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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+Ozone+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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Резюме
Фотодинамическая терапия – эффективный метод инактивации бактериальных биопленок, основанный на сочетании воздействий 
светового излучения, фотосенсибилизатора и кислорода. Цель данного исследования – определение эффективности лазерного облу-
чения в сочетании с озоном при добавлении экзогенного хлорофилла для инактивации биопленки Staphylococcus aureus (S. aureus). 
Хлорофилл был извлечен из листьев растения Dracaena angustifolia. В ходе исследования на образцах биопленки S. aureus оценива-
лась антибактериальная активность каждого фактора в отдельности (лазерное излучение, озон, хлорофилл) и нескольких их сочета-
ний (хлорофилл + лазерное облучение; озон + лазерное облучение; хлорофилл + озон + лазерное облучение). Полученные данные 
были проанализированы с использованием теста ANOVA. Анализ результатов исследования показал, что комбинированная обра-
ботка озоном в течение 20 с в присутствии хлорофилла с последующим облучением в течение 4 мин снизила активность биопленок 
на 80,26%, показав самую высокую эффективность среди всех тестируемых групп. Для повышения эффективности фотодинамической 
терапии бактериальных биопленок рекомендуется использовать комбинацию лазерного излучения с хлорофиллом и озоном.



BIOMEDICAL PHOTONICS    Т. 8, № 2/2019

O
R

IG
IN

A
L 

A
R

TI
C

LE
S

5

Astuti S.D., Drantantiyas N.D.G., Putra A.P., Puspita P.S., Syahrom A., Suhariningsih S.
Photodynamic effectiveness of laser diode combined with ozone to reduce Staphylicoccus aureus biofilm  
with exogenous chlorophyll of Dracaena angustifolia leaves

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 (H2O2) 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 I and II 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/cm2, 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 H2O2 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 37oC until bacterial colonies 
reached ~108 CFU/mL or 1.0 McFarland Standard. 100µL 
of bacteria culture was placed on 96-well microplates 
and 20 µL 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. 100µL 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 µL 
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 put into 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. 

Ключевые слова: антибактериальная фотодинамическая терапия, лазерное облучение, озон, хлорофилл, золотистый стафилококк, 
биопленка.
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Fig. 1. Apparatus set-up of light and ozone source (a) and microcontroller block diagram (b)
Рис. 1. Схема источника света и озона (a) и блоковая диаграмма микроконтроллера (b)

а

б
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The apparatus consists of a controller and laser module. 
The laser diode was previously characterized as having 
λ = 399.81 ± 15.11 nm and Pout = 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 O3 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+Ozone+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 μl 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].

Biofilmreduction
control treatment

control
x=

∑ −∑( )
∑

100 (1)

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 (Rf) 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 
Rf has a valid value ranging from 0.2 to 1 which shows 
molecular polarity. Pigments of Chlorophyll-α obtained 
from D. angustifolia leaves extract showed 0.24 Rf value 
thus had low polarity.

Table 1
Design of sample treatments to reduce S. aureus biofilm
Таблица 1
Типы воздействия на образцы с целью уменьшения биопленок S. aureus

Sample 
Treatments

Воздей-
ствие на 
образцы

Chlorophyll
Хлорофилл

Ozone
Озон

Light Source
Источник света

Volume (μL)
Объем 
(мкл)

Concentration (ppm)
Концентрация 

(ppm)

Exposure time (s)
Время воздей-

ствия (с)

Concentration 
(mg/L)

Концентрация 
(мг/л)

Irradiation Time 
(min)

Время облуче-
ния (мин)

Energy Density 
(J/cm2)

Плотность 
энергии (Дж/

см2) 
Chlo

Хлорофилл 20 1.6 – – – –

Ozone
Озон

– – 20 3x10–3 – –

– – 40 5x10–3 – –

– – 60 1x10–2 – –

Laser
Лазер

– – – – 1 4.35
– – – – 2 8.69

– – – – 3 13.04

– – – – 4 17.39

– – – – 5 21.74
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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 

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+Ozone 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-α 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 

Table 2
Result of thin layer chromatography of D. angustifolia leaves extract
Таблица 2
Результат тонкослойной хроматографии экстракта листьев D. Angustifolia

Fraction (color)
Фракция (цвет) 

Retention factor (Rf )
Фактор удерживания (Rf)

Pigments
Пигменты

Solvent 
PE*: acetone

Растворитель 
PE*:ацетон (8:2)

Solvent 
PE*: acetone

Растворитель 
PE*:ацетон (9:1)

Solvent 
PE*: acetone

Растворитель 
PE*:ацетон (8.5:1.5)

Solvent 
PE*: acetone

Растворитель 
PE*:ацетон (8:2)

Yellow
Желтый

1 – – –
Beta-carotene
Бета-каротин

Gray
Серый

0.6039 0.1625 0.4875 0.6041
Pheophytin a
Феофитин a

Yellow brown
Желто-коричневый

0.4950 0.0875 0.3125 0.50
Pheophytin b
Феофитин b

Blue green
Сине-зеленый

0.2476 – 0.15 0.2375
Chlorophyll a
Хлорофилл a

Yellow green
Желто-зеленый

0.1818 – 0.0875 0.175
Chlorophyll b
Хлорофилл b

* Petroleum ether
* Петролейный эфир

Fig. 2. The absorption spectrum of the Dracaena angustifolia 
leaves extract
Рис. 2. Спектр поглощения экстракта листьев Dracaena 
angustifolia
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to 1. PE and acetone (8:2) solvent had Rf 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 λ = 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 H2O2, whereas an organism (includ-
ing animal, plant, and microbe) contains a protein that 
degrades H2O2 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 II) and free radicals 
(type I). Photochemical type I 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 II 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 H2O2 are formed 
[26]. H2O2 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 H2O2 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, 

Fig. 3. The experimental results of the Laser group. Symbols * and 
** show the significance level of p<0.05 and p>0.05, respectively
Рис. 3. Экспериментальные результаты по группе образцов 
с лазерным воздействием. Символы * и ** указывают на уро-
вень значимости р<0,05 и р>0,05, соответственно

Fig. 4. Treatment results in the ozone and Laser groups. Symbol * and 
** show the significance level of p<0.05 and p>0.05, respectively
Рис. 4. Результаты в группах образцов с воздействием озо-
ном и лазером. Символы * и ** указывают на уровень значи-
мости р<0,05 и р>0,05, соответственно

Fig. 5. The result of the Ozone treatment to be applied with 
Laser the addition of chlorophyll. Symbol * and ** showed the 
significance level of p<0.05 and p>0.05, respectively
Рис. 5. Результаты в группах образцов под воздействием озоном 
и лазером с добавлением хлорофилла. Символы * и ** указы-
вают на уровень значимости р<0,05 и р>0,05, соответственно
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Fig. 6. The mechanisms of PDI treatment: (a) Ozone produces H
2
O

