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Abstract

Photodynamic inactivation is an effective treatment that uses light irradiation, photosensitizer and oxygen. The aim of this study was to determine
photodynamic effectiveness of laser diode combined with ozone to reduce Staphylococcus aureus biofilm using exogenous chlorophyll (Chlo). The
chlorophyll was extracted from leave of Dracaena angustifolia. To determine the antibacterial effect of S. aureus biofilm treatments, samples were
separated into Chlo, Laser, Chlo+Laser, Ozone, Ozone+Laser, Chlo+Ozone+Laser categories. The data were analyzed using ANOVA test. The result
of this study showed that Chlo+0Ozone+Laser combine treatment at 20 s exposure of ozone with 4 min of irradiation time lead to 80.26 % reduction
of biofilm activity, which was the highest efficacy of all the treatment groups. The combination of laser, chlorophyll and lower ozone concentration
increases the effectiveness of photodynamic inactivation.
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BO3AENCTBHA B COYETAHNMN C O3OHOM

N XINOPODPUIITTOM N3 JINCTLEB DRACAENA
ANGUSTIFOLIA HA BUOIJIEHKW STAPHYLICOCCUS AUREUS
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Peslome

DoToprHammueckas Tepanusa — 3OGEKTUBHDBIN METOL MHAKTMBALMN 6aKTepuanbHbIX GOMNIEHOK, OCHOBAHHbI Ha COYETaHUV BO3AENCTBUN
CBETOBOrO M3Ny4eHus, poToceHcnbrnmsaTopa n Kucnopoaa. Lienb faHHoro nccnefosanus — onpegeneHvie 3GpeKTMBHOCTY Na3epHOro obiy-
UeHMA B cOYETaHUN C 030HOM NpU A06aBNEHNN SK30TEHHOrO Xopodunna AnA UHaKTMBaLMK GuonneHku Staphylococcus aureus (S. aureus).
Xnopodunn 6bin N3BNeYeH 13 NIMCTbEB pacTeHns Dracaena angustifolia. B xone nccnepoBaHva Ha obpasLax 6uonneHKn S. aureus oueHyBa-
nacb aHTMbaKTepranbHasa akTUBHOCTb Kaxaoro GakTtopa B OTAENbHOCTY (la3epHOe U3NlyyeHune, 030H, XJI0podU) U HECKONIbKIX UX coYeTa-
HWiA (xnopodunn + nasepHoe obyyeHne; 030H + nasepHoe o0byyeHne; XNopodunn + 030H + lasepHoe obnyyeHve). MonyyeHHble AaHHbIe
6bI7IM NPOaHaNU3NPOBaHbI C Kcnosb3oBaHrem Tecta ANOVA. AHanu3 pe3ynbTaToB MCCIEA0BaHMA NoKasal, YTo KOMOUMHMpOBaHHaA obpa-
60TKa 030HOM B TeueHwue 20 ¢ B NPUCYTCTBUM XNopodusina C nocnenytowmm obnyyeHrem B TeUeHre 4 MUH CH/3MIa akTUBHOCTb 61OMIeHOK
Ha 80,26%, NoKa3aB camMy'o BbICOKYIO 3P PeKTUBHOCTb Cpen BCeX TeCTMpyeMbiX rpynn. [ina nosbileHnA 3GpPeKTBHOCTY GOTOANHAMNYECKON
Tepanuu 6akTepuranbHbIX 61OMNNEHOK PEKOMEHAYETCA NCMONb30BaTbh KOMOMHALMIO JIa3€PHOTO M3/y4YeHNA C XTIOPOGUITIOM 11 O30HOM.
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Introduction

Biofilms are colonies of bacteria that produce a pro-
tective matrix layer called extracellular polymeric sub-
stance (EPS) and have higher virulence, resistance, and
pathogenic properties [1-2]. Almost all antibiotics fail to
control the biofilms [3-4]. In addition, there is a possibil-
ity of biofilm having the ability to reduce production of
hydrogen peroxide (H,0,) which is a precursor of toxic
molecules when DNA-protein synthesis changes [5].
Photodynamic inactivation (PDI) was investigated as an
alternative method to reduce biofilms [6].

PDI is a therapy method using light, photosensitizer
and oxygen. The PDI mechanism starts from the absorp-
tion of light the wavelength of which corresponds to the
absorbance of photosensitizer. It can produce reactive
oxygen species (ROS) through type | and Il photochemical
processes [7]. A previous report related of PDI using silver
nanoparticles as photosensitizer and laser diode with an
output of 450.00 + 22.34 nm and 53.16 + 0.01 mW. This
combination could decrease the surviving biofilm com-
pared to the laser diode itself by 64.48 + 0.07% against
7.07 £ 0.23% at 6.13 + 0.002 J/cm?, respectively [8].

Street et al. reported that biofilm reduction depends
on the energy dose of light absorbed by the photosensi-
tizer [9]. One of such photosensitizers is chlorophyll. The
advantage of using chlorophyll in PDT is that it is cheap,
easy to obtain and has short incubation time [10]. Chlo-
rophyll sensitizers are currently used in targeting cancer
cells, microbes and infection [11-13].

The amount of ROS production could be increased
by the presence of H,0, at the target location during the
photochemical process with photosensitizer or ozone
delivery. Currently, the amount of ozone needed for
treatment is still unclear because each tissue structure
has specific properties such as periodontitis in derma-
tology [14]. Hegge et al. reported that the combination
of ozone and PDI provides a high efficacy depending on
the ozone concentration [15]. This study aimed to deter-
mine photodynamic effectiveness of laser diode com-
bined with ozone to reduce Staphylococcus aureus bio-
film using exogenous chlorophyll. The chlorophyll was
extracted from Dracaena angustifolia leaves.

Materials and Methods

Biofilm and Crystal Violet Assay

The bacterial strain, S. aureus ATCC 25923 was inocu-
lated from Tryptone Soy Agar (Oxoid, UK) and taken on
Tryptone Soy Broth sterile (Oxoid, UK). The culture of
bacteria were incubated at 37°C until bacterial colonies
reached ~108 CFU/mL or 1.0 McFarland Standard. 100puL
of bacteria culture was placed on 96-well microplates
and 20 uL of 2% sucrose (w/v) were added. The samples
were shaken at 36 rpm for 4 hours and incubated for 48
hours.

Biofilms were grown on well plate and rinses with
Phosphate Buffered Saline (PBS) (pH 7.0) three times to
remove individual cells. 100pL of 1% crystal violet were
added to the sample and incubated with for 30 minutes.
The samples were rinsed and dried for 3 hours. 50 pL
33% GAA (w/v) were added to the samples; the Optical
Density (OD) value was measured at 595 nm.

Chlorophyll Extraction

The Chlorophyll (Chlo) was extracted from D. angusti-
folia leaves. 30 g of fresh leaves were added to 150 mL of
96% acetone and mashed into a pulp. The slice of leaves
was filtered, purified, homogenized and precipitated,
then putinto the freezer at 20°C for 24 hours then filtered
until it became a yellowish sediment. The stored filtrate
was evaporated at 40°C. 60 g of silica gel was added to the
filtrate. 8 g of silica gel and 16 ml of petroleum ether (PE)
was then added and stirred homogenously for 5 minutes
and then let to rest for 2 hours. The chlorophyll extract
was dissolved in diethyl ether, then 5 g of silica gel was
added and dried until a green crystal-like powder was
formed. The dry chlorophyll extract was added to petro-
leum ether until it produced yellow filtrate. Finally, 96%
acetone was added into the mixture until a clear silica
gel color was produced. To analyze the characterization
of chlorophyll, a thin layer chromatography and UV-Vis
spectrophotometry (Bio-Rad) were used [15, 16].

Light Sources Apparatus for light irradiation
Fig. 1a shows an apparatus set-up of light and ozone
source and Fig. 1b — a microcontroller block diagram.
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Table 1
Design of sample treatments to reduce S. aureus biofilm

Ta6nuua 1

Tunbl BO3AEWCTBUA Ha 06pasLbl C LEAbIO YMeHbLUEHUA OUONAEHOK S. aureus

Sample
Treatments

Volume (uL) | Concentration (ppm)

Chlo
Xnopodunn 20 16 B
- - 20
Ozone 40
O30H - -
- - 60
Laser _ _ B
Nasep

Exposure time (s)

Energy Density

Irradiation Time Ufem?)

(min)

Concentration
(mg/L)

3x1073 _ _
5%x103 - _
1x1072 _ _
- 1 435
- 2 8.69
- 3 13.04
_ 4 17.39
_ 5 21.74

The apparatus consists of a controller and laser module.
The laser diode was previously characterized as having
A=399.81+ 1511 nm and P_, =30.43 mW. The control
box consists of microcontroller and LCD for setting the
constant output intensity and time duration of the laser
and controlling the position of the sample holder. The
laser module consists of laser diode and sample holders.

All parameters were controlled as shown in Fig. 1b.
The position of laser diode was controlled according of
96-well microplate position. The experimental treatment
was performed in the dark room at ~27°C.

Ozone Sources

According to the manufacturer, the ozone source has
the output of 400 mg/hours. The time duration of ozone
output was controlled and displayed on the LCD. The
ozonising probe was aimed directly at the sample. The
measurement of O, molecule concentration added on
each time exposure was carried out using the iodometric
titration method.

Experimental Design

Treatment were divided into the following
groups: Chlo, Laser, Chlo+Laser, Ozone, Ozone+Laser,
Chlo+0Ozone+Laser, as shown in Table 1. The concentra-
tion of the chlorophyll (1.6 ppm) was based on its toxicity
level. According to the described experimental groups,
0.1 ml of the S. aureus suspension was added to each well
of sterile 96-well flat-bottom microtiter plates with lids.
After the biofilm grew, 20 pl of the chlorophyll was added
to the samples, which were then exposed to ozone and
irradiated by laser diode at varying exposure time. Irra-

diation was done at a distance of 1 cm apart in a com-
pletely dark room. The growth of bacteria in the culture
was monitored by measuring OD at 595 nm.

Statistical Analysis

The data measured in OD was converted to log CFU/
mL by using Mc. Farland standard diagram with an equa-
tion of (log CFU/ml) = 3.771+12.374 x (OD). The biofilm
reduction was measured using equation 1 [12].

(Z control -, treatment)

S control x100% (1)
contro

% Biofilm reduction =

For each treatment, the biofilm reduction percent-
age was calculated based on the control group with the
untreated biofilm of S. aureus. The results of biofilm reduc-
tion were analyzed statistically by ANOVA test with a signifi-
cance value of p = 0.05 using IBM SPSS Statistics Version 21.

Results

Characterization of Chlorophyll sensitizer

The result of pigment compounds of D. angustifolia
leaves using thin layer chromatography was shown in
Table 2. The Retention factor (R) is useful for finding out
pigment compound during separation of pigment. The
best ratio of the solvent system to get a form of pigments
(without beta-carotene) on D. angustifolia leaves was
petroleum ether and 96% acetone (8:2), respectively. The
R has a valid value ranging from 0.2 to 1 which shows
molecular polarity. Pigments of Chlorophyll-a obtained
from D. angustifolia leaves extract showed 0.24 R, value
thus had low polarity.
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Table 2

with exogenous chlorophyll of Dracaena angustifolia leaves

Result of thin layer chromatography of D. angustifolia leaves extract

Ta6nuua 2

PesynbTaT TOHKOCAOWMHOM XpomMaTorpaduu akcTpakTa AMctbeB D. Angustifolia

Retention factor (R,)

Fraction (color) Solvent

PE": acetone

Solvent
PE*: acetone

Yellow
Kentbin
Gray
Cepbin
Yellow brown
MenTto-KopuryHeBbIN
Blue green
CnHe-3eneHblin
Yellow green
Mento-3eneHbin

0.6039 0.1625

0.4950 0.0875
0.2476 =

0.1818 -

" Petroleum ether
"TMNeTponenHblii 3¢pup

Solvent
PE*: acetone

Solvent
PE": acetone

Beta-carotene
berta-kapoTtuH

0.4875 0.6041 Pheophytin a
QeodunTtnH a

Pheophytin b

03122 050 ®eoduTnH b
0.15 0.2375 Chlorophyll a
Xnopoodunn a

0.0875 0.175 Chlorophyll b

Xnopodunn b

Based on Fig. 2, three Gaussian-like peaks with wave-
lengths of 414 nm, 458 nm, and 670 nm were obtained
from the absorption spectrum of the D. angustifolia
leaves extract. The maximum absorption is at 414 nm
with FWHM of 40.40 £ 5.27 nm. This result would be used
to determine the light source.

Efficacy of Treatment

The experimental results of the laser group are shown
in Fig. 3. The comparison between the control group and
chlo group had no significant difference. The Laser group
at 2 min of irradiation time showed 13.06 log CFU/ml or
57.19% biofilm reduction while the Chlo+Laser group at
3 min showed about 12.30 log CFU/ml or 59.69 % biofilm
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Fig. 2. The absorption spectrum of the Dracaena angustifolia
leaves extract

Puc. 2. CnekTp nornouweHuss 3KcTpakTa auctbeB Dracaena
angustifolia

reduction. However, the statistical analysis also showed
there was no significant difference between both irradia-
tion times indicated by the significance value of p > 0.05.

Treatment with the Ozone+Laser group (Fig. 4)
showed that ozone exposure provides higher biofilm
reduction efficacy within 40 s of exposure time. If laser
irradiation was applied, they show the same pattern for
each time of irradiation. The ozone group compared with
the Ozone+Laser group at 40 s ozone exposure had sig-
nificant difference with 20 and 60 s. 40 s of ozone treat-
ment and 4 minutes of laser exposure produced around
11.98 log CFU/mL or 60.75% biofilm reduction.

The result of the Ozone treatment combined with
Laser and chlorophyll was shown in Fig. 5. Chlo+Ozone
group had no significant difference at any exposure time.
The Ozone and Chlo+0Ozone treatment groups also had
no significant difference. The Chlo+Ozone+Laser group
at 20 s exposure to ozone with 4 min of irradiation time
gave 6.02 log CFU/mL or 80.26% biofilm reduction and
that was the highest biofilm reduction efficacy of all
treatment groups.

