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This article briefly summarizes our long-term experience of research in the field of experimental and clinical radia-
tion oncology unified by the key word "radiosensitivity". Consistently presented and interpreted here are the main
results on biodosimetry of irradiation depending on doses and quality of ionizing radiation and determination of
individual radiosensitivity of cancer patients. We justified the use of radiomitigators to reduce the frequency and
severity of post-radiation complications in cancer patients, and for radiation protection of the general population.
The radioprotective effect of the antioxidant inosine in the somatic cells of cancer patients in the range of low radia-
tion doses was demonstrated. We established that in persons who are hypersensitive to irradiation, the reparative
potential is reduced by about 60% compared to ones with normal indices of individual radiosensitivity. Cytogenetic
predictors of radiosensitivity of healthy cells adjacent to the irradiated tumor have been determined. Unfortunately,
they have not yet become a point of application for individual planning of irradiation courses and assessment of se-
verity of post-radiation complications. The intensive development of selective radioprotectors that would selectively
protect healthy tissues in the course of radiation therapy, reducing their radiosensitivity by activating reparation
processes, is considered a priority direction of modern radiation oncology.

Keywords: ionizing radiation, therapeutic exposure, individual radiosensitivity, radiomitigators, cancer patients,
carcinogenic effects.

Radiation oncology is one of the most science- | mathematics, etc., which develops priority
intensive medical disciplines based on the latest | methods of cancer treatment. One of the most
achievements of radiobiology, chemistry, radia- | important strategic directions of modern radia-
tion physics and engineering, radiation hygiene, | tion oncology is the improvement of therapeutic

Citation: Domina E. Experience of experimental research on radiation oncology at R.E. Kavetsky Institute of Ex-
perimental Pathology, Oncology and Radiobiology, NAS of Ukraine. Exp Oncol. 2023; 45(3): 275-281. https://doi.
org/10.15407/exp-oncology.2023.03.275

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2023. This is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1812-9269. Experimental Oncology 45 (3). 2023 275



E. Domina

irradiation methods to achieve complete tumor
destruction while maintaining an acceptable lev-
el of the damage to normal cells. The progress in
the technical means for irradiation has occurred
due to the introduction of new-generation ac-
celerators into the oncological practice, which
allows focusing ionizing radiation (IR) beams
with a millimeter accuracy, to irradiate tumors
in the mode of spatial and temporal modulation,
to achieve the conformal irradiation strategy,
etc. In Ukraine, a regional imbalance in properly
equipped radiation oncology centers exists, and
post-Soviet devices are still used [1]. Therefore,
an important task of modern radiation oncology
in Ukraine is its technical re-equipment, inclu-
ding the acquisition of new-generation gamma-
therapeutic devices with the option of 3D-con-
formal radiation therapy.

The radiobiological basis for the use of radia-
tion therapy in oncology is the therapeutic in-
terval — the difference in the degree of damage
and recovery of tumor and normal tissues at the
equal levels of the absorbed IR doses. Hence, the
main requirement for therapeutic irradiation of
cancer patients is to concentrate the maximum
IR dose in the pathological focus with the mini-
mal damage to normal tissues surrounding the
tumor. However, radiosensitive tumors are de-
stroyed with minimal damage to the surroun-
ding healthy tissues (tumor bed), while in
radioresistant tumors, radiation doses cause sig-
nificant damage to healthy tissues along with the
tumor. Therefore, the tasks of radiation oncology
are not only to overcome radioresistance of tu-
mor cells but also to minimize radiation compli-
cations arising from therapeutic irradiation [2].

Researchers note that the possibilities to im-
prove the results of radiation therapy of cancer
only by improving its physical and technical
equipment are largely exhausted [3]. We be-
lieve that this is partly explained by the shift of
research interests in the post-Chornobyl period
toward the study of the peculiarities of low-dose
IR effects. As a consequence, the attention to the
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biological effects of the high doses used for can-
cer treatment has been weakened.

The main radiologic research of the Institute
in the recent decades was focused on the follo-
wing:

e assessment of IR biodosimetry in a wide
range of doses depending on the radiation qua-
lity;

e study of individual radiosensitivity (IRS) of
cancer patients;

e use of radiomitigators to reduce the inci-
dence and severity of the post-radiation compli-
cations in cancer patients, as well as the radia-
tion protection of the general population in case
of nuclear threat.

