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Резюме
Авторами изучена противоопухолевая эффективность контактной лучевой терапии (КЛТ) в комбинации с фотосенсибилизатором 
(ФС) хлоринового ряда в эксперименте на лабораторных животных с перевивными опухолями. Работа выполнена на 50 лаборатор-
ных животных (белые беспородные крысы) с массой тела 250±50 г. В качестве опухолевых моделей использовали лимфосаркому 
Плисса (ЛСП) и альвеолярный рак печени РС (РС1), перевитые подкожно. ФС хлоринового ряда фотолон (РУП «Белмедпрепараты», 
Беларусь) вводился внутривенно капельно в дозе 2,5 мг/кг массы тела. Сеанс КЛТ проводили через 2,5 – 4 ч (в зависимости от опухоле-
вой модели) после введения ФС с использованием аппарата «microSelectron HDR V3 Digital» («Nucletron», Нидерланды) с источником 
излучения 192–Ir в разовых очаговых дозах (РОД) 5 и 10 Гр. Все лабораторные животные, как в подгруппе с ЛСП, так и в подгруппе с 
РС1, были разделены на 5 групп по 5 особей в каждой: интактный контроль, КЛТ РОД 5 Гр, КЛТ РОД 10 Гр, ФС + КЛТ РОД 5Гр, ФС + КЛТ 
РОД 10 Гр. На модели ЛСП на 14–е сутки от начала воздействий средний объем опухоли (Vср) в группах составил 26,31±5,81; 22,45±6,97; 
18,99±4,86; 10,75±5,18 и 28,06±2,85 см3, соответственно (р˂0,05). Коэффициент торможения роста опухоли (ТРО) в опытных группах 

Abstract
Authors have studied the antitumor efficacy of contact radiation therapy (CRT) in combination with a chlorin-based photosensitizer (PS) 
in an experiment on laboratory animals with transplanted tumors. The experimental study was performed in 50 white outbred rats weighing 
250±50 g. Subcutaneously transplanted Pliss lymphosarcoma (PLS) and alveolar liver cancer PC1 (PC1) were used as tumor models. Chlorin-
based PS photolon (RUE «Belmedpreparaty», Republic Belarus) was injected intravenously at a dose of 2.5 mg/kg. The radiation sessions were 
carried out 2.5–4 hours (depending on the tumor model) after the administration of the PS using the device «microSelectron HDR V3 Digi-
tal» («Nucletron», Netherlands) with a 192-Ir radiation source in single focal doses 5 and 10 Gy. All laboratory animals (for PLS and PC1) were 
subdivided into 5 groups of 5 animals each: intact control, CRT 5 Gy, CRT 10 Gy, PS + CRT 5 Gy, PS + CRT 10 Gy. For the PLS tumor model –  
on the 14th day from the beginning of the experiment Vav. in groups were 26.31±5.81; 22.45±6.97; 18.99±4.86; 10.75±5.18 and 28.06±2.85 cm3, re-
spectively (p˂0.05). The coefficients of tumor growth inhibition in the experimental groups were 14.67%, 27.82%, 59.14% and 6.65%, respectively. 
The frequency of complete tumor regressions 60 days after the start of the experiment was 0%, 20%, 20%, 60%, and 20%, respectively. On PC1 
tumor model – on the 14th day from the beginning of the experiment Vav. in groups were 4.48±1.03; 0.80±0.21; 0.29±0.09; 0.19±0.07 and 0.32±0.08 
cm3, respectively (p=0.009). The coefficients of tumor growth inhibition in the experimental groups were 82.14%, 93.53%, 95.76% and 92.86%, 
respectively. The frequency of complete tumor regressions 60 days after the start of the experiment was 0%, 0%, 20%, 0%, and 0%, respectively. 
Systemic administration of chlorin-based PS before the CRT session increases the antitumor efficacy of radiation therapy in animals with trans-
plantable tumors of different histological structure and growth patterns. The data obtained indicate that further studies of the radiosensitizing 
properties of PS are promising.
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Introduction
Radiomodifiers are used in clinical oncology in the 

treatment of patients with malignant tumors in order 
to selectively enhance the antitumor effect of radiation 
therapy (RT) or to weaken its negative impact on normal 
tissues. The radiomodifying agents used are electron 
acceptor compounds (metronidazole, mesonidazole, 
etc.), hyperthermia (general and local), and artificial 
hyperglycemia. The use of radiomodifiers makes it possi-
ble to increase the radiosensitivity of tumor cells located 
in hypoxic zones of the tumor, without increasing the 
degree of radiation damage to normal oxygenated cells 
[1].

