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

Yaqubi A.K.", Astuti S.D.2, Permatasari P.A.D.?, Komariyah N.2, Endarko E.3, Zaidan A.H.*
'Doctorate Degree, Faculty of Science and Technology, Airlangga University, Surabaya, Indonesia
’Department 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 AK,, 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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B CTEPUITM3ATQPAX C UCNOJIbBOBAHUEM OBJTYHEHMA
B PHNOJIETOBOU OBJIACTH

A K. Yaqubi', S.D. Astuti2, P.A.D. Permatasari®, N. Komariyah?, E. Endarko®, A.H. Zaidan*
'Doctorate Degree, Faculty of Science and Technology, Airlangga University, Surabaya,
Indonesia

2Department of Physics, Faculty of Science and Technology, Airlangga University, Surabaya,
Indonesia

*Deapartemen 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

BIOMEDICAL PHOTONICS T.11, N24/2022



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

Pesiome

MHakTBauua 6akTepuii MOXeT ObiTb BbIMOSIHEHA C MCMOMIb30BAaHMEM METOAQ, Ha3biBaeMoro GoToAVHaMNYeCKON MHaKTUBaLMEN, B OCHOBe
KOTOPOFO NIeXNT akTBaL A GoToceHCnbunmnsaTopa CBETOM onpefeneHHoro cnekTpa. Lienbio agaHHOro nccnenoBaHua ABAETCA onpeaeneHe
3¢p$EKTUBHOCTN CBETOAMOAOB C M3NTyYeHVEM B GM1ONETOBOI 06NacTn cnekTpa Ana ¢otonHakTneaumm 6aktepuii Bacillus subtilis n Escherichia
coli, a Takxxe onpegeneHvie ONTUManbHOW NAIOTHOCTM SHEPrn Bo3gencTaus. MNpr 06nayyeHrmn 6bim1 NCNOb30BaHbl Ba M3MEHSAEMbIX Mapame-
Tpa. MepBbIi NapameTp — 3TO PACcCTOAHME OT UCTOYHVKA 06STyYeHUA Jo 06yyaemMol MoBepXHOCTH (3 cm, 6 cMm, 9 cm 1 12 cm). Bropoii napameTp
- Bpema obnyuyeHus (30, 60, 90 1 120 mvH). [insa nofcyeTa KONMUYECTBa KOMOHMI NCMONb30Banu MeTog obLero nogcyeta yalek (Total Plate
Count). Mpwy aHann3e JaHHbIX NCMNOJIb30BaNW CTaTUCTUYECKME TeCTbl, @ MMeHHO TecT One Way Anova (BucnepcuoHHbI aHanms). PesynbTatbl
3TOro NCCnefoBaHVA MOKa3anu, YTo CBETOLMOAHOE M3nyyeHre B proneToBol 061acTy crekTpa ¢ AfIVHONM BOSIHbI 395 HM Bbi3bIBano CHUXEHNe
log KOE/mn 6aktepuii Bacillus subtilis v Escherichia coli. Bo3pencTtere Ha 6aktepun Bacillus subtilis noka3ano 6osee BbICOKMIA MPOLEHT CMepT-
HOCTW, yeM ana 6aktepuin Escherichia coli. Jlyuwne pe3ynbtaTbl Obiv MOMTyYeHbl MPU PACCTOAHUM A0 UCTOYHMKA 06yUYeHust 3 CM, MIOTHOCTH
SHeprun 524 [Ix/cm?, 1 BpemeHn Bo3fencTana ceetoguoaa 120 MuH. B atom pexxkume 6bino nHakTuBnpoBaHo 98,5% 6aktepuii Bacillus subtilis
1 94,3% 6aktepuii Escherichia coli.

KnioueBble cnioBa: 6e30nacHOCTb, poToAnHaAMMYECKan MHAKTMBALWs, GroneToBbln cBeToanop, Bacillus subtilis, Escherichia coli.
Ana yntupoBaHus: Yaqubi AK., Astuti S.D., Permatasari PA.D., Komariyah N., Endarko E., Zaidan A.H. 3bdeKkTnBHOCTb in vitro nHakTMBauumn

6akTepui Bacillus subtilis w Escherichia coli B ctepunu3aTtopax ¢ ucnonb3oBaHviem obnyyeHus B dronetoBoin obnacti// Biomedical Photonics. -
2022.-T.11,N2 4. - C.4-10. doi: 10.24931/2413-9432-2022-11-4-4-10.

KoHTtaktbi: 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, N24/2022

effectively a device is sterilized [3]. Dental instruments and
otheritemsthat comeinto 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

ORIGINAL ARTICLES
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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 heat in 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 conventional light 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.

I-cosiiodl

Puc. 1. lNonoxeHue o6pasua.
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 3cm, 6 cm, 9 cm

and 12 cm
Taonumua 1

CpeaHue 3Ha4YeHuUs AaHHbIX U3MEePEHU MHTEHCUBHOCTU U3yvyeHus G1MoneToBoro ceeToguoaa ¢ AJIMHON BONHbI 395

HM Ha paccTosiHum 3 cm, 6 cmM, 9cmu 12 cm

Distance, A Position, B Position,

) mW mW

cm ) )
cm” cm”

3 494 59.6

6 39.2 416

9 27.0 27.0

12 15.6 20.5

C Position, D Position, E Position,
mw mw mw

2 2 2
cm cm cm

89.0 54.1 54.5
67.6 41.2 40.3
55.1 249 26.9
35.0 23.0 12.9
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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:

> treatments — . control

Y% death = x100%

> 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 cm 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
G, (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

|~ Control
?""““‘— Distance 3cm
|—#— Distance 6 em
|~ Distance 9 em
5—0— Distance 12 cm

Log CF/mL

T T )
0 30 60 20 120 150
a

Exposure time (minutes)

%= Control
~#= Distance 3cm
—&— Distance 6 cm

¥ Distance 9 cm
==#— Distance 12 cm

7,54

7.0 4

6.5

6,0 4

T T 1
c 0 30 60 90 120 150

Exposure time (minutes)

== Control
~#— Distance 3cm
—&— Distance 6 cm

~%— Distance 9 cm
—#— Distance 12 cm

754

704

6.5

6,04 I i

T T 1
e 0 30 80 90 120 150

Exposure time (minutes)

[ Control

—#— Distance 3cm
—&— Distance 6 cm
—%= Distance 9 cm
—&#— Distance 12 cm

Log CF/mL

T T 1
b 0 30 60 90 120 150

Exposure time (minutes)

—== Control
~=#= Distance 3cm
—&— Distance 6 cm

754 ~%= Distance 9 cm
==& Distance 12 cm

7,04

Log CF/mL
o
[
1

6.0+

T =T T

T M
d 0 30 €0 90 120 150

Exposure time (minutes)

Puc. 2. [paduK }Kn3Hecnoco6HOCTU GaKTepui
Bacillus subtilis nocne 3Kcno3uuuu B NOJ0XKe-
HuM A (@), nonoxxeHuu B (b), nonoxxenuu C (c),
nonoxexnuu D (d), nonoxeHuu 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
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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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Puc. 3. [paduK KnsHecnoco6HOCTU GaKTepui
Escherichia colinocne 3Kcno3uuuu B Noa0Xe-
HuM A (@), nonoxxeHuu B (b), nonoxenuu C (c),
nonoxexnuu D (d), nonoxeHuu E (e)

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 (107 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 02, 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 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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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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assessing the depth of penetration of ethosomes with methylene blue into the skin during application and photodynamic exposure,
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Pesiome

B WwmpoKom cnekTpe nuTepaTypHbIX WCTOYHMKOB COOOLIAETCA O MOTEHUMAsNbHbIX MPEerMyLLecTBax TpaHCAepManbHON [OOCTaBKM
NeKapCTBEHHbIX BelecTB. Cpen AaHHbIX NMPeVMYLLECTB BbIASNAIOT cneylolme — MUHUMaNbHasA TPaBMaTUYHOCTb, CHUXKEHVE NOBOUYHbIX
3$deKTOB, NpefoTBpaLleHe Aerpajaummy Unm metabosmama B XeyAoUHO-KMLLEYHOM TpaKTe unu neveHn. OfgHako TpaHcaepmasibHasA
JOCTaBKa OOJIbLUIMHCTBA MOJEKYJT YacTO WCKI/OYaeTcA M3-3a 6apbepHOr OYHKLUKN KOXM, KOTOpas MpensaTcTBYeT NMPOHUKHOBEHMIO
SK30reHHbIX BelecTB. [nA NpeofosieHNAa [AaHHOro 6Gapbepa W YBENWYEHUA KOXKHOMO MOMIOWEHNA MOryT ObiTb MCMOSIb30BaHbI
3TOCOMasbHble KOMMIEKCbI, C MOMOLLbIO KOTOPbIX BO3MOXXHO MPOHNKHOBEHME B FyBOKME CIIOV KOXKW U/UITN CUCTEMHOE KPOBOObpaLLeHMe.
[aHHas paboTa nocBsleHa pa3paboTke HEMHBA3UBHOIO METOAA OLIEHKW MyOUHbI MPOHUKHOBEHNS STOCOM C METUIEHOBLIM CUHVM B
KOXKY Mpu anninKauMoHHOM NpumeHeHun 1 GoToanHaMNYeCcKoM Bo3encTBMU. IMEHHO MeTUIeHOBbBIV CUHWI Gbin BbIOpaHB KayecTBe
¢doToceHcnbunuzatopa (OC) B paboTe, MOCKONbKY UMEETCA [OCTaTOYHOE KONMYECTBO MyOnAMKauuii O ero NnonoXnTesIbHOM BIVAHUN
Ha BOCCTAHOB/IEHVE [bIXaTesIbHOW LIeNy KIETOK Pa3fiIMyHbIX OPraHoOB U, TEM CaMbiM BOCCTAHOBJNIEHUM X MeTabonu3ma. Kpome Toro,
METUSIEHOBbIN CUHWIA NpoABuN cebsa Kak 3bdekTuBHbIN OC, pa3pyLlualowmii NaToreHHble MUKPOObI 1 BUPYCbl, B TOM UYUCSIe BUPYC
SARS-CoV-2. OgHako ans 6onee spdpexTrHom Tepanun Covid-19 1 aHTMOUNOTUKOPE3NCTEHTHBIX MUKPOOHBIX 3aboneBaHnii TpebyeTca
NPOHNKHOBEHME METUIEHOBbI CUHUI B COCYANCTYIO CUCTEMY SNUAEPMUCA N CIIM3UCTON TKaHW. HagaHHbIN MOMEHT cyllecTByoLne
MeTOZbl OLleHKM FTy6UHbI TPOHUKHOBEHNA GOTOCEHCMOUIN3AaTOPOB ABNAIOTCA TPYAOEMKMM 1 TPEOYIOT MCMOIb30BaHNA KOXM >KUBOTHbIX
W MOAENbHbIX 06pa3LoB. B paboTe 6bina ncnonb3oBaHa cuctema JISCA-01 BUOCTIEK co cnewumanbHO pa3paboTaHHbIMY ONTUYECKMM
aflanTopamu, MO3BONAOLLMY OLLEeHUBATb MHTEHCUBHOCTb GJlyopecLieHUMM NpenapaTta HarnoBEePXHOCTY KOXI 1 Ha rybrHe Jo 2 MM.
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KnioueBble cioBa: 3TOCOMbI, TPAHCAEPMalibHaA OCTaBKa JIEKAPCTB, METUNEHOBbI CUHWIA, FJ'Iy6I/1Ha NMPOHNKHOBEHWA, BUPYCbl, MI/IKpO6bI.
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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
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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

Transappendageal

%90,

Intercellular Transcellular

Puc. 1. Bo3MOXHble NyTU JOCTaBKU NIeKapCcTBa CKBO3b POroBoOw
CJI0M KOXHU
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
affect the 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

[Ethanol
S,

Methylene
Blue

W L L4 L™
i 1 8 T i r Ethosomal
System

—
000000000000 00000

Ethosome

Puc. 2. lpegnonaraemblit MEXaHU3M
NPOHUKHOBEHUSI 3TOCOMabHOW CUCTEMbI
yepe3 MeMGpaHy POroBOW C/IOM KOXMU:

a — ynopsifio4eHHble NMnuaHbIe GUcnoun

b — nMNuaHbIN GUCNON, pa3pyLleHHbIN
3TaHONIOM M HaKONUBLLMECH MATKUe,
noaaT/IMBbIE 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
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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-01 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

The tissue
under study

Puc. 3. CxemaTnyeckoe nsobparkeHue aKcrnepumMeHTaabHOn
yCTaHOBKM, cocTosiLen u3: 1 —MCTOYHUKA Na3epHoro curHana,

2 - cnekTpomeTp, 3 — onTU4YecKue BONOKHa, 4 — INK ¢ npo-
rpamMmmHbIM o6ecneveHnem UNO, 5 — Topel, suarHoctuyeckoro
KaTeTepa, 6 — BbIxoj

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
stirringataspeed 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
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Puc. 5. PacnpegeneHue ps3eta-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: 200 kV
View field: 8.18 jm

wo:smm |
Det In-Beam SE 2 ym
SEM MAG: 25.4 kx _ Date(midly): 05118/22

a — PacnpeaeneHue no pasmepam o6pa3uoB; b — Pe3ynbrathl, nosly4eHHble nocie c6opa ocajKka B aTaHose ¢ nomolbio 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.

