.V., Sevrukov F.E., Isaev PA., Ivanov S.A., Kaprin A.D. Photodynamic ther-
apy treatment of oral cavity cancer in patients with comorbidities, Biomedical Photonics, 2022, vol. 11, no. 4, pp. 19-24. (in Russian) doi:

10.24931/2413-9432-2022-11-4-19-24.

Contacts: NaHaceikuH 10.A., e-mail: deus2@bk.ru

BBepeHune

CornacHO MeayHapOAHbIM 1 OTEYECTBEHHbIM KIIMHMYe-
CKUM peKOMeHAAUVAM OCHOBHOW METOAUKOWN JleyeHusA
paka nonocTu pTa ABNAETCA Xupypruyecknn metog. Mpu
OTCYTCTBUM MPOTUBOMOKAa3aHUN peKoMeHayeTca yaane-
HUe NepBMYHOroO ovara B npegenax Hen3MeHeHHbIX TKa-
Hel [1]. Mo pe3ynbraTtam NnaHOBOro Mop¢ponornyeckoro
NCCNeaoBaHUs 1 OLEHKU NMPOrHOCTUYECKU Hebnaronpu-
ATHbIX GAKTOPOB, TakKUX KaK SKCTPaHoAasibHOe pacnpo-
CTpaHeHVe MeTacTa3oB B NIMMQpATUUECKMX Y3nax LWeu
(ENE+), nosuTueHble (R1), unun 6nuskue Kpas (<5mm) pe-
3eKUUKn, NepBrYHaa ONyxosib C PacrnpoCTPaHEHHOCTbIO
pT3-4, MeTacTa3bl B perMoHapHbIX IMMOATUYECKNX y31axX
pN2-3, meTacTtasbl B IV 1 V noKkopernoHapHbIx rpynnax,
Hannune nepuHeBpPasibHOW, MepuBacKylAPHOW, nepu-
numdaTUYecKnini UHBa3nK, BbipabaTbiBaeTCA MeToAMKa
aflblOBAaHTHOTO JieyeHns (nyyeBasa WM XUMUONYy4eBas
Tepanusa), NMbo ANHamMUYecKoe HabnaeHve Npu Ux oT-
cyTcTBum [2, 3, 41.

AnbTepHaTMBOWN XNPYPrnyeckon metogmnke ABNAeTcA
nposeAeHne AWCTaHUUOHHOW fyyeBon Tepanuu (OJ1T)
unn xumunonyueson Tepanum (XJIT) B camocToATeNnbHOM
BapuaHTe, C noAgBefgeHneM CyMMapHOW O4YaroBown A03bl
no 72 p Ha obnactb nepBMYHOro oyvara 1 go 63 Ip Ha
06nacT CyOKNMHUYECKOTo pacnpocTpaHeHus [5]. Bos-
MOXHO MPUMeHeHUe bpaxuTepanun B KayecTBe CaMo-
CTOATENbHOW METOAMKN PafMKaNbHOIO neyeHusa paka
NoSI0CTY pTa C UCMONb30BaHNEM PAANOHYKIUAOB Ir-192,
CF-252 n ppyrux [6, 7]. XnumnoTtepanuio 1 TapreTHyio Te-
panuio NCNonb3yiloT B KOMOMHaUUM U/unn B camocTos-
Te/IbHOM BapuaHTe B OCHOBHOM B KauyecTBe NnajinaTme-
HOW MEeTOAMKW Y NALNEHTOB, KOTOPbIM ApYyrue MeToAnKy
paAvKanbHOro fleyeHna He nokasaHbl. [pu 3Tom B nep-
BOW JIVHWM PEKOMEH[OBaHbl BbICOKOTOKCMYHbIE CXEMbI
C NpenapaTamy NaaTiHbl 1 UMMYHOTEPANMWA C UHIMOUTO-
pamu pd-L1 [8, 9, 10].

Xnpypruyeckoe neyeHve ABAAETCA UHBA3UBHOW Me-
TOAMKOW NeYeHMA C BO3MOXHbIM Pa3BUTMEM Pa3fINYHbIX
OCJIOXKHEHWI, BNNIOTb A0 NeTanbHbIX. [1py 3TOM He Bcerga
BO3MO>KHO NMPOBECTW MOSIHOLIEHHYIO COLManbHYIO U KOC-
METNYECKYI0 peabunnTtaumio, 4YTo CHMXAeT KauyecTBO
XWU3HW NaumeHTa. Kpome TOro, AaHHbIV BUA NeYeHns He
pPEeKOMEHAOBaH Yy MOXKUMbIX U/UIK COMAaTUYECKU OTAro-
LEHHbIX NaLNEHTOB.

XJIT, npnmeHsaemaa B KayecTBe anbTepHaTUBbl Xu-
pypruyeckomy neyeHuto, Hanbonee 3ddekTnBHa ¢ npe-
napatamu naaTvHbl, NPUBOZALMMU K Pa3BUTUIO He-
XKenatenbHbIX peaKkuuii, TaKuX Kak HedpPOTOKCMUYHOCTb,
KapAMOTOKCUYHOCTb, NMONIMHENPONaTUA, CHUKEHNE Chy-
xa n gpyrue. MNpu XJIT ana spagmkaumm onyxonu opra-
HOB MONOCTN pPTa B CAaMOCTOATENIbHOM BapuaHTe Tpe-
OyeTcs noABeAeHUE CYMMapHbIX [03, MPEeBbILIAOLMX
TONEPaHTHOCTb OKPY>KaloLWMX HOPManbHbIX TKaHeN, YTo
B CBOIO OYepeb BefeT K Pa3BUTMIO TaKUX OCIIOKHEHUN
Kak MYKO3UTbl, OCTEOMUWENUTbI, FMMOCanuBauun, Anu-
TeNbHO He3a)UBaloLLe A3BEHHbIE NPOLIECCHl B MOOCTH
pTa 1 B MecTe noABeAeHus NyyeBbix J03. Takum 06pa3om,
BbIOOP TAKTUKU JIEUEHMSA Y MOXKWIbIX U/ COMATUYECKU
OTArOLWEHHDbIX MAaUWEHTOB ABMAETCA CNIOKHOW 3ajaven
InA oHKosora. JleueHre paka NonocTy PTa AO/MKHO ObiTb
He TONbKO pagnKanbHbIM, C MUHUMAbHbIM KOTMYECTBOM
OCJTOXKHEHWI, HO N COXPAHUTb KAYeCTBO »KM3HW NaLNeHTa
Ha «goornepaunoHHOM» YpoBHe [11].

®otoanHammyeckas Tepanuva (OOT) MoXeT 6bITb UC-
NoJsib30BaHa B KaYeCTBE CaMOCTOATENbHOMO pagMKaibHO-
ro BapuaHTa ieyeHnA NaLMEHTOB C 3/1I0KaYeCTBEHHbIMU
HoBoObpa3zoBaHuaAMY (3HO) nonoctn pTa, COOTBETCTBYIO-
wumn T1-T2 ctagum 1 npu rnybrHe NHBa3UKU JO 7 MM,
npu OTCYTCTBUW anbTePHATVBHbIX METOAUK pafuKalb-
HOrO JleYeHus, TaKNX Kak onepaTMBHOE BMELLATENbCTBO,
ONT n XNT. Mpn peTpocnekTMBHOM MeTaaHanuse no
CpaBHeHuo pe3synbTatoB NeveHna 3HO nonoctu pra (xu-
pyprudeckuin metog u OOT), a3pdeKkTBHOCTL Oblna comno-
cTaBUMa, ogHako nocne AT oTmMeyanocb 4OCTOBEPHOE
yNyylleHre KauecTBa »KU3HM MO CPaBHEHWe C Xupypruye-
CKuM metogom [11].

Mpwu aHanu3e 43 nccnegosanuin apdexkTrsHocTr OOT
cymmapHo y 2121 naumenta ¢ 3HO ronosbl u wen (npe-
MMYLLECTBEHHO NONIOCTU pTa), C PacNpPOCTPAHEHHOCTbIO
T1-T2, Hannyuwwnii oTBeT 6bl1 NMOMYYEH NPU pake A3bl-
Ka. MonHana perpeccus Habnoganack B 94,4% cnyvaes,
5-neTHAA BbPKMBAEMOCTb cocTaBuna 84,2% [12]. OOT
TaK»Ke MOXKET MPUMEHATLCA N B KayeCTBe NannMaTMBHOro
MEeTOAa fleYeHNs NaLMeHTOB C MECTHOPACMPOCTPAHEH-
HbIMW OMYXOJIAMY FONIOBbI U Len, MPU KOTOPbIX Apyrue
MeTO[ibl TIOKaNbHOrO fleueHua (Xnpyprus, nyyeBas Tepa-
nuA) ncyepnaxol [13, 14]. Mpu OOT MOXeT NPOBOANTLCA
He TOMbKO AWNCTaHUMOHHOe 0bnyuyeHue NazepHbIM CBe-
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TOM, HO U BHYTPUTKaHeBOe 0bnyyeHne Ons yMeHblUeHNA
o6bemMa MaccMBHbIX onyxoseBblx oyaros [15]. Mpu a3Tom
BO3MOXKHO AOCTVXKEHUE PEMUCCUN U/ WA CUMMNTOMAaTU-
YeCKoro ynyuylleHus B BUAE CHUXKEHUs 60nu, KpoBoTe-
yeHua, pacnaga onyxonu. bbino npoBegeHO MynbTULEHT-
poBoe nccnegoBaHne no oueHke addekTnBHocTn OAT
B KayecTBe Man/IMaTMBHOIO JleYeHUs MeCTHOpacnpo-
CTPaHEHHOIO Hepe3eKTabenbHOro paka rofioBbl U LWew,
Mo pe3synbTaTaM KOTOPOro y 53% naumneHToB O6bT fOCTUT-
HYT KJIMHWYECKMA OTBeT. Pasmep onyxonu ymeHbLnnca
6onee yem Ha 50% y 28% nauneHToB. [NonHasa perpeccus
HOBOOOpa3oBaHUM oTMeuyeHa B 17% cnyuyaeB. CpefHsanA
BbI’)KMBAEMOCTb B MCCNeAOBaHUN cOoCTaBuna 226 OHen,
yto 6Osblle AHANMOINMYHOrO NnoKasaress rnocse npume-
HeHMVA TPaaULUMOHHON XuMmroTepanun. Kpome Toro, y na-
LUMEHTOB He ObI0 OTMEUYEHO 3HAUUTENbHBIX MOOOUYHbIX
3¢dekTOB, cBsizaHHbIX ¢ QAT [16]. MprmeHeHne OAT He
VICK/NIIOYAET BO3MOXHOCTU OAHOBPEMEHHOro WamM no-
CnefoBaTeNbHOro NPYIMEHEeHUA APYrux BUAOB JieyeHus,
TaKnx Kak xupyprua, XJ1T, xummno- n ummyHotepanus [12,
16, 171.

KnuHuyeckoe Ha6noodeHue 1

B knuHuky MPHL, um. A.O. Libiba obpatunca nauueHT M.
1978 r.p., C *anobamun Ha A3BeHHbIN aedeKT B obnactu
CNU3NCTON anbBeONIAPHONO OTPOCTKA HUMHEN YenioCcTh
cnpasa (puc. 1a).

Mpu ocmoTpe B peTpomonsapHolr obnactu cripasa
onpepesieHa OMnyxosib C HEPOBHbIMU, HEYETKNMM Kpasi-
MU, C U3bABJIEHNEM, KOHTAaKTHO KPOBOTOYaLLas, TakKe
OTMEYEHbl MHOXECTBEHHble Anddy3Hble oyarn 3po3uB-
HO-A3BEHHOI nerikonnakum (puc. 1b) c bopmmpoBaHnem

OCTPOBKOBbIX OYaroB 3NUTENMTa 2CT., YyMEPEHHO bones-
HeHHble NpU KOHTaKTe. PernoHapHble numdaTmyeckne
y3J1bl HE YBENINYEHBI.

Mpwn rMCcToNOrNYeCKOM UCCNEAOBAaHUN HA GOHe nen-
KOMMAaKUN [MAarHOCTUPOBAH WHBAa3UBHbIA YMEPEHHO
andodepeHLMPOBaHHbIN MIIOCKOKNETOYHbIN PakK.

Mo pesynbratam KT 6vke K yriy HUXHER Y4eniocTm
onpeaenseTca OKPYMIbI YYaCcTOK MOBBILEHHOTO HaKo-
MNeHNA KOHTPACTHOMO BELLEeCTBa, C HEYETKUMY FPaHnLIa-
MW, MaKCUManbHbIMU BUAUMBIMU pa3mepamm 10x8 mm,
C rnybVHOM MHBA3UN A0 4 MM; OeCTPYKTUBHBIX M3MeHe-
HUIM CO CTOPOHbI PAJOM PACMONIOXKEHHOrO yyacTKa Tena
HVXXHEeN YeniocTn He oTMeueHo. Mo fgaHHbiM Y3W yBenu-
YeHHbIX NMMQATUYECKMX Y3/I0B Ha Luee, B Haf- U B NoA-
KIIOUNYHbIX 0611aCTAX He BbIABJIEHO.

YcTaHOBIEH OCHOBHOW iMArHo3: pak peTpoOMONAPHON
o6nactu cnpaea lct. cTINOMO. B xoge noo6cnenoBaHmsa
y naureHTa bbina AuarHoCTMpoBaHa BblpaXkeHHas conyT-
cTBytowan natonorus: BUY nHdekuus ct. 4A (Ha doHe aH-
TMpeTpoBMUpyCcHon Tepanuu) n BUY-accoummpoBaHHas
BbICOKaa JieroyHad runepreHsna. [MarHoCTMpoBaHa
Bblpa’KeHHAA KapAuanbHas MaToNorMaA: XpoHuYeckas
cepfeyHas HefoCTaTOYHOCTb, HapylleHne KpoBoobpa-
weHus 2A, GYHKLMOHANbHBIA Knacc 2 C COXpaHeHUem
¢dpakumm Bbibpoca paBHOM 56%. [unaTalunoHHas Kap-
anomuonatuaA. B aHamHese y naumeHTa XpPOHUYECKUN
BMPYCHbI renatut C BHe pennukauuun. XpoHuyeckas ob-
CTPYKTUBHaA 6one3Hb nerkux, 6poHxutuyecknii tmn. M3
SHAOKPUHOMNOMMYECKOW MaTOSIOrMn BbISIBNIEHbI NEPBUY-
HbI FMNOTMPEO3 B CTaAun CyOKoMMeHcaums, metabonu-
YeCcKUN CUHAPOM, NHCYJIMHOPE3NCTEHTHOCTb, OXKMpPEHNe
2 cT. Bapuko3Has 605e3Hb H/XHKX KOHEYHOCTEN 2 CT.

T

Cc

Puc. 1. Pak peTpomonsipHoi obaacTy cnpasa:
a - BuA onyxonu po OAT;

b - conyTcTBylOLWANA AeMKONAAKUA BEPXHETO
Heba cnpaBa;

C - 06wwumit BMA 30HbI Bo3aencTBUa OAT Ha
21-e cyTKH;

d - 06wwmi BUA uepe3 6 mec nocne OAT;

e - 06wui Bup uepes 12 mec nocae OAT.
Fig. 1. Cancer of the right retromolar region:
a - tumor before PDT;

b - leukoplakia of the right upper palate;

c - 21st day after PDT;

d - 6 months after PDT;

e - 12 months after PDT.

OPUTUHAJIbHbBIE CTATbU
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Takum obpasom, no wkane P-POSSUM puck netanb-
HbIX OCJZIOKHEHUIN MPWU OMepaLMOHHOM BMeLIATeNbCTBE
pocturan 40%.

MpoBegeH MeXANCUMMIMHAPHBIA  OHKONOTMYeCKni
KOHCMNNYM C YYacTUeM XUPYProB, paguoTepaneBToB, Xu-
MUOTEPANEBTOB U CMELMANMCTOB OTAeNeHNa poToarHa-
Muyeckor Tepanum. C yueToM AnnTenbHO CyLLECTBYIOLLEN
UMMYHOCYNPEeCCUN, MHOXECTBEHHbIX OYaroB NenKomnna-
KWW, HanUuma BOCMANUTENbHbIX W3MEHEHWUA CAN3NCTON
MONOCTM PTa, BbICOKOTO PUCKa Pa3BUTUA OCIIOXKHEHWN
npu noasedeHUN paguKanbHbIX [03 Ny4yeBOWN Tepanuu
Ha ¢oHe conyTCTByIOLLIE/ NMATONOMAW MPUHATO peLleHne
o npoBefeHnn Kypca OT B camoCcToATENbHOM BapraHTe.