2
 in the biofilm surrounding that diffuses into the cytoplasm; (c) 

Samples with chlorophyll separated into 2 treatments; (d) Ozone produces a toxic molecule (H
2
O

2
); (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
Рис. 6. Механизмы фотодинамической инактивации: (a) Озон производит H

2
O

2
 в окружении биопленки, который диффундирует 

в цитоплазму; (c) Образцы с хлорофиллом разделены в 2 типа воздействия; (d) Озон производит токсичную молекулу (H
2
O

2
); (e) 

и (g) лазерное воздействие может уничтожить внеклеточный матрикс (EPS) и привести к росту количества токсичных молекул за 
счет фотохимической реакции.
Примечание: IC: внутренняя конверсия, ISC: межсистемный переход, Sn: синглетные состояния, Tn: триплетные состояния, ET: 
перенос энергии; (b), (f), (h) токсичная молекула вызывает окислительный стресс в биопленке
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Table 3
The mechanisms PDI
Таблица 3
Механизмы фотодинамической инактивации

Reactions
Реакции

Ref.
Ссылка

Ozone
Озон R-CH=CH-R’ + O3 + H2O → R-CH=O + R’-CH=O + H2O2 [14]

Photophysics
Фотофизика

PS + hν → 1PS*

1PS* → 3PS* [25]

Photochemical Type I
Фотохимическая реакция Тип I

3PS* + 3PS* → PS+ • + PS– •

PS– • + 3O2 → PS + • –O2 [19]
Photochemical Type II
Фотохимическая реакция Тип I

3PS* + 3O2 → PS + 1O2

Generation of ozone
Генерация озона

• –O2 + • –O2 + 2H+ → 1O2 + H2O2

H2O2 + • –O2 → 1O2 + HO•+ OH–

1O2 + H2O → H2O3 →1 2O  H2O2 + O3

[26]

Catalase
Каталаза H2O2 + H2O2 → O2 + 2H2O [24]
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Fig. 7. Microscopic image of Staphylococcus aureus cells treated with laser, chlorophyll and ozone (×100000 magnification). (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
Рис. 7. Микроскопическое изображение клеток Staphylococcus aureus после воздействия лазеров, хлорофиллом и озоном (уве-
личение ×100000). (a) Здоровая клетка, (b) Воздействие активных форм кислорода (включая синглетный кислород, перекись 
водорода и супероксидный анионный радикал) на клеточную мембрану может привести к значительным повреждениям, (c) 
Повреждение клеточной мембраны частично приводит к непосредственному взаимодействию с токсичными молекулами, (d) 
Клеточные органеллы полностью открыты ввиду потери клеточной мембраны

a

c

b

d

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-

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 II reactions occur, in the 

Astuti S.D., Drantantiyas N.D.G., Putra A.P., Puspita P.S., Syahrom A., Suhariningsih S.
Photodynamic effectiveness of laser diode combined with ozone to reduce Staphylicoccus aureus biofilm  
with exogenous chlorophyll of Dracaena angustifolia leaves
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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 (• –O2) and singlet oxygen (1O2) are formed. 
Each chlorophyll molecule produces approximately 
103–105 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 

method to detect H2O2 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.

We would like to express our gratitude to Directorate 
General Higher Education (DGHE) of Indonesia for financial 
support in this research with number 43 / E / KPT / 2017.
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Резюме
Воспалительные заболевания пазух носа – одна из самых распространенных нозологий с хорошо изученным патогенезом в практике 
оториноларинголога. Для ее лечения разработаны подробные рекомендации, следование которым, однако, не всегда позволяет полно-
стью предотвратить переход заболевания в хроническую форму или возникновение рецидивов. Антимикробная фотодинамическая 
терапия (ФДТ) – перспективный метод лечения синуситов, уже доказавший свою эффективность, но еще не получивший широкого рас-
пространения в клинической практике. В работе описан опыт применения нового источника облучения на основе лазерных диодов, 
предназначенного для проведения ФДТ хронических синуситов с препаратами хлорина е6. Для ранее прооперированных пациентов 
разработана и апробирована насадка для проникновения в пазуху через соустье. I-ой группе пациентов ФДТ проводили по общеприня-
той схеме с использованием лазера с длиной волны 662 нм, для облучения II-ой группы применяли источник облучения с длиной волны 
405 нм. При ежедневном промывании носовой пазухи сроки купирования воспаления (оценивали по отсутствию патологического отде-
ляемого при промывании) для пациентов I-ой группы составили в среднем 3,8 сут, а у пациентов II-ой группы – в среднем 5,4 сут. Прове-
ден сравнительный анализ результатов лечения, которые оценивали клинически и рентгенологически на момент выписки и через 1 мес. 

Ключевые слова: хронический синусит, антимикробная фотодинамическая терапия, диодный лазер. 

Для цитирования: Попова Г.П., Накатис Я.А., Рымша М.А. Сравнение эффективности фотодинамической терапии при использовании 
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10.24931/2413–9432–2019–8–2–14–18
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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 e6 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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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 regularly 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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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.

Рис. 1. Комплекс на основе диодных лазеров и светодиодных 
излучателей «ШАТЛ-Комби ИК+»:

1. графический дисплей с пультом управления
2. ручка регулировки
3. кнопка старт/стоп
4. излучатель
5. блок управления

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

Рис. 2. Насадка для верхнечелюстной пазухи
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 

Таблица
Сроки купирования воспалительного процесса (появление чистых промывных вод) после сеанса фотодинамической те-
рапии
Table
Terms of the inflammatory process relief (the appearance of clean washing water) after a session of photodynamic therapy

Количество суток до появления 
чистых промывных вод

Days before the appearance of clean 
washing water

Число пациентов с полностью купированным воспалительным процессом
The number of patients with fully arrested inflammatory process

I группа (n=9)
Group I (n=9)

II группа (n=13)
Group II (n=13)

Абс
Abs

%
Абс
Abs

%

3 4 44,5
4 4 44,5 2 15,5
5 5 38,4
6 1 11 5 38,4
7 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 