At the end of the twentieth century, the results of 
the first clinical studies were published, which demon-
strated that the combined use of RT with antimetabolites 
(5–fluorouracil, methotrexate) significantly improves the 
results of treatment of patients with squamous cell car-
cinoma of head and neck. Cytostatic drugs, ultrasound 
and laser radiation in low–intensity modes, magnetic and 
electric fields are used as physico-chemical factors that 
modify the radioresistance of tumors [1].

In recent years, the method of photodynamic therapy 
(PDT) has been increasingly used in clinical practice [2-8]. 
Of particular interest are studies into the radiosensitizing 
properties of photosensitizers (PS) used in photodynamic 
therapy. The first PSs whose radiosensitizing activity was 
proved in experimental studies in vitro and in vivo were 
hematoprophyrin and photofrin II [9-11].

The main scientific idea of this study is to examine and 
prove new properties of the photolon chloride series PS in 
an in vivo experiment on laboratory animals with inoculated 
tumours. The paper studies the possibility of enhancing 
radiation damage to inoculated tumors due to the com-
bined use of ionizing radiation and PS as a radiomodifier.

It is for the first time that research in this direction 
is conducted in the Republic of Belarus and in the CIS 

countries. In the available literature sources, there are 
only a few publications (by author groups from Germany, 
Lithuania, and Japan) on the study of the radiosensitizing 
effect of PS (hematoporphyrin, photofrin II, 5–aminolev-
ulinic acid) [10-13]. 

There are no works devoted to the treatment of ani-
mals with induced tumors using photolon chloride series 
PS, which makes this study relevant and promising for 
experimental oncology.

Materials and methods
Laboratory animals
The pilot study was performed on 50 white mon-

grel rats of both sexes, obtained from the vivarium of 
the N. N. Alexandrov RRPC of OMR, with a body weight 
of 250±50 g, aged 2.5-3 months. The duration of quar-
antine before the inclusion in the experiment was 14 
days. Laboratory animals were kept in standard con-
ditions in terms of food and drinking rations, with a 
12-hour lighting mode, at a temperature of 20-22° C 
and a humidity of 50-60% in cages with 5 individuals in 
each. The indicators of humidity, temperature, and illu-
mination in the room complied with the current sani-
tary rules for the device, equipment and maintenance 
of vivariums [14].

Tumor strains
The study used tumor strains (Pliss lymphosarcoma, 

PLS) [15] and PC alveolar liver cancer (PC1) [16] obtained 
from the Russian collection of cell cultures (Institute of 
Cytology of the Russian Academy of Sciences, St. Peters-
burg, Russian Federation).

Tumor model
The tumor model in laboratory animals was created 

by subcutaneous passivation in vivo. Subcutaneous graft-
ing included the introduction of 0.5 ml of a 10% suspen-
sion of tumor cells in a 0.6% Hanks’ solution subcutane-
ously in the left inguinal region. Laboratory animals with 
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составил 14,67%; 27,82%; 59,14% и - 6,65%, соответственно. Частота полных регрессий опухолей через 60 суток после начала экспери-
мента составила 0%, 20%, 20%, 60% и 20%, соответственно. На модели РС1 на 14–е сутки от начала воздействий Vср. в группах составил 
4,48±1,03; 0,80±0,21; 0,29±0,09; 0,19±0,07 и 0,32±0,08 см3, соответственно (р=0,009). Коэффициент ТРО в опытных группах составил 
82,14%; 93,53%; 95,76% и 92,86%, соответственно. Частота полных регрессий опухолей через 60 суток после начала эксперимента со-
ставила 0%, 0%, 20%, 0% и 0%, соответственно. Результаты исследования показали, что введение ФС хлоринового ряда перед сеансом 
КЛТ увеличивает противоопухолевую эффективность лучевой терапии у животных с различными по гистологической структуре и ха-
рактеру роста перевивными опухолями. Полученные данные свидетельствуют о перспективности дальнейших исследований радио-
сенсибилизирующих свойств ФС.