1E

MB2_27_10
MB2_27_20
-MB2_27_30

30 a0 s oo o0 o
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

T 0o
Wavelength, nm

b

Puc. 6. 3aBUCMMOCTb ONTUYECKON NIOTHOCTU OT A/IMHBI BOSIHBI Ans o6pa3ua 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

BT — S

Fluomscence Inensity, tu.
g

Wavslength, nm

a

Puc. 7.
a — cneKTp ¢nyopecueHuumn o6pasua MB1 cream nepep HaHeceHueMm, cneKTp ¢payopecueHuumn o6pasua MB1 cream nocne HaHeceHus
Ha KO}y nauueHTa, cneKktp ¢dpnyopecueHumnn obpasua MB1 cream after NIR Ha noBepxHOCTH KOXKK nocne o6nyydeHus B BUK o6nactu
cneKTpa, cnektp ¢ayopecueHumm o6pasua MB 1 cream hand after NIR contact B rny60oKux cnosix Koxu go 2 Mm nocne o6sy4eHus B

FaA AT

Fiua mrcence inbensity. fu.

BUK o6nactu cnektpa; b — T 1, I, Il - cneKTpbl dnyopecueHumm ob6pasuo., pork t1 after NIR, pork t2 after NIR, pork t3 after NIR — cnektp
dnyopecueHUnM 06pa3L0OB Ha MOBEPXHOCTU KOXU CBMHbM Nocne o6ny4yeHus 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 — T1, |, 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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b

Puc. 8.

a — pe3ynbTarhbl, Noay4YeHHble ¢ nomolybto LCSM, B o6nactu

C poroBbIM cnoem; b — pe3ynbTraTbl, NOy4EHHbIE 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-

BIOMEDICAL PHOTONICS T.11, N24/2022

with the stratum corneum

——— without the stratum corneum
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Puc. 9. 3aBUCMMOCTb MHTEHCUBHOCTU (NiyopecLIeHLIUU OT ry-
O1HbI NPOHUKHOBEHUS B POrOBOM C/I0M BOJIHbI MPU AJIMHE BOJIHbI
676 HM

Fig. 9. Fluorescence intensity dependence at a wavelength of
676 nm on the penetration depth of the stratum corneum

Peak(M3..M4)
3500 ;

3000 <
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2000 Puc. 10. [uctorpamma
MHTEHCUBHOCTH Py-
opecueHuun nocne
HaHeceHus Kpema,
061ly4eHuUsi B o6nactu
BUK B TeyeHue 20
MWH, NpoBeAeHne
®AT Ha NOBEPXHOCTHU
1 rny6uHe B Te4eHne
20 MUH
Fig. 10. Fluorescence
500 - intensity histogram
after applying the
cream to the hand
, and irradiating the
NIR for 20 minutes;
0.3 0,5 0,8/03 0,5 0,8 03 0,5 0,8 )
e i [ e | ey, and conducting PDT
After NIR  After PDT on | After PDT at for 20 minutes on the
the surface | depth surface and at depth

1500 |

1000

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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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 chemoradiation 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. cTINOMO. Patients received treatment by photodynamic therapy with chorine photosensitizer in dose 1.0 mg/kg. Options of photody-
namic 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 photodynamic therapy was performed due to con-
comitant 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 photody-
namic 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.
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Pesiome
B HacToAwel paboTe NPOAEMOHCTPMPOBAH OMbIT PaAUKanbHOro IeYEHUA COMATUUYECKM OTATOLLEHHbIX MaLMEHTOB C NIOCKOKIETOUHbIM PakoM
CNM3NCTON 06ONOUKM NMOMOCTU PTa MPU NoMoLLy oToauHaMmMUecKon Tepanuu. MpoBeAeHO NeyeHre ABYX COMATUUYECKN OTATOLEHHbIX MaLu-
eHTOB (BUY nHbeKLMA ¢ accoLMnMpoBaHHON NIEFOYHON FMnepTeH3Vel BbICOKOW CTEMNEHN 1 BbIPaXXEHHOW KapAraibHOV NaTosorvel), KoTopbiM
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6bI10 HE NMOKa3aHO BbIMOHEHVIE OBLUMPHbIX XMPYPrUYECKUX BMELLATENbCTB /WM MPOBEAEHNE arpecciBHON XMMMOIYYEBO TEpanuu B CBA3N
C HaMuVeM BbipaXKeHHOW COMYTCTBYOLLEN NaToNorMn. Y 060X naLyeHToB 6bin AUarHOCTVPOBaH MIOCKOK/IETOUHbIN pak ClIM3MCTON 060104KN
MoJIOCTU PTa, PAcMpPOCTPAHEHHOCTb OMyXONeBOro npotecca cootsetctoBana ctaguu | cTTNOMO. MauveHTam 6bina BbinonHeHa GpoToanHa-
MuYeckasn Tepanuvsa ¢ GOTOCEHCHOMIN3AaTOPOM XJIOPUHOBOTO psAAa B fose 1,0 Mr/Kr. MapameTpbl 065yyeHmns: BbIXogHaA MOLHOCTb — 1,5 BT,
NAOTHOCTb MowHocTK — 0,31 BT/cm?, cBeToBas go3a — 300 [Ix/cm?. Mocne ogHoro Kypca GoToguHaMMUYECKon Tepanumn y o60ux naynueHToB
AMarHocTpoBaHa NonHasa pe3opbuna nepsuyHoro onyxonesoro ovara (no RECIST 1.1), Ho B nepBoM KnMHMYecKom ciyyae 6bin npoBeaeH
NMOBTOPHbBIN KypcC GpOTOAMHAMMYECKO Tepanvmn B CBA3MN C COYETAHHON NaTOJNIOrMel CM3MCTON 060TIOYKM MOJTIOCTU PTa — MHOXECTBEHHbBIMY
ouaramu nerikonnakun. B pesynbtate neyeHna TaK xe Obliia OTMeUeHa NosHaA Perpeccus BCcex o4aros Nekonnakum. OCHOBHbIM HexenaTesib-
HbIM ABNIEHNEM ABNANacb 60/1b B TeYeHWe NepBbIx 5-7 IHe Nocne BMeLlaTebCTBa, YCNeLHO Kynmpyemasa HeHapKOTUYeCK M aHabreTukamu.
Mepuop HabnogeHns (IQR) nauneHToB cocTaBun 12 1 18 Mec COOTBETCTBEHHO, 6€3 NPU3HAKOB peLyAavBa 1 MeTacTa3oB. bnarogapa ucnosnb-
30BaHMI0 METOAVKN GpOTOANHAMMYECKO Tepanuu y NaLMeHTOB yAanoch n3bexarb NpoBeAeHNA OOLNPHbIX XUPYPrMyecknx BMELLaTebCTs, a
TaKXe OTKa3aTbCA OT arPeCcCMBHOW CXeMbl XMMMOJYyYeBO Tepannu, Kak anbTepHaTUBbI XMPYypruveckoin metoguke. GotoanHammnyeckas Tepa-
nyA ABNAETCA MaJIONHBA3VIBHOW METOANKON PaAnKanbHOrO JIeYeHWsA IOKaM30BaHHOTO MJIOCKOKIETOYHOTO paKa MONOCTM pTa C MUHVMAsTbHbIM
KOJNYECTBOM OC/IOKHEHMIA, MO3TOMY OCOOEHHO aKTyaslbHOM 3Ta METOAMKA ABAAETCA Y NALMEHTOB C BbIPaXKEHHOW COMYTCTBYIOLLEN NATONOTEN.

KnioueBble cnoBa: pak nonoctu pra, BUY napekuus, dotogmHammnyeckas tepanusa, Nenkonnakmsa.
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Introduction

According to international and Russian clinical guide-
lines, the main method of treating oral cancer is the sur-
gical method. In the absence of contraindications, it is
recommended to remove the primary lesion within intact
tissues [1]. Based on the results of a routine morphological
study and evaluation of prognostically unfavorable fac-
tors, such as extranodal spread of metastases in the lymph
nodes of the neck (ENE +), positive (R1), or close margins
(<5mm) of resection, primary tumor with a prevalence
of pT3-4, metastases to regional lymph nodes pN2 -3,
metastases in the IV and V locoregional groups, the pres-
ence of perineural, perivascular, perilymphatic invasion,
the method of adjuvant treatment (radiation or chemora-
diotherapy) is developed, or dynamic monitoring in their
absence is carried out [2,3,4].

An alternative to the surgical technique is external
beam radiation therapy (EBRT) or chemoradiotherapy
(CRT) alone, with a total focal dose of up to 72 Gy in the
area of the primary focus and up to 63 Gy in the area of
subclinical distribution [5]. It is possible to use brachy-
therapy as an independent method of radical treatment
of oral cancer using radionuclides Ir-192, CF-252, and oth-
ers [6,7]. Chemotherapy and targeted therapy are used
in combination and/or alone, mainly as a palliative tech-
nique in patients who are not indicated for other curative
treatments. At the same time, highly toxic schemes with
platinum preparations and immunotherapy with pd-L1
inhibitors are recommended in the first line [8,9,10].

Surgery is an invasive method of treatment with the
possible development of various complications, up to
lethal. At the same time, it is not always possible to con-
duct full-scale social and cosmetic rehabilitation, which
reduces the quality of life. In addition, this type of treat-

ment is not recommended in elderly and/or somatically
burdened patients.

CRT, as an alternative to surgical treatment, is most
effective with platinum drugs, leading to the develop-
ment of adverse reactions such as nephrotoxicity, cardio-
toxicity, polyneuropathy, hearing loss, and others. With
chemoradiation therapy, for the eradication of a tumor
of the oral cavity in an independent variant, delivery of
the total doses exceeding the tolerance of the surround-
ing normal tissues is required, which, in turn, leads to the
development of such complications as mucositis, osteo-
myelitis, hyposalivation, long-term non-healing ulcerative
processes in the oral cavity and at the site of radiation
delivery. Thus, the choice of treatment tactics in elderly
and/or somatically burdened patients is a difficult task for
an oncologist. Treatment of oral cancer should not only
be radical, with a minimum number of complications but
should also maintain the patient’s quality of life at the “pre-
operative”level [11].

Photodynamic therapy (PDT) can be used as an inde-
pendent, radical option for the treatment of malignant
neoplasms of the oral cavity, corresponding to stage T1-T2
and with an invasion depth of up to 7 mm, in the absence
of alternative methods of radical treatment, such as sur-
gery, EBRT, and CRT. In a retrospective meta-analysis com-
paring the results of treatment of malignant neoplasms of
the oral cavity (surgical method and PDT), the effective-
ness was comparable, however, after PDT, there was a sig-
nificant improvement in the quality of life compared with
the surgical method [11].

In the analysis of 43 studies of the effectiveness of PDT
in a total of 2121 patients with malignant neoplasms of
the head and neck (mainly of the oral cavity), with T1-T2
prevalence, the best response was found in cancer of the
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tongue. Complete regression was observed in 94.4% of
cases, and 5-year survival was 84.2% [12]. PDT can also be
used as a palliative treatment for locally advanced head
and neck tumors when other local treatment methods
(surgery, radiation therapy) have been exhausted [13,14].
During PDT, not only remote irradiation with laser light can
be performed but also interstitial irradiation to reduce the
volume of massive tumor foci [15]. In this case, it is possible
to achieve remission and/or symptomatic improvement
in the form of a decrease in pain, bleeding, and tumor
decay. A multicenter study was conducted to evaluate the
effectiveness of PDT as a palliative treatment for locally
advanced unresectable head and neck cancer, which
resulted in a clinical response in 53% of patients. Tumor
size decreased by more than 50% in 28% of patients. Com-
plete regression of neoplasms was noted in 17% of cases.
The median survival in the study was 226 days, which is
longer than after conventional chemotherapy. In addition,
there were no significant side effects associated with PDT
in patients [16]. The use of PDT does not exclude the possi-
bility of simultaneous or sequential use of other treatment
methods, such as surgery, chemoradiotherapy, chemo-
and immunotherapy [12,16,17].

Clinical observation 1

Patient P, born in 1978, addressed to the A. Tsyb Medi-
cal Radiological Research Centre with complaints of an
ulcerative defect in the mucosa of the alveolar bone of the
lower jaw on the right (Fig. 1a).

Examination in the retromalar region on the right
revealed a tumor with uneven, indistinct edges, ulcer-
ation, and bleeding on contact. Moreover, multiple diffuse
foci of erosive-ulcerative leukoplakia were noted (Fig. 1b)
with the formation of islet foci of stage 2 epitheliitis, mod-
erately painful on contact. Regional lymph nodes were not
enlarged.

Histological examination against the background of
leukoplakia revealed invasive moderately differentiated
squamous cell carcinoma.

Computed tomography revealed a rounded area of
increased accumulation of a contrast agent near the angle
of the lower jaw. The area was with fuzzy boundaries, with
maximum visible dimensions of 10x8 mm, and an inva-
sion depth of up to 4 mm. No destructive changes from
the side of the adjacent part of the body of the lower jaw
were observed. According to ultrasound data, no enlarged
lymph nodes in the neck were found in the supraclavicular
and subclavian areas.

The main diagnosis was cancer of the retromolar
region on the right of stage | cTINOMO. During the addi-
tional examination, the patient was diagnosed with severe
comorbidity — HIV infection of stage 4A (against the back-
ground of antiretroviral therapy) and HIV-associated high
pulmonary hypertension. Severe cardiac pathology was
also diagnosed - chronic heart failure, circulatory disor-
ders 2A, functional class 2 with preservation of the ejec-
tion fraction of 56%. Dilated cardiomyopathy was also
revealed. The patient had a history of chronic viral hepa-

C

Puc. 1. Pak peTpomonsipHoi o6nactu
cnpaBa:

a — onyxonb go ®AT;

b — conyTcTBylOWan nenKonnakus
BepxHero He6a cnpaBa;

c — 21-e cytkn nocne PAT;

d — 6 mec nocne ®AT;

e — 12 mec nocne AT

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

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.11, N24/2022

21



%
-
O
|_
o
<
<
Z
O
o
O

Panaseykin Y.A., Kapinus V.N., Filonenko E.V., Polkin V.V., Sevrukov F.E., Isaev P.A., Ivanov S.A., Kaprin A.D.
Photodynamic therapy treatment of oral cavity cancer in patients with comorbidities

titis C without replication and chronic obstructive pulmo-
nary disease of bronchitis type. From the endocrinological
pathology, primary hypothyroidism in the subcompensa-
tion stage, metabolic syndrome, insulin resistance, and
obesity of the 2nd degree were diagnosed. A varicose dis-
ease of the lower extremities of stage 2 was also present.