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.1, Polezhaev А.А.3, Apanasevich V.A.3, Gurina L.I.1, Volkov M.V.1, 
Tarasenko A.Yu.1, Filonenko E.V.2
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Резюме
Фотодинамическая терапия (ФДТ) является достойной альтернативой хирургической резекции пищевода и эндоскопической резек-
ции или диссекции слизистой (EMR, ESD) у пациентов с поверхностным раком пищевода при наличии у них тяжелых сопутствующих 
заболеваний, а также у пациентов с распространенной формой рака пищевода при выраженной злокачественной дисфагии. Больные 
поверхностным (7 человек) и стенозирующим (15 человек) раком пищевода получали ФДТ в качестве самостоятельного лечения, а 
также в качестве дополнения к комплексной терапии. В качестве фотосенсибилизатора применяли препарат радахлорин в дозе 0,6–
0,8 мг/кг, который внутривенно вводили пациентам за 3 ч до начала облучения. Сеанс ФДТ проводили с использованием лазера с дли-
ной волны 662 нм. Световая доза составила 150-300 Дж/см2. Применение ФДТ позволило достичь полного эффекта у 7 (100%) паци-
ентов в группе с поверхностным (Т1а-Т1b) раком пищевода, где ФДТ применяли как единственный метод лечения или в сочетании с 
лучевой терапией. В группе пациентов со стенозирующим раком с помощью ФДТ удалось добиться полного восстановления питания 
после реканализации у 20% больных, частичного – у 66,7%. Таким образом, у 86,7% пациентов было восстановлено полноценное 
естественное питание, что значительно улучшило качество их жизни. ФДТ является методом выбора при лечении злокачественных 

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/cm2. 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.
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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, 5]. 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,bN0M0) 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 

новообразований верхних отделов пищевода, так как стентирование пищевода в данной ситуации может вызвать нежелательные 
субъективные ощущения. 

Ключевые слова: фотодинамическая терапия, рак пищевода, радахлорин.
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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.I. 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/cm2. 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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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 

Рис. 1.Эндофотографии локализованной формы рака пищевода в различные сроки после ФДТ:
а – до проведения ФДТ;
б – 4-ые сутки после ФДТ;
в – через 1 мес после ФДТ;
г – через 30 мес после ФДТ

Fig. 1. Endophotographs of a localized form of esophageal cancer at various times after PDT:
а – before PDT;
б – 4th day after PDT;
в – 1 month after PDT;
г – 30 months after PDT

а

в

б

г
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Рис. 2. Эндофотографии опухолевого стеноза пищевода в различные сроки после ФДТ:
а – до проведения ФДТ;
б – после ФДТ;
в – 4-ые сутки после ФДТ;
г – через 1 мес после ФДТ

Fig. 2. Endophotographs of tumor stenosis of the esophagus at various times after PDT:
а – before PDT;
б – after PDT;
в – 4th day after PDT;
г – 1 month after PDT

а

в

б

г

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 (Т1а-Т1b) 
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. 

In 3 (20%) of them, the esophageal lumen was complete-
ly restored, while in 10 (66.7%) of them, it was partially re-
stored, which enhanced the quality of life and increased 
the survival duration of this patient population. PDT is 
also a treatment method chosen for cancer of the upper 
esophagus since esophageal stenting can cause undesir-
able subjective sensations.
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Резюме
В настоящее время фотодинамическая терапия (ФДТ) является одним из наиболее эффективных методов лечения актинического 
кератоза (АК). По мере роста показателей заболеваемости АК, главным образом, из-за популяризации отдыха в странах с повы-
шенной инсоляцией, возрастает интерес к разработке новых и усовершенствованию существующих методов диагностики и лече-
ния. Всё более востребованными становятся исследования, которые направлены на определение конечной эффективности ФДТ с 
учётом возникших побочных реакций и отдалённых косметических результатов. Природа света, необходимого для возбуждения 
фотосенсибилизатора (ФС), открывает новые возможности в области экспериментальных исследований, которые направлены на 

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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Actinic keratosis (AK) is a precancerous disease of 
skin epidermal layer that arises from chronic exposure to 
ultraviolet radiation. The prevalence of AK is 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 I and type II, 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 I (crowding), characterized by the crowding of 
atypical keratinocytes in the epidermis basal layer; 

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

– PRO III (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 
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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 

снижение частоты и степени выраженности побочных реакций при аналогичной эффективности применяемой терапии.
В обзорной статье приводятся результаты собственных и зарубежных исследований по диагностике и лечению АК за 2017–2019 
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from treatment group received one PDT session after 
two-hour application of fotoditazin gel with the follow-
ing irradiation parameters: light dose – 200 J/cm², power 
density – 0.14–0.48 W/cm². 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. 
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Рис. 1. Очаг актинического кератоза:
а – до лечения;
б – через 3 мес после ФДТ

Fig. 1. Case of actynic keratoses:
a – before treatment;
б – 3 months after PDT

Рис. 2. Очаг актинического кератоза:
а – до лечения;
б – через 3 мес после криодеструкции

Fig. 2. Case of actynic keratoses:
a – before treatment;
б – 3 months after cryosurgery

а

а

б

б
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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 

Рис. 3. Оценка косметических результатов в основной и контрольных группах через  
24 мес после лечения
Fig. 3. Evaluation of cosmetic results in the main and control groups 24 months after the 
treatment

Reshetov I.V., Fatyanova A.C., Babaeva Yu.V., Gafarov M.M., Ogdanskaya K.V., Suhova T.E., 
Korenev S.V., Denisenko M.V., Romanko Yu.S.

Modern aspects of photodynamic therapy of actinic keratoses



BIOMEDICAL PHOTONICS    Т. 8, № 2/2019

O
R

IG
IN

A
L 

A
R

TI
C

LE
S

29

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 

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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СОНОДИНАМИЧЕСКАЯ И СОНО-
ФОТОДИНАМИЧЕСКАЯ ТЕРАПИЯ В ОНКОЛОГИИ 

Д.А. Церковский, Е.Л. Протопович, Д.С. Ступак
Республиканский научно-практический центр онкологии и медицинской радиологии  
им. Н.Н. Александрова, Лесной, Республика Беларусь

SONODYNAMIC AND SONO-PHOTODYNAMIC THERAPY 
IN ONCOLOGY
Tzerkovsky D.A., Protopovich E.L., Stupak D.S.
N.N. Alexandrov National Cancer Centre of Belarus, Lesnoy, Republic of Belarus

Резюме
В представляемой публикации авторами произведен анализ результатов применения сонодинамической и соно-фотодинамиче-
ской терапии с фотосенсибилизирующими агентами различных классов (гематопорфирин, 5-аминолевулиновая кислота, произво-
дные хлорина и др.) в экспериментальных исследованиях и клинической онкологии. В ряде in vitro и in vivo исследований доказана 
высокая противоопухолевая эффективность указанных выше методов лечения. Ультразвуковое воздействие с частотой импульсов 
1–3 МГц и интенсивностью от 0,7 до 5 Вт/см2 в отдельности и в комбинации с фотооблучением экспериментальных опухолей, позво-
ляет существенно повысить эффективность лечения. Это стало основой для апробации методов у пациентов со злокачественными 
новообразованиями различных локализаций. Учеными из стран Юго-Восточной Азии представлены предварительные результаты 
применения сонодинамической и соно-фотодинамической терапии с фотосенсибилизаторами в лечении злокачественной патоло-
гии молочной железы, желудка, пищевода, предстательной железы, легкого и головного мозга. Анализ полученных данных свиде-
тельствует об отсутствии серьезных нежелательных явлений и повышении противоопухолевой эффективности лечения, в которое 
были включены данные методы лечения с фотосенсибилизаторами хлоринового ряда.