Ключевые слова: экспериментальное исследование, лабораторные животные, перевивные опухоли, контактная лучевая терапия, 
фотосенсибилизатор.
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PLS were included in the experiment on the 7th day after 
the transfer, and those with PC1, on the 21st day after the 
inoculation. 

Ethical aspects
The experimental studies were conducted in accor-

dance with the international legislation and the regula-
tory acts in force in the Republic of Belarus on conducting 
experimental studies with laboratory animals, namely:

1. The European Convention for the Protection of 
Vertebrate Animals used for Experimental and 
other Scientific Purposes (Strasbourg, France, 
dated 18.03.1986), as amended in accordance 
with the provisions of the Protocol (SED No. 170 
of 02.12.2005).

2. Directive 2010/63/EU of the European Parliament 
and of the European Union on the protection 
of animals used for scientific purposes (dated 
22.09.2010).

3. TPC 125-2008 «Good Laboratory Practice» (GLP) 
(Resolution of the Ministry of Health of the 
Republic of Belarus No. 56 of 28.03.2008).

Laboratory animals were put under anesthesia (neu-
roleptanalgesia: 0.005% fentanyl solution + 0.25% dro-
peridol solution, in a ratio of 2:1, 0.2 ml per 100 g of body 
weight, intramuscularly). After the end of the observa-
tion period for laboratory animals, they were put to death 
with generally accepted methods of euthanasia (aether 
pro narcosi) with the observance of humane methods of 
laboratory animals treatment. 

The radiosensitizer
Photolon (RUE «Belmedpreparaty», Minsk, Republic 

of Belarus), which is a trisodium salt of e6 chlorine with 
povidone K17, was used as a radiosensitizing agent. The 
PS was a lyophilized powder for the preparation of intra-
venous solution in the form of a porous mass of greenish-
black color, 100 mg (registration number 16/11/886 of 
08.11.2016). The PS was introduced by intravenous infu-
sion in a darkened room at a dose of 2.5 mg/kg of body 
weight (according to the instructions for medical use). 

The contact radiation therapy session 
The animals were exposed to ionizing radiation once, 

with «microSelectron HDR V3 Digital device (the Neth-
erlands) with 192-Ir microSelectron V2 radiation source. 
Irradiation was performed in single focal doses (SFD) of 
5 and 10 Gy. The activity of the radiation source at the 
beginning of the experiments was 5.2 Ci. The irradiation 
time was 73.1 seconds and 146.2 seconds, respectively. 
Irradiation was started 2.5-3 hours after the end of the 
PS infusion (on the PLS model) and 3.5-4 hours after 
the infusion (on the PC1 model). The time between the 
completion of the PS infusion and the beginning of the 
irradiation sessions was determined in previous studies, 
which showed exactly these time intervals for inoculated 
tumors as the time to reach the maximum concentration 
of PS in the tumor tissue.

The design of the research
All the treatments were performed after the tumor 

node reached the diameter of at least 4-5 mm: on the 7th 
day after PLS transplantation and on the 21st day for PC1. 
The study was performed on 25 laboratory animals ran-
domly distributed into groups of 5 animals each (for each 
of the tumor strains). The characteristics of the experi-
mental groups are presented in Table 1.

Criteria for evaluating antitumor efficacy
The antitumor effectiveness of exposure was evalu-

ated according to the indicators characterizing the 
dynamics of volume changes (V), the coefficient of 
absolute tumor growth (K) and the coefficient of tumor 
growth inhibition (TGI).

The volume of tumors was calculated by the formula (1):

, where
 

d1, 2, 3 are three mutually perpendicular diameters of the 
tumor (in cm);
π/6 = 0.52 is a constant value; 
V is the volume of the tumor (in cm3).

The absolute tumor growth coefficient (K) was calcu-
lated by the formula (2): 

, where

V0 is the initial volume of the tumor (before the introduc-
tion of the chemotherapy drug);
Vt is the volume of the tumor at a certain period of obser-
vation.

Таблица 1
Дизайн исследования
Table 1
Study design

№
Группа исследования

Study groups

1 Интактный контроль
Intact control

2 КЛТ, РОД 5 Гр
CRT, single focal doses 5 Gy

3 КЛТ, РОД 10 Гр
CRT, single focal doses 10 Gy

4 ФС фотолон 2,5 мг/кг + КЛТ, РОД 5 Гр
PS photolon 2.5 mg/kg + CRT, single focal doses 5 Gy

5 ФС фотолон 2,5 мг/кг + КЛТ, РОД 10 Гр
PS photolon 2.5 mg/kg + CRT, single focal doses 10 Gy
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The coefficient of tumor growth inhibition (TGI) was 
calculated by the formula (3):

, where

V control – the average volume of the tumor in the control 
group (cm3);
V experiment – the average volume of the tumor in the main 
group (cm3).