MaunenTy 6bina BoinonHeHa OAT ¢ poToceHcnbUNU-
3aTOPOM GOTONOH, KOTOPbIN BBOAMIIN BHYTPUBEHHO Ka-
nenbHo B go3e 1,0 Mr/Kr maccol Tena. ina KynmpoBaHus
60neBOro CMHAPOMA MCMONb30BaHbl NpenapaTbl: pacT-
BOpbl kKeToponakal,0 mn B/m, npomegona 2% 1,0 mn B/m,
penaHnyma 0,5% 2,0 mn B/M, [ONONHUTENBHO CAEenaHa
MeCTHasA aHecTe3nA pacTBOPOM ponuBakanHa. Yepes 3 y
nocsie BBeeHUss GpoToceHCMbUNM3aTopa bbina nposeae-
Ha OAT npu cnepyowmnx NapameTpax: NCTOYHMK Nlasep-
HOro cBeta annapar «Jlatyc 2» (662 HM), ANCTaHUNOHHOE
06nyyeHne HOBOOOPA30BaHUA NPU MAOTHOCTU MOLLHO-
¢t 0,31 BT/CM?, NNOTHOCTb CBETOBOV SHEPIUMN COCTAaBUNA
300 [x/cm?, KonuuecTso noneli — 1, Bpems npouenypbl —
16 muH. MNMocne OAT oTMeuyeHbl HayasibHble MPU3HAKU
remopparmyeckoro HeKpo3sa, oteyHocTb. K 10-m cyTkam
chopmurpoBancsa remopparmyeckuin ctpyn B Buge ¢opub-
PVHOBOW MMIEHKU, K 14-M CyTKaM — KpaeBoe OTTOPXKeHne
HEKPOTUYECKUX TKaHel, K 21-M CyTKamM — akTUBHasA 3nu-
Tenusauma (puc 1¢).

MaumeHT 6bl1 BbINUCAH M3 CTaLMOHapa Ha 3-M CyTKM
nocne OAT.

dnutenusauma paHeBoro pAedekra npowucxopuna
B aMbynaToOpHbIX YCNOBMSAX, NCMOMb30BannNCb Npenapa-
Tbl, obnagatowme nNpoTUBOBOCMANUTENIbHBIMU U pernapa-
TUBHbIMW CBOMCTBaMM, NMOJIHOE 3aXKUBMIEHME C XOPOLINM
bYHKLUMOHANBbHBIM Y KOCMETMYECKMM 3PPeKToM oTMeYe-
HO yepes 8 Hep.

Mpn KOHTPONBLHOM OCMOTpE Yepes 6 Mec nocse ne-
yeHMA AWArHOCTUPOBAHbI HOBblE OYarM NenKOMNaKUM

HebonblKMX pa3smepoB Ao 10 mm (puc. 1d) 1 BbINoNHEH
noBTOpPHbIN Kypc OAT.

B HacTosAwee Bpema (12 mec OT Hayana neyeHus) na-
LUMEHT HaXoAUTCA Nnog ANHAMNYECKUM HabnoaeHnem 6e3
npu3HaKoB nporpeccuy 3abonesaHunsa (prc. 1e) c coxpa-
HeHHbIM coMaTuyeckum ctatycom (ECOG 0).

KnuHuyeckoe Ha6nwodeHue 2

B knuHunky MPHL| um. A.®. Libiba o6paTrnack naymeHTKa
A. 1932 r.p., ¢ kanobamm Ha o6pa3oBaHue B 06n1acTn Cv-
31CTON LEeKN CrpaBa.

MNpn KNMHUYECKOM OCMOTpE Ha CIM3MCTOM MpaBoWn
WeKN B 3alHNX OTAEenax onpefenieHa onyxosb 3PO3MB-
HO-A3BEHHOrO XapaKTepa PoCTa, C HeYETKNMU, HEPOBHbI-
MU KpasiMuy, pa3mepom Ao 1,2 cm (puc. 2a); permoHapHble
numdaTUYeCcKre y3nbl He yBENUYEHDI.

3aknioyeHre  TMCTONIOMMYECKOro  MUCCIIefoBaHuA:
yMepeHHO AnddepeHLMpPOBaHHbIA HEOPOTrOBEBaOWNIA
NJIOCKOKJIETOYHbIN paK. [1nA yTOUHeHUA pacnpoCcTpaHeH-
HOCTM MpoLecca, HannymMa PErmoHapHOro U oTAaNeHHo-
ro mMetacTasMpoBaHMA MPOBEAEHO WHCTPYMEHTaslbHOe
obcnenoBaHue. Mo aaHHbIM MPT B 06nactn cnusmncrom
LEeKM onpefeneH oyar noBbILLEHHOTO HAKOMIEHNA KOHT-
pacTHOro BeLlecTBa, C HEYETKUMU rpaHMLaMu, MaKcu-
MasibHbIMV BUAVMbIMM padMepamu 12x8 MM, € rnybrnHom
WHBAa3MM [0 6 MM; AECTPYKTMBHbIX NU3MEHEHUI CO CTOPO-
Hbl PAZOM PacronOXeHHOro yyacTKa Tena HYPKHEN Yento-
CTU He oTMeYeHo. MNpun Y3U Ha cnnsncTon npaBon LWekn
onpefesnieHo rMno3xoreHHoe 0b6pa3oBaHKie C HEUETKIM,
HEepPOBHbIM KOHTYPOM, y6uHON nHBasum 4,7-5 mm Yee-
NNYEHHBIX NTMM$ATAYECKIX Y3/10B Ha LUee, B HAaA- 1 B Nog-
KIIOUYNYHBIX 06J1aCTAX HE BbIABNEHO.

YcTaHOBNEH OCHOBHOWM AMArHO3: PaK CAIN3UCTON LEKN
llcT. cT2NOMO. Y naumneHTKn umenca pag conyTCTBYIOLLMX
3aboneBaHunin. M3 KapaunanbHOW MaTonoruyM nauneHT-
Ka CcTpagana apTepuanbHon runepteHsuen Il cT., puck
4, nwemmnyeckon 6onesHbIo cepiua C aTeEPOCKIEPO3OM
A0opThl, KNanaHoB cepAua, KOPOHapPHbIX apTepui, Hapy-
LeHEeM KpoBoobpalleHns 2A, XpOHMYECKOW cepaeu-
HOW HefoOCTaTOYHOCTb, C OYHKLUMOHAsIbHbIM Kinaccom 2
N coxpaHeHHol ¢yHKLMeln Bbibpoca 67%. B aHamHese
XVIPYprvyeckoe ieyeHune no noBogy aHeBpu3mbl HproLL-

b c

Puc. 2. PaK CAM3UCTOM NPaBOM LEKK: a — BUA onyxonu Ao OAT; b — 06wuii BUA 30HbI Bo3pencTeua OAT Ha 3-U CyTKM; ¢ — 06K BUA yepes 18
mec nocae OAT.
Fig. 2. Cancer of the mucous membrane of the right cheek: a - tumor before PDT; b - 3st day after PDT; ¢ - 18 months after PDT
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HOW YacTu aopTbl. XpoHuYeckas 6onesHb nouek, 4 CT.
npu CKOPOCTU KNy6oukoBon ¢unbTpaumm 28 Mi/MUH.
Bapuko3Hasa 605e3Hb HUXHUX KOHEYHOCTEN 3 CT.

MauneHTKa O6CYKAeHa Ha OHKOJIOTMYECKOM KOHCU-
nmyme. YunTbiBas pPacrnpoOCTPaHEHHOCTb OMyXOJIeBOro
npouecca, BblPaXkeHHYI0 COMYTCTBYIOLLYIO MaTONOruio,
BO3pacT, OObeM nNpefnonaraemMoro Xupypruyeckoro
BMeLUaTeNbCTBa, B KAUeCTBe afbTepHATUBHOWN METOAMKN
neyeHna npepnioxeHo nposegeHve OAT B camocToA-
TeNbHOM BapuaHTe.

MaumneHTKe 6bina BbinosHeHa AT ¢ poToNIOHOM, KO-
TOPbIVi BBOAUNV BHYTPUBEHHO KanenbHO B fo3e 1,0 mr/Kr
Macchl Tena. [ins KynmpoBaHuA 6051€eBOro CMHAPOMA 1C-
NoJib30BaHbl PAcTBOPbI MpenapaToB: Ketoponaka 1,0 mn
B/M, npomegona 2% 1,0 mn B/m, penannyma 0,5% 2,0 mn
B/M. [lononHuTEeNbHO caenaHa MecTHas aHecTe3na pacT-
BOPOM ponunBaKaunHa.

O[T 6bina npoBefeHa Yepes 3 Y nocsie BBegeHus ¢o-
TONIOHA MpUY C/1egyoLWmnx NapameTpax: UCTOYHUK Nlasep-
Horo ceeta annapar «Jlatyc 2» (662 HM), ANCTaHUNOHHOE
0b6nyyeHne HOBOOOPA30BaHUA NPU MAOTHOCTU MOLLHO-
¢t 0,31 BT/CM?, NNOTHOCTb CBETOBOW SHEPIUUN COCTaBUNA
300 Ox/cm?, konuuecTtso noneii — 1, Bpems npouegypbl —
16 MuH.

MNaumeHTKa BbiNUCaHa M3 CTauMOHapa Ha 3-u CyTKMK
nocne OMT, MecTHO OTMeYeHbl MPU3HAKN remopparnye-
CKOTrO HeKp03a, 0TeYHOCTb (puc. 2b).

Ha cpokax HabnogeHns 18 Mec Npr3HAKOB MECTHOIO
peunanBa n MeTacTa3upoBaHNSA He BbIAIBIEHO (puUc. 2¢).

O6cyxpeHne

B npepncTaBneHHbIX KnuHMYeckux npumepax OOT 6bina
BbIMOMIHEHA NaUMeHTaM W3 pPa3fIMYHbIX BO3PACTHbIX
rpynn (43 n 89 net, COOTBETCTBEHHO), Y KOTOPbIX MO AaH-
HbIM KIMHUKO-MHCTPYMEHTaNbHOIO 06cnefoBaHus noa-
TBepxaeH cNO cTaTyc pervoHapHbIX NuMbaTNyecKmnx
Y3/10B 1 IyO6UHA MHBA3UM NEPBUYHOTO oYara CocTaBunia
4 1 6 mm, cootBeTcTBEHHO. OIT HbINa BbIOpaHa Kak asb-
TEPHATMBHbIA BapuWaHT NeyeHus, Tak Kak npoBefeHune
Xvpyprmyeckoro BMeLatenbctea unm XJ1T 6binio cBA3aHO
C PUCKOM Pa3BUTUA TAXKESbIX OCNOXKHEHWI, BCNeACTBME
HanMuuA BblipaKeHHOW CONyTCTBYIOLLEN NAaTONOrN.

BbinonHeHne QAT He conpoBOXAANOCh TEXHNYECKN-
MU TpygHoOCTAMU (puc. 3), B oboux cnydyasax 6biio focTa-
TOYHO OZHOTO MoJs 06yYeHVA AN OXBaTa OMYXOJIEBOIO
NnopaxxeHnsa CIM3NCTON NONOCTY PTa U 30H NOTeHUManb-
HOro CyO6KNMHMYecKoro nopaxeHus (no 0,5 cm ot BMan-
MbIX FpaHuL onyxonu). He notpeboBanoch AnuntesibHOro
npe6bblBaHUA B CTaLMOHAPe, NauyeHTbl Obin BbINUCaHbI
Ha 3-e CyTKM Mnocne neyveHuns.

W3 HexxenaTenbHbIX ABNEHMI OTMeYanacb 6osnb (gra-
de 1 CTCAE) n otek (grade 1 CTCAE), KynnpoBaBLumnecs
HeCcTepoMAHbIMU NPOTMBOBOCNANUTENbBHBIMI CPEeACTBa-
MUV 1 MPOTMBOOTEYHOW Tepanuen.

Y 060X MaUMEeHTOB AMarHOCTMPOBAHa MOJHas pe-
30p6UKA NepBUYHOrO onyxoneBoro ovara (no RECIST 1.1)
Ha ¢oHe MpoBefeHHOro ofgHoKpaTHoro Kypca OAT.

Tl

Puc. 3. CeaHc OAT
Fig. 3. PDT treatment

B nepBom KnvMHMYeCcKOM criyyae Obinl NpoBefeH MOB-
TopHbI Kypc OAT B CBA3M C COYETaHHOW MaTonornen
CNN3NCTON 0BONOUKM MONOCTU PTa — MHOXKECTBEHHbBIMU
ouyaramu NIeMKOMIaKUK, pPe3ynbTaToM KoToporo 6Obina
yCTaHOB/IEHA NOJIHAA Perpeccus BCEX OYaroB JienKonna-
kun. MNeprog HabnopeHus (IQR) nauneHToB cocTaBmn 12
n 18 mMec, COOTBETCTBEHHO, 6€3 MPU3HAKOB peunanea
1 MeTacTa30B.

3aknouyeHune

MpeacTaBneHHbIN KAMHUYECKUI ONbIT AeMOHCTpUpyeT
BO3MOXHOCTU O[T Kak MaNOMHBA3UBHOTO, 3PPEKTUBHO-
ro MeTofia PafrKasbHOro IeYeHNsa paka Cm3ncTon obo-
noukn nonoctu pta T1-T2. ®OT ¢ poToceHcnbrnmzaTo-
pamu XJIOPMHOBOTO pAfa MOXET ObITb afibTEPHATUBHbBIM
BApPVIAHTOM JIeUEeHNA MOXWIbIX U COMATUYECKN OTAro-
LLEHHbIX MaLMEHTOB, Y KOTOPbIX BbIMOSHEHVE OBLIMPHbIX
XVPYpPruyeckux BMeLlaTesibCTBa W/Unv nposefeHue
arpeccusHon XJ1T conpaAXeHOo C pa3sBUTNEM Cepbe3HbX
oCNoXHeHMN. OCOGEHHO aKTyanbHbIM 3TOT METOZ, Npea-
CTaBAAETCA NPU JIEYEHUN COYETAHHOW MATONOMUN CIIN3K-
CTOW MONIOCTY PTa, TaKoW Kak HOBOOOpa3oBaHMe 1 nen-
Konnakua cnnsuctor. OgHAKO A KOMMIEKCHOW OLEHKU
3bbEKTUBHOCTU fleyeHrs, YacToTbl Pa3BUTUA HeXena-
TeJIbHbIX ABNEHM, BbIPAOOTKU NOKa3aHWiA 1 MPOTUBOMO-
KazaHui K O[T Heobxoanm aHanmn3 GonblIEro Konunye-
CTBa NaLNEHTOB.

Mpu 3HO nonocTn pTa Ha onpefeneHHbIX STanax ne-
YeHMs KaK C PaguKasibHOW, TaK 1 C MasyIMaTUBHOM LeNbLo
BO3MOXHO NpPUIMEHEeHNe TakoW COBPEMEHHOW TEeXHONO-
rmm Kak OAT, koTopasi obnagaeT BblpaXkeHHbIM NPOTU-
BOOMNyxoneBbIM 3pdeKToM M oTnnvaetca nsburpatesnb-
HOCTbIO MOPAXXEHWsA OMyXOJIEBON TKaHW, OTCYTCTBUEM
3HAUUMBIX MECTHBIX U CUCTEMHbIX MOOOYHbIX 3 deKTOB
1 BO3MOXHOCTbIO MOBTOPEHNA KYPCOB.
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Pesiome

B paboTe npeacTaBneHbl pesynbTaThbl UCCeA0BaHNA BbXKMBAEMOCTM 6OMbHbIX pakom noaxenyaouHoii xenesbl (PM2K) IV ctagum nocne komnnekc-
HOro MannMaTMBHOro nevyenus. Llenbio nccnepoBaHua 6bi10 onpefennTb NPOrHOCTUYECKUe GpaKTopbl, BAVAIOLME Ha BblKBAEMOCTb HOJIbHbIX
PIMX IV cTaguu, KOTopbIM NnaHUpyeTca NPOBeAeHNe COYeTaHHON (MoKanbHOM 1 cuctemHoil) doToguHammyeckon Tepanun (OAT). B ocHoBHOW
rpynne, BKoyasLwer 19 naymeHToB, NPOBOAWIN NaMaTMBHOE JleYeHne C NprMmeHeHnem codetanHor OIT. B rpynne cpaBHeHUA, BKOYaBLLEN
28 nauneHToB, MPOBOAUNY NannnaTBHoe neveHne 6e3 OAT. Ha doHe nprmeHeHns coyetaHHoit OAT B OCHOBHOW rpynmne Habnoaany cTaTncTu-
YecKr 3HauMMOe yBeNMyeHne NPOAJOIKUTENBHOCTMI XI3HU MO CPaBHEHMIO C FPYMNMON CPaBHEHUA. YCTaHOBJIEHO, YTO Ha 3-MeCAYHYIO BbKMBae-
MOCTb MaLMeHTOB, KOTOPbIM MaHMpyeTcA NpoBeAeHne coueTaHHon OAT, BAnAeT ncxofHbin ypoBeHb GubpriHoreHa. YpoBeHb ¢prbprHOreHa Bbille
3,40 r/n no3BonAeT NPOrHO3MpoBaThb CHXEHNe BEePOATHOCTM 3-MeCAYHON BbiXmBaeMocTn nocne nposefgexHuna OAT. Micnonb3oBaHMe NCXOJHOTO
YypOBHA GpUbprHOreHa B KauecTBe NPOrHOCTUYECKOro GaKkTopa No3BOsAeT NPOBECTY OTOOP NALMEHTOB Ha KOMIIEKCHOE fleYeHne C PUMEHEHNEM
OAT 1 NOBLICUTb UX BbIKMBAEMOCTb.