Thus, according to the P-POSSUM scale, the risk of
lethal complications during surgery reached 40%.

Aninterdisciplinary consultation was held with the par-
ticipation of surgeons, radiologists, chemotherapists, and
specialists from the PDT department. Taking into account
the long-term immunosuppression, multiple foci of leu-
koplakia, the presence of inflammatory changes in the
oral mucosa, and high risks of complications when radical
doses of radiation therapy are administered against the
background of comorbidities, a decision of conducting an
independent PDT course was made.

The patient underwent PDT with the photolon photo-
sensitizer, administered intravenously at a dose of 1.0 mg/
kg. For pain management, Ketorolac solution 1.0 ml IM,
Promedol 2% 1.0 ml IM, and Relanium 0.5% 2.0 ml IM were
used with additionally made local anesthesia with ropiva-
caine solution. Three hours after the introduction of the
photosensitizer, PDT was performed with the laser light
source - “Latus 2" (662 nm), remote irradiation of the neo-
plasm at a power density of 0.31 W/cm?, the light energy
density of 300 J/cm?, with the number of fields — 1, and the
procedure time of 16 min.

After PDT, initial signs of hemorrhagic necrosis, and
edema were noted. By the 10th day, a hemorrhagic scab
was formed in the form of a fibrin film. By the 14th day,
marginal rejection of necrotic tissues, and by the 21st day,
active epithelialization (Fig. 1c) occurred.

The patient was discharged from the hospital on the
3rd day after PDT.

Epithelialization of the wound defect occurred on an
outpatient basis with drugs with anti-inflammatory and
reparative properties. Complete healing with a good func-
tional and cosmetic effect was noted after 8 weeks.

At the follow-up examination 6 months after the treat-
ment, new foci of leukoplakia of small sizes up to 10 mm
were diagnosed (Fig. 1d) and a second course of PDT was
performed.

Currently (12 months from the start of the treatment),
the patient is under dynamic observation without signs
of disease progression (Fig. 1f) with a preserved somatic
status (ECOG 0).

Clinical observation 2

Patient A., born in 1932, addressed to the A. Tsyb Medi-
cal Radiological Research Centre with complaints of a
mass in the area of the buccal mucosa on the right.

During a clinical examination of the mucosa of the
right cheek in the posterior sections, a tumor of an erosive-
ulcerative nature of growth, with fuzzy, uneven edges, up
to 1.2 cm in size, was determined (Fig. 2a). Regional lymph
nodes were not enlarged.

A moderately differentiated nonkeratinizing squa-
mous cell carcinoma was concluded from the histological
examination. To clarify the prevalence of the process, and
the presence of regional and distant metastasis, an instru-
mental examination was performed. According to MRI in
the area of the buccal mucosa, a focus of increased accu-
mulation of a contrast agent was identified, with fuzzy
boundaries and maximum visible dimensions of 12x8
mm, with an invasion depth of up to 6 mm. Destructive
changes from the side of the adjacent part of the body of
the lower jaw were not observed. An ultrasound examina-
tion of the mucous membrane of the right cheek revealed
a hypoechoic formation with a fuzzy, uneven contour, and
an invasion depth of 4.7-5 mm. Enlarged lymph nodes in
the neck, supraclavicular and infraclavicular areas were
not detected.

The main diagnosis was cancer of the buccal mucosa
of stage Il cT2NOMO. The patient had several comorbidi-
ties. From cardiac pathology, the patient suffered from
arterial hypertension stage |l risk 4, and coronary heart
disease with atherosclerosis of the aorta, heart valves,

b 7 c

Puc. 2. PaKk cnu3ncTor npaBo Weku: a — onyxonb fo ®AT; b — 3-e cytku nocne OAT; ¢ — 18 mec nocne AT
Fig. 2. Cancer of the mucous membrane of the right cheek: a — tumor before PDT; b — 3st day after PDT; ¢ — 18 months after PDT

22

BIOMEDICAL PHOTONICS T.11, N24/2022



Panaseykin Y.A., Kapinus V.N., Filonenko E.V., Polkin V.V., Sevrukov F.E., Isaev P.A., Ivanov S.A., Kaprin A.D.
Photodynamic therapy treatment of oral cavity cancer in patients with comorbidities

coronary arteries, circulatory disorders 2A, chronic heart
failure, with functional class 2, and preserved ejection
fraction of 67%. In history, surgery for an abdominal aor-
tic aneurysm was performed. Besides, chronic kidney
disease, stage 4, with a glomerular filtration rate of 28
ml/min, and a varicose disease of the lower extremities
3 tbsp presented.

Taking into account the prevalence of the tumor
process, severe comorbidity, age, and extent of the pro-
posed surgical intervention, PDT was proposed as an
alternative independent treatment at the inter-depart-
mental consultation.

The patient underwent PDT with photolon adminis-
tered intravenously at a dose of 1.0 mg/kg. Ketorolac solu-
tion 1.0 ml IM, Promedol 2% solution 1.0 ml IM, Relanium
0.5% 2.0 ml IM, and additional local anesthesia with ropi-
vacaine solution were used to stop the pain syndrome.

PDT was carried out three hours after the injection
with the laser light source - “Latus 2" (662 nm), remote irra-
diation of the neoplasm at a power density of 0.31 W/cm?,
the light energy density of 300 J/cm?, with the number of
fields - 1, and the procedure time of 16 min.

The patient was discharged from the hospital on the
3rd day after PDT. The signs of hemorrhagic necrosis and
edema were noted locally (Fig. 2b).

At the follow-up period of 18 months, no signs of local
recurrence and metastasis were detected (Fig. 2¢).

Discussion

In the presented clinical examples, PDT was per-
formed on patients from different age groups (43 and
89 years, respectively), in whom, according to the clinical
and instrumental examination, the cNO status of regional
lymph nodes was confirmed and the depth of invasion of
the primary focus was 4 and 6 mm, respectively. PDT was
chosen as an alternative treatment option since surgical
intervention or chemoradiotherapy was associated with
the risk of developing severe complications due to the
presence of severe comorbidities.

PDT was not accompanied by technical difficulties
(Fig. 3). In both cases, one irradiation field was sufficient to
cover the tumor lesion of the oral mucosa and areas of the
potential subclinical lesion (0.5 cm from the visible bound-
aries of the tumor). In addition, it did not require a long
stay in the hospital, the patients were discharged on the
3rd day after treatment.

Adverse events included pain (grade 1 CTCAE) and
edema (grade 1 CTCAE), which were managed with non-
steroidal anti-inflammatory drugs and decongestant
therapy.

Both patients were diagnosed with complete resorp-
tion of the primary tumor focus (according to RECIST 1.1)
against the background of a single course of PDT. However,
in the first clinical case, a second course of PDT was per-
formed due to a combined pathology of the oral mucosa

Puc. 3. CeaHc ®AT
Fig. 3. PDT treatment

- multiple foci of leukoplakia. A complete regression of all
foci of leukoplakia was noted. The follow-up period (IQR)
of patients was 12 and 18 months, respectively, without
signs of recurrence and metastases.

Conclusion

The presented clinical experience demonstrates
the possibilities of PDT as a minimally invasive, effective
method of radical treatment of T1-T2 cancer of the oral
mucosa. PDT with chlorin-type photosensitizers may be
an alternative treatment option for elderly and somatically
burdened patients in whom major surgery and/or aggres-
sive chemoradiotherapy are associated with the develop-
ment of serious complications. This method is particularly
relevant in the treatment of combined pathology of the
oral mucosa, such as oncopathology and mucosal leuko-
plakia. However, for a comprehensive assessment of effi-
cacy and adverse events and the development of indica-
tions and contraindications, an analysis of a larger number
of patients is required.

In the case of malignant neoplasms of the oral cavity,
at certain treatment stages, with both radical and pallia-
tive goals, it is possible to use such modern technology as
PDT, which has a pronounced antitumor effect and, at the
same time, is distinguished by the selectivity of tumor tis-
sue damage, the absence of significant local and systemic
side effects and the possibility of repeating courses.
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PREDICTION OF THE EFFECT OF THE PHOTODYNAMIC
THERAPY ON SURVIVAL IN PATIENTS WITH STAGE IV
OF PANCREATIC CANCER
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'Altai State Medical University, Barnaul, Russia

2Novosibirsk State Medical University, Novisibirsk, Russia
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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 pan-
creatic cancer who received local and systemic photodynamic therapy. In the main group, which consisted of 19 patients with histologically veri-
fied 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 photo-
dynamic therapy. On the background of the use of local and systemic photodynamic therapy in the main group it was observed a statistically sig-
nificant 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/I 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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NMPOrHO3MPOBAHMUE BJIMAHUS
POTOONHAMUYECKOU TEPANTMUN HA .
BbIDXMBAEMOCTb Y NAUMEHTOB C IV CTAOUEN
3JIOKAHECTBEHHbIX HOBOOBPA3OBAHUHA
NOOXENYAOYHOWU XEJIE3bI

A.E. Uermax', C.I. LLtodun?, B.A. Kyprykoe?, B.H. Tennyxun?, 4.H. Lorixet', M.E. Lleimax’
TANTAMCKMI TOCYAAPCTBEHHBIN MeanUMHCKIMIM yHuBepcuTeT, Baprayn, Poccua

2PrbOY BO Hoeocnbupckmit rocyaapCTBEHHbIN MEAULMHCKMI YHMBEPCUTET» MuHMCTEPCTBA
snpasooxpaHenns P®, Hosocnbupck, Poccus

Slopopnckas 6onbHuua Ne5, baprayn, Poccusa

Pesiome
B pa60Te npeacTaB/ieHbl pe3ynbtaTbl NCCNEAOBAHUA BbIXKUBAEMOCTM B [BYX COMOCTaBUMbIX rpynnax 60MbHbIX MOC/e KOMMIEKCHOro naniu-
aTUBHOTIO JieyeHnAa 6OJ'IbeIX CO 3JZ10Ka4YeCcTBEeHHbIMI H03006pa3OBaHI/IﬂMI/I I'IOA)KeHy,U,OllHOIZ xenesbl IV CTagunn. Llenblo nccnegoBaHMA 6blﬂ0
onpegennTb NPOrHocThYeckme dakTopbl, BAUAIOLME HAa BbPKMBAEMOCTb Y 60MbHbIX IV cTagueir 310KaueCcTBEHHOro HOBOOGPa3oBaHWA Mog-
meny,qquon Xene3bl, KOTOpbIM MJIaHNPYETCA NpoBefeHNe NIOKANIbHOW U CUCTEMHON (])OTO,D,VIHaMVIHECKOVI Tepannn. B ocHoBHOM rpynne,
BK/tOYaBLen 19 NMnaymeHToB C rMCToNornyeckn Bepl/ld)l/lLl,VIpOBaHHblM 3/10Ka4eCcTBEHHbIM H03006pa3OBaHVIeM I'IOA)Keﬂy,D,OHHOVI xenesbl IV cTa-
11, NPOBOAMNV MaNANaTUBHOE JIeYeHre C NprMeHeHnem GoToaMHaMUYecKon Tepanuu. B rpynne cpaBHeHus, BKOYaBLUeid 28 naLMeHToB C
rmcrTonornyeckmn BepVId)VILWIpOBaHHbIM 3/10Ka4eCTBEHHbIM HOBOOﬁpa3OBaHVI6M no,q>KenonqH017| xenesbl IV CTagnn, nposoaunnn nannnatmne-
Hoe fleyeHrie 6e3 nprMeHeHVss GoTogMHAMUYECKon Tepanun. Ha poHe NpuMeHEeHNUsA NOKanbHOM 1 CUCTEMHON GOTOANHAMIYECKOW Tepanumn
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B OCHOBHOW rpymnne Habnogann cTaTMCTUUYeCKn 3HaYMmoe yBennyeHve NpofomKUTENbHOCTI »KN3HM MO CPAaBHEHWIO C FPYMMON CPaBHEHUS.
MccnepoBaHuA nokasanu, YTo Ha TPEXMECAUHYIO BbIXKMBAEMOCTb MaLVEHTOB, KOTOPbIM MIaHUPYETCA NPOBeAEHNE JIOKaNIbHON N CUCTEMHON
doToaMHaMUYeCKo Tepanuy, BAVSET YPOBEHb GUOPUHOreHa o NneyeHns. YpoBeHb ¢rbpuHoreHa Bbiwe 3,40 r/n nNo3BosAeT NPorHo3npo-
BaTb CHIKEHVE BEPOSATHOCTY TPEXMECAUYHOW BbIXKMBAaEMOCTI MOC/e NpoBeaeHs GoTogMHaMUYecKon Tepanui. Takm o6pa3om, KOMNIeKcHoe
neyeHue ¢ nprmeHeHem GOTOAMHAMNYECKON Tepanum 3110KauyeCcTBEHHbIX HOBOOOPA30BaHUI NoaXenyaoUHow »enesbl |V ctagnm nossonsaeT

YBEJINYNTb BbIXNBAaE€MOCTb NallNeEHTOB.