The quantitative criteria for evaluating the inhibitory 
effect on inoculated tumors in laboratory animals were 
as follows (Table 2) [17].

The dynamics of the growth of inoculated tumors was 
recorded starting from day 7 after the inoculation of the 
tumor strain of PLS and from day 21 for PC1, for 2 weeks 
with an interval of 2-3 days.

The frequency of complete regressions (СR) was esti-
mated 60 days after the performed exposures. In each 
group, the share of animals (%) with no visual and palpa-
tory signs of tumor growth was evaluated [17].

Statistical data processing
Statistical processing of experimental data and 

graphical representation of the results were carried out 
with Excel 2010, Origin Pro (version 7.0) and Statistica 
(version 8.0) software. The results are presented in the 
form M±m, where M is the arithmetic mean and m is the 
error of the mean. To assess the reliability of the differ-
ences, the Mann–Whitney U criterion was used. The dif-
ferences were considered statistically significant at the 
significance level of p<0.05. 

Results
The inoculation rate of both tumor models (PLS and 

PC1) in laboratory animals was 100%. 
The study compared the antitumor effectiveness of 

CRT as an independent therapy and the combination of 
CRT with the use of chlorin-type PS as a radiosensitizer. 
The results of the CRT effectiveness evaluation after sys-
temic administration of photolon on the PLS model are 
presented in Fig. 1 and in Table 3.

As can be seen from the presented data, CRT in the 
SFD 5 Gy caused a slight inhibition of the growth of inocu-
lated tumors, compared with the intact control group. An 
increase in the SFD to 10 Gy enhanced the effect of CRT, 
but the differences in the average tumor volumes (Vaver) 
in the groups of animals exposed to radiation at doses 
of 5 Gy or 10 Gy were statistically insignificant (p=0.69).

Intravenous administration of photolon at a dose of 
2.5 mg/kg of body weight, followed by CRT in the SFD 
of 5 Gy, increased the antitumor effect of the radiation 
exposure, compared with CRT with the same SFD with-
out a sensitizer. Thus, on the 14th day after the irradiation 
session in the group of rats receiving combined treat-
ment, Vaver was 2 times lower than in the group of animals 
subjected to only CRT (10.75±5.18 cm3 and 22.45±6.97 
cm3, respectively), although this difference did not reach 
a statistically significant level (p=0.19). 

Intravenous administration of photolon preceding 
CRT with the SFD of 10 Gy did not lead to an increase in 
the antitumor effect of radiation exposure, compared 
with CRT with SFD of 10 Gy without a sensitizer. 

Thus, the optimal treatment regimen for the PLS 
model was intravenous administration of photolon at a 
dose of 2.5 mg/kg of body weight, followed, after 2.5-3 

Рис. 1. Динамика роста перевивных опухолей модели ЛСП 
при исследуемых схемах терапевтического воздействия
Fig. 1. Dynamics of growth of transplanted tumors of the PLS 
model under the studied therapeutic regimens

Таблица 2
Критерии оценки противоопухолевой эффективности
Table 2
Evaluation criteria for antitumor efficacy

Критерии
Criteria

Эффективность
Efficacy

ТРО*<20%
TGI <20% 0

ТРО<20–50%
TGI <20–50% ±

ТРО<51–80%
TGI <51–80% +

ТРО<81–90%
TGI <81–90% ++

ТРО<91–100% + ПР*<50% 
TGI <91–100% + CR<50% +++

ТРО<91–100% + ПР>50% 
TGI <91–100% + CR>50% ++++

Примечание: *ТРО – коэффициент торможения роста опухоли; 
ПР – полная регрессия.
Note: *TGI – tumor growth inhibition;  CR – complete regression
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hours, by a single exposure to ionizing radiation with the 
SFD of 5 Gy. On the 14th day after the treatment of ani-
mals, the K coefficient was 22.37%, the value of TGI, com-
pared with the intact control group, was 59.14%, and the 
frequency of СR was 60%. The effectiveness of the treat-
ment corresponded to «+» on a semi-quantitative assess-
ment scale (Table 2).