Discussions

In photosynthesis, chlorophyll is an important pig-
ment. Chlorophyll-a directly harvests light and trans-
fers energy to reaction center on the photosynthetic
system. The solvent system of chlorophyll extraction is
an important factor in obtaining the separated fraction
of pigment group. This study used petroleum ether (PE)
and 96% acetone as the solvent system for chlorophyll
extraction [17]. Retention factor value ranged from 0.2
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to 1. PE and acetone (8:2) solvent had R, of chlorophyll-
a 0.25, but these contained beta-carotene pigment or
carotenoid derivatives. The pigment acts as a protector
against damage caused by ROS formation so that chlo-
rophyll extraction had to be made without beta-caro-
tene pigment. The absorbance spectrum of chlorophyll
always has three peaks [18]. Chlorophyll extract had an
absorption maximum at 414 nm, well correlated with
peak wavelength of light source at A =399.81 + 15.11 nm.

The interaction of light and photosensitizer can pro-
duce toxic molecules. The photosensitizer in the body
has an absorption spectrum that could be elucidated
through an optical window that has optical absorption
and scattering properties [19-20]. One of the endogen
photosensitizers is porphyrin which has various types
and absorbance spectra [21]. In previous study, the por-
phyrin derivatives of S. aureus bacteria have a wide peak
absorption spectrum and maximum wavelength in blue
region [13, 22]. The other study resulted in the PDT pro-
vide an increase in biofilm reduction with the addition of
chlorophyll. The dose of light exposure, certain photo-
sensitizer and oxygen play an important role in the suc-
cess of the PDI [9, 23].

The combination of 3 treatments with high exposure
to ozone should lead to reduction in survival. However,
we finally realized that higher ozone concentration would
increase generation of H,0,, whereas an organism (includ-
ing animal, plant, and microbe) contains a protein that
degrades H,0O, to oxygen and water. Based on the reac-
tion (Table 3), hydrogen peroxide can bind with other
hydrogen peroxide and form non-toxic molecules. Mishra
explains that some hydrogen peroxide changes into non-
toxic molecules before reaching the cell [24]. So, the point
to increasing biofilm reduction is in the density of laser
diode, chlorophyll and lower ozone concentrations.

Based on Table 3, the mechanism of Chlo+Laser
group could generate of ROS (type Il) and free radicals
(type I). Photochemical type | reaction occurs when radi-
cal anions or cations are formed due to the transfer of
electrons (or protons) to oxygen molecules and pro-
duce ROS because they easily react with the molecular
oxygen. Photochemical type Il reaction occurrs when
energy is transferred to molecular oxygen to form sin-
glet oxygen [19]. The dominant process depends on the
chemical structure and the behavior of photosensitizers.

Treatment with ozone at 40 s exposure time caused
greater reduction of biofilm because H,0, are formed
[26]. H,O, molecules is an oxidant molecule that
strengthens immunity by generating free radicals. The
generation of free radicals obtained from the oxidative
process of electron transfer of H,O, through Fenton reac-
tion. Ozone does not penetrate into the tissues but could
spread to the cytoplasm [14].

Bocci said that ozone can react and polyunsaturated
fatty acids (PUFA), antioxidants, thiol (-SH) compounds,
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Table 3
The mechanisms PDI

Ta6nuua 3
MexaHu3Mbl GOTOAMHAMUUYECKON UHAKTUBALIUU

8§g:e R-CH=CH-R’+ O, + H,0 — R-CH=0 + R'-CH=0 + H,0, [14]
Photophysics PS + hv — 'PS” [25]
®oTodusuka 1PS* _, 3pS*

Photochemical Type | 3PS" 4+ 3PS"— PS** + PS™

OoTtoxmmumyeckas peakuma Tun | PS+30,—PS+"0,
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Fig. 6. The mechanisms of PDI treatment: (a) Ozone produces H,0, in the biofilm surrounding that diffuses into the cytoplasm; (c)
Samples with chlorophyll separated into 2 treatments; (d) Ozone produces a toxic molecule (H,0,); (e) and (g) Laser treatment could
destroy EPS and increase the amount of toxic molecules through photochemical reaction.

Note: IC: internal conversion, ISC: intersystem crossing, Sn: singlet states, Tn:triplet states, ET: energy transfer; (b), (f), (h) the toxic
molecule causes oxidative stress in biofilm

Puc. 6. MexaHuambl poTognMHaMnyecKon uHaKkTuBaumu: (a) O3oH nponseoaut H,0, B OKpyKeHUM GUONNEHKH, KOTOPbIi AnddYyHANPYeT
B uuTonnasmy; (c) O6pasubl ¢ xnopodpunnom pasaeneHol B 2 Tuna so3genctems; (d) 030H NponsBOAUT TOKCHUHYI0 Monekyny (H,0,); (e)
U (g) nasepHoe BO3eNCTBUE MOXKET YHUUTOXMUTb BHEKNETOUYHbIA MaTpuKe (EPS) n npuBecTH K pocTy KonnyecTBa TOKCMYHbIX MOJIEKYN 3a
cyeT GOTOXMMUYECKON peaKuuu.

MpumeyaHue: IC: BHYTPEHHSAS KOHBepcus, ISC: MeXXcUCcTeMHbIW Nepexoa, Sn: CUHIIeTHble COCTOSAHUA, Tn: TpUNAeTHble cocTosaHuSA, ET:
nepeHoc aHepruum; (b), (f), (h) TokcnyHaa moneKyna Bbi3biBaeT OKUCIUTE/NbHbIN CTPEecC B GUONNEeHKe
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with exogenous chlorophyll of Dracaena angustifolia leaves

Fig. 7. Microscopic image of Staphylococcus aureus cells treated with laser, chlorophyll and ozone (x100000 maghnification). (a) Normal
cell (no treatment), (b) ROS reactions (including singlet oxygen, hydrogen peroxide, and superoxide anion radical) with cell membrane
can cause extreme damage, (c) Damage to cell membranes causes the cytoplasm and cell organelles to become partly exposed and
react directly with toxic molecules, (d) Cell organelles are directly exposed due to overall loss of the cell membrane

Puc. 7. MukpocKkonuyeckoe nsobpaxkeHue knetok Staphylococcus aureus nocsne Bo3aencTsuns 1a3zepos, X10podUNIOM U 030HOM (yBe-
nuyeHne x100000). (a) 3popoBas KneTKa, (b) Bo3genctBue akTuBHbIX GOpM KMCnopoaa (BKIOYas CUHINETHbIN KUcnopoa, Nnepekuchb
BOJOPOAA W CYNEPOKCUAHbIA aHUOHHbIW paAuKal) Ha KNETOYHYI0 MeEMOGpPaHy MOXeT NPUBECTU K 3HAYUTE/NbHbIM MOBPEXAEHUAM, (C)
MoBpexaeHne KNeTo4yHoW MeMbpaHbl YaCTUYHO NMPUBOAUT K HENOCPEeACTBEHHOMY B3aMMOAENCTBUIO C TOKCUYHbIMU MoJieKynamu, (d)
KneTouHble opraHenbl NOHOCTbIO OTKPbITbl BBUAY NOTEPU KIETOYHON MEMOpPaHbI

glutathione (GSH) and albumin. Inactivation mechanisms
occur when some nanoparticles diffuse into biofilm, bind
to thiol (-SH) protein species because of high affinity and
are affected by denaturation. The enzymes, carbohy-
drates, DNA and RNA could be affected depending on
the ozone dose [14].

In comparison with ozone, the Ozone+Chlo group
was not significantly different. There are no interactions
between ozone and chlorophyll. Chlo+Ozone+Laser
treatment gave higher biofilm reduction efficacy in con-
trast with ozone group or Ozone+Chlo group. It is fasci-

BIOMEDICAL PHOTONICS T.8,N22/2019

nating to find out that particular treatment of chlorophyll
and ozone concentration could enhance efficacy on PDI.

The mechanism of Chlo+Ozone+Laser group gener-
ates more toxic compounds to induce cellular damage.
Onyango showed the reaction of that component could
form toxic compound and generate ozone. Furthermore,
the cytotoxic reactions occur continuously in this treat-
ment. Therefore, we need to control the ozone dose for
controlling the cytotoxic reaction [27]. Chlo absorbs the
energy of laser, causing chlorophyll to be excited. Fur-
thermore, photochemical type Il reactions occur, in the
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form of energy transfer from Chlo excited triplets to trip-
let oxygen. It is acknowledged that because of interac-
tion between photosensitizer and light (Fig. 6), the super-
oxide anion (" -0, and singlet oxygen (102) are formed.
Each chlorophyll molecule produces approximately
103-10° singlet oxygen molecules before degrading due
to photo bleaching or other processes [28]. The produc-
tion of excess ROS can eliminate biofilms as protectors
and cause oxidative stress of bacteria in biofilms.

Based on Fig. 7, the mechanism of cell destruction
are due to generation of ROS including singlet oxygen,
hydrogen peroxide, and superoxide anion radical. The
normal cell of Staphylococcus aureus is a coccus and has
slippery surface (Fig. 7a). After treatment, the normal
cell has various damage starting from cell membrane. It
causes the cytoplasm and cell organelles to react directly
with toxic molecules. Grisham used the fluorescent
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method to detect H,0, formation in the nucleus, mito-
chondria, endoplasmic reticulum and plasma membrane
[29].

Conclusion

Combination of Chlo+Ozone+Laser treatment with
high ozone exposure reduces biofilms by lesser amount.
In this study, 3 treatment combinations at 20 s exposure
to ozone showed increased biofilm reduction on aver-
age. Therefore, it is recommended to use a combination
of laser, chlorophyll and lower ozone concentrations to
increase the effectiveness of photodynamic inactiva-
tion.
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COMPARISON OF PHOTODYNAMIC THERAPY EFFICIENCY
USING RADIATION SOURCES WITH DIFFERENT
WAVELENGTHS IN THE TREATMENT OF SINUSITIS
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Abstract

Inflammatory diseases of the sinuses — one of the most common nosologies in the practice of otorhinolaryngologist; its pathogenesis is well stud-
ied, and treatment recommendations are detailed. Following them, however, cannot completely prevent chronic disease or recurrence. Antimicro-
bial photodynamic therapy is a promising method of treating sinusitis, which has proved its effectiveness, but has not yet been widely used. This
work describes our experience in photodynamic therapy with chlorin e, of chronic sinusitis using a new laser diode-based irradiation source. For
patients who had previous sinus surgery an adapter for penetration into the sinus through anastomosis was developed and tested. First group of
the patients underwent photodynamic therapy (PDT) according to the conventional scheme, using a laser with a wavelength of 662 nm; while the
second one underwent PDT using a 405 nm laser. With daily washing of the nasal sinus, the period of inflammation relief (evaluated by the absence
of pathological discharge during washing) amounted to 3.8 full days on average in the first group of patients, compared to 5.4 days on average for
the second group. We carried out the comparative analysis of the treatment results based on clinical assessment and radiological evaluation (CT)
at the time of discharge from the hospital and 1 month later.

Keywords: chronic sinusitis, antibacterial photodynamic therapy, diode laser.
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CPABHEHME 3P PEKTMBHOCTU DOTOANHAMUNYHECKOU
TEPANKUA MNMPU UCMOJIb3OBAHNUN MCTOHHHNKOB
U3JTYHEHMNA C PASJTMHHBIMU JJTMHAMU BOJIH B
JNNIEHEHMUN CUHYCUTOB

I.N. Nonoea'?, 4.A. Hakatuc'®, M.A. Poimwa'3

'PIBOY BO «Carkr-IMetepbyprekuin rocynapcteenHbin yHmsepentet», Cankr-lNetepbypr, Poccus
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Pesiome
BocnanutenbHble 3aboneBaHUA Nasyx Hoca — OAHa U3 CaMbIX PacMpPOCTPAHEHHBIX HO30/10TWN C XOPOLUO U3YyUYEHHbIM MaTOreHe30M B NPaKTuKe
OoTOpUHONapyvHrosiora. [lnsa ee neyeHus pa3paboTaHbl NOLPOOHbIE PEKOMEHALMN, ClIeA0BaHKE KOTOPbIM, OfHAKO, He BCeraa No3BosiAeT NOJHO-
CTblO MPeAOTBPATUTL NepPexop 3aboneBaHNsA B XPOHNYECKYI0 GOpMY v BO3HUKHOBEHVE PELMANBOB. AHTUMUKPOOHaA doToguHammyeckas
Tepanua (OAT) — nepcneKTVBHDBIN METOZ JIEUEHNA CUHYCUTOB, Y>Ke JOKa3aBLLUMI CBO 3POEKTVBHOCTD, HO €LLe He MOJYUMBLLMIA LUMPOKOTO pac-
NPOCTPaHeHUs B KNMHNYECKON MpaKTuKe. B paboTe onvcaH onbIT IPYMEHEHUA HOBOTO UCTOYHMKA 06/yYeHUs Ha OCHOBE Jla3epHbIX AUOM0B,
npeaHasHaueHHoro Ana nposeaeHns OLT XPOHNYECKMX CUHYCUTOB C NpenapaTamit XoprHa e,. [InA paHee NpoonepupoBaHHbIX NaLNEHTOB
pa3paboTaHa 1 anpobrpoBaHa Hacafka Ans NPOHUKHOBEHUA B Na3yXy Yepes coycTbe. I-oii rpynne nauueHtos OT npoBoaunv no obLienpuHs-
TOW CXeme C NCMosb30BaHMEM Jla3epa C A/IMHON BOJHbI 662 HM, Alst 061yueHus |1-oi rpynnbl NPYMEHSANN UCTOYHUK 06/1yYeHUA C ANIMHON BOJHbI
405 Hm. MNpu exxefHEBHOM MPOMbIBaHMM HOCOBOW Na3yxu CPOKM KyNUPOBaHWA BOCManeHNa (OLieHBanu no oTCyTCTBUIO NaTOIOFMYECKOro OTAe-
JIAGMOTO NPV NPOMbIBaHWW) AJ1A NaLMEHTOB |-01 rpynnbl COCTaBWAM B cpeaHem 3,8 cyT, a y nauueHToB |l-o rpynnbl — B cpefjHeM 5,4 cyT. Mpose-
[I€H CPaBHUTENbHbIN aHaNM3 Pe3yNbTaToB SIeYeHWs1, KOTOPble OLIeHMBaNM KIIMHUYECKN 1 PEHTIEHONTOTMYECKM Ha MOMEHT BbINUCKN 1 Yepes 1 Mec.