KnioueBble cfioBa: 3710KayeCcTBEHHbIE HOBOOﬁpa3OBaHMﬂ nomKeny,qquoﬂ xenes3bl, (I)OTO,I]I/IHaMI/I"IeCKaﬂ Tepanua, NPOrHo3npoBaHne, BblXKnN-

BAeMOCTb, MPOrHOCTNYECKME PAKTOPbI.

Ana uyntnposaHus: Lieiimax A.E., LtoduH CI., KypTykos B.A., Tennyxux B.H., loixet A.H., Lleiimax M.E. MporHo3npoBaHue BaaHna ¢oto-
OMHAMUYECKON Tepanun Ha BbKMBAEMOCTb Y MauueHToB ¢ |V cTagmen 3/110KauyecTBEHHbIX HOBOOOPa30BaHWUI MOMKeNyA0YHON xenesbl //
Biomedical Photonics. - 2022. - T. 11, N2 4. — C. 25-31. doi: 10.24931/2413-9432-2022-11-4-25-31.

KoHTakTbi: Lielimax E.A. e-mail: alevtsei@rambler.ru

Introduction

Pancreatic cancer is an important problem of modern
oncology. Being a relatively rare disease and occupying
only 3.3% in the structure of cancer incidence in Russia
it ranks fifth in the structure of cancer mortality [1, 2, 3,
4,5].

The modern standard of treatment for patients with
malignant neoplasms of the pancreatobiliary zone is
complex treatment, in which the surgical method plays
the main role. At the same time, due to a long period of
slight symptoms and late treatment of patients at the
time of diagnosis, more than half of patients already
have advanced stage IV of the underlying disease [1, 2].
Most patients can only receive palliative treatment, while
the most important factor in successful treatment is the
elimination of life-threatening complications such as
obstructive jaundice and cholangitis [6, 7, 8,9, 10]. Against
the background of the development of technologies for
decompression of the bile ducts, and the emergence of
new regimens and drugs for chemotherapy treatment,
the prognostic median survival of these patients has not
changed over the years, still amounting to 3.7 months
for unresectable tumors, which is one of the lowest
median survival among tumors of the gastrointestinal
tract [2]. Mortality in the first year of life in patients with
malignant neoplasms of the pancreas also remains high
and amounts to 68% [1].

At the same time, due to the lack of a significant
improvement in the results of palliative treatment
despite the development of chemotherapy, there is a
search for other methods of palliative treatment for this
category of patients.

One such method is photodynamic therapy (PDT).
PDT is a technique for influencing tumor cells with the
help of special drugs that accumulate in them and,
becoming chemically active in the presence of light of
a certain wavelength and oxygen, lead these cells to die
through apoptosis, necrosis, and autophagy. Conducted
in 2002 and 2014 studies of the effect of contact PDT on

the outcomes of complex treatment of pancreatic cancer
suggest that PDT in combination with surgical methods
is promising in increasing the life expectancy of patients
with malignant neoplasms of the pancreatobiliary zone
(8, 9].

The aim of this study is to determine the prognostic
factors affecting survival in patients with stage IV
pancreatic malignancy who are scheduled for local and
systemic PDT.

Materials and Methods
Anopennon-randomized comparative survivorship
study included 47 patients with histologically verified
stage IV pancreatic malignancy who underwent
complex treatment at the regional hepatological
center of the Barnaul City Hospital No. (Barnaul, Russia)
from 2017 to 2020. The patients were divided into two
groups. The inclusion criteria for the study were age
from 18 to 95 years, histologically verified diagnosis of
stage IV pancreatic malignancy, and signed informed
consent for surgical treatment during hospitalization.
The exclusion criteria were mortality in less than 24
hours, HIV infection and infection with viral hepatitis B,
C, and D, acute myocardial infarction with cardiogenic
shock, and blood cancer. The main group included 19
patients who underwent complex palliative treatment
with PDT. The comparison group included 28 patients
who underwent complex palliative treatment without
PDT. The distribution of patients into groups was
carried out without randomization: patients who
signed a consent to PDT due to the presence of
contraindications to the use of alternative methods of
treatment were included in the main group. Patients
who refused PDT were included in the comparison
group. The design of the study was approved by the
Local Ethics Committee of the “Altai State Medical
University” of the Ministry of Health of the Russian
Federation (extract from protocol No. 11, November
27, 2017). Comparative characteristics of groups by
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sex and age are presented in Table 1. No statistically  ducts under ultrasound and X-ray control, and bypass
significant differences were found. biliodigestive anastomoses. Symptomatic conservative
Comparative characteristics of groups according to  treatment included infusion, detoxification, analgesic,
the histological type of neoplasm are presented in Table  hepatoprotective, and antibacterial therapies [5].
2. No statistically significant differences were found. All  patients of the main group underwent
Palliative surgical treatment included surgical palliative local and systemic PDT using an intravenous
treatment of life-threatening complications, primarily  photosensitizer photoditazine (LLC “VETA-GRAND’,
obstructive jaundice: percutaneous transhepatic mono-  Russia). Photoditazine was injected intravenously, after
and bilobar drainage of the bile ducts, stenting of the bile  dissolutionin0.9% naturalsalinesolution,atadoseof 1-1.4

Ta6numua 1l
CpaBHUTENIbHAA XapaKTePUCTUKA GOMbHbIX N0 BO3pacTy M nojy

Table 1
Comparative characteristics of patients by age and sex

OcHOBHasA rpynna Fpynna cpaBHeHnA
MokasaTtenb

Bospact

o 62.53+10.74 60.79+9.27 0.568
abc./ abs. % abc./ abs. % p

KeHckunin non

Henci 8 4211 14 50.00 0.815

Myzckoit non 1 57.89 14 50.00 0815

Male

MpumeyaHme: p — CTaTUCTUYECKAA 3HAYMMOCTb Pa3NNUUN MeXAY OCHOBHOW rPYNMoii U rpynnoi CpaBHEHUS.
Note: p - statistical significance of differences between the main group and the comparison group.

Ta6nauua 2
CpaBHUTENbHAA XapaKTePUCTUKA GONbHbIX NO FTMCTONOrMYECKOMY TUIY HOBOOGPa30BaHUsA

Table 2
Comparative characteristics of patients by hystology of tumor

OcHoBHasA rpynna/ F'pynna cpaBHeHnA/
Mictonornuyeckum Tun/
BblcokognddepeHumpoBaHHasn ajeHoKapLunHoma/
High differentiated adenocarcinoma 3 1579 > 17.86 0.834
YmepeHHo auddepeHLpoBaHHasa ageHoKapLuuHoma/
Moderately differentiated adenocarcinoma “ 215 é AR Bt
HuskoanddepeHurpoBaHHan ageHoKapLHoma/
Low differentiated adenocarcinoma 8 4211 12 4286 0.803
HennddepeHumpoBaHHasa ageHoKapLHoma/
Non-differentiated adenocarcinoma . 1278 2 Zolls B
MnockokneTouHbIN pak/
Squamous cell carcinoma ! >.26 0 0 0.844
Helpo3HAOKPUHHDBI paK/ 0 0 1 357 0.843

Neuroendocrine cancer

MpumMeyaHme: p — CTaTUCTAYECKAA 3HAUMMOCTb Pa3NINUNIA MeXAY OCHOBHOW rPyNMow 1 rpynmnoi CpaBHEHNS.
Note: p - statistical significance of differences between the main group and the comparison group.

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.11, N24/2022

27



V9]
-
O
l_
(2’4
<
<
<
O,
&
O

Tseimakh A.E., Shtofin S.G., Kurtukov V.A., Teplukhin V.N., Shoykhet la. N., Tseimakh M.E.
Prediction of the effect of the photodynamic therapy on survival in patients with stage IV of pancreatic cancer

mg/kg of body weight. In the process of administration,
intravenous systemic PDT was performed through
peripheral access to the cubital vein using an apparatus
for intravenous blood irradiation with a monochromatic
light source with a power of 0.7 W at a wavelength of
662-665 nm, an exposure dose of light of 1200-1400 J/
c¢m?, and a radiation power density of 0.22 W/cm?. After 5
hours from the end of the infusion, local contact PDT was
performed by irradiation using a software specialized
two-wave laser device with a power of 0.7 W with
monochromatic light with a wavelength of 662 nm with
an exposure dose of light of 220 J/cm? with a radiation
power density of 0.22 W/cm? through percutaneous
transhepatic antegrade access and endoscopically with
video esophagoduodenoscopy through retrograde
access under endo-ultrasound control [13]. The purpose
of local PDT was to achieve cell apoptosis at the periphery
of the neoplasm in combination with a complex decrease
in the concentration of atypical cells in the systemic
circulation using systemic PDT.

Complex treatment with the use of local and
systemic PDT was performed by the following algorithm:
fluorescence diagnostics on a laser electronic spectrum
device “Biospec” (New Surgical Technologies, Russia),
local and systemic PDT on a software specialized two-
wave apparatus “LAMI-Helios” (JSC “New Surgical
Technologies”, Russia) according to TS 9444-001-
53807582-2010.

Complications of surgical treatment were assessed
using the Clavien-Dindo scale [14]. In all patients of the
main group, the indicators of hemostasis, proteolysis, and
systemic inflammation were analyzed. Determination of
the concentration of fibrinogen in plasma according to
Clauss (1957) was carried out with a set of reagents from
the company “Technology-Standard” (Russia).

To determine the concentration of tissue plasminogen
activator (t-PA) in blood serum, the TECHNOZYM t-PA Ag
EDTA ELISA kit for enzyme immunoassay was used (Cat.
No. TC12007, Technoclone Herstellung von Diagnostika
und Arzneimitteln GmbH, Austria). The optical density
of the solution in wells at a wavelength of 450 nm
was measured using an EIx808 automatic microplate
photometer (BioTec Instruments, Inc., USA).

To determine the concentration of tissue
plasminogen activator inhibitor-1 (PAI-1) in blood serum,
the TECHNOZYM PAI-1 Antigen ELISA kit for enzyme
immunoassay was used (Cat. No. TC12075, Technoclone
Herstellung von Diagnostika und Arzneimitteln GmbH,
Austria). The optical density of the solution in wells at a
wavelength of 450 nm was measured using an EIx808
automated microplate photometer (BioTec Instruments,
Inc., USA).

To determine the concentration of tissue factor (TF)
in blood serum, the IMUBIND Tissue Factor ELISA kit
for enzyme immunoassay was used (Cat. No. REF845,

BioMedica Diagnostics, USA). The optical density of
the solution in the wells at a wavelength of 450 nm
was measured using an automatic photometer for
microplates EIx808 (BioTec Instruments, Inc., USA).

To determine the concentration of tissue factor
pathway inhibitor (TFPI) in blood serum, the Human
Tissue Factor Pathway Inhibitor (TFPI) ELISA Kit was used
(Cat. No. ET1005-1, Assaypro, USA). The optical density
of the solution in the wells at a wavelength of 450 nm
was measured using an EIx808 automatic microplate
photometer (BioTec Instruments, Inc., USA).

To determine the concentration of tumor necrosis
factor-alpha (TNF-a) in blood serum, the Human TNF
alpha total Platinum ELISA kit for enzyme immunoassay
was used (Cat. No. BMS2034/BMS2034TEN, Bender
MedSystems GmbH, Austria). The optical density of
the solution in the wells at a wavelength of 450 nm
was measured using an EIx808 automatic microplate
photometer (BioTec Instruments, Inc., USA).

Statistical analysis was performed using the
SigmaPlot 14.0 statistical software package (registration
number 775400014). To compare two unrelated
groups, the nonparametric Mann-Whitney test was
used, since, according to the Shapiro-Wilk test, all the
studied parameters, except for gender and age, had
a non-normal distribution in the main group and the
comparison group. To compare unrelated groups with a
normal distribution, Student’s parametric test was used,
and for relative values - Fisher’s z-test. The results for
indicators with a non-normal distribution are presented
as median (Me), first (Q1) and third (Q3) quartiles, mean
(M) and its standard deviation (SD). The results for
indicators with a normal distribution are presented
as the mean (M) and its standard deviation (SD). The
method of Kaplan-Meier curves was used to estimate
the overall life expectancy, and a log-rank test was used
for a comparative analysis of survival. To determine the
predictive ability of indicators, ROC analysis was used
to calculate AUC, cut-off points with sensitivity and
specificity, likelihood ratio (LR+ and LR-), and predictive
value (p). The critical level of significance of the results
of the study was taken as p < 0.05.

Results and Discussion

There were no postoperative complications after PDT
in patients of the main group. One patient of the main
group (5.26%) was diagnosed with gallbladder empyema
after stenting the bile ducts. In one patient of the
comparison group (3.57%), a seroma of the postoperative
suture was detected after hepaticojejunostomy, and
in one patient of the comparison group (3.57%), a
subhepatic hematoma was detected after percutaneous
transhepatic multilobar drainage of the bile ducts.

There were no statistically significant differences
between the number of postoperative complications
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between the main and the comparison groups (p=0.649).
All the complications were of grade Illa according to the
Clavien-Dindo classification.

When assessing life expectancy in parallel compared
groups (Table 3), the median survival in the main group
was statistically significantly higher compared to the
comparison group (p = 0.04) (Fig. 1).

Most studies in the field of PDT of malignant
neoplasms of the pancreas were carried out in patients
without distant metastatic lesions. In a study by Bown et
al. [8], Hugget et al. [9], as well as subsequent studies of
various photosensitizers using their methods, described
in the review by Karimnia et al. [6], the immediate results

of using local PDT in patients with local progression of
pancreatic cancer were primarily investigated and the
exclusion criterion was the presence of stage IV of the
disease in patients. Median survival in these studies
ranged from 9.5 to 11 months in patients with stages
[I'and Il of malignancy. At the same time, the issue
of the possibility of improving long-term outcomes
in patients with distant metastases of a malignant
neoplasm of the pancreas, which make up the majority
of newly diagnosed patients, as well as factors affecting
the effectiveness of not only local application of PDT
but also long-term outcomes of treatment, remains
relevant.