The evaluation of the effectiveness of the combined 
use of CRT and photolon as a radiosensitizer on the PC1 
model in rats showed the following.

As can be seen from the data presented in Fig. 2 and 
in Table 4, CRT in the SFD of 5 Gy caused a statistically 
significant inhibition of the inoculated tumors growth 
compared with the intact control: on day 14 of observa-
tion, Vaver in rats in the control group was 4.48±1.03 cm3, 
while in the group of animals after a session of CRT in 
the SFD 5 Gy it was 0.80±0.21 cm3. An increase in SFD to 
10 Gy led to an increase in the antitumor effectiveness 
of exposure, and the difference in the values of Vaver in 
the groups of animals receiving CRT with the SFD of 5 
Gy and 10 Gy approached the level of statistical signifi-
cance (p=0.053).

Intravenous administration of photolon at a dose of 
2.5 mg/kg of body weight, preceding radiation exposure, 
significantly potentiated the antitumor effect of CRT in 
the SFD 5 Gy: on the 14th day after the irradiation ses-
sion, Vaver in this group of animals was 0.19±0.07 cm3. was 
0.19±0.07 cm3. The differences in the values of Vaver in the 
group of rats that were injected with photolon before 
CRT, and in the group of animals that received only CRT 
with the SFD 5 Gy, are statistically significant (p=0.022).

As in the PLS model, in rats with an inoculated PC1 
tumor, intravenous administration of photolon, pre-

ceding CRT with the SFD of 10 Gy, did not lead to an 
increase in the therapeutic effectiveness of radiation 
exposure. 

Thus, the optimal combined treatment regimen 
for the PC1 rat model was intravenous administra-
tion of PS at a dose of 2.5 mg/kg of body weight, fol-
lowed, after 3.5-4 hours, by a single exposure to ion-
izing radiation with the SFD of 5 Gy. On the 14th day 
of the follow-up after the treatment session, the K 
coefficient was 5.33%, and the value of TGI, compared 
with the control group of animals, was 95.76%. The CR 
of tumors in rats with an inoculated PC1 tumor after 

Рис. 2. Динамика роста перевивных опухолей модели РС1 при 
исследуемых схемах терапевтического воздействия
Fig. 2. Dynamics of growth of transplanted tumors of the PC1 model 
under the studied therapeutic regimens

Таблица 3
Эффективность лечения лабораторных животных с перевивными опухолями ЛСП
Table 3
Effectiveness of treatment of laboratory animals with transplantable PLS tumors

 Наименование 
группы
Groups

Показатели
Indicators

Vср. опухоли 
до начала 

эксперимента, см3

Average tumor 
volume before 

experiments, cm3

Vср. опухоли на 14-е сутки 
эксперимента, см3

Average tumor volume 
14 days after the start  

of experiments, cm3

К
коэффициент 

абсолютного прироста 
опухолей

Coefficient of absolute 
tumor growth 

ТРО, %
TGI, %

ПР, %
CR, % 

Интактный контроль
Intact control 0,83±0,12 26,31±5,81 30,70 – 0

КЛТ РОД 5 Гр
CRT 5 Gy 0,48±0,19 22,45±6,97 45,77 14,67 20

КЛТ РОД 10 Гр
CRT 10 Gy 0,51±0,13 18,99±4,86 36,24 27,82 20

ФС + КЛТ РОД 5 Гр
PS + CRT 5 Gy 0,46±0,15 10,75±5,18 22,37 59,14 60

ФС + КЛТ РОД 10 Гр
PS + CRT 10 Gy 0,75±0,48 28,06±2,85 36,41 –6,65 20
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treatment was not registered. The effectiveness of the 
impact corresponded to « ++ » on the semi-quantita-
tive assessment scale.

Discussion
Studies into the radiosensitizing properties of vari-

ous classes of PS are currently relevant and promising. 
The overwhelming number of publications devoted to 
the consideration of this area of therapy, in experimen-
tal studies in vitro and in vivo, use hematoprophyrin and 
photofrin II as PS [9-11]. 