Ключевые слова: сонодинамическая терапия, соно-фотодинамическая терапия, фотосенсибилизаторы, злокачественные ново-
образования. 
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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/cm2, 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.
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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/cm² 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 

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 
C into 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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Рис. 1. Механизм некроза при ФДТ (Goldman M.P., 2010)
Fig. 1. PDT-induced necrosis (Goldman M.P., 2010)

Рис. 2. Механизмы, лежащие в основе сонодинамической 
терапии
Fig. 2. Mechanisms of sonodynamic therapy
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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/cm2; power density was 20 mW/cm2; du-
ration was 30 min), ultrasonic treatment was conducted 
with a frequency of 1 MHz and an intensity of 2 W/cm2 
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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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/cm2 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/cm2 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 СTCAE 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].

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/cm2. 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/cm2 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 (λ=554 nm, 45 mW/cm2) 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 

REFERENCES
1. 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. Nikolaev A.L., Gopin A.V., Bozhevolnov V.E., Treshalina H.M., Andron-
ova N.V., Melikhov I.V., Filonenko E.V., Mazina S.E., Gerasimova G.K., 
Khorosheva E.V., Mikhailova I.N., Demidov L.V., Bokhyan B.Yu., Kogan 

ЛИТЕРАТУРА
1. Escoffre J.M. and Bouakaz A.B. Therapeutic ultrasound. – 

Switzerland: Springer, 2016. – 459 p. 
2. Улащик В.С., Чиркин А.А. Ультразвуковая терапия.– Минск : 

Издательство «Беларусь», 1983. – 254 с.
3. Couture O., Foley J., Kassel N.F., et al. Review of ultrasound mediated 

drug delivery for cancer treatment: updates from pre-clinical 
studies // Transl. Cancer Res. – 2014. – Vol. 3, No. 5. – P. 494–511.

4. Costley D., McEwan C., Fowleym C., et al. Treating cancer with 
sonodynamic therapy: A review // Int. J. Hyperthermia. – 2015. – 
Vol. 32, No. 2. – P. 107–117.

5. Nikolaev A.L., Gopin A.V., Bozhevolnov V.E., et al. Combined 
method of ultrasound therapy of oncological diseases // Rus. 
J.Gen. Chem. – 2015. – Vol. 85, No. 1. – P. 303–320.

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



R
E

V
IE

W
S

 O
F 

LI
TE

R
A

TU
R

E

44
BIOMEDICAL PHOTONICS    Т. 8, № 2/2019

6. Liu X. H., Li S., Wang M., Dai Z.J. Current status and future 
perspectives of sonodynamic therapy and sonosensitiers // 
Asian Pac. J. Cancer Prev. – 2015. – Vol. 16, No. 11. – P. 4489–
4492.

7. Rosenthal I., Sostaric J.Z., Riesz P. Sonodynamic therapy – a 
review of the synergistic effects of drugs and ultrasound // 
Ultrasonics Sonochem. – 2004. – Vol. 11. – P. 349–363.

8. Yumita Т., Nishigaki T., Umemura K., Umemura S.-I. Synergetic 
effect of ultrasound and hematoporphyrin on sarcoma 180 // J. 
Jpn. Cancer Res. – Vol. 81. – 1990. – P. 304.

9. McHale A.P., Callan J.F., Nomikou N., et al. Sonodynamic therapy: 
concept, mechanism and application to cancer treatment // Adv. 
Exp. Med. Biol. – 2016. – Vol. 880. – P. 429–450.

10. Xiong W., Wang P., Hu J., et al. A new sensitizer DVDMS combined 
with multiple focused ultrasound treatments: an effective 
antitumor strategy // Sci. Rep. – 2015. – Vol. 5. – e17485.

11. Sun H., Ge W., Gao X., et al. Apoptosis-promoting effects of 
hematoporphyrin monomethyl ether-sonodynamic therapy 
(HMME-SDT) on endometrial cancer // PLoS One. – 2015. –  
Vol. 10, No. 9. – e0137980.

12. Li Y.N., Zhou Q., Yang B., et al. Mechanism of rat osteosarcoma cell 
apoptosis induced by a combination of low-intensity ultrasound 
and 5-aminolevulinic acid in vitro // Genet. Mol. Res. – 2015. –  
Vol. 14, No. 3. – P. 9604–9613.

13. Hu Z., Fan H., Lu G., et al. 5-Aminolevulinic acid-mediated 
sonodynamic therapy induces anti-tumor effects in malignant 
melanoma via p53-miR-34a-Sirt1 axis // J. Dermatol. Sci. – 2015. – 
Vol. 79, No. 2. – P. 155–162.

14. Liu X., Li W., Geng S., et al. Apoptosis induced by sonodynamic 
therapy in human osteosarcoma cells in vitro // Mol. Med. Rep. – 
2015. – Vol. 12, No. 1. – P. 1183–1188.

15. Wang X.J., Luo J., Leung A.W., et al. Hypocrellin B in hepatocellular 
carcinoma cells: Subcellular localization and sonodynamic 
damage // Int. J. Radiat. Biol. – 2015. – Vol. 91, No. 5. – P. 399–406.

16. Xiang J., Leung A.W., Xu C. Effect of ultrasound sonication on 
clonogenic survival and mitochondria of ovarian cancer cells in 
the presence of methylene blue // J. Ultrasound Med. – 2014. – 
Vol. 33, No. 10. – P. 1755–1761.

17. Dai S., Xu C.Q., Tien Y., et al. In vitro stimulation of calcium 
overload and apoptosis by sonodynamic therapy combined with 
hematoporphyrin monomethyl ether in C6 glioma cells // Oncol. 
Lett. – 2014. – Vol. 8, No. 4. – P. 1675–1681.

18. Li Y.J., Huang P., Jiang C.L., et al. Sonodynamically induced anti-
tumor effect of 5-aminolevulinic acid on pancreatic cancer cells 
// Ultrasound Med. Biol. – 2014. – Vol. 40, No. 11. – P. 2671–2679.

19. Su X., Li Y., Wang P., et al. Protoporphyrin IX-mediated 
sonodynamic action induces apoptosis of K562 cells // 
Ultrasonics. – 2014. – Vol. 54. – P. 275–284.

20. Chen B., Zheng R., Liu D., et al. The tumor affinity of chlorin e6 
and its sonodynamic effects on non-small cell lung cancer // 
Ultrason. Sonochem. – 2013. – Vol. 20, No. 2. – P. 667–673.

21. Su X., Wang P., Wang X., et al. Apoptosis of U937 cells Induced by 
hematoporphyrin monomethyl ether-mediated sonodynamic action 
// Cancer Biother. Radiopharm. – 2013. – Vol. 28, No. 3. – P. 207–217.