ORIGINAL ARTICLES

Ta6nuya 3
CpaBHUTENbHbIN aHaNU3 BbIXKUBAEMOCTU GOJIbHbIX

Table 3
Comparative analysis of survival of patients

MepviaHa BbKUBaHUA, AHN

Fpynna
Me (Q;; Q,)
OcHoBHas .
Main 148 (287;72)
CpaBHeHusA )
Comparison 68 (188;35)

MpumMeyaHme: p — cTaTUCTYECKAA 3HAYMMOCTb Pa3NNUNIA MEXAY OCHOBHOW rPyNMoii U rpynmoi CpaBHEHNA.
Note: p - statistical significance of differences between the main group and the comparison group.

95% poBepuTenbHbIN NHTEpPBan

86.145-209.855
0.04
61.253-74.7477

= OcHoBHaA rpynna/Main group
= ['pynna cpaeHeHuA/Comparison group

p=0,04

BeposaTHocTs BbiKMBaHWA [ Possibility of survival

0.0 T T T T T T 1
0 200 400 600 500 1000 1200 1400

Bpema, anu / Time, days

Puc. 1. CpaBHUTe/IbHasi XapaKTEPUCTUMKA BbXKUBAEMOCTH y
naLuueHToB, KOTOPbIM GbII0 NPOBEAEHO NaIMAaTUBHOE XUPYPIU-
4yecKoe JieyeHue 3/10Ka4eCTBEHHOro HOBOOGPa30BaHUs NoAXKe-
JlyA04HOM XKenes3bl C TpUMEeHEHUeM NoKanbHON U cuctemHon AT
1 6e3 ee NPUMEHEHMUS.

Fig. 1. Comparative characteristics of survival in patients

who underwent palliative surgical treatment of a malignant
pancreatic tumor using local and systemic PDT and without
using of it.
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Cox PH Model 116 ROC Curve

[

4

YBCTBUTENEHOCTE/Sensitivity

®ubpuroren/Fibrinogen, AUC = 0,80

0,0 4

0.0 0.2 0.4 0.6 i 10

CneundudHocTs/Specificity

Puc. 2. Pesynbtathl ROC-aHanu3a BausiHuA pubpuHoOreHa Ha
TPEeXMeCSH4HYI0 BbI}KUBAeMOCTb Y NaLMEHTOB C PaKoM Noaeny-
[Oo4YHOM xenesbl IV ctaguu.

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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Ta6nuua 4

Pesynbratbl ROC-aHanu3a BaMaHua puOprMHOreHa Ha TPEeXMeCSaYHYI0 BbXKUBA€MOCTb

y NaLMEeHTOB C PaKoM noa)xenyao4yHom xenesbl IV ctagum
Table 4

Results of ROC analysis of the effect of fibrinogen on three-month survival in patients

with stage IV pancreatic cancer

AUC (nnowapb nog | CraHaapTHas owmnbka | 95% foBepuTenbHbIN

MNokasatenb ROC-kpuBoii)

®ubpurHoreH, r/n

YpoBeHb

uHtepBan AUC, 3HaYMMOCTN

(CET7d)] (p)

Fibrinogen, g/! 0,7986 0,1185 0,5664;1,031 0,039
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

A causal relationship was analyzed for several
markers of hemostasis, systemic inflammation, and
proteolysis, taken before PDT, and three-month
survival by ROC analysis (Table 4 and Fig. 2). Statistically
significant results of the relationship between the level
of fibrinogen and three-month survival during PDT were
obtained (p=0.039), other indicators had no statistically
significant effect (p>0.1). The quality of the model was
considered good (the area under the ROC curve was
0.7986). The cut-off limit, at which the sensitivity of
the predictive model is 75%, and its specificity is 89%,
was 3.40 g/l. The data obtained allow us to conclude
that the level of fibrinogen above 3.40 g/l allows us to
predict a decrease in the probability of three-month
survival after PDT.

Changes in the hemostasis system in cancer patients
are one of the leading problems of modern oncology,
while thrombotic complications are one of the leading
causes of death in cancer patients [16]. Fibrinogen
is an important indicator of coagulation hemostasis,
abnormalities of which play a leading role in thrombotic
complications in malignant neoplasms and affect patient
survival [16].

It can be concluded that the results obtained
confirm the data obtained in previous studies on PDT.
PDT is the method of choice in patients with malignant
neoplasms of the pancreas who are not indicated

for radical surgical treatment and other methods of
palliative treatment due to their high toxicity, which can
significantly increase the life expectancy of patients.
This is especially true for patients with advanced
stage IV of the disease, in whom PDT can significantly
increase life expectancy in the absence of side effects
from therapy. When choosing a management strategy
for such patients, especially those with multimorbidity,
the method of prediction of the effectiveness of PDT,
which would be available in the routine practice of a
surgeon and an oncologist, is important. The method
proposed based on the results of the study [17] makes
it possible to identify patients with advanced stage IV
pancreatic malignancy, in whom PDT will most likely
increase life expectancy compared to other methods of
palliative treatment.

Conclusion

Thus, complex palliative treatment with the use of
PDT of malignant neoplasms of the pancreas allows for
increasing the life expectancy of patients without causing
side effects on the patient. Based on the foregoing, local
and systemic PDT can be recommended as a method of
choice in the complex palliative treatment of patients
with malignant neoplasms of the pancreas, who are
not indicated for radical surgical treatment and other
methods of palliative treatment.

30

BIOMEDICAL PHOTONICS T.11, N24/2022



Tseimakh A.E., Shtofin S.G., Kurtukov V.A., Teplukhin V.N., Shoykhet la. N., Tseimakh M.E.
Prediction of the effect of the photodynamic therapy on survival in patients with stage IV of pancreatic cancer

REFERENCES

BIOMEDICAL PHOTONICS T.11, N24/2022

Status of oncological care for the population of Russia in 2020
/ ed. AD Kaprin, VV Starinskogo, GV Petrova — M .: MNIOI named
after. PA. Herzen, branch of the FSBI «<NMICR» of the Russian Minis-
try of Health, 2021, p. 239.

Hang J. et al. Prediction of overall survival for metastatic pancre-
atic cancer: Development and validation of a prognostic nomo-
gram with data from open clinical trial and real-world study, Can-
cer Medical, 2018, vol. 7(7), pp. 2974-84. doi: 10.1002/cam4.1573.
Russian Oncology Association. Pancreas cancer. Clinical guide-
lines, 2021, p. 67. (In Russian) https://oncology-association.ru/
wp-content/uploads/2021/04/kr_rak-podzheludochnoj-zhe-
lezy_aor.pdf

Ducreux M. et al. ESMO Guidelines Committee. Cancer of the
pancreas: ESMO Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up, Annals of oncology, 2015, Suppl 5, pp. 56-68.
doi: 10.1093/annonc/mdv295.

Russian Association of Surgeons. Obstructive jaundice, Clini-
cal guidelines, 2018, p. 106. (In Russian).http://xn----9sbdbe-
jx7bdduahou3a5d.xn--p1ai/stranica-pravlenija/klinicheskie-
rekomendaci/urgentnaja-abdominalnaja-hirurgija/klinicheskie-
rekomendaci-mehanicheskaja-zheltuha.html

Karimnia V. et al. Photodynamic Therapy for Pancreatic Ductal
Adenocarcinoma, Cancers (Basel), 2021, vol. 13(17), p. 4354. doi:
10.3390/cancers13174354.

Lu Y. et al. Efficacy and safety of photodynamic therapy for
unresectable cholangiocarcinoma: A meta-analysis, Clinics and
research in hepatology and gastroenterology, 2015, vol. 39(6), pp.
718-724.doi: 10.1016/j.clinre.2014.10.015.

Bown S.G. et al. Photodynamic therapy for cancer of the pancreas,
Gut, 2002, vol. 50(4), pp. 549-557. doi: 10.1136/gut.50.4.549.
Huggett M.T. et al. Phase I/Il study of verteporfin photodynamic
therapy in locally advanced pancreatic cancer, British journal of
cancer, 2014, vol. 110(7), pp. 1698-1704. doi: 10.1038/bjc.2014.95
Wang L., Yu W.F. Obstructive jaundice and perioperative man-
agement, Acta Anaesthesiologica Taiwanica, 2014, vol. 52(1), pp.
22-29.doi: 10.1016/j.aat.2014.03.002.

Della Corte V. et al. Inflammation, Endothelial Dysfunction and
Arterial Stiffness as Therapeutic Targets in Cardiovascular Medi-
cine, Curr Pharm Des, 2016, vol. 22(30), pp. 4658-4668.

Hamilos M. et al. Interaction between platelets and endothe-
lium: from pathophysiology to new therapeutic options, Cardio-
vasc Diagn Ther, 2018, vol. 8(5), pp. 568-580.

Tseimakh A.E. et al. Method for complex mini-invasive treatment
of obstructive jaundice, cholangitis, intrahepatic abscesses of
tumor genesis using local and systemic photodynamic therapy,
2019, Patent RF, no. 2704474, 2019. (In Russian)

Dindo D., Demartines N. and Clavien P.A. Classification of surgi-
cal complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Annals of Surgery, 2004, vol.
240(2), pp. 205-213.

DeWitt J.M. et al. Phase 1 study of EUS-guided photodynamic
therapy for locally advanced pancreatic cancer, Gastrointest
Endosc, 2019, vol. 89(2), pp. 390-398.

Streiff M.B. et al. Cancer-Associated Venous Thromboembolic
Disease, Version 2.2021 NCCN Clinical Practice Guidelines in
Oncology, Journal of the National Comprehensive Cancer Network,
2021, vol. 19(10), pp. 1181-1201.

Tseimakh A.E., Kurtukov V.A. and Shoikhet Ya.N. A method for
predicting three-month survival in patients with stage IV pan-
creatic cancer using photodynamic therapy, 2021, Patent RF, no.
2779088, 2021. (In Russian).

J'II/ITEPATVPA

10.

11.

12.

13.

14.

15.

16.

17.

CocToAHME OHKOMIOrMYeCcKom noMowm HaceneHuo Poccum B 2020
ropy / noa pea. Kanpuxa A.Jl., CrapuHckoro B.B., lMetposon 'B. //
M.: MHUOW um. MN.A. TepueHa - ¢unnnan Oy «HMUPL» MuHs-
napasa Poccum. - 2021. - C. 239.

Hang J. et al. 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.
OOLEPOCCMICKNIA  HAUMOHaNbHBIA COK3 «AccoumaLma  OHKO-
noroe Poccuu». Pak nopkenygouHon xenesbl // KnuHunuyeckue
pekomeHgauun. — 2021. — C. 67. Ccbinka akTMBHa Ha 28.06.2022.
https://oncology-association.ru/wp-content/uploads/2021/04/
kr_rak-podzheludochnoj-zhelezy_aor.pdf

Ducreux M. et al. ESMO Guidelines Committee. Cancer of the pan-
creas: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up // Annals of oncology. - 2015. - Suppl 5. - P. 56-68.
doi: 10.1093/annonc/mdv295.

Poccuniickoe oblectBo xmpypros. MexaHunyeckas xentyxa //
KnuHnueckne pekomerngaumm. — 2018. — C. 106. Ccbiika akTBHa
Ha 28.06.2022. http://xn-—--9sbdbejx7bdduahou3a5d.xn--p1ai/
stranica-pravlenija/klinicheskie-rekomendaci/urgentnaja-
abdominalnaja-hirurgija/klinicheskie-rekomendaci-mehaniches-
kaja-zheltuha.html

Karimnia V. et al. Photodynamic Therapy for Pancreatic Ductal
Adenocarcinoma // Cancers (Basel). - 2021. - vol. 13(17). - P. 4354.
doi: 10.3390/cancers13174354.

Lu Y et al. Efficacy and safety of photodynamic therapy for unre-
sectable cholangiocarcinoma: A meta-analysis // Clinics and
research in hepatology and gastroenterology. — 2015. - vol. 39(6).
- P.718-724. doi: 10.1016/j.clinre.2014.10.015.

Bown S.G. et al. Photodynamic therapy for cancer of the pancreas
// Gut. - 2002. - vol. 50(4). - P. 549-557. doi: 10.1136/gut.50.4.549.
Huggett M.T. et al. Phase /1l study of verteporfin photodynamic
therapy in locally advanced pancreatic cancer // British jour-
nal of cancer. - 2014. - vol. 110(7). - P. 1698-1704. doi: 10.1038/
bjc.2014.95

Wang L., Yu W.F. Obstructive jaundice and perioperative manage-
ment // Acta Anaesthesiologica Taiwanica. - 2014. - vol. 52(1). -
22-29.doi: 10.1016/j.aat.2014.03.002.

Della Corte V. et al. Inflammation, Endothelial Dysfunction and
Arterial Stiffness as Therapeutic Targets in Cardiovascular Medi-
cine // Curr Pharm Des. — 2016. - vol. 22(30). — P. 4658-4668.
Hamilos M. et al. Interaction between platelets and endothelium:
from pathophysiology to new therapeutic options // Cardiovasc
Diagn Ther. - 2018. - vol. 8(5). — P. 568-580.