The main mechanisms of the antitumor response in 
the combined use of RT and PS have not been sufficiently 
studied. According to Shaffer M. et al., on the one hand, 
PS (for example, photophrine II), when exposed to ion-
izing radiation, can enhance the radiolytic effect due to 
oxygen species formed in the tumor cell under the influ-
ence of radiation itself [18]. On the other hand, RT leads 
to sublethal and lethal damage to tumor cells. In the 
future, sublethal changes are usually reversible based on 
the mechanisms for restoring the functions of the tumor 
cell. In the case of activation of photofrin II by ionizing 
radiation, the oligomeric components of this PS, inter-
acting with intermediate free radicals (hydroxyl radicals) 
formed in the tumor cell during irradiation, prevent the 
development of these processes and, consequently, this 
combination creates antitumor effects [18, 19].

The results of experimental studies of the radiosensi-
tizing effect of photosensitizing agents are presented in a 
number of research publications by other authors.

For instance, the study Kulka U. et al., performed on 
the cell lines of bladder cancer RT4 and glioblastoma 
U-373 MG, evaluated the effectiveness of the combined 

use of ionizing radiation with SFD from 2 to 8 Gy and pho-
tophrine. The maximum antitumor effect, expressed in a 
statistically significant decrease in the number of viable 
tumor cells, was noted when using PS and irradiation with 
SFD of 6 and 8 Gy. The percentage of viable U-373 MG 
tumor cells in the groups «PS + SFD 6 Gy» and «PS + SFD 
8 Gy» was 2.7±1.1% and 0.2±0.1%, respectively, and was 
statistically significantly lower than when irradiated with 
the same parameters without adding PS to the nutrient 
medium (3.9±1.1% and 0.5±0.2%, respectively; p<0.05). 
The percentage of viable RT4 tumor cells in the groups 
«PS + SFD 6 Gy» and «PS + SFD 8 Gy» was 4.7±2.3% and 
0.9±0.5%, respectively, and was statistically significantly 
lower than when irradiated with the same parameters 
without adding PS to the nutrient medium (6.7±1.1% 
and 1.7±0.7%, respectively; p<0.05). The authors came to 
the conclusion that irradiation of tumors sensitized by PS 
and in maximum concentrations adsorbed in mitochon-
dria leads to the formation of a large number of reactive 
oxygen species and, as a result, the initiation of oxidative 
stress, which causes lethal and sublethal cell damage by 
apoptosis [20].

Shaffer M. et al., based on the results obtained in in 
vivo experiments on linear mice with a subcutaneous 
model of bladder cancer RT4, concluded that the com-
bined use of photophrine and ionizing radiation (10 Gy) 
allows to increase the time of tumor volume doubling 
from 6.2 to 10.9 days compared with single-mode irra-
diation (p<0.05) [21].

Rutkovskienė L. et al. studied the radiosensitizing 
properties of hematoporphyrin (1 mcg/ml) and temo-
porphin (0.1 mcg/ml) derivatives on glioma C6 cell cul-
ture. The irradiation of the cell culture in the monolayer 

Таблица 4
Эффективность лечения лабораторных животных с перевивными опухолями РС1
Table 4
Effectiveness of treatment of laboratory animals with transplantable PC1 tumors

Наименование
группы
Groups

Показатели
Indicators 

V ср. опухоли до начала 
экспери-мента, см3

Average tumor volume 
before experiments, cm3

V ср. опухоли на 14-е 
сутки эксперимента, см3

Average tumor volume 
14 days after the start of 

experiments, cm3

К
коэффициент 
абсолютного 

прироста опухолей
Coefficient of absolute 

tumor growth 

ТРО, %
TGI, %

ПР, %
CR, % 

Интактный контроль
Intact control 0,05±0,02 4,48±1,03 88,60 – 0

КЛТ РОД 5 Гр
CRT 5 Gy 0,04±0,02 0,80±0,21 19,00 82,14 0

КЛТ РОД 10 Гр
CRT 10 Gy 0,03±0,01 0,29±0,09 8,67 93,53 20

ФС + КЛТ РОД 5 Гр
PS + CRT 5 Gy 0,03±0,01 0,19±0,07 5,33 95,76 0

ФС + КЛТ РОД 10 Гр
PS + CRT 10 Gy 0,03±0,01 0,32±0,08 9,67 92,86 0
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was carried out with gamma rays using cobalt-60 (dose 
rate: 1.1 Gy/min) with a variation of SFD from 2 to 8 Gy. 
The authors showed that the use of PS without irradia-
tion did not have a toxic effect on glioma C6. Irradiation 
without PS with the SFD of 2 Gy reduced the number of 
viable cells by 20%, and with the TFD of 4 Gy, by 50%. 
Radiosensitization with a hematoporphyrin derivative 
in combination with irradiation with TFD of 2-8 Gy sig-
nificantly reduced this indicator compared to the single-
mode irradiation group (p<0.05). Temoporphine did not 
show radiosensitizing properties [22].