22. Foglietta F., Canaparo R., Francovich A., et al. Sonodynamic 
treatment as an innovative bimodal anticancer approach: shock 
wave-mediated tumor growth inhibition in a syngeneic breast 
cancer model // Discov. Med. – 2015. – Vol. 20, No. 110. – P. 197–205.

23. Li Y., Zhou Q., Hu Z., et al. 5-Aminolevulinic acid-based 
sonodynamic therapy induces the apoptosis of osteosarcoma in 
mice // PLoS One. – 2015. – Vol. 10, No. 7. – e0132074.

24. Alamolhoda M., Mokhtari-Dizaji M. Evaluation of fractionated 
and repeated sonodynamic therapy by using dual frequency for 
murine model of breast adenocarcinoma // J. Ther. Ultrasound. – 
2015. – Vol. 3. – P. 10.

25. Hu Z., Fan H., Lu G., et al. 5-Aminolevulinic acid-mediated 
sonodynamic therapy induces anti-tumor effects in malignant 

B.Ya., Kaliya O.L. Combined method of ultrasound therapy of onco-
logical diseases, Rus. J.Gen. Chem., 2015, vol. 85, no. 1, pp. 303–320.

6. Liu X. H., Li S., Wang M., Dai Z.J. Current status and future per-
spectives of sonodynamic therapy and sonosensitiers, Asian Pac. 
J. Cancer Prev., 2015, vol. 16, no. 11, pp. 4489–4492.

7. Rosenthal I., Sostaric J.Z., Riesz P. Sonodynamic therapy – a 
review of the synergistic effects of drugs and ultrasound, Ultra-
sonics Sonochem., 2004, vol. 11, pp. 349–363.

8. Yumita Т., Nishigaki T., Umemura K., Umemura S.-I. Synergetic 
effect of ultrasound and hematoporphyrin on sarcoma 180, J. 
Jpn. Cancer Res., vol. 81, 1990, p. 304.

9. McHale A.P., Callan J.F., Nomikou N., Fowley C., Callan B. Sonody-
namic therapy: concept, mechanism and application to cancer 
treatment, Adv. Exp. Med. Biol., 2016, vol. 880, pp. 429–450.

10. Xiong W., Wang P., Hu J., Jia Y., Wu L., Chen X., Liu Q., Wang X. 
A new sensitizer DVDMS combined with multiple focused ultra-
sound treatments: an effective antitumor strategy, Sci. Rep., 2015, 
vol. 5, e17485.

11. Sun H., Ge W., Gao X., Wang S., Jiang S., Hu Y., Yu M., Hu S. Apop-
tosis-promoting effects of hematoporphyrin monomethyl ether-
sonodynamic therapy (HMME-SDT) on endometrial cancer, PLoS 
One, 2015, vol. 10, no. 9, e0137980.

12. Li Y.N., Zhou Q., Yang B., Hu Z., Wang J.H., Li Q.S., Cao W.W. Mech-
anism of rat osteosarcoma cell apoptosis induced by a combi-
nation of low-intensity ultrasound and 5-aminolevulinic acid in 
vitro, Genet. Mol. Res., 2015, vol. 14, no. 3, pp. 9604–9613.

13. Hu Z., Fan H., Lu G., Zhou Q., Yang B., Zheng J., Cao W. 5-Ami-
nolevulinic acid-mediated sonodynamic therapy induces anti-
tumor effects in malignant melanoma via p53-miR-34a-Sirt1 axis, 
J. Dermatol. Sci., 2015, vol. 79, no. 2, pp. 155–162.

14. Liu X., Li W., Geng S., Meng Q.G., Bi Z.G. Apoptosis induced by 
sonodynamic therapy in human osteosarcoma cells in vitro, Mol. 
Med. Rep., 2015, vol. 12, no. 1, pp. 1183–1188.

15. Wang X.J., Luo J., Leung A.W., Li Y., Zhang H., Xu C. Hypocrellin B in 
hepatocellular carcinoma cells: Subcellular localization and sonody-
namic damage, Int. J. Radiat. Biol., 2015, vol. 91, no. 5, pp. 399–406.

16. Xiang J., Leung A.W., Xu C. Effect of ultrasound sonication on clo-
nogenic survival and mitochondria of ovarian cancer cells in the 
presence of methylene blue, J. Ultrasound Med., 2014, vol. 33, no. 
10, pp. 1755–1761.

17. Dai S., Xu C.Q., Tien Y., Cheng W., Li B. In vitro stimulation of 
calcium overload and apoptosis by sonodynamic therapy com-
bined with hematoporphyrin monomethyl ether in C6 glioma 
cells, Oncol. Lett., 2014, vol. 8, no. 4, pp. 1675–1681.

18. Li Y.J., Huang P., Jiang C.L., Jia de X., Du X.X., Zhou J.H., Han Y., Sui 
H., Wei X.L., Liu L., Yuan H.H., Zhang T.T., Zhang W.J., Xie R., Lang 
X.H., Wang L.Y., Liu T., Bai Y.X., Tian Y. Sonodynamically induced 
anti-tumor effect of 5-aminolevulinic acid on pancreatic cancer 
cells, Ultrasound Med. Biol., 2014, vol. 40, no. 11, pp. 2671–2679.

19. Su X., Li Y., Wang P., Wang X., Liu Q. Protoporphyrin IX-mediated 
sonodynamic action induces apoptosis of K562 cells, Ultrasonics, 
2014, vol. 54, pp. 275–284.

20. Chen B., Zheng R., Liu D., Li B., Lin J., Zhang W. The tumor affinity of 
chlorin e6 and its sonodynamic effects on non-small cell lung can-
cer, Ultrason. Sonochem., 2013, vol. 20, no. 2, pp. 667–673.

21. Su X., Wang P., Wang X., Cao B., Li L., Liu Q. Apoptosis of U937 
cells Induced by hematoporphyrin monomethyl ether-mediated 
sonodynamic action, Cancer Biother. Radiopharm., 2013, vol. 28, 
no. 3, pp. 207–217.

22. Foglietta F., Canaparo R., Francovich A., Arena F., Civera S., Cra-
votto G., Frairia R., Serpe L. Sonodynamic treatment as an inno-
vative bimodal anticancer approach: shock wave-mediated 
tumor growth inhibition in a syngeneic breast cancer model, 
Discov. Med., 2015, vol. 20, no. 110, pp. 197–205.

23. Li Y., Zhou Q., Hu Z., Yang B., Li Q., Wang J., Zheng J., Cao W. 5-Ami-
nolevulinic acid-based sonodynamic therapy induces the apoptosis 
of osteosarcoma in mice, PLoS One., 2015, vol. 10, no. 7, e0132074.