Lleiimax A.E., NTazapeB A.®., KypTtykos B.A. n coast. Cnoco6 kom-
NNEeKCHOrO MUHU-VHBAa3UBHOIO NNeYeHNA MeXaHUYeCKOM XKenTyxu,
XOMNaHIMTa, BHYTPVNEeYeHOUYHbIX abCLIeCCOB OMyXONeBOro reHesa
C NPUMEHeHNeM NOKaJibHOW 1 CUCTEMHOI GOTOANHAMMNYECKO
Tepanun. — MateHT PO N°2704474, 2019. [Tseimakh AE et al.
Method for complex mini-invasive treatment of obstructive jaun-
dice, cholangitis, intrahepatic abscesses of tumor genesis using
local and systemic photodynamic therapy. Patent RF, no. 2704474,
2019. (In Russian)]

Dindo D., Demartines N. and Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey // Annals of Surgery. - 2004. - vol.
240(2). - P. 205-213.

DeWitt J.M. et al. Phase 1 study of EUS-guided photodynamic
therapy for locally advanced pancreatic cancer // Gastrointest
Endosc. - 2019. - vol. 89(2). — P. 390-398.

Streiff M.B. et al. Cancer-Associated Venous Thromboembolic Dis-
ease, Version 2.2021 NCCN Clinical Practice Guidelines in Oncol-
ogy // Journal of the National Comprehensive Cancer Network.
—-2021.-vol. 19(10). - P. 1181-1201.

Llenmax A.E, KypTtykoB B.A, LLoixeT f.H. Cnocob nporHosnposa-
HVA TPEXMECAYHOW BbIXKMBAEMOCTH y BOMbHbIX CO 310KaYeCcTBeH-
HbIM HOBOOOpa3oBaHMeM nopaxenygouHomn xenesbl IV ctagum
npu ncnonb3oBaHnn GotognMHammueckoi Tepanuu. — MateHT PO
Ne2779088, 2021. [Tseimakh A.E., Kurtukov V.A. and Shoikhet Ya.N.
A method for predicting three-month survival in patients with
stage IV pancreatic cancer using photodynamic therapy. — Patent
RF, no. 2779088, 2021. (In Russian)]

ORIGINAL ARTICLES

31



Filonenko E.V., lvanova-Radkevich V..
Fluorescent diagnostics of non-melanoma skin cancer

FLUORESCENT DIAGNOSTICS
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Abstract

Fluorescent diagnostics is a promising method for diagnosing non-melanocytic skin tumors, which makes it possible to identify clinically undetect-
able 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 carcinoma and extramammary Paget’s disease
reach 79.0-100.0%, specificity — 55.6-100%. But the effectiveness of this method may be reduced due to hyperkeratinization, keratinization, and
the presence of necrotic tissue on the surface of tumor foci. Comparative studies of the results of fluorescent diagnostics and histological mapping
during tumor removal using Mohs micrographic surgery showed approximately equal results in the determining of 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 margin of skin cancer foci.
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DJTYOPECUEHTHAA OMATHOCTUKA TPU
HEMEJTAHOLUMUTAPHbBIX OIMYXOJNIX KOXH

E.B. ®unonenko!, B.A1. MsaHoea-Papkeruny?

'«MOCKOBCKMI HAYYHO-UCCIENOBATENBCKMM OHKONIOTMYECKMI MHCTUTYT M. [1.A. Tepuera
— dununan PIBY «HaumoHanbHbIM MEAMUMHCKMIA MCCNENOBATENLCKMMI LEHTP PAAMONOTMMY
Murucrepcrsa sgpasooxpanerms Poccuitckoit Penepaumu, Mocksa, Poccus
2Poccumckmin Yuusepeutet apyx6el Hapogos, Mockea, Poccus

Pesiome

OnyopecueHTHas JMAarHOCTKA — NEPCMEKTVBHbIA MeTof ANAarHOCTUKM HeMenaHOLMTapHBIX OMyXOJeln KOXU, KOTOPbIVi NMO3BOJNIAET BbIABUTb
KIVHUYECKM He onpefensemble oyary paka KoXu 1 yTOUHUTb FpaHuLbl pacnpoCTpaHeHns onyxoneBoro npouecca. OCHOBHbIMU JIEKaPCTBEH-
HbIM MpenapataMu AnA NPoBefeHUA GNyopecLiEHTHON [AMAarHOCTUKM ABMAIOTCA JIEKapCTBa Ha OCHOBE 5-aMUHONEBYIMHOBOW KUC/IOTbI U ee
MeTuoBoro 3¢upa. MNokasatenu YyBCTBUTENbHOCTY (GyopecLeHTHON ANAarHOCTUKIN Npy 6a3anbHOKNETOYHOM, MOCKOKIETOUHOM pake KON
1 3KCTpamaMmMapHoMm pake MepkeTa gocturatot 79,0-100,0%, cneymdunyHocTr — 55,6-100%. 2HDEKTUBHOCTD STOrO METOAA MOXKET CHUXKATbCA 3a
CYeT rmnepKepaTMHU3aLmm, OPOroBEHNA Y MPUCYTCTBUA HEKPOTUYECKON TKaHW Ha MOBEPXHOCTM OMyxosieBbix o4aroB. CpaBHUTENIbHbIE ncChe-
[OBaHVA pe3ynbTaToB GpiyopecLeHTHON ANAarHOCTVKIN U FUCTONOFMYECKOro KapTUPOBaHUA NPV yAAIEHNM OMYX0SIM METOAOM MUKporpaduye-
cKou xmpyprum Mooca nokasanu BbICOKY0 KOPPENALMIO Pe3ynbTaToB ONpefeieHnA KpaeB Onyxonn STMN MeToAaMu, YTO CBUAETENbCTBYET O
TOM, YTO 6e30nacHas 1 TEXHUYECKN NIErKO BbIMOHMMAsA GJlyopecLieHTHasA ANarHOCTMKA MOXET CyXKUTb XOPOLLEei anbTepHaTUBON MUKpPOrpa-
duueckon xupyprum Mooca — ogHOMY 13 Hanbosee TOUHbIX, HO JOCTaTOYHO TPYAO03aTPATHOMY U TEXHUUYECKM CITIOXHOMY METOAY onpeaeneHus
rpaHuL, O4aroB paka KoXu.

KnioueBble cnoBa: ¢pnyopecLieHTHas AUArHOCTIKA, Pak KOXK, 6a3a/lbHOKNETOUHBIN PaK KOXU, MIOCKOK/IETOUHbIN Pak KOXWM, SKCTpaMamMMap-
HbI paK MNepxeTa, Kpal onyxonu, 5-aM1nHONEBYIMHOBAsA KNCIOTa, METUOBBIN 3GUP 5-aMUHONEBYNIMHOBOW KUC/IOTbI.

Ana untnposaHua: OunoHeHko E.B., MBaHoBa-PagkeBuy B./. OnyopecueHTHaA uarHOCTMKa NPV HEMENaHOLUMTapHbIX OMyXOoNnAX Koxu //
Biomedical Photonics. — 2022. - T. 11, N2 4. — C. 32-40. doi: 10.24931/2413-9432-2022-11-4-32-40.

KoHTtaktbi: QunoHeHKo E.B., e-mail: derkul23@yandex.ru
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Introduction

Tumor lesions of the skin are one of the most com-
mon neoplasms in the structure of oncological mor-
bidity. In recent decades, there has been a significant
increase in the incidence of skin cancer in the world. In
2021, 68,240 cases of skin cancer (except for melanoma)
were detected in Russia, and 442 619 patients diagnosed
with skin cancer (except for melanoma) were under dis-
pensary registration by the end of 2021 [1]. Successful
treatment of patients with malignant skin tumors is
based on the implementation of adequate specialized
treatment, which is ensured only by timely and accurate
diagnosis with an assessment of the exact margin of the
tumor lesion. Diagnosis of tumors and precancerous
lesions of the skin is based on the data of the clinical
picture obtained during a visual external examination
of the patient, and instrumental research methods. To
detect skin cancer, fluorescence diagnostics (FD) is suc-
cessfully used — a study based on the selective accumu-
lation of a photosensitizer or the induction of the forma-
tion of endogenous photosensitizers — porphyrins — in
the tumor tissue, followed by registration of their fluo-
rescence when irradiated with light of a certain wave-
length [2,3].

There are few works devoted to the use of FD as a
diagnostic method in clinical practice. A search in the
Pubmed database for the keywords “fluorescent diag-
nostics, photodiagnostics, photodynamic diagnostics,
photosensitizer, skin tumors” revealed about 150 scien-
tific papers, 80% of which were devoted to studying the
kinetics of photosensitizer accumulation in tumor foci
and healthy skin using local fluorescence spectroscopy
for optimization methods of photodynamic therapy
with various photosensitizers, as well as the study of the
phenomenon of autofluorescence of tumor tissues. Only
19 articles over the past 20 years have been relevant to
the subject of this review. The data presented in them
was analyzed and included in the review.

In most studies, 5-aminolevulinic acid (5-ALA) and its
derivatives are used to perform fluorescent diagnosis of
non-melanocytic skin tumors. 5-ALA is an intermediate
metabolite in heme biosynthesis. Exogenous adminis-
tration of 5-ALA increases the rate of production of pho-
toactive protoporphyrin IX (PPIX) in all cells of the body
in which the process of heme biosynthesis occurs. The
enzyme ferrochelatase catalyzes the conversion of PPIX
to photoinactive heme. In unaltered cells, this process
occurs rather quickly (2-4 h). In tumor cells, due to the
higher activity of the enzymes of the initial stage of heme
synthesis (in particular, porphobilinogen deaminase), as
well as a decrease in the activity in them of ferrochela-
tase (due to the limited availability of Fe?"), photoactive
PPIX accumulates. An increase in the concentration of
PPIX in the tumor occurs within a few hours, and its high
level is maintained for up to 24 hours, while in normal

cells PPIX is quickly converted into photoinactive heme
under the action of ferrochelatase. Thus, in the interval
from approximately 2 to 24 hours, there is a significant
difference (up to 10-15 times) between the concentra-
tion of photoactive PPIX in tumor and healthy tissues.
This makes it possible to perform the PDT procedure
with minimal impact on healthy tissues, to determine
the optimal resection margins during surgical removal,
and to perform highly efficient fluorescent diagnostics
to detect tumors and clarify their margin [2,4,5].

It should be noted that even without exogenous
administration of 5-ALA in tissues of locally advanced,
especially decaying tumors, the fluorescence of por-
phyrins is slightly higher than in surrounding healthy
tissues due to the biochemical mechanisms described
above. C.T. Andrade et al. consider that only additional
exogenous administration of 5-ALA and its derivatives
in most cases leads to an increase in the fluorescence
contrast of tumor and healthy tissues and the possibil-
ity of a complete diagnosis [6]. In their studies, these
authors demonstrated intense autofluorescence in foci
of basal cell carcinoma (BCC), actinic keratosis, and, to a
lesser extent, seborrheic keratosis. For actinic keratosis
and seborrheic keratosis foci, additional application of
topical 5-ALA solution did not lead to an increase in fluo-
rescence intensity. The authors believe that a possible
cause was the inefficient penetration of the 5-ALA solu-
tion due to hyperkeratinization and necrotic tissue on
the surface of the lesions. Also, part of the lesions of BCC
and actinic keratosis had extensive keratinization on the
surface, which apparently acted as a physical barrier to
the penetration of the 5-ALA solution. In such foci, even
60 min after the application of 5-ALA, no increase in flu-
orescence intensity was noted. A possible solution is to
remove the keratin layer by curettage, which is a simple
medical procedure. For SC foci, high light absorption by
melanin prevents fluorescence visualization both in the
case of autofluorescence and in fluorescent diagnostics
with exogenous administration of 5-ALA. The fluores-
cence intensity of BCC foci significantly increased after
topical application of a 5-ALA solution, which allowed
the authors to recommend FD for the diagnosis of this
pathology.

In the study by S. Neus et al. [7] also confirmed the
high diagnostic value of FD in patients with BCC. The
authors evaluated the effectiveness of FD in patients
with foci of BCC on the scalp. Tumor margin were deter-
mined using a Wood'’s lamp by fluorescence after expo-
sure to 20% 5-ALA ointment for 3.5 hours. Tumor resec-
tion was performed along the margin determined using
FD. 28 foci of BCC were analyzed. In 22 (78.6%) cases, the
margin determined by FD completely coincided with
the results of histopathological examination. In 6 foci,
the margin determined by FD did not correlate with the
histopathologically assessed tumor margin. Of these,
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4 (14.3%) lesions were not completely removed; Two
(7.1%) lesions were completely resected, indicating that
the tumor was within the FD-defined margin, but not at
the resection margin. Therefore, the rate of incomplete
removal of BCC lesions was 14.3% (4/28). FD sensitivity
and specificity were 79% and 100%, respectively.

In 2015 E.V. Filonenko [2] published the results of a
study on the efficacy of FD with 5-ALA (oral solution at
a dose of 1.0 mg/kg 3 hours before diagnosis) in 237
patients with BCC, squamous cell carcinoma (SCC)
and metatypical skin cancer. In 100% of patients, FD
made it possible to clarify the margin of tumor foci. In
118 patients, 506 foci of additional fluorescence were
detected, of which 63 patients were diagnosed with
skin cancer during morphological examination. The
sensitivity of the method was 100.0%, the specificity
was 55.6%

Similar results were obtained in other studies of
FD in patients with BCC and SCC. So, in the study of J.
Liutkeviciute-Navickiene et al. [8] FD with 5-ALA and
5-ALA methyl ester (MAL) as a topical application was
performed in 126 patients with CCCC and SCC. The sen-
sitivity of the method was 95.4%, the specificity was
88.6%. In the work of Y. Won et al. [9] FD with ME-5ALA
using computerized analysis of fluorescent images was
performed in 10 patients with BCC. The sensitivity of the
method was 82.6%, the specificity was 94.1%.