KnioueBble C/1I0Ba: XPOHMNYECKNIT CUHYCUT, aHTUMUKPOGHasA GpOToAMHaMMUecKas Tepanus, AMOAHbIN fasep.

Ana uyntuposaHus: Monosa M., Hakatuc A.A., Poimwa M.A. CpaBHeHUe 3¢ PeKTUBHOCTM GOTOAMHAMMYECKON Tepanuy Npu NCNoNb30BaHUN
WCTOYHUKOB M3MYYEHUA C PasINYHbIMU ASIMHAMM BOJIH B NleyeHun cnHycnTos // Biomedical Photonics. — 2019. - T. 8, N2 2. - C. 14-18. doi:
10.24931/2413-9432-2019-8-2-14-18

KouTaktbi: [Nonoga I1M1., e-mail: gala_tt@mail.ru
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Introduction

Antimicrobial photodynamic therapy (APDT) is a suc-
cessfully used method of treating inflammatory diseases
based on the inactivation of pathogens caused by the
interaction between a drug - a photosensitizer (PS) -
and light with certain properties. The development of
new types of photosensitizers and radiation sources
contributes to the widespread use of APDT in various
medical disciplines. For example, antimicrobial photo-
dynamic therapy is used in otorhinolaryngology to treat
acute and chronic sinusitis, chronic tonsillitis, chronic oti-
tis, purulent diseases of the larynx [1, 2].

It has been proven that both bacteria and fungi, main
pathogens causing the inflammation of mucous mem-
branes of paranasal sinuses, form so-called biofilms [3,
4]. Their occurrence is a kind of defense mechanism that
protects bacteria from the effects of the body’s immune
system and antibiotics. It has been shown that bacteria
living in biofilms are more virulent than free-floating
forms [5]. In recent decades, there were a lot of reports
on the efficiency of the eradication of various micro-
organisms using APDT, including data on the efficient
treatment of gram-negative and gram-positive antibi-
otic-resistant biofilms [6].

Chronic sinusitis is a polyetiological disease develop-
ing due to a combination of causes including congeni-
tal anomalies of the immune system, a disruption in the
normal anatomy of the nasal cavity and environmental
factors such as inflammatory and irritating agents. Com-
mon treatment algorithms are not always fully efficient,
and the disease exacerbation rate does not decrease in a
number of patients after the surgery for the restoration
of the normal sinus drainage and aeration [7]. According
to national and international standards, the exacerba-
tion should be managed with systemic antibiotics ther-
apy, which, if reqularly repeated, cannot but increase the
likelihood for antibiotic resistance [8]. In our opinion, PDT
can play a preventive role here and serve as a method of
treatment allowing to achieve a good effect in case of
existing antibiotic resistance and having the potential to
prevent and limit the increase in antibiotic resistance in a
specific person and the whole population.

Photodynamic therapy of inflammatory chronic
sinusitis is mainly intrasinus: the sinus of not operated
patients is accessed by means of endonasal maxillary
sinus dissection, while the sinus of operated patients is
accessed through the dilated junction of the maxillary
sinus.

A laser with a wavelength of 662 nm is usually used as
an radiation source for PDT with chlorine e6 [9, 10]. How-
ever, there is an increasing amount of data on the use
of other laser or LED sources but the clinical experience
in application of such techniques is still limited [11]. The
chlorine based PS has an absorption peak at around 405
nm, and the pilot study of LED irradiation with this wave-

length gave a positive result [12], therefore we decided
to conduct an in-depth study of its efficiency.

Materials and methods

22 patients (13 men and 9 women) with chronic puru-
lent sinusitis in the exacerbation phase were treated
in the ENT department of the Clinical Hospital No. 122
named after L. G. Sokolov of the FMBA of Russia from
2015 to 2017.

The eligibility criterion for patient enrollment in the
study of PDT was the chronic maxillary sinusitis in the
exacerbation phase confirmed by previous epicrises,
findings of computed tomography of paranasal sinuses
(the presence of pathological contents in maxillary
sinuses) and endoscopic examination (the presence of
edema, hyperemia of the nasal mucosa, purulent dis-
charge in nasal meatuses). All patients had undergone
surgical treatment for chronic sinusitis, after which the
natural junction of the maxillary sinus in the middle
nasal meatus or the artificial junction in the inferior
nasal meatus remained dilated. Patients with chronic
somatic diseases in the exacerbation or decompensation
phase were excluded from the study. Exclusion criteria
also included intake of antibiotics during the study for
this sinusitis exacerbation episode or for any other rea-
son and an advanced polipous process, which would fill
the maxillary sinus.

Fotoditazin (VETA-GRAND LLC, Russia, registration
licence No. LS 001246 of 18.05.2012) in the form of a con-
centrate for a solution for infusion of 5 mg/ml was used
as a photosensitizer for PDT. On average, 7-9 ml of the
PS solution were administered into each sinus, wherein
the concentration of the solution for intrasinus admin-
istration corresponded to the average concentration
for intravenous administration indicated in the package
insert. The sinus was rinsed under topical anesthesia
using a cannula, then it was blown out with air to release
it completely from the liquid. After that, the prepared
photosensitizer solution was administered. To prevent
the solution leakage, the middle or common nasal
meatus was plugged with a cotton tampon moistened
with a fotoditazin solution in patients that had under-
gone infundibulotomy and maxillotomy, respectively.
Topical anesthesia was not associated with rinsing itself
but was used to ensure comfortable plugging.

ALCOM-MEDICA LLC (Russia) developed and manu-
factured a low-power unit with replaceable emitters, the
“SHUTLE-COMBI IR+" complex based on diode lasers and
LED light sources (Fig. 1). The complex allows simultane-
ous work with different types of low-energy sources. For
this study we used laser emitters with working wave-
lengths of 662 nm and 405 nm. A special curved tip was
attached to them to get into the artificial junction of the
maxillary sinus (Fig. 2).
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Puc. 1. KomnneKc Ha 0CHOBE AUOAHbIX Jla3€POB U CBETOAUOAHbBIX
unanyvatenen «LAT/1-Komoum UK+»:

1. rpaduyecKuin gucnnen ¢ NynbToM ynpaBieHus

2. pyyKa peryinpoBKu

3. KHOMKa ctapt/cTon

4. usnyyateno

5. 6noK ynpaBneHus
Fig. 1. Complex based on diode lasers and LED emitters
"SHUTLE-COMBI IR+":

1. graphic display with control panel

2. adjustment knob

3. start / stop button

4. emitter

5. control unit

The patients were divided into two groups. The
sinuses of the first group of patients (9 people) were irra-
diated with a laser with a wavelength of 662 nm and an
output power of 50 mW for 20 minutes. 13 patients of the
second group were irradiated with a laser with a wave-
length of 405 nm and an output power of 100 mW for 20
minutes.

The chosen PDT efficiency assessment criteria were
the duration of management of inflammatory pro-
cess exacerbation based on the presence and amount
of purulent discharge from the sinuses, the length of
patient’s hospital stay and the findings of the X-ray
inspection conducted at the end of treatment and
repeated 1 month after release.

Puc. 2. Hacaaka ans BepxHeventocTHON nasyxu
Fig. 2. Nozzle for maxillary sinus

Results and discussion

Phototoxicity and allergic reactions were not
observed in any patients during the study. The emitter
was easy to use. The rigid tip allows applying this tech-
nique on previously operated patients with a wide junc-
tion of the maxillary sinus. Performance of this treatment
using a fiber optic light cable would be difficult since
the bending angle of the tip for sinus rinsing was large
enough and led to the damage of the light cable. The
results of inflammation management are shown in the
table.

The length of patient’s hospital stay corresponds to
the daily duration of maxillary sinus rinsing.

The X-ray findings (according to helical computed
tomography of the paranasal sinuses) at the end of the
treatment and 1 month after it showed improvement in
both groups of patients.

Thus, the results of PDT using a laser emitter with
a wavelength of 662 nm are comparable with the lit-
erature data and confirm the efficiency of this method

Ta6auya

CpOoKM KynMpoBaHWs BOCMANUTENbHOrO npotiecca (NosiBNeHME YNCTbIX MPOMbIBHbIX BOA) NOCsie ceaHca GOTOAUHAMMYECKON Te-

panun
Table

Terms of the inflammatory process relief (the appearance of clean washing water) after a session of photodynamic therapy

Yucno naumeHToB C NOJIHOCTbIO KynnpoBaHHbIM BocCnasivuTesibHbIM npoyeccom

KonunuectBo CYTOK A0 NoABJIeHNA
YUCTbIX NPOMbIBHbIX BOA

4

4

N O bW

() Il rpynna (n=13)
% -
445
44,5 2 15,5
5 384
11 5 38,4
1 7,7
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in the treatment of sinusitis [10]. The use of an emitter
with a wavelength of 405 nm during PDT showed good
clinical outcomes: the inflammation was managed but
over a longer period than at 662 nm. It should be noted
that the work with this type of emitters shows better
patient compliance since the majority of the population
is familiar with a blue light lamp and its bactericidal activ-
ity, which makes it easier to explain the mechanism of
action. The nature of discharge in all patients changed on
the first day although they did not complete the course.
We consider it as an opportunity to study the efficiency
of irradiation with a source with a wavelength of 405
nm in bacterial cultures. It would also be interesting to
study the efficiency of the light effect on biofilms at this
wavelength. The depth of light penetration in tissues at
a wavelength of 405 nm is small, so the use of violet light
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is reasonable when the abnormal focus is located at the
surface. Since chlorine e6 based photosensitizers have an
intense absorption peak in this spectral band, this signifi-
cantly reduces the emitter power requirements making
this type of irradiation advantageous for the use in the
antimicrobial photodynamic therapy of sinusitis.

Conclusion

The described experience of clinical use shows that
the laser irradiation at 405 nm is efficient as part of photo-
dynamic therapy of chronic sinusitis and, along with laser
irradiation at 662 nm, can be an alternative to the con-
ventional management of sinusitis in the exacerbation
phase. To obtain reliable statistical data, more patients
should be enrolled, especially to study the efficiency of a
405 nm laser light source.
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EXPERIENCE OF USING PHOTODYNAMIC THERAPY
IN THE TREATMENT OF ESOPHAGEAL CANCER

Tumanina A.N.', Polezhaev A.A.3, Apanasevich V.A.3, Gurina L.I.", Volkov M.V.",

Tarasenko A.Yu.!, Filonenko E.V.?
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vostok, Russia

P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry of
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3Primorsky Regional Oncology Center, Vladivostok, Russia

Abstract

Photodynamic therapy (PDT) is a worthy alternative to surgical esophageal resection or endoscopic mucosal resection and dissection (EMR, ESD)
in patients with superficial esophageal cancer with severe concomitant diseases as well as in patients with a common form of esophageal cancer
with severe malignant dysphagia. Patients with superficial (7) and advanced (15) esophageal cancer received PDT as an independent method and
as a supplement to complex treatment. Radachlorin was used as a photosensitizer at a dose of 0.6-0.8 mg/kg, administered intravenously 3 hours
before irradiation. A PDT session was carried out using a laser with a wavelength of 662 nm. The light dose used was 150-300 J/cm? The use of PDT
made it possible to achieve the full effect in 7 (100%) patients in the group of superficial (T1a-T1b) esophageal cancer where PDT was either the
only method of treatment or in combination with radiation therapy. In the group of patients with stenotic cancer the use of PDT made it possible to
achieve full recovery of food intake after recanalization for 20% of patients, and partial - for 66.7%. Thus, complete natural food intake was restored
for 86.7% of patients which improved their quality of life. PDT is also a method of choice for cancer of the upper esophagus as esophageal stenting
in this situation can cause unwanted subjective sensations.

Key words: photodynamic therapy, esophageal cancer, radachlorin,
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Pesiome
DoTtopnHammueckan Tepanua (OAT) ABNAETCA AOCTOMHON anbTePHATNBON XMPYPrMYeCcKon peseKkLumm NuieBoa 1 SHAOCKOMUYECKO pe3ekK-
Lmm nnu guccekumm cnmsmctor (EMR, ESD) y naLmeHTOB € MOBEPXHOCTHbIM PakoM NULLEBOAA MPU HAJIMUUN Y HUX TAXKESTbIX COMYTCTBYHOLUMX
3aboneBaHnN, a Tak»Ke y NaLMEHTOB C pacnpocTpaHeHHOW pOpMOii paKa NiLLeBoAa NMpU BbipaxXeHHOW 310KauecTBEHHON Ancarun. bonbHble
NMOBEPXHOCTHbIM (7 YenoBeK) 1 cTeHo3upyowmm (15 yenosek) pakom nuwesofa nonydyanu AT B KauecTBe CaMOCTOATENIbHOTO JIeYeHMs, a
TaKkXe B KauecTBe AOMOJIHEHUA K KOMMEKCHOW Tepanuu. B KauecTBe poToceHCcnbunmnsaTopa NpUMEHSNN NpenapaTt pagaxiopuH B gose 0,6—
0,8 MI/Kr, KOTOPbI1 BHYTPUBEHHO BBOAWIN NaLeHTaM 3a 3 4 1o Havana obnyuyeHus. CeaHc OAT npoBoAmMAM C MCMONb30BaHNEM Jladepa C Anu-
HOW BOMHbI 662 HM. CBeTOBas fo3a cocTaBuna 150-300 k/cm>2 MpumeHeHne OAT no3sonuno Aoctuyb nosHoro s¢dekta y 7 (100%) nauym-
€HTOB B rpynmne ¢ NoBepxHOCTHbIM (T1a-T1b) pakom nuieBoaa, rae OAT NpUMeHANN Kak eAUHCTBEHHBIV METOJ, IeYEHUA UIIN B COYETaHUN C
nyyeBon Tepanuen. B rpynne nauneHToB co CTeHO3UpPYoLWmMM pakom ¢ nomoLybio OAIT yaanocb A06UTHCA NOSHOrO BOCCTaHOBEHWA NMUTaHUA
nocnie pekaHanmsauum y 20% 605bHbIX, YaCTUYHOTO — Y 66,7%. Takum obpa3om, y 86,7% naumeHToB Oblio BOCCTAHOBNEHO MONIHOLEHHOE
€CTeCTBEHHOE MUTAHME, YTO 3HAUUTENBHO YNYULLUIO KayecTBO uX »u3Hu. OAT AaBnaeTca meTofoM Bbi6Opa Npu NeYeHn 3110KaYeCTBEHHbIX
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HOBOO6paBOBaHVIIZ BEPXHUX OTAENOB NULLIEBOAQ, TaK KaK CTEHTUPOBaHWE NuLLiEBOL4A B OaHHoM CUTYaUMN MOXET BbI3BaTb HeXKeslaTefibHble

Cy6'beKTVIBHbIe oLwyuweHunsa.