It is convincingly shown that the introduction
of new types of IR into practice necessarily in-
cludes the study of the peculiarities of the qua-
lity of IR and the nature of dose dependence and
their influence on the formation of radiation
reactions. Among quantitative radiobiological
regularities, the most pronounced relationship
exists between the radiation dose and the magni-
tude of the effect, i.e. the dose-effect relationship.

There are several reasons for the occurrence
of post-radiation complications due to therapeu-
tic irradiation of cancer patients, the main ones
being the following.

Firstly, malignant tumors form microscopic
infiltrates in healthy tissues, which must be in-
cluded in the irradiated volume. Secondly, the
cells of these tissues at the input and output of the
IR beam are also subjected to radiation changes
that affect their functional status, including ra-
diosensitivity. As a consequence of therapeutic
irradiation, the active toxic products of the ra-
diation decay of tumor cells are "washed out"
into the bloodstream, which causes the struc-
tural and metabolic disorders in the patient’s or-
ganism.

A number of studies attribute the reasons
for the development of radiation complications
in healthy tissues to the errors in planning the
course of radiation therapy, when in some cases

ISSN 1812-9269. Experimental Oncology 45 (3). 2023



Experience of experimental research on radiation oncology

high single and total doses are administered (the
"double anxiety" site), which exceed the tole-
rance of these tissues to IR. At the same time,
the peculiarities of absorbed dose distribution
in the tissues surrounding the tumor are not al-
ways correctly taken into account as well as the
IRS of patients. The molecular, chromosomal,
biochemical, and other abnormalities in healthy
cells of primary cancer patients give grounds to
consider them only conditionally normal [4].
The risk of the distant radiation reactions can be
high, taking into account the stochastic, inclu-
ding carcinogenic character of their formation
[5]. Therefore, irradiation of cells of healthy or-
gans and tissues during radiation therapy of pri-
mary cancer in 15% of cases may cause secon-
dary cancer of radiation etiology. Predisposing
factors for the development of increased ra-
diation response can be high IRS, previous in-
flammatory processes, diabetes mellitus, thyro-
toxicosis, biological features of the tumor, and a
number of other factors [6].

The distant post-radiation complications in
critical vital organs reduce the effectiveness of
radiation therapy, as well as the quality of life
of patients. One of the main approaches to op-
timizing the existing methods of therapeutic
irradiation of patients is to determine and take
into account their IRS, which predisposes ra-
diation adverse reactions and determines their
severity [7]. Therefore, our idea is not only to
select a group of patients with high IRS, but also
to personalize radiation treatment and to mana-
ge radiosensitivity using effective and nontoxic
radioprotectors.

G2-radiation sensitivity assay in our modifi-
cation on the basis of classical provisions of radi-
ation cytogenetics is the most informative meth-
od to assess the potential IRS of cancer patients.
As a result of our in vitro studies of radiosen-
sitivity of peripheral blood lymphocytes (PBL)
during the mitotic cycle and the nature of the
dose-eftect relationship, we have developed an al-
gorithm for the assessment of IRS, a detailed de-
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scription of which is presented in [6]. In contrast
to the methodological approach in other stud-
ies, we suggest performing chromosome analysis
during the period when the predominant part of
cultured PBLs divides for the first time. In sub-
sequent mitoses, the frequency of chromosome
aberrations decreases, which may result from
the elimination of aberrant cells, radiation delay
of mitosis, reproductive cell death, or changes in
the spatial arrangement of chromosomal aberra-
tions. We have shown for the first time that the
frequency of radiation-induced aberrations in
the low dose range (0.1—0.5 Gy) for more radio-
sensitive patients with cervical cancer is 4 times
higher than that for radioresistant ones. Also,
cytogenetic parameters of more radiosensitive
patients reach a plateau (dose-independent area)
on the calibration curve located significantly
higher than those of less radiosensitive cancer
patients.

The response of healthy tissues to therapeutic
irradiation showed prominent differences bet-
ween individuals [8]. We have shown that there
is a correlation between the increased frequency
of radiation-induced chromosomal aberrations
in immunocompetent cells (T-lymphocytes) de-
tected in vitro and the predisposition to cancer
development [9].