In recent years, the number of studies has been
published in which the effectiveness of FD with 5-ALA
and its derivatives was evaluated in comparison with
Mohs micrographic surgery (MMS), one of the most
accurate, but rather labor-intensive and technically
complex method for determining the margin of skin
cancer foci. When using MMS, the neoplasm is excised
with simultaneous histological examination of layered
sections. The affected tissue is removed layer by layer,
and the removed layers are sent for urgent histological
analysis. If malignant cells are found in it, tissue excision
continues. This happens until the entire next resected
area consists of healthy tissues. MMS provides intraop-
erative microscopic assessment of 100% of the lesion
margins, which allows the removal of only the affected
tissue and reduces the recurrence rate [10]. The high
prevalence of skin cancer, combined with the costs and
time associated with MMS, determines the relevance of
developing new methods for refining tumor margins
that could increase the effectiveness of MMS or serve
as an alternative to MMS [11,12]. These studies have
shown a correlation between the results of determin-
ing the edges of the tumor by the FD method with the
results of determining the edges of the tumor by the
MMS method.

In the study by B. Stenquist et al. [13] in 12 patients
with basal cell skin cancer (BCC), fluorescence after
application of 5-ALA ointment and histological map-
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ping using MMS correlated in 42% of tumors with
partial correlation in other lesions. A.M. Wennberg et
al. [14] showed a strong correlation of tumor margins
on digital fluorescence imaging after pre-exposure of
5-ALA ointment with MMS histological mapping in 50%
of patients. Another study [15] evaluated the effective-
ness of using FD with MAL to clarify the margin of the
tumor lesion of BCC foci. The exposure time of the oint-
ment with a photosensitizer was increased compared
to standard methods and averaged 13 hours. The study
involved 27 patients with BCC with lesions with an aver-
age diameter of 1.05 = 0.35 cm. The margin of tumor foci
was determined using a digital fluorescence imaging
system with assessment of PPIX accumulation in tumor
tissue relative to normal tissue. The BCC lesions were
then surgically removed according to defined margins
using MMS. In 12 (44.44%) of 27 foci, the edge of the
tumor, according to FD, coincided with the histopatho-
logical picture. The average fluorescent contrast value
was 2.7. Although 15 pigmented BCC lesions showed
reduced or absent fluorescence in the center, fluores-
cence in their periphery was used as a guide for resec-
tion. In these 15 lesions, the number of additional MMS
resection steps required to clear the lateral margin,
each with an additional 1 mm excision, was one step
in 14 (93.3%) BCC lesions and two steps in 1 (6.6%) BCC
lesion. Results similar in effectiveness were obtained
in a study by Jeon et al. [sixteen]. In 38 patients with
SCC, the margin of the tumor was determined by the
FD method with 5-ALA (20% ointment) or MAL (16%
ointment), after which the tumor was resected. After
tumor resection, the mean number of additional MMS
resection steps required to completely remove the
tumor was 1.37+0.75. In 29 patients who underwent
resection without FD (control group), the average num-
ber of additional resections was 1.83+0.89 (p = 0.02). In
the FD group, 29 cases (76.3%) required one additional
resection to completely remove the tumor, while nine
(23.7%) required two or more resections. In the group
without FD, one additional resection was required in
13 cases (44.8%) for complete excision of the tumor,
while in 16 cases (55.2%) two or more resections were
required (p = 0.008).

The literature describes attempts to use the FD
method for the differential diagnosis of tumor and pre-
cancerous skin diseases with determining the stage of
the disease by fluorescence intensity. So, T. Smits et al.
[17] demonstrated that fluorescent diagnostics with
5-ALA derivatives cannot be used as a non-invasive
diagnostic procedure to differentiate different stages
of actinic keratosis, since no significant differences in
fluorescence were found between different stages of
actinic keratosis. However, fluorescent contrast is gen-
erally higher in Bowen'’s disease than in KIN | and KIN I
lesions. The highest fluorescent contrast was found in
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squamous cell carcinoma lesions, but the small number
of such lesions (3 out of 86 biopsied lesions were classi-
fied as SCC) and the fact that they belonged to the same
patient prevented a reliable statistical comparison. In
further studies [18], the authors showed that only KIN
I and KIN Ill foci show significant differences in fluores-
cent contrast values (1.3 and 2.5, respectively; p<0.05).
The highest contrast ratios were determined in the foci
of microinvasive SCC - 2.7.

A number of studies have shown the high efficacy
of FD in patients with extramammary Paget’s disease
(EMPD). In the work of M. Wan et al. [19] in 21 patients
with EMPD, the margin of the tumor lesion was deter-
mined by the FD method (photosensitizer - 20% 5-ALA
ointment, exposure time 3.5 h) and the method of mul-
tiple exploratory biopsies (MSBs). The authors showed
a strong correlation between the margin of the tumor
lesion, determined by the FD method, and the margin,
determined by the biopsy method with histological
examination.

The high diagnostic value of FD in EMPD was also
confirmed in the study by M. Wu et al. [20] The study
included 36 patients. 5-ALA was used as a photosen-
sitizer in the form of a 20% solution with an exposure
time of 2 h. Tumor margin were determined visually,
using FD and FD methods in combination with reflec-
tive confocal microscopy. 130 samples were taken from
patients, in which the tumor process was confirmed. Out
of 130 sections with a pathologically confirmed tumor
process, 83 sections (63.8%) were located outside the
macroscopically defined margin of tumor foci with a dis-
tance of 3.5+3.1 mm and a median of 2.7 mm; 46 (35.4%)
sections were beyond the borders of the marker line of
tumor foci, determined by the FD method with a dis-
tance of 2.1+1.7 mm and a median of 1.5 mm; 27 (20.8%)
sections — outside the FD marker line with reflective
confocal microscopy with a distance of 1.4+1.2 mm and
a median of 0.9 mm.

Despite the high sensitivity and specificity of skin
cancer FD, the development of modified FD methods
aimed at increasing these parameters continues. For
example, van der Beek et al. [21] presented the results
of a study demonstrating a significant increase in the
specificity and sensitivity of FD with 5-ALA in the form
of a liposomal spray using the normalized fluorescence
method. This approach reduces the contribution of
external factors that distort the fluorescence intensity
of PPIX, such as reflection due to non-perpendicular
light hitting the skin, absorption of radiation by a thicker
stratum corneum, or a change in radiation intensity due
to a difference in the distance between the skin and the
light source. The technique is based on the simultane-
ous measurement of PPIX-mediated fluorescence and
autofluorescence after exposure to pulsed light with a
wavelength of 407 nm. The source of autofluorescence

is most likely bound collagen. Since the emission spec-
tra of autofluorescence and fluorescence of PPIX are
separated, it is technically possible to simultaneously
measure autofluorescence in the green region of the
spectrum and fluorescence and fluorescence of PPIX in
the red region of the spectrum. At the same time, the
system calculates the normalized fluorescence of PPIX.
As a result, if there is a variable that affects the inten-
sity of both types of fluorescence, it is possible to filter
out this “noise” using data on the intensity of autofluo-
rescence. The recorded fluorescence intensity is visual-
ized with a pseudo color overlay, where red indicates
the highest fluorescence and blue indicates the low-
est fluorescence in the image. The analyzed focus was
considered potentially suspicious for the presence of a
pathological process when the fluorescence intensity
(normalized or not) was exceeded by 33% or more than
fluorescence in normal skin. The use of the normalized
fluorescence assessment technique made it possible to
increase the sensitivity of FD from 39% to 97% and the
specificity from 27% to 100%.

FD can be used not only to determine the margin of
a tumor lesion, but also as a method for monitoring the
effectiveness of treatment. So, in the study by M. Bosseila
et al. [22] evaluated the change in the fluorescent con-
trast of mycosis fungoides in 22 patients using fluores-
cence spectroscopy with 20% 5-ALA ointment (3-hour
exposure). Diagnosis was performed twice, before and
after specialized treatment for 12 weeks, including
PUVA therapy with 8-methoxypsoralen and narrow-
band medium wave UVB therapy (311 nm) in combi-
nation with subcutaneous injection of IFN-ainterferon
into resistant lesions. Studies have shown that the posi-
tive dynamics, confirmed by a decrease in the level of
malignant CD4+/CD7- T cells, was accompanied by a
decrease in the average fluorescent contrast from 2.2 to
1.94 (p = 0.009). Based on the data obtained, the authors
conclude that in the case of mycosis fungoides, fluores-
cent diagnostics can be an effective tool for assessing
the response of the tumor focus to therapy.

J. de Leeuw et al. [23] suggested using the FD
method for screening for tumor and precancerous
diseases in people working outdoors and exposed
to constant UV radiation. The study involved 93 vol-
unteers. In each patient, two drugs were used as a
pro-photosensitizer: 5-ALA and MAL, which made it
possible to compare their effectiveness. MAL in the
form of a 16% cream was applied under an occlusive
dressing on the right side of the forehead for 3 hours.
Liposomal spray 5-ALA 0.5% was applied every 5 min-
utes on the left side of the forehead without occlusion
for 2.5 hours, followed by 0 5-hour pause to allow the
5-ALA liposomes to fully absorb into the skin. Imme-
diately afterward, fluorescent images were taken of
both sides of the forehead. The fluorescent image of
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the right (MAL treated) side of the forehead showed
a very high and uniform fluorescence intensity in
most of the examined skin areas with little differ-
ence between normal and diseased skin. The left side
(treated with 5-ALA liposomal spray) in most cases
showed low fluorescence of normal skin and moder-
ate but distinct fluorescence of non-melanocytic skin
tumor foci. At the same time, the authors note that the
significantly lower absorption of 5-ALA in liposomes
in normal skin leads to a lower degree of photosen-
sitivity, and the faster clearance of 5-ALA provides a
better safety profile compared to MAL cream (8 hours
versus 36 hours of photosensitivity). As a result of the
study, fluorescence was detected in 287 lesions in 61
patients. According to histological examination in 28
patients, positive fluorescence was detected in 212
benign lesions. Including 22 patients in 204 fluores-
cent foci, sebaceous hyperplasia was diagnosed, and
the remaining 8 foci of false positive fluorescence in
6 patients corresponded to viral warts, benign lichen-
oid inflammation and dysplastic melanocytic nevi.
In 29 patients, actinic ketosis was histologically con-
firmed in 71 fluorescence foci. 4 patients had 3 foci of
BCC and 1 lesion of SCC. False-negative fluorescence
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was detected in only one lesion located on the scalp
(negative fluorescent detection of a lesion clinically
suspected and histologically confirmed as actinic
keratosis). In 5 patients, 5 foci of actinic keratosis were
detected by a fluorescent method and subsequently
confirmed by histological examination, previously
not noted by either the patients or the doctors who
conducted the examination. When the fluorescence
detection system used in this study was combined
with clinical examination and dermatoscopy, the spec-
ificity of this method was 92%.

One paper was found in the literature devoted to
evaluating the effectiveness of the use of photosen-
sitizers for FD not based on 5-ALA and its derivatives.
So, in the work of S.V. Kamrava et al. [24] FD with a
photosensitizer based on chlorin e6 was performed in
40 patients with SCC (i.v. administration at a dose of
1.0 mg/kg 4-6 hours before diagnosis). The sensitivity
of the method was 90%, specificity — 80%, accuracy —
87.5%, positive predictive value - 93%, negative pre-
dictive value - 72%.

In table the results of the main studies on the effec-
tiveness of FD in nonmelanocytic skin tumors are sum-
marized.

Ta6auuya

CBOJHblE faHHble Pe3ynbTaTUBHOCTU NPUMEHEHUA d)nyopecueHTHon AWarHOCTUKHM y NnauueHToB

C HeMeNnaHoOLUUTapHbIMU ONYXONAMU KOXKKU
Table

Summary data on the effectiveness of the use of fluorescence diagnostics in patients

with non-melanoma skin cancer

Yucno
naymneH-
TOB

ABTOpbDI
3aTop

®doToceHcMbunn-

AnuHa
BOJIHbI
nsny4yeHvs

Pesynbratbl

Jlamna Byga, YyBcTBUTENbHOCTL 82,6%

1 Wonwucoast. 10 naunen- BKPK M3-AJIK
2007, [9] TOB BCC 20% ma3b
Won et al. 10 patients MAL
2007, [9] 20% ointment

2 Smits ncoaBT. 14 naumeH- 86 ouaro, BTom 5-AJIK
2007,[17] TOB uncne 3TMKPK,  20% ma3b
Smits et al. 14 patients 67 akTUHWYe- 5-ALA
2007, [17] CKnI KepaTo3 20% ointment

(32KIN I, T8 KIN
I, 17 KIN 1), 10
HOpManbHas
KOXa

86 lesions,
including 3

SCC, 67 actinic
keratosis (32
KIN I, 18 KIN II,
17 KIN1l1), 10
normal skin

A\ MaKc 365 HM
Wood's lamp,
A max 365 nm

KceHoHoOBas
namna c dpunb-
Tpom 370-440
HM

Xenon light
source with a
custom band
pass filter
370-440 nm

CneumnounyHocTb 94,1%
Sensitivity 82.6%
Specificity 94.1%

He o6Hapy»eHO CyLecTBeHHbIX
paznuumin Bo GryopecLeHumMmn mexay
Pa3NMYHBIMM CTAAVAMU aKTUHUYECKOTO
Kepato3sa. OnyopecLeHTHasA
KOHTPaCTHOCTb Npu 6one3Hun boysHa,
KaK npaBunio, Bbille, YeM npu
nopaxeHunax KIN [ v KIN |1

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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3 NeuswucoaBt. 28 naumeH- BKPK

2008, [7] TOB BCC
Neus et al. 28 patients
2008, [7]

4 deleeuwn 93 nmaum-  CKpPUHWHT
coasT. [23] eHTa OMNyXO0neBbIX 1
2009 93 patients npeponyxone-
de Leeuw et BbIX 3a60neBa-
al.[23] HUI y noaei,
2009 paboTatoLmx