KnioueBble cnoBa: poToarHammnyeckan Tepanus, pak NuLEeBoaa, PaaaxaopyH.

Ana yntnposaHua: TymanuHa A.H., Monexaes A.A., Ananacesud B.A,, lypuHa J1.U., Bonkos M.B., TapaceHko A.lO., ®unoHeHko E.B. OnbiT npu-
MeHeHVA poToAMHaMMNYECKOW Tepanum B ledeHUm paka nuiieBopa // Biomedical Photonics. — 2019.-T. 8, N2 2. — C. 19-24. doi: 10.24931/2413-

9432-2019-8-2-19-24

KoHTakTbi: TymaHvHa A.H., e-mail: tumanina.a.n@mail.ru

Introduction

Esophageal cancer (EC) is a difficult to treat disease
that ranks the 8th in the structure of cancer morbid-
ity in the world and the 6th in the structure of cancer
mortality [1]. Despite the development of new diag-
nostic and treatment methods for esophageal cancer
at the early stages in recent years, the frequency of de-
tecting patients with EC at the third and fourth stages
is still very high accounting for 67% [2]. An important
indicator of the esophageal cancer malignancy is low
5-year survival rates, not exceeding 10-15% both in
Russia and European countries [3]. In half of the cases,
the main clinical symptom of esophageal cancer is
dysphagia occurring when the lumen is narrowed by
50-70% [4] and limiting the possibilities of surgical,
radiation, combination and comprehensive treatment
[1, 2, 51. In addition, there is a large group of patients
(up to 25%) that cannot undergo curative surgery due
to the presence of severe coexisting diseases and age-
related changes [5]. Radiation therapy (RT) is an EC
treatment method chosen for this patient population,
however, in this case there is a high probability of the
disease recurrence with the development of stenosis.
Furthermore, the second course of RT is impossible
after irradiation at doses corresponding to a curative
treatment regimen [6]. Endoscopic treatment is in-
creasingly used for these reasons. Endoscopic mucosa
resection (EMR) and endoscopic submucosa dissection
(ESD) are current standards of treatment for superfi-
cial esophageal cancer, especially when it is spreads
within the mucosa [7]. However, when annular lesions
spread to more than two thirds of the circumference
of the esophagus, these techniques (EMR and ESD) are
not recommended due to the high risk of persistent
esophageal stricture formation after the therapy [7,
8]. Another urgent problem is the development of en-
doscopic methods for dysphagia resolution, allowing
to restore oral alimentation and enhance the quality
of life of patients with stenotic esophageal cancer [8,
9]. Currently, minimally invasive endoscopic technolo-
gies (dilatation, recanalization caused by exposure to
electrolaser destruction, argon plasma coagulation or
photodynamic therapy) and endoprosthesis replace-
ment are the most promising methods [3, 5].

The possibilities of modern oncology have greatly ex-
panded with the advent of photodynamic therapy (PDT).
This is a unique two-component treatment method
based on the use of photosensitizers (PS) activated by
light [10, 11]. Photosensitizers accumulate in a malignant
tumor and stay in it for a longer time than in healthy tis-
sues. Under local laser irradiation with light of a certain
wavelength (at the PS absorption peak), a photochemi-
cal reaction begins in the tumor forming singlet oxygen
and oxygen free radicals, which have a toxic effect on
malignant cells [4, 6, 7, 12, 13]. PDT is an alternative meth-
od of treating patients with stenotic esophageal cancer
as well as patients with superficial malignant tumors of
this localization that have contraindications to curative
treatment.

Materials and methods

This article is based on a study, which was conducted
in compliance with the provisions of the Declaration of
Helsinki (1964, revised in 2013). The study was conducted
with the approval of the Institutional Control Ethics Com-
mission. The form of the informed consent to endoscopic
manipulations, including PDT, was also approved at the
meeting of the above. Patients were informed about the
PDT method, its benefits and possible risks, treatment
regimen and duration of hospitalization and follow-up
examinations. All patients signed the informed consent
before the treatment.

From 2015 to 2017, endoscopic photodynamic ther-
apy was conducted in 22 patients with esophageal can-
cer. The patients were divided into two groups. The first
one included 7 patients with superficial esophageal can-
cer (T1a,bNOMO) that refused surgical treatment or had
a severe comorbidity or a residual tumor of esophagus
after RT. PDT was used as a curative treatment method
in this group. The second group included 15 patients
with locally advanced esophageal cancer who received
PDT as palliative care to enhance the quality of their life
and increase their life expectancy. The condition for the
use of PDT was the absence of deep carcinelcosis and an
esophageal mediastinal or esophageal respiratory fistu-
la. Men prevailed in both groups: the first group consist-
ed of 5 men and 2 women, the second one included 15
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men. The age of patients ranged from 47 to 76 years old
and averaged 58 years old. In all cases, the squamous cell
carcinoma was morphologically confirmed. Before the
treatment, a four-degree scale of A.l. Savitsky was used
to evaluate dysphagia:

the 1st degree of dysphagia is difficulty in swallowing
solid food;

the 2nd degree of dysphagia is difficulty in swallow-
ing semiliquid food;

the 3rd degree of dysphagia is difficulty in swallow-
ing liquid food;

the 4th degree of dysphagia is difficulty in swallow-
ing water, saliva.

In the first group of patients, no cases of dysphagia
were detected; in the second one, there were the 2nd
and the 3rd degrees of dysphagia. The lesion size varied:
it ranged from 2 to 5 cm in patients of the first group and
was up to 7 cm in patients of the second group. Local-
ization of malignant esophageal tumors and tumor-in-
duced stenosis was distributed as follows: in the middle
third of the esophagus in 5 patients (71.4%) and in the
lower third of the esophagus in 2 patients (28.6%) of the
first group; in the upper third of the esophagus in 6 pa-
tients (40%), in the middle third of the esophagus in 8
patients (53.3%) and in the lower third of the esophagus
in 1 patient (6.7%) of the second group. In the first group,
PDT was used as an independent treatment method due
to the presence of contraindications to curative surgi-
cal treatment or refusal of it in 3 (42.8%) patients or for
the purpose of residual tumor destruction after RT in 4
(57.2%) patients. In the second group, PDT and subse-
quent endoprosthesis replacement (stenting) were con-
ducted in 10 (66.7%) patients with the 3rd degree of dys-
phagia to recanalize tumor-induced stenosis. PDT was
also conducted in 5 (33.3%) patients as an independent
treatment method due to high location of tumors and
inability to place a stent.

Before PDT, radachlorin (RADA-PHARMA LLC, Rus-
sia, registration licence No. LS-001868 of 16.12.2011) was
administered to a patient via IV infusion at a dose of
0.6-0.8 mg/kg in a darkened room. A PDT session was
conducted 3 hours after the PS administration using a
laser with a wavelength of 662 nm (BIOSPEC LLC, Russia).
A light dose was 150-300 J/cm?. Irradiation was delivered
to the site of exposure through a gastroscope channel. A
quartz light guide was passed through an endoscope to
a distal edge of the tumor, after which polypositional la-
ser irradiation of the tumor was carried out. Quartz light
guides with cylindrical diffusers and lengths of 1 to 5 m
were used. The irradiation dose was selected individu-
ally depending on the tumor localization and size and
the degree of esophagus narrowing. The number of ir-
radiation positions ranged from 1 to 3. The total time of
the polypositional irradiation of the tumor was from 10
to 40 minutes.

To prevent skin phototoxicity after endoscopic PDT,
all patients were recommended to observe the light re-
gime, involving limited exposure to the sun for 2 days
and pain relief for 4 days if necessary. Follow-up esopha-
gogastroduodenoscopy (EGD) was performed in the
patients on the 4th day, then after 1 month and every
3 months after the PDT session. Computed tomography
(CT) of the thoracic cavity was repeated every 3 months.
In the presence of residual tumors, another PDT course
was conducted 3-4 weeks after the previous one. Ad-
verse events were evaluated during the first four days
on the basis of patient complaints (pain behind the
sternum, fever), visual examination and follow-up EGD
performed on the 4th day and 1 month after the pho-
todynamic therapy. The pain was assessed on a 10-point
analogue scale and did not exceed 2-3 points on the 4th
day. Intoxication syndrome was evaluated on the basis of
patient complaints and data on fever. The PDT efficiency
and the possibility of stenosis development were evalu-
ated during esophagoscopy.

Results and discussion

The short-term treatment outcomes were evaluated
on the 4th or 5th day after the first PDT course. During
this period, demarcation of a necrotic zone and partial
sloughing in a recanalization zone occurred, local inflam-
matory reaction remitted (Fig. 1).

In the first group, complete tumor regression was
achieved in all patients as a result of PDT. With the full
effect observed in 7 (100%) patients, unchanged mucosa
was visible in 4 (57.2%) patients and scars were visible in
3 (42.8%) patients during the follow-up endoscopic ex-
amination. The absence of lesion growth signs was de-
tected using a biopsy of the former tumor site and chro-
moendoscopy with a 1% Lugol’s iodine solution.

The median follow-up of patients with superficial
esophageal cancer was 28 months after the treatment.
Progression in the form of distant metastases and lo-
cal recurrence was diagnosed in only one patient who
therefore underwent stent placement. The result was
achieved in all 7 (100%) patients. In 2 (28.5%) patients
with residual tumors after RT and achieving the full ef-
fect of PDT, cicatrical esophageal strictures of the 2nd
degree were developed, which were successfully elimi-
nated by means of endoscopic bougienage.

In the second group of patients, the effect was evalu-
ated as complete and partial esophageal lumen restora-
tion. The restoration of esophageal lumen was consid-
ered complete when it reached the diameter of 1 cm or
more after recanalization (Fig. 2). Moreover, in the case
of the complete esophageal lumen recanalization, an en-
doscope with a diameter of 9-12 mm smoothly reached
the stomach. The complete esophageal lumen recanali-
zation allowing patients to swallow almost any food was
detected in 3 (20%) patients. The treatment effect in this
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Puc. 1.9Hp0doTorpadum nokanusoBaHHou GopMbl paka nuuieBoaa B pasinyHblie cpoku nocne OAT:

a — po nposeaeHus OAT;

6 — 4-ble cyTku nocne PAT;

B — Yyepe3 1 mec nocne OAT;
r — yepes 30 mec nocne AT

Fig. 1. Endophotographs of a localized form of esophageal cancer at various times after PDT:

a - before PDT;

6 — 4th day after PDT;

B — 1 month after PDT;
r — 30 months after PDT

patient population was supported by multi-course PDT.
During the study, one patient underwent a maximum of
6 PDT courses. Average survival duration of this patient
population was 28.2 months.

The partial esophageal lumen restoration after PDT
was observed in 10 (66.7%) patients. The restoration of
esophageal lumen was considered partial if its diameter
did not exceed 0.6-0.8 after recanalization. In addition,
an endoscope could be only passed beyond the area
of tumor-induced stenosis constrainedly or after an ad-
ditional bougienage procedure. After partial recanaliza-
tion, patients could swallow semiliquid or liquid food,
which corresponded to the 2nd and the 3rd degrees of
dysphagia. This group included patients with tumors lo-
cated in the upper third of the esophagus and those who
underwent PDT for recanalization before stent place-

ment. Average survival duration of this patient popula-
tion was 10.2 months.

The esophageal lumen recanalization procedure was
not effective in 2 (13.3%) patients of the second group:
after PDT and subsequent thermal destruction, the diam-
eter of the esophagus remained the same, an endoscope
could not be passed distal of stenosis, the patients’ abil-
ity to swallow food did not change. This group included
patients with tumor-induced stenosis of the upper third
of the esophagus with extension to the larynx.

Conclusion

Thus, PDT is a valid alternative to surgical resection
of the esophagus or endoscopic mucosa resection (EMR,
ESD) in patients with superficial esophageal cancer hav-
ing severe coexisting diseases as well as in patients with
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Puc. 2. dHagodoTorpacdun onyxoneBoro CTeHo3a NuLLeBoaa B pa3/iuiHble cpoku nocne ®AT:

a — po npoeeaeHus OAT;

6 - nocne ®AT;

B — 4-ble cyTKu nocne OAT;
r — yepes 1 mec nocne ®AT

Fig. 2. Endophotographs of tumor stenosis of the esophagus at various times after PDT:

a - before PDT;

6 — after PDT;

B — 4th day after PDT;
r — 1 month after PDT

advanced esophageal cancer with severe malignant
dysphagia. The use of PDT allowed for the full effect in
7 (100%) patients in the group with superficial (T1a-T1b)
esophageal cancer where PDT was an exclusive treat-
ment method or was combined with previously per-
formed radiation therapy. In the group of patients with
stenotic cancer, PDT was effective in 13 (86.7%) patients.
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Abstract

Currently, photodynamic therapy (PDT) remains the most effective treatment for actinic keratosis (AK). With the increase in the incidence of AK,
mainly due to the popularization of recreation in countries with increased insolation, there is an increasing interest in developing new methods
of diagnostics and treatment and improving the existing ones. Studies that are aimed at determining the final efficacy of PDT, taking into account
the resulting adverse reactions and long-term cosmetic results, are becoming increasingly popular. The nature of the light needed to excite a pho-
tosensitizer (PS) opens up new possibilities in the field of experimental studies that are aimed at reducing adverse reactions with similar efficacy
of the applied therapy.