We have developed and suggested a new met-
hodological approach to assess the contribu-
tion of repair processes to the formation of IRS,
based on the additional effect of hyperthermia
in the S-phase of the mitotic cycle. First, our
studies confirmed the pronounced radioresis-
tance of human lymphocytes during the period
of chromosome replication (S-phase). Second,
preliminary studies of the cytogenetic effect of
hyperthermia in the S-phase were performed
based on the following considerations. Since at
this cell cycle phase, the activation of repair pro-
cesses takes place, the inhibition of them and,
accordingly, higher radiation damage should be
expected under an additional thermal action.
We have established that the frequency of chro-
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mosome aberrations induced in the S-phase of
cultured PBLs of individuals with normal IRS
was 22.6 + 2.0 per 100 metaphases, while in the
group with high IRS 31.0 + 2.1 per 100 meta-
phases. Additional post-radiation hyperther-
mic action in the S-phase caused an increase
in these indices at average of 50.5 + 1.8 per 100
metaphases and 43 + 1.1 per 100 metaphases, in
the normal and high IRS groups respectively (i.e.
the coeflicients of thermal enhancement of cyto-
genetic effect were 2.2 and 1.4 respectively). So, in
individuals hypersensitive to radiation, the repair
processes are insufficiently expressed compared
to individuals with the average values of IRS.

Thus, the reparative potential of individuals
hypersensitive to radiation is reduced by about
60% compared to the group of individuals with
normal IRS values. At the same radiation dose,
the frequency of dicentrics and centric rings,
markers of radiation exposure, differs. The grea-
test fluctuations in radiosensitivity are observed
in groups of large chromosomes (n. 1, 2) com-
pared to other chromosomes in the genome. The
results obtained indicate the key role of repair
processes, namely their inhibition, in the forma-
tion of increased IRS [10].

In accordance with the provisions of clinical
radiobiology [11], the main requirements for
predictors of cell radiosensitivity include a clear
relationship between the radiation dose and the
effects that are observed in a short period of time
after irradiation. We determined the cytogenetic
predictors of radiosensitivity of non-malignant
cells, using as a model peripheral blood lympho-
cytes in endometrial cancer patients. In vitro test
irradiation of the blood samples of cancer pa-
tients in the dose range of 0.5—3.0 Gy increased
the frequency of chromosome aberrations by
2.1—5.6 times with the dose dependence of the
cytogenetic effect approximated by a linear-qua-
dratic equation. Such a strict dose dependence of
the total frequency of the induced chromosome
aberrations in blood lymphocytes of cancer pa-
tients allows us to consider this model as a pre-
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dictor of the sensitivity of radiosensitive tissues
prior to radiation therapy [9, 12]. In fact, this can
be a new strategy for the prevention of radiation
complications with radiobiological approaches
to the identification of cancer patients with high
radiosensitivity of the tissues adjacent to the ir-
radiated tumor. Unfortunately, at present, the
data obtained regarding the IRS of the organism
of cancer patients and predictors of radiosensi-
tivity of healthy cells surrounding the irradiated
tumor have not yet become a point for the in-
dividual planning of irradiation courses and the
assessment of the severity of post-radiation com-
plications [2, 12].

Scientific and practical interest is aroused by
the prospect of using microbeam technologies
for local irradiation of microvolumes corres-
ponding to the genetic structure of cells [13].
This allows implementing a new step for the
creation of high-precision radiation therapy for
cancer patients, dosimetry planning, and in-
depth study of the mechanisms of radiation car-
cinogenesis. Since one of the main targets of IR
action is the genetic apparatus of cells, its dama-
ge indicates qualitative and quantitative charac-
teristics of irradiation. For radiobiological cha-
racterization of X-ray and proton microbeams,
first of all, the dose-effect relationship, we used
PBL culture, an important advantage of which is
that it allows us to conduct experimental studies
directly on human cells [14].

Linear and linear-quadratic "dose-effect”" mo-
dels traditionally used in biodosimetry do not
give a satisfactory approximation to the true
functional dependences in a number of cases
[15]. It is known that the repair processes that
condition the final radiobiologic process are
formed due to the compensatory capabilities
of the object. We believe that for estimation of
radiation-induced cytogenetic effects, it is advi-
sable to use more dynamic models (e.g. a spline
regression model). In this case, the final choice of
a mathematical model for biodosimetry is deter-
mined by the minimum value of the error [16].
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We have obtained data on the approximation
of the experimental dose-effect relationship at
the chromosomal level of human somatic cells
(T-lymphocytes) on the basis of a spline regres-
sion model, which improves an accuracy of ir-
radiation biodosimetry. This is achieved by re-
ducing the error in determining the value of the
absorbed dose in comparison with the traditio-
nal use of linear and linear-quadratic models
and allows us to predict the effect of the dose
curve’s reaching a plateau. The radiobiological
characterization of the above-mentioned IR
microbeams in a wide dose range at the genetic
level of highly radiosensitive cells of the human
T-lymphocytes studied by us was the justifica-
tion for the creation of a new method of using IR
microbeams in cancer treatment [17].