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



R
E

V
IE

W
S

 O
F 

LI
TE

R
A

TU
R

E

45
BIOMEDICAL PHOTONICS    Т. 8, № 2/2019

24. Alamolhoda M., Mokhtari-Dizaji M. Evaluation of fractionated and 
repeated sonodynamic therapy by using dual frequency for murine 
model of breast adenocarcinoma, J. Ther. Ultrasound, 2015, vol. 3,  
p. 10.

25. Hu Z., Fan H., Lu G., Zhou Q., Yang B., Zheng J., Cao W. 5-Aminolev-
ulinic acid-mediated sonodynamic therapy induces anti-tumor 
effects in malignant melanoma via p53-miR-34a-Sirt1 axis, J. Der-
matol. Sci., 2015, vol. 79, no. 2, pp. 155–162.

26. Song D., Yue W., Li Z., Li J., Zhao J., Zhang N. Study of the mechanism 
of sonodynamic therapy in a rat glioma model, Onco Targets Ther., 
2014, vol. 7, pp. 1801–1810.

27. Li C., Zhang K., Wang P., Hu J., Liu Q., Wang X. Sonodynamic antitu-
mor effect of a novel sonosensitizer on S180 solid tumor, Biopharm. 
Drug Dispos., 2014, vol. 35, no. 1, pp. 50–59.

28. Wang S., Hu Z., Wang X., Gu C., Gao Z., Cao W., Zheng J. 5-Aminolev-
ulinic acid-mediated sonodynamic therapy reverses macrophage 
and dendritic cell passivity in murine melanoma xenografts, Ultra-
sound Med. Biol., 2014, vol. 40, no. 9, pp. 2125–2133.

29. Gao Z., Zheng J., Yang B., Wang Z., Fan H., Lv Y., Li H., Jia L., Cao W. 
Sonodynamic therapy inhibits angiogenesis and tumor growth in a 
xenograft mouse model, Cancer Lett., 2013, vol. 335, pp. 93–99.

30. Chen B., Zheng R., Liu D., Li B., Lin J., Zhang W. The tumor affinity of 
chlorin e6 and its sonodynamic effects on non-small cell lung can-
cer, Ultrason. Sonochem., 2013, vol. 20, no. 2, pp. 667–673.

31. Yamaguchi S., Endo S., Kudo N., Sumiyoshi K., Motegi H., Kobayashi 
H., Terasaka S., Houkin K. Porphyrin derivates-mediated sonody-
namic therapy for malignant gliomas in vitro, Ultrasound Med. Biol., 
2015, vol. 41, no. 9, pp. 2458–2465.

32. Tserkovsky D.A. Sono-photodynamic therapy – a new direction in 
the treatment of malignant brain tumors, Oncolog. Jurn., 2015, vol. 
9, no. 1, pp. 94–106.

33. Kenyon J.N., Fulle R.J., Lewis T.J. Activated cancer therapy using 
light and ultrasound – a case series of sonodynamic photodynamic 
therapy in 115 patients over a 4 year period, Current Drug. Ther., 2009, 
vol. 4, pp. 179–193.

34. Rengeng L., Qianyu Z., Yuehong L., Zhongzhong P., Libo L. Sono-
dynamic therapy, a treatment developing from photodynamic 
therapy, Photodiagnosis Photodyn. Ther., 2017, vol. 19, pp. 159–166.

35. Bakhshizadeh M., Moshirian T., Esmaily H., Rajabi O., Nassirli H., 
Sazgarnia A. Sonophotodynamic therapy mediated by liposomal zinc 
phthalocyanine in a colon carcinoma tumor model: Role of irradiating 
arrangement, Iran J. Basic Med. Sci., 2017, vol. 20, no. 10, pp. 1088–1092.

36. Wang P., Li C., Wang X., Xiong W., Feng X., Liu Q., Leung A.W., Xu C. 
Anti-metastatic and pro-apoptotic effects elicited by combination 
photodynamic therapy with sonodynamic therapy on breast 
cancer both in vitro and in vivo, Ultrasonics Sonochem., 2015, vol. 
23, pp. 116–127.

37. Tomankova K., Kolarova H., Vachutka J., Zapletalova J., Hanakova 
A., Kaplova E. Study of photodynamic, sonodynamic and antioxi-
dative influence on HeLa cell line, Ind. J. Biochem. Biophys., 2014, 
vol. 51, pp. 19–28.

38. Li Q., Wang X., Wang P., Zhang K., Wang H., Feng X., Liu Q. Effi-
cacy of chlorin e6-mediated sono-photodynamic therapy on 
4T1 cells, Cancer Biother. Radiopharmac., 2014, vol. 29, no. 1, pp. 
42–52.

39. Wang H., Wang X., Wang P., Zhang K., Yang S., Liu Q. Ultrasound 
enhances the efficacy of chlorin e6-mediated photodynamic 
therapy in MDA-MB-231 cells, Ultrasound Med. Biol., 2013, vol. 39, 
no. 9, pp. 1713–1724.

40. Li J. H., Chen Z. Q., Huang Z., Zhan Q., Ren F.B., Liu J.Y., Yue W., 
Wang Z. In vitro study of low intensity ultrasound combined with 
different doses of PDT: effects on C6 glioma cells, Oncol. Lett., 
2013, vol. 5, no. 2, pp. 702–706.

41. Tzerkovsky D., Grachev Yu., Artsemyeva T., Istomin Yu. Sono-pho-
todynamic therapy with a photolon of the recurrent form of the 
Grade IV glioblastoma multiforme: preliminary results of the first 
phase of a clinical study, Fotodinamicheskaya terapiya i fotodiag-

melanoma via p53-miR-34a-Sirt1 axis // J. Dermatol. Sci. – 2015. – 
Vol. 79, No. 2. – P. 155–162.

26. Song D., Yue W., Li Z., et al. Study of the mechanism of 
sonodynamic therapy in a rat glioma model // Onco Targets 
Ther. – 2014. – Vol. 7. – P. 1801–1810.

27. Li C., Zhang K., Wang P., et al. Sonodynamic antitumor effect of 
a novel sonosensitizer on S180 solid tumor // Biopharm. Drug 
Dispos. – 2014. – Vol. 35, No. 1. – P. 50–59.

28. Wang S., Hu Z., Wang X., et al. 5-Aminolevulinic acid-mediated 
sonodynamic therapy reverses macrophage and dendritic cell 
passivity in murine melanoma xenografts // Ultrasound Med. 
Biol. – 2014. – Vol. 40, No. 9. – P. 2125–2133.

29. Gao Z., Zheng J., Yang B., et al. Sonodynamic therapy inhibits 
angiogenesis and tumor growth in a xenograft mouse model // 
Cancer Lett. – 2013. – Vol. 335. – P. 93–99.