KnioueBble cnoBa: 3710KkayecTBeHHble HOBOO6pa3OBaHl/Iﬂ no,cpKeny,qquon Kenesbl, C])OTO,E[I/IHaMI/ILIeCKaﬂ Tepanua, NporHo3npoBaHne, BblXKBae-
MOCTb, NPOrHocTn4eckne ¢aKTOpr.
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PREDICTION OF THE EFFECT OF PHOTODYNAMIC
THERAPY ON SURVIVAL IN PATIENTS WITH STAGE IV
OF PANCREATIC CANCER
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Abstract

The article presents the results of a study of survival after complex palliative treatment of patients with malignant tumors of the pancreas
stage IV in two comparable groups of patients. The aim of the study is to determine the prognostic factors affecting survival in patients
with stage IV pancreatic cancer who received local and systemic photodynamic therapy. In the main group, which consisted of 19 patients
with histologically verified stage IV pancreatic maligant tumor, palliative treatment was performed using photodynamic therapy. In the
comparison group, consisting of 28 patients with histologically verified malignant tumor of the pancreas stage IV, palliative treatment was
performed without the use of photodynamic therapy. On the background of the use of local and systemic photodynamic therapy in the
main group it was observed a statistically significant increase in life expectancy compared with the comparison group. The three-month
survival of patients who received local and systemic photodynamic therapy is affected by the level of fibrinogen before treatment. The level
of fibrinogen above 3.40 g/l makes it possible to predict a decrease in the probability of three-month survival after photodynamic therapy.
Thus, complex treatment with the use of photodynamic therapy for stage IV malignant tumors of the pancreas can increase the survival rate
of patients.

Key words: malignant tumors of the pancreas, photodynamic therapy, forecasting, survival, prognostic factors.
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BBepeHune

Pak nogxenygouHon »kenesbl (PIMXK) ABnaeTca BaxxHoW
npobniemMo COBPEMEHHOV OHKOMoruu. fBnsAacb OTHO-
CUTENIbHO PEeaKo BCTpevallWwmMca 3aborieBaHueM, 3a-
HUMAIOLWUM B CTPYKType OHKONOrmyeckomn 3abonesae-
mocTn Poccum nnuwb 3,3%, OH HAXOAUTCH Ha NATOM MecTe
B CTPYKTYpPE OHKONOIrMYeCckomn cmepTHoCTH [1-5].

CoBpeMeHHbIM CTaHAAPTOM NeYyeHNs NauneHTOB CO
3/10KaueCTBEHHbIMM HOBOOOPA30BaHUSAMY MaHKpea-
TOOUNMAPHOW 30HbI ABMISIETCA KOMIMJIEKCHOE JNeyeHune,
B KOTOPOM [JIaBHYIO POJib UrPaeT XMPYypruyeckum me-
Toa. MNpn 3Tom BCneacTBme gAnMTeNnbHOro neproaa crep-
TbIX CUMMTOMOB 1 MO3AHEro obpalleHnsa NayneHToB Ha
MOMEHT MOCTAHOBKM AnarHo3a 6onee nonoBuHbl 60sb-
HbIX y>e nMeloT 3anyLeHHyto IV ctagmio oCHOBHOrO 3a-
6oneaHua [1, 2]. bonbWwKHCTBY 6GOMbHBIX BO3MOXHO
NPOBECTM NINLWb MNANNIMATUBHOE NeYEHNE, MPU STOM BaX-
HelwwrM GpakTOPOM YCMNELIHOro NeYeHnsa ABASAETCS JINK-
BUALUA XKU3HEHHO YrpOXaloLWmMX OC/IOXKHEHUN, TaKnX
KaK MexaHunyecKas »entyxa u xonaHrut [6-10]. Ha poHe
Pa3BUTMA TEXHOJNIOTUIA LEKOMMNPECCMN MKeNUYeBblBOASA-
LWMX NPOTOKOB, NOABNEHMA HOBbIX CXEM 1 MpPenapaToB
XUMMOTEPANEBTUYECKOTO JlIeYEeHUA MNPOrHOCTMYEeCKas
Me[MaHa BblXWBaHWA AAHHbIX MALMEHTOB He MeHAeT-
CA Ha NPOTAXKEHUMN MHOTUX NeT, NO-NPeXKHeMYy COCTaB-
nas 3,7 mec B cJiydyae Hepe3eKTabenbHOCTU OMyXosu,
YTO COCTaBNAET OfHY U3 CaMbIX HU3KNX MenaH BblXKU-
BAaeMOCTM Cpeaun Onyxosiel racTPOMHTECTUHANbHOrO
TpakTa [2]. JleTanbHOCTb Ha NEPBOM TOAY KM3HU Y Na-
uneHtoB ¢ PIXK Takke ocTaeTcA BbICOKOW, AOCTUras
68% [1].

MosTtomy, BCneacTBMe OTCYTCTBMA 3HAYMMOTO YMyu-
LIEHWA Pe3ynbTaToB NaNNaTUBHOMO IeYeHns, HeCMOTPA
Ha pa3BUTUE NEKAPCTBEHHON Tepanuu, NaeT NoUcCK apy-
rMx MeToAoB NasIMAaTUBHOIO JlIeYeHUNA [aHHOW KaTero-
pvn NayMeHToB.

OfHVM 13 TaKNX METOAOB sIBNAETCA doToanuHaMmnYe-
ckaA Tepanua (OAT). ®OT - 310 MeToq BO3AENCTBUA HA
onyxosneBble KNEeTK/ C NOMOLLbIO CreumanbHbIX nekap-
CTBEHHbIX CPefCTB, KOTOPble HaKamnaMBalTCA B HUX WU,
CTaHOBACb XMMNYECKN aKTUBHbIMU B NPUCYTCTBUM CBETa
OonpefeneHHon AnVHbI BOJIHbI U KUCNOPOZa, NpUBOAAT
3TN KNETKM K rmbenn nyTemM anonto3a, HEKpo3a 1 ayTo-
¢daruu. MNpoeepeHHble B 2002 1 2014 rr. uccnegoBaHus
BNMAHMA KOHTakTHoM OLAT Ha mcxofbl KOMMIEKCHOro
neyenmsa PIK no3BonAT roBOPUTb O MePCNeKTUBHOCTH
npumeHeHunsa QAT B coueTaHUN C XUPYPruyeckMmm MeTo-
AaMU C LEenbio NOBbIWEHNA MPOAOCIXKUTENbHOCTA KU3HU
naumveHToB ¢ 6MacTOMamMn MaHKPEeaToOMMAPHOM 30HbI
[8,9].

Llenblo nccnepgoBaHma ABNANOCH onpeneneHne npor-
HOCTMYECKMX (AKTOPOB, BUAIOWMX Ha BbIKMBAEMOCTb
6onbHbIX PMK IV cTagnn, KOTOpbiM MaHNPYeTCs NpoBe-
AeHue nokanbHon n cuctemHon OAT.

HOB00OPa30BaHNi NOKENYA04HON XKenesbl

MaTtepunanbl n metoabl

B oOTKpbITOe HepaHJOMMU3UPOBAHHOE CpPaBHUTENIbHOE
nccnegoBaHue BbIXKMBAEMOCTU Oblnu BKiOYeHbl 47 na-
LUMEHTOB C FMCTONOrMYeCcKu BepudpuumpoBaHHbiM PITK
IV cTagnm, NpoxoanBLINX KOMIMTIEKCHOE JleueHne Ha 6ase
KpaeBoro renartonorunyeckoro ueHTtpa KIBY3 «lopog-
ckan 6onbHuua N25, r. BapHayn» (r. bBapHayn, PO) c 2017
no 2020 rr. MaureHTbl O6bINN pa3geneHbl Ha ABe rpynmbl.
Kputepusamm BKIlOUEHWA B UCCefoBaHme Obinv BO3pacT
ot 18 go 95 nert, rMcToNOrMYecKkn BepuPULIMPOBAHHDIN
anarHos PIMX IV ctaguu, nognucaHHoe MHGopmMmpoBaH-
HOe cornacue Ha onepaTUBHOE NleYeHre B NePUog rocnu-
Tanusauun. Kputepusmm ncknoyeHns 6o focyToyHas
netanbHocTb, BUY-uHrumpoBaHme n uHdpnumposaHme
BMpPYCHbIMY renatutamu B, C n D, ocTpbIii HPAPKT MUo-
Kapfa C KapQUOreHHbIM LLIOKOM, Halune OHKonoruye-
CKOro 3abonieBaHUsi KPOBU.

B ocHoBHyto rpynny sownu 19 nauveHToB, KOTO-
pbiM NPOBOAUNN KOMIMIEKCHOE MananaTMBHOE NieyeHne
¢ npumeHeHnem OUAT. [pynna cpaBHeHWA BKAYana
28 nauneHTOB, MOABEPrHYTbIX KOMMIEKCHOMY Masauna-
TBHOMY neuyeHunto 6e3 OAT. PacnpeseneHre nauneHToB
B rpynnbl NpoBoAunmM 6e3 MCNonb30BaHUA paHAOMU3a-
UUK: NauMeHTbl, NoanMncaBLLmMe corflacie Ha NpoBefeHne
OOT BcneacTBMe HanMuuA NPOTUBOMOKA3aHWA K Npu-
MEHEHMIO aNIbTEPHATUBHBIX METOAOB JleueHus, Obiim
BKJIOUEHbl B OCHOBHyt0 rpynny. OTKasaBLumeca oT npo-
BegeHvAa OOT naumeHTbl ObIIV BKIIIOYEHDI B FPYMNY CpaB-
HeHwuA. [ln3alii uccnefoBaHus 6bin ofobpeH NoKasibHbIM
aTnyeckum kommtetom OIbOY BO «Antanckuimn rocypap-
CTBEHHbIN MeQNLNHCKNIA YHUBepcuTeT» MuHsgpasa PO
(BbINMCcKa n3 npotokona Ne11 ot 27.11.2017 r.). Cpas-
HUTENbHAA XapaKTepUCTMKa rpynn no nony n Bo3pacty
npegctaBneHa B Tabn. 1. CraTMCTUYECKM 3HAYUMBIX pa3-
NNYKIA BbIABAIEHO He 6bisio.

CpaBHuTeNbHaA XapakTepucTKa rpynmn no rmcTono-
rMYecKoMy TUMy 3710KaueCcTBEHHOro HOBOOOPa3oOBaHWA
npepgctaBneHa B Tabn. 2. CTaTMCTUYECKM 3HAYUMBIX pa3-
NNYKIA BbIABAEHO He 6bisio.

MannuatuBHOE XUpypruyeckoe neyeHue BKOYANO
B cebn onepaTuBHOE NeUYeHre XKN3HEYTPOXKALLMX OCTOXK-
HEeHUN, Npexae BCero MeXaHW4eckomn KenTyxu: ypec-
KOXHO€ UpecrneyeHOYHOEe MOHO- 1 6unobapHoe apeHu-
pOBaHMe XeNYHbIX MPOTOKOB, CTEHTUPOBAHME XeNUYHbIX
NPOTOKOB MOA YNIbTPa3BYKOBbIM N PEHTIFEHONIOrNYECKNM
KOHTPOJIEM, BbIMONIHEHME OOXOAHbIX OUANOAUrecTUB-
HbIX aHaCTOMO030B. CUMMNTOMaTUYECKOe KOHCePBaTUBHOE
neyeHve BKOYaNo B ce6a MHPY3NOHHYIO, Ae3NHTOKCH-
KaUMOHHYI, aHanbreTMyecKkylo, renatonpoTeKTOPHYIO,
aHTnbaKTepuanbHyto Tepanuio [5].

Y BCex nauMeHTOB OCHOBHOM FPYyMMnbl NpOBOAUAN
nannmatmeHylo codvetaHHyto OOT ¢ mcnonb3oBaHuem
BHYTPMBEHHOrO QoToceHcubrunmsatopa ¢oTogmTasuH
(OO0 «BETA-TPAH[», Poccusa). MNpenapat pactBopanu
B 0,9% ¢ur3nonornyeckom pacTBope, BBOAUNIN BHYTPU-
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BEHHO KanesnbHo B fo3e 1-1,4 mr/Kr maccol Tena. B npo-
Lecce BBeeHUA NPOBOANIN BHYTPMBEHHYIO CUCTEMHYIO
OOT uepe3 nepudepryeckuin [oCTyn B KyOuTasnbHYIO
BEHY C MCMO/b30BaHMEM annapaTa Ana BHYTPMBEHHOIO
06nyyeHNs KpoBY C NCTOUHVKOM MOHOXPOMATMYEeCKOro
cBeTa MolHocTbio 0,7 BT ¢ AnnHOM BONHbI 662-665 HM,
3KCNO3ULMOHHOM Ao301 cBeTa 1200-1400 [x/cm?, nnoTt-
HOCTbIO MOLLHOCTM n3nyyeHna 0,22 Bt/cm? Mo ucteue-
HUW 5 4 C MOMEHTA OKOHYaHUS MHOY3MM OCYLLECTBAANN

NoKasnbHylo KOHTakTHyto OAT nytem obnyyeHusa ¢ uc-
NOMb30BaHMEM MPOrpPaMMHOro Cneuuann3npoBaHHOIO
nlasepHOro AByXBOJIHOBOro annapara mowHocTtbio 0,7 BT
MOHOXPOMATUYECKNM CBETOM C QJ/IMHOW BOJIHbI 662 HM,
3KCNO3ULMOHHOW 10301 cBeTa 220 [1k/CM?, NNOTHOCTbIO
MOLLHOCT u3nydyeHusa 0,22 BT/cm? uepe3 UpecKOoXHbIN
ypecneyeHOUHbIN aHTerpagHbil [OCTYN U 3HAOCKOMNMU-
yecky Npu BMAe0330¢haroyofeHOCKONUN Yepes peTpo-
rpagHbii OCTYN nof KOoHTposem 3HZo-Y3U [13]. Lienbto

Ta6nuya 1

CpaBHUTEAbHasA NMOAOBO3PACTHAA XapaKTepUCTMKa NauUeHToB
Table 1

Comparative characteristics of patients by age and sex

OcHoBHas rpynna lpynna cpaBHeHNA
Main group Comparison group

NMokasartenb
Index

Bospacr 62,53+10,74

Age
abc. o
abs 2

KeHckui non 8 42,11

Female

My>kckown non 1 57.89

Male

60,79+9,27 0,568
abc. o
abs % P
14 50,00 0,815
14 50,00 0,815

MprMeyaHye: p — CTaTUCTMYECKas 3HAUMMOCTb Pa3NnUmii Mexay OCHOBHOW rpynron 1 rpynnoi CpaBHEHNS.
Note: p - statistical significance of differences beween the main group nd the comparison group

Ta6nuuya 2
CpaBHUTEAbHAsA XapaKTEPUCTUKA 6OAbHBIX MO FTMCTOAOTMUYECKOMY TUIMY 3A0KaYECTBEHHOro HOBoOGpa3oBaHUs
Table 2

Comparative characteristics of patients by hystology of tumor

Micronornyeckuin Tun/Histological type

BbicokoandpdepeHUpoBaHHas ageHoKapLHOMa
High differentiated adenocarcinoma

YmepeHHo anddepeHLnpoBaHHaA ageHoKapLHOMa

Moderately differentiated adenocarcinoma 4
HuzkoandpepeHupoBaHHas afgeHoKapUHOMa

! ! . 8
Low differentiated adenocarcinoma
HeanddepeHunpoBaHHasa afeHoKapLHoMa

. . - 3
Non-differentiated adenocarcinoma
MnockokneTouHbIN pak 1
Squamous cell carcinoma
HelnposaHAOKPWHHBIN pak 0

Neuroendocrine cancer

OcHoBHasA rpynna lpynna cpaBHeHuA
Main group Comparison group
a6c. o a6c. .
3 5

15,79 17,86 0,834
21,05 8 28,57 0,811
42,11 12 42,86 0,803
15,79 2 7,14 0,644
526 0 0 0,844

0 1 3,57 0,843

MprmevaHume: p — cTaTUCTMYECKaA 3HAYNMOCTb PasANUMNA Mexay OCHOBHOW Fpynmnow 1 rpynmnowv CpaBHeHWA.
Note: p - statistical significance of differences beween the main group nd the comparison group
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nposeneHusa nokanbHon OAT ObINo AOCTUXKEHME anon-
TO3a KNeToK Mo neprdepmm HOBOOOPa3oBaHNA B COYeTa-
HUW C KOMMJIEKCHBIM YMEHbLIEHEM KOHLEHTpaLUun atu-
MUYECKMX KNETOK B CUCTEMHOM KPOBOTOKE MNOCPEeACTBOM
Bo3gencTema cuctemHon OT.

KomnnekcHoe neyeHne C NpyUMeHeHneM JIOKarbHOM
n cuctemHon OAT npoBognnM € NCNONb30OBaHNEM Clie-
ayoulero anroputma: ¢GnyopcLeHTHaa AuarHoCTUKa Ha
Na3epHON 3NEeKTPOHHO-CNEKTPaNibHOM ycTaHoBKe «bro-
cnek» (OO0 «HoBble xmpypruyeckmne TexHonorum», Poc-
cnA), nokanbHasa n cuctemHaa OOT Ha nporpammHOM
Cneyunanv3npoBaHHOM Jla3epHOM ABYXBOJSIHOBOM armna-
pate «JIAMU-Tennoc» (OO0 «HoBble xupypruyeckue Tex-
Honoruwy, Poccus) no TY 9444-001-53807582-2010.