The use of IR as a sole treatment is, in some ca-
ses, ineffective due to the presence of IR-resistant
tumor cells. Radiation therapy with fast neutrons
is considered to be indicative for approximately
30% of cancer patients. The therapeutic use of
neutrons has several advantages such as less de-
pendence of their action on cell cycle periods, the
low level of repair of sublethal damage, etc. We
conducted preclinical studies on the dynamics of
the relative biological effectiveness (RBE) depen-
ding on the dose of 6 MeV fast neutrons during
the mitotic cycle by the level of radiation-induced
chromosome aberrations in PBL culture. The
analysis of the cytogenetic data obtained earlier
showed that under the action of fast neutrons, the
radiosensitivity of human cells varies qualitatively
and quantitatively during the mitotic cycle. This
proves the existence of repair processes under the
action of neutrons of this energy [18]. When ex-
posed to 6 MeV neutrons, the frequency of chro-
mosome aberrations in PBLs increases linearly
with the dose, which is confirmed by calculating
the parameters of the linear-quadratic model.
When fast neutrons with energy of 22 MeV are
used for neutron therapy of deep-lying tumors,
the frequency of the aberrations in lymphocytes
also increases with the radiation dose.
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Our results indicate the radioresistance of
cells in the S-phase of cell cycle and the lowest
values of neutron RBE. The highest RBE value is
reached at low doses and in the G2-phase. Neu-
trons of a wide energy spectrum are 1.6 times
more effective than monoenergetic neutrons of
the same energy in inducing chromosomal da-
mage in PBLs. This indicates that a significant
contribution to the total radiation dose is made
by neutrons of intermediate energies, characte-
rized by high efficiency. Our experimental data
on the radiobiological characteristics of fast
neutrons have contributed to the practical app-
lication of neutron therapy to Ukrainian cancer
patients. The clinical results obtained via neu-
tron treatment surpassed those obtained by ®*Co
therapy, especially in radioresistant forms of tu-
mors [18]. Unfortunately, in Ukraine, the priori-
ty of neutron therapy for the treatment of cancer
patients has not been maintained. Nevertheless,
the specialists in the field of radiation oncology
and clinical radiobiology hope that in the fore-
seeable future Ukraine will restore a scientific
and clinical base for intensive research using the
latest technologies of neutron therapy for cancer
patients.

At present, the strategy of radiation protec-
tion of general population dictates the necessity
to take into account the experience of previous
radiation accidents and incidents during which
a significant part of the population was exposed
to low doses of radiation. Therefore, such a stra-
tegy should be aimed at selecting effective and
low-toxic radioprotective agents.

We have proved, both theoretically and expe-
rimentally, the radiomodifying effect of a num-
ber of substances, such as caffeine, verapamil,
thymalin, melanin-glucan complex, and others.
The main factor that limits a practical use of
antiradiation agents is their side effects (hypo-
dynamia, hemodynamic disorders, headache,
etc.). The radiomitigators generally do not cause
as many side effects. These drugs are capable of
attenuating the damaging effects of IR on criti-
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cal highly radiosensitive systems of the human
body [19]. A special attention is paid to the anti-
oxidant inosine. It has a multivariate mechanism
of action resulting in an increase of general ra-
dioresistance and mobilization of protective re-
sources of the organism.

We have established that in vitro exposure
of PBL of conditionally healthy individuals to
the therapeutic concentration of inosine be-
fore gamma-irradiation reduces the frequency
of radiation-induced aberrations in the whole
IR range studied (0.1—1.0 Gy). The greatest ra-
dioprotective effect was registered in the range
of low IR doses of 0.1—0.3 Gy and significantly
reduced the level of radiation-induced chromo-
some aberrations to the values of the population

average spontaneous level of genetic damage
(biomarkers) in radiosensitive (T-lymphocytes)
human cells [20]. The obtained results should
be regarded as an experimental justification for
the targeted use of radiomitigators in radiation
oncology to protect normal tissues during thera-
peutic irradiation of tumors, as well as in emer-
gency situations of irradiation of population to
minimize the occurrence and development of
stochastic effects.