Ha ynuue 1 nog-
BEpraoLmnxcs
MOCTOAHHOMY
BO3[€NCTBUIO

YO-nsnyuenua
Screening for
neoplastic and
preneoplastic
diseases

in people
who work
outdoors and
are constantly
exposed to UV
radiation

5 LiutkeviciGte- 126 naun- TKPK n BKPK
Navickienen eHTOB SCCand BCC
COaBT. 126
2009, [8] patients
Liutkevicitte-

Navickiene
etal.
2009, [8]

6 Kleinpenning 13 nauneH- 36 oyaros, B TOM

1 COaBT. TOB yucne 7 MNMKPK,
2010, [18] 13 patients 17 akTuHUYe-
Kleinpenning cKun kepaTos (5
etal. KINL6KINII, 6
2010, [18] KIN 111), 3 BKPK,
9 HopmarnbHasa
KoXa
36 lesions,
including 7

SCC, 17 actinic
keratosis (5 KIN
I,6 KINII, 6 KIN
1), 3BCC, 9
normal skin

5-AJIK Jlamna Byga, A
20% ma3b MaKcC 365 HM
5-ALA Wood's lamp,
20% ointment A max 365 nm
5-AJIK LED, A makc
(0,5% 5-AJK, 450 Hm
VNHKancynMpoBaH- LED, A max

Hasa B ogHOC/IONHbIe 450 nm
JIMNOCOMbI pa3me-

pom 50 HMm; cnipei

5-AJ1K 0,5% Kaxable

5 MUH B TeyeHue 2,5

4 Ha MopakeHHbIN

YUYaACTOK KOXW)

M3-ANK

16% Ma3b (3Kcrno3u-

0.5% 5-ALA
encapsulated in 50
nm sized unilamellar
liposomes

The 5-ALA 0.5%
spray every 5
minutes for 2.5
hours to the
involved skin area
MAL

16% ointment
(exposure 3 hours)

5-AJTK u M3-ANK A\ Makc 378-
(3kcnosnuma 2-44) 426 HM

5-ALA and ME-ALA A max 378-426
(exposure 2-4 hours) nm

M3-AJIK KceHoHOBas
16% ma3sb namna ¢ epunb-
MAL Tpom 370-440
16% ointment HM

Xenon light

source with a
custom band
pass filter

370-440 nm

YacToTa monHoro yaaneHusa onyxose-
Boro oyara bKPK — 85,7%, HenonHoro
ypaneHua — 14,3%.
YyBcTBUTENBHOCTL — 79%
CneymounyHocts — 100%

The frequency of complete removal
of the tumor focus of BCC is 85.7%,
incomplete removal is 14.3%.
Sensitivity — 79%

Specificity — 100%

MonoxuTtenbHas ¢nyopecueHLya obHa-
pyeHay 61 naymneHTa. M3 Hnx y 28

— BO6pPOKaYeCTBEHHbIE NMOopaxeHnA (B
TOM yncney 22 — runepnnasma casibHbIX
xenes), y 33 — onyxonesas 1 npegony-
xonesas natonorus (B Tom uncney 29

— aKTMHNYeCKNin KepaTos, y 3 — BKPK, y

1 - MKPK)

Positive fluorescence was found in

61 patients. Of these, 28 had benign
lesions (including 22 had sebaceous
gland hyperplasia), 33 had tumor and
precancerous pathologies (actinic
keratosis in 29, BCCin 3 and SCCin 1
patient)

YysctButenbHocTb 95,4%
CneumdunuHocTb 88,6%
MonoxuTenbHasa NPOrHocTNYecKas
LIeHHOCTb 6,1%

OTpuuaTenbHasa NPorHocThYecKas LeH-
HOCTb 96,3%

B 30% cnyuaeB rpaHuLibl OMyxXoneBoi
TKaHW Npy npuMmeHeHnn M3-AJIK
onpepenAnucb 6onee YeTKo, YeM Npu
npumeHeHun 5-AJ1IK

Sensitivity 95.4%

Specificity 88.6%

Positive predictive value 6.1%

Negative predictive value 96.3%

In 30% of cases, the margin of the
tumor tissue were more clearly defined
with MAL than with 5-ALA

Tonbko ouaru KIN | v KIN Il nokasbisatot
[OCTOBEPHbIE Pa3/inyus B 3HAUEHWAX
¢dnyopecueHTHON KoHTpacTHocTH (1,3

n 2,5, cootBeTcTBeHHO; p<0,05). Cambie
BbICOKME KOIPULIMEHTbI KOHTPACT-
HOCTM 6blnv ONpegeneHbl y 04aro
MUKPOWHBA3UBHOTO MJIOCKOKIETOYHOrO
paka - 2,7

Only KIN I'and KIN Il foci show
significant differences in fluorescent
contrast values (1.3 and 2.5,
respectively; p<0.05). The highest
contrast ratios were determined in

foci of microinvasive squamous cell
carcinoma - 2.7
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9 Jeon v coaBT.
2013, [16]
Jeonetal.
2013, [16]

10 Andradewun
COaBT.
2014, [6]
Andrade
etal.
2014, [6]

11 Filonenko
2015, [2]
Filonenko
2015, [2]

40 nauneH-

TOB
40 patients

8 VanderBeek 30 naumnen-

TOB
30 patients

38 nauu-
€HTOB B
rpynne

oo w29
nauueHToB
B KOH-
TPOJIbHON
rpynne

38 patients
in the FD
group

and 29
patients in
the control

group

43 nauwm-
eHTa
43 patients

227 nauu-
€HTOB
227
patients

MKPK
SCC

BKPK
AKTUHMYECKNI
KepaTo3

BCC, actinic
keratosis

MKPK
SCC

71 lesions,
including 29
BCC, 31 actinic
keratosis, 11
seborrheic
keratosis

BKPK, MKPK,
METATUTUNYHBIN
pakK KoXMu

BCC, SCC,

metatypical skin

cancer

XnopwuH e6

1 Mr/Kr 3a 4-6 4 1o
on

Chlorine e6

1 mg/kg 4-6 hours
before FD

5-AJIK
5-ALA

19 naumeHTOB:
M3-AJIK

16% Mma3b
JKCno3unumsa 3 4
19 naumeHTOB:
5-AJIK

20% ma3b
JKCNo3ULKMa 6 Y
19 patients:

MAL

16% ointment
Exposure 3 hours
19 patients:
5-ALA

20% ointment
Exposure 6 hours

5-AJIK

5% pactBop 5-AJIK
6blJ1 CMONb30BaH
ana 54 ouaros (21
BKPK, 22 akTnHu-
Yyeckum kepatos, 11
cebopeiHbIl Kepa-
T03). 10% pacTBop
—ana 17 ovaros (8
BKPK 1 9 akTnHnue-
CKNI KepaTo3)
5-ALA

5% 5-ALA solution
was applied on 54
lesions (21 BCCs,
22 AK, and 11 SK).
10% ALA solution
was applied on 17
lesions (8 BCCs and
9 AK)

5-AJIK

(pacTBOpP ANA npu-
eMa BHYTpb 1 MI/Kr
3a 3y o ®N)
5-ALA

(oral solution 1T mg/
kg 3 hours before
FD)
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A\ MaKc 633 HM
A max 633 nm

A Makc 407 Hm
A max 407 nm

Jlamna Bypa,

A\ MaKc 356 HM
Wood's lamp,
A max 365 nm

LED, A makc
400 Hm,

50 MmBT/cm?
LED, A max
400 nm, 50
mW/cm?

LED, A Makc
400-405 Hm,
LED, A max
400-405 nm

YysctButenbHocTb 90%
CneumounuHocTtb 80%

TouHocTb 87,5%

MonoxuTenbHaa NpPorHocTMyeckas
LleHHOCTb 93%

OTpuuaTenibHaa NpPorHocTnyeckas LeH-
HOCTb 72%

Sensitivity 90%

Specificity 80%

Accuracy 87.5%

Positive predictive value 93%
Negative predictive value 72%

CneundUYHOCTb 1 YyBCTBUTENIBHOCTD
MeTofa HeHOPMIUPOBaHHOW dnyopec-
LieHLMN CYLLEeCTBEHHO HIXKE, YEM Y
mMeTofa 0OHapyXeHUA HOPMUPOBAHHOW
dnyopecueHummn (27% 1 39% npoTrs
100% 1 97%)

The specificity and sensitivity of the
non-normalized fluorescence method
is significantly lower than that of the
normalized fluorescence detection
method (27% and 39% versus 100%
and 97%)

Mocne peseKkuun onyxonu cpegHee
KOJIMYECTBO JOMOJIHUATENbHBIX Pe3eK-
uuii no Moocy, NoHago6VBLUNXCS Ans
MOJIHOTO YZaneHns onyxosnu, 6bino
Huxe B rpynne O (1,37+0,75), yem B
rpynne 6e3 @ (1,83+0,89)

After tumor resection, the mean
number of additional Mohs resections
required to completely remove the
tumor was lower in the FD group
(1.37+0.75) than in the non-FD group
(1.83+£0.89)

B ouarax BKPK oTmeueHo foctoBep-
Hoe yBefIYeHne NHTEHCMBHOCTU
dnyopecueHumnn B 3 pasa vepes 1 yac
nocne HaHeceHuA pacTeopa 5-AJTK. B
ouarax akTUHMYeCKoro 1 cebopeliHoro
KepaTo3a UHTEHCUBHOCTb GryopecLieH-
LuK B TeyeHre 1 4 nocse HaHeceHWs
pactBopa 5-AJIK ocTaBanacb Ha ypoBHe
ayTodnyopecueHUmm

In the foci of BCC, a significant increase
in fluorescence intensity by 3 times
was noted 1 hour after the application
of the 5-ALA solution. In the foci of
actinic and seborrheic keratosis, the
fluorescence intensity remained at the
autofluorescence level for 1 hour after
application of the 5-ALA solution

YysctButenbHoctb 100,0%
CneuunduryHocTb 55,6%
Sensitivity 100.0%
Specificity 55.6%
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12 ElHoshy n 27 nauneH- BKPK 5-AJIK
COaBT. TOB BCC 20% ma3sb
2016, [15] 27 patients 5-ALA
El Hoshy et al. 20% ointment
2016, [15]

13 Wanwncoast. 21 naumeHt SMPI 5-AJIK
2018, [19] 21 patients EMPD 20% ma3b
Wan et al. 5-ALA
2018, [19] 20% ointment
14 WuwncoaBt. 36 nauueH- SMPI 5-AJIK
2021, [20] TOB EMPD 20% pacTtBop
Wu et al. 36 patients 5-ALA
2021, [20] 20% solution

KceHoHOBas B 12 (44,44%) oyarax rpaHuLibl ONyXomnu,

namna c unb- onpegeneHHble no O], NONHOCTbIO

Tpom 370-440 coBnanu C rpaHMLaMu, onpeaenex-

HM HbIMU rMCTOMaToNorMyecku. B 14 ouarax

Xenon light rMCTONATONOrMYECKM FPAHNLIbl ONYXOmnu

source witha  6b1n 6onblue Ha 1 MM, YeM onpeaense-

custom band  mble no @[], B 1 — 6obLUe Ha 2 MM

pass filter 370- In 12 (44.44%) foci, the margin of the

440 nm tumor, determined by FD, completely
coincided with the margin determined
histopathologically. In 14 foci,
histopathologically, the margin of the
tumor were 1 mm larger than those
determined by FD, and in 1 foci, they
were 2 mm larger

Jlamna Byga, MNokasaHa cunbHasa KOpPenALnio Mexay
A MaKc 365 HM  rpaHULIaMM OMyXOJIEBOTO MOPAXKEHUS,
Wood's lamp, onpepeneHHbIM1 MeToAOM Gnyopec-

Amax 365 nm  UeHTHOW ANArHOCTVKU, U FpaHnLaMu,
onpepeneHHbIMY METOAOM 6roncum ¢
rmcTonarosnoruein

A strong correlation was shown
between the margin of the tumor
lesion, determined by the method

of fluorescence diagnostics, and the
margin, determined by the method of
biopsy with histopathology

Jlamna Bypa, A
MaKcC 365 Hm

Wood's lamp,
A max 365 nm

BusyanbHbit ocmoTp — 63,8% N0X-
HOOTpULIATENbHBIX PE3YJIbTaTOB,

O/ - 35,4% NOoXKHOOTpPULATENBbHBIX
pe3synbtatoB, O] + KoHdOKanbHaA
MuKpockonua — 20,8% NoXHooTpuLa-
TeJIbHbIX pe3ynbTaToB

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

*®[1 - pnyopecueHTHaa fuarHocTuka, 5-AJ1K — 5-ammHoneBynuHoBas Kucnota, M3-AJIK — MeTunoBbin 3dup 5-aMVHONEBYIMHOBOW KNCNOTI,
BKPK - 6a3anbHoKNeTouHbI pak koxu, MKPK — nnockokneTouHbli pak koxu, IMPI - skcTpamamMapHbii pak Mepketa
*FD - fluorescent diagnostics, 5-ALA - 5-aminolevulinic acid, MAL — 5-aminolevulinic acid methyl ester, BCC - basal cell carcinoma, SCC - squa-

mous cell carcinoma, EMPD - extramammary Paget’s desease

Conclusion

The main indications for FD with 5-ALA are the iden-
tification of clinically poorly expressed skin tumors, the
search for hidden foci of precancer and skin cancer, as
well as the clarification of the margin of the tumor lesion
and monitoring the effectiveness of various specialized
treatment options.

PPIX-induced fluorescence during preoperative plan-
ning is a valuable method for determining the peripheral
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