OCNoXHEeHUs XMPYPruyeckoro feyYeHusi OLeHVBam
no wkane Clavien-Dindo [14]. Y Bcex 60AbHbIX OCHOB-
HOW Trpynnbl aHaNU3MPOBANM MOKa3aTeNM remMocTasa,
NnpoTeoniM3a U CUCTEMHOrO BocnaneHusi. OnpegeneHvne
KOHUeHTpauun ¢pubprHoreHa B nnasme no Clauss (1957)
npoeoAnn Habopom peareHToB GprUpMbl «TexHonormsa —
CraHpapT» (Poccun).

[ns onpepeneHna KOHUEHTPaAL MM TKAaHEBOTO aKTu-
BaTopa nnasmuHoreHa (t-PA) B CbIBOpOTKe KpPOBU UC-
nonb3oBany Habop Ans UMMYHObEPMEHTHOTO aHanm3a
TECHNOZYM t-PA Ag EDTA ELISA (kat. Ne TC12007, Tech-
noclone Herstellung von Diagnostika und Arzneimitteln
GmbH, ABcTpus), M3MepAnM OMNTUYECKYID MIOTHOCTb
pacTBopa B NiyHKax nNpwv gjsnHe BosiHbl 450 HM, C NOMO-
Lbl0 aBTOMATUYECKOro GpoToMeTpa Al MUKPOMJIaHLLIET
EIx808 (BioTec Instruments, Inc., CLLA).

Ona onpepeneHns KOHUEHTpaLUU UHIMOMTOpa TKa-
HeBOro akTuBaTopa nnasmuHoreHa-1 (PAI-1) B cbiBOpOT-
Ke KpOBU MCMonb3oBanu Habop Ans nMMyHOdepMeHT-
Horo aHanm3a TECHNOZYM PAI-1 Antigen ELISA (kaT.
Ne TC12075, Technoclone Herstellung von Diagnostika
und Arzneimitteln GmbH, ABcTpus), n3mepanu ontuye-
CKYI0 MJIOTHOCTb PAcTBOPaA B JIyHKaxX Mpuv A/IMHE BOJIHbI
450 HM, C MOMOLLbIO aBTOMATUYeCKOro poTomeTpa oA
MuKponnaHweT EIx808 (BioTec Instruments, Inc., CLLA).

Ona onpepeneHus KOHLUEHTpaUWy TKAHEBOro ¢ak-
Topa (TF) B CbIBOPOTKE KPOBY UCMOMb30BaNv Habop ans
ummyHodepmeHTHOro aHanmsa IMUBIND Tissue Factor
ELISA (kaT. N2 REF845, BioMedica Diagnostics, CLLUA), n3-
MEPANM ONTUYECKYIO MIOTHOCTb PAacTBOPa B NyHKax Mpu
LANNHe BOJHbI 450 HM, C MOMOLLbI0 aBTOMaTMYeCcKoro ¢po-
TOMeTpa ana mukponnaHweT EIx808 (BioTec Instruments,
Inc., CLLA).

[na onpepeneHus KOHUEHTPAUWUW MHIMOUTOPaA NyTy
TKaHeBoro ¢akTopa (TFPI) B CbIBOPOTKE KPOBW UCMONb-
30Bany Habop gns MMmyHodepmeHTHOro aHanmsa Hu-
man Tissue Factor Pathway Inhibitor (TFPI) ELISA Kit (kaT.
Ne ET1005-1, Assaypro, CLUA), namepann onTuyeckyio
MIOTHOCTb PACcTBOPA B JTyHKaXxX Npu AnvHe BOsHbI 450 HMm,
C MOMOLLbI0 aBTOMaTMYecKoro gpotomeTpa A MUKPO-
nnaHwerT EIx808 (BioTec Instruments, Inc., CLLA).

HOB00OPa30BaHNi NOKENYA04HON XKenesbl

[nsa onpegeneHna KOHUEHTpauumn GakTopa HEKPO3a
onyxonu-anbda (TNF-a) B CbiBOPOTKE KPOBM NCMOJIb30-
Bann Habop ana UMMyHOpepPMEHTHOrO aHanr3a Human
TNF alpha total Platinum ELISA (kaT. N0 BMS2034/BM-
S2034TEN, Bender MedSystems GmbH, Asctpus), n3-
MepPANN ONTUYECKYI0 MNIIOTHOCTb PacTBOpa B JIYHKax npwu
ANNHe BOJIHbI 450 HM, C MOMOLLbIO aBTOMATMYeCcKoro ¢po-
TOMeTpa ana mukponnaHwet EIx808 (BioTec Instruments,
Inc., CLLA).

CTaTnCcTMyeckuin aHanm3 npoBOAUAN C MOMOLLbIO
nakeTa cTaTucTMyeckux nporpamm SigmaPlot 14.0 (pe-
rMCTPALUNOHHBIN HOoMep 775400014). nAa cpaBHeHWA
[BYX HECBA3aHHbIX FPynn UCNONb30Bay HenapameTpu-
yecknn Kputepun MaHHa-YUTHW, NOCKOMbKY, COracHO
Kputeputo LWannpo Yunka, Bce nsyyaemble nokasartenu
KpOMe Mnona 1 Bo3pacTa MMenn pacnpeneneHne, otany-
HOe OT HOPMaJIbHOrO B 06eunx NCCNefoBaTeNIbCKUX FPy-
nax. [InA cpaBHeHMA HECBA3AHHbIX FPYMMN C HOPManbHbIM
pacnpeneneHnem NPUMeHANN NapaMeTpUUYeCcKNn Kpute-
puin CTblofeHTa, OTHOCUTENbHbBIX BEMIMUUH — Z-KPUTEPUN
Ouwepa. Pe3ynbTaThl AnA nokasaTesen C pacnpeneneHu-
€M, OTAIMYHBbIM OT HOPMAJbHOrO, NPeAcTaBieHbl B BUae
megunaHbl (Me), nepsoro (Q1), TpeTtbero (Q3) kBapTUnen,
cpepHero 3HavyeHusa (M) 1 ero ctaHgapTHOrO OTKOHe-
HuA (SD). Pe3ynbtatbl AnA nokasatenen C HOpManbHbIM
pacnpegeneHvem NpefCcTaBnieHbl B BUAE CPeAHEro 3Ha-
yeHua (M) n ero ctaHgapTHOro oTkfMoHeHuAa (SD). Ona
OLEHKW 06LLEN NPOOOIIKUTENBHOCTY XKU3HU MPUMEHSNN
MeToA KpuBbix KannaHa-Menepa, ana cpaBHUTENbHOIO
aHanM3a BbIXXMBAEMOCTV WCMOMb30BaNN NOr-paHroBbii
KpuTepun. na onpepeneHna npepckasartesibHOW Crno-
cobHOCTM noKasaTtenen wucnonb3osanu ROC-aHanus
¢ pacuetom AUC, TOUEeK OTCeYEHMA C YYBCTBUTENIbHOCTbIO
N cneundrnUHOCTbIO, OTHOLWEHNA npaBgonogo6mus (LR+
1 LR-) n nporHocTnyHocTu pesynbrata (p). Kputnuecknia
YPOBEHb 3HAUMMOCTW Pe3yNbTaToB UCC/IedoBaHMA Mpu-
Humanu p <0,05.

06cyxaeHne n pesynbraTbl

Y naumMeHTOB OCHOBHOW Fpymnnbl He Habnoganu noc-
neonepaumoHHbIX ociokHeHUn nocne OAT. Y ogHoro
60NbHOro OCHOBHOW rpynnbl (5,26%) Obina BbisiBNEHa
SMMrEeMa »KeNYHOro Ny3blpA NOCne NPOBEAEHHOIO CTEH-
TUPOBAHUA KEMYHbIX MPOTOKOB. Y OAHOrO MauueHTa
rpynnbl cpaBHeHMs (3,57%) Obina BbisiBeHa cepoma noc-
neonepaLMoHHOro Wea Nocse NPoBeAEHHON renatuko-
€I0HOCTOMIMY, €elle Y OAHOro MaumeHTa rpynmnbl CpaBHe-
HuA (3,57%) 6blna BbiAB/EHA noaneyeHoYHasaA remaToma
nocsne NpoBefeHHOr0 YPECKOXHOrO YpecneyeHOUYHOro
MOHOJ100aPHOI0 APEHNPOBAHUS XKENUYHbIX MPOTOKOB.

He 6blf10 BbISIBIEHO CTAaTUCTUYECKWN 3HAUUMbIX pPas-
NINYMIA  OTHOCUTENIbHO KONMYecTBa MNOCineonepaumoH-
HbIX OCNOXXHEHUA MeXZy CpaBHMBAeMbIMU Tpynnamu
(p=0,649), BCce ocnoxHeHnA nmenu llla cteneHb No Knac-
cudumkauum Clavien-Dindo.
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HOBOO6Pa30BaHUi NOLKENYA04HOI Xenesbl

Mpun oueHKe NPOAOMKUTENBHOCTU XXU3HW B Maparn-
NEeNbHO CPaBHMBaeMbIX rpynnax (tabn. 3) meguaHa Bbl-
XVBaHWNA B OCHOBHOW rpymnmne 6bia CTaTUCTUYECKN 3Ha-
YMMO BbllLEe MO CPABHEHMIO C FPYNMON CpaBHeHUA (p =
0,04) (puc. 1).

bonbWKWHCTBO nccnegoBaHun B obnactu OOT PIK
MpoBeAeHbl Y NaLuMeHTOB 6e3 OTAaNeHHOro mMetacTaTu-
yeckoro nopaxeHua. B nccnepoBaHmax Bown mn coast.
[8], Hugget n coagr. [9], a Take nocnefoBaBLLMX UCCe-
[OBaHWAX Pa3fINYHbIX GOTOCEHCMOMIN3ATOPOB MO OpK-
rMHanbHbIM MeToAMKaM, ONMMCaHHbIM B 0630pe Karimnia
N COaBT. [6], NpeacTaBneHbl NpeXae BCero bnmxkanwmne
pe3ynbTaTbl NpMMeHeHuA nokanbHon OOT y naumeHToB
c IV ctagueir 3aboneBaHuA Npu NoKanbHOM NPOrpeccu-
poBaHum PIMXK. MegmnaHa BbPKMBaAHMA B 3TUX WUCCeno-
BaHWAX Bapbuposana ot 9,5 go 11 mec y naumeHTos c Il

n lll ctapnen 3nokayecTBeHHOro npouecca. Mpu aTom
aKTyasIbHbIMM OCTAKTCA BONPOChI O BO3MOXKHOCTU Yyy-
LIeHMA OTAANEHHbIX pe3ynbTaToB Y nauueHToB ¢ IV cTa-
aven 3a60/1eBaHNA, COCTABNAOWMNX 6OSIbLUMHCTBO Cpeau
BMepBble AMArHOCTUPOBAHHBIX OOJIbHBIX, @ TaKXe yCTa-
HoBJfieHVe $aKTOPOB, BIUAIWNX Ha 3GPEKTUBHOCTL He
TONbKO MecTHoro npumeHeHna OMT, HO 1 Ha OTAANEHHbIE
ncxoabl NeyeHus.

Metopom ROC-aHanu3a 6bin npoBefeH aHanv3 npu-
UMHHO-CNIeICTBEHHOW CBA3M pAfla MapKepoB reMmocCTasa,
CUCTEMHOro BOCManeHnsa u NpoTeonnsa, B3ATbIX 4O NPo-
BeaeHus OAT, 1 3-MecAYHOW BbIXKMBaemMocTu (Tabn. 4
n puc. 2). NonyyeHbl CTaTUCTUYECKN 3HAUMMbIE pe3ynib-
TaTbl B3aMIMOCBS3U YPOBHA GUOPMHOreHa u 3-mMecAaYHom
BbXKMBaemocTu npu nposegeHun OAT (p=0,039), octanb-
Hble MoKa3aTenun CTaTUCTUYECKM 3HAUYMMOTO BAIUAHNA He

Ta6nuuya 3

BbhkMBaeMOCTb NaLMEHTOB B OCHOBHOM U KOHTPOABHOW rpynnax
Table 3

Comparative analysis of survival of patients

MepunaHa BbKUBaHUA, AHN

lpynna Group Median survival, days
Me (Q1; Q3)
OcHoBHan .
Main 148 (287;72)
CpaBHeHUA (KOHTPOJSIb) 68 (188:35)

Comparison

95% poBepuTeNbHbIN MHTEPBanN
95% confidence interval

86,145-209,855
0,04
61,253-74,7477

MprmeyaHwne: p — cTaTUCTMYECKan 3HAYNMOCTb Pa3NNYNIA Mexay OCHOBHOW rpynmnowi 1 rpynmnow CpaBHEHWA.
Note: p - statistical significance of differences beween the main group nd the comparison group

Cicmoguan rpynnaiam group
e ["pynina CpagHEHHAICOMpAnEon group

0 l pal 04

BepormHocTe BnusBarR | Fossibility of survival

T T T 1
L] Al 400 60 o 1000 1200 1400

Bipewn, gai | Time, days

Puc. 1. BokuBaemocTb naumeHtoB ¢ PMDK npu npoBeaeHuuM nanma-
TUBHOIO XUPYPrUUECKOro AeYeHUsl ¢ NpUMeHeHUeM coueTaHHon OAT
1 6e3 ee NpUMEHEHMUS.

Fig. 1. Comparative characteristics of survival in patients who under-
went palliative surgical treatment of a malignant pancreatic tumor
using local and systemic PDT and without using of it.

Cox PH Model 116 ROC Curve

-

B CTETEMHOC Te S ansinity

—— DuGpEnenr e F||_-ur-_|g._--| AUGC = 08D

0,04

0.0 0.2 0.4 0.6 0.3 1.0

Cneyudinano T Specificity

Puc. 2. Pe3ynbtathl ROC-aHaAM3a BAMSAAHUA YpoBHA GUOBPUHOreHa Ha
3-MecAYHyI0 BbXMBaeMocTb 60AbHbIX PIK IV ctapuu.

Fig. 2. Results of ROC analysis of the effect of fibrinogen on three-
month survival in patients with stage IV pancreatic cancer.
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Ta6nuuya 4
Pesyabrathl ROC-aHaAM3a BAUAHUA YPOBHA dUBpUHOreHa Ha 3-MecAUHYI0 BbXMBaeMocTb 60AbHbIX PMK IV cTapuu
Table 4
Results of ROC analysis of the effect of fibrinogen on three-month survival in patients with stage IV pancreatic cancer

HOBOO6Pa30BaHUi NOLKENYA04HOI Xene3bl

AUC (nnowagb nog CranpapTHas own6Ka 95% poBepuTeNbHbIN YpoBeHb
Mokasartenb ROC-kpuBomn) Aap (m) nHtepBan AUC, (95%Cl) 3HaummocTm (p)
Index AUC (area under the AT e 95% confidence Significance level
ROC curve) interval AUC, (95%Cl) (p)

MO PUECIRL, [l 0,7986 0,1185 0,5664; 1,031 0,039
Fibrinogen, g/I

LR+=6,75;LR-=0,28

TNF-a 0,571429 0,187718 0,2035; 0,9394 0,68

TF 0,261905 0,152083 -0,03618; 0,5600 0,15

TFPI 0,452381 0,18798 0,08394; 0,8208 0,78

TPA 0,571429 0,197777 0,1838; 0,9591 0,67
TPA/PAI 0,6 0,185531 0,2364; 0,9636 0,57

umenu (p>0,1). KauectBo mogenu 6biNO NPU3HAHO XO-
powum (nnowapb nog ROC-kpumeon coctaBuna 0,7986).
OTcekalowmin npegen, NPy KOTOPOM UYyBCTBUTENIbHOCTb
NPOrHOCTNYECKON Mofenu cooTBeTcTByeT 75%, cneuu-
¢duuHoCTb — 89%, coctaBun 3,40 r/n. MNonyyeHHble faH-
Hble NO3BOJIAOT CAENaThb BbIBOZ O TOM, UTO YPOBEHb $H1b-
puHoreHa Bbiwe 3,40 r/n no3BonseT NPOrHO3npoBaTb
CHPKEHVE BEPOATHOCTU 3-MEeCAYHOW BbIKMBAEMOCTU
nocne nposegeHua OT.

M3meHeHnA cncteMbl remMocTasa y OHKONMOTMYeCcKux
NMauVeHTOB ABNAIOTCA OAHOW K3 OCHOBHbIX MpPobnem
COBPEMEHHOI OHKOOrUK, MPK 3TOM TPOMOOTMYECKME
OCJIOXKHEHMA — OfHAa M3 BEAYLLMX NPUYUH CMepTUn 6osb-
HbiX [16]. ®UOPUHOreH NpeacTaBnAeTCA BaXkKHbIM MO-
KasaTesieM KOarynsauMOHHOIo remocTtasa, HapylleHus
B KOTOPOM WrpaioT BefyLLyl posib B TPOMOOTUYECKMX
OCJIOXKHEHMAX NPU 3/10KaYeCTBEHHbIX HOBOOOPa30BaHW-
AIX N BNVAIOT Ha BbI)KMBAaeMOCTb NaLlneHTos [16].