In the review article, we presented the results of our own and foreign studies on the diagnosis and treatment of AK for 2017-2019, namely: we
determined the possibilities of using sources with natural and short-wave radiation at different depths of skin lesions; presented a classification of
the growth of AK in the basal layer of the epidermis, which increases the possibility of predicting the outcomes of the disease; showed the prevail-
ing efficiency of fluorescent diagnostics compared with traditional diagnostic methods; evaluated the advantages of PDT using natural light and
artificial sources of radiation; described the possibility of using a combination of drugs to increase the effectiveness of PDT in difficult to treat areas
and in AK foci with a high degree of damage to the basal layer of the epidermis.

Key words: actinic keratosis, keratinocytic intraepidermal neoplasia, squamous cell carcinoma in situ, photodynamic therapy, fluorescence diag-
nostics, photosensitizer, natural light, fotoditazin, aminolevulinic acid, cryosurgery.
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Peslome
B HacToALlee Bpema doToguHammuyeckan Tepanua (OAT) ABnAeTCA ofHUM 13 Hanbonee SGPEKTNBHBIX METOLOB JIEYEHNA aKTUHNYECKOro
kepato3sa (AK). Mo mepe pocTa nokasatenen 3a6onesaemoctut AK, rnaBHbIM 06pa3om, 13-3a NonynAapm3aunn oTabixa B CTpaHax C NnoBbi-
LIeHHOW NHcoNALMen, Bo3pacTaeT MHTepec K pa3paboTke HOBbIX 1 YCOBEPLIEHCTBOBAHMIO CYLLECTBYIOLWMX METOAO0B ANArHOCTUNKM 1 feye-
HuA. Bcé 6onee BocTpe6oBaHHBIMM CTaHOBATCA NCCNE[OBaHNSA, KOTOPbIe HanpaB/ieHbl Ha onpeaeneHne KoHeuHon sddekTnsHocTy OAT ¢
YUYETOM BO3HMKLUMX MOBGOYHbIX PeaKLMi 1 OTAANEHHBIX KOCMETUYeCKUX pe3ynbraToB. Mprpoga cBeTa, HEO6XOANMOro AA BO36YyXAeHNA
doToceHcnbunuzatopa (OC), oTKpbIBaeT HOBble BO3MOXHOCTM B 0611aCTV SKCMEPUMEHTaNIbHbIX UCCIel0BaHNI, KOTOPble HanpaBieHbl Ha
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CHVXKEHME YacTOTbl U CTENEHN BbIPaXKeHHOCTM NOBOUHBIX peakuuii NPy aHanornyHom 3dGeKTMBHOCTY NPUMeHAeMon Tepanun.

B 0630pHOIi cTaTbe NPMBOAATCA pe3ynbTaTbl COOCTBEHHBIX 1 3apyOexHbIX NCCNeAoBaHWI NO fuarHocTrke 1 nevexuto AK 3a 2017-2019
IT.: onpefeneHbl BO3MOXXHOCTU NMPUMEHEHUA UCTOYHUKOB C €CTECTBEHHBIM U KOPOTKOBOJIHOBBIM M3JTyYEHUEM MPW Pa3INYHON rnybuHe
NopaeHus KOXu; NpeAcTaBieHa Knaccndukaumsa pocta ouaroB AK B 6a3anbHOM ciioe annaepmnca, yBenndraoLlas BO3MOXHOCTb MPo-
rHO3MPOBaHWA NCXOA0B 3ab0NeBaHsA; MOKa3aHa NPeBanupyoLan 3HaUMMOCTb driyopecueHTHON anarHocTukn (Pf]) no cpaBHeHMIO C Tpa-
AULMOHHBIMU MeTofamMu 06cnefoBaHUsA; OLeHeHbl NpenmyllecTBa npumeHenna OAT ¢ ncnonb3oBaHWEM eCTECTBEHHOTO CBETa U UCKYC-
CTBEHHbIX NCTOYHUKOB O6JTyUYeHNs; ONMcaHa BO3MOXHOCTb MCMOJIb30BaHNA KOMOMHaALUM NpenapaToB AJiA NoBbllWeHNA 3GGEKTUBHOCTA
OAT Ha yuacTKax, N1I0X0 NoAAaloLUXcAneYeHmio, U B oyarax AK npu BbICOKOI CTENEHU NopaXXeHUA 6a3anbHOro c/ioa asnvaepmumca.
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Actinic keratosis (AK) is a precancerous disease of
skin epidermal layer that arises from chronic exposure to
ultraviolet radiation. The prevalence of AKis up to 8%, on
average, in people over 40 years and tends to increase
with age. It is known that in people with Fitzpatrick skin
type | and type ll, the risk of AK developing increases up
to 40% [1-3]. Actinic keratosis is accompanied by atypical
keratinocyte proliferation in the epidermis basal layer [4].

The relevance of the selected problem is determined
by the risk of AK foci malignancy in squamous cell skin
cancer. It is advisable to add the popularization of rec-
reation in countries with high insolation, as well as such
global problems of the modern population as obesity
and alcohol consumption [5, 6] to existing AK risk fac-
tors. It is worth noting that in some cases, keratino-
cyte intraepidermal neoplasia is prone to spontaneous
regression.

Obviously, a correctly chosen method of therapy and
an assessment of the disease prognosis are the key to suc-
cessful outcome of treatment. According to the research-
ers from the Ruhr University in Germany, the generally
accepted histological classification (KINI — KINIII) does
not determine the risks of malignancy of AK, so they
worked to determine the depth of skin lesion that arises
from keratinocyte intraepidermal neoplasia. According
to the results of the completed study, it was proposed to
identify the following types of AK foci growth:

- PRO | (crowding), characterized by the crowding of
atypical keratinocytes in the epidermis basal layer;

- PRO Il (budding) - budding of atypical keratino-
cytes in the upper papillary layer;

- PRO Il (papillary sprouting) — atypical papillary
keratinocytes sprouting in the upper dermis [8-9].

In the work of L. Schmitz and colleagues, it was
proved that the risk of SCRC (squamous cell skin cancer)
development depends on the AK foci growth pattern in
epithelium basal layer [10]. The malignant potential of

squamous carcinoma in situ involves early diagnosis and
treatment to reduce disability and mortality. There are
cases when it is difficult to carry out clinical and derma-
toscopic assessment of skin lesions. The article describes
2 clinical cases of SCRC, uncertainly estimated as AK. The
lack of the results of the therapy determined the con-
ducting of supportive study of the areas by fluorescent
diagnostics (FD) method, and the correct interpretation
led to the accurate diagnosis verification. The findings
of FD coincided with the results of a control histologi-
cal study. The authors recommend using a non-invasive
technique of confocal microscopy in the diagnosis of
doubtful areas, as well as in the case of progression of
neoplasia or in the absence of the response to the ther-
apy [10].

G. Pellacani and co-authors from the University of
Modena and Reggio Emilia arrived at similar conclu-
sions after analyzing the results of AK treatment using
confocal fluorescence microscopy after 5-fluorouracil
injection. According to the researchers opinion, FD is a
noninvasive alternative to the histological standard [12].

The objective of the authors’ research, carried out in
2018, was to study the safety and response to local appli-
cation of fotoditazin in AK photodynamic therapy (PDT).
The study involved 80 patients with AK, represented by
two experimental groups: treatment and control. The
first group consisted of 40 patients with 151 AK foci
(average age is 72 years). Figure 1 presents treatment
response by the method of application of fotoditazin
when exposed to PDT in given group of patients with AK.

The control group included 40 patients (average age
is 65 years) with 64 AK foci treated with liquid nitrogen
cryolysis, the results are shown in Fig. 2.

During PDT, the laser apparatus “LAMI” (OOO
Novyye Khirurgicheskiye Tekhnologii, Russia) was used.
0.5% fotoditazin gel (VETA-GRAND, Russia) was used
as a PS, having an absorption peak at 662 nm. Patients
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Puc. 1. Oyar aKkTMHMY€eCKOro KepaTo3a:
a — 10 nevyeHus;
6 — yepe3 3 mec nocne ®AT
Fig. 1. Case of actynic keratoses:
a — before treatment;
6 — 3 months after PDT

from treatment group received one PDT session after
two-hour application of fotoditazin gel with the follow-
ing irradiation parameters: light dose — 200 J/cm? power
density - 0.14-0.48 W/cm?. Patients from control group
underwent AK foci cryolysis with liquid nitrogen using
cryoprobe.

Two-year relapse-free survival in treatment group
was 92.5%, and 85% in control group. Assessment of
cosmetic results and adverse reactions of therapy was
carried out after 24 months by the presence and sever-
ity of such reactions as: hyperemia, exudation, scarring,
atrophy and indurations. For this, a visual analogue scale

(VAS) was used, in which the value of 0 mm was rated as
“very bad” and 100 mm - “very good”. Cosmetic results
were significantly higher after PDT (p<0.05) (Fig. 3), and
the frequency and severity of adverse reactions from
treatment were not statistically different.

In modern medicine, the qualitative and quantitative
characteristics of factors aimed at reducing adverse reac-
tions and improving the cosmetic results of therapeutic
correction are of strategic importance. To this end, PDT
AK studies are conducted abroad using various light
sources. In most foreign studies, aminolevulinic acid
(ALA) is used as a PS.

a

Puc. 2. Oyar akTMHM4Y4ECKOro KepaTtos3a:

a - [0 neyeHus;

6 — yepe3 3 Mec Nocne KPUOAECTPYKLUMU
Fig. 2. Case of actynic keratoses:

a — before treatment;

6 — 3 months after cryosurgery
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Fig. 3. Evaluation of cosmetic results in the main and control groups 24 months after the

treatment

E. Kohl and colleagues carried out a research at the
university hospital of Regensburg in Germany, which
studied the response to cryolysis and PDT with 5-ALA
when irradiated with natural light in the treatment of
AK foci. Researchers believe that PDT with 5-ALA has a
number of advantages over cryolysis, and the results of
their work can be used in the treatment and prevention
of AK[13].

A study on PDT with 5-ALA AK was published at
Wroclaw Medical University, where PS excitation was
performed with light of different wavelengths. The
results of the study were evaluated after 9 months,
the response to PDT with 5-ALA using red and green
light was 92% and 87%, respectively. According to the
authors, PDT with green light has the same response
as AK foci irradiation with red light, but has lower fre-
quency and pain severity [14].

The research work by P. Gholam and colleagues (Ger-
many) presented the use of red and blue light sources.
The authors determined response, tolerability, frequency
of adverse reactions and cosmetic results of treatment
with the most preferred sources of irradiation. PDT with
5-ALA AK was successful in 84% and 85% of cases, the
intensity of pain assessed by VAS was 6.1 and 5.4 mm,
respectively. According to the author’s group, both
sources of radiation demonstrate good results and can
be used in PDT with 5-ALA AK [14].

Recently, more and more foreign researchers prefer
the use of natural light in PDT with 5-ALA AK. For exam-

ple, at the Aristotle University (Greece), therapeutic AK
correction was performed by means of PDT with 5-ALA
using natural and artificial irradiation sources. The results
evaluated after 12 months after the treatment indicated
no significant difference in response to the therapy (72%
and 74%, respectively). At the same time, the researchers
note that in the course of the treatment, patients prefer
irradiation with natural light, due to the smaller number
of adverse reactions recorded [16].

At the same time, a work to treat actinic cheilitis with
natural light in PDT with 5-ALA was carried out in Rabin
Medical Center (Israel). The study completed by scien-
tists was highly valid, and the therapy was successful in
91% of cases [17].

The results of G.N. Galimberti work show high effi-
ciency of PDT with 5-ALA with natural light in the medici-
nal use of 5-ALA and 5-fluorouracil gels. PS was used in
concentrations of 16% and 5%. After 3 months, a regres-
sion of 9 affected foci occurred, which amounted up to
80% and 93%, respectively [18].

In the above works, the foci of keratinocyte intraepi-
dermal neoplasia were located in the following areas:
face, neck and shoulders. It is known that the treatment
of affected areas of such localization has a good thera-
peutic prognosis, while AK foci located on notal side of
the hands are difficult to treat. Scientists from the Uni-
versity of Copenhagen (Denmark) conducted a number
of studies in which they used a combination of 5-ALA
and 5-fluorouracil medications for the treatment of AK
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foci located on hands. The results of exposure to only
one 5-ALA showed significant response in 52% of cases,
and the use of a combination of two drugs increased
the response to the therapy to 63%. At the same time,
the intensity of pain and the frequency of occurrence of
skin erythema in different groups did not significantly
differ [19].