30. Chen B., Zheng R., Liu D., et al. The tumor affinity of chlorin e6 
and its sonodynamic effects on non-small cell lung cancer // 
Ultrason. Sonochem. – 2013. – Vol. 20, No. 2. – P. 667–673.

31. Yamaguchi S., Endo S., Kudo N., et al. Porphyrin derivates-
mediated sonodynamic therapy for malignant gliomas in vitro 
// Ultrasound Med. Biol. – 2015. – Vol. 41, No. 9. – P. 2458–2465.

32. Церковский Д.А. Соно-фотодинамическая терапия – новое 
направление в лечении злокачественных опухолей голов-
ного мозга // Онколог. журн. – 2015. – Т. 9, № 1. – С. 94–106.

33. Kenyon J.N., Fulle R.J., Lewis T.J. Activated cancer therapy 
using light and ultrasound – a case series of sonodynamic 
photodynamic therapy in 115 patients over a 4 year period // 
Current Drug. Ther. – 2009. – Vol. 4. – P. 179–193.

34. Rengeng L., Qianyu Z., Yuehong L., et al. Sonodynamic therapy, 
a treatment developing from photodynamic therapy // 
Photodiagnosis Photodyn. Ther. – 2017. – Vol. 19. – P. 159–166.

35. Bakhshizadeh M., Moshirian T., Esmaily H., et al. Sonophoto
dynamic therapy mediated by liposomal zinc phthalocyanine 
in a colon carcinoma tumor model: Role of irradiating 
arrangement // Iran J. Basic Med. Sci. – 2017. – Vol. 20,  
No. 10. – P. 1088–1092.

36. Wang P., Li C., Wang X., et al. Anti-metastatic and pro-apoptotic 
effects elicited by combination photodynamic therapy with 
sonodynamic therapy on breast cancer both in vitro and in vivo 
// Ultrasonics Sonochem. – 2015. – Vol. 23. – P. 116–127.

37. Tomankova K., Kolarova H., Vachutka J., et al. Study of 
photodynamic, sonodynamic and antioxidative influence on HeLa 
cell line // Ind. J. Biochem. Biophys. – 2014. – Vol. 51. – P. 19–28.

38. Li Q., Wang X., Wang P., et al. Efficacy of chlorin e6-mediated 
sono-photodynamic therapy on 4T1 cells // Cancer Biother. 
Radiopharmac. – 2014. – Vol. 29, No. 1. – P. 42–52.

39. Wang H., Wang X., Wang P., et al.Ultrasound enhances the 
efficacy of chlorin e6-mediated photodynamic therapy in 
MDA-MB-231 cells // Ultrasound Med. Biol. – 2013. – Vol. 39,  
No. 9. – P. 1713–1724.

40. Li J.H., Chen Z.Q., Huang Z., et al. In vitro study of low intensity 
ultrasound combined with different doses of PDT: effects on C6 
glioma cells // Oncol. Lett. – 2013. – Vol. 5, No. 2. – P. 702–706.

41. Церковский Д.А., Грачев Ю.Н., Артемьева Т.П., Истомин Ю.П. 
Соно-фотодинамическая терапия с фотолоном рецидивной 
формы мультиформной глиобластомы Grade IV: предвари-
тельные результаты I фазы клинического исследования // 
Фотодинамическая терапия и фотодиагностика. – 2015. – 
№ 1. – С. 32–33.

42. Tserkovsky D.A., Alexandrova E.N., Chalau V.N., Istomin Y.P. 
Effects of combined sonodynamic and photodynamic therapies 
with photolon on a glioma C6 tumor model // Exp. Oncol. – 
2012. – Vol. 34, No. 4. – P. 332–335.

43. Abder-Kader M.H. Photodynamic therapy. From theory to 
application. – Verlag, Berlin, Heidelberg: Springer, 2014. – 317 p.

44. Gomer C.J. Photodynamic therapy. Methods and protocols. – 
New York : Humana Press, 2010. – 299 p.

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



R
E

V
IE

W
S

 O
F 

LI
TE

R
A

TU
R

E

46
BIOMEDICAL PHOTONICS    Т. 8, № 2/2019

nostika, 2015, vol. 4, no. 1, pp. 32–33.
42. Tserkovsky D. A., Alexandrova E. N., Chalau V.N., Istomin Y.P. 

Effects of combined sonodynamic and photodynamic therapies 
with photolon on a glioma C6 tumor model, Exp. Oncol., 2012, 
vol. 34, no. 4, pp. 332–335.

43. Abder-Kader M.H. Photodynamic therapy. From theory to applica-
tion. Verlag, Berlin, Heidelberg, Springer, 2014. 317 p.

44. Gomer C.J. Photodynamic therapy. Methods and protocols. New 
York, Humana Press, 2010. 299 p.

45. Rapozzi V. and Jori G. Resistance to photodynamic therapy in can-
cer. Switzerland, Springer, 2015. 251 p.

46. 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. 

47. Huang Z., Moseley H., Bown S. Rationale of combined PDT and 
SDT modalities for treating cancer patients in terminal stage: the 
proper use of photosensitizer, Integr. Cancer Ther., 2010, vol. 9, 
no. 4. pp. 317–319.

48. Inui T., Makita K., Miura H., Matsuda A., Kuchiike D., Kubo K., Mette 
M., Uto Y., Nishikata T., Hori H., Sakamoto N. Case report: a breast 
cancer patient treated with GcMAF, sonodynamic therapy and 
hormone therapy, Anticancer Res., 2014, vol. 34, pp. 4589–4594.

49. Li L.Q., Wang X., Zhang I.W., Mitchell D. Primary clinical use of the 
sono-photo-dynamic therapy for advanced esophagocadiac and 
gastric adenocarcinoma, J. Clin. Oncol., 2014, vol. 32 (suppl.), e15024.

50. Wang X., Zhang W., Xu Z., Luo Y., Mitchell D., Moss R.W. Sonody-
namic and photodynamic therapy in advanced breast carcinoma: a 
report of 3 cases, Integr. Cancer. Ther., 2009, vol. 8, no. 3, pp. 283–287.

51. Wang X.J., Mitchell D., Lewis T.J. Primary clinical use of sonody-
namic therapy (SDT) for advanced breast cancer, J. Clin. Oncol., 
Abstracts ASCO Annual Meeting Proceedings, 2008, vol. 26, 
no. 15 (Suppl.), Abstract 12029.

52. Murphy D., Meade B., Sali A. Prostate cancer treated by sonodynamic 
and photodynamic therapies (SPDT, NGPDT), in 66th Annual Meeting 
«USANZ 2013», Melbourne, 13–16 April, 2013. Poster № 089.

53. Zhang W., Li K., Lu J., Peng Z., Wang X., Li Q., Zhao G., Hao J., Luo Y., 
Zhao Y., Yin X., O’Brien K.A. Sonodynamic and photodynamic ther-
apy in breast cancer: a pilot study, Int. J. Complement. Alt. Med., 2017, 
vol. 9, no. 5, pp. 00313.