Pe3ynbraTthl NpoBeeHHOro MCCNefoBaHNA NOATBEP-
OVINN [aHHble, MOJTyYeHHble B NpeablayLwmnx nccnefosa-
HUsX, noceswweHHbIx OOT. OAT aBnseTca MeToaoM BblOO-
pay naumeHToB ¢ PI7K, KOTOpbIM He MOKa3aHbl He TONbKO
pagvKanbHOe XMpypruyeckoe ieyeHne, Ho 1 gpyrue me-
TOAbl NANIMATUBHOIO NIeYEeHNA BCIeACTBUE VX BbICOKOM

J'II/ITEPATVPA

CoCTOsIHME OHKONOIMYeCcKon nomolum HaceneHuo Poccum B 2020
rogy / nog peg. Kanpuna A.Jl., CrapuHckoro B.B., MNetposon I'B. //
M.: MHMOW um. N.A. TepueHa - punuan OIBY «<HMUPL» MuH3gpa-
Ba Poccmu. - 2021. - C. 239.

2. HangJ.etal. Prediction of overall survival for metastatic pancreatic
cancer: Development and validation of a prognostic nomogram
with data from open clinical trial and real-world study // Cancer
Medical. - 2018. - vol. 7(7). - P. 2974-84. doi: 10.1002/cam4.1573.

TOKCMYHOCTU. OCOBEHHO 3TO aKTyasbHO ANA MALMEHTOB
¢ IV ctaguein 3aboneBaHus, y kotopbix ®AT no3sonser
3HAUWTENbHO YBENUYMTb MPOJOIKUTENBHOCTD KN3HW
npu OTCYTCTBUM NO6OYHBIX 3bdPeKTOB OT Tepanuu. Npu
BblOOpE TAKTMKM BeAEHWA 3TMX MaLMEHTOB, 0COGEHHO
C MyNbBTUMOPOUAHOCTBIO, BaKHOE 3HayeHVe UMeEET Ha-
NNYne [OCTYMHOTO B PYTMHHOWN NpPaKTMKe XMpypra v OH-
Konora crnocoba nporHo3mMpoBaHuA 3SbPeKTUBHOCTU
OAOT. MpennoxeHHbIN MO pe3ynbraTam MNPOBEAEHHOro
nccnegoBaHna cnocob [17] nosBonAeT BbiABUTL Mauu-
eHToB ¢ PIXK IV ctagnn, kotopbim QLT MOXeT C BbICOKOM
BEPOATHOCTBIO YBENIMYWTD MPOAOIKUTENIBHOCTD XKN3HU
Mo CpaBHEHUIO C APYrUMY METOAAMU MasIMaTMBHOIO Jie-
yeHwus.

3aknouyeHue

Taknum 06pa3om, KOMMIEKCHOE MafINaTUBHOE JIeUeHNe,
BK/lovatoLee coyetanHyto OT, 6onbHbIx PIMXK nossonsa-
eT yBeNMUYNTb NPOAOIIKUTENBHOCTb »KU3HWN NaLMEHTOB,
He OKa3blBas Ha HMX NMo6ouHbix 3ddekToB. Mcxopa n3
BbILLEN3/IOKEHHOrO, COYETAHHOE MPUMEHEHME NOKaslb-
Hol u cuctemHon QAT MOXKHO peKOMEHAOBATb Kak Me-
TOA BbIOOPa NPU KOMMJIEKCHOM MaslINaTMBHOM JIeUeHUM
3TOW CNOXKHOW KaTeropum nauneHTos.
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E.B. ®unonexko, B.W. BaHoBaPaakeBiy
dnyopecueHTHas AMarHOCTUKA NPU HEMENAHOUMTAPHbIX ONYXONAX KOXK

DJTYOPECUEHTHAS OMATHOCTUKA
NP HEMENAHOUMUTAPHBIX ONYXOJIX KOXMU

E.B. ®unonenko', B.1. NsaHoea-Paakesmny?

'«MOCKOBCKMI HOYYHO-MCCIIENOBATENBCKMIA OHKONOTrMYeckmit MHCTUTYT um. [.A. Tepuera —
dunnan PIBY «HaumoHanbHbIN MEAMLMHCKMIF MCCNENOBATENLCKMI LEHTP PALUMONONMUY»
Murucrepcrsa sapasooxpanerms Poceumitckoin Penepaumm, Mocksa, Poccus
2Poccumckmin Yuusepeutet apyx6el Hapoaos, Mocksa, Poccus

Pesome

OnyopecueHTHasA ANarHOCTMKa — NepCneKTUBHbIN MEeTOA ANArHOCTUKIN HEMeNTaHOLMTaPHbIX ONMyXOMen KOXN, MO3BONAOWNIA BbIABUTb KITMHNYECKN
He onpepaenaemble o4ary paka KoXKu 1 yTOYHUTb rpaHuLbl pacnpoCTpaHeHna onyxoneBoro npouecca. OCHOBHbIMM NeKapCTBEHHbIMM Npenapara-
MV AnA npoBeaeHns ¢pnyopecLieHTHON ANarHOCTV KN ABAAIOTCA NleKapCTBa Ha OCHOBE 5-aMUHOMNEBYIMHOBOW KUCTIOThI U ee MmeTuioBoro adupa. MNo-
KasaTenu 4yBCTBUTENbHOCTU GTyOpeCcLeHTHOW ANarHOCTUKM Npu 6a3anbHOKNETOYHOM, MIIOCKOKIIETOYHOM PaKe KOXU U SKCTpaMaMMapHOM pake
Mepxeta gocturaiot 79,01-100,0%, cneuynduuHocTn — 55,6-100,0%. ddeKTMBHOCTb STOrO MeToAa MOXET CHUXATbCA 3a CYET rmnepKepaTuHm3a-
L1, OPOrOBEHNA M NMPUCYTCTBUA HEKPOTUYECKOW TKaHN Ha MOBEPXHOCTM OMyXoNeBbix o4aroB. CpaBHUTENbHbIE NCCeloBaHNA pe3ynbTaToB ¢yo-
PECUEHTHON ANAarHOCTVKU U FTMCTONOMMYECKOro KapTPOBaHWA NPU yaaneHny onyxonu MeTogom MuKporpaduueckoin xupyprv Mooca nokasanu
BbICOKYIO KOPpenALMIo pe3ynbTaToB onpefeneHrs Kpaes onyxonn 3STMU MeTogamu. 3TO CBUAETENIbCTBYET O TOM, YTO 6e30MacHas 1 TEXHUYECKN
JIEerKo BbINOSIHUMas GyyopecLieHTHasA AUarHOCTKA MOXKET CIYXKMTb XOPOLLEN anbTepHATNBON MUKpOrpadunyeckoin xupyprium Mooca — ogHOMY 13
Hanbonee TOUHbIX, HO JOCTAaTOYHO TPYAO3aTPATHOMY 1 TEXHUUYECKM CJIOXHOMY METOAY OnpeAeneHns rpaHuL, 04aroB paka Koxu.

KnioueBble cnoBa: ¢pryopecLieHTHaA AMarHOCTUKa, PaK KoXi, 6a3anbHOKIIETOUHbIW PaK KOXW, MIOCKOKIETOUHBIN paK KOXW, SKCTPaMaMmapHbii
pak MepxeTa, Kpai onyxonu, 5-aM1HOMNEBYSIMHOBAA KNCI0Ta, METUIIOBbIN 3GUP 5-aMUHONEBYIMHOBOW KNCOTbI.

Ona untnposanmna: OunoHeHko E.B., MBaHoBa-Pagkesuu B./. OnyopecueHTHaa AnarHoctmka nNpu HemenaHOUMTapHbIX OMyXOnaX Koxu //
Biomedical Photonics. - 2022. - T. 11, N2 4. - C. 32-40. doi: 10.24931/2413-9432-2022-11-4-32-40.

KonTtakTbi: QunoHeHko E.B., e-mail: derkul23@yandex.ru

FLUORESCENT DIAGNOSTICS OF NON-MELANOMA
SKIN CANCER

Filonenko E.V.!, Ivanova-Radkevich V.I.2

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

2Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

Abstract

Fluorescent diagnostics is a promising method for diagnosing non-melanocytic skin tumors, which makes it possible to identify clinically
undetectable skin cancer foci and clarify the margin of the tumor lesion. The main drugs for fluorescent diagnostics are drugs based on
5-aminolevulinic acid and its methyl ester. Sensitivity indicators of fluorescent diagnostics in basal cell, squamous cell carcimoma and ex-
tramammary Paget’s cancer reach 79.0-100.0%, specificity — 55.6-100%. The effectiveness of this method may be reduced due to hyper-
keratinization, keratinization, and the presence of necrotic tissue on the surface of tumor foci. Comparative studies of the results of fluores-
cent diagnostics and histological mapping during tumor removal using Mohs micrographic surgery showed a high correlation of the results
of determining the tumor edges by these methods, which indicates that safe and technically easily performed fluorescent diagnostics can
serve as a good alternative to Mohs micrographic surgery, one of the most accurate , but rather labor-intensive and technically complex
method for determining the boundaries of skin cancer foci.

Key words: fluorescent diagnostics, skin cancer, basal cell carcinoma, squamous cell carcinoma, Paget’s extramammary desease, tumor
margin, 5-aminolevulinic acid, 5-aminolevulinic acid methyl ester.

For citations: Filonenko E.V., Ivanova-Radkevich V.I. Fluorescent diagnostics of non-melanoma skin cancer, Biomedical Photonics, 2022, vol.
11, no. 4, pp. 32-40. (in Russian) doi: 10.24931/2413-9432-2022-11-4-32-40.
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E.B. ®unoHeHko, B.W. ViBaHoBaPaakeBuy

dnyopecueHTHass AUArHoCTUKa NPU HEMENAHOUMTAPHbLIX ONYXO0NAX KOXH

BBepeHune

OnyxoneBble MOPAXEHUS KOXW SABAAITCA OQHUMU U3
Hambornee 4acTo BCTpeyYaoLMUXca HOBOOOpPA30BaHUM
B 00LUel CTPYKTYpe OHKOSormyeckorn 3aboneBaeMocTy.
B nocnepgHvie pecatuneTvs B Mype Habnogaetca 3Hauu-
TENbHBIN POCT 3ab0NeBaeMOCTV pakom Koxu. B 2021 r.
B Poccumu 6bino BbiABneHo 68240 cyyaeB paka Koxu (Kpo-
Me MeflaHOMblI), U 442619 nayMeHToB C AMAarHO30M paka
KOXW (Kpome MeNlaHOMbI) HaxoAUIUCb Ha ANCMAHCEPHOM
yyeTe K KoHUy 2021 r. [1]. B ocHOBe ycnewHoro neyeHms
60JIbHBIX CO 3/I0KaYeCTBEHHbIMM HOBOOOPa30BaHUSA-
MU KOXW JIEXUT BbIMOJIHEHME aflEeKBAaTHOIO Mo 0O6bemy
Cneyuunan3npoBaHHOro fleyeHns, KOTopoe obecneyrBa-
eTCA TOJIbKO CBOEBPEMEHHOW N TOYHOW AMArHOCTUKOM
C OLIeHKOW MCTUHHbIX FPaHML, OMYXOJIeBOrO NMOpPaXeHus.
[narHoctuka onyxonen 1 NpefaonyxoneBblX NOPaXKeHNin
KOV OCHOBaHa Ha fiaHHbIX KJIIMHUYECKOW KapTWHBI, MOMy-
YeHHOW Mpu BU3yanbHOM Hapy>KHOM OCMOTpPE MaLMeHTa,
N VUHCTPYMEHTaNIbHbIX METOAOB MCCNefoBaHuA. [ns Bbl-
ABJIEHUSI paka KOXW YCMELIHO NPUMEHAIOT GylyopecLieHT-
Hyto amarHoctuky (O) — nccnepoBaHme, OCHOBaHHOE Ha
n3brpaTenibHOM HakomneHun GoToceHcUbunmusaTopa um
VHAYKUMM 06pa3oBaHnA SHAOrEHHbIX GpoToCeHCcbmnmsa-
TOPOB — NOPOUPVHOB — B TKaHK OMyXOJX C NOCSIEAYIOLLEN
peructpauuein nx ¢nyopecueHLmMn npu obayyeHumn cee-
TOM onpefeneHHON ANHbI BOMHbI [2, 3].

Pabort, nocBAweHHbIX NpumeHeHnto Ofl, Kak guarHo-
CTMYECKOro MeTOAA B KIIMHUYECKON NPaKTUKe, HEMHOTO.
Mounck B 6a3e gaHHbix Pubmed no knioueBbiM cnoBam
«fluorescent diagnostics, photodiagnostics, photody-
namic diagnostics, photosensitizer, skin tumors» no3so-
nun BbIABUTb 0KOoNo 150 HayuHbIX paboTt, 80% KoTopbIX
OKa3anucb MOCBALLEHbl M3YYEHUIO KMHETUKM HaKore-
HUA GoTOCEeHCOUN3aTopa B OMNYXOJeBbIX OYarax 1 340-
POBOI KOXE€ METOAOM JOoKasibHOW (ryopecLeHTHON
CNEeKTPOCKONUU ANA ONTMMU3aLMM MeToANK GOTOAMHa-
MUYECKOW Tepanuu ¢ pasnmyHbiMu GOTOCEHCUOUNN3aTO-
pamu, a Takxke M3y4yeHuto siBNeHUs ayTodnyopcLeHLun
onyxonesbIx TKaHen. Tonbko 19 cTaTen 3a nocnegHue
20 neT COOTBETCTBOBANIN TEMATMKE HacTosLwwero o63opa.
MpepcTaBneHHble B HYX AaHHble ObUIM NPOaHaNM3npPo-
BaHbl 11 BKJIOUEHbI B 0630p.

B 6onblIMHCTBE nccneaoBaHnin ans BbinonHeHnsa Of]
HeMelaHOLMTapPHbIX OMYXONEN KOXM NPUMEHSN Npena-
paTbl 5-ammHoneBynuHoBow KncnoTbl (5-AJIK) n ee npo-
n3BopHbIX. 5-AJIK ABnAeTcA MPOMEXyTOUHbIM MeTabo-
NIUTOM OMOCMHTE3a rema. JK3oreHHoe BBefieHue 5-AJIK
YBEIMYMBAET CKOPOCTb MPOAYKLUUU (HOTOAKTUBHOIO
npoTtonopdupuHa IX (MMIX) Bo Bcex KneTkax opraHM3ma,
B KOTOPbIX NMPOVCXOAMT npoLecc bruocnHTesa rema. Oep-
MeHT deppoxenaTtasa KatanmsupyeT npespatyeHue MMIX
B QOTOHEAKTUBHBIN remM. B HEM3MEHEHHBIX KneTKax 3ToT
npoLecc NPouNCXoauT JoBOMIbHO ObICTPO (2-4 y). B ony-
XONEeBbIX KJIeTKax B CBA3M C 6onbluell akTUBHOCTbIO pep-
MEHTOB HAYaJIbHOTO 3Tana CUHTE3a rema (B YaCTHOCTU,
noppobunuHoreHaeamrHasbl), a Takxe B pe3y/braTe
CHWXXEHUA aKTMBHOCTY B HUX (M13-32 OrpaHUYeHHON [o-

ctynHocTn Fe?) peppoxenatasbl nponcxoanT Hakorse-
Hue ¢oTtoakTeHoro MMIX. YBenvyeHne KoOHUeHTpaLuu
MMNIX B onyxonu NpoucxoguT B TeUYeHne HeCKOMbKMX Ya-
COB, @ BbICOK/I YPOBEHb ero yaepKusaeTca fo 24 y, B T0
BpemMs Kak B HopMarsbHbIx Knetkax MMNIX 6bicTpo npeBpa-
waetcs B GOTOHEAKTUBHBIN rem nog AercTBrem dpeppo-
xenatasbl. Takum 0b6pa3om B UHTepBane NpubnnsuTesb-
HO OT 2 A0 24 4 HabNoaaeTCs 3HaUNTeNbHAsA pasHMua (oo
10-15 pas3) mexgy KoHueHTpauuen ¢oTtoaktusHoro MMIX
B OMNYXOJNIEBbIX M 3J0POBbIX TKaHAX. ITO MO3BONAET Bbl-
nonHATL npoueaypy OOT ¢ MMHYMaNbHbIM BO34ENCTBU-
€M Ha 3[40pOBble TKaHu, onpenenATb ONTUMasbHble rpa-
HULbI pe3eKkUnn NpU XNPYPruyeckom yaaneHmm, a Takxe
C BbICOKOV 3¢ deKkTnBHOCTBIO NpoBoanTb O[] AnA BoisBE-
HUA onyxonen 1 YTOYHeHNA Ux rpaHuy [2, 4, 5].