Thus, in the face of increasing time spent by the
population in the baking sun, combined with the
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risk factors for obesity and alcohol consumption,
the problem of AK epidemiology is becoming more
urgent. Currently, PDT is a global therapeutic vector
in the choice of an innovative AK treatment method.
To improve the qualitative and quantitative charac-
teristics of the response to the therapy and cosmetic
results, high compliance, as well as reduce adverse
reactions, both new PS and new PDT techniques are
being developed.
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Abstract

In the present publication, authors have analyzed the results of using sonodynamic and sono-photodynamic therapy with photosensitizing
agents of various classes (hematoporphyrin, 5-aminolevulinic acid, chlorin derivatives, etc.) in experimental oncology. In a number of in vitro and
in vivo studies, the high antitumor efficacy of the above treatment methods has been proven. Ultrasonic treatment with a pulse frequency of
1-3 MHz and an intensity of 0.7 to 5 W/cm?, independently and in combination with photo-irradiation of experimental tumors, can significantly
improve the cytotoxic properties of photosensitizers. This became the basis for testing the methods in patients with malignant neoplasms of var-
ious localizations. Scientists from South-East Asia presented the preliminary results of the use of sonodynamic and sono-photodynamic therapy
with photosensitizers in the treatment of malignant pathology of the mammary gland, stomach, esophagus, prostate, lung and brain. Analysis of
the obtained data indicates the absence of serious adverse events and an increase in the antitumor efficacy of treatment, which included these
treatment methods with chlorin-type photosensitizers.

Key words: sonodynamic therapy, sono-photodynamic therapy, photosensitizers, malignant tumors.
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COHOOANHAMUYECKASA U COHO-
POTOAMHAMUYECKAA TEPATNA B OHKOJ1OTHH

O.A. Uepkoeckun, E.J1. MNpotonoeuy, [1.C. Crynak
PecnybankaHCKui HayYHO-NPAKTUHECKMHM LIEHTP OHKOSIOTMM U MEAMLMHCKOM PAAMONOMMUM
mm. H.H. Anexcanaposa, Jlecnoin, Pecnybnuka benapycs

Pesiome

B npepcraBnaemoii ny6ankauuy aBTopamu Npov3BefeH aHann3 pesynbTaTtoB NPUMEHEHNA COHOANHAMMNYECKON 1 COHO-poTOoAMHaMMYe-
cKoW Tepanuu ¢ GOTOCEHCUOUNM3NPYIOLLIMMI areHTaMK PasNyHbIX KlaccoB (rematonopprpuH, 5-aMMHONEBYSIMHOBAA KUCIOTa, MPOV3BO-
[IHble XJI0pVHa 1 Ap.) B 9KCNepUMEHTaJIbHbIX UCCIeJOBaHUAX U KNMHUYECKOW OHKonoruu. B page in vitro v in vivo nccnegoBaHnii fokKasaHa
BbICOKasA NPOTNBOOMYyXoseBan 3GPeKTUBHOCTb YKasaHHbIX Bbllle METOAOB JIeYeHUA. YbTPa3ByKOBOE BO3[ENCTBME C YaCTOTOW MMMYNbCOB
1-3 MI4 ¥ UIHTEHCKMBHOCTbIO OT 0,7 0 5 BT/CM? B OTAENBHOCTU 1 B KOMBUHaLMK € $OTOOBYUEHVEM SKCMIEPUMEHTANTbHBIX OMYXOJei, NO3BO-
NAET CYLeCTBEHHO NOBbICUTb 3$GEKTUBHOCTb JleUeHA. ITO CTalo OCHOBOW /1A anpobaLn METOA0B Y NaLMeHTOB CO 3/10KaYeCTBEHHbIMU
HOBOOOGPa30BaAHUAMU PA3NNYHBIX TOKanU3auuii. YueHbiMu us ctpaH KOro-BoctouHoin A3un npepctaBneHbl npeaBapuTesibHble pesynbTaTbl
NPpVYIMEHEeHNA COHOANHAMNYECKON 1 COHO-POTOAMHAMUYECKON Tepanum ¢ poToceHCMOMIM3aTopamm B IeHeHNN 310KaYeCTBEHHOW NaToso-
T MONOYHOW Xenesbl, XenyfKa, N1lieBoaa, NpeAcTaTeNbHON »esesbl, IerkKoro 1 rojloBHOro Mo3sra. AHanv3 nosyYeHHbIX JaHHbIX CBUAe-
TeNbCTBYET 06 OTCYTCTBUW CEPbE3HbIX HeXenaTeNlbHbIX ABMIEHUI U NOBbILLEHVN MPOTUBOOMYX0eBON 3GPEKTUBHOCTU IeUeHNs, B KOTOpoe
6bInK BKNIOYEHDI aHHble MEeTOAbI SleYeHnA ¢ poToceHCMOMIM3aTopamm X10PMHOBOrO pAAa.

KnioueBble cnoBa: COHOAVHAMMYECKas Tepanus, COHo-poTogMHamuyeckan Tepanus, GoToceHcMbMnn3aTopsl, 3710Ka4eCTBEHHbIE HOBO-
obpa3zoBaHuA.
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Introduction

Currently, the possibility to use ultrasonic radiation
(US) as an antitumor agent is studied extensively. The
study of biological effects of ultrasonics with various
frequencies, intensities and durations of action showed
that US has a corresponding activity [1, 2].

According to some authors, US with a pulse rate of
0.5-3 MHz and an intensity of 0.5-5 W/cm? can increase
cytotoxicity of various chemotherapeutic agents associat-
ed with an increase in permeability of the cell membranes
and action of effects such as cavitation, hyperthermia and
sono-induced free-radical oxidation of the tumor cell bio-
logical structures [3-5]. The new specialty has been called
“sonodynamic therapy” (SDT), and such agents are com-
monly called sonosensitizers (SS). Radiosensitizers (dimex-
ide, metronidazole) and a number of chemotherapeutic
agents (bleomycin, adriamycin, cisplatin, etoposide, 5-flu-
orouracil, etc.) belong to the SS class in the first place [6, 7].

However, in the early 1990s, a research group from
Tokyo guided by T. Yumita [8] published the early results
confirming the high efficiency of SDT with a photosensi-
tizer (PS) hematoporphyrin.

In recent years, results of in vitro and in vivo studies
have been published showing great antitumor effects of
the proposed method in the treatment of various specific
forms of malignant tumors (breast cancer, lung cancer,
liver cancer, colorectal cancer, pancreatic cancer, soft tis-
sue sarcoma, skin melanoma, osteosarcoma, ascitic forms
of ovarian neoplasms, leukemias, gliomas [4, 9]). The key
findings of these studies are listed in Tables 1 and 2.

In a number of publications, authors provided data on
synergistic enhancement of the cytotoxicity of photosen-
sitizers on combined exposure of several physical factors
(ultrasonic and laser radiation) to a sensitized tumor cell
[1,4, 32-34]. This specialty was called sono-photodynamic
therapy (SPDT). The results of main studies using SPDT
with sonodynamic exposure are shown in Table 3.

The main mechanisms of SPDT

The antitumor sono-photodynamic effect is based
on reactions that develop:

1. during photodymamic therapy: - direct cytotoxic
effects due to free-radical oxidation of biological struc-
tures (Fig. 1) [43, 44];

- disturbance in the blood supply to the tumor tis-
sue due to damage to the endothelium of blood vessels
feeding the tumor (Fig. 1) [43-45];

- activation of components of the immune system
(Fig. 1) [43-45].

2. during sonodynamic therapy:

- physical processes (Fig. 2) [1, 2, 46];

- physicochemical processes (Fig. 2) [1, 2, 46];

- biological reactions (Fig. 2) [1, 2, 46].

The results of all the above reactions proceeding in
a tumor cell on combined exposure of photosensitizing

Tzerkovsky D.A., Protopovich E.L., Stupak D.S.
Sonodynamic and sono-photodynamic therapy In oncology

agents, ultrasonic and laser radiation are apoptosis, ne-
crosis and autophagy [1, 2, 43-46].

Apoptosis develops due to the action of sonodynam-
ic and photodynamic effects at a low radiation intensity,
while necrosis develops when high-intensity radiation
is used. In the former case, the triggering mechanism is
disruption of lysosomal and mitochondrial membranes
leading to the rapid release of mitochondrial cytochrome
Cinto cytosol followed by the apoptosome and procas-
pase-3 activation [1,2, 43-46]. In the latter case (specific
to photodynamic effects), the triggering mechanism is
damage to components of the tumor microvasculature
with the development of vascular stasis, thrombosis and
congestion. According to most authors, the key factor
triggering the necrosis process is the formation of an
increased concentration of Ca2+ ions in cytoplasm due
to disruption of mitochondrial membranes and endo-
plasmic reticulum. The above mentioned ions activate
cysteine proteinases - calpains - leading to the destruc-
tion of lysosomes and the release of lysosomal enzymes
(cathepsins) followed by the start of calpain-cathepsin
necrosis pathway driving tumor cell death [43, 44].

Clinical testing of SPDT in patients with malignant
tumors

A few authoring teams make the first attempts to use
SDT and SPDT in a clinical setting. Preliminary results have
been obtained showing the efficiency and safety of the
proposed method in the treatment of metastatic breast
cancer, head and neck tumors, colorectal cancer, lung tu-
mors, esophageal cancer, prostate tumors [33, 47-49].

T. Inui et al. reported on the successful follow-up of
a patient with terminal breast cancer with skin invasion
after previous surgical treatment (October 2011) treated
with Gc protein-derived macrophage-activating factor
(GCMAF; intramuscularly; 0.5 ml 2 times a week, 21 admin-
istrations), hormonotherapy with the aromatase inhibitor
Exemestane (Aromasin, 25 mg/day, orally) and 19 sessions
of SDT with chlorine e6 (25 mg/kg, intravenously) and
5-aminolevulinic acid (10 mg/kg, orally) photosensitizers.

In January 2013, the progression of the disease was de-
tected in the patient on the basis of suction biopsy data
with the development of corresponding clinical picture
(cough, pain, swelling right arm). The results of PET/CT
(June 2013) showed the presence of a metastatic tumor
of soft tissues in the axillary region, permeation along the
spinal cord, an intrapleural nodular tumor component
and metastatic pleurisy on the right side. After the conser-
vative treatment, the regimen of which is indicated above,
the PET/CT examination data (September 2013) showed
a significant decrease in the size of tumors in axillary and
intrapleural regions. Signs of metastatic pleurisy were not
detected. No serious adverse events were observed [48].

X.Wang et al. reported on the outcomes of treatment
of 3 patients with metastatic breast cancer treated using
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PoTopHHAMHIECKAN Tep ANH A
Photodynamic therapy

}

Kaerounsie peaknun

IToepeskenye HYKIEMHOBBIX KUCIOT, MOJYIALWA TP BOCCTAHORIEHNN
depmeHTOR 1 HeNKOR, pazpym eHMe KIETOYHBIX MeMOpaH B pezyibTare
OKMCIEHM, CHIDKEHVE B KIIETKE afIeHOZMHTPY) ochopHoii kucnoTs! u pH

Cell reactions
Damage to nucleic acids, modulation during the restoration of enzymes and
proteins, destruction of cell membranes as a result of oxidation,
a decrease in ATP and pH in the cell

}

OcTphie BOCHANHTENLHBIE PeAKIHH H
BBIIeIeHHe GHOIOTHIeCKH AKTHBHBIX MOJIEKY.T
TTOREIm €HME BHY TPUKIETOMHOrO yporHs Ca’™,
axTneaip pocdommmnazer C

Acute mflammatory reactions and
isolation of biologically active molecules
Increased intracelfular level of Ca®*, activation of phospholipase C

l

Bopexenne u 3dyexrni 35Kz anonA0B
Brijienenne apaxuiOHOEOH KMCIOTE] M CEAZAHHEBIE C 9TUM IIPOLIECCH]
Excretion and effects of eicosanoids
Arachidonic acid excretion and related processes

Bryenenne Apyrux MeJHATOPOB
Bripenenne rucrammsa u iproknHos (MJI-1, WII-2, TM-KC®, ®HO-¢)
Isolation of other mediators
Isolation of histamine and cytokines (IL-1, IL-2, GM-CSF, TNF-0)

l

Ilorpexaenne cOCYAOB H HAPYIIeHHE KPOBOTOKA
l_nnoxcvm M IIpEKpan €HNE ITOCTYIIIEHWA ITUTATENbHBIX ECH] €CTE

Damage to blood vessels and impaired blood flow
Hypoxia and cessation of nutrients

l

HEKPO3
NECROSIS

Puc. 1. MexaHu3m Hekpo3a npu AT (Goldman M.P., 2010)
Fig. 1. PDT-induced necrosis (Goldman M.P., 2010)

ViIb Tpa3ByKOBOE HITyUCHHE
Sonication
Viable tumor cells

ConoceHcHGHATOP. O;;a
Sonosensitizer Y {} 10, (cnurneTsbit

KHCI0pOT)
'0, (singlet oxygen)

Inepri
Energy
Conomonmicierin
3 .

Sonoluminescence 0, (rpunnerhbiit kitcnopox)

20, (triplet oxygen)

Sonosensitizer (exited state)
HesnstecriocoGHbie
omyxoensie KIeTki
Dead tumor cells
Anonros Ayrodarus

Apoptosis Autophagy
Ly e mpoiecchr > ! * * 3 DUSIHKO ~XHMHYECKHE TIPOLIECCH
** ** y Physical and chemical processes

HesmsnecriocoGuie
onyxoreBbie KIETKH

Buororieckhe npoteccs
Dead tumor cells

Biological processes

Puc. 2. MexaHU3Mbl, iexkaline B OCHOBE COHOAUHaAMUYECKON
Tepanuu
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the SPDT method with the Sonoflora 1 PS (chlorophyll
derivative, 30-60 mg, subglossally, 2-3 days). Photoradi-
ation was carried out in a low-intensity mode using laser
equipment with a radiation wavelength of 630 nm (light
dose was 36 J/cm? power density was 20 mW/cm? du-
ration was 30 min), ultrasonic treatment was conducted
with a frequency of 1 MHz and an intensity of 2 W/cm?
for 20 minutes. The therapy began 3-4 days after the PS
administration and lasted 3 days. The treatment was re-
peated every 1-2 weeks.

Patient 1 had the progressive breast carcinoma after
surgical treatment, chemoradiation therapy, Herceptin,
Zometa courses, etc. After 3 SDT sessions, the relief of
clinical symptomatology and the partial response were
detected (according to the data from PET/CT). Patients 2
and 3 had the progressive breast carcinoma with meta-
static lesions appearing in internal organs. After 2 SDT
sessions, the partial response were reported (according
to the data from PET/CT). 28 months after the treatment,
distant metastases were not detected [50, 51].