54. Istomin Yu., Tzerkovsky D., Grachev Yu., Artsemyeva T., Borichevsky F., 
Maslakov E., Semak I., Bagrintsev D. Intraoperative sono-photody-
namic therapy with photolon in animal experiments and promising 
results of phase I clinical study in patients with recurrent malignant 
gliomas, J. Neuro-Oncol., 2016. vol. 2, no. 2, 16, pp. 1–9.

45. Rapozzi V. and Jori G. Resistance to photodynamic therapy in 
cancer. – Switzerland: Springer, 2015. – 251 p.

46. Couture O., Foley J., Kassel N.F., et al. Review of ultrasound 
mediated drug delivery for cancer treatment: updates from 
pre-clinical studies // Transl. Cancer Res. – 2014. – Vol. 3, No. 5. –  
P. 494–511. 

47. Huang Z., Moseley H., Bown S. Rationale of combined PDT and 
SDT modalities for treating cancer patients in terminal stage: the 
proper use of photosensitizer / // Integr. Cancer Ther. – 2010. – 
Vol. 9, No. 4. – P. 317–319.

48. Inui T., Makita K., Miura H., et al. Case report: a breast cancer 
patient treated with GcMAF, sonodynamic therapy and hormone 
therapy // Anticancer Res. – 2014. – Vol. 34. – P. 4589–4594.

49. Li L.Q., Wang X., Zhang I.W., Mitchell D. Primary clinical use of 
the sono-photo-dynamic therapy for advanced esophagocadiac 
and gastric adenocarcinoma // J. Clin. Oncol. : Abstracts ASCO 
Annual Meeting, 2014. – Vol. 32 (Suppl.) – e15024.

50. Wang X., Zhang W., Xu Z., et al. Sonodynamic and photodynamic 
therapy in advanced breast carcinoma: a report of 3 cases // 
Integr. Cancer. Ther. – 2009. – Vol. 8, No. 3. – P. 283–287.

51. Wang X.J., Mitchell D., Lewis T.J. Primary clinical use of 
sonodynamic therapy (SDT) for advanced breast cancer // J. Clin. 
Oncol. – 2008. – Vol. 26, No. 15 (Suppl.). – Abstract 12029.

52. Murphy D., Meade B., Sali A. Prostate cancer treated by 
sonodynamic and photodynamic therapies (SPDT, NGPDT) // 
66th Annual Meeting «USANZ 2013», Melbourne, 13–16 April, 
2013. – Poster № 089.

53. Zhang W., Li K., Lu J., et al.Sonodynamic and photodynamic 
therapy in breast cancer: a pilot study // Int. J. Complement. Alt. 
Med. – 2017. – Vol. 9, No. 5. – P. 00313.

54. Istomin Yu., Tzerkovsky D., Grachev Yu., et al. Intraoperative sono-
photodynamic therapy with photolon in animal experiments 
and promising results of phase I clinical study in patients with 
recurrent malignant gliomas // J. Neuro-Oncol.– 2016. – Vol. 2, 
No. 2: 16. – P. 1–9.

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



A
n

n
iv

e
r

s
A

r
ie

s

47
BIOMEDICAL PHOTONICS    Т. 8, № 2/2019

To the 115th anniversary of Russian radiology

THE HISTORY OF THE DEVELOPMENT OF RADIATION THER-
APY: RADIATION DIAGNOSIS IN THE MRRC THEM. A.F. TSYBA

Kaprin A.D. 1, Smirnov V.P. 2, Ivanov S.A. 3, Polihov S.A. 2, Reshetov I.V.4,
Fatyanova A.C.4, Babaeva Yu.V.4, Denisenko M.V.3, Semenova N.M.3, Korenev S.V.5, 
Tereshchenko A.V.6, Filonenko E.V.7, Yuzhakov V.V.3, Koryakin S.N.3, Sukhova T.E.8,
Gafarov M.M.4, Ogdanskaya K.V.4, Romanko Yu.S.3,4

1National Medical Research Radiological Centre of the Ministry of Health of the Russian 
Federation, Obninsk, Russia 
2АО «NIITFA», Moscow, Russia
3A. Tsyb Medical Radiological Research Centre – branch of the National Medical Research Radio-
logical Centre of the Ministry of Health of the Russian Federation (A. Tsyb MRRC), Obninsk, Russia
4Sechenov First Moscow State Medical University, Moscow, Russia
5Immanuel Kant Baltic Federal University, Kaliningrad, Russia 
6The S. Fyodorov Eye Microsurgery Federal State Institution (Kaluga branch), Kaluga, Russia
7P.A. Herzen Moscow Oncology Research Center – branch of FSBI NMRRC of the Ministry  
of Health of the Russian Federation, Moscow, Russia
8SBHI of MA MRRCI n.a. M.F. Vladimirskiy, Moscow, Russia

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 FSBI NMRRC 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 
diagnostic tools installed 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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К 115-летию отечественной радиологии

ИСТОРИЯ РАЗВИТИЯ ЛУЧЕВОЙ ТЕРАПИИ:  
ЛУЧЕВАЯ ДИАГНОСТИКА В МРНЦ ИМ. А.Ф. ЦЫБА

А.Д. Каприн1, В.П. Смирнов2, С.А. Иванов3, С.А. Полихов2, И.В. Решетов4,
А.С. Фатьянова4, Ю.В. Бабаева4, М.В. Денисенко3, Н.М. Семенова3, С.В. Коренев5,  
А.В. Терещенко6, Е.В. Филоненко7, В.В. Южаков3, С.Н. Корякин3, Т.Е. Сухова8,
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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 I.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 P.V.  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 

4ФГАОУ ВО Первый МГМУ им. И.М. Сеченова Минздрава России, Москва, Россия
5ФГАОУ ВО «БФУ им. И. Канта», Калининград, Россия
6Калужский филиал ФГАУ «НМИЦ «МНТК «Микрохирургия глаза» им. акад. С.Н. Федо-
рова» Минздрава России, Калуга, Россия
7МНИОИ им. П.А. Герцена – филиал ФГБУ «НМИЦ радиологии» Минздрава России, 
Москва, Россия
8ГБУЗ МО МОНИКИ им. М.Ф. Владимирского, Москва, Россия
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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, P.V.  Vla-
sov, P.M. Kotlyarov; Doctors of Medical Science Yu.G.  Elas-
hov, B.M. Astapov, V.A.  Degtyarev, P.V.  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.I.  Gabunia; from 1976 to 1998 – Pro-
fessor E.G. Matveenko, and in 1998–2005. – G.A. Davydov, 
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, I.Kh. Mukhamedzhanov, A.I. Dergachev, 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.I. 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 sсreening 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-
gies in 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.