CnegyeT OTMETUTb, UTO fiaxke 6e3 3K30reHHOro BBefe-
HYA 5-AJIK B TKaHAX MeCTHOPaCMPOCTPAHEHHBIX, OCOOEH-
HO pacnagatowmxca onyxonen ¢nyopecueHums nopou-
PUHOB HECKOJIbKO BbIlLE, YEM B OKPYXAIOLWMX 300POBbIX
TKaHsAX, 3a CYET OBUOXMMMNYECKMNX MEXAHV3MOB, OMMCAHHBIX
Bbilwe. C.T. Andrade 1 coaBT. CUMTAIOT, YTO TONbKO AOMOJSI-
HUTenbHOe 3K3oreHHoe BBegdeHue 5-AJIK n ee npowusso-
[HbIX B OOMBLWMHCTBE C/IyYaeB NMPUBOAUT K YCUIIEHUIO
KOHTpacTa ¢nyopecueHLMn OMyXONeBbIX U 340POBbIX
TKaHelr 1 BO3MOXHOCTM NpOoBeAeHVA MOSIHOLEHHOW Anar-
HOCTUKM [6]. B cBOMX nccnenoBaHUsAX aBTopbl MPOAEMOH-
CTPUPOBANIM UHTEHCUBHYIO ayTO(IyopeCLEHLMI0 0YaroB
6a3anbHOKNETOUHOro paka Koxu (BKPK), akTuHMYeckoro
Kepato3a 1, B MeHbLUel cTeneHu, ceboperHOro Keparto-
3a. [lnA 0YaroB aKTMHUYECKOrO KepaTo3a 1 cebopenHoro
KepaTto3a AOMOMHUTENIbHOEe MEeCTHOE MPUMEHEHME pacT-
Bopa 5-AJIK He NpVBOAMNO K YBENNYEHUIO NHTEHCUBHO-
ctn dnyopecueHUMU. ABTOPbI CUMTAIOT, YTO BO3MOXHOM
MPUUYMHON ABNANOCH HedddEKTNBHOE MPOHMKHOBEHUE
pactBopa 5-AJIK 3a cueT runepkepaTtMHU3aumm N HeKpo-
TMYECKOW TKaHW Ha MOBEPXHOCTM O4aroB. Takxe 4yacTb
ouaroB BKPK 1 akTuHMYeckoro kepaTto3a umenu obump-
HOe OpOroBeHMe Ha MOBEPXHOCTM, KOTOPOe, MO BCel
BMANMOCTY, JENCTBOBANO Kak ¢ur3ndecknii bapbep ansa
NPOHUKHOBEeHUA pacTtBopa 5-AJIK. B Takmx ouarax gaxe
yepes 60 MVH nocne npumMmeHeHus 5-AJ1K He 6bi1o oTme-
YEHO yBeIMYEHNA NHTEHCUBHOCTY GpriyopecuieHLmun. Bos-
MOXHbIM peLUeHneM ABNAETCA yaaneHue KepaTMHOBOro
CNoA KlopeTaxeM, KOTOPbI ABAAETCA NPOCTON MeANLNH-
cKon npouepypoi. [1ns oyaroB cebopenHoro Kepartosa
BbICOKOE MOIMOLEeHe CBETa MeNlaHUHOM MPenATCTBYeT
BU3yanm3aumm dryopecUeHLMn Kak B Cyyae ayTodnyo-
pecueHunn, Tak n npu Ol ¢ 3K30reHHbIM BBeAEHUEM
5-AJIK. WHTeHcmBHOCTL ¢nyopecueHumnm ovaroB BKPK
[OCTOBEPHO YBennuMBanacb nocsie MecTHOro npumeHe-
HuMA pacTBopa 5-AJIK, uTo NO3BONMNO aBTOPaM PEKOMEH-
nosaTtb O Ana AMarHOCTUKM 3TON NaToNOrnun.

B nccnepoBaHum S. Neus v coaBT. [7] TakXe nop-
TBEpPXAEHa BblCOKaA AMarHoctTnyeckaa ueHHocTb Of]
y 6onbHbix BKPK. ABTOpbl oueHuBanu 3$p¢deKTMBHOCTL
@[] y naymeHToB c oyaramu BKPK Ha koxe ronosbl. Ipa-
HULbI OMNYXONX ONPeAEenaAnM C NCMoNb30BaHNEM NaMIibl
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E.B. ®unoHeHko, B.I. iBaHoBaPaakeBuy

dnyopecueHTHasA AUarH0CTUKA NP HEMENAHOLUTAPHLIX ONYXONAX KOXH

Byna no ¢nyopecueHumm nocne skcnosuumm 20% mMasu
5-AJIK B TeueHue 3,5 4. Pe3ekumio onyxonn NpoBoannm
no onpepeneHHoiM ¢ nomowbio O rpaHuuam. bbino
npoaHanusnpoBaHo 28 ouyaros BKPK. B 22 (78,6%) cny-
yasAx rpaHuubl, onpegeneHHble no Ofl, NONHOCTbIO COB-
naganu C pesynbTaTaMmu rMCTONaToONIOrMYeCcKoro nccne-
AoBaHuA. B 6 ouyarax rpaHuupbl, onpegeneHHble no O,
He KOppenMpoBanu C rmcTonaToNorMYeckn oLeHEHHbIMU
rpaHuuamm onyxonu. M3 Hux 4 (14,3%) ovara 6b11m yaa-
NeHbl He NONHOCTBIO; 2 (7,1%) ouara 6binun yaaneHsl nos-
HOCTbIO, YTO yKa3blBaeT Ha TO, YTO OMyXOfb HaxoAmnacb
B Npepenax onpeaeneHHoro no Of] Kpas, HO He Ha Kpato
ncceyeHus. CnegoBaTtenbHO, YaCcTOTa HEMOJHOrO yaane-
HuA ouaroB BKPK coctaBuna 14,3% (4 n3 28). NokasaTe-
NN YyBCTBUTENIbHOCTY 1 cneymouyHoctn Ol coctaBunm
79% 1 100%, COOTBETCTBEHHO.

B 2015 r. E.B. ®unoHeHKo [2] 6bimn onybnmKoBaHbl pe-
3ynbTathl ccnenoBaHua addexktnsHocT O ¢ 5-AJIK (pac-
TBOP AnA npuema BHYTpb B go3se 1,0 Mr/Kr maccol Tena 3a
3 4y go npoBefeHUs AVarHOCTUKK) y 237 6onbHbix BKPK,
NMIOCKOKNETOUYHbIM pakom Koxu (MKPK) 1 meTatmnmnyHbiM
pakom Koxu. Y 100% 6onbHbix O] no3Bonmna yTouHnTb
rpaHu1Lbl onyxoneBbix oyaros. Y 118 nauueHToB Obiio Bbl-
ABNeHo 506 o4aroB AOMONHUTENBbHOW GrioopecUeHUnm, 13
KOTOPbIX Yy 63 60MbHBIX NPY MOPGONOrMYeCcKoM rUccneso-
BaHMM OblN1 AVArHOCTUPOBAH Pak KOXN. YyBCTBUTENBHOCTD
mMeToza coctaBuna 100,0%, cneunduyHocTb — 55,6%.

AHanornyHble pesysnbratbl OblIV MOMyYEHbI 1 B APYTNX
nccnenoBaHusx, nocesaweHHbiXx O y 6onbHbix ¢ BKPK u
MKPK. B nccnegosanum J. Liutkeviciute-Navickiene n co-
aBT. [8] ®f ¢ 5-AJIK u meTnnoBbiM 3¢upom 5-AJIK (M3-
AJIK) B BMae MeCTHOWN annnukauum 6bina nposefeHa 126
naumeHtam ¢ BKPK n IMKPK. YyBcTBMTENbHOCTD METOAA CO-
cTaBuna 95,4%, cneundunyHocTb — 88,6%. Y. Won 1 coaBT.
[9] npumMeHUNM TEXHOMOTMI0 KOMMbIOTEPU3NPOBAHHOIO
aHanusa ¢nyopecUeHTHbIX 1300paXeHnid Npu NpoBeae-
Hum O] ¢ M3-5AJ1K 10 naumeHTam ¢ BKPK. YyscTBuTens-
HOCTb MeTofa cocTaBuna 82,6%, cneundurnyHocTb — 94,1%.

B nocnegHue rogbl 6binn onybnuKoBaHbl pesynbTa-
Tbl pAfa UCCNIefOBaHWI, B KOTOPbIX dbdekTrBHOCTL O[]
¢ 5-AJIK n ee npon3BOAHbIMW OLIEHMBANN B CPAaBHEHNM
¢ MuKporpaduyeckon xupypruen Mooca (MMS) - ogHM
13 Hanbornee TOYHbIX, HO [OCTAaTOYHO TPYAO3aTPaTHbIM
N TEXHMNYECKN CJIOMKHBIM METOLOM ONpefeneHmna rpaHny,
oyaroB paka Koxku. [Npu ncnonb3zosaHun MMS npoucxo-
ONT UCCeyeHne HOBOOOPa3OBaHMA C OAHOBPEMEHHbIM
rMCTONOMMYECKNM MCCNefoBaHNEM MOCHOMHbIX CPE30B.
MNopaxeHHasA TKaHb yfanAeTca c/ion 3a C/Ioem, 1 yaaneH-
Hble C/IOV OTMPABATCA Ha CPOYHbIA MMCTONOMNYECKUIA
aHanu3. lMNpu obHapyXeHUN 3M0KaYeCTBEHHbIX KIETOK
ncceyeHne TKaHe MpopomKaeTca. Tak NPoncxognT o
TeX Mop, NoKa BCA ouepedHasi pe3eunpoBaHHas 0651acTb
He ByZeT COCTOATb M3 3L0POBbIX TKaHel. MMS obecneun-
BaeT UHTPAOMNepaLMOHHYI0 MUKPOCKOMUYECKYIO OLIEHKY
100% KpaeB NopaKeHus, YTO NO3BONAET YAANIUTb TONIbKO
NMOPaKeHHYI0 TKaHb N CHU3UTb YacToTy peunausos [10].
Bbicokasa pacnpocTpaHEeHHOCTb paka KOXKK B COYETAHUM
C 3aTpaTamu 1 BpemeHeM, cBA3aHHbIMU ¢ MMS, onpegens-

€T aKTyaNbHOCTb Pa3paboTKM HOBbIX METOAOB YTOUHEHUS
KpaeB Ornyxosu, KoTopble MO 6bl NOBbICUTb 3¢deEKTNB-
HocTb MMS unn aenatbca anbtepHatueon MMS [11, 12].
Papg nccnepoBaHnin nokasan KoppenAumio pesynbraToB
onpepeneHus Kpaes onyxonu metogom Ol ¢ pesynbrata-
MU onpeaeneHuns rpaHuy, onyxonu metogom MMS.

B nccnegosaHum B. Stenquist n coast. [13] y 12 na-
unentoB ¢ BKPK pesynbrathl ¢nyopecueHunn nocne
npuMeHeHna masm ¢ 5-AJIK n ructonornyeckoro Kaptm-
poBaHusa ¢ nomoubio MMS Koppenuposanu B 42% ony-
XOnen C YaCTUYHOWN KoppenAaumen B OCTajlbHbIX ovarax.
A.M. Wennberg u coasr. [14] nokasanu cunbHyto Koppe-
NALUMIO TPAHMUL, ONyXONu MO AaHHbIM Lmdposon dnyo-
pecueHTHOM Bu3yanusauuMm nocsie npefBapuTesbHON
3KCNo3nymm masm ¢ 5-AJTK ¢ ructonornyeckmm KapTmpo-
BaHMem ¢ nomoubio MMS y 50% nauwneHToB. Eule B of-
HOM wuccrnegoBaHun [15] oueHMBann 3PPEKTUBHOCTb
npumeHeHna O c¢ M3-AJIK gna yTouyHeHuA rpaHuL
onyxonesoro nopaxeHua ouvaros bKPK. Bpemsa skcno-
3ULMM Ma3n C GOTOCEHCMOMNN3AaTOPOM ObINIO YBENIMUYEHO
MO CPABHEHWUIO CO CTAaHAAPTHbIMW METOAMKaMu U COC-
TaBuno B cpegHem 13 u. B nccnegosaHum yyactsoBanum
27 6onbHbix BKPK, cpegHuii guameTp o4yaros cocTaBnAn
1,05£0,35 cm. [paHULibl ONyXoneBbIX 04aroB GblIv onpe-
[eneHbl C UCMOMb30BaHNEM LUPPOBON CUCTEMBI BU3Ya-
nusaunn ¢nyopecueHUnmn ¢ oueHKon HakonneHus MMNIX
B OMyXOSIeBON TKaHMW MO OTHOLWEHMWIO K HOPMasbHON
TKaHW. 3atem ouyarn BKPK 6b1n yaaneHbl xmpypruyeckm
B COOTBETCTBUM C FpaHULaMK, YCTaHOBJIEHHbIMU METO-
aom MMS. B 12 (44,44%) n3 27 oyaroB Kpaw onyxonu rno
JaHHbiM Q1 coBnan € rucTonatoNiornyeckon KapTUHOM.
CpefiHee 3HauyeHue ¢GYOPECLEHTHON KOHTPACTHOCTM
coctaBuno 2,7. 15 nurmeHTMpoBaHHbIx oyaros bKPK no-
Kasanu ocnabnieHHyto 1y oTCyTCTBYIOLLYI0 dpnyopecLieH-
uMio B LEeHTPe, GpryopecueHLms Ha ux nepudepun obina
NCNoNb3oBaHa B KayecTBe OpPUEHTUpPA ANA pe3eKkuuun.
B 3Tx 15 oyvarax KOimM4yecTBO AOMONHUTENbHbIX 3TANoB
pe3ekuun MMS, HeEOOXOAMMbIX ANt OUUCTKM NaTepanb-
HOro Kpaf, KakAblll C OOMNOSIHUTENIbHbIM MCCEYEHNEM
1 MM, coctaBuno oavH 3tan B 14 (93,3%) ouarax BKPK
n aBa s1ana B 1 (6,6%) ouare bKPK. bnnskne no apdek-
TUBHOCTU pe3ynbTaTbl Oblfiv MOMyYeHbl B NCCIIeAOBaHNN
Jeon n coast. [16]. 38 6onbHbIM MKPK 66111 onpeaeneHbl
rpaHuubl onyxonu metogom Of] ¢ ncnonb3osaHvem 20%
Ma3u 5-AJIK nnmn 16% masm M3I-AJIK, nocne yero ony-
Xonb 6bina peseunpoBaHa. CpegHee KoNMyecTBo AoMNos-
HUTENbHbIX 3TanoB pe3ekunn MMS, noHagobMBLUMXCA
OnA NOAHOTro ydaneHma onyxonu, coctasuno 1,37+0,75.
B koHTponbHoW rpynne (29 naumeHTOB) pe3eKuuio nNpo-
Boaunu 6e3 O, cpeHee KONMYECTBO AOMONHUTENbHbIX
pe3sekuun coctasuno 1,83+0,89 (p = 0,02). B rpynne O[]
B 29 cnyyvasx (76,3%) ana nonHOro ypaneHua onyxosnu
notpeboBanacb ofgHa AOMONHUTENbHAA Pe3eKuus, Toraa
Kak B 9 HabnogeHusax (23,7%) notpeboBanocb ABe wUiu
6onee pesekuun. B rpynne KoHTpona ofHa AOMOJSHU-
TeNbHas pesekunsa notpebosanack B 13 cnyyasnx (44,8%)
[NA NOAHOro ncceyeHus onyxonu, B 16 cnyyasx (55,2%) —
nBe pesekunn unu 6onee (p = 0,008).
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dnyopecueHTHass AUArHoCTUKa NPU HEMENAHOUMTAPHbLIX ONYXO0NAX KOXH

B nutepaType onucaHbl NONbITKA NPUMEHATb MeToq
O pna guddepeHUmManbHON ANArHOCTUKU OMYXOJeBbIX
1 NpeaonyxosneBbiX 3a00NeBaHUN KOXN C OnpeaesieHneMm
CTaguu 3aboneBaHWA MO MHTEHCMBHOCTY (ryopecLeH-
uun. T. Smits n coasr. [17] npogemoHcTpupoBanu, yto O]
C npoun3BogHbiMu 5-AJIK Henb3a 1Ccnonb3oBaTb B Kaye-
CTBE HEMHBA3VBHOW ANArHOCTMYECKOW npoueaypbl and
andoepeHLMPOBKY Pa3NNYHbIX CTaAuUA aKTUHUYECKOrO
KepaTo3a, NOCKONbKY He 6bl10 06HaPYKEHO CYLLeCTBEH-
HbIX Pa3nnumin BO GpiyopecLeHLUN MexXay pPas3inyHbiMu
cTaguamy 3aboneBaHus. OfgHako ¢ryopecLeHTHas KOHT-
pacTHOCTb npu 6one3Hn boysHa, Kak NpasBuno, Bbille,
yem npu nopaxeHusax KIN | n KIN Il. Camaa Bbicokas
dnyopecueHTHass KOHTPaACTHOCTb Oblna OGHapyXeHa
B oyarax [MKPK, HO HeboMblLOe KONNMYeCcTBO TakUX oyva-
roB (3 u3 86 nopaxeHuii, NOABEPrHYTbIX 6roncuu, Obinn
KnaccuouumpoBaHbl Kak MKPK) 1 ToT ¢aKT, uto oHK npu-
Hagnexanu ogHoOMy MauueHTy, He NO3BONINAN NPOBECTH
HafjeXHoe CTaTUCTUYEeCKoe cpaBHeHme. B pganbHenwmnx
nccnepgoBaHuax [18] aBTopamy 6bI10 MOKa3aHoO, UTo
Tonbko oyary KIN | n KIN Il noka3sbiBaloT goctoBepHble
pasnuunsa B 3HaYeHUsx GnyopecLeHTHON KOHTPaCcTHOC-
™ (1,3 n 2,5, cootBeTcTBEHHO; P<0,05). Camble BbICO-
Kue Ko3pdrLUNEHTbl KOHTPACTHOCTM Obiny onpeaeneHb
y 04aros MMKpowvHBa3suneHoro NKPK - 2,7.