L. Q. Li et al. presented the first case of using SPDT
with the Sonoflora PS (subglossally, on the 1st and 2nd
day) in 7 patients with esophageal and gastric adenocar-
cinomas at the ASCO Annual Meeting in 2014. From the
4th to the 6th day, both the tumor growth zone and the
patient’s entire body were exposed to the photoradia-
tion and ultrasound. In 2 patients, no adverse reactions
were noticed. In 5 patients, there were adverse events of
the 1st and the 2nd grade (moderate pain, burns), which
were easily relieved. The complete regression rate was
42.8% (n=3), the partial regression rate was 42.8% (n=3),
and no effect was in 1 patient. The objective therapeutic
effect was 85% [49].

D. Murphy et al. from the Skills Laboratory RACS (Mel-
bourne, Australia) presented the results of the phase one
clinical trial using SPDT with the Radochlorin, Sonnelux
and Photosoft photosensitizers in the treatment of 66
patients with prostate cancer after the curative surgi-
cal treatment. The photosensitizers were administered
subglossally or orally 16-24 hours before the treatment.
Photoradiation parameters: the maximum power was 2 W,
the absorbed dose of light was 4000-5000 J. Ultrasound
parameters: 1 W. The treatment was conducted through
transrectal, transurethral and percutaneous approach-
es. The maximum session duration was 25 minutes. The
course of treatment included 3 procedures per week and
was repeated twice for 12 months. The morbidity was
1.5% (n=1 is an urethral stricture). The authors noted the
relief of clinical symptoms of the disease, the stabilisation
or reduction of PSA after 6 months, the decrease in pros-
tate volume and the absence of erectile dysfunction [52].

In 2009, J. N. Kenyon from The Dove Clinic (Hamp-
shire, England) published the outcomes of treatment of
115 patients with malignant tumors (n=31, breast cancer;
n=14, inoperable lung cancer; n=13, colon cancer; n=8,
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prostate cancer; n=6, ovarian cancer; n=6, lymphoma;
n=4, head and neck tumors; n=4, esophageal cancer;
n=3, cervical cancer, n=3, gliomas, etc.) using SPDT with
the Sonnelux-1 metallo-chlorine agent as a PS. The sub-
lingual administration of the PS was slow and lasted for
2-5 hours. Photoradiation was performed using lasers
with radiation wavelengths of 660 nm and 940+30 nm,
ultrasonic treatment was conducted with a pulse in-
tensity of 1 W/cm? The course of treatment included 3
sessions. The authors noted the high tolerability of the
method and the absence of serious adverse events. The
detailed description of findings upon survival criteria can
be found in the publication [33].

Zhang W. et al. published the results of the pilot study
involving the use of SPDT combined with chemotherapy
in the treatment of 12 patients with metastatic (brain, in-
ternal organs, bones) breast cancer. SF1, SFa and UF chlo-
rophyll derivatives were used as photosensitizing agents.
Ultrasonic treatment was conducted both in continuous
and pulsed modes with a pulse intensity of 1£10% MHz
and an intensity of 2 W/cm? for 20-40 minutes daily 4-6
days after the sublingual administration of the PS and
immersion of patients into a special water bath. The ra-
diation was supplied to both nidi and the patient’s entire
body from 125 specially designed ultrasonic applicators.
Photoradiation was carried out using laser equipment
in a low-intensity mode (A=554 nm, 45 mW/cm?) for 30
minutes daily. 9 of 12 patients received additional che-
motherapy treatment (according to standards of treat-
ment accepted in the research centre). The number of
SPDT courses was 1-4: 3 courses of SPDT in the mono
mode, 9 courses of SPDT + chemotherapy. The median
follow-up time was 34 months (9-68). Detected adverse
events corresponded to grades 1-3 (CTCAE, version 3.0):
weakness, pain in the nidus area, etc.). The therapeutic
response was observed in 75% of cases, the complete re-
gression rate was 16.7%, the partial regression rate was
58.3%, and the stabilisation was observed in 25% of cas-
es. The authors concluded that the inclusion of SPDT in
the comprehensive treatment regimen for patients with
metastatic breast cancer can improve the outcomes of

REFERE NCES
Escoffre J.M. and Bouakaz A.B. Therapeutic ultrasound. Switzer-
land, Springer, 2016. 459 p.

2. Ulashchik V.S., Chirkin A.A. Ultrazvukovaya terapiya [Ultrasound
therapy].Minsk, Belarus Publ., 1983. 254 p.

3. Couture O,, Foley J., Kassel N.F,, Larrat B., Aubry J.-F. Review of ultra-
sound mediated drug delivery for cancer treatment: updates from
pre-clinical studies, Transl. Cancer Res., 2014, vol. 3, no. 5, pp. 494-511.

4.  Costley D., McEwan C., Fowleym C., McHale A.P,, Atchison J., Nomi-
kou N., Callan J.F. Treating cancer with sonodynamic therapy: A
review,Int. J. Hyperthermia, 2015, vol. 32, no. 2, pp. 107-117.

5. NikolaevA.L., Gopin AV, Bozhevolnov V.E.,, Treshalina H.M., Andron-
ova N.V,, Melikhov LV, Filonenko E.V., Mazina S.E., Gerasimova G.K,,
KhoroshevaE.V., Mikhailoval.N., Demidov L.V., Bokhyan B.Yu., Kogan

treatment of this severe disease and expand the range of
therapeutic options [53].

During the study in our clinic, we tested the method
of intraoperative SPDT with the chlorine based PS in 15
patients with recurrent glioblastoma. Methodology:
the photolon solution was administered to patients via
IV infusion at a dose of 2-2.5 mg/kg 30 minutes before
the end of the surgery in the form of total or near-total
resection of the recurrent tumor. After the infusion, the
tumor bed was filled with 0.9% saline solution, then local
ultrasonic treatment was conducted with a pulse rate of
1 MHz and a radiation intensity of 1 W/cm? for 10 minutes
(Phyaction USTH 91, GymnaUniphy N.V,, Bilzen). At the
second stage after meticulous hemostasis, photoradia-
tion of the tumor bed and walls was performed at light
doses of 50-100 J/cm? using a laser apparatus generating
radiation with a wavelength of 660+5 nm (UPL-FDT, Imaf
Axicon, Belarus). The adverse reaction rate was 20% (n=2,
convulsive disorder; n=1, cerebral edema with the devel-
opment of hemiparesis and paresthesias). All adverse
events corresponded to grades 1-2 of the CTCAE criteria
(Version 4.0), were easily relieved and were not directly
related to the sono-photodynamic therapy. The median
overall survival of deceased patients was 23.1 months;
the median survival after SPDT was 8.2 months [54].

Conclusion

As indicated by results of the experimental studies in
cell culture and laboratory tumor-bearing animals pre-
sented in the literature, SPDT is an efficient option for an-
titumor treatment of various specific forms of malignant
tumors [35-42]. Currently, several research teams are tak-
ing the first steps in testing the method in a clinical set-
ting. The scientists from the South-East Asia presented
preliminary results of using SPDT with photosensitiz-
ing agents in the treatment of malignant lesions of the
breast, stomach, esophagus, prostate, lung and brain.
The analysis of the obtained data indicates the absence
of serious adverse events and increase in antitumor ef-
fects of the treatment regimens that have included SPDT
with chlorine based photosensitizers [48-54].
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In 2018, Russian radiology celebrated its 115th anniversary. The history began in 1903, along with the foundation of first Russian Department of
Radiation Oncology at the Institute named after Morozov (now P. Hertsen Moscow Oncology Research Center). For this event, staff of the FSBINMRRC of
the Ministry of Health of the Russian Federation and a number of other healthcare organizations prepared a series of op-ed articles on the development
and success of the clinical use of radiology in our country.

In this article, the authors propose to get acquainted with the history of the development of ray diagnostics in one of the largest Russian radiological
centers — A. TSYB MRRC. Since the foundation of the Institute of Medical Radiology, USSR Academy of Medical Sciences (IMR AMS USSR), academician
G.A. Zedgenidze organized a ray diagnostics service, that was one of the most advanced in those times in our country, both in terms of equipment
and qualifications of experts. Currently, Ray Diagnostics Department at A. Tsyb MRRC continues to bear a banner of one of the best in Russia. Modern
diagnostictoolsinstalled in the departments allow to detect neoplasms in the initial stage of development, which, on the one hand, ensures high response
to the therapy and relapse-free survival, and on the other hand, diagnosis of cases of negative changes of course of disease. In many respects, thanks
to the high qualification and well-coordinated work of the team of doctors, medical scientists from clinical and experimental sectors of the Center, the
existing methods are improved, new recommendations and protocols of ray diagnostics research are being developed and actively implemented.

“The scientist’s vision is limited to their instruments.”
Niels Bohr
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Ray diagnostics is one of the main and most frequently
used methods for oncology diseases diagnosis. The exis-
tence of cancer service and its further development with-
out diagnostic radiology methods is impossible. Radiolog-
ical methods are an important link in modern anticancer
therapy and are used to determine neoplasm localization,
its stage, and also to monitor response to the treatment.
In other words, the examination of patient as they admit
the medical institution begins with ray diagnostics and,
based on the results of imaging, the decision on discharge
is made.

The Institute of Medical Radiology, USSR Academy of
Medical Sciences (IMR AMS USSR) was created as the larg-
est oncological institute. 1962 is considered to be the year
of the institute foundation, since it was precisely that year
that the Order of the Minister of Health of the USSR of
September 1 on the organization of the Institute of Medi-
cal Radiology was issued, and the construction of the ex-
perimental sector building was completed. However, the
Decree of the CPSU Central Committee and the Council of
Ministers of the USSR on the construction of the institute
was adopted in August 1958, at the same time the Soviet
radiologist, academician of AMS USSR (1960) Georgy Ar-
temyevich Zedgenidze, was appointed to director of the
future Institute of Medical Radiology. In 1970, the Institute
was renamed to the Scientific Research Institute of Medi-
cal Radiology, and since 1992, the Medical Radiological
Research Center. Today it is A.F. Tsyb Medical Radiological
Research Center, which since 2014 is a branch National
Medical Research Radiological Center of the Ministry of
Health of the Russian Federation (as amended by the Min-
istry of Health of the Russian Federation Order of July 12,
2017 No. 427).

In the introduction of the textbook for students of
medical universities “On teaching radiology in medical
institutes” written by G.A. Zedgenidze in collaboration
with L.D. Lindenbraten, the authors note that “... the text-
book is made up taking into account the current level of
development of science and medical practice...” The intro-
duction states that medical radiology is divided into four
main sections: 1) general radiology; 2) X-ray diagnosis; 3)
radiologic diagnosis; 4) radiation therapy (radiotherapy).
In accordance with them, Department of Radiology in the
clinical sector of IMR USSR was created, which included
X-ray Diagnosis Department and Radiologic Diagnosis De-
partment. Department of Radiology was headed by G.A.

Zedgenidze, and Radiologic Diagnosis Department — M.N.
Fateeva.

Over time, medical diagnostic equipment was im-
proved and the Center installed new equipment, which
was based on modern physical methods of imaging,
therefore, since 2006, Department of Radiology has been
expanded and renamed to Ray Diagnostics Department
(Head is Z.N. Shavladze, Candidate of Medical Science).
The department has the following departments: X-ray
diagnosis, ultrasonic diagnosis (Professor V.S. Parshin), ra-
dionuclide diagnostics (G. A. Davydov, Candidate of Medi-
cal Science), computer-assisted diagnosis (N.K. Silantyeva,
Doctor of Medical Science) and MR imaging (Z.N. Shav-
ladze, Candidate of Medical Science).

However, despite the rapid development of modern
methods of ray diagnostics, classical X-ray apparatus have
the most widespread use. Traditional X-ray radiography
remains one of the popular methods, as before, although
more than 100 years have passed since its first use.

Since the foundation of the Institute, X-ray Diagnosis
Department has been part of the staff of the Department
of Radiology. From the very beginning of its organization,
the work was divided into several directions. Responsibil-
ity for X-ray diagnosis of respiratory diseases was assigned
to I.S. Amosov, with the direct participation of whom X-ray
stand “Rentpolygraph VRP-2/4" , designed to study the
function of the external respiration of a man, was devel-
oped. Thanks to .S. Amosov works, X-ray methods for
studying lungs and heart functional status were created,
methods of X-ray pneumopolygraphy and X-ray tetra-
graphy, which allow to simultaneously study both lung
tissue respiratory capacity and contribution of tidal vol-
umes to the gas exchange process, were developed and
implemented. The description of the developed methods
of X-ray diagnosis has been repeatedly published in sci-
entific journals and guidelines. The study of pathologies
of the gastrointestinal tract was headed by PV. Vlasov
- co-author of the monograph “Relief of the gastric mu-
cosa in health and disease.” Responsibility for the study
of the musculoskeletal system was assigned to M.D. Said-
ov, who published scientific articles on X-ray diagnosis of
bone neoplasms and congenital skeletal system defects
throughout his short work period. X-ray examinations of
urological and gynecological diseases were V.A. Kulikov
prerogative. He is a co-author of monographs and guide-
lines, the most important of which are: “X-ray examination
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of laboratory animals” , “Ray diagnostics and radiation
therapy of bladder cancer”, “Intravenous angiography in
kidney disease diagnosis, accompanied by hypertension”,
“Vesiculography for prostate cancer.”

In 1973, V.A. Kulikov was appointed to the Head of X-
ray Diagnosis Department, and I.S. Amosov became the
Head of the department.

A significant contribution to organization of Ray Diag-
nostics Department, its offices, provision of departments
with medical equipment, development and introduction of
new methods of X-ray examination of organs and systems
were made by professors I.S. Amosov, V.A. Kulikov, PV. Vla-
sov, P.M. Kotlyarov; Doctors of Medical Science Yu.G. Elas-
hov, B.M. Astapov, V.A. Degtyarev, PV. Zharkov; Candidates
of Medical Science N.V. Afanasova, Yu.N. Konstantinov.