In the research of Schaffer M. et al., attempts are made 
to test the treatment regimens developed in the experi-
ment in patients with malignant neoplasms [10, 23-25].

In 2002, the results of treatment of 2 patients with 
unresectable recurrent bladder cancer were published. 
Photofrin II was used as PS, and irradiation (remote RT) 
was carried out with TFD of 44.8+14 Gy 24 hours after the 
introduction of PS at a dose of 1 mg/kg of body weight. 
The method used made it possible to reduce the volume 
of tumors by 35% and 40%, respectively, and perform 
surgery at the end of the RT course [23].

In 2006, Schaffer M. et al. presented the experience of 
clinical use of photofrin II in combination with RT in 12 
patients (7 with unresectable solid pelvic tumors, 3 with 
malignant gliomas, 1 with a relapse of oropharyngial car-
cinoma, 1 with a relapse of sphenoidal sinus adenocar-
cinoma). Irradiation (remote RT) was performed in TFD 
30-50.4 Gy 24 hours after intravenous administration of 
PS at a dose of 1 mg/kg of body weight. The median fol-
low-up time was 12.9 months. No serious adverse events 
were observed. The frequency of CR was in 33.3% cases (4 
patients), a decrease in the volume of the tumor by 45% 
or more was in 33.3% (4 patients), and the stabilization 
of the process in 33.3 % (4 patients). Only in 1 patient, 5 
months after treatment, the occurrence of a local relapse 
of the disease was observed [10].

In 2013, a group of scientists published the results 
of treatment of a patient with grade III astrocytoma 
using remote RT (TFD 60 Gy) with a preliminary intra-
venous infusion of photofrin II at a dose of 1 mg/kg of 
body weight. The PS was administered 24 hours before 
the start of irradiation. The authors note a long progres-
sion-free follow-up period (106 months), the absence of 
adverse events and phenomena [24].

In 2019, Schaffer P. et al. presented the results of treat-
ment of a patient with cervical carcinoma (FIGO IIIb deg.). 
Photofrin II was used as PS, and irradiation (remote RT) 
was carried out 24 hours after the introduction of PS at 
a dose of 1 mg/kg of body weight, with TFD 50.4 + 14 
Gy (fractionated; SFD of 1.8–2 Gy daily, 5 times a week). 
According to the authors, a local relapse of the disease 
was detected 30 months after the end of the course of 
treatment (hysterectomy was performed) [25].

It is worth noting that the overwhelming majority of 
studies is aimed at studying the antitumor effectiveness 
of the combined use of PS and remote RT. In the available 
literary sources, we found only one publication dedicated 
to the use of contact RT. A. Morandi et al. presented the 
results of the combined use of photofrin II at a dose of 3 
mg/kg of body weight and intratissual RT. The model used 
was a solid form of mammary adenocarcinoma in linear 
BALB/c mice. Exposure to ionizing radiation was carried 
out 24 hours after the completion of PS infusion, with SFD 
of 5 and 10 Gy. The results obtained indicate an increase 
in the antitumor effectiveness of intratissual RT when it is 
used with PS [26].

Conclusion
The pilot data obtained from the analysis of the imme-

diate and long-term results of an experimental study on 
various models of inoculated tumors in rats indicate a 
pronounced tendency to a higher antitumor effect of 
combined treatment, including the use of PS followed by 
CRT sessions at certain radiation doses, compared with 
CRT alone. No experimental studies were found in the 
available literature sources that examine the effective-
ness of the combined use of chlorine-type PS and ion-
izing radiation and demonstrating positive results, which 
brings us to the conclusion that more in-depth research 
in this direction is necessary and will be promising. 

Experimental studies of the effects of combined treat-
ment on laboratory animals with inoculated tumors will 
be continued in order to further optimize the CRT regi-
mens with the use of chlorin-series PS as a radiosensitizer.

The work was carried out with the financial support of 
the Belarusian Republican Foundation for Fundamental 
Research of the National Academy of Sciences of Belarus 
(grant No. M19M-137, 2019-2021).
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