B psage uccnepoBaHui nokasaHa BbiCcOKas 3ddek-
TmBHOCTb O[] y MaumMeHTOB C 3KCTPaMaMMapHbIM PakoMm
Mepketa (OMPIM). M. Wan u coasr. [19] y 21 6onbHOro
SMPI1 onpepenann rpaHnLbl OMYXONIeBOro NopaeHus
metogom O] (20% masb 5-AJIK, Bpemsa akcnosnuymm 3,5 1)
1 METOAOM MHOMECTBEHHbIX NOUCKOBbIX 6uoncuin (MSBs).
ABTOpamu MoOKasaHa CuSibHaA Koppenauua Mexay pe-
3y/bTaTaMy UCCNefOBaHUA IPaHUL, ONyXoJsieBOro nopa-
XKeHWs, YCTaHOBEHHbIMU 060MMU METOAAMMN.

Bbicokana guarHoctnuyeckasn LeHHoctb O npu SMPTI
noaTeep)kaeHa u B nccnegosaHun M. Wu n coasrt. [20],
B KOTOPOM YyyacTBOBanu 36 nauumeHToB. B KauectBe ¢o-
ToceHcubrnusaTtopa mcnonb3oanu 5-AJIK B Buge 20%
pacTBopa CO BpemeHeM 3KCno3uumu 2 4. [paHuubl ony-
xonu onpegenany BusyanbHo metogamu O n O B coue-
TaHUU C OTPaXaTeNbHOM KOH(POKaNbHON MUKPOCKOMMUEN.
Y nauneHToB 6b11K B3aTbl 130 06pa3LoB, B KOTOPbIX Obin
noaTeepkaeH onyxonesbin npouecc. M3 130 cpe3os ¢ na-
TOrMCTONOIMYECKN NOATBEPXKAEHHbBIM OMYyXONEBbIM MPO-
Leccom 83 cpesa (63,8%) pacrnonaranncb 3a npegenamm
MaKpPOCKOMNYECKN OrnpeesieHHbIX rpaHuL OnyXoNeBbIX
ouvaroB € pacctoaHuem 3,5£3,1 MM 1 meguaHon 2,7 Mmm;
46 (35,4%) cpe3oB HaxoQUIMCb 3a rpaHMLAMN MapKep-
HOWM JIMHUWN OMYXOJIeBbIX OYaroB, onpegeneHHoOn MeTo-
nom Ol c pacctoaHmem 2,1£1,7 mm 1 meguaHom 1,5 mm;
27 (20,8%) cpe3oB - 3a nNpefenaMmm MapKepHOW JIMHAN
@[l ¢ oTpaxaTenbHON KOH}OKaNbHOW MUKPOCKOMUEN
¢ pacctoaHunem 1,4+1,2 mm n meguanon 0,9 mm.

HecmoTpA Ha BbICOKYIO0 YyBCTBUTENBHOCTb U CNeuun-
¢uuHocte O[] paka Koxu, NpogosKaerca pa3pabot-
Ka moguduumpoBaHHbiXx mMetognk ®[l, HanpaBneHHbIX
Ha MoBbllWEeHMe 3TKX MoKasaTtenei. Van der Beek u co-
aBT. [21] npepcTaBunu pesynbTaThl UCCNe[OBaHKA,

JEeMOHCTpUpYioLLMe CyLIeCTBEHHOE YBenyeHre cneuu-
duruHocTn 1 vyscTBUTenbHocT O ¢ 5-AJTK B BUae nnnoco-
MaJIbHOro Crpes NPy UCMoNb30BaHNM MeToa OLIEHKN HOP-
MUPOBaHHOW dnyopecueHUMm. [JaHHbIA NOAX0g, NO3BOs-
€T YMEHDbLUUTb BKIAZ BHELHNX (aKTOPOB, NCKAKAIOLLMX
UHTEHCUBHOCTb dnyopecueHuun MMIX, Hanprmep, oTpa-
XeHre 13-3a HeneprneHANKYNAPHOro nonagaHvAa CBeTa Ha
KOXy, MormnoLleHre usnyyeHna 6onee ToncTbiM POroBbiM
CJI0eM WS N3MEHEHME UHTEHCMBHOCTU U3NyYeHNA 13-3a
pasHuLbl B PacCTOAHMM MeXAY KOXel N MICTOYHNKOM CBe-
Ta. MeToguka oCcHOBaHa Ha OAHOBPEMEHHOM V3MepeHM
MMIX-onocpenoBaHHom pnyopecueHumn u aytodnyopec-
LeHUun nocne obyyYeHnst UMMNYSbCHbIM CBETOM C AJIMHOWN
BOJHbI 407 HM. VIcTOuHMKOM ayTodnyopecueHUmm, cKopee
BCEro, ABNAETCA CBA3aHHbIN KonnareH. [ToCKobKy CrekT-
pbl 13nlyyeHns ayTodnyopecueHunn n dnyopecueHLmun
MMNIX pa3geneHsl, cylecTByeT TEXHMUYECKasA BO3SMOXKHOCTb
OZIHOBPEMEHHOIO U3MepeHUs ayTodpnyopecLeHunm B 3e-
neHow obnactu cnektpa un dnyopecuerumu MMIX B kpac-
Holl obnactu cnekTpa. OgHOBPEMEHHO CMCTEMA BbIYNCHA-
€T HopMMpPOBaHHyto dnyopecueHumio MMIX. B pesynbrate,
eCnn CylecTByeT nepeMeHHas, BIMALWaa Ha MHTEHCUB-
HOCTb 060MX TUMOB GryopecLEeHLNN, MOXHO OTOUNLTPO-
BaTb 3TOT «WYM», UCNOJb3yA AaHHbIE MO NHTEHCMBHOCTY
ayTtodnyopecueHLUUN. 3anncaHHas MHTEHCUBHOCTb dIyo-
pecueHUMN BM3yann3npyeTca C MOMOLLbIO HaNoXeHus
NceBAOLBETOB, IAe KpacHbI LBET yKa3biBaeT Ha CaMblli
BbICOKUI YpOBeHb $nyopecUeHLnm, CUHWIA — HA CaMblil
HU3KWI YpOBeHb ¢nyopecueHUnn Ha K306paKeHUN.
AHanu3upyemblll oyar CYMTanu NoTeHUManbHO NOgO3pU-
TeNIbHbIM Ha HanMumMe naTosiorMyeckoro npouecca npu
MPeBbIleHN UHTEHCUBHOCTY dryopecueHumn (Hopmu-
poBaHHOM mMnm HeT) Ha 33% 1 6onee dnyopecueHUMO
B HOpPMaJibHOW KOXe. Micnonb3oBaHne MeToANKM OLEHKU
HOPMUPOBaHHOW GlyopecLeHLUN NO3BONUIIO MOBLICUTD
yyscTBUTENbHOCTH M € 39% A0 97% 1 cneundrUHOCTbL —
€ 27% po 100%.

@[] moxeT 6bITb UCMOMNb30BaHa He TONbKO AN onpe-
OeneHnsa rpaHuL OMyXOneBOro MOpPakKeHMs, HO U Kak
MeTog KOHTpons 3¢deKkTuBHOCTU neveHusa. M. Bosseila
M coaBT. [22] oueHuBanu usMeHeHve GpryopecLeHTHON
KOHTPaCTHOCTM O4YaroB rpnbOBMAHOrO MMKO3a y 22 na-
LUMEHTOB MeToOM (yopecLeHTHON CNeKTPOoCKonuu
¢ 20% ma3bto 5-AJIK (3-uacoBana 3kcno3numa). uarHoc-
TUKY NPOBOAWAN [1Ba pas3a: A0 1 Nocsie NpoBeAeHus crne-
LUMann3npoBaHHOrO fleyeHus B TeueHne 12 Hep, BKItO-
yalLero Y3KOMOJIOCHYI0 CpPeQHEBOJIHOBYIO Tepanuio
UVB (311 Hm) 1 MYBA-Tepanuto ¢ 8-MeTOKCUNCopasieHoM
B COUETaHUUN C MOAKOXHbIM BBefeHneM MHTepdepoHa
IFN-a B pe3uncTeHTHble o4arun. MiccnegoBaHuma nokasanu,
YTO MONIOXKMTENbHAA AMHAMUKA, NOATBEPXKAEHHAA CHU-
XeHnem ypoBHA 3noKayecTBeHHbIXx CD4+/CD7- T-KneTok,
COMPOBOXJanacb YMeHbLUeHueM cpefHen dnyopec-
LEHTHOW KOHTpacTHocTu ¢ 2,2 ao 1,94 (p = 0,009). Ha
OCHOBaHUM MONYYEHHbIX AAaHHbIX aBTOPbI AeNaloT BbIBOA,
yTo B CNlyyae rpmboBraHoro mukosa Ol moxeT npen-
CTaBNATb COO0M 3PEKTUBHBIN UHCTPYMEHT AN OLEHKM
OTBETa OMYXO0JIeBOro oyara Ha Tepanuio.
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E.B. ®unonexko, B.W. BaHoBaPaakeBiy

dnyopecueHTHasA AUarH0CTUKA NP HEMENAHOLUTAPHLIX ONYXONAX KOXH

J. de Leeuw n coaBT. [23] NpeanoXxunm ncnosb3o-
BaTb MeTog O] AnsA CKpPMHUHra OnyxoneBbiX U npen-
onyxosnieBblx 3aboneBaHuUn y nofen, paboTarlwmx Ha
ynuue 1 noABepralowmnxca NoCTOAHHOMY BO3eNCTBUIO
Y®-n3nyueHna. B wnccnepoBaHuM NpuUHANKM ydyactue
93 pob6poBonbLa. Y KaXKAoro nalneHTa B KauecTse npo-
¢doToceHCMbUNM3aTopa UCNONb30BaNM ABa Mpenapara:
5-AJIK n M3-AJIK, 4To NO3BONMNO CPaBHUTL KX dPdek-
TMBHOCTb. M3-AJIK B Bnge 16% Kpema HaHoCUAW MNoj
OKKJTI03MIOHHYI0 MOBA3KY Ha NPaByto CTOPOHY nba Ha 3 u.
JiInnocomanbHbin cnpen 5-AJ1IK 0,5% HaHOCUNKn Kaxkable
5 MWH Ha neBylo CTOPOHY N16a 6e3 OKKJII03MKN B TeueHne
2,5 4 c nocnegyiowen 0,5-yacoBon naysomn, NO3BONAIO-
wen nunocomam 5-AJIK NONHOCTbIO BNNTATbCA B KOXY.
Cpasy nocne 31oro 6binyM caenaHbl GpnyopecueHTHble
CHUMKM 06enx cTopoH nba. GnyopecueHTHOE U306pa-
XeHne npasol (o6pabotaHHo M3-AJIK) cTtopoHbl nba
MOKa3bIBaJio OUYEHb BbICOKYIO U OLHOPOAHYIO UHTEHCKB-
HOCTb dryopecueHUMn B HOMbLIMHCTBE NCCNEAO0BAHHbIX
YUYaCTKOB KOXU C HU3KVM PasfiuymemM Mexxay HopMasb-
HOW 1 NopaeHHoN Koxel. Jlesas cTopoHa (o6paboTaH-
Hasi nunocomanbHbiM cripeem 5-AJIK) B 60nbLUMHCTBE
CJlyyaeB rMoOKasblBasia HU3KYI ¢ryopecueHUmnto Hop-
MaJibHOW KOXM U YMEPEHHYIO, HO OTYETNIMBYIO Gpriyopec-
LUEeHUMI0 OYaroB HEMEeNIAHOLUTAPHbIX OMyXOJNiel KOXW.
Mpu 3ToM aBTOPbI OTMEYAIOT, YTO 3HAUYUTENIbHO Gornee
HM3Koe nornouweHue 5-AJIK B nMnocomax HOpManbHON
KOXW NMPUBOAUT K MEHbLUEN CTeneHn GpoToUyBCTBUTENb-
HoCTU, a 6onee GbICTPbIN KNnpeHc 5-AJTK obecneumnBaeT
nyywwnin npodub 6€30MacHOCTY MO CPaBHEHUIO C Kpe-
Mom M3-AJIK (8 u npoTuB 36 U poToceHcnbUnmsaumm).

B pe3ynbrate nccnegoBaHus ¢nyopecueHuna 6bina
obHapy»xeHa B 287 nopaxeHusx y 61 naymenta. Mo gaH-
HbIM TUCTONIOMMYECKOro MCCAefoBaHMA Yy 28 naumeH-
TOB MONIOXMTENbHAA ¢yopecLeHLus Obia BbisiBlIEHA
B 212 nob6poKayecTBEHHbIX MopaxeHusax. B Tom uuc-

ne y 22 nauueHtoB B 204 ¢nyopecumpyomx ovyarax
Oblla AMarHOCTMPOBaHa rMNepPnasnsa CasibHbIX Xenes,
a ocTanbHble 8 0YaroB NOKHOMONOXMTENbHON ¢nyo-
pecueHUUN Y 6 NaUMeHTOB COOTBETCTBOBAIN BUPYCHbIM
6opopaBkam, [JOOPOKAUECTBEHHOMY JIMXEHOUAHOMY
BOCMANIEHNIO N ANCNIACTUYECKUM MEeNaHOUUTapHbIM He-
Bycam. ¥ 29 naumeHToB B 71 ouare dnyopecueHLmn 6bin
rMCTONOIMYECKN NOATBEPXKAEH aKTUHUYECKUN KepaTos,
y 4 nauuenToB — 3 ovara bKPK u 1 ouar lMKPK. JToxHooOT-
puuaTenbHaa gnyopecueHLus 6bina obHapyKeHa TONbKO
B OHOM Ouare, pacrosioKeHHOM Ha BOMOCUCTON YacTu
ronosbl (OTpuLaTeNbHbIA pe3ynbTaT GiyopecLeHTHOro
OOHapYXeHUA NMOPaKeHWs, KIMHUYECKUN NMOJ03PEBAEMOrO
N TUCTONOTMYECKN NOATBEPXKAEHHOMO KaK aKTMHUYECKNI
Kepato3). Y 5 605bHbIX 6bin BbisiBIEHbI GpriyopecLeHTHbIM
METOAOM M BMOCNEeACTBUN MOATBEPXKAEHbI MMCTONOrnye-
CKUM UCCNefoBaHMEM 5 oyaroB akTUHWYECKOro KepaTo-
33, 10 3TOr0 He OTMEYEHHbIe HY 6OMbHBIMM, HY Bpavamu,
npoBoAVBLIMMY 06CneoBaHVe. [py coyeTaHnm cncTembl
o6HapyxeHnA GpryopecLeHLMI, NCMONb3yeMO B STOM MC-
CnefoBaHU, C KIMHNYECKM UCCedOBaHMEM U AepMaTo-
ckonuen cneunduUHOCTb 3TOro MeTofda coctaBma 92%.

B nuTepaType HageHa ogHa paboTa, NocBALEeHHan
oueHKe 3¢ deKTUBHOCTM NpumeHeHmna ana O] ¢oToceH-
CcMbunn3aTopoB He Ha ocHoBe 5-AJIK 1 ee npousBoa-
Hbix. S.V. Kamrava n coaBrT. [24] 40 nauyueHTtam c MKPK
6bina npoefeHa Ol ¢ doToceHCMOMNN3ATOPOM Ha OC-
HOBe XJIopuHa e6 (B/B BBeaeHMe B fo3se 1,0 mr/kr mac-
Cbl Tena 3a 4-6 4 O ANArHOCTUKK). YyBCTBUTENbHOCTb
meToga cocTtaBuna 90%, cneunomnyHocTb — 80%, Tou-
HOCTb — 87,5%, nonoxutenbHaA NPOrHocTuyeckasn LeH-
HOCTb — 939%, oTpuuaTenbHaa NPOrHOCTMYECKasa LeH-
HOCTb — 72%.

B Tabn. cymMunpoBaHbl pe3ynbTaTbl OCHOBHbIX NCCIe0-
BaHWI 3¢dekTnBHOCTM Ol NPU HEMENaHOLMUTAPHBIX OMy-
XONAX KOXMW.