The priority direction of modern radiation
oncology is an intensive search for and develop-
ment of radioprotectors that would selectively
protect healthy tissues around the tumor, reduc-
ing their radiosensitivity by activation of repair
processes.
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[HCTUTYT eKCIlepyMeHTaIbHOI TATOIOTi1, OHKOJIOTI i paffio6ionorii
im. P.€. KaBenpkoro HanionanpHoi akaziemii Hayk Ykpainu, Kuis, Ykpaina

JNOCBIJ] EKCIIEPMMEHTAIbHUX JOCIIJIKEHD 3 PAIIIALIIVIHOT
OHKOJIOTTI B ITHCTUTYTI EKCIIEPMUMEHTA/IBHOTI TATOJIOTTI,
OHKOJIOTTI I PAIIOBIONOTTI IM. P.€. KABEIIBKOTO HAH YKPATHI

Y wiit crarTi KOPOTKO Bif0OpaskeHO Halll 6araTOpiYyHMIl JOCBif HOCIiKeHb y raTysi eKcliepyMeHTalbHOI Ta KJTiHid-
HOI pajjiaiiitHoi OHKOJIOTII. Voro ertamu 00'elHy€e K/II0Y0Be C/IOBO "pafiiowyTmBicTh". IT0C/IiOBHO MpefcTaB/IeHO
Ta IHTEPIIPETOBAHO OCHOBHI pe3ynbratu 6iof03uMeTpii OIIpOMiHeHHs B IIMPOKOMY Jialla30Hi 03 1 3aIeXKHO Bif
AKOCTi 10Hi3yI090T0 BUITPOMiHIOBaHHS Ta BUSHAYEHHA IHAMBIYa/IbHOI pafiioqy T/IMBOCTI OPraHi3My OHKOJIOTiYHMX
XBOPUX; OOIPYHTOBAHO BUKOPUCTAHHS PafiOMITUTATOPIB SK B OHKOJIOTII 3 METOI0 3HIDKEHHSI YaCTOTH J1 TSDKKOCTI
HOCTIIPOMEHEBUX YCK/IAIHEHb, TaK i /A pafiialiiffHOro 3aXMCTy Hace/leHHA B pasi AfepHoi sarposu. Tak, ymep-
11e BCTAaHOBJIEHO PaliONIPOTEKTOPHY JIif0 aHTMOKCUIAHTY iHO3MHY B COMAaTUYHMX K/IiTMHAX OHKOJIOTIYHUX XBOPUX
B iHTepBasIi Ma/MX K03 ONPOMIHEHHS — 3HVDKEHHS piBHA pafiiauliiiHO-iHAYKOBaHMX abepaliiit XpOMOCOM JI0 3HA-
YeHb CIIOHTAHHOTO0. BIiepiiie BcTaHOBIIEHO, 110 B 0Ci6, rillepuyT/IMBUX KO OIPOMiHEHH:, PelapaliliHNil TOTeHIia
3HIDKeHMIT Npu6/IM3Ho Ha 60% NOPIiBHAHO 3 IPYIIO0 0Ci6 3 HOpMa/IbHUMIY ITOKa3HUKaMM iIHUBinyaIbHOI pagiouyT-
MMBOCTI. BusHaueHO NUTOreHeTMYHI IPEAUKTOPY PafiouyTIMBOCTI 30POBUX KIITUH 3 OTOYE€HHS ONPOMiHIOBaHOI
myxumHu. Ha »xarnb, iX 1e He BUKOPUCTOBYIOTh Y IPOMEHEBII Tepail ITifl yac iHMBiya/TbHOTO IVIAHYBaHHA KypCy
OIIPOMiHEHHA Ta OLiHKM TSDKKOCTI IIOCTIIPOMEHEBUX YCK/IaJHeHb. IIpiopuTeTHMM HanpsAMOM CY4acHOI pafiialiiii-
HOI OHKOJIOTi BBaYKaEMO IMPOJOBXKEHHsI IHTEHCUBHOTO IIOIIYKY 1 PO3pOOKY PafionpOTeKTOPIB Ce/IeKTUBHOI fil, sAKi
6 BMOIPKOBO 3axXMILaMy TIIbKM 340POBi TKAHMHM 3 OTOYEHHS ONPOMIHIOBAHOI IYX/IMHM, 3HIDKYIOUM IXHIO pajio-
Yy T/IMBICTh NUIAXOM aKTUBALII IIPOLECIB penapanil.

KniouoBi crmoBa: ioHisylode BMIPOMiHIOBaHHS, TepaleBTHYHE OINPOMiHEHHdA, iHAMBigyanbHa pafjiovyTIUBICTD,
panioMiTHraTopu, OHKOIOTIYHI XBOPI, KaHIIepOreHH] eeKTI.
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