As remembered by the Center staff, Yu. G. Elashov,
Doctor of Medical Science, helped employees of different
departments, not only radiologists, but also applicants
from the union republics in preparing and defending dis-
sertations during all the years of work at the Institute.

Under V.A. Kulikov, The staff of X-ray Diagnosis Depart-
ment issued more than 120 scientific publications, includ-
ing 2 monographs (in co-authorship), obtained 2 patents
for inventions. He was a dissertation advisor of 7 PhD the-
ses, that were defended.

Throughout the history of MRRC development, there
is a constant improvement in the existing methods and
introduction of new methods and devices for ray diagnos-
tics, which significantly expands the possibilities of imag-
ing. Today, one of the main tasks of diagnostic radiology is
the introduction of modern diagnostic methods and the
timely updating of medical equipment fleet.

Since 90s a new stage is beginning at the Medical
Radiological Research Center, connected with the intro-
duction of modern imaging methods. Under the Center
modernization programme, X-ray computed tomogra-
phy (CT) equipment was purchased and in 1991 a same-
name department was organized, which was headed by
N.K. Silantyeva, Candidate of Medical Science. Computed
Tomography Department is actively involved in scientific
work, scientific articles and monographs are published.

In 2006, a Magnetic Resonance Imaging (MRI) Depart-
ment was organized in the Center under the supervision
of Z.N. Shavladze, Candidate of Medical Science. Profes-
sor T.P. Berezovskaya, Doctor of Medical Science, has been
working in the Department since its foundation. Under
T.P. Berezovskaya, minimally invasive therapeutic and di-
agnostic interventions are being actively implemented
under the control of computed tomography (CT) and MRI,
MR-angiography sect is being developed.

The introduction and widespread use of modern im-
aging methods such as CT and MRI has expanded the pos-
sibilities of oncology diseases verification.

Radionuclide Diagnostics Department is of particular
historic importance in the activities of the entire Center.

Initially, the department was created as a laboratory of
radiologic research methods within Radiologic Diagnosis
Department, founded in 1962. The first Head of Radio-
logic Diagnosis Department was Professor M.N. Fateeva,
who stood at the very beginning of Russian radionuclide
diagnostics. Later, from 1969 to 1976, the department was
headed by Professor R.l. Gabunia; from 1976 to 1998 - Pro-
fessor E.G. Matveenko, and in 1998-2005. - G.A. Davydoyv,
Candidate of Medical Science. In 2005, the laboratory of
radiologic research methods became part of Ray Diag-
nostics Department and was renamed to Radionuclide
Diagnostics Department, which has been headed by G.A.
Davydov until now.

Professor M.N. Fateeva and her students gave a theo-
retical justification for the principles and methods of ra-
dionuclide diagnostics in various fields of medicine: endo-
crinology, oncology, gastroenterology, cardiology, pneu-
mology, uronephrology, osteology and others, which
were introduced into clinical practice along with the ex-
pansion of radioisotope diagnostics laboratories network
in the country.

An important feature radionuclide diagnostics devel-
opment in our Center is the constant conduct of experi-
mental and clinical research. Thanks to the activities of
the department, more than 60 methods of radionuclide
diagnostics were developed and improved, for the intro-
duction into clinical practice of which 50 medals of VDNKh
(All-Union Exhibition of Achievements of National Econo-
my) USSR were received, including 6 gold, 9 silver and 35
bronze. The results of scientific research papers of the de-
partment staff are summarized and published in the form
of 13 monographs, 7 collections, 25 guidelines and over
500 articles, 47 invention certificates were received. Over
the entire period of department’s activities, 10 doctors
and 35 candidates of science were trained, many of whom
became heads of institutes and laboratories in Russia and
CIS countries.

In recent years, employees have published more than
100 scientific articles, participated in writing of several
monographs and manuals.

Ultrasonic Diagnosis Department was founded in
1988 on the basis of existing Lymphangiography De-
partment due to the fact that by that time ultrasound to-
mographs made up a body of the diagnostic equipment.
In turn, the history of Lymphangiography Department
began on the basis of the group of lymphangiography,
which was organized and successfully supervised by A.F.
Tsyb. In Lymphangiography Department, X-ray semiotics
of neoplasms was and the processes of recurrence and
progression of malignant tumors after antineoplastic
therapy were studied, and the morphological and func-
tional changes that occurred after radiation and com-
bined therapy of cancer were determined. Methods for
the study of lymphatic system using various diagnostic
techniques were developed.
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A temporary international team of countries of the
Council for Mutual Economic Assistance on Lymphangiog-
raphy was formed and effectively worked on the basis of
the department; methods and devices for conducting lym-
phography were developed. Fundamental X-ray findings on
the anatomy and function of thoracic duct and other parts
of the lymphatic system were obtained. The technique of
total intravital microangiography was developed.

The following doctors successfully worked in the de-
partment: B.Ya. Drozdovsky, O.V. Nestayko, G.V. Chepelen-
ko, A.P.Kislitsyn, V.I. Strigunov, V.V. Yarzutkin, O.N. Ostapo-
vich, 1.Kh. Mukhamedzhanov, A.l. Dergachey, V.S. Parshin
and G.N. Grishin.

From 1988 to 2006, the former Director of MRRC,
Academician A.F. Tsyb, was the eternal Head of Ultrasonic
Diagnosis Department. He is the author and co-author of
over 500 scientific works, including 26 monographs. The
most important diagnostic works are the following: “Clini-
cal lymphography” , “Diagnosis and combined treatment
of rectal cancer” , “Guidelines for ultrasonic diagnosis of
diseases of abdominal organs and retroperitoneal space”,
“Ultrasonic tomography and targeted biopsy in diagno-
sis of pelvic tumors.” Under A.F. Tsyb, The department
strengthened and developed, new ultrasonic apparatus
were purchased. The era of ultrasonic diagnosis has begun
at the Center. First doctors worked at the department were
A.l. Dergachev, V.S. Parshin, I.Kh. Mukhamedzhanov, G.N.
Grishin, S.G. Shakhova.

After technogenic disaster at the Chernobyl Nuclear
Power Plant and release of radioiodine into the atmo-
sphere, it became necessary to carry out a screening sur-
vey of the population living in contaminated areas. Over
the 20-year period, more than 250,000 ultrasonic exami-
nations of thyroid gland were performed, and an organ
screening technology for early diagnosis was developed.
According to the results of the surveys, many scientific arti-
cles and monographs were published, the most important
of which is “Thyroid cancer. Ultrasonic diagnosis. Clinical
Atlas. On the basis of Chernobyl materials.” The research
results of the department were included in 2 reports that
were presented to the United Nations General Assembly
on the medical consequences of Chernobyl accident.

In 2006, Ultrasonic Diagnosis Department was headed
by Professor V.S. Parshin. On the basis of the department,
7 doctors and 32 candidates of medical science were
trained, 21 monographs were published.

At Ultrasonic Diagnosis Department, in addition to
the main work, screening surveys of the population of the
Bryansk and Kaluga regions continue under the Govern-
ment Contract of the Center with the Emergency Control
Ministry “The introduction of advanced medical technolo-
giesin the diagnosis and treatment of citizens with cancer”
and “Screening technology for thyroid gland malignant
diseases diagnosis.” To enhance practical significance
of studies and share experience, the department works

closely with doctors from Japanese universities in Naga-
saki and Fukushima.

Department of Laser and Photodynamic therapy was
founded in 1998. The Head of the department since its first
day until now is Professor M.A. Kaplan, Doctor of Medical
Science. Under Professor Kaplan, work is underway to
study the impact of laser irradiation on biological objects,
the development of new laser therapy equipment and
photosensitizers for photodynamic therapy, the creation
and subsequent introduction into clinical practice of new
methods of laser irradiation. A new sect of laser medicine
is being developed in the department - photodynamic
therapy and fluorescent diagnostics, which are effectively
used to diagnose and image foci of skin neoplasms and
mucous membranes. The use of domestic alasens and
photolon photosensitizers allows the use of the following
test — fluorescence spectroscopy with additional imag-
ing of skin tumor lesions. Present test helps to determine
boundaries of tumor lesion, which makes it possible to
conduct a more definitive course of treatment and reduce
the number of so-called marginal recurrences. In the pro-
cess of diagnostics, it is possible to reveal hidden lesions,
as well as monitor the content of medication in skin, the
course of the treatment and assess the duration of skin
phototoxicity period. The work of the department is car-
ried out in clinical and experimental sects, according to
its results, methods of treatment and diagnosis of skin
and mucous membranes masses have been developed.
The department works closely with the Kaluga branch of
S.N. Fedorov NMRC MNTK “Eye Microsurgery” in the field
of of development of fluorescent diagnostics and therapy
methods in ophthalmology. In addition, photodynamic
therapy is used in the treatment of cancer of oral musoca,
lower lip, lung, esophagus, stomach and vulva.

In 2018 at A. Tsyb MRRC, Department of X-ray Surgi-
cal Diagnostic and Treatment Methods was opened under
the supervision of V.V. Kucherov, Candidate of Medical Sci-
ence. Chemoembolization and radioembolization of liver,
unique surgeries for Russia, are performed here. Radioem-
bolization in the treatment of liver cancer and metasta-
ses is carried out using domestic microspheres based on
yttrium-90 radionuclide.

The introduction of MRRC into the united Center repre-
sented by FSBI NMRRC of the Ministry of Health of the Rus-
sian Federation expanded the possibilities of introducing
into our clinical practice the results of our basic research,
opening up new ways to successfully sort out current
problems of development and high-quality application of
new methods of therapeutic radiology.

The improvement of existing methods, the conduct
of experimental and scientific research within the walls of
MRRC that promote the introduction of new protocols of
ray diagnostics into clinical practice, reinforce the signifi-
cance and effectiveness of diagnostic radiology in cancer
service.
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Press release of the V International Winter School “Photodynamic therapy and photodiagnostics”

PRESS RELEASE of the
V INTERNATIONAL WINTER SCHOOL
“PHOTODYNAMIC THERAPY
AND PHOTODIAGNOSTICS”

From 11 to 15 February 2019, the V International Winter School, traditionally devoted
to the use of photodynamic therapy (PDT) and fluorescent diagnostics (FD) in practice, was held
on the basis of P. Hertsen Moscow Oncology Research Center and Prokhorov GPI RAS. The school was
organized by Russian Photodynamic Association, FSBI NMRRC of the Ministry of Health
of the Russian Federation, FSAEI HE National Research Nuclear University MEPhI
and Federal Publicly Funded Institution of Science Prokhorov GPI RAS.

The winter school on fluorescent diagnostics and
photodynamic therapy has widely established itself as
a research and practice event for students, postgradu-
ates, research scientists, physicists and medical special-
ists working in the field of medical photonics and who
want to improve their knowledge and practical skills.

In 2019, more than 80 specialists from the Cen-
tral (Moscow, Obninsk, Tula) and the North Caucasus
(Makhachkala) federal districts of the Russian Federa-
tion took part in the winter school. Among the partici-
pants were representatives of the following scientific
areas: oncology, surgery, dermatology, urology, endos-
copy, pharmacology, biology, biophysics, biochemistry,
veterinary science. Specialists from practicing medical
organizations (clinical oncology dispensary of Moscow
and Tula, the Republican Clinical Hospital of Makhach-
kala, the Republic of Dagestan, State Budgetary Health-
care Institution Family Planning and Reproductive
Moscow Health Department, Clinic of Modern Medical
Technologies (KST-group), State Budgetary Healthcare
Institution The Moscow State Public Health Institu-
tion of Health Moscow Scientific and Practical Center
for Dermatovenerology and Cosmetology of Moscow
City Health Department; scientific research institutes
(P. Hertsen Moscow Oncology Research Center and A.F.
Tsyb MRRC - branches of FSBI NMRRC of the Ministry
of Health of the Russian Federation, NIOPIK SSC FSUE,
National Research Nuclear University MEPhI, Prokhorov
GPI RAS); business (LLC “Veta-Grand”, LLC “Company
OPT-MMOL") and educational centers (Pirogov Rus-
sian National Research Medical University, FSAEI HE
National Research Nuclear University MEPhI).

The program of the winter school consisted of lec-
tures and seminars. Part of the classes was conducted in
a joint mode, for medical specialists and physicists the
other part was divided by specialties.

The program of the school’s lecture sessions a
wide range of issues was discussed, including analyz-

ing the market for Russian photosensitizers, develop-
ing and testing new photosensitizers (including from
those made of natural raw materials), instruments and
tools for conducting PDT and FD. Special attention was
paid to modern development directions and the lat-
est achievements of PDT and FD, as well as promising
approaches in clinical practice. Lectures were given
by leading Russian and foreign experts in the field of
photodynamic therapy and photodiagnostics. Among
others the following messages were read: “Russian
photosensitizers in clinical practice”, “Targeted pho-
tosensitizers based on porphyrins, chlorins and their
metal complexes”, “Photosensitizers based on natural
pigments”, etc. Some reports were presented in English
(“Immunological aspects of PDT"). Upon registration all
participants were provided with the materials, includ-
ing guide on photodynamic therapy.

In the framework of skills building session, students
were introduced to device and operating principles of
the equipment for FD and PDT of various localizations,
with the peculiarities of their use in laboratory and
clinical conditions. Specialists had the opportunity to
get acquainted with the methodology of fluorescence
microscopy, as well as work of a video fluorescence ana-
lyzer, installations for determining the concentration
of photosensitizer in vivo, and other equipment. Also,
seminars included the analysis of private clinical cases
of the use of PDT and FD in practice.

During breaks students of the school had the
opportunity to ask lecturers and class leaders questions
of their interest, clarify technical details and features of
the use of specific photosensitizers, devices and meth-
ods.

Listeners noted the high level of reports and skills
building session at the School. A large number of ques-
tions asked and the interest shown to the event reflect
the relevance and practical significance of conducting
such educational programs.

PRESS RELEASES

BIOMEDICAL PHOTONICS T.8,N22/2019

51