Ta6nuya

CBOAHbIe AaHHble PE3YALTaTUBHOCTU NMPUMEHEHUA GAYOPECLLEHTHOW AUArHOCTUKM Y NALUMEHTOB C HEMENAHOLUTAPHBIMU OMYXOAAMU KOXMU

Table

Summary data on the effectiveness of the use of fluorescence diagnostics in patients with non-melanoma skin cancer

[AnviHa BONHbI
ns3nyuyeHmsa

Pesynbratbl

Radiation Results

Yucno
ABTOpbI | NauueHTOB AwnarHos ®doToceHcnbUNN3a-
Authors Number Diagnosis Top Photosensitizer
of patients
1 Won un co- 10 BKPK M3-ANK
aBT. 2007, [9] BCC 20% Mmasb
Won et al., MAL
2007 [9] 20% ointment
2 Smits n co- 14 86 ouaros, B Tom  5-AJIK
aBT. 2007, uncne 3TKPK, 67 20% ma3sb
[17] AKTUHNYECKNI 5-ALA
Smits et al., KepaTo3 (32 KIN 20% ointment
2007 [17] I, 18 KINII, 17 KIN
Il1), 10 Hopmanb-
HanA KoXa
86 lesions,
including 3

SCC, 67 actinic
keratosis (32 KIN
I, 18 KIN I, 17 KIN
I1), 10 normal skin

wavelength

Jlamna Bypa, YyscTBuTENbHOCTL 82,6%

A makc 365 Hm  CneumnduyHocTb 94,1%

Wood’s lamp,  Sensitivity 82.6%

A max 365 nm Specificity 94.1%

KceHoHoBas He o6Hapy»eHo CyLlecTBEHHbIX pa3-
namna JINYn BO GriyopecLieHL N MeXAY

¢ punbTpOoM Pa3NUYHbIMUN CTAAUAMY aKTUHMNYe-
370-440 Hm. cKoro Kepato3sa. OnyopecueHTHas
Xenon light KOHTPacTHOCTb Npu 6one3Hn boys-

source with a
custom band
pass filter

370-440 nm

Ha, KaK MpaBWIIo, BbilLe, YeM Npu
nopaxeHmax KIN 1 n KIN |l

No significant differences in
fluorescence were found between
different stages of actinic keratosis.
Fluorescent contrast in Bowen's
disease is generally higher than in
KIN I'and KIN Il lesions
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E.B. ®unoHetxko, B.W. MiBaHoBaPaakeBuny
dnyopecueHTHas ANArHOCTUKA NPU HEMENAHOLMTAPHbIX ONYXONAX KOXK

3 Neuswu co- 28 BKPK 5-AJIK Jlamna Byga,  YactoTa nonHoro yaaneHus onyxo-
aBT,, 2008 [7] BCC 20% masb A mMakc 365 HM  neBoro ouyara BKPK 85,7%, HenonHo-
Neus et al., 5-ALA Wood's lamp,  ro ynanexus - 14,3%.
2008 [7] 20% ointment A max 365 nm  YyBcTBUTENBHOCTH 79%.
CneumnduyHocTb 100%
The frequency of complete removal B
of the tumor focus of BCC is 85.7%, o
incomplete removal is 14.3%. >
Sensitivity 79%. —
Specificity 100% é
4 de Leeuw 93 CKpWHUHT 5-AJIK LED, MonoxwuTtenbHasa ¢nyopecueHLmnA L
1 COaBT,, OnyXoneBblX 1 (0,5% 5-AJIK, nHkancy- A makc 450 HM  obHapykeHa y 61 naumeHTa. M3 Hux E
2009 [23] npeaonyxonesbiXx nMpoBaHHasa B ogHo-  LED, y 28 - nobpoKayecTBeHHbIe Nopaxe-
de Leeuw 3aboneBaHni y CNIOMHbIE IMNOCOMbI A max 450 nm  HWA (B TOM uncne y 22 — runepnia- E
etal., 2009 nogen, pabotato-  pasmepom 50 HM; 31A canbHbIX enes), y 33 — onyxo- N
[23] LWKMX Ha ynuue n cnpen 5-AJ1IK 0,5% neBas 1 npegonyxonesasn natonoruna o
noABepramoLmxca Kaxaple 5 MVH B Teye- (B TOM uncne y 29 — akTUHNYECKNIA O
NOCTOAHHOMY Hue 2,5 4 Ha nopakeH- KepaTo3, y 3 - BKPK, y 1 - MKPK) o
BO3JeNCTBUIO HbI Y4aCTOK KOXN). Positive fluorescence was found in o
YO®-n3nyyeHuna M3-AJIK 61 patients. Of these, 28 had benign O
Screening for 16% Mma3b (3Kcno3nunsa lesions (including 22 had sebaceous
neoplastic and 3u) gland hyperplasia), 33 had tumor
preneoplastic 5-ALA and precancerous pathologies
diseases in 0.5% 5-ALA (actinic keratosis in 29, BCCin 3 and
people who work encapsulated in 50 nm SCCin 1 patient)
outdoors and sized unilamellar
are constantly liposomes.
exposed to UV The 5-ALA 0.5% spray
radiation every 5 minutes for
2.5 hours to the
involved skin area.
MAL
16% ointment
(exposure 3 hours)
5 Liutkevi- 126 MKPK n BKPK 5-AJIK A\ Makc YyscTBUTENBHOCTL 95,4%.
ciate- SCCand BCC n M3-AJIK 378-426 HM. CneunduryHocTb 88,6%.
Navickiene (3kcno3uums A max MNonoxutenbHaAa NnporHocTuyeckasn
1 COaBT,, 2-4y) 378-426 nm LIeHHOCTb 6,1%.
2009 [8] 5-ALA OTpuuaTtenbHaa NPorHocTMYecKan
Liutkevi- and ME-ALA LleHHOCTb 96,3% .
ciute- (exposure B 30% cnyyaeBs rpaHuLibl onyxone-
Navickiene 2-4 hours) BOW TKaHW Npv npumMmeHeHmnn M3-
etal., AJIK onpepensanucb bosnee YeTKo,
2009 [8] yeM npu npumeHeHnn 5-AJ1IK
Sensitivity 95.4%.
Specificity 88.6%.
Positive predictive value 6.1%.
Negative predictive value 96.3%.
In 30% of cases, the boundaries of
the tumor tissue were more clearly
defined with MAL than with 5-ALA
6 Kleinpen- 13 36 oyaro,BTom  M3-AJIK KceHoHoOBasA Tonbko oyaru KIN | n KIN Ill noka-
ning uncne 7 MKPK, 16% ma3b namna 3bIBAlOT JOCTOBEPHbIE Pa3nnyns
M COaBT,, 17 akTnHMYeckun MAL ¢ dunbTpom B 3HaueHunx ¢pnyopecLeHTHON
2010[18] kepato3 (5KINI,  16% ointment. 370-440 Hm KOHTpacTHocTn (1,3 1 2,5, cooTBeT-
Kleinpen- 6 KIN I, 6 KIN 111), Xenon light CTBEHHO; p<0,05). Camble BbiCOKME
ning et al., 3 BKPK, 9 Hop- source with KO3pPULIMEHTBI KOHTPACTHOCTU
2010[18] MasibHaA KoXa a custom band  6binv onNpeaeneHsl y 04aroB MUKPO-
36 lesions, pass filter nHBasuneHoro MKPK - 2,7
including 370-440nm  Only KIN I and KIN Il foci show
7 SCC, 17 actinic significant differences in fluorescent
keratosis (5 KIN |, contrast values (1.3 and 2.5,
6 KIN I, 6 KIN l1), respectively; p<0.05). The highest
3 BCC, 9 normal contrast ratios were determined in
skin foci of microinvasive squamous cell
carcinoma - 2.7
BIOMEDICAL PHOTONICS T.11, Ne4/2022
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®dunoxeHko, B.I. iBaHoBaPagkeBuy

dnyopecueHTHasA AUarH0CTUKA NP HEMENAHOLUTAPHLIX ONYXONAX KOXH

7 Kamrava 40 MKPK XnopuH e6 A makc 633 HM.  UyBcTBUTENBHOCTH 90%.
1 COaBT,, SCC 1 Mr/kr3a4-64pgo ®fl. A max 633 nm CneundunyHoctb 80%.
2012 [24] Chlorine e6 TouHocTb 87,5%.
Kamrava 1 mg/kg 4-6 hours [onoxutenbHaa NporHocTnyeckas
etal, before FD LeHHOCTb 93%.
— 2012 [24] OTpuuaTenbHaa NPOrHoCTUYecKas
al LleHHOCTb 72%.
% Sensitivity 90%.
— Specificity 80%.
<C Accuracy 87.5%.
(al Positive predictive value 93%.
E Negative predictive value 72%.
X 8 Vander 30 BKPK, 5-ANK. A makc 407 Hm.  CneundUYHOCTb 1 YyBCTBUTESTb-
 m— Beek AKTUHNYECKUIN 5-ALA Amax 407 nm  HOCTb MeTofa HEHOPMUPOBaHHOW
el 1 COaBT,, KepaTos dnyopecueHLMM CyLLeCTBEHHO
o 2012 [21] BCC, actinic HUXe, YeM y MeTola ObHapy»KeHUs
O Van der keratosis HOPMUPOBaHHON dnyopecLeHLUN
e Beek (27% 1 39% npoTtus 100% 1 97%).
LA etal, The specificity and sensitivity of
O 2012 [21] the non-normalized fluorescence
method is significantly lower than
that of the normalized fluorescence
detection method (27% and 39%
versus 100% and 97%).
9 Jeonwmnco- 38naumeH- [IKPK 19 naumneHToB: Jlamna Bypa, [ocne pe3ekumm onyxonu cpegHee
aBT,, ToBBrpyn- SCC M3-AJIK A\ MaKc 356 HM. KONMYECTBO LOMONHUTENbHbIX pe-
2013, [16] ne ® n 29 16% mas3b, Wood's lamp,  3ekuwnit no Moocy, noHago6msLmxca
Jeonetal, nauveHToB 3KCno3nyms 3 u. Amax 365 nm  Ans noJIHOro yAaneHusi Onyxosu,
2013, [16] B KOHTPOJIb- 19 naumeHToB: 6b110 HXe B rpynne O[] (1,37+0,75),
HoW rpynne. 5-AJIK yem B rpynne 6e3 O[] (1,83+0,89).
38 patients 20% ma3b, After tumor resection, the mean
in the FD 3KCno3numsa 6 u. number of additional Mohs
group 19 patients: resections required to completely
and 29 MAL remove the tumor was lower in the
patients in 16% ointment, FD group (1.37+0.75) than in the
the control exposure 3 hours. non-FD group (1.83+0.89)
group 19 patients:
5-ALA
20% ointment,
exposure 6 hours.
10 Andrade n 43 71 ouar nopa- 5-AJIK LED, A makc 400 B ouarax BEKPK oTmeueHo goctoBep-
coasrt, 2014 »KeHus, B TOM 5% pacTBop 6biN HM, 50 MBT/cM? HOe yBennueHve NMHTEHCUBHOCTY

[6] uuncne 29 bKPK, nucnonb3oBaH ana 54 LED, A max 400

dnyopecueHuunn B 3 pasa uepes 1y

Andrade et 31 akTuHMYecknin oyvaros (21 BKPK, 22 nm, 50 mW/ nocsie HaHeceHuA pacteopa 5-AJIK.
al., 2014 [6] KepaTto3, 11 ce6o- aKTUHMYECKUN Kepa-  cm? B ouarax akTHUYecKoro n ce6o-
pelHbIin KepaTo3. To3, 11 cebopeiHbi penHoro Kepato3a MHTEHCUBHOCTb
71 lesions, KepaTto3). 10% pacTtBop dnyopecueHun B TeueHre 14
including 29 —ana 17 ouaros (8 nocne HaHeceHus pactsopa 5-AJIK
BCC, 31 actinic BKPK 1 9 akTnHUue- ocCTaBanacb Ha ypoBHe ayTodnyo-
keratosis, 11 CKNIA KepaTo3). pecueHumn.
seborrheic 5-ALA In the foci of BCC, a significant
keratosis. 5% 5-ALA solution was increase in fluorescence intensity by
applied on 54 lesions 3 times was noted 1 hour after the
(21 BCCs, 22 AK, and 11 application of the 5-ALA solution.
SK). 10% ALA solution In the foci of actinic and seborrheic
was applied on 17 keratosis, the fluorescence intensity
lesions (8 BCCs and 9 remained at the autofluorescence
AK). level for 1 hour after application of
the 5-ALA solution
11 OunoHeHkKo 227 BKPK, MKPK, 5-AJIK LED, YyscTBuTenbHocTtb 100,0%.
E.B., 2015 [2] MEeTaTUNUYHbIN (pacTBOp ANA MpremMa A MaKc CrneundunyHocTb 55,6%
Filonenko paK KoXun BHYTPb 1 Mr/kr3a3y4  400-405 Hm Sensitivity 100.0%.
E.V., 2015 [2] BCC, SCC, o ) LED, Specificity 55.6%
metatypical skin ~ 5-ALA A\ max
cancer (oral solution 1 mg/kg 400-405 nm

3 hours before FD)
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E.B. ®unoHetxko, B.W. MiBaHoBaPaakeBuny

dnyopecueHTHass AUArHoCTUKa NPU HEMENAHOUMTAPHbLIX ONYXO0NAX KOXH

12 El Hoshy 27 BKPK 5-AJ1K 20% ma3b KceHoHOBa#A B 12 (44,44%) ouarax rpaHuLbl
1 COaBT,, BCC 5-ALA 20% ointment  namna onyxonu, onpegeneHHble O,
2016 [15] ¢ dunbTpom NOMHOCTbIO COBNanu C rpaHNLamu,
El Hoshy et 370-440 Hm onpefeneHHbIMA rmcTtonaTonornye-
al., 2016 [15] Xenon light cku. B 14 ouyarax ructonatonoruye-
source witha  cku rpaHuMLbl onyxonu 6binmn 6onblue
custom band  Ha 1 mm, yuem onpegenaemble Of,
pass filter B 1 — 6onblue Ha 2 MM
370-440 nm In 12 (44.44%) foci, the boundaries
of the tumor, determined by
FD, completely coincided with
the boundaries determined
histopathologically. In 14 foci,
histopathologically, the boundaries
of the tumor were 1 mm larger than
those determined by FD, and in
1 foci, they were 2 mm larger
13 Wan 21 SMPT 5-AJ1K 20% masb Jlamna Bypaa, Moka3aHa cnnbHas Koppenayuto
1 COaBT,, EMPD 5-ALA 20% ointment A MaKc 365 HM  MeXzay rpaH1LaMm OnyXosieBoro fno-
2018[19] Wood's lamp,  paXeHus, onpeaeneHHbIMA METOAOM
Wan et al,, Amax365nm  ¢dnyopecueHTHON ANAarHOCTUKY,
2018 [19] M rpaHuLamu, onpegeneHHbiMu me-
TOAOM GUONCUM C FTCTONaToNorMein
A strong correlation was shown
between the boundaries of the
tumor lesion, determined by the
method of fluorescence diagnostics,
and the boundaries, determined
by the method of biopsy with
histopathology
14 Wu n coasr, 36 SMPI 5-AJIK, Jlamna Byga,  BusyanbHbil ocMOTp — 63,8% nox-
2021 [20] EMPD 20% pacTtBOp/ A Makc 365 HM  HOOTpuLATENbHBIX PEe3Y/bTATOB,
Wu et al., 5-ALA, Wood's lamp,  ®[ - 35,4% noxxHooTpurLuaTesbHbIX
2021 [20] 20% solution/ Amax 365 nm  pe3ynbratoB, O[] + KoHbOKanbHasA

MuKpockonua — 20,8% noxHooTpu-
LiaTeNibHbIX pe3ysibTaToB

Visual examination - 63.8% of false
negative results, FD - 35.4% of false
negative results, FD + confocal
microscopy - 20.8% of false negative
results

MpumeuaHwne: *O[] - pnyopecueHTHan AnarHocTuka, 5-AJ1K — 5-amuHoneBynmHoBas kucnota, M3-AJIK — meTnnoBbIi 3¢prp 5-aMMHONEBYNMHOBOM
Kucnotbl, BKPK - 6a3anbHokneTouHbln pak Koxu, NMKPK — nnockokneTouHbln pak Koxu, SMPI - skcTpamammapHbii pak MNepxeTa.
Note: *FD - fluorescent diagnostics, 5-ALA - 5-aminolevulinic acid, MAL - 5-aminolevulinic acid methyl ester, BCC - basal cell carcinoma,

SCC - squamous cell carcinoma, EMPD - extramammary Paget’s desease

3aKknoyeHune
OcHoBHbIMM NoKa3aHuamn K Of ¢ 5-AJTK asnatoTca onpe-
JeneHne KINHUYECKU TMJIOXO BbIPAXKEHHbIX OMyXosnen
KOXM, MONCK CKPbITbIX OYaroB npefpaka 1 paka Koxu,
a TakXe YTOYHEHMe rpaHuL, OMnyxoNeBOro MopakeHus
N KOHTPOJIb 3POEKTVBHOCTU Pa3fIMYHbIX BaPVAHTOB Crie-
LUMann3npoBaHHOrO NeYeHNs.

MMIX-nHayurpoBaHHaa ¢nyopecueHUna npu npeg-
onepaunoHHOM MNaHMPOBAHUWN ABNAETCA LIeHHbIM Me-
TOAOM onpefeneHus nepudepryeckrx rpaHuL, oOnyxosu